
THE 

PHILOSOPHICAL MAGAZINE 
COMPIIEIIENDINO 

THE VARIOUS BRANCHES OF SCIENCE, 

THE' LIBERAL AND FINE ARTS, 

AGRICULTURE, MANUFACTURES, 

AND 

COMMERCE. 

BY ALEXANDER TILLOCH, 
1 " 

M.R.I.A, - F.S.A. Edin. and Perth, &c. 
■•I' \ ^ 

■- TiB-Tr-TT i , 
' «. . 

i ^ ^ ' sV A 

“ Nec arancarum sane textiis ideo melior quia ex se fila g-ignunt, nec noster 

vilior quia ex alienis libamu.s ut apes.” Jysr. Lips. Monit, Folit. lib. i. cap. u 

tv' 

* s 

1 . VOL. XXXIV. 

tAJULY, AVOVST, SEPTEMBER, OCTOBER, NOVEMBER, 
„ . and DECEMBER, 1809. 

A 
miiggga 

t I 

\ -m' 
ii-r, I 

L OND O Nt 

f*gY RICIIAKD TAYLOR AND CO., SHOE LANE, 

And'sold by Richardsons; Cadeli, and Davies; Longman, Hurst, 
Kees, and Okme , Vernor, Hood, and Sharpe; Murray; 

Highley; Sherwood and Co.; Harding; London; 
Bell and Bradfute, and Constable and Co. 

F.dlnburg'hI Brash and Reid, arid Niven, 
CHasgo'w". Gilbert & tIoDGES,Dublin* 

• ♦ 



/ 

•V CK iJ' 

1 

1 

\ 

/ 



CONTENTS 

}' 

OF THE 

TillRTY-rOUUTH VOLUME. 

Oat* Deal Pendulum Rods . . ., '.3 

The Bakerian Lecture. An Account of some new analytical 

Researches on the Nature of certain Bodiesy particularly 

the Alkalies^ Phosphorus, Sulphur, Carlonaceous Matiei', 

and the Acids hitherto undecomposed ', with some general 

Observations on Chemical Theory .. .. 6, 108, 161 

An Inquiry into the Terrestrial Phcenomena produced by 

the Action of the Ocean . .. 19, 137 

An Account of some Experiments, performed with a View 

to ascertain the most advantageous Method of constructing 

a Voltaic Apparatus, for the Purposes of Chemical Re¬ 

search ..20 

On the Origm and Formation of Roots .. .. .. 31 

Analysis of the Mecanique Celeste of M. La Place. By 

M. Biot . 36, 202, 252 

Account of the Dissection of a Human Foet us, in which the 

Circulation of the Blood was carried on without a Heart 
43 

Geological Observations on the Excavations of Valleys, the 

supposed Existence of numerous Lakes at former Periods 

where Valleys now exist, which the Streams flowing 

through them are said to have broken down, ^c., in Re¬ 

ply to Mr. John Carr’s.49 

A numerical Table of elective Attractions 5 wUh Remarks 

on the Sequences of double Decompositions .. .. 53 

Vol. 34. No. 140. Dec. ISOQ. a On 



CONTENTS, 

On CrystallogQ’aphy .. .. 64, 96, 210, 289? 349, 455 

An Account of a Method of dividing astronomical and 
other Instruments, hy ocular Inspect io7i; in tv kick the 

usual Tools for graduating are not employed; the 
vdiole Operation being so contrived, that no Error can oc¬ 

cur but what is chargeable to Vision, when assisted hy the 
best optical Means of viewing and measuring minute 
Quantities .81, 163 

I Suggestion for estahlishing a Telegraphic Intercourse be- 
tween London and Dublin .124 

A concise Abstract of Professor Mitchill’s Discourses on 
Mmeralogy, ike sixth great Section of the Course of 
Natural History luliich he delivers in the new Institution 

at New York.. .. .. 123 

Account of the Internal Exhibition of the Acetate of Lead 
* in several Diseases .. .. ,. . .. 129 

On the Use of Fumigations in Army Hospitals .. 132 

Meteorological Observations on a Thunder' Storm} with 

some Remarks on Medical Electricity I6l 

Report made to the Institute on tivo Memoirs of M. 
Gratien Lepere, Engineer of ike Imperial Roads 

' and Biidges, on naiural and artificial Fuzzolano, By 

M.- CuM^TAh ..... .. ■ .. 178 

On the- Causes 'wkich have operated in the Production of 
Vdleys . . * ,. .,190 

Further Remarks on Thunder Storms , , .. . . 201. 

Ofi the Date of the Application of Telescopes to astro¬ 

nomic Instruments ; the Time when Astronomers first 
obsqryed the Stars and Planets in the Day-time by means 
of these Telescopes } and on the Author of these Dis¬ 

coveries. Transkded fro7n the French of M. De Touchy 
241 

A Description of a neiu Anemometer .. .. 247 

Cosmogony of ike Iroquois, or Five Indian Nat ions of Canada 

261 

On the Breeding of Fish, and the Naiural History of ikeir 
■ Generation . . 268, 324 

■ . ■, ' ■, '.I ' ■ V- 

-O' (Jji 



CONTENTS. 

Q/i the Generation and other obscure Facts in the Natural 

History of the Common Cel .. . ..fH2 

Fxfjprimeuts on ^tlie Production of Sounds in Vapozirs, 

By M. Biot .^ .. .... *277 

Ohsei vations on the remarkable Efficacy of Carrots^'^' un¬ 

der a new ^lode of Application^ in the Cure of Ulcers 

and Sores .281 
•_ 

0?i the Ascent of Salmon over the Elevations in the Course 

of River s, called Salmon-Leaps .. . . . . 321 

On some Pkcenomena which take place in the Formation of 

faltpetre .. .' '334 

< New analytical Researches on the Nature of cei’tain Bo¬ 

dies, being an Appendix to the Bakerian Lecture for 

1608 . 339, 405 

Inquiry whether Ncevia Materna, with ivhich Children 

are sometimes born, should be attributed, to the Imagi¬ 

nation of the Mother . •.347 

An Examination of the Review which appeared in the 

XTIk/i Number of ‘‘The Retrospect,” C^c., of Doctor 

Herschel^s Essay on the coloured Rings discovered' by 

Sir Isaac Newton .359 

Experiments On Ammonia, and an Account of a new Me¬ 

thod of analysing it, by Combustion with Oxygen and 

othei' Gases . . .. .' ,. 369? 447 

Observations on the Leech-ivorm .376 

On Broom Flax ..   378 

On Respiration. 379^415 

Description of certain Inventions for the Improvement 

of' Naval Architecture, for increasing the Comforts of 

' = Mariner s, and for facilitating Nal'al Enterprises 38 7? 426 

Description of a Rotative Steam Engine, the Piston of 

ivliich makes a complete Revolution at a Distance from 

' the revolving Axis .. ..401 

Account of certain Colours dag up at Pompeia. Read 

to the National Institute^ the (jth of March 1809. By 

iT/. CllAPTAL .411 

Of the Action of Fegctabls Acids on Alcohol, both with 
and 



CONTENTS. 

and without ike hitermedmm of the Mineral Acids, By 

M, Thenard. Read at ihe Institute on the ^3d of 

November 1807 .. .. .. 431 
(■ 

On the Combination of Acids with Animal and Vegetable 

Substances ., .. .439 

Notices respecting New Books. ,. 391^ 466 

Proceedings of Learned Societies 70, 143, 227,302, 392,468 

Intelligence and Miscellaneous Articles 77, 155, 23 7, 314, 
394, 470 

List of New Patents .. .. 79j, 238, 319^ 398, 471 

Meteoi;ological Tables ., .. 80, 106, 240, 320, 400, 473 

I 

t THE 
/ 



I 

* 

THE 

P111L 0 S O PIIIC A L U A G A ZIX £. 

I. On Deal Pendulum Rods. By Mr. P.. Walkkr, 

To Mb. Tilloch,—Sir, 

As my paper, containing a short abstract of the rates of 

going of clocks with wooden pendulum rods, may appear to 

some of your readers a communication of too little impor¬ 

tance to obtain a place in the Philosophical Magazine, it 

may not be improper to observe, tliat it is only from such 

registers we can judge how much one time-keeper is prefer¬ 

able to another. For, who would believe, without having 

recourse to facts, that clocks with deal pendulum rods per¬ 

form nearly as well as the transit clock at the Royal Obser¬ 

vatory ? 

The performance of my clock shows some properties in 

pendulums with deal rods, which differ from tho^e composed 

of rods of different metals, to counteract the effects of heal 

and cold.—Tt evidently appears from my former paper* ; 

First, That this clock lost of true time at one season of th< 

year and gained at another. 

Secondly, That twice every year it went true time : and, 

Thirdly, That those variations took place regularly during 

cio-ht vears. 
O y 

The same paper also shows, that there is very little diffe¬ 

rence in the rates of the four pendulums, although they were 

made by different artists at different times, and consequently 

that they were made out of difl'erent pieces of wood. 

When the performance of my clock is'compared with 

that of the celebrated astronomical clock at Greenwich with 

a gridiron pendulum, made by Mr. John Shelton, under the 

Philosophical Magazine, vol. ijtxiii. p. 30. 

Vol. 31. No. 135. July 1809. As direction 



4 On Deal Pendvlum Rods, 

direction of Mr. Graham^ 'the difference is much less than 

might be expected. , - 

The following variations of the daily rate of the Green¬ 

wich clock were taken from Dr. Maskelyne’s observations 

of the sun. 

Table of great e'^t Variations in the daily Rate of ike transit 

Clock at the Royal Observatory, 

1793. April 4 to 15.. 
M ay 12 to 13 

1794. February 25 to 26 .. , 
December 18 to 19 

1795. January 3 to 4.. 
August 10 to 11 

1796* May 6. Raised the bob of the 
pendulum. 

1797. July 31. Ditto. 
479S. July 31. Clock was cleaned, 

and the compensation for 
heat and cold increased. 

1799. January 15 to 16 

December 28 to 29 
3 800. -May 2 to 3 . 

December 3 to 4 .. .. 
* 1766^' May 6 to 7 . 

August 1 to 2 

Now, the sum of the last column in the above table di-» 

vided by 6, gives the mean annual variation in the daily fjte 

of the transit clock at Greenwich for six years =: 3*9^', V 
And thus the mean annual variation of my clock is fouii j 

for the same number of years — b'^\", Consequently thfe 

transit clock at the Royal Observatory went only l’5t'''' per 

annum nearer true time, than a clock with a pendulum rod 

of wood.—-Nor is this a matter that need astonish anv oile 

who understands the construction of the two pendulums. 

In the gridiron pendulum there is some friction/ which 

Clock varies iiual varia- 
from sidereal tion in the 

time per daily rate oC 
day. the clock, 

// 

3-07 

4*63 

3'75 

0-87\ 
I -84/ 

J 

} 

— 0 

+ 
— 0‘44l 
-f 4*l6j^ 
4- 1-34 
— 3-30 

2-7t 
( 

4‘64 

* See an accourit of the going of Mr. Harrison’s v/atch, at the Royal Ob* 

servatory. 
f }. ought 



5 On Deal Pendulum Rcds» 

ought always to be avoided in any compensation applied to 

time-keepers: and moreover^ the length ot* the pendulum 

may be increased by its own weight; indeed, the great num¬ 

ber of times that the bob of the transit clock at the Royal. 

Observatory has been raised, renders this supposition more 

than probable. 

In a pendulum with a w’ooden rod there is no friction ; and 

as my pendulum was not altered during six successive years, 

except by the vicissitudes of dryness and moisture, the 

weight of the bob or lens had no tendency to increase the 

length of the rod. And it may be further observed, that, 

as the cleaning of the clock made no alteration in its daily 

rate, it seems probable that the pendulum is the only part of 

it which measures the time into equal portions. 

It may not be foreign to my subject to explain the hy¬ 

grometer which I made use of to determine that the length 

of this pendulum was altered by dryness and moisture, not 

by heat and cold. 

It is not necessary that we should always have recourse to 

philosophical instruments to investigate the operations of 

Nature; for instruments made for ordinary purposes inay 

sometimes, by common observation, lead us to nevv'truths^ 

My clock stands in a room in which there has been no 

fire for many years. In this situation the clock case, which 

is made’of mahogany, acts as a hygrometer. For . in the 

driest season of the year the door is so .contracted as not 

to touch one side of the case; but when the atmosphere is 

very moist the door is so much increased in breadth that it 

cannot be opened, without using a force which might alter 

the rate of the clock. 

When the door was too little for the cloOk case, the clock 

always gained of true time, but it always lost when the door 

could not be opened. Hence it is evident, that a damp at¬ 

mosphere, which'increased the breadth of the clock case 

door, increased the length of the pendulum rod ; and a dry 

atmosphere, which contracted the breadth of the door, con¬ 

tracted, at the same time, the deal rod of the pendulum. 

I am, sir, your very humble servant, 

Lynn, July 5, 1809. E. WaLKE^. 

A 3 II. The 
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II. The Baker}an Lecture. An Account of some neiv analy~ 

tical Researches on the Nature of certain Bodies, particu¬ 

larly the Alkalies, Phosphorus, Sulphur, Carbonaceous 

Matter, and the Acids hitherto undecomposed ; with some 

general Observations on Chemical Theory. By Humphry 

Davy, Esq., Sec. R.S., F.R.S. Edin., and M.R.I.A. 

[Continued from vol. ixxiii. p. 488.] 

As an inflammable gas alone, having the obvious properties 

of hydrogen is given off during the action of potassium upon 

ammonia, and as nothing but gases apparently the same as 

hydrogen and nitrogen, nearly in the proportions in which 

they exist in volatile alkali, are ^evolved during the exposure 

of the Gompound to the degree of heat wh/ich I have speci¬ 

fied ; and as the residual substance produces ammonia with 

a little hydrogen by the action of water, it occurred to me, 

that, on the principles of the antiphlogistic theory, it ought 

to be a compound of potassium, a littk oxygen and nitro¬ 

gen, or a combination of a suboxide of potassium and nitro¬ 

gen; for the hydrogen disengaged in the operations of which 

it was the result,* nearly equalled the whole quantity con¬ 

tained in the ammonia employed ; and it was easy to explain 

the fact of the reproduction of the ammonia by water, on 

the suppt^sltion, that by combination with one portion of 

the oxygen of the water, the oxide of potassium became pot¬ 

ash, and by combination with another portion and its hydro¬ 

gen, the nitrogen was converted into volatile alkali. 

With a view to ascertain this point, I made several expe¬ 

riments on various residuunis, procured in the way that I 

have just stated, from the action of equal quantities of potas¬ 

sium on dry ammonia in platina trays, each portion of metal 

equalling six grains. 

In the fir^t trials, I endeavoured'to ascertain the quantity 

of ammonia generated by the action of water upon a resi-^ 

duum, by heating it with muriate of lime or potash partially 

deprived of moisture ; and after several trials, many of w^hich 

failed, f succeeded in obtaining four cubical inches and a half 

of ammonia. In three other oases, where there-was reason 

to 



On some new analytkdl Researches, f 

to suspect a small excess of water, the quantities of am¬ 

monia were three cubical inches and a half, three and eight 

tenths, and four and two tenths. 

These experiments were performed in the iron tube used 

for the former process; the tray w^as not withdrawn; but 

the salt introduced in powder, and the apparatus exhausted 

as before, then filled with hydrogen, and then gently heated 

in a small portable forge. 

Having ascertained what quantity of ammonia was given 

off from the residuum, I endeavoured to discover what quan¬ 

tity of nitrogen it produced in combustion, and what quan¬ 

tity of oxygen it absorbed. The methods that I employed, 

were by introducing the trays into vessels filled with oxygen 

gas over mercury. The product often inflamed spon¬ 

taneously, and could always be made to burn by a slight de¬ 

gree of heat. 

In the trial that I regard as the most accurate, two cubical 

inches and a half of oxygen were absorbed, and only a cubi¬ 

cal inch and one-tenth of nitroH:cn evolved. 

Surprised at the smallness of the quantity of the nitrogen^ 

J sought for ammonia in the products of these operations; 

but various trials convinced me that none was formed. I 

examined the solid substances produced, expecting nitrous 

acid; but the matter proved to be dry potash, apparently 

pure, and not aflhrding the slightest traces of acid. 

The quantity of nitrogen existing in the ammonia, w'hich 

this residuum would have produced by the action of watery 

supposiag the volatile alkali decomposed by electricity, would 

have equalled at least two cubical inches and a quarter. 

I heated the sanje proportions of residuum with the red 

oxide (.»f mercury, and the red oxide of lead in vacuo, ex¬ 

pecting that when oxygen was supplied in a gradual way^ 

the result might be different from that of combustion j but 

in neither of these cases did the quantity of nitrogen exceed 

a cubical inch and a hall. 

But on what could this loss of nitrogen depend; Had it 

entered into any uukuowm form with oxygen ; or did it not 

really exist in the residuum in the same quantity, as iu the 

.produced from it ? 

A 4 I hoped 
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I hoped that an experiment of exposing the residuum to 

intens-e-heat might enlighten the iiupury. I distiik-d one of 

the portions which had been covered with naphtha, in a tube 

of wrought platina made for the purpose. The t',ibe had 

been' exhausted and tilled with hydrogen, and 'exhausted 

again, and was then connected with a pneumatic mercurial 

apparatus. Meat was al first slowly applied till the naphtha 

had been driven over. It was then raided rapidly by an ex¬ 

cellent forge. When the tube^ became cherry red, gas w as 

developed ; it continued to be generated for some mmuteSi 

When the tube had received the most intense heat that 

could be applied, the operation was stopped. The quantity 

of gas collected, making the proper corrections and recluc- 

tions, would have been three cubical inches and^’a half at 

the mean temperature and pressure. ■ Twelve measures of it 

w'ere mixed with six of oxygen gas, the electrical spark w'as 

passed through the mixture; a strong inflammation took 

place, the diminution was to three measures and a half, and 

the residuum contained oxygen. This experiment was re¬ 

peated upon different quantities with the same comparative 

results. 

In examining the platina tube, wTich had a screw adapted 

1o it at the lower extremity, by means of which it could 

be opened, the lower part was found to contain potash, 

which had all ihe properties of the pure alkali, and in the 

upper part there was a quantity of potassium. Water poured 

into the tube produced a violent heat and iuflammalion,’ 

but no smell of ammonia. 

This result was so unexpected and so extraordinary, that 

I at first supposed there was some source of error. T. had 

calculated upon procuring nitrogen a.s the only aeriform 

product; I obtained an elastic fluid which gave much more 

dimmution by detonation wfith oxygen,'than that produced 

from ammonia by eleclricitv. 

I now made the experiment, by heating the entire fusible 

substance, from six grains of potassium which had absorbed 

tw'elve cubical inches of ammonia, in the iron tube, in the- 

manner before described. The heat was gradually raised to 

whiteness, and the gas collected in two portions. The^ 

8 whole 
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whole quantitv generated, making the usual corrections for 

temperature and pressure, and the portion of hydrogen ori¬ 

ginally in the tube, anti the residuum, would have been 

fourteen cubical inches and a half at the mean decree of the 

barometer and thermometer. Of these, nearly a cubical 

inch was ammonia and the remainder a gas, of which the 

portion destructible by detonation with oxygen, was to the 

indestructible'portion, as 2-7 to 1, ’ ‘ 

I’he lower part of the tube, where the'heat had been in¬ 

tense, w'as found surrounded wnth potash in a vitreous form * 

the upper part contained a considerable quahtityi of potas¬ 
sium. ■ - . 

In another sin/ilar experiment, made expressly for the 

purposes of ascertaining the quantitv of potassium recovered, 

the same elastic products were evolved. The tube was suf¬ 

fered to cool, the stop-cock being open in contact with 

mercury, it w’as li'lled with mercury, and the mercury dis¬ 

placed by water; when two cubical inches and three quar¬ 

ters of hydrogen gas were jrenerated, w'hich -proved' that at 

least two grains and a half of potassium had been revived. 

NoW', if a calculation be made upon the products in these 

operations, considering them as nitrogen and hydrogen, and 

taking the common standard of temperature and pressure, it 

w ill he found, that bv'the decf)mpositioH of 11 cubical in¬ 

ches of ammonia equal to 2'05 grains, there is generated 3-6 

cubical inches of nitrogen,^ci’nal to 1*()6 grains, and 9*9 

cubical inches of hydrogen, which added to that disengao^ed 

in the first operation equal to about 6*1 cubical inches, are 

tos^ther equal to *382 grains ; and the oxygen added to 3*5 

grains of potassium w'ould be *6 grains, and the' whole 

amount is 2*01: grains ; and 2*05 — 2:01 = •()]. ' But the 

same quantitv of ammonia, decomposed by electricity, 

would have iiiveil'5*5 cubical inches of nitrogen equal to l-t> 

grains, and only 14 cubical inches of hydrogen'* equal to 

•33, and allowing the separation of oxygen in this process 

in w-ater, it cannot be estimated at more than *11 or *12. 

So that if the analysis of ammonia by electricity at all ap¬ 

proaches tow'ards accuracy ; in the process just described, 

* See Philosophicat Transactions foV 1£08, p. 40,' 

> there 

I 
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there is a considerable loss of nitrogen, and a production of 

oxygen and indairnnable gas. 

j\nd in yie action of water upon the residuum, in the cx- 

periotent page there is an apparent generation of nitro- 

gen. 

How can these extraordinary results be explained? 

The decomposition and ,coin position of nitrogen seem 

proved, allowing the correctness of the data; and one of its 

elements appears to be oxygen; but what is its other ele¬ 

ment arv matter? 

Is the gas that appears to possess the properties of hydro¬ 

gen, a new species of inflammable aeriform substance? 

Or has nitrogen a metallic basis which alloys with the 

iron or plaiina ? 

Or is water alike the ponderable matter of nitrogen, hy¬ 

drogen, and oxygen ? 

Or is nitrogen a compound of hydrogen with a larger pro¬ 

portion of oxygen than exists in water ? 

7'hese important questions, the two first of which seem 

the least likelv to be answered in the affirmative, from the 

correspondence between the weight of the ammonia decom¬ 

posed, and the products, supposing them to be known sub¬ 

stances, I shall use every effort to solve by new labours, 

and I hope soon to be able to communicate the results of 

further experiments on the subject to the Society. 

As the inquiry now stands, it is however sufficiently de¬ 

monstrative, that the opinion which I had ventured to form 

respecting the decomposition of ammonia in this experiment, 

is correct; and that MM. Gay Lussac’s and Thenard’s idea 

of the decomposition of the potassium, and their theory of 

Its being compounded of hydrogen and potash, are unfounded. 

For a considerable part of the potassium is recovered un¬ 

altered, and in the entire decomposition of tiie fusible sub¬ 

stance, there is only a small excess of hydrogen above that 

existing in the ammonia acted upon. 

The mere phaenomena of the process likewise, if minutely 

examined, prove the same thing. 

After the first slight effervescence, owing to the water ab- 

sgrbed by the potash formed upon the potassium during its 

exposure 
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exposure to the air, the operation proceeds with the greatest 

tranquillity. No elastic fluid is given ofl’ from the potas¬ 

sium ; it often appears covered with the olive-coloured sub¬ 

stance, and as if it were evolving hydrogen ; this must pass 

' through the fluid j but even to the'eud of the operation, no 

such appearance occurs. 

The crystallized and spongy substance, formed in the first 

part of the process, I am inclined to consider as a combina¬ 

tion of ammonium and potassium, for it emits a smell of 

ammonia when exposed to air, and is considerably lighter 

than potassium. 

1 at first thought that a solid compound of hydrogen and 

potassium might be generated in the first part of this opera¬ 

tion: but experiments on the immediate action of potassium 

and hydrogen did not favour this opinion. Potassium, as I 

ventured to conclude in the Bakerian Lecture for 1807 is 

, very 

* MM. Gay I.ussac and Thenard s?ein to be of a different opinion. In the 

Moniteur, to which I have so often referred, it is related, that these distin¬ 

guished chemists, exposing hydrogen 'to potassium at a high temperature, 

found that the hydrogen was absorbed, and that it formed a compound with 

the potassium of a light gray colour, from which hydrogen was capable of 

being obtained by the action of water or mercury. 

After a number of trials, I have not been able to witness this result. In an 

experiment which I made in the presence of Mr. Pepys, and which I have 

often repeated, and twice before a numerous assembly, in retorts of plate 

glass, four grains of potassium were heated in fourteen cubical inches of pure 

hydrogen. At first, white funtes arose and precipitated themselves in the 

neck of the retort. When a considerable film of the precipitate had collected, 

its colour appeared a bright ^ray, and after the first two or three minutes, 

it ceased to be formed. \ 

'I'lie bottom of tlie retort was heated to redness, when the potassium began 

to sublime and condense on the sides. 

*riic process was stopped, and the retort suffered to cool. The absorption 

was not equal to a 'quarter of a cubical inch. When the retort was broken, 

the gas iu passing into the atmosphere, produced an explosion with most vivid 

•light, and white fumes. Tiie potassium remaining in the retort, and that 

which had sublimed, seemed unaltered in their properties. 

'i'he gravish substance indamed by the action of water, but did not seem 

to be combinable w'ith mercury. I am inclined to attribute it.s formation to 

the agency of moisture suspended in the hydrogen, and to consider it as a 

triple Goiupound of potassium, oxygen, and hydrogen. 

When potas.sium is heated in a gas containing hydrogen, and from to 

of comnaon air, it is formed in greater quantities, and a trust of it'ccfvers the 

' metal 
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very soluble in hydrogen; but, under common circurn^^ 

stances, hydrogen does not seem to be absorbable by po¬ 

tassium. 

III. Analytical Experiments on Sulphur, 

I have referred, on a fbrraer occasion to the experiments 

Jnetal, and in the process there is an absorption both of hydrogen and oxy¬ 

gen. It is likewise produced in experiments on the generation of potassium 

by exposing potash to ignited iron, at the time (I believe) that common air is 

admitted, during the cooling of the tube. 

It is non-conducting, inflames spontaneously in air, and produces potash 

and aqueous vapour by its combustion. 

When potassium is heated in hydrogen in a flint glass retort, or even for s 

great length of time in a green glass r.etort, there is an absorption of the gas; 

but this is independent of the presence of potassium, and is owing to the ac-» 

tion of the metallic oxides in the glass upon the hydrogen. 

If a solid compound of hvdrogen and potassiumi could be formed, we might 

expect its existence in'the experiment with t!ie gun-barrel, in which potas¬ 

sium is exposed to hydrogen at alm6st every temperature; but the metai 

formed in this process, when proper precautions are taken to exclude car¬ 

bonaceous matters, is uniform in its properties, and generates for equal quan¬ 

tities, equal proportions of hydrogen by the action of water. 

The general phenomena of this operation, show indeed that the solution 

of potassium in hydrogen is intimately connected with the general principle 

of the decamposition, and confirm my first idea of the action of the two bodies. 

Hydrogen dissolves a large quantity of potassium by heat, but the greater 

portion is precipitated on cooling. The attractions which determine the che¬ 

mical change, seem to be that of iron for oxygen, of iron for potassium, and 

of hydrogen for potassium ; and in experiments, in which a very intense heat 

is used for the production of potaSsium by iron, I have often found, that the 

gas which comes Over, though it has passed through a tube cooled by ice, 

inflames spontaneously in the atmosphere, and burns v/ith a most brilliant 

light which is purple,at the edges, and throws off a dense vapour containing 

potash. 

Sodium appears to be almost insoluble in hydrogen, and this seems to be 

one reason why it cannot be obtained, except in very minute quantities, in 

the experiment with the gun-barrel. 

Sodium, though scarcely capable of beingx dissolved in hydrogen alone, 

seems to be soluble in the compound of hydrogen and potassium. By exposing 

mixtures of potash and soda to ignited iron, I have obtained some very cu¬ 

rious alloys; which, whether the potassium or the sodium was In excess, were 

fluid at common temperatures. The compound containing an excess of po¬ 

tassium, was even lighter than potassium (probably from its fluidity). All 

these alloys were in the highest degree inflammable. When a globule of the 

fiaid alloy was touched by a globule of mercury, they combined with a heat 

that singed the paper upon which the experiment w'as made, and formed, 

when cool, a solid so harfi, as not to-be cut by'a knife. -i, 

* Bakerian Lecture, i803, p. 16. 

0 
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of Mr. Clayfield and of M. Berthollet, jun., which seemed 

to show that sulphur, in its common form, containc^> hv- 

(Irogen. In considering the analytical powers of the Voltaic 

apparatus, it occurred to me, that though sulphur, from its 

being a non-conductor, could mot be expected to yield its 

elements to the electrical attractions* and repulsions of the 

opposite surfaces, yet that the intense heat, connected with 

the contact of these surfaces, might possibly effect some al¬ 

teration in it, and tend to separate any elastic matter it 

miglrt contain, 

•• On this idea some experiments were instituted in 1807. 

A curved glass tube, having a platina wire hermetically 

€ealed in its upper extremity, was filled with sulphur. The 

sulphur was melted over a spirit lamp; and a proper con¬ 

nection being made with the Voltaic apparatus of one hun¬ 

dred plates of six inches, in great activity, a contact was 

made in the sulphur bv means of another platina wire. A 

most brilliant spark, which appeared orange-coloured through 

the sulphur, was produced, and a minute portion of elastic 

fluid rose to tlie upper extremity of the tube. By acontinua- 

tion of the process for nearly an hour, a globule equal to 

about the tenth of an inch in diameter was obtained, which, 

when examined, u^as found to be sulphuretted hydrogen. 

This result perfectly coincided with those which have been 

just mentioned ; but as the sulphur that I had used was 

merely in its common state, and as the ingenious experi¬ 

ments of Dr. Thomson have shown that sulphur in certain 

forms may contain water, I did not venture, at that time, 

to form any conclusion upon the subject. 

In the summer of the present year, I repeated the experi¬ 

ment with every precaution. The sulphur that I employed 

was Sicilian sulphur, that had been recently sublimed in a 

retort filled with nitrogen gas, and that had been kept hot 

till the moment that it was used. The power applied 'was 

that of the battery of five hundred double plates of six inches, 

hit^hly charged. In this case the action w^as most intense, 

the heat strong, and the light extremely brilliant; the sul¬ 

phur-soon entered into ebullition, clastic matter was formed 

in greit quantities, much of which was permanent; and the 

• . . • • 'Sulphur, 
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sulphur, from being of a pure yellow, became of a deep red 

brown tint. 

The gas, as In the former instance, proved to l>e sulphu¬ 

retted hydrogen. The plaiina wires were considerably acted 

upon; the sulphur, at its point of contact with them, had 

obtained the power of reddening moistened litmus paper. 

I endeavoured to ascertain the quantity of sulphuretted 

hydrogen evolved in this way from a given quantity of sul¬ 

phur, and for this purpose 1 electrized a quantity equal to 

about two hundred grains in an apparatus of the kind J have 

just described, and when the upper part of tlie tube was full 

of gas, I suffered it to pass into the atmosphere ; so as to- 

enable me to repeat the process. 

When I operated in this way, there seemed to be no limit 

to the generation of elastic fluid, and in about two hours a. 

quantity had been evolved, which amounted to more than 

five times the volume of the sulphur employed. From the 

circumstances of the experiment, the last portion only could 

be examined, and this proved to be sulphuretted hydrogen. 

Towards the end of the process, the sulphur became ex¬ 

tremely difhcult of fusion, and almost opaque, and W'hen 

cooled and broken, was found of a dirty brown colour. 

The experiments upon the union of sulphur and potas-’ 

sium, which 1 laid before the Society last year, prove that 

these bodies act upon each other with great energy, and that 

sulphuretted hydrogen is evolved in the process, with intense 

heat and light. 

In heating potassium in contact with compound inflam¬ 

mable substances, such as respi, wax, camphor, and fixed 

oils in close vessels out of the contact of the air, I found 

that a violent inflammation was occasioned, that hydrocar¬ 

bonate was evolved; and that when the compound was not 

in great excess, a substance w'asd’ormed, spontaneously in¬ 

flammable at common temperatures, the combustible matUr 

rials of which were charcoal and potassium. 

Here w'as a strong analogy between the action of these 

bodies and sulphur on potassium. Their physical proper¬ 

ties likewise resemble those of sulphur; for they a^ree in, 

being non-conductors, whether fluid or solid, in being 

transparent 
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transparent when fluid, and semi-transparent when solid, 

and highly refractive ; their affections by electricity are like¬ 

wise similar to those of sulphur; for the oily bodies give out 

h\’drocarbonate by the agency of the Voltaic spark, and be¬ 

come brown, as if from the deposition of carbonaceous 

matter. 

' But the resinous and oily substances are compounds of a . 

small quantity of hydrogen and oxygen, with a large quan¬ 

tity of a carbonaceous basis. The existence of hydrogen in 

sulphur is fully proved, and we have no right to consider a 

substance, which can be produced from it in such large 

quantities, merely as an accidental ingredient. 

I'hc oily substances in combustion, produce two of three 

times'their weight of carbonic acid and some water; I en¬ 

deavoured to ascertain whether w'ater was formed in th?- 

combustion of sulphur in oxytren gas, dried by exposure to 

potash ; but in this case sulphureous acid is produced in 

much larger quantities than sulphuric acid, and this last 

product is condensed with great dilBculty. In cases, however, 

in whicli I have obtained, by applying artificial cold, a depo¬ 

sition of acid in the form of a film of dew in glass retorts out 

of the contact of the atmosphere, in which sulphur had been 

burned in oxygen gas bvgrometrically dr^, it has appeared 

to me less tenacious and lighter than the common sulphuric 

acid of commerce, which in the most concentrated form in 

which I have seen it, namely, at 1*855, gave abundance of 

hydrogen as wtII as sulphur, at the negative surface in the 

Voltaic circuit, and hence evidently contained water. 

The reddening of the litmus paper, by sulphur that had 

been acted on by Voltaic electricity, might be ascribed to its 

containing some of the sulphuretted hydrogen formed in the 

process ; but even the production of this gas, as w ill be im¬ 

mediately seen, is an evidence of the existence of oxygen 

sulphur. 

In my early experiments on potassium, procured by elcc-r 

triclty, I heated small globules of potassium in large quan¬ 

tities of sulphuretted hydrogen, and I found that sulphuret 

of potash was formed; but this might he owing to the water 

dissolved 
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dissolved In the gas, and I ventured to draw no conclusioriL 

till i hiul tried the experinient in an unobjectionable nianiier, 

I heated lour grains of potassium in a retort of the ca¬ 

pacity of twenty cubical inches; it had been filled alter the 
% 

usual processes of exhaustion with sulphuretted hydrogen, 

dried bv means of muriate of lime that had been heated to 

whiteness; as soon as the potassium fused, white fumes 

were copiously emitted, and the potassium soon took fire, 

and burnt with a most brilliant flame, yellow in the centre 

and red towards the circumference*. 

The diminution of the volume of the elastic matter, in 

this operation, did not equal more than two cubical inches 

and a half. >A very small quantity of -the residual gas only 

W'as absorhahle by water. The non - absorbable gas was hy¬ 

drogen, 'hulding a minute quantity of sulphur in solution. 

. A ytllovv sublimate lined the upper part of the retort, 

which proved to be sulphur. The solid matter formed was 

red at the surface like sulphuret'^of potash, but in the inte¬ 

rior it was dark gray> like sulphuret of potassiuiUi The 

piece of the retort containing it was introduced into a jar 

inverted over mcrouryj and acted upon by a small quantity 

of dense muriatic acid, dHuted with an equal weight of 

water, when there were disenoatred t'wo cubical inches and a 
^ .00 

quarter of gas, which proved to be sulphuretted hydrogen. 

In another experiment, in which eis^ht'grains of potas¬ 

sium were heated in a retort of the capacity of twenty cubi¬ 

cal inches, containing about nineteen cubical inches of sul¬ 

phuretted hydrogen, and a cubical inch of phosphurelted 

hydrogen, which was introduced for the purpose of absorb- 

ina: the oxygen of the small quantity of common air admit-, 

ted bv the stop-cock, the inflammation took place as before, 

there was a similar precipitation of sulphur on the sides of 

the retort; the mass formed in. the place of the potassium 

was orange externally, and of a dark gray colour internally, 

* In the Moniteur, May 27, 1808, m the account of MM. Gay Liistac’s 

and 1 henard's experiments, it is mentioned, that potassium absorbs the sul¬ 

phur and a part of the hydrogen of sulphuretted hydrogen ; but the phaeno- 

mena of Inflammation is not mentioned, nor are the results described.' 

as 
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as in the last instance; and,^ when acted on by a liule w'ater 

holding muriatic acid in solution, there w^ere evolved from 

it fi ve cubical inches only of sulphuretted hydrogen. 

Both these experiments concur in proving the existence of 

a principle in sulphuretted hydrogen, capabl^e of destroyirig 

partially the inflammability of potassium, and of producing 

upon it all the effects of oxygen ; for, had the potassium 

combined merely with pure combustible matter, it ought, as 

will be seen distinctly from what follows, to have evolved-' 

by the action of the acid, a volume of sulphuretted hydro¬ 

gen, at least equal to that of the hydrogen which an equaf 

weight of uncombined potassium would have produced by 

its operation upon water. 

Sulphuretted liydrogen, as has been long known to che¬ 

mists, may be formed by beating sulphur strongly in hydro¬ 

gen gas. I heated four grains of sulphur.in a glass retort, 

containing about twenty cubical inches of hydrogen, b^ 

means of a spirit lamp, and pushed the heat nearfy to red¬ 

ness. There was no perceptible change of volume in the gai 

after the process; the sulphur that had sublimed was unal¬ 

tered in its properties, and about three cubjoal inches of an 

elastic fluid absorbable bv water were formed; the solution' 

reddened litmus, and had all the properties of a solution of 

pure sulphuretted hydrt)gen. Now if w^e suppose sulphu¬ 

retted hydrogen to be constituted by sulphur dissolved in it?i 

unaltered state in hydrogen, and allow the existence of oxy¬ 

gen in this gas ; its existence must likewise be allowed iit 

sulphur, for v e have no right to assume that sulphur in sul¬ 

phuretted hydrogen is combined w’ith more oxygen' than iiV 

its common form: it is well known, that when eleciricar. 

sparks are passed through sulphuretted hydrogen, a consi¬ 

derable portion of sulpliur is separated w-hhout any altcratioiY 

in the volume of thfe gas. 7 his experiment I have made 

more than once, and i found that the sulphur obtained, in 

fusibility, combustibility, and other sensible properties, did 

jiot perceptibly difier from common sublimed sulphur. 

According to these ideas, the intense ignition pfoducetf 

by the action of sulphur, on potassiuin and sodium, must 

not be ascribed merely to the alEiiity of the metals of the 

Vol. 34. No. 135. Julu iSoy.’ B aTkalies 
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alkitits for its basis, but may be attributed likewise to the 

"'agency"of the oxygen that it contains. 

^ The minute examination of the circumstances of the actiqri 

6r fjotassium and sulphur likewise confirms these opinions. 

When two grains of potassium and one of sulphur were 

heated gently in a green glass tube filled with hydrogen, 

and connected with a pneumatic apparatus, there was a 

'"thcst intense ignition produced by the action of the two 

bodies^ and one-eighth of a cubical inch of gas was disen- 

V^a^ed, which was sulphuretted hydrogen. The compound 

*was e'jtposed in a mercurial apparatus to the action of liquid 

muriatic acid; when a cubical inch and quarter of aeriform 
f ' ■ 

matter was produced, which proved to be pure sulphuretted 

geu; 

The same experiment was repeated, except that four 

grains of sulphur were employed instead of one. In this 

a quarter of a cubical ineh of gas was disengaged du¬ 

ring the process of combination ; and when the compound 

was acted upon by muriatic acid, only three quarters of a 

cubical inch of sulphuretted hydrogen was obtained. 

Now, sulphuret of potash produces sulphuretted hydrogen 

by the action of an acid ; and if the sulphur had not con¬ 

tained oxygen, the hydrogen evolved by the action of the 

potassium in both these experiments ought to have equalled 

at least two cubical inches, and the whole quantity of sul¬ 

phuretted hydrogen ought to have been more : and that so 

much less sulphuretted hydrogen was evolved in the second 

experiment, can only be ascribed to the larger quantity of 

oxygen furnished to the potassium by the larger quantity of 

the sulphur. 

' I have made several experiments of this kind with similar 

results. Whenever equal quantities of potassium were com¬ 

bined with unequal quantities of sulphur, and exposed after¬ 

wards to the action of muriatic acid, the largest quantity of 

^^sulphuretted hydrogen was furnished by the product con¬ 

taining the smallest proportion of sulphuir, and dii no tkie 

‘was the T^antity of gas equal in volume'ldthe quantity of 

bydfogen which would have been produced by the nrrfe 

of potas'Siahl upon'water. - -*• -■ 
^ ■ From 
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From the general tenour of these various facts^ it wjl not 

be, I trust, unreasonable to assume, that sulphur,, in}ts 

common state, Is a conipound of small quantities of pxygen 

and hydrogen with a large quantity of a basis that prpduges 

the acids of sulphur in combustion, and which, on account 

of its strong attractions for other bodies, it will prgbably.be 

very difficult to obtain in its pure foru). 

In metallic combinations even, it still probably retaiQS its 

oxygen and part of its hydrogen. Metallic sulj)hiirets can. 

only be partially decomposed by heat, and the small quantity 

of sulphur evolved from them in this case when perfectly 

dry and out of the contact of air, as I found in an experi¬ 

ment on the sulphurets of copper and iron, exists in its com¬ 

mon state, and acts upon potassium, and is affected by elec* 

tricity in the same manner as native sulphur. 

[To be continued.] 

III. An Inquiry into the Terrestrial Pheenomena produced 

hy the Action of the Ocean, By John Carr, Esq,, of 

Manchester.—No. I. 

To Mr. Tilloch,—Sir, 

JuLaving in my last paper offered explanations of the nu¬ 

merous excavations which streams of fresh water have ef¬ 

fected oil the surface of our globe, I am now to undertake, 

in furtherance of my former engagement, an inquiry into 

the terrestrial phaenomena which the waters of the ocean 

have left for our contemplation. 

Of the whole surface of the earth the proportion of land 

is supposed to be about a third only; and from the gravitating 

fluidity of water, which constantly disposes it to fall in th^: 

lowest descending direction, until it reaches a hoUow wher^ 

it is equally supported on all sides, it might seem rea¬ 

sonable to conclude that the present elevations of land ar^ 

barrier heights which the ocean never can have ascended^ 

and that its present limits are those by which it has ever beeia 

circumscribed. But this, like every other conclusion on na¬ 

tural «.ffects Without obs rvation fgr its basis, is illusory and 

B 2 erroneous; 
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‘erroneous ; and a very moderate acquaintance with sdme of 

the ordinary phasnoniena of the earth will afford ample con* 

\dction^ that over every portion of our present exislkig coif- 

tiirents the waters ck’ the ocean have rolled during a period to 

which we can assign no limit. 

Proofs of this extraordinary occurrence are abundantly 

disseminated Over every part of every country. Wherever 

the earth has been penetrated, a succession of strata alter-^ 

mating and varying, distinctly and specifically, is met with 

mnder forms which unequivo’cally demonstrate that they have 

’all originated from aqueous deposition ; and the vast remains 

'of marine productions, so extensively distributed amongst 

some, and in others forming whole and distinct strata, 

Equally establish, that they have had one common origin. 

"They have all m snccession leen beds of the ocean. Nor has 

any limit yet been discovered, by any natural or artificial 

means of examination, to this peculiar conformation of our 

‘globe. Idle high fronts and deep ravines and gullies of 

'mountains, the abrupt faces of precipitous valleys, shores, 

'and islands, the natural cavernous excavations and the arti¬ 

ficial perforations of every description, which have been dug 

by the avaricious cupidity or the necessary wanta of man, 

ail and every where display regularly stratified beds, generally 

parallel with each other, but always varying in their dimen¬ 

sions, density and materials, and t'very where exhibiting’a 

uniformity of appearance, which admits of no other expla¬ 

nation than that of a slow and progressive precipitation from 

an aqueous fluid. 

This universal prevalence of the formation of strata iu 

fbe interior of the earth, is again most singularly contrasted 

by the indubitable evidence of an almost equally extensive 

‘ destruction of other strata on the surface. The elevated di- 

recrion and abrupt terniiuation of extensive strata from va¬ 

rious heights, conclusively establish that thev were once 

'cont ill lions to an unknown extent. Many of onr'principal 

eminences are formed liy strata infclined from the-horizon, 

"‘knd terminating in high angular asperities-, pVesehting fr^in 

ihence a bold precipitous face, and on the other side -gentle 

'declivities of receding strata. 
.n ■■ ^rhe 
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The exteiisive denudations oF numerous districts, laying 

bare the identical strata, which in the vicinity are Foqnd 

reposing under vast depths of other incumbent strata, .leave 

us without doubt that the superincumbent materials, how.r 

ever massive and onerous, have been swept away From off 

the denudated tracts. A similar disruption, but on a, yet 

more extended scale, is Forcibly inculcated by these singu¬ 

lar eminences oF isolated material which cannot be identified 

with any oF the surrounding strata, and vvhich are, thercFore, 

only the remaining patches oF the stratum to which^lbey 

formerly belonged. But the most stupendous proofs oF de¬ 

structive disruption, are to be Found in the numerous and 

highly elevated ranges of stratided mountains, whose Fgrma- 

tion, while it perFcctly accords with, can admit oF no .oth^r 

explanation than^hat oF their being the remaining Fragments 

oF extensive countries which have disappeared. And herp 

again, as we were constrained to reFer the formation of all 

the strata to the action of the sea, we are in like manner 

compelled to assign their disruptive transportation to the only 

natural agents whose gigantic forces and powers of mobility 

are in any degree commensurate to such mighty pcrforuir 

ances,—the numerous and sweeping currents oF the ocean. 

Let us now' turn to the sea itself, and endeavour to ascer¬ 

tain the nature of its present beds, and the changes which 

they are experiencing From the mighty effects of its powerful 

agency. The active and interested concerns of commerce 

have occasioned such extensive and accurate soundings to 

he taken of vast and various'tracts of the sea, that we have 

From thence actually acquired a more correct knowledge of 

extensive regions over which the ocean is incessantly rolling, 

than oF many portions of those countries which emerged 

from its waves so many centuries ago; and From these it 

has been Fully ascertained, that extensive horizontal plains 

are as rare below as above the great receptacle of waters, 

and that inequalities, in every respect similar, prevail in 

both regions, of banks, hollows, declivities, and elevations, 

frmn the least perceptible rise, up to the precipitous Fronts 

qF unfathomable rocks. With ihis corresponding similitude 

of surface there has also been discovered an ecnially corre- 

B 3 sponding 



23 An Inquiry into the Terrestrial Thcenomeiia 

sponding agreement in the conformation of its beds ; and so 

fully has the identity in both cases been established, that, 

were any extent of the present bottom of the ocean laid dry, 

arid allowed a sufficient time to consolidate and acquire a 

vegetable covering, there can be no question that it would 

exhibit all the diversified exterior, and all the internal con¬ 

formation, of our present inhabited countries. 

We also know that the bottom of the sea is continually 

receiving large accessions of earthy and other materials, con¬ 

veyed into it by rivers and land floods. EVen in some of the 

rivers of our own country, the turbid waters of a summer’s 

flood may be seen distinctly spreading themselves out for 

miles after their entrance into the sea ; and, were an estima¬ 

tion practicable, the annual quantity spread over the beds of 

We neighbouring sea, by such a river only, would be found 

Very considerable indeed : but if we take into the estimation 

the accumulated produce of all the rivers on the globe, the 

annual accession must be ^miense; and this increase, re¬ 

peated through a succession of innumerable ages, must add 

incalculable masses of fresh and various material to extensive 

tracts beneath the sea. It may be worth remarking by the 

way, that nearly the whole of the materials carried by this 

mode into the sea is from the surface, and consequently 

from the richest part of the soil, abounding in a large pro¬ 

portion of vegetable and animal remains ; and it would cer¬ 

tainly be at express variance with every other provident and 

ceconomical provision of Nature, to imagine that this daily 

deterioration of our lands has no other ultimate purpose 

than to incumber the fathomless deeps with endless suc¬ 

cession of superfluous waste. 

But thouirh this vast addition to the beds of the ocean is 
O 

'of itself a sufficiently important consideration in the present 

inquiry, it is, I conceive, comparatively with other agency, 

but a trivial source of terrestrial alteration ; and I think we 

'can only look to the numerous and impetuous marine cur¬ 

rents, sweeping with ponderous attrition, and irresistible 

force, over the abraded beds of the sea, for the cause of these 

stupendous phsenomena, which arrest our attention and ele¬ 

vate our astonishment in geological research. ‘ 

It 



p.rodl^ed hy the Action of the Ocean^ ^3 

, ..It Is obvipLis tQ imagine, and strictly consonant with all 

otir experience to believe, that a current of the ocean press-,' 

ing with a vyeight and force of which we can form no esti¬ 

mate, and for a duration which eludes all calculation, over 

extensive tracts of sea beds, abounding in every variety of 

inequality, must carry off immense quantities of materials, 

and transport them to distant situations, where they will be 

extensively precipitated in nearly the same order in which 

they were taken up, and will, therefore, in their new situa¬ 

tions, form other strata not greatly dissimilar from those 

which were broken up. It will also readily occur, that all 

ihp superior eminences in the course of the current will 

experience a far more extraordinary degree of force and vio¬ 

lence tlian those parts which lie low'er 3 and that in all these 

eminences abounding in strata of rock, tlie fronts which face 

the current will be laid bare and beaten into bold angular 

abruptions, wliile the opposite sides, protected by the emi¬ 

nences, will fall off in gentle declivities, precisely similar to 

what we actually observe in all the hilly districts of every 

country, syhere the precipitous faces and declivous side^ 

so wond.erfiilly coincide in the same respective direction. 

This singular and interesting uniformity in the direction of 

the abrupt and declivous sides of the elevations of almost 

every country, frequently ranging to an unknown exten^ 

is entirely an effect which a vast marine current would ne¬ 

cessarily produce on all the eminences in its course 3 and it isj^| 

I think, utterly inexplicable by any other natural agency. 

.One of the principal currents with which w’e are acquaint¬ 

ed, is that stupendous movement of waters in the Atlantic 

Ocean which is nauticalJy designated the Gulf Stream. It 

originates in the diurnal rotation and centrifugal force of jthe 

earth, aided by the trade winds, giving the waters of the 

main ocean an impulsive direction from east to west; and a 

portion of this vast movement being finally impelled into the 

Mexican Gulf, is glanced off from thence through the 

^traits of Bahama, with an impetus which hurries it over a 

breaflth pf fifty mil.es, at four miles an hour, to the far di- 

,stant ^nks qf Newfoundland, where it can still be clearly 

identified by its dark colour and superior temperature. In 
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this extensive circuit of movi-nr waters from the Indian 

ocean round into the northern seas, if we justly appretiate 

the length of its duration, the incalculable weight with which 

it must incessantly press against all opposing obstacles, the 

countless inequality of depths oyer which it must roll, and 

the extensive tracts of various and yielding strata subject to 

its constant attrition, it will surely be consonant to all our 

experience and analogous reasoning, to believe that it is now 

progressively transporting extensive beds of strata from one 

distant region to another, and beating into high abrupt 

fronts many of the more exalted eminences in its course, 

insomuch that, w^ere its vd^ioJe tract laid open to our in- 

spection, it would unquestionably exhibit proofs of disrup¬ 

tion, denudation, transition, and all the bolder phaenomena 

of geology with which we are already familiar. The exist¬ 

ence of the extensive banks of Newfoundland is of itself 

sufficient to establish this. These banks are situated amongst 

the last expiring eddies of the stream, where the most con¬ 

siderable precipitous depositions might be expected; and the 

countless myriads of fish, resorting thither for food^ are 

proofs of the amazing quantities of vegetable and animal re- 

inains brought by the stream. 

Though this Current is Cerfainlv one of the most extensive 

on our globe, there are many others far superior in their 

rapidity, and consequently in their forces ; and indeed so 

numerous are the currents of the ocean, and so diversified in 

their powers and direction, that we can assign no imaginable 

limits either to the variety or the magnitude of their effects. 

Even the general tides are in themselves powerful and ex¬ 

tensive currents ; and when aided by those occasional and 

terrible tempests which all seas are more or less subject to, 

their alterative effects must be such, as we have no sufficient 

data to estimate. ' 

It would certainly be a superficial objection to the exten¬ 

sive transportation of strata by marine currents, to say that 

the turbid waters surcharged with the earthy materials do 

not appear at the surface. The fact is not strictly so ; for 

the Gulf stream is palpably darker than the^ sea which it 

traverses, and many currents of the ocean are absolutely 

turbid. 
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tiirbid. But >t is not necessary to insist on this circumstance; 

for the transportation which I contend for is not such a 

sadden disruption as would give to the current all the muddy . 

opacity of a land flood, but such a gradual and progressive 

attrition, as, in carrying oft the materials, the propulsion of 

the water and the superior gravity of the transported parti¬ 

cles would eft'eclually prevent from appearing at the surface. 

d'he extensive transportation and spread of the various ex¬ 

terior materials of our tilobe, are facts of which we are as 

certain as of the lio:ht and heat of the solar luininarv ; and 

it is equally certain that the niediuin of those vast transitions 

can he no other than the ocean itself. It should also seem 

to follow from the fairest inductive reasoning, that its cur¬ 

rents^ while they are the most simple and natural, are also 

the only marine agency at all equal and applicable to such 

stupendous eft'ects, 

Were it objected that the transportation and formation of 

strata by marine currents must be local like the currents 

themselves, it is only necessary to observe, that the mate¬ 

rials of all our present countries are so evidently the remain¬ 

ing fragments of the waste and disintegration of other 

countries, which no longer exist, and bear such palpable 

characters of such frequent interchanges and successions of 

land and water, as remove all locality of such currents far 

beyond the reach of geological determiiiaiion. 

Such, Mr. Editor, are a few of the principal data which 

authorize our identifying the present operations of the ocean 

with its former action on our continents, when they too 

were bottoms of the vasty deep.” 1’he limits of your very 

select publication have necessarily circumscribed the'prescnt 

outline of so extended a subject: but however brief and im¬ 

perfect it may be, it is an indispensable preliminary to that 

investigation of the general phajnomeiia of geology, w'hich 

my first paper announced; and in my next 1 shall pursue the 

subject by continuing to trace those probabilities, for they 

are yet no higher in the scale of evidence, which encourage 

us to imagine that our globe, in common with all its mul¬ 

tifarious and interesting species of praduction, possesses 

vv'ithia 
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\vh])in its own governing principles a power of periodic 

^nd revolutionary renovation. 

I am, sir, your most obedient humble servant, 

John Garr. 
IPrincess Street, Manchester, 

July 5, 1809. 

IV. An Account of some Experiments, performed with a 
Eiew to ascertain the most advantageous Method of con~ 

structing a Voltaic Apparatus^ for the Purposes of ChemE 

ealResearch. John George Children, Esq., F.R.S.* 

The late interesting discoveries by Mr. Davy having shown 

the high importance of the Voltaic battery as an instrument 

of'chemical analysis, it became a desirable object to ascer¬ 

tain that mode of constructing it, by which the greatest 

effect may be produced, with the least waste of power and 

expense. 

For this purpose, I made a battery, on the new method, 

with plates of copper and zinc, connected together by leaden 

straps, soldered on the top of each pair of plates^ which are 

twenty in number, and each plate four feet high, by two 

feet wide ; the sum of all the surfaces being 92160 square 

inches, exclusive of the single plate at each end of the bat¬ 

tery. The trough is made of wood, with wooden partitions 

well covered with cement, to render them perfectly tight, so 

that no water can flow from one cell to another. The bat¬ 

tery was charged with a mixture of three parts fuming ni¬ 

trous, and one part sulphuric acid, diluted with thirty parts 

of water, and the quantity used was 120 gallons. 

In the presence, and with the kind assistance of Messrs. 

Davy, Allen, and Pepys, the following experiments were 

made. 

Experiment 1. Eighteen inches of platina wire, of-J^th 

of an inch diameter, were completely fused in about twenty 

seconds. 

* From Philosophical Trsnsactions for 1809, Parti. 

2 Exp. 
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E.xp, 2. Three feet* of the same wire were heated to a 

bright red, visible by strong day-light. 

Exp, 3. P"our feet of the same wire were rendered very 

hot; but not perceptibly red by day-light. In the dark, it 

would probably have appeared red throughout. 

Exp, 4. Charcoal burnt with intense brilliancy. 

Exp, b. On iron wire, of about diame¬ 

ter, the effect was strikingly feeble. It barely fused ten 

inches, and had not power to ignite three feet. 

Exp, 6. Imperfect conductors were next submitted to the 

action of the battery, and barytes, mixed with the red ox¬ 

ide of mercury, and made into a paste wnth pipe-clay and 

water, was placed in the circuit; but neither on this nor on 

any other similar substance was the slightest effect produced. 

Exp, 7. The gold leaves of the electrometer were not 

affected. 

Exp. 8. When the cuticle was dry, no shock was given 

by this battery, and even though the skin was wet, it was 

scarcely perceptible. 

Before I offer any observations on the inferences to be 

drawn from these experiments, I shall mention some others, 

performed, for the sake of comparison, with the foregoing, 

with an apparatus very different in size and number of plates 

from the one just described. 

This second battery was precisely the Couronne des Tasses 

of Sig. Volta, consisting of two hundred pairs of plates, 

■each about two inches square, placed in half pint pots of 

common queen^s ware, and made active by some of the 

liquor used in exciting the large battery, to which was added 

^ fresh portion of sulphuric acid, equal to about a quarter of 

»a pint to a gallon. 

To state as shortly as possible the effects produced by this 

battery : 

Experiment 1. It decomposed potash and barytes readily. 

Exp. 2. It produced the metallization of ammonia with 

great facility. 

Exp. 3., It ignited charcoal vividly. 

Exp. 4. It caused considerable divergence of. the gold 

lea^^'es of the elccironieter. 

Exp, 
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Exp, 5. It gave a vivid spark, after being in action three 

hours. At the expiration of twenty-four hours, it retained 

sufficient power to metallize ammonia, and continued, with 

gradually decreasing energy, to produce the same effect till 

the end of forty-one hours, when it seemed nearly exhausted. 

From the results of the foregoing experiments, which, 

though simple and not numerous, I trust, are satisfactory, 

we see Mr. Davy’s theory of the mode of action of the Vol¬ 

taic battery confirmed : he says (in his Paper on some Che¬ 

mical Agencies of Electricity, Sect. 9, after having shown 

the effect of induction to increase the electricity of the op¬ 

posite plates), the intensity increases with the number, 

and the quantity with the extent of the series.” . : 

That this is so, the effects produced on the platina and 

iron v.’ires, in the first and fifth experiments with the large 

battery, and the subsequent experiments on imperfect con¬ 

ductors, with the small apparatus, sufficiently prove. The 

platina wire being a perfect conductor, and not liable to be 

oxidated, presents no obstacle to tlie free passage of the 

electricities through it, which, from the immense quantities 

given out from so large a surface, evolve, on their mutual 

annihilation, heat sufficient to raise the temperature of the 

platina to the point of fusion. 

With the iron wire, of yVtb of an inch diameter, the 

effect is very different, which is explained by the low state 

of the intensity of the electricity (sufficiently proved by its 

not causing any divergence of the gold leaves of the electro¬ 

meter), which being opposed in its passage by the thin coat 

of oxide, formed on the iron wire, at the moment the cir¬ 

cuit is completed, a very small portion only of It is trans¬ 

mitted through the wire. To the same v/ant of intensity is 

to be attributed the total inability of the large battery to de¬ 

compose the barytes, and its general weak action on bodies 

which are not perfect conductors. The small battery, on the 

contrary, exerts great power on imperfect conductors, de¬ 

composing them readily, although its whole surface is more 

than thirty times less than that of the great battery ; but in 

point of number of plates, 'it consists of nearly ten times as 

many as the large one. The long continued action of the 

small 
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small battery proves the utility of having the cells of suf¬ 

ficient capacity to hold a large quantity of liquor, by which 

much trouble of emptying and filling the troughs is avoided, 

and the action kept up, without intermission, for a long 

space of time,—-a circumstance, in many experiments, of 

XTiaierial consequence. Besides this advantage, with verv’’ 

large combinations, a certain distance between each pair of 

plates is absolutely necessary, to prevent spontaneous dis¬ 

charges, which will otherwise ensue, accompanied with vivid 

flashes of electric light, as I have experienced, with a bat¬ 

tery of 1250 four-inch pLates, on the new construction. 

And here I beg leave to mention an experiment, which, 

though not directly in point, cannot be considered as foreign 

to the'snbiect of this paper. It has been urged, as one proof 

of the non-identity of the common electricity, and that given 

out by the Voltaic apparatus, that in the latter there is no 

striking distance. That objection, however, must cease. 

1 took a small receiver, open at one end ; through perfora¬ 

tions in the oppoc;ite sides of which were placed two wires, 

w ith platina points, well polished : one was-fixed by cement 

to the glass, the other was moveable, by means of a fine 

screw', through a collar of leathers, and the distance be¬ 

tween tlic points was ascertained by a small micrometer at¬ 

tached. This receiver was inverted over w'ell dried potash 

over mercury, and suffered to stand a-couple of days, to de¬ 

prive the air It contained, as thoroughly as possible, of 

moisture. 'I’he 1250 plates being excited precisely to the 

same degree as the great battery, mentioned in the beginning 

of this communication ; and the little receiver placed in the 

circuit, I ascertained its striking distance to be ^i-th of an 

inch. That I'might be certain that the air in the apparatus 

had not become a conductor by increase of temperature, I 

repeated the experiment several times wdth fresh cool air, 

and always with the same result ; but perhaps it will be ob¬ 

jected, that the striking distance was so small, asmot to 

afford a satisfactory refutation of the argument alluded to, 

w'hen it is considered to how very great a distance, com¬ 

paratively, the spark of the common electrical machine can 

pas^ through air. The answer to this is obvious : increase 
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the number of the plates, and the striking distance will in- 

.crease ; for vvc see throughout, the intensity proportioned 

to the number, and it probably may be carried to such ex¬ 

tent, as even to pass through a thicker plate of air than the 

common spark. The great similarity of the appearance of 

the electric light of this battery in vacuo, and that of the 

common machine, might also be urged as an additional 

proof of the identity of their nature. 

The effect of this large combination on imperfect conduc¬ 

tors, was, as may be supposed, very great; but of the same 

platina wire, of which the four-feet plates fused eighteen 

inches, this battery melted but half an inch, though, had 

the effect been in the ratio of their surfaces, it should have 

fused nearly fourteen inches. 

The absolute effect of a Voltaic apparatus, therefore, 

seems to be in the compound ratio of the number and size 

of the plates: the intensity of the electricity being as the 

former, the quantity given out as the latter; consequently 

regard must be had, in its construction, to the purposes for 

which it is designed. For experiments on perfect conduc¬ 

tors, very large plates are to be preferred, a small number of 

which will probably be sufficient; but where the resistance 

of imperfect conductors is to be overcome, the combination 

must be great, but the size of the plates may be small; but 

if quantity and intensity be both required, then a large num¬ 

ber of large plates will be necessary. For general purposes, 

four inches square will be found to be the most convenient 

size. 
Of the two methods usually employed, that of having the 

copper and zinc plates joined together only in one point, and 

moveable, is much better than the old plan of soldering 

them together, through the whole surface, and cementing 

them into the troughs: as, by the new construction, the 

apparatus can be more easily cleaned and repaired, and a 

double quantity of surface is obtained. For the partitions 

in the troughs, glass seems the substance best adapted tose- 

Ctife a perfect insulation ; but the'best of all Will be troughs 

made entirely of Wedgwood’s ware,—an idea, I believe, lirst 

suorested by Dr. Babington. 

. O.'i 
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V. On the Origin and Formation of Roots. In a Letter 

JrornT. A. Knight, Esq.. F.R.S.^ to the Right Hon. 

5/r Joseph BanKwS, K,B., P.R.S.* 

MY DEAR SIR, 

-In a former coiimuinlcation T have given an account of 

some experiments, which induced me to conclude that the 

budsof trees invariably spring from their alburnum, to which 

they are always connected by central vessels of greater or 

less length ; and in the course of much subsequent expe¬ 

dience, I have not found any reason to change the opinion 

that I have there given f. The object of the present com¬ 

munication is to show, that the roots of trees are always ge¬ 

nerated by the vessels which pass from the cotyledons of the 

seed, and from the leaves, through the leaf-stalks and tli^ ' 

bark, and that they never, under any circumstances, spring 

immediately from the alburnum. 

The organ, which naturalists have called the radicle in the 

seed, is generally supposed to be analogous to the root of the 

plant, and to become a perfect root during germination; and 

I do not know that this opinion has ever been controverted, 

though I believe that, when closely investigated, it will prove 

to be founded in error. 

A root, in all cases- with which I am acquainted, clonn^ates 

only by new parrs which are successively added to its apex of 

point, and never, like the stem or branch, by the extension ^ 

of parts previously organized ; and f iiave endeavoured to 

show, in a former memoir, that owing to this difference rn 

the mode of the growth of the root and lengthened plumule 

of germinating seeds, the one must ever be obedient to gra¬ 

vitation, and point towards the centre of the earth, whilst 

the other must take the opposite direction J. But the radicle 

of germinating seeds elongates by the extension of parts pre-^ 

viously ortjanized, and in a great number of cases, which 

must be familiar to every person’s observation, raises the 

cotyledons out of the mould in which the seed is. placed iQ 

i *! ■ 

* From Phllosoph’cal Transactions for 1809, Parti. 

Trans. 180-0. i Ibkl^ 180G. - . ’ 

vegetate. ^ 
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vegetate. The mode of growth of the radicle is therefore 

siinilar to that of the substance which occupies the sp^ce^ 

between the buds near the point of th'e succulent annual 

shoot, and totally different fronr that of the proper root of 

the plant, which f conceive to come first into existence du¬ 

ring the germination of the seed, and to spring from the 

point of what is called the radicle. At this period, neilhef 

the radicle nor cotyledons contain any alburnum ; and there¬ 

fore the first root cannot originate from that substance ; but 

the conical vessels are then filled with sap, and apparently 

in full action, and through these the sap appears to descend 

which gives existence to the true root. - , 

When first emitted, the root consists only of cellular sub¬ 

stance, similar to that of the hark of other parts of the fu¬ 

ture tree, and within this the cortical vessels are subsequently 

generated in a circle, inclosing within it a small portion of 

the cellular substance, which forms the pith or medulla of 

the root. The cortical vessels soon enter on their office of 

generating alburnous matter; and a transverse section of the 

root then shows the alburnum arranged in the form of 

wedges round the medulla, as it is subsequently deposited 

on the central vessels of the succulent annual shoot, and on 

the surface of the alburnum of the stems and branches of 

older trees*. 
If a ieaf-stalk be 'deeply wounded, a cellular substance, 

similar to that of the, bark and young root, is protruded from 

the upper lip of the wound, but never from the lower; and 

the leaf-stalks of many plants possess the power of emitting 

roots, which power cannot have resided in alburrium, for 

the leaf-stalk does not contain any ; but vessels, similar to 

those of the bark and radicle, abound in it, apparently con¬ 

vey the returning sap; and from these vessels, or perhaps 

more properly from the fluid they convey, the roots eiffitted 

bv the leaf-stalk derive their existencef. ' 
If a portion of the bark of a vine, or other tree, which' 

readily emits roots, be taken off in a circle extending round 

its stem, so a.s to intercept entirely the passage of any fiuid 

* Phiiosophk'alTrarn^actlons for 1801, Plate xxTk. ■{■ Ibid, far 1801. 

through' 
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ih^oiigh the bark; and any body which contains niuth mois¬ 

ture be apphedj n’uiticrous roofs vvill soon be emitted into it 

immediately above (he decorticated spaccv but never imii’Ve-- 

diatclv beneath it: and when th'c alburiiLfrii in' the decorti- ^ > - 
cated spaces has become lifeless to‘ a considerable depth, 

buds are usually protruded beneath,' but never iminediately 

above it, apparently owing to the obstruction'of the ascend¬ 

ing sap. d’he roots, vvhioli are emitted in the preceding case, 

do not appear in any degree to difler from those which de¬ 

scend from the radicles of generating seeds, and both appa¬ 

rently derive their matter from the tiuid which descends 

through the cortical vessels. ' 

There are several varieties of the apple tree, the trunks and 

branches of which are almost covered with rough excres¬ 

cences, formed by congeries of points which would have 

become roots under favourable circumstances; and such 

varieties are always very readily propai^ated bv cultinijs. 

H aving thus obtained a considerable number of plants of one ' 

of these varieties, the excrescences began to form upon their 

stems when two years old, and mould being then applied to’ 

them in the sprinar, numerous roots were emitted into it 

carlv in tlie summer. The mould was at the sajue time raised 

round, and applied to, the stems of other trees of the same 

age and variety, and in every respect similar, except that the 

tops of the latter were cut off a short distance above the 

lowest excrescence, so that there were no buds or leaves 

from which sap could descend to generate or feed new roots ^ 

and under these circuinstanees no roots, but numerous buds 

were emitted, and these buds alhsprang from the Spaces and 

points, which under different circumsiaiiees had afforded 

roots. The tops of the trees last mentioned, having beeii 

divided into pieces of ten inches long, were planted as cut- 

' tings, and roots were by these emitted from the lowest ex- 

I creseences beneath the soil, and buds from the uppermost 

i of above it. 

I I had anticipated the result of each of the preceding expe- 

I rime'nts; not that I supposed, or now suppose, that roots' 

; can be changed into buds, or buds into roots; but I had' 

I before proved that the organization of the alburnum is better' 

i Vol. 34. No. 135. July 180^. C calculated 

I 
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calculated to carry the sap it contains, fronu the root up¬ 

wards-, than in any other direction ; and I concluded that the 

sap when arrived at the top of the cutting through the/al- 

burnum would be there employed, as I had observed in many 

similar cases, in generating buds, and that these buds-would 

be protruded where the bark was young and thin, and con¬ 

sequently afforded little resistance*. I had also proved the 

bark to be better calculated to carry the sap towards the roots 

than in the opposite direction, and I thence inferred that ,as 

soon as any buds, emitted by the cuttings, afforded leaves, 

the sap would be conveyed from these to the'lower extremity 

of the cuttings by the conical vessels, and be there employed 

in the formation of roots*. 

Both the alburnum and bark of trees evidently contain 

their true sap; but whether the fluid, which ascends in such 

cases as the preceding through the alburnum to generate 

buds, be essentially different from that which descends down 

the bark to generate roots, it is perhaps impossible to decid^. 

As nature, however, appears in the vegetable world to ope¬ 

rate by the simplest means; and as the vegetable sap, like 

the animal blood, is probably filled with particles which are 

endued with life, were I to offer a conjecture, I am much 

more disposed to believe that the same fluid, even by merely 

acquiring .different motions, may generate different organs^ 

than that two distinct fluids are employed to form the root, 

and the bud and leaf. 

When alburrtum is formed in the root, that organ pos¬ 

sesses, in common with the stem and branches, the power 

of producing buds, and of emitting fibrous roots; and when 

it is detached from the tree, the buds always spring near its 

upper end, and the roots near the opposite extremity, as in 

the cuttings above mention'd. The alburnum of the root 

is also similar to that of other parts of the tree, except that 

it is more porous, probably owing to the presence of abun¬ 

dant moisture during the period in which it is deposited f. 

And possibly the same cause may retain the wood of the rqot 

permanently in the state of alburnum; for I have shown, in 
( 

/ 

■f Ibid, for 1801. ^ ^ 

a former 

* Philosophical Transactions for 1805. 
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a former memoir, that if th'e mould be taken away, so that 

the parts of the larger roots, which adjoin the trunk, be ex¬ 

posed to the air, such parts are subsequently found to con¬ 

tain much heart wood*. 

I would vyish the preceding observations to be considered 

as extending to trees only, and exclusive of the palm tribe ; 

but I believe they are nevertheless generally applicable to 

perennial herbaceous plants, and that the buds and fibrous 

roots of these originate from substances which correspond 

with the alburnum and bark of' trees. It is obvious, that 

the roots which bulbs emit in the spring, are generated by 

the sap which descends from the bulb, when that retains its 

natural position ; and such tuberous-rooted plants as the po- 

tatoe offer rather a seeming than a real obstacle to the hypo¬ 

thesis I am endeavourino; to establish. The buds of these 

are generally formed beneath the soil; but I have shown, in 

•a former rhemoir, that the buds on every part of the stem 

may be made to generate tubers, which are similar to those 

usually formed beneath the soil; and I have subsequently 

seen, in many instances, such emitted by a reproduced bud, 

without the,calyx of a blossom, which had failed to produce 

fruit; but I have never, under any circumstances, been able 

•to obtain tubers from the fibrous roots of the plant. 

The tube therefore appears to differ little from a branch, 

which has dilated instead of extending itself, except that it 

becomes capable of retaining life during a longer period ; 

and when I have laboured throucrh a whole summer to couii- 

teract the natural habits of the plant, a profusion of blos¬ 

soms has in niany instances sprung from the buds of a tuber. 

The runners also, which, according to the natural habit 

of the plant, give existence to the tubers beneath the soil, 

are very similar in organization to the stem of the plant, and 

readily, emit leaves, and become converted into perfect stems 

in a few days, if the current of ascending sap be diverted 

into them ; and the mode in which the tuber is formed above 

and beneath the soil is precisely the same. And when tha 

sap, which has been deposited at rest during the autumn and 

* Philosophical Transactions for i80i. 

C £* winter, 

I 
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winter, 'is ap'ain called into action to feed the buds, which 

elongate into parts of the stems of the future plants in the 

spring, fibrous roots are emitted from the bases of these 

sfems, whilst buds are generated at the opposite extremities, 

^ in the cases T have mentioned respecting trees. ; , , . 

^Many naturalistsheave supposed the fibrous roots of all 

^plants to be ot annual duration only ; and those of bulhous- 

"and tuberous-rooted plants certainly are so : as in these Na¬ 

ture has provided a distinct reservoir for the sap w'hich is to 

form the first leaves and fibrous roots of the succeeding: sea- 

"sonI but the organization of trees is very different, and the 

alburnum and bark of the roots and stems of these are the 
-ca ' 

reservoirs of their sap during the winter f. When, however, 

the'fib rous roots of trees are crowded together in a garden- 

'pbt, they are ofen found lifeless in the succeeding spring j 

.but I have not observed the same mortality to occur, in any 

degree, in the roots of trees when growing, under favourable 

'eircumstances, in their natural situation. 

1 am prepared to offer some observations on the causes 

\vhich direct the roots of plants in search of proper nutri- 

ment, and which occasion the root of the same plant to as¬ 

sume different fdrms under different circumstances: but I 
I ^ 

propose to make those observations the subject of a future 

communication. I am, my dear sir, 

with great respect, your much obliged, &c, &c. 

Thomas And. Knight. 
Elton, Dec. 22, 1808. 

VL Analysis of the Mecanique Celeste of M, La Pdace» 

By M. Biot. 

[Continued from vol. xxxiii. p. 476.] 

nn 
J.,HR author is afterw-ards occupied with the determination 

of the motion.s of the heavenly bodies by successive approxi¬ 

mations. In the theory of these motions the action of the 

perturbating forces only obliges r5s to add some small terms 

* M. Mirbei s Traite d' Anatomie, 8cc. &c. Dr. Smith’s Introduction to 
JE^tuny. . • j • 

I Philosophical Transactions for 1805. ' ^ 

to 
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to the differential equations of the elliptic motion : the au¬ 

thor consequently examines what are the changes to which it 

is necessary to subject the integrals of the differential equa¬ 

tions, in order to have those of the same equations aug¬ 

mented bv certain terms. The analysis which he uses give6 

these integrals in a simple and exact manner when the pro¬ 

posed equations are linear, and furnishes in general a method 

of obtaining them by approximation : we may attain the 

same object by the method of successive substitutions. The 

author details this process, which has the inconvenience of 

introducing arcs of a circle, out of the periodical signs in 

‘the approximate integral, even when they are not to be 

found hi the exact integral ; and this circumstance takes 

place when this last should contain, under the periodlcai 

signs, the v^ery small coefficients, according to the powers 

of which the approximate integral is ordered ; these arcs of 

a circle being susceptible of an indefinite increase would at 

length render the approximate integrals defective ; and as it 

•is of importance that these integrals may embrace past and 

future ages, it is necessary to repass from these arcs of a 

circle to the functions which produce them by their deve¬ 

lopment into series. In order to attain this object, the au¬ 

thor gives'a method applicable to any given number of diffe¬ 

rential equations; he shows afterwards that the integrals of 

the differential equations preserve the same form, when these 

equations are increased by certain terms ; and from this he 

deduces the means of obtaining, among the arbitrary constant 

<|uantities, the conditions relative to this last supposition : 

he afterwards shows the utility of the variation of the con¬ 

stant arbitrary quantities for facilitating the approximate in¬ 

tegration of the equations in certain cases. 

The author applies the preceding methods to the pertur¬ 

bations of the celestial motions ; he obtains at first under a 

finite form the perturbations of the motion in longitude, la¬ 

titude, and those of the radius vector of the orbit : he after¬ 

wards lakes up the subject of the important problem which 

has for its object the development of perturbations in con¬ 

vergent serie:> of the sine and cosine of angles increasing pro¬ 

portionally to the time. To obtain this, he first gives a very 

C 3 simplu 
I 
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simple method, by which we immediately obtain the difTeren- 

tial equations which determine the perturbations ordered ac¬ 

cording to the powers and to the products of the excentricities 

of tlie inclinations of the orbits. I’his method consists in sup¬ 

posing the radius vector of the disturbed orbit expressed by 

a function of the same form as that of the elliptic orbit; the 

quantity which enters into this function is then found, given 

as in the elliptic motion by a linear differeruial equation of 

the second order with constant coefficients, increased by a 

last term depending on the action of the disturbing forces; 

circumstances which permit lis to apply to this equation the 

methods of integration previously detailed : in the latter, re¬ 

gard is had only to the hrst, power of the disturbing force. 

It is necessary, for what precedes, to develop a certain func¬ 

tion of the masses and of the mutual distances of the bodies 

of the system in a converoinir senes of the sines and cosines 

of angles increasing proportionally to the time. The au^ 

thor gives the method of attaining this, and employs, in 

this calculation, in a very elegant manner, the characleristie 

of the integrals of finite differences ; this permits him to ex¬ 

press with much simplicity the development sought, and 

the product of this development by the sine.or cosine of any 

angle. According to what precedes, he determines the 

perturbations of motion in longitude, latitude, and those of 

the radius vector of the orbit, carrying his precision as far 

as quantities of the order of the eccentricities and of the 

inclinations of the orbits, and demonstrates the convergeacy 

of these results, w'hatever be the ratio of the distances of 

the planets which we consider to the sun ; a circumstance 

the more important to observe, since otherwise it would 

have been impossible to express analytically the reciprocal 

perturbations of the planets, with respect to which the rela¬ 

tions of these distances approach to unity: he afterwards 

collects these results which contain the whole theory of the 

planets, when we neglect the squares and products of the 

eccentricities, and of the inclinations of the orbits, which is 

most frequently permitted. After having shown how we 

coujd, if it were necessary, obtain a greater approxijnation, 

be gives the means of estimating the degree of precision of 

the 
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the diflTerent terms of which these formulie are composed, 

and shows that we may easily extend them to the case la 

which the number of the disturbing masses is given. 

The formulae ’which give the disturbed motion contain¬ 

ing in some of their terms the time without periodical signs, 

the author employs the method described above to make 

these terms disappear. This process leads to differential 

equations among the constant arbitrary quantities of the 

problem which are here the elements of the elliptic motion : 

we obtain by this means the variations which these elements 

undergo in consequence of the action of the disturbing 

masses, at least so far as we neglect the second powers of 

these rnassesj and those of the eccentricities and inclinations 

of the orbits. The first property which this analysis dis¬ 

plays, is, that the transverse axes of the orbits and the mean 

motions are unalterable; but the expression of the longitude 

from wliich we draw this result being only approximate, it 

is important to examine the nature of the terms U'hich might 

be there introduced by successive approximations; for, if 

there were any which were proportional to the square of thfe 

time, the preceding property would cease to take place, and 

the transverse axes and the mean motions mioht be indefi- 

nitely altered. The author shows, that if we regard only the 

first power of the disturbing masses, however far in other 

respects w-e may extend the approximation with respect to 

the eccentricities and inclinations, the expression of the 

longitude will never contain any similar terms, at least 

while the mean motions of the bodies of the svstem are in- 
j 

commensurable among each other, which is the case with 

the solar system ; whence it results, that by confining our¬ 

selves to the first powers of the disturbing masses, the trans¬ 

verse axes of the orbits are constant, and the mean motions 

uniform. The author afterwards integrates the differen¬ 

tial equations which determine the variations of the other 

elliptic elements ; he discusses their extent, and show^s'that 

the solar system can only oscillate around a mean state of 

cllipticity and of inclination, IVom which it wanders little : 

hence it follovys, that the orbits ot the planers and satellites 

never have been, and never will be, considerably cccehtric, 

C 4 nor 
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nor inclined to each other, at least if \ye regard only the 

niutual action of these bodies. The variations determined 

by the preceding analysis, taking place with great slowness^ 

have been named secular ; and we may, durinii; a long in¬ 

terval, suppose them proportional to the time: the author 

gives the method of obtaining them under that form, which 

js useful for astronomical purposes. 

These inquiries make known some relations among the 

elements of the orbits which are only approximate : the aur 

thor develops those which take place in general, whatever 

may be the eccentricities and the inclinations : he afterwards 

gives the necessary forrnulae for deterniining, w'ith respect 

fo the solar system, the position of the invariable plane upon 

-which the sum of the areas described by the projections of 

-the radii vectores of the bodies of the system, multiplied re¬ 

spectively by the masses of these bodies, is a maximum. 

The research of this plane becomes very important, on ac¬ 

count of the proper motions of the stars and of the ecliptic ; 

but it requires that w^e should know the masses of the co¬ 

mets, and the elements of their orbits : happily, these 

masses appearing to be very small, we may, without any 

:perceptible error, neglect their action on the planets: con- 

.sidering then the motion of two orbits inclined one to the 

other by any given angle, the author shows that, indepen¬ 

dently of every extraneous cause, the two orbits will alw’ays 

cut the invariable plane relative to their system in the same 

straight line, the ascending node 6f the one coinciding with 

the descending node of the other; and he gives, upon the 

supposition of very small inclinations, the expression of the 

motion of this intersection. 

The preceding method only giving the inequalities inde¬ 

pendent of the mutual configuration of the bodies of the 

system, the author resumes this problem by a different pro¬ 

cess ; he infers from analytical considerations detailed above, 

that the disturbed motion of the-celestial bodies may be re¬ 

ferred to the laws of elliptic motion, supposing the elements 

of this motion variable ; he shows that these results mav'also 

be drawn immediately from the consideration of elliptic mo¬ 

tion, regarding the disturbed planet,, as oscillating in a very 

small 
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siiiall orb around a fictitious planet, moved according to the 

■laws n't' elliptic motion, in an ellipsis, the elements of which 

wary bv insensible shades ; hence are deduced with facilit)’, 

the difiTcrcntial equations which determine these variations. 

By applying these results to the case of orbits eccentric in a 

small degree, and little inclined towards each other^'and 

neglecting the second povvers-of the perlurbaiing masses, we 

.see in the first place that the transverse axes and the mean 

motions are only subjected to periodical variations depending 

•upon the mutual configuration of the bodies of the systenf, 

and thereby even not very extensive: hence it hjilows that 

by neglecting these quantities, the major axes of the orbits are 

constant, and the mean motions are uniform 5 a result pre¬ 

viously found by adilferent method. This })roperty only takes 

place when the mean motions of the bodies of tiie system are 

incommensurable among each other, which is the case with 

the planets : if, with respect to some of these bodies, very 

little is required in order to fulfil this condition, the elliptic 

elements, and particularly the mean longitude which de¬ 

pends upon two integrations, acquire iu certain terms very 

large divisions, whicli introduce there some very perceptible 

inequalities. The author gives the method of determining 

those which affect the mean longitude, and he shows that 

when there are inequalities of this kind, which the action of 

one of the bodies of the system produces upon the mean 

motion of another, it is easy to deduce those which the ac¬ 

tion of the second body produces on the mean motion of the 

first, and he proves that these inequalities are affected by 

contrary signs, and reciprocal to the products of the masses 

of bodies by the square roots of the major axes of their or¬ 

bits. The illustrious author of this work has been the first 

to demonstrate that to a similar cause is owing the accele¬ 

ration of the mean motion of Jupiter, and the retardation of 

that of Saturn. {Mtmoircs de L*Academie, 1784-8.'^). 

The author afterwards examines the case in which the 

most perceptible inequalities of the mean motion are only to 

be met with among the terms of the order of the square of 

Xhiz perturhatrix masses: this singular circumstance takes 

place ill the system of the satellites of Jupiter, and it depends 
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tipon the relations which observations point out between 

the mean motions of the three first among each other. The 

author develops at proper length this important point of the 

system of the world ; and from it he infers that the mean 

motion of the first satellite, minus thrice that of the second, 

plus twice that cf the third, is exactly and constantly equal 

to nothing, and that file mean longitude of the first satellite 

minus thrice that of the second, plus thrice that of the third, 

is exactly and constantly equal to two right angles, These 

elegant theorems, which would of themselves be sufBcient 

to immortalize their author, have been presented fur the 

first time to geometricians and astronomers, in the Memoirs 

above quoted. 
The author afterwards develops the differential equations 

W'hich determine the variations of the other elements of the 

orbit: be shows that the values^of the unknown quantities 

which they contain are composed of two parts ; the one, de¬ 

pending upon the mutual configuration oF the bodies of the 

system, contains the variations called the other, in¬ 

dependent of this configuration, contains the variations called 

secular. The author gives a very simple method of obtaining 

the first part; and as to the second, he proves that it is given 

by the same differential equations deprived of their last terms; 

a circumstance which refers them to those which he had 

formerly treated of at full length, by the first method of ap¬ 

proximation which we have mentioned. 

We have said that the relations of the mean motions may 

introduce, in the expression of the mean longitude, a sen¬ 

sible inequality among the terms depending upon the second 

power of the disturbing masses. The author examines the 

influence of these same relations upon the other elements, 

and he determines the inequalities resulting from them ; he 

establishes the very simple relations which connect these in¬ 

equalities with those of the mean motion ; he discusses the 

variations to which the same cause subjects the expressions 

of the latitude above a fixed plane a little inclined to the or¬ 

bit ; be shows how by means of these results we obtain the 

values of the latitude, longitude, and of the radius vector of 

the disturbed orbit, variable quantities which determine 
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the position of the celestial bodies. In this manner ter- 

ziiinates the second book : extremely remarkable from the 

iiijportance of the subject, the elegance of the methods, and 

the simpliciiy of the details; valuable advantages which are 

principally felt in the inquiry into the inequalities depending 

upon the relations of the mean motions. Geometrician^ 

know that it is to the author of this work we are indebted 

for almost the whole of this theory. 

END OF BOOK SECOND; 

[To be coiuinued.] 

Vn, Account of the Dissection of a Human Foetus, in which 

the Circulaiion of the Blood was carried on without a 
• Heart. By Mr. E. C. Brodie. Communicated by Eye^- 

RARD Home, Esq., F.R.SA 

An opportunity lately occurred to me of cx,amining a hu¬ 

man foetus, in which the heart was wanting, and (he circu¬ 

lation of the blood was carried on by the action of the vessels 

only. I'here have been some other instances of this remark¬ 

able deviation from the, natural structure; but in that to 

which I allude the growth of the child had been natural, 

and it differed much less from the natural formation than in 

any of those which are on record, and I have therefore been 

induced to draw up the following account of it, 

A woman was delivered of twins in the beginning of the 

seventh month of pregnancy, There was a placenta with 

two umbilical chords, which had their origin about three 

inches distant from each other. The placenta was not pre¬ 

served; but Mr. Adams, who attended the mother in her 

Jying-in,. observed nothing unusual in its appearance. Both 

fcEtuses were born dead. They were nearly of the same size. 

One of them in no respect differed from the ordinary forma¬ 

tion ; the other had an unusual appearance, and Mr. Adams 

thought it deserving of examination. Through Dr. Hooper 

it was put into my hands for this purpose. 

The foetus, measured thirteen inches from the summit of 

^ Fron. Philosophical Tiansactions for ISOO, Fart T. 

the 
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the cranium to the feet. The thorax and abdomen were 

surrounded by a large shapeless mass, which concealed the 

form of the whole upper part of the body. This mass proved 

to be the integuments covering the posterior part of the neck 

and thorax, distended with a watery fluid about three pints 

in quantity, contained in tw'o cysts lined by a smooth 

membrane. When the fluid was evacuated, and the cysts 

allowed to collapse, the foetus had nearly the natural form,. 

Its extremities had nearly the usual appearance, except that 

pn the right hand there was no thumb; on the left hand 

there was no thumb also, and only a single Anger. There 

were three toes on the right foot, and four toes on the left 

foot. The external nostrils consisted only of two folds of 

skin, under each of which was the orifice of an internal nos¬ 

tril, but pervious only for about half an inch. There was 

a hare lip, and acileft in the bony palate extending one-third 

of an inch backwards. 

On dissection, the cranium was found somewhat com¬ 

pressed by' the fluid contained in the cyst behind it. The 

brain itself was too putrid for accurate examination, but it 

was of nearly the natural size, and nothing unusual was ob¬ 

served in it. The membranes had the natural appearance, 

and the nerves appeared to go off from the brain and spinal 

marrow nearly as usual. 
In the thorax there was no heart, thymus gland, or pleura. 

The trachea was situated immediately behind the sternum. 
I ^ 

it had its natural appearance, and divided as usual into the 

two bronchia. The latter terminated in the lungs, which 

consisted of two rounded bodies, not more than one-third 

of an inch in diameter, having a smooth external surface, 

and composed internally of a dense cellular substance. The 

oesophagus had the usual situation, but it terminated in a 

Gul-de-sac at the lower part of the thorax. The rest of the 

thorax was filled with a dense cellular substance; and in 

place of the diaphragm, there was a membranous septum 

.between it and the cavity of the abdomen. 

In'the abdomen, the stomach had no cardiac orifice. The 

intestine was attached to the mesentery in the usual way; 

hut it was proportionahly shorter than natural, was 

ap. 
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an imperfect coecum, but the colon was not distinguished 

by any difference of structure or appearance from the rest of 

the intestine. The rectuni had its usual situation in the 

pelvis. The spleen and renal capsules were small; the kid¬ 

neys, bladder, penis, and testicles had the usual appearance. 

Idle abdomen was lined by peritonaeum, but there was no 

omentum. The liver and gall-bladder were wanting. 

As there was no heart, it became an object of importance 

to ascertain the exact nature of the circulation : for this pur¬ 

pose the blood-vessels were traced with attention. 

The umbilical chord consisted of two vessels only : one of 

these was larger than the other, and its coats resembled those 

of a vein, while those of the smaller vessel were thick and 

elastic, like those of an artery. Both of these vessels en¬ 

tered the navel of the child, f'hc artery passed to the left 

groin by the side of the urachus, occupying the usual situa¬ 

tion of the left umbilical artery. Here it gave off the externa! 

and internal iliac arteries of the left side, and was then con¬ 

tinued upwards on the fore-part of the spine forming the 

aorta. From the aorta arose the common trunk of the right 

iliac artery, and the branches to the viscera and parietes of 

the thorax and abdomen. At the upper part of the thorax it 

sent off the two subclavian, and afterwards divided into the 

two carotid arteries, without forming an arch. The veins 

corresponding to these arteries terminated in the vena cava, 

which was situated on the anterior part of the spine before 

the aorta, and passed downwards before the right kidney 

to the right groin. Here it became reflected upwards by the 

side of the urachus to the navel, and was continued into the 

larger vessel or vein of the chord. , 

It appears therefore, that, in this foetus, not only the 

heart was wanting, but there was no communication of any 

kind between the trunks of the venous and arterial systenis, 

as in the natural foetus, where there is a heart. The only 

communication between the two sets of vessels, was hy 

means of the capillary branches anastomosing as usual in llus 

foetus and in the placenta. The blood must have been pro¬ 

pelled from the placenta to the child through the artery of 

the chord, and must have been returned to the placenta bv 

means 
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ftieans of the vein, so that the placenta must have been it 
once the source and the termination of the circulation, and 

the blood must have been propelled by the action of the 

vessels only, 
■ It is to be understood, that the circulation in the foetus re¬ 
ceives no propelling power from the action of the heart and 
arteries of the mother. This, although perfectly known to 
anatomists, it is proper to mention, as it may not be equally 

known to all the members of tins Society. 
It appears extraordinary, that under these circumstances, 

notwithstanding the circulation through the placenta must 

have been more languid than is natural, that organ should 
nevertheless have been capable of exercising its proper func¬ 
tions, so as to produce those changes on the blood which 
are necessary for the maintenance of fetal life. This may 
be explained by considering that in the natural fetus the 
umbilical arteries are branches of the general arterial system, 

and only a portion of the blood of the child is sent to the 
placenta; whereas, in the fetus wTlch I have described, the 

trunk of the vena cava was continued into the vein of the 
chord, and the whole of the venous blood circulated through 

the placenta, and v?as exposed to the influence of the arterial 

blood of the mother. / 
' But the most interesting circumstance which we learn 

from this examination is, that the circulation not only can 
be carried on without a heart, but that a child so circum¬ 
stanced can be maintained m its growth, so as to attain the 

same size as a fetus which is possessed of that organ. This 
fact is contrary to what prior experience has led us to expect, 
as will appear from the following abstract of the authenti¬ 
cated cases of this species of malformation, which we find 

on record. 
monster, in which there was no heart, is described by 

M. Mery*. There were twins, one of which was well 
formed, and of the usual size of a six months child : the 
size of the. other was not mentioned, so that no comparison 
could be 'made between them. In the latter, the head, neck, 

* Hisfoire ch I'Academic Roy ale dcs Sciences, 1720.- 

2 and 
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and upper extremities were wanting. There were no vestiges 

of a brain^ nor was there any liver. The dissection of the 

i)lood-vessels does not appear to have been very accurately 

made; but, from the general account, I should suppose that 

the circulation did not inateriallv differ from that of the tioe- 

tus which I have described. 

Another instance of this kind is described by AI. Win¬ 

slow *. This was also a twin, ontv seven inches in Ien2:th- 

The age and size of the other child are not mentioned. . Tn 

this instance there was no head, nor any vestige of brain. 

There were no lungs, liver, stomach, nor spleen, and onh' 

a small portion of intestine. The arterial .system is described 

as being complete, communicating with the placenta bv the 

umbilical vein opening into the aorta, and the umbilical ar¬ 

teries arising nearly as usual. In this instance there was a 

circle of vessels formed bv the arteries only, for M. Wins- 

low expressly states, that there vvere no veins; and however 

extraordinary this may appear, we cannot be otherwise than 

cautious in denying an observation made by an anatomist 

so remarkable for his extreme accuracy and minuteness. 

Dr. Lc Cat, of Rouen, states another case of twins f born 

at the end of the ninth’ month of pregnancy. One of them 

was a well-formed child of the usual size; but the other was 

only twelve inches and a half in length. The head of the 

latter was very imperfect, and there was only a very minute 

portion of brain. The heart, lungs, liver, stomach, and 

spleen were entirely wanting, and there was only a small 

portion of intestine. The arterial system was perfect; the 

umbilical vein terminated in the aorta, and the umbilical 

arteries had their origin from the internal iliac, as usual. 

There is, however, an obscurity in the account of the circu¬ 

lation, as it is stated that there were veins, but they were 

not traced, nor was any communication made out between 

them and the arteries, or the vessels of the chord. 

Dr. Clarke J has given an account of a case, in w)iich a 

woman, after a natural labour, was delivered of a healthy 

child, and also of a substance covered bv common integut 
■7 • ; O 

^ Hisloire de VAcndemie Rnyah des Sciences^ 1740. 

f Philosophical Transactions for 17C>7. ^ Ibid, for 17S:J. 

meiits, 
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meats, of an oval form, four inches in length, and having d 
separate navel string and placenta. In this suhstairce there 

was one os innominatum, with a femur, tibia, and fibula. 

There w ere neither brain nor nerves; nor were there any 

viscera, except a small portion of intestine. The umbilical 

chord consisted of two vessels, an artery and a vein, both 

of which ramified ii'i this substance and in the placenta, 

in Dr. Hunter’s anatomical collection, there are two spe- 

cimens of monsters born without hearts. In both ot them 

the whole upper part of the body was wanting ; and in 

neither was the exact nature of the circulation ascertained. 

In each of the instances which I have quoted, not only 

the heart was wanting, but the feetus in other respects was 

so imperfect, that it could not be considered as any thing 

more than a mola, or an irregularly-formed living mass 

connected with the placenta. In particular, in all of them 

the brain, which may with justice be considered as afford¬ 

ing the best distinction between a mola and a foetus, was 

uanting; whereas in that which forms the subject of the 

present paper, the brain w'as nearly as large as usual, and in 

other respects the foetus varied much less from the natural 

structure than in any former instance. 

In the cases already on record, we have seen, that where'.* 

ever the size of the monster was mentioned, it was much 

smaller than a natural foetus. This would have led to the 

stipposition, that a circulation, which was carried on by the 

action of the vessels only, was incapable of maintaining the 

natural growth of a child, had it not been found that the 

foetus, which I have described, though the heart was want¬ 

ing, w^as fully equal in size to a foetus of the same age 

which was possessed of that organ. 

It may be observed, that in all these cases, in which the 

heart was wanting, the liver was wanting also. It is probable, 

that the action of the vessels only, without the assistance of 

the heart, would have been insufficient to propel the blood 

through the circulation of the liver, which is so extensive in 

the natural foetus. 

Vlll. Geo^ 



C 49 ] 

VITI. Geological Olservations, on the Excavations of Valleys^ 

the supposed Existence of numerous Lakes at former Pe- 
riods where Valleys now exist, which the Streams flowing 

through them are said to hxive broken down, ^c.: in Eeply 

to Mr. John Carr’s Letter in the last Number, p. 452. 

By Mr. John Farey. 

To Mr. Tilloch,—Sir, 

Before epithets so harsh, as lame and impotent 

conclusion!” are applied to the words of any writer, it behoves 

him who uses them, to endeavour fully to understand the 

words commented upon ; but above all, to take care and quote 

them faithfully. Having stated, page 2t)2 of your last volume, 

that I had for weeks and months together, daily contem¬ 

plated valleys, wonderfully distributed over the whole sur¬ 

face of large districts, effecting a descending outlet or drain¬ 

age to every part thereof:'' 1 cannot pass over as immate¬ 

rial, the alteration which Mr. Carr has made in substituting 

any” in place of the words every part thereof,” when 

he quotes them (at page 432) for the purpose of‘^judging” 

so hastily on my subsequent conclusions : because, by mark¬ 

ing those words in italics, I expressly intended, to exclude 

and deny the assumption which he makes just after, of a 

succession of ‘‘ alluvial flats," existing generally in valleys, 

the seats of a former chain of lakes ; the same havina: been 

some years ago the opinion adopted (and it is a very old one, 

as I have before observed,) by an able and scientific friend of 

mine, founded on the appearances of the gravel of one par¬ 

ticular spot, and rocky cliffs below, in a long vale 5 on 

which, he and I have held frequent discussions, without any 

conviction being brought to my mind, that a lake ever did 

exist in the place alluded to, which is near to Leighton Bus- 

sard in Bedfordshire: the opinion having, however, been 

adopted, in the instance alluded to, by one, for whose abili¬ 

ties and talents I have the highest respect, the subject has 

constantly recurred to me since, without iny having ever 

seen any case, which could establish the probability even, 

of the previous existence of a lake. 

When I wrote last from Sheffield, a most material part, 

Vol. 34. No. 135. July I8O9. D at 



50 A Reply to Mr, Carr’s Letter, 

at the northern end of the district which I am surveying? 

had not then been seen by me : but having since visited every 

part of the Woodlands and been frequently full in view of 

the great town whence Mr. Carr dates his letters? when in 

the neighbourhood of Ashton, Duckenheld, Hyde-Chapel, 

Werneth-Low, &c., I can now speak as confidently ofnu* 

merous valleys which discharge into the river Mersy con- 

taininof the alluvial flats’’ of no ancient lakes, as I can of 

all others which T have yet any where seen. 

Not having had an Opportunity yet, of seeing the lake 

districts of Westmorland, Cumberland, &c., I will say 

nothing of existing lakes, but doubtless, from none of these 

giving way, and becoming valleys, common as Mr. C. sup¬ 

poses such events to have been, the ciTcumstances between 

their situation and ordinary valleys, must be essentially dif¬ 

ferent, according to his own principles, page 386. 

The remark which I made (page 445) pn the very incon¬ 

siderable quantity of native or local alluvia, to be found on 

the eastern side of the grand ridge of the island, applies with 

all its force to the western side of the same ridge. Here a 

considerable quantity of foreign alluvial matters is depo¬ 

sited, consisting principally of a reddish earthy mixture 

called Marl*, very unlike anything which the strata of these 

parts produce, and containing numerous and large highly, 

rounded bouldersr oigranite of difierent sorts, with other fo¬ 

reign boulders, principally of a bine colour, and most of 

which seem to be venigenous fossils, and not fragments of 

any rock, the granites excepted : these too are as often lodged 

on the tops of high hills, as they are in the valleys 5 of which 

Werneth-Low near Hyde-Chapel is an instance, the very 

top of which hill exhibits numerous and very large ancient 

pits, whence our forefathers took this foreign alluvia for 

marling of their land^. 

At Hyde Lane, which is but a short ride from Manches¬ 

ter, Mr. Carr may have the opportunity of seeing, perhaps, 

the tinest instance of an excavated valley, (Godley Brook,) 

and of a denudated surface, wLich is any where to be seen 

* Which seems the same as sir John Stanley has described, in H. HoIlandV 

Agricultural Report on Cheshire^ p. 34.9, , 
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in these parts: the Coal Measures, consisting of a continual 

alternation of hard and soft strata 250 or 300 yards thick, 

are there seen dipping W., 1 yard in 1-|- yard; through all 

of which strata a vale is excavated ; while the surface of the 

country is deniidated almost to a level, and exhibits but the 

faintest tablets (page 262) of the hard rocks ; whose edges 

must once have stuck up in frightful confusion, and whose 

several beds are now so strikingly visible in Godley Brook 

course, and in the shafts of the coal-mines adjoining.' 

‘‘ Before further committing himself,'" in this departure 

from Nature, by an assumption of extinct or imaginary^' 

lakes, it will be well for Mr. Carr to view the vale I have 

mentioned, and as many others as he pleases, to the east 

and south-east of it, and to endeavour to trace and particu¬ 

larize the places, where lakes have existed therein, so that 

I can refer to the spots on my Map, in which case, I doubt 

not of being able at any time to reply to him, from the mi¬ 

nutes and specimens which I have preserved, relative to the 

strata, hills and valleys of that part of my survey : and I 

pljedge mvself so to do: especially if he complies wdth my 

former request (page 445) of informing us. Where the exca¬ 

vated matters of the whole or of any material parts of the 

vales in question have been deposited ? as the alluvial 

fiats" thereof, w'hich have formed the bottoms of the 

lakes, and which have been brought down from the detritus 

of the valley above," (page 455) ought to furnish him with 

the ready means of doing, unless, indeed, he has been in¬ 

dulging himself in the creation of hypothetical phantoms." 

I'he supposition, that the several ranges of valleys have 

been purposely and specially formed for the streams which 

now flow though them,is so far from being too absurd 

to merit a moment's attention," that I feel proud to repeat, 

that it has engaged much of my attention, and shall con¬ 

tinue so to do, as long as I continue to find excavated slopes 

of valleys, originating on the summits of very high hills, 

both at the heads and on the sides of such valleys, and where 

none of the spring-heads,*" on which Mr. C. layssamuch 

stress, are to be found, and even where none ever did or can 

run, on account of the open nature of the hard rocks, in 

D 9. which 
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which the vales are excavated; of which the nuttieFous and 

higlily carious deep dry vales, branching from the L/ove and 

Wye rivers in Derbyshire, are w'ell known examples. 

' - It is bv no means a general truth, that if the matters ex¬ 

cavated from the strata to form valleys were replaced (page 

454), there would still be a sufficient fall in the country 

for the streams to flow the same way the instances are 

very numerous to the contrary. If, for instance, Mr. C. 

will take the trouble, to inspect the course of the Goyte ri¬ 

vers on the S.W. of New-Mills in Glossop, of the Derwent 

river on the S.W. of Matlock church, and many others, he . 

will be forced also to admit, that excavated vales do not al- 

^wtiys foWow the lowest ground. 

It is neither true, that in every instance the angle of in¬ 

tersection of valleys and streams is acute above and obtuse 

below;” nor that two streams invariably meet on pre¬ 

cisely the same levelthe exceptions are numerous to both 

of these positions, unless indeed, some quibble or play upon 

the words be intended therein. 

. Since, sir, Mr. Carr and myself are at issue, upon so 

many of i\\Q facts respecting valleys, particularly that, where 

he says (page 457) a proper examination of the soil be¬ 

low every valley will discover the very materials formerly 

. brought down when the valley was excavating,” it might 

' appear as invidious as’ it .is at present unnecessary, for me 

to enter into any examination of the defective reasonings, 

as T conceive them to be on some of the assumptions made 

by Mr. C. 
I must, however, before I conclude, express my surprise, 

that a person who thought himself justified, in a competent 

knowledge of the facts respecting valleys, to write thus cow- 

/</fi«it/y,°shouid have forgot, and not once have mentioned 

the faults or fissures, so universally met with in the strata, 

effecting their entire separation into fragments, and causing 

those great disarrangements of the several pieces or piles of 

strata,, both as to their elevations and inclinations, which are 

commonly seen, since, the forms of vall.eys as well as hills, 

and of the surface in general, so eminently depend on them 

in most instances, but not perhaps in all. 
The 
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The Map that I am preparing, which traces every stream 

and vale up to its very origin, and shows its connection with 

the hard and soft, and porous and water-tight strata^ and 

with the principal faults and tilts of the same, in its vici¬ 

nity, will, as I trust, somewhat elucidate this difficult sub¬ 

ject: on which I much wish to hear the observations of 

ethers of your able correspondents, and am, ^ - - 

Sir, your obedient humble servant, 

Ram’s Head Inn, Disley, Cheshire, JoHN FaR^V. 
July 15, 1809. 

In our last vol. p. 263, line 1, the bases to should have been the bassets 
of three or four different strata &c. Basse\ crop, &c., are mining terms for 
the out-burst or appearance of a stratum on the surface. 

IX. A numerical Table of elective Attractions ; with Re¬ 

marks on the Sequences of double Decompositions, By 

Thomas Young, M.D. For, Sec. R,S,’^ 

Attempts have been made, by several chemists, to obtain 

a series of numbers, capable of representing the mutual at¬ 

tractive forces of the component parts of different salts; but 

these attempts have hitherto been confined within narrow 

limits, and have indeed been so hastily abandoned, that some 

very important consequences, which necessarily follow from 

the general principle of a numerical representation, appear to 

have been entirely overlooked. It is not impossible, that there 

may be some cases, in which the presence of a fourth sub¬ 

stance, besides the two ingredients of the salt, and the me¬ 

dium in which they are dissolved, may influence the precise 

force of their mutual attraction, either by affecting the solu¬ 

bility of the salt, or by some other unkno vii means, so that 

the number, naturally appropriate to the combination, may 

no longer correspond to its affections ; but there is reason to 

think that such cases are rare; and when they occur, they 

may easily be noticed as exceptions to the general rules. It 

appears, therefore, that nearly all the phsenomena of the 

mutual actions of a hundred diflerent salts may be correctly 

represented by a hundred numbers, while, in the. usual 

* From philosophical Transactions for 1809, Part I. - - - 

D 3 manner 
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rttanner of relating every case as a different experiment, 

above two thousand separate articles would be required. 

Having been ensfas'ed in the collection of a few of the 

principal facts relating to chemistry and pharmacy, I was 

induced to attempt the investigation of a senes of these 

numbers j and I have succeeded, not without some diffi¬ 

culty, in obtaining such as appear to agree sufficiently well 

with all the cases of double decompositions which are fully 

established, the exceptions not exceeding twenty, out of 

about twelve hundred cases enumerated by Fourcroy. The 

same numbers agree in general with the order of simple 

elective attractions, as usually laid down by chemical au¬ 

thors ; but it was of so much less importance to accommo¬ 

date them to these, that I have not been very solicitous to 

avoid a few inconsistencies in this respect, especially as 

many of the bases of the calculation remain uncertain, and 

as the common tables'of simple elective attractions are cer¬ 

tainly imperfect, if they are considered as indicating the 

order of the independent jittractive forces of the substances 

concerned. Although it cannot be expected that these num¬ 

bers should be accurate measures of the forces which they 

represent, yet they may be supposed to be tolerable approxi¬ 

mations to such measures; at least, if any,two of them are 

/nearly in the true proportion, it is probable that the rest 

cannot deviate very far from it: thus, if the attractive force 

of the phosphoric acid for potash is about eight tenths of 

.that of the sulfuric acid of barita, that of the phosphoric 

acid for barita must be about nine tenths as great; but they 

are calculated only to agree with a certain number of phae- 

nomena, and will probably require many alterations, as well 

as additions, when all other similar phaenomena shall have 

been accurately investigated. 

There is, however, a method of representing the facts, 

which have served as the bases of the determination, inde¬ 

pendently of any hypothesis, and without being liable to the 

"contingent necessity of any future alteration, in order to 

* make room for the introduction of the affections of other 

substances; and this method enables us also to compare, 
upon 
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upon general principles^ a multitude of scattered pb^eno- 

mena, and to reject many which have been mentioned as 

probable, though doubtful, with the omission of a very few 

only which have been stated as ascertained. This arrange¬ 

ment simply depends on the supposition, that the attractive 

force, vviiich tends to unite any two substances, may always 

be represented by a certain constant quantity. 

From this principle it may be inferred, in the first place, 

that there must be a sequence in the simple elective attrac¬ 

tions. For example, there must be an error in the common 

tables of elective attractions, in which magnesia stands above 

ammonia under the sulfuric acid, and below it under the 

phosphoric, and the phosphoric acid stands above the sul¬ 

furic under magnesia, and below it under ammonia, since 

such an arrangement implies, that the order of the attrac¬ 

tive forces is this; phosphate of magnesia, sulfate of mag¬ 

nesia, sulfate of ammonia, phosphate of ammonia, and 

again phosphate of magnesia; which forms a circle,, and 

not a sequence. We must therefore either place magnesia 

above ammonia under the phosphoric acid, or the phos¬ 

phoric acid below the sulfuric under magnesia; or we 

must abandon the principle of a numerical representation in 

this particular case. 

In the second place, there must be an agreement between 

the simple and double elective attractions. Thus, if the 

fluoric acid stands above the nitric under barita, and below 

it under lime, the fluate of barita cannot decompose the ni¬ 

trate of lime, sjnee the previous attractions of these tw'o 

salts are respectively greater, than the divellent attractions 

of the nitrate of barita and the fluate of lime. Probably, 

therefore, we ought to place the fluoric acid below the nitric 

under barita; and we may suppose, that when the fluoric 

acid has appeared to form a precipitate with the nitrate of 

barita, there has been some fallacy in the experiment. 

The third proposition is somewhat less obvious, but per¬ 

haps of greater utilily : there must he a continued sequence 

in the order of double elective attractions ; that is, between 

any two acids, we may place tl»e different bases in such an 

order, that any two salts, resulting from their union, shall 

D k always 

I 
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always decompose each other, unless each acid be united to 

the base nearest to it: for example, sulfuric acid, barita, 

potass, soda, ammonia, strontia, magnesia, glycina, alumina, 

zirconia, lime, phosphosic acid. The sulfate of potass de¬ 

composes the phosphate of barita, because the difference of 

the attractions of barita for the sulfuric and phosphoric 

acids is greater than the difference of the similar attractions 

of potass; and in the same manner the difference of the at¬ 

tractions of potass is greater than that of the attractions of 

s^oda; consequently the difference of the attractions of barita 

must be much greater than that of the attractions of soda, 

and the sulfate of soda must decompose the phosphate of 

barita: and in the same manner it may bo shown, that each 

base .must preserve its relations pf priority or posteriority to 

every other in the series. It is also obvious that, for similar 

reasons, the acids may be arranged in a continued sequence 

between the different bases ; and when all the decomposi¬ 

tions of a certain number of salts have been investigated, we 

may form two corresponding tables, one of the sequences of 

the bases with the acids, and another of those of the acids 

with the different bases; and if either pr both of the tables 

are imperfect, their deficiencies may often be supplied, and 

their errors corrected, by a repeated comparison with each 
other. 

In forming tables of this kind from the cases collected^by 

Fourcroy, I have been obliged to reject some facts, which 

were evidently contradictory to others, and these I have not 

thought it necessary to mention : a few, which are positively 

related, and which are only inconsistent with the principle 

of numerical representation, I have mentioned in notes ; but 

many others, which have been stated as merely probable, I 

have omitted without any notice. In the table of simple 

elective attractions, I have retained the usual order of the 

different substances; inserting again in parentheses such of 

them as require to be transposed, in order to avoid inconse¬ 

quences in the simple attractions : I have attached to each 

combination marked with an asterisc the number deduced 

from the double decompositions, as expressive of its attract 

tive force; and where the number is inconsistent with the 

corrected 
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corrected order of the simple elective attraction's, I have also 

inclosed it in a parenthesis. Such an apparent inconsistenev 

may perhaps in some cases be unavoidable, as it is possible 

that the different proportions of the masses concerned, in 

the operations of simple and compound decomposition, may 

sometimes cause a real difference in the comparative maeni- 

tude of the attractive forces. Those numbers, to which "no 

asterisc is affixed, are merely inserted by interpolation, and 

'they can only be so far employed for determining the mutual 

actions of the salts to which they belong, as *he results 

which they indicate would follow from the comparison of 

any other numbers, intermediate to the nearest of those, 

which are more correctly determined. I have not been able 

to obtain a sufficient number of facts relatincr to the me- 

tallic salts, to enable me to comprehend many of them ia 
the tables. 

It has been usual to distinguish the attractions, which pro¬ 

duce the double decompositions of salts, into necessary and 

superfluous attractions; but the distinction is neither very 

accurate, nor very important: they might be still further 

divided, accordingly as two, three, or the,whole of the four 

ingredients concerned are capable of simply decomposing 

the salt in which they arernot contained ; and if two, ac- 

- cordingly as they are previously united or separate; such 

divisions would however merely tend to divert the attention 

from the natural operation of the joint forces concerned. * 

It appears to be not improbable, that the attractive force 

of any two substances might, in many cases, be expressed 

by the quotient of two numbers apjiropriaie to the substances, 

or rather by the excess of that quotient above unity; thus 

the attractive force of many of the.acids for the three prin¬ 

cipal alkalies might probably be correctly represented in this 

manner ; and where the order of attractions is different, 

perhaps the addition of a second, or of a second and third 

quotient, derived from a diflerent series of numbers, w^ould 

affiord an accurate determination of the relative force of at- 

: traction, which would always be the weaker, as the two 

substances concerned stood neare.’* to each other in these 
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orders of numbers ; so that^ by affixing, to each simple sub¬ 

stance, two, three, or at most four numbers only, its at¬ 

tractive powers might be expressed in the shortest and most 

general manner. 

1 have thought it necessary to make some alterations in the 

orthography generally adopted by chemists, not from a want 

of deference m their individual authority, but because it ap¬ 

pears to me that there are certain rules of etymology, v^hich 

no modern author has a right to set aside. According to the • 

orthography universally established throughout the language, 

without any material exceptions, our mode of writing Greek 

words is always borrowed from the Romans, whose alphabet 

we have adopted: thus the Greek vowel T, when alone, is 

always expressed in Latin and in English by Y, and the 

Greek diphthong OT by U, the Romans having no such di- 

phihoiYg as OU or OY. The French have sometimes deviated 

from this rule; and if it were excusable for any, it would be 

for them, since their 2i and ou are pronounced exactly as the 

T and OT of the Greeks probably were : but we have no such 

excuse. Thus the French have used the term acoustique^ 

which someEnglish authors have converted into ‘^acoustics;’' 

our anatomists, however, speak, much more correctly, of 

theacustic” nerve. Instead of glucine, we ought cer¬ 

tainly, for a similar reason, to write glycine ; or glycina, if 

the names of the earths are to end in a. Barytes, as a single 

Greek word, means weight, and must be pronounced ba¬ 

rytes; but as the name of a stone, accented on the second 

syllable, it must be written barites ; and the pure earth may 

properly be called barita. Yttria I have altered to itria, be¬ 

cause no Latin word begins with a Y, 

Tails 
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ifiTurc 
ACID. NITRIC AND MURIATIC ACIDS. 

Barita Potass Barita Potass Barita (10) Potass 
Potass Soda Potass Soda Potass Soda 
Soda 1 Ammonia Soda Ammonia Soda Barita (10) 
Strontia Magnesia Ammonia Magnesia Ammonia Ammonia (7,1!) 
Lime Glycina Magnesia Glycina Magnesia Magnesia (7) 
Blagnesia (7) Alumina Glycina Alumina Glycina Strontia 
Ammonia (7) Zirconia (8) Alumina Zirconia Alumina Lime 
Cilyeina Barita Zirconia Barita Zirconia Glycina 
Alumina Strontia Strontia (9) Strontia Strontia Alumina 
Zircotiia Lime Lime Lime Lime Zirconia 
JUelaiATic . Phosphoric Fluoric SULFUROUS Boracic CABhONIC 

(7) A triple salt is formed. (8) Fourcroy says, that the muriate of zirconia de¬ 

composes the phosphates of bax'ita and stronfia. (9) According to Fourcroy’s account, 

the fluate of strontia decomposes the muriates of ammonia, and of all the bases below 

itf but he says in another part of the same volume^, that the fhiate of strontia is an. 

unknown salt* (10) According to Fourcroy’s account of these combinations, barita 

should stand immediately below ammonia in both of these columns. (11) With heat, 

the carbonate of lime decomposes the muriate of ammonia. 

PHOSPHORIC ACID, 

Barita Lime Barita Potass Barita 
Lime Barita Lime Soda Lime 
Potass Potass Potass Barita Potass 
Soda Soda Soda Lime (13) Soda 
Strontia Strontia Strontia Strontia Strontia 
Magnesia Magnesia Ammonia (12) Ammonia Magnesia 
Ammonia Ammonia Magnesia Magnesia Glycina ? 
Glycina Glycina Glycina Glycina Alumina 
Alumina Alumina Alumina Alumina Zirconia 
Zirconia Zirconia Zirconia Zirconia 
Fluoric SulfurouS Boracic ' Carbonic (Phosphorous) 

(12) According to Fourcroy, the phosphate of ammonia decomposes the borate of 

magnesia. (13) Fourcroy says, that the carbonate of lime decomposes the phosphates 

pf potass and of soda. 

FLUORIC ACID. 

Lime Lime Potass 
Potass Bai'ita Soda 
Soda Strontia Lime 
Magnesia Potass Barita 
Ammonia Soda Strontia 
Glycina Ammonia Ammonia (14) 
Alumina Magnesia Magnesia 
Zirconia Glycina Glycina 
Strontia Alumina Alumina 
Barita Zirconia Zirconia 
SULFUBOUS Boracic Carbonic 

(1-1) According to Fourcroy, the carbonate of ammonia decomposes the fluates of 
barita and strontia. 

k 

I 
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si;lfurous acid. boracic acid. 

■R.nrlla Potass Lime Zirconia Potass 
Strontia Soda Strontia Alumina Soda • 
Pota-ss Barita (15) Biu'ita Glycina Lime 
Soda Strontia Zirconia * Ammonia Barita 
Aiiimouia Ammonia Alumina Magnesia Strontia 
Mag'uesia Liino Glycina Strontia Magnesia 
Idine Mag-nesia Magnesia Soda Amanouia 
Clycina Glyciua Ammonia Potass Glycina 
Aluiniua Alumina Soda Barha Alumina 
Zirconia Zirconia Potass Lime Zirconia 
Bohacic Carbonic (Nitrous) (Phosphorous ?)' Carboxic 

(15) Fourcroy says, ttiat the sulfite of barita decomposes the carbonate of aBomonia. 

Table of the Sequences of the Acids with different Bases.- 

BViirrA, STRONTIA. LIME. Potass MAG¬ 

Soda NESIA. 

Sulfuric S C S S C S P s c P P P Magn. = Amm. 
rs’ 

1- 
u 

Nitric N S p N SS P s p p F F F Glycina 

Muriatic M P SS M p SS SS SS F n B SS Alumina N C 

Phosphoric SS SS N SS p F F F B s's C s Zirconia \f p 

Sulfurous P N M c B B B E SS s SS B Each with every 

Fluoric C M F B s C C N s c s N subsequent bas^ P F 
Boracic B F B F M N N M M N N M in this order < IP 
Carbonic F B C P N M M C N SI M C 

X* 

Stroniia 151 I’T MG 131 PT MG AM GL PT JIG A»I GL SS s 
DD AM SD ' AL SD AI, 

E N 
GL ZR ZR 1 

Ah C M 

ZR .. 
."N am 

The comparative use of this table may be understood from 

an example : If vve suppose that the nitrate of barita deoom- « 

poses the borate of ammonia^ we must place the boracic 

acid above the nitric, between barita and ammonia in this 

table, and consequently barita below ammonia, between the 

fluoric and boracic in the former : hence the boracic and 

fluoric acids must also be transposed between barita and 

strontia, and between barita and potass; or if we place the 

fluoric still higher than the boracic in the first instance, we 

must place barita below amtnoiiia between the nitric and 

fluoric acids, where indeed it is not impossible that it ought 

to stand. ‘ 

Numerical 
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'Numerical Table of elective Attract'ions, 
StRONTIA. Pt>TA3S. SOOA. LlMf. 

SuTfuric acid 1000* Sulfuric acid 903* Sulfuric acid Oxalic acid 96(» 

Oxalic 650 Phosphoric 827. * 894* SS5* Sulfuric 868 * 

Succinic 930 Oxalic 325 Nitric ,812* 804* Tai'taric 8G7 

Fluoric Tartaric 757 Muriatic 804* 7 97* Succinic 866 

Phosphoric 906* Fluoric Phosphoric SOI* .7 95* Phosphoric 865 * 

Mucic 900 Niti'ic 7M* Suberic ; 7 4.5 740 Mucic 8G0 

FJitric S4 9* Muriatic 743* PTaoric 671* 686* Nitj'ic 741 * 

Muriatic 840* (Succinic) 740 Oxalic 650 645 Muriatic 736* 

Suberic 600 (Fluoric) 7 03* Tartaric 616 611 Subei’ic 735 

Citric Succinic Arsenic 614 609 Fluoric 734* 

Tartaric '260 Citric? 613 Succinic 612 607 
1 

Arsenic 733i 

Arsenic '2S6‘§ Ijactic 603 Citric 610 605 Lactic 732 

(Citric) 730' SulJ^urons 52 7 * Tactic 609 604 Citric 731 

Ijactic 72P Acetic Benzoic 608 603 Malic , 700 

(Fluoric) '2 06* A}\':enic ((33^) Sulfurous 488* 484* Benzoic 500 

Benzoic 597 Boracic 513* Acetic 486 482 Acetic 
Acetic 594 (Acetic) 480 Mucic 484 4S0 Boracic 53,7* 
Tioracic (515)* IVitrous? 430 Boracic 482* 479* Sulfurotis 51'6'* 
Sulfurous 592* Carbonic 419* Nitrous 440 437 (Acetic) 470 
iNitrous 450 Carbonic 306* 304* Nitx’ou.s 425 
Carbonic 420* Prussic 300 298 Carbonic 42.3 * 

Prussic 400 Prussic 290 

Magnesia. Ammonia. GtYciNA'? Alumina .. ZlRCOKIA f 

Oxalic acid 820 Sulfuric acid '80S * Sulfuric acid 718 * 709* 700* 
Fhosphoric Nitric 731 * Nitric 642 * 634* 626* 
Sulfuric 810* Muriatic 72-9 * Muriatic . 639 * 632* 625* 
(Phosphoric) 736* Phosphoric 728 * Oxalic 600 594 588 
Fluoric Suberic ? 720 Arsenic 5S0 57 5 570 
Arsenic 733 Fluoric. 613 * Suberic? 533 530 525 
Mucic 732^ Oxalic 611 Fluoric 534* 529* 524* 

Succinic 732| 'J’artaric 609 ^artaric 520 515 510 

Nitric 732 * Arsenic 607 Succinic 5)0 505 500 

Muriatic Succinic 605 Mucic 423 420 415 

Saberic ? 700 Bitric 603 Citric 415 410 405 

(Fluoric) ggy.). Lactic 601 Phosphoric (648)* (642)* (636)* 

Tartaric gjg Benzoic 599 Lactic 410 403 400 

Citi’ic gj^ Sulfurous 433 * Benzoic 400 395 390 

Malic ? 600 ? Acetic 432 Acetic 39.5 391 387 

Lactic 575 Mucic 4.i 1 Boracic 388* 385* 382* 

Benzoic 560 iioiiteic 430 * Sulfurous 355 * 331* 347* 

Acetic Nitrous 400 Nitrous 340 3 3 6. 332 ^ 

Birracic 459 * Carbonic 339 * Carbonic 325 * 323* 321* 

Sitlfurous 4^91= Piussic 270 Prussic 260 258 256 

(Acetic) 430 

Nitrous 410 ■ 
Cujj-bonic .366 * 

Prussic 280 M 

Acids, 
r 

SutFURic. Nitric. Muriatic. Phosphorit. 
Barita 1000* Barita 849* Barita 840* Barita 90 G* 
Strontia 903* Potass 812* Potass 804* Strdiitia 827* . 
Potass 894* Soda 804* Soda 797* .Lime <^65>* 
Soda 885* Stfontia 754* Strontia 74 8* Potass 801* 
Lime 868* Lime 741* In me 736* Soda 7 95* 
Magnesia 810* Magne.sia 732* Ammonia 729* Ammonia (728)* 
Ammonia 808* Ammonia 731* Mag-nesia 728* Mag-nesia 13C,'<‘ 
CJycina 7 18* Giycina 642* Giycina 639* Giycina 648 * 
Itria 712 Alumina 6 3 4 * Afumina 632* Alumina 642 * 
Alumina 709* Zirconia 626* Zirnouia 6-T>* Zir.t ;orAa S36* 
Zirconia 7Qa* 

FfAIORIC. 



cf elective Attractions. 63 

Fluoric. Oxalic . Tartaric. Arsenic. Tckgstic# 

Limo 734* Lime 960 867 Lime 73S| Lime 

fcarita 706* Barita 950 760 Barita 733^^ Barita 

Strontia 703 * Strontia 825 757 Strontia 733|' 
Strontia 

Magnesia (620)* Magnesia 820 618 Magnesia » 733 
Magnesia 

Potass 671 * Potass 650 616 Potass 614 
Potass 

Soda 666 « Soda 645 611 Soda 609 
Soda 

Ammonia 613* Ammonia Oil 609 Ammonia 607 
Ammonia 

Glycina 534* Glycina ? 600 520 Glycina 580 
Glycina 

Alumina 529* Alumina 594 515 Alumina • 575 
Alumina 

Zirconia 524* Zirconia ? 588 510 Ziiconia 570 
Zii’couia 

SccciNic. Suberic • Camphoric. Citric. ; 
Karita 930 Barita 800 Lime Lime 731 
Lime 866 Potass 745 Potass Barita TdO 
Strontia ? 740 Soda 740 Soda Strontia 618 
(Magnesia) 732| Lime 735 Barita Magnesia 615 
Potass 619 Ammonia 720 Ammonia Potass 610 
Soda 607 Magnesia 700 Glycina ? Soda 605 
Ammonia 605 Glycina? 535? ' Alumina Ammonia 60J 
Magnesia Alumina 530 Zirconia ? Glycina ? 415 ? 
Glycina ? 510 Zirconia? 525? Magnesia Alumina 410 
Alumina 505 Zirconia 405 
Zirconia? 500 

Lactic. Benzoic. Sole URDUS. Acetic. 

Barita 729 White oxide of Barita 592 * Barita 594 
Potass 609 arsenic Lime 516 * Potass 48& 
Soda 604 Potass 609 Potass 498 * Soda 4S2 
Strontia 603 Soda 603 Soda 484 * Strontia 480 
Lime (i32) Ammonia 1 599 Strontia (527)* Lime 470 
Ammonia 601 Barita 597 Magnesia 439 * Ammonia ' 438 

Magnesia 575 Lime 590 Ammonia 433 * Magnesia . 430 
Metallic oxids M agnesia 5G0 Glycina 355 • Metallic oxids 
Glycina 410 Glycina ? 400? Alumina 351 * Glycina ■, 395 
Alumina 405 Alutnina 395 Zirconia 347 ♦ Alumina S81 

Zirconia 400 Zirconia ? 
f ■ 

390? Zircouia 387 

Mccic? Boracic. JfiTROUS ? Phosphorous. 

Barita 900 Lime 537 * Barita 450 Lime 

Lime 860 Barita 515 * Potass 440 Barita i 

Pol ass 484 Strontia 613 * Soda 437 Strontia 

Soda 480 Magnesia (459)* Strontia 430 Potass 

Ammonia 431 Potass 482 * Lime 425 Soda * 

Glycina 425 Soda 479 * Magnesia 410 Magnesia ? 

Alumina 420 Ammonia 430 * Ammonia 400 , Ammonia • 

Zirconia 415 Glycina 388 * Glycina 340 Glycina 

Alumina 396 ♦ Alumina 336 Alumina 

Zirc^ija 383 • Zirconia 332 ! Zirconia 

Carsomic. Prvssic. 

Barita 420 * Barita 400 

Strontia 419 * Strontia 

l,ime (423)* Potass 300 

Potass ? 306 * Soda 298 

Soda 804 * Lime 290 

Magnesia (366)* Magnesia 280 

Ammonia 339 * Ammonia 270 

Glycina 325 * Glycina ? 260 

Alumina 323 * Alumina? 258 

Zirconia 321 * Zircouia ? 256 

X. On 
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On Crystallography, jBy M-. Hauy. Translated front 

' the last Paris Edition of his Traite de Mineralogie^'. 

^ ADVERTISEMENT. 

O/* the. Synonymies employed in the following Treatise^ and 

other Objects of Detaih 

SyNONYMiES are as it were rallying points between the va** 

rious authors who write upon one and the same natural sci¬ 

ence. I am fully aware how indispensable it is to attend tD 

them, particularly in a work containing a certain number of 

new denominations. My greatest difficulty was to procure 

names, which in the German language correspond with 

those by which we designate the different mineral species,. 

M.‘Leopold de Buch, a mineralogist of deserved celebrity,, 

was kind enough, during his stay in Paris, to visit the cabinet 

©f the School of Mines, and to arrange and ticl’eta collection of 

specimens, accordingto the method of the celebrated Werner, 

The figures have been traced by the method of projections, 

supposing the points of view to be removed ad infinitum. 

The full lines represent the ridges situated in the part of the 

solid, which will be turned towards the observer if he sees 

it'^in the position to which the projection refers: the punc^ 

lured lines represent the ridges situated in the opposite part, 

or that which an observer could not see, unless the solid was 

diaphanous. 
In the figures relating to geometrical constructions, we 

have represented the” diagonal and other lines as lying upon 

the faces of the solid, by suites of partial lines which leave 

small empty spaces between them: vide mr^ cm^ cr^ 

(fig. 4,) Plate IX t, and bg,ad, bfi.fg, fs, (fig.- 9,) ibid.; 

and we have represented the axes and other lines which tra- 

;#erse the solid, as well as those which are external, so far as 

^ In compliance -with the wishes of many of our'scientific readers, we in¬ 

tend to present the public with a translation of the first volume ofM. Hauy’s 

celebrated work on Mineralogy, being that which contains his Crystallo¬ 

graphy. The Introduction was given in our last volume. 

Besides the usual Numbers on the plates, for reference in our own vo¬ 

lumes, we shall preserve, on those which relate to Crystallography, M. Hauy's 

order of numeration, to prevent confusion. 

it 
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it is concerncti, by a series of partial lines, with inlefmediafe 

points, viJoe^g", (fig. 9,) Plate iX., and MR, GM/CK, 

(^g- 4,) ibid. We should remark upon this same figur4, 

that the uppe-r parts of the lines M K z:, which are situated 

in the space, are assemblages of partial lines interspersed 

with points, while their lower parts, applied upon the surface ^ 

of the solid, are comj)oscd of.partial line^ without interme¬ 

diate points. This distribution, for the happy idea of which 

wc are indebted to M. Treniery, mining engineer, will assidt 

the reader in finding his way iil the assortiitent of lines with 

which pts^ections are complicated, by enabling him to sci^e 

at the first olance the various functions of these liiies. 

In indicating the meastires of angles relative to each vaf- 

riety of crystalline form, I shall not repeat those whicfr^ 

“being common to it with othet varieties formerly described, 

are already indicated by the latter. It will be <2asy to re¬ 

cognise them from the conformity of the letters, which iipoti 

the different figures designate the faces similarly sitilated. 

GENERAL ID^.A OF MINERALS. 

The name of minerals has been given to bodied 

being placed on the surface or in the bowels of the terrestrial 

globe, are devoid of organization, and only present assem¬ 

blages of similar molecules nnited to each other by a power 

called affinity. 

Of ibis number are flints, rubies, diamonds, gold, silver^ 

iron, &c. Mineralogy Is the name of the science which 

makes us acquainted with all these different bodies. 

I'he general classification of the bodies which the study 

of natural history embraces, considered on a grand scale,>inay 

be referred to two terms of comparison,- w'bich are life and 

spontaneous motion. From their uniem the distinctive cha- 

ractef of animals is formed: plants live, and yet cannot 

move spontaneously : minerals are deprived of both faculties. 

Man, who is alone capable of studying Narurc, towers 

above all the beings aroj^ud him, iiLpoint of/mtelligen'ce and 

reason. 

The three grand classes of which w’e are about to treat, 

with the help of an ulterior and more comprehensive view, 

• Vol. 34. No, 135. JnJy 1B09. F. 
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iiiay be reduced to two ; one of which includes animals and 

vegeiables under the common name of organic beings^ and 

the other comprehends minerals, or inorgmiic beings^. 

The manner in which the beings grow or are produced, 

- which are comprised within these two great divisions, pre¬ 

sents the most striking difi'erence by w'hich they can be di¬ 

stinguished, In animals and plants their growth takes place 

by the simultaneous development of all the parts of the in¬ 

dividual, in consequencee)f-the nourishment received by the 

organs destined to elaborate it. Every thing which contri- 

• butes to the increase of volume is the effect of internal me¬ 

chanism;/or, if new parts be formed externally, as in trees 

vvhich send out branches and leaves, these pacts are only 

productions, of the< peculiar, substance of the individuals, 

which, assisted by the action of the nutritive juices^ are de¬ 

veloped in the same way. In minerals, on the contrary, the 

.increase in volume takes place by an addition of new mole¬ 

cules, which are applied to the surface of the body, in such 

a way that every thing which existed at each period of growth, 

remaining fixed, presents on all sides a basis, as it were, for 

the materials which arrive for conlinuina; the edifice. On 

* We find' in the howeis of the globe, earthy or metallic stones, the 

matter of which,, by succeeding to organic bodies, such as shells, is mo- 

'jdelled in the cavities which the latter had originally occupied. What is 

called pctri/led wood also presents an apparent conversion of an organic body 

into a mineral. Lastly, organic bodies vvhich have, undergone only slight 

alterations have been called fossil shells and fossil wood. Several modern au¬ 

thors, considering'all bodies imbedded in the earth as in the regions of mine¬ 

ralogy, have substituted the word fossil for mineral, and some have applied 

.die latter to metallic ores only. Thn same authors have denominated the 

science of fossils oryctognosy. We have thought it right to conform to the 

ancient language, because the expression mineral, by the side of vcgetalle and 

animal, makes us perceive more clearly the gradation of the three great col¬ 

lections of beings which have been denominated the kingdoms of Nature. We 

Tegard the study, of fossils, properly so called, as an accessary so far as 

mineralogy is concerned, inasmuch as the consequences which we may de¬ 

rive from this study relative to the history of the globe rather spring from 

geology. We know besides, that fossils, at least those which have been pri¬ 

mitively in the animal kingdom, have in another point of view occupied the 

'attenfioii of several celebrated zoologists, and among others Cuvier, who has, 

as it were, recomposed the bodies of animals of which we find no ilving 

mihVogies, a'ftd 'restored to modern science' species of antiquity which seemed 

to have been for ever lost, ’ 

V 
/ 

one 
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One hand, it is constantly the same being which merely passes 

to other dimensions ; oil the other hand,- it is always a nevV 

being in pro])ortion to what it acquires. 

We shall have an idea of the formation and increase of 

minerals, if, after having dissolved common salt in water, 

we observe what passes while the water is evaporated ; we 

shall see small masses of salt deposited on the surfaqe of the 

water, or u[ion the sides of the vessel which contains it, and 

increase in proportion as they attract new particles. In this 

case the figure of these masses is out of the question, and 

we confine ourselves to considering generally the method in 

which they are formed. 

The molecules of stones, metals, &c., may for a time be 

suspended in a liquid. When this liquid afterwards aban¬ 

dons them succes-oively, from whatever cause, they re-unite, 

in obedience to their mutual affinity, and produce solid 

masses^. 

These molecules, of which the mineral is the aggregate, are 

imperceptible to our eves, even with the assistance of the 

best optical instruments. But we cannot doubt that they 

have determinate forms, and that they are not similar in 

every species of mineral. We are even led to adopt this 

idea, by observations made upon a great number of mine¬ 

rals. 

Let us continue to take as an example the salt already 

mentioned. If we cautiously strike a portion of this salt, 

wc see it divided into fragments of a cubical form ; and on 

continuing the division, we sliaU iravc cubes, successively 

smaller, until they are no longer visible without the micro¬ 

scope. 

On the other hand chemistry, by analysing the salt in 

question, proves that it is composed of two different prin¬ 

ciples ; one of which is .an acid called 'muriatic acid, and the 

other an alkali called soda. These two. principles are com- 

* The action of caloric, or heat, supplies the place of liquids io the forma* 

tion of certain minerals; wlien the molecules of the latter, which its interpo* 

sition at first keeps separated,.i«fterwards acquire, upon its retreat, theJiberty 

*it reuniting hy virtue of their reciprocal affinity. ' ' ' I • ^ 

£ 2 billed 
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Iwneil wilh each other in the salt, according to a certain 

pro^iortion and a determinate arrangement. Each cube 

which we take from this salt is an agt^regate, and the con¬ 

nection and arrancrement of molecules is the same as in the 
V ■ W 

whole mass. But the subdivision of the salt into cubes suc¬ 

cessively smaller, has necessarily its limits; and if we were 

possessed of organs and instruments of sufficient delicacy 

for pushing this division as far as it would go, we should 

even obtain cubes incapable of being subdivided without 

being analysed, i. e. without insulating the two princip]e3^, 

the junction of which constitutes the essence of the salt. 

Hence we conclude, that w’e may consider in this salt 

(and the same may be said of all the minerals) molecules of 

two orders : the first, which we shall call elementary mole¬ 

cules, and which are in the present case, on one hand those 

•of the acid, and on the other those of the soda; the second, 

to which we shall give the name of integrant molecules, and 

which are in the same case, the smallest cubes which can he 

obtained separately, without the nature of the salt being de¬ 

stroyed. The elementary molecules have doubtJess regular 

and constant forms also for each species of acid, alkali, &c., 

and those of one species adapt themselves to those of the 

other, forming small compartments whence result the inte¬ 

grant molecules. ■ 
. We shall suppose that these last molecules, were similar 

to the solid ones procured from a mineral by dividing it me¬ 

chanically. Of this we are not physically certain, since 

these molecules escape our observation from their extreme 

tenuity. But in the study of Nature we camiot acf’nlore 

wdsely to adopt this principle : That things are io‘ Le 

considered precisely as they present theniselves to our. obser- 

.nation. The ultimate perceptible results of the meclianical 

<^ivision of minerals, if they do not give us theiigure of the 

true integrant molecules employed by Nature, represent them, 

■at'least with respect to us; nearly 'as the substances which 

chemists can no longer analyse further, are simple substances 

with respect to them, although in reality tliey may still be 

susceptible of decoitiposidun. 
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It frequently happens that the cavity In wln^h'a rninferal 

is formed contains other minerals of an anterior existence^ 

which afterwards serve it as a support when its formation is 

completed. Frequently also the molecules of several mmeralsH 

suspended at the same tune in one and the same Hijuid, pro¬ 

duce cotemporaneoiis bodies. Hence the mutual adherence 

of several minerals 3 those kinds of penetrations, in virtue of' 

which they are often as it were interwoven or dovetailed info 

each other; those mixtures of molecules of several different 

bodies; and all those sportive positions, all those varieties of 

•conditions and aspects presented to the observation of the 

naturalist by a continual change of contrasts and shades. 

Every mineralogical collection presents numerous exam¬ 

ples of these accidental combinations ; and although the 

chief object of the mincraloirist is to classify bodies from 

considerations independent of their natural arrangement, it 

‘is nevertheless not a matter of indifference for him to know 

what are the, other substances whiclt adhere most usually to 

such and such species of stone or metal, and their incfica- 

tio-n should have a place in the history of the sul,)stance with 

which circumstances have associated them^. But the ob¬ 

servation of masses frequently of stupendous size, in which 

the respective arrangement of the minerals results from am 

operation of Nature on a trrand scale, is the object of a di¬ 

stinct science called g€oloyy, which cannot be studied except 

by travelling. ^: 
[To be continued.] ^ •’ 

* 4 ^ ^^ ^ , 

* Tiie French word ganguf h-is been applied to stony §ubstayces , vyhich 

ac(K::mpany metallic veins, and matrix to substances which support, or, con- • 

tain imbedded in them, other stony substances, or of a nature not nietallic, 

I thought it right to give an extension to the word gangue, by applying it m- 

djscriminately to the supports or to tJie eu%'eIopes of a mineral, whatevejT'be 

its nature. Tlius, we say that such a variety of carbonated iime has a cj^yartz 

fer its goyigue. • 

E 3 *• XL Pro- 
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XT. Proceedings of Learned Societies, 

FRENCH NATIONAL INSTITUTE. 

Analysis of the Labours of the Class cf Mat hern aiical and 

Physical Sciences of the French Instihtte^for the Year 1807. 

[Continued from vol. xxxiii. p. 501.] 

M . Burckhardt proposes another new method for deter-” 

mining the moon’s node. This inquiry is delicate ; for 

six seconds of error in the meridian altitude mav nroduce a 
j k. 

minute of difference in the place of the node. It is true that 

it is not necessary to be known with any precision except 

for the calculation of the latitude, and that a minute of error 

in the node only produces reciprocally six seconds in 

the moon’s latitude. I'hjs element has therefore nearly 

the same precision in the. tables as the very observations 

which serve to determine it. But these observations, when 

the moon is very low, are subject to the irregularities of re¬ 

fraction ; they were in the same way affected with uncer¬ 

tainty, as to the parallax and the semi-diameter, when these 

two quantities were not yet so well determined as they are> 

now. It is., therefore, the refractions which he endeavours 

to avoid by making choice of a method over which they 

have no influence. We do not allude to the errors in 

the division of the mural circle; for we might, as M. Burck- 

hardt himself has proved, observe the altitudes of the moon 

by the repeating circle, or determine with the same instru¬ 

ment the errors of the mural circle. The occultations of stars 

would furnish a method, if their latitudes were certain; but 

these latitudes may be subject to uncertainties similar to that 

of the meridian altitude of the moon, when these stars are 

south ; and in order to be proper for the determination of the 

node, they must be close to the ecliptic. All these con¬ 

siderations singularly limit the choice^which we may make; 

and there is scarcely any other but Regulns and the Virgin’s 

Spike which will satisfy all the requisite conditions. We must 

confine ourselves to these two stars, and they will be suffi¬ 

cient. We shall choose the eclipses observed successively 

when the moon was in the vicinity of its ascending and de¬ 

scending node. We may suppose the latitude of the star to 

be 
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be good, and we may conclude from it the place of'the two 
nodes. I'hev ought to chfter 180 degrees, the known mo¬ 
tion excepted of the node, which we must take into account. 
This difference may serve for corrcctincr the latitude of th(f 
star: but even that is unnecessary; for, having the node, (for 
the two errors act in a contrary direction,) the mean between 
the two determinations of one and the same node will be the 
position which this node had at the moment of the two ob¬ 
servations, however distant from each other. This method 
rs therefore general atid complete; but the opportunities 
of putting it in practice are unfortunately rare. On con¬ 
sulting the annals of astronomy, M. Burckhardt has only 

found two observations of the Virgin's Spike, and four of 
Begulus, which are applicable. 

M. Biot, previous to his first journey to Spain, had de¬ 
termined by precise and delicate experiments the refrangent 
power of the air and of gases, and this he found to be 

very little different from what M. Delambre concluded from 
his astronomical observations combined with those of M; 
Piazzi. We know that the refractions vary with the stato 
and temperature of the atmosphere ; and for ajong period 
astronomers applied to the mean quantities two correc¬ 
tions, one depending upon the heat of the barometer, and 
the other upon the degree marked by the thermometer. 
Since meteorology was enriched with a third iostrument/ 
which serves for measuring the degrees of dryness and hu¬ 
midity in the air, astronomers were uncertain if the hygro¬ 
meter could furnish a third correction. Some triaks had 
been already made, which h^id given nothing accurate. Fo-f 
nearly a month which M. Delambre spent in the steeple of 
Bois-tommun. at a lime when strons; frosts had more t-h-an 
once succeeded to very clamp fogs, he sought to ascertain' 
if the variations of the hygrometer produced any change 
in the terrestrial refractions, and he never found the least 
indication of it. The author of the M^eaniqiie CUeste had 
made the important remark, that, in point of equal elasticity, 
the refrangent powers of the air and of the vapour of water 
would only differ^by a very small quantity ; but the question 
so essentiallv interested astronomy, that this truth, already-so 

K 4 probable. 
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probable^ was well worthy of being established by. direct ex- 

p^rimeats. This is what M. Biot undertook last summer, 

with the most delicate acGuracy. He had in the first place 

to determine the effects of vapour by itself: he dried, bv' 

means of potash, the warm air continued in his prism; 

Outside of it he bad air charged with the natural moisture of 

the atmosphere. The pressure of these two airs, indicated 

by the interior and exterior barometers, was not the isame^,. 

the difference was equal to the tension of the aqueous, va- • 

pour of the atmosphere. The deviation of the luminous ray:? 

m the prism then gave the refraction produced by the vapour^’ 

and we might see whether this refraction differed from -that 

which would have been produced by the air alone at a similar 

temperature. The differences never rose above some tenths of . 

a second, and the medium was only o'T5, a quantity truly ‘ 

insensible, since it only produces a sixtieth of a second at tho 

height of 45 degrees, M. Biot hence concludes that the 

vapour of the air sensibly refracts like the atmospheric air; 

and thus, in astronomical observations, we should be coni-' 

tented with having in yievy the height of the barometer and 

thermometer, and neglect the vapours more or less with ^ 

which the atmosphere mav be cbarcred.’l * ^ w 

The first experiments of M. Biot were made in winter and 

in low temperatures: the last took place in the greatest heat 

of summer, and yet the difference upon the mean refraction 

only differed by an extremely small quantity, which is still 

made less by M. Delambre’s result. To conclude: all astro*- 

nomers will easily agree, that the direct observations of the 

refractions could not give, notwithstanding ail possible care, 

either the same agreement in the particular results, or 

the same precision in the absolute quantity; because, by 

the astronomical methods, this value, or the constant part 

of the refraction, is always dependent upon the altitude of 

the pole, because we can only determine simuUaueously the 

two unknown quantities; and we may always, by causing 

small changes in a contrary direction, represent theobserva- 

lions equally well. M. Deiambre has declared that he can¬ 

not account for the small difference which existS'betvyeen his. 

Refractions and those of M, Biot. We may, therefore adopt 
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in prcference'the result of these physical experiments; 

only b\' calculating with the greatest precision, millions of'^. 

observations made at difFerent times, and with different 

kinds of instruments, that we can attain this point of ap¬ 

proximation. If we afterwards compare ihe new table of-’ 

refractions with those of Bradley, Mayer, Burg, and Piazzi, 

w£ shall perhaps be astonished at the little that has becn- 

gained by so many vari'ou'S observations, calculations, ami • 

experiments : but suclt is the present state of astronomy, that 

the greatest efforts can produce littlp more than almost in¬ 

sensible ameliorations, although we certainly gain in point 

of accuracy in proportion as experiments become more exact 

and rigorous. The same comparison will prove that the 

greatest difference between the varfems tables chiefly belongs 

to the constant factor of the thermometrical correction. In 
fact, as far'as 80^ of distance from the zenith, at which the 

Gl)servairr)ns differ more from each other than they are re- 

moved from the tables, scarcely can w'c find, in tlie mean 

refractions, one or tsvo seconds of difference amt)ng astro¬ 

nomers, if we except M. Burg, who h^? frequently a double 

quantity in excess, instead of our see’mg in very high or very 

low temperatures uncertainties of 9 or 10 seconds. It was 

therefore extremely necessary to verify this co-efficient; and 

this is what M, Biot has done with the same success. The 

quantity which he found, according to his own experlnienfs’ 

and those of Gay Lussac, scarcely exceeds what Mayer had 

determined 50 years ago, and to which Lacaille found al¬ 

most nothins: to add. Bradley made this co-efficient a little 

larger, and almost every astronomer has adopted his table, 

M. Biot, who employs his time so usefully, also read se¬ 

veral excellent memoirs to the Institute this year; but his 

departure for Spain does not admit of our analysing them ’; 

he is at present occupied at Formentera, a small island to 

the southward of Ivica, in measuring the altitude of the 

j pole, the length of the pendulum, and the azimuths of the; 

I most southern points of ihe triangles which' he dre{v from 

that island to 'iortosa, where'the deaih of M. Mechain had 

caused them to be suspenderl. Messrs. Chaix and Rodri¬ 

guez, but above all M. -Arago, took the rhost active part in 

thli 
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this great and difficult operation; which will form a very 

excellent completion to the description of the meridian of 

P-unkirk and Barcelona. They have fortunately triumphed 

over every obstacle; by their perseverance in braving the 

severest cold^; snows, winds, heat, and storms, they suc¬ 

ceeded in uniting by two great triangles the isles of Ivica 

and Formentera on the shores of Valencia. What remains 

to be done in order to add nearly three degrees to the grand 

meridian is much easier; and its success is undoubted • be¬ 

cause from this moment it depends upon the care and the 

precision of the geometrical and physical knowledge with 

which our young astronomers are endovred, as well as upon 

their zeal apd courage. 

M. Messier has presented to the class a beautiful drawing 

which he made of the nebulus of Orion, to which he has 

added that of Legentil, and another much more difficult to 

see, which he discovered in 1 773. Some astronomers 

thought they had remarked on a large scale changes ol form 

and of light, owing probably to the different glasses which 

they used. M. Messkr gives the dimensions and size of his 

glasses; and with his drawing, which appears in our Me- 

BK'irs of 1807, astronomers will one day be able to ascertain 

if these changes are real, or only optical illusions. 

’ The storm which was experienced at Paris on the 21st of 

October, 1807, and the no less extraordinary wind of the 

following day, deserve to be recorded in the annals of 

SBeteoTolofiry. M. Messier has collected all the details with 

care, , and has consulted ail the registers of observation-s 

kept for 50 years without iinding any thing similar. At the 

conelusjon oF a no less viedent storm, which took place on 

the 3d of November following, the lightning struck the 

church of Montvilliers; and M. Messier has also presented 

us w’'uh details respecting this catastrophe. 

The year 1807 will be celebrated by the discovery of a new 

jdanet, and the long-continued appearance of one of the 

most beautiful comets ever seen. The planet was discovered 

at Bremen by M. Others, and the letter to M. Lalande, 

mnouncins; the circumstance, arrived a few minutes after 

tile death of that prince of astronomers. M. Burckardt im- 

mediatclv 
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inecliaH'ly (rave us the first approxiraate elements, and he 

improved them in proportion as his observations became more 

numerous. We have a remarkable proof of the perfection" 

of the modern methods, in this facility of, finding the in¬ 

stant of the appearance of a new heavenly body, all the cir¬ 

cumstances attending its course, the form and position of 

the orbit which it describes around the sun. On this occa¬ 

sion, therefore, analogy considerably abridged the first at¬ 

tempts. The three last planets had already the singularity 

of their distance from the sun being nearly the same. Ac- 

cordine: to M. Gibers’ ideas, which contributed to the dis- 

covery by directing him in his inquiries, the planet Vesta 

ought also to have this resemblance with Ceres, Pallas, and 

Juno ; and this conjecture has been almost completely veri¬ 

fied. In order to obtain a more certain knowledge of this 

point, and of the true elements, we must wait until we 

have observed a greater arc, and calculated the perturbations 

which Vesta ought to undergo, particularly witii respect to 

Jupiter. M. Burckhardt has already ascertained that these 

perturbations are very sensible, although less difficult to cal¬ 

culate than those of Pallas. 

A comet was discovered at Marseilles, by M. Pons, on 

the 21st of October: it was then south, and adjoining the 

horizon, andffiis track followed nearly that of the sun. These 

circumstances hindered more northern astronomers from 

geeinc: it immediately; 'for M. Bouv’ard, on the same evTiiing, 

took an accurate view of the whole sky without seeing any 

thing unusual ; as it was from that moment visible to the 

naked eye, it was perceived a few days afterwards by Messrs. 

Vidal and Flauguergues, and by different astronomers at 

Madrid, and in Germany. M. de Thulis, director of the- 

observatory of Marseilles, sent us his first two observations,- 

M. Burckhardt added a third, and next day he gave tlae first 

elements of the orbit. He has perfected them since. Messrs, 

i Bouvard and Maihieu have made similar calculations upon 

other observations. The parabolic elements seem to be wel-f 

known, and v/e have nothing to add on the subject of this- 

comet vvhich we have not read in the .lournals. Its long 

continuation, however, gave M. Burckhardt reason to hope 

that 
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that it might give nse to some interresling remarks, audit 

is probable that he will give to the public those made by 

himself. 

The same astronomer has also been occupied with de- 

scribinsT several io.r.mcn comets, of which an imperfect de- 

scripnoii has appeared, in the Imperial observatory he 

found some unpubrished observations of the comet of 1701, 

seen at Pau by M. Palhi. M. Burckhardt supposes that this 

comet is the same which was seen at sea in the. month of 

February following; and this circumstance, in his opinion, 

is worthy of being examined. 

The comet of 1672 had been supposed by some astroiio- 

jners to have been the same with that of 1805. M.' Bnrck-' 

hardt nas shown by calculations, that this is not the case. 

[To be continued.] 

ROYAL ACADEMY OF SCIENCES AND BELLES LETTRES OF 

BEK LIN. 

This learned body has offered medals of fifty ducats ia 

value each for the best memoirs on the following subjects, 

viz. A complete theory of the Hydraulic Ram, taking 

into view the adhesion of water. 

The deterorination of the object of the -senate of the 

Amphictyons, the extent of their powers, and their influence 

over the politics of Greece.”—The papers on the above 

subjects must be given in on or before the 1st of Alay 1810. 

' academy of sciences of COPENHAGExN. 

The following subjects have been given out as prize ques¬ 

tions for the present year.—In Matiiematics, Explain the 

construction and theory of a hydraulic tube, by means of 

which we may distinctly observe objects at the bottom of the 

sea.”—In Physics* Wha,t information lias been or may 

be gained respecting the state of the atmosphere in the 

higher regions, by means of aerial voyages —I?i History* 

Compare the best and newest accounts we have of the 

• worship and religious ideas of the various Indian or Tartar 

nations, and their opinions respecting the orign and the pri¬ 

mitive state of theology, and of the'wprlcl, with the 

which 
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V/hlch onr ancestors entertained upon the same subjects.”7— 

In PhiLosopky. ‘‘ Has the eclectic phil{)S()])by any thing 

which can insiiy render it recomniendable at present? 

What ntrn have deserved to be honoured with the title of 

eclectics? aiul according to these results,* May the philoso-'- 

pliers who w’ere formerly the ornaments of the School of 

Alexandria, or the new School of Plato, be called eclectic^ or, 

according to the opinion of some, syncretic A gold inedat 

ol' the value of 50 ducats is otfered for the best memoir on 

either of the above subjects. The papers ni iv be written in 

Latin, Danish, English, or French, and must be transmitted 

to Professor Bugge, secretary to the Copenhagen Academy, 

before the Ist'of January 1810, ‘ 

Xff. Intelligence and Miscellaneous Articles, 

Dii. Brewster of Edinburgh' has invented a new gonio- 

metrical telescope and microscope, for measuring the angles 

of crystals by reflection, and for ascertaining the inclli^atioii 

of strata, and the apparent magnitude of angles when the 

eve is not j)laced at their vertex. 

The same.gentleman has also invented an instrument for 

dcterminimi; distances at one station, without measuring: a 

base, withuut a portable base being attached to the instru¬ 

ment, or without knowliiiz: the magnitude of the object the 

(listance of vvhlch is to be ascertained. A long base is ac- 

tuallv created by the instrument, wItliout measuring it; and 

the distance is obtained upon a principle, which, as. far as 

we know, has never been employed in trigonometrical in¬ 

struments. 

The art of printing, from stone continues to be practised 

with'great success on the Continent. At Stutgard a printing- 

olfice has been^cstablishcd, for the jmuposc of a more exten¬ 

sive ap{)licaiic)n of this new invention. The engraving‘of 

music has been the chief branch to which it has hitherto 

btfen directed on the Contment. • fr:: - " * 

Itl. a ^Y-y^tdnnakcr of .Vienna, has .inventc.Ua 

machine 
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machine for raising a person into the air* It is formed of two 

kinds of parachutes of taffeta, which may be folded up or 

extended at pleasure, and the person who moves them is 

placed in the centre. M. Degen has made several public 

experiments, and rose to a height of 51 feet, flying in va¬ 

rious directions with the celerity of a bird. A subscription 

has been opened at Vienna to enable the inventor to prose¬ 

cute his inquiries. 

Baiion LutgSndorf, long known as a traveller and 

voyager, has contrived a machine by which a })erson may 

exist under water, without fear of being drowned; it is a 

kind of cuirass, wiiich admits of the body assuming every 

possible position, and which is said to be extremely useful 

in saving persons in danger of being drowned. The police 

of Vienna have purchased a considerable number of these 

machines, with the view of assisting in bringing up drowned 

persons from the bottom of the Danube, 

Aerostation.-—On the 22d of August, 1808, Messrs, 

Andreoli and Brioschi,. of Padua, ascended in a balloon, amid 

an immense concourse of spectators. Soon after leaving the 

ground, the barometer having fallen to 15 inches, M. Bri¬ 

oschi began to feci an extraordinary palpitation of the heart; 

his breathing, however, was not affected : the barometer 

afterwards fell to .12 inches, and he was overcome with a 

gentle sleep, which ended in a complete lethargy. The bal¬ 

loon continued ascending; and when the barometer stood at 

nine inches M. Andreoli perceived that the machine was 

completely inflated, and that he could not move his left 

hand. The mercury continuing to descend, marked eight 

inches and a half, and a violent detonation was heard from 

the balloon, which then descended with great rapidity, and 

M. Brioschi awoke. The aeronauts alighted safely on the 

hill of Eut2;anea, not far from Petrarch’s tomb and the 

cilv of Anrua, about twelve miles from Padua, The vovaore 

lasted from half-past three until half-past eight o’clock. 

Dr. Langsdorff, of St, Petersburgb, whose zeal for the 

progress of science is already well known, has been appointed 

bv 
/ 
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by Count Romanzow to a mission of considerable impor¬ 

tance. Dr. Langsdorff accompanies a large caravan^ which 

has set out from Orembourg for Russian Tartary and Bu- 

charia, in quality of physician and surgeon. The Russian 

government has supplied him with every requisite for making 

his journey advantageous to natural history and geography. 
1 

LIST OF PATENTS FOR NEW INVENTIONS. 

To James Cavanah Murphy, of Edward Street, Cavendish- 

Square, architect, who during a residence of eight years on 

the Continent has discovered and found out the manner of 

desio;nin£t, makino;, and formincr mosaics and ornaments in 

the Arabian style and manner, which he purposes to apply 

to divers arts and manufactures.—Dated July 26, ISOp. 

d'o Samuel Clegg, of Manchester, in the county of Lan¬ 

caster, engineer, for a rotative (steam) engine, the piston 

of which makes a complete revolution at a distance from the 

revolving axis, shaft, or cylinder.—July 26. 

To Thomas Botheld, of Hopton Court, in the county of 

Salop, for a method of constructing an iron or metal roof 

for houses or other buildings,—July 26. 

To Richard Heaps, of Holy well Street, in the parish of 

St. Leonard^ Shoreditch, for his method of forming pipes 

and sundry other articles in‘lead, pewder, or tin, or metals 

of that nature.—July 26. 

To David Loeschman, of Newman Street, piano-forte 

maker, for certain improvements in the musical scale of 

keyed instruments with fixed tones, such as pianos, organs, 

&c.—July 26. 

To Charles Seward, of Lancaster, fqr a new or improved 

street lamp and burner, and lantern-head for street and other 

lamps and lanterns. July 26. 

METEQRO- 
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METEOROLOGICAL TABLE^ 

By Mr. Carea", of the Strand., 

For July 1809* 

I Thermometer. 1 

D - vs of the 
Month, 

1 
• 

^ ’c 
^ o 

oo ^ 

. 
• 

c c 
7; 

■ 'J 
y , o ^ 

' fo 

Height of 
the Baiom. 

. Inches, 

Q a 

c« ^ £ cu c 
W ^ 1_ 

C/1 

^ -r' a cE 

.Weather, 

June 27 52® 69^ 35® 30*15 ' 82 Fair 

28 34 63 50 •08 35 Cloudy 

29 51 60 34 29*93 ' 41 Cloudv 
30 52 67 57 •89 31 Cloudy 

July 1 57 70 55 •84 52 Fair 

2 52 64 31 . “-75 0 Rain 
j-% o 52 57 49 •50 23 Cloudv 

4 32 55 56 •48 5 Thunder with 
Rain 

5 51 60 55 *37 15 Showery 

6 30 61 57 •72 5 Rain * 

7 56 68 .60 •84 33 Cloudy 

8 70 37 •86 35 Fair 

9 30 36 30 *85 29 Rain 

10 52 38 31 *92 15 Rain 

11 53 68 61 30*05 32 Fair 

12 39 73 62 •10 32 Fair 

13 61 69 55 ;15 72 F^ir 

14 62 71 64 •20 62 Fair 

13 64 72 63 •05 63 Fair 

16 65 73 60 29*98 60 Fair 

17 63 70 50 *73 64 Fair 

18 31 63 33 *94 61 Fair 

49 55 68 38 30*04 69 Fair 

20 59 70 36 •18 64 Fair 

21 37 70 57 •19 72 Fair 

"22 57 65 60 •6l 42 Cloudv 

23 59 72 60 29*94 47. Fair 

24 58 70 60 •85 41 Fair 

25 61 77 61 •76 30 Fair 

26 62 72 62 •75 39 Cloudy 

N.B. The Barometer^s heig-ht is taken atons o’clock. 
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ZvIIT. An Accmmt of a Method of dividing astronomical 
and other ln:>friiments^ ocular Inspiction; in which 
the VbUuL loots for graduating are not employed; the 
whole Operation being so contrived, that no Error ca?i oc¬ 
cur but what is chargeable to 'V/ision, ivheii e^ssisted by the 
best optical Means of viewing and ^ measuring minute 
Quantities', 3ir. Edwa lii) Tkuughton 

A Letter from Mr. Edward Troughton, Mathematical 
Instrument Maker^ to the Astronomer Royal 

/ ✓ 

SIR, Loiidiin, June 23, 180P* 

-i- HE science which voii profess, and the art which it has 
fallen to niv lot to cultivate, are so nearly allied; that, had 
I been personally unknown to you, and a stranger to the 
patroi'ajre which you have always-given to the iisctul arts, I 
should still have wished the papers annexed to have passed 
throiiuh vour hands to the public. You will readily thence 
infer, how much 1 feel myself flattered by having obtained, 
from your condescension, the privilege of their being pre¬ 
sented to the Koval Society through a channel which must 
secure for them tiie most favourable reception. " 

- ]\]y rejuitaiion for the dividing of astrononiical and other 
instruments, is by no _nieans unknown to the world ; but 
the means by which T accomplish it, I have hitherto thought 
proper to conceal ; and if that concealment had been essen¬ 
tial to the advancing of that reputation, or to the immediate 
seenritv of my own interests, it is probable that it raisrht 
still longer have rested with myself. Relying, however, a» 
I do, on the probabililv that 1 shall find sufiicient employ- 
inent while 1 am capable of active life, I know of no ho¬ 
nourable motive that should prevent me from allowing it.to 
be useful to others. 

How a young artist, w ho may just be beginning to make 
his way to fame or wealth, may receive it, 1 knovy not; but 
I wish kiim to understand, that 1 consider myself now in the 
act of making him a very valuable })rescut. 

1 have the honour to be, sir, 
your obliged and obulient servant, 

/ Edvv, TkoCghton. 
To the Rev. Nf.vii. Maskelyne, D.D., 

Astronomer Royal, F.R.S., &c. 

* From Philosophical Transactions for 1809, Part'll. 
f 'I his letter i.s not inserted in tne hocieiy’s TranshCtlons-, but appears in 

the copies oi the Paper circulated by the author among his private frtexids.— 
PoiT. 

Vol, 3-i. No. 136. August IS09; F Account 
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Account of a Method of diuldino astronomical and ofhef 
Instruments, hy ocular Inspection, ^c. 

It would ill become me^ in addressing myseU to the 
Members of this Society upon a subject which they are so 
well enabled to appreciate, to arrogate to my self- more than, 
may be assi^ued as my due, for whatever of success iijay 
have been the result of ray long' continued endeavours, ex¬ 
erted in prosecuting towards perfection the dividing of in¬ 
struments immediately subservient to ike purposes of astro- 
nomy. A man very naturally will set a vahie upon a thing 
on which so much of his life has been expended ; and I shall 
readily, therefore, be pardoned for saying, that considering 
some attainments which I have made on this subject as too 
valuable to be lost, and being encouraged also by the de¬ 
gree of attention which the Royal Society has ever paid to 
practical subjects, 1 feel myself ambitious of presenting them 
to the public through what I deem the most respectable 
channel in the world. 

It was as early as the year 1775, being then apprentice to 
my brother, the late Mr. John IVoughton, that the art of 
dividing had become interesting to me ; the study of astro¬ 
nomy was also new and fascinating ; and I then formed the 
resolution to aim at the nicer parts of my profession. 

At the time alluded to, my brother, in the art of dividing, 
was justly considered the rival pf Ramsden ; but he w^as then 
almost unknowm beyond the narrow circle of the mathema¬ 
tical and optical Instrument makers; for whom he was- 
chiedy occupied in the division, by hand, of small astrono¬ 
mical quadrants, ami Hadley’s sextants of large radius* 
Notwithstanding mv owm employment at that time was of a 
much inferior nature, yet I closely inspected his work, and 
tried at leisure hours on waste materials to imitate it. With 
as steady a hand, ami as good an eye, as young men gene¬ 
rally have, I w^as much disappointed at finding, that after 
having made two points, neat and small to my liking, I 
could not bisect the distance between them, without enlarg¬ 
ing, displacing^ or deforming them wdth the 'points of ihe- 
Gompasses, This Gircumstance gave me an early dislike to- 
the tools then in use; and occasioned me the more uneasi¬ 
ness, as I foresaw that it was an evil which no practice, 
care, nor habit could entirely cure. Beam-compasses, 
spring dividers, and a scale of equal parts, in short, appeared 
to me little better thi^n so many sources of mischief. 

I had already acquired a good share of dexterity, as a ge¬ 
neral workman. Of the different branches of our art, that 
of turning alone seemed to me to border on perfcciipn. This- 

juvenile 
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juvenile conceit, fallacious as I afterwards found it, fur¬ 
nished the first train of thoughts, winch led to the method 
about to he described ; for it c^ccurred lo me, that if 1 could 
by any means apply the principle of turning to the art of 
dividing instruments, the tools lialjle to objection might be 
dispensed with. The means of dointj this was first sus;- 
gested, by seeing the action of the perambulator, or mea¬ 
suring wheel ; ttte surface of the earth presentinc, itself as the 
edge of the instrument to be divided, and the wheel of the 
perambulator as a narrow roller aCiiiut; on that ed'ie : and 
hence arose an idea that some casv contrivance miglit be de- 
Vised, tor marking off the revolutions and parts of the roller 
up()n the instrument. Since the year above mentioned, se¬ 
veral persons have proposed to me, as new, dividing by the 
roller, and 1 have been told, that it also occurred hmg ago 
to Hook, Sisson, and others; but, as Hatton on watch¬ 
making says, I do not consider the man an inventor, 
w ho merely thinks of a thing; to be an inventor, in mv 
opinion, lie must act successfully upon the thought, so as 
to make it useful,^’ I had no occasion, however, to have 
made an apology for acting upon a thought, which, un¬ 
known to me, had been previously conceived by others; for 
it will be seen in the sequel, how little the roller has to do 
in the result, and with what extreme caution it is found 
necessary to enq)loy it. • 

When a roller is properly proportioned to the radius of 
the circle to be divided, and wdth its edge made a small 
jnattcr conical, so that one side may be. too great, and the 
other side too little, it may be adjusted so exactly, that it 
may be carried several times around the circle, wdthout 
the error of a single second ; and it acts with so much 
steadiness, that it niay not unaptly be considered as a wheel 
and pinion of indefinitely high numbers. Yet, such is 
the imperfection of the edges of the'circle and roller, that, 
when worked with the greatest care, the intermediate parts, 
on a radius of two feet, will sometimes be unequal to 
the value of half a minute or more. After having found 
the terminating point of a quadrant or circle so perma¬ 
nent, although I w'as not prepared to expect perfect equa¬ 
lity throughout, yet I was much mortified to find the 
errors so great, at least ten times as much as I expected; 
which fact indicated, beyond a doubt, that if the roller 
is to be trusted at all, it must only be trusted through a, 
verv short arc. Had there been any thing slippery in the 
action, which would have been indicated bv measuring the 
Fame pan at different times differently, there would have 

f 2 been 
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been an end of it at once ; but, that not being' the in 
any sensible degree, the roller becomes an uselul auxiliary 
to fill up short intervals, whose hniiu have been coriecu-d 

by more certain means*. _ • • u 
Bird, who enjoyed the undisputed reputation of being the 

most accurate divider of the age in which he lived, v\as the 
first who contrived the means how to render the usual divi¬ 
sions of the quadrant bisectional ; which property, except 
bis being unusually careful in avoiding the cfiects of unequal 
expansion from change of temperature, chiefly disnnguished 
his method fr om others who divided by hand. lhij> ciesi- 
rable object he accomplished by the use which he made of a 

*■ There are two thin,gs in the forcg:oing- account of the aciion of the roller 
which have a tencleiicyl to excite surprise. The first is, thauhe roller should, 
in different parts of its journey round the circle, measure the latter so culte- 
rently. One would not wonder, however, if in taking- the measure across a 
ploughed field, it should be found ditferent to a parallel measure taken upon, 
a gravel walk; and, in my opinioi'l', the cases are not very dissimilar. Poro- 

sitv of the metal, in one ph-t of the circle more than in the other,^ must evi¬ 
dently have-the same effect; brass unhammered is always porou's; and the 
part, which has felt the effect cf two blows, cannot be so dense as other parts 
which have felt the effect of three; and, should the edge of the circle be in¬ 
dented by jairing-1urniug, it would produce a visible similitude to ploughed 
ground. Every workman must be sufficiently upon his guard against such a. 
palpable source of error ; yet, perhaps with our greatest care we may not be 
able to avoid it altogether. he seco.nd is, tliat notwithstanding the me- 
quality above mentioned, the roller having reached die point upon the circle 
from whence it set out, should perfornf a second,, third, &c., course of revo¬ 
lutions, without any sensible deviation from its former track; this is not per¬ 
haps so easily accounted for. It must be mentioned, that the exterior border 
of the circle should be turned rvnnding^ presenting to the roller a convex edge, 
whose radius of curvature is not greater than cne-tcnth of an inch. Now, 

were the materials perfectly inelastic and Impenetrable, the roller could only 
to-ich the circle in a point, and in passing round the circle, it could only oc¬ 
cupy a line of contact. I'his in practice is not the case; the circle always 
marks the roller with a broad list, and tliercby shows that there is a yielding 
between them to a considerable amount. The breadth of this list is not less 
than one-fiftieih of an inch ; audit hiiiows, that at least 12° of the circle’s 
edge must be in contact at the same time; that the two surfaces yield to each 
other in depHh, by a quantity equal ?o the ver. sin. of half that kre, or 
of an inch; and tiiat the circle has alvrays hold of the roller by nearly i° of 
the edge of the hitter. Whoever has examined the surfaces of metals which 
have rolled against each other, must have observed that peculiar kind of in¬ 
dentation that always accompanies their action; and there can be no doydit 
that the particles of a roller, and those of the surface on which it acts, which 
mutually indent each oilier, -will, upon a second course begun from the same 
point, indent each other deeper ; this is not, however, exactly ihe case in 
question ; for, whatever of liiting might have taken place between the sur¬ 
faces of our roller and circle in tlie first revolution of the former, one should 
imagine would be obliterated by the lifteen turns which it must repeat over 
fresh ground. Experience shows, however, as every one will f ud who tries 
the exnerinient with good work, tliat on coming round to the point of com¬ 
mencement, the roller has the disposition to regain its former track; for, 
■vv'ere this not the case, although the commensurate diameters were adjusted 
so exactly .as to be without sciiaibie error in one course, yet a less error than 
that which is-so wuuid become visible, -iviien repeated through many course?. 

finely 
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finelv' divided scale of equal parts. The thing aimed at was, 
to obtain a point upoi; the arc at the highest ^hisecfional 
rnnnber of divisions troni 0, which in his eight feet quadrants 
was 1024. = 2U^ "Idle e<^tenl of the beam compasses, 
wnii which he traced the arc upon the limb of the instrument 
to be divided, being set off' upon that arc, gave ihe jioints 
0^ and'dO'’; which, being bisected, rxcive 30^^ more to com¬ 
plete the total arc. A second order of bisections trace points 
at 15° distance from each other; hut that which denoted 75^ 
was most useful. Now, from the known length of the ra¬ 
dius, as measured upon the scale, tlie length of the chord 
of 10^ 2(/ was computed, ta.kcn oft'from the scale, and pro¬ 
tracted iVom 75^ forwards; and the chord of 4° 4(/, being 
ascertained in the same manner, was set oft' from 90^ back¬ 
wards, meeiincr the chrjrd of 10^ 20' in ilie continuallv bi- 
sectional arc of 85^ 20 . ddds point bcintr loimd, the work 
was carried on by bisections, and the chords, as ihev be¬ 
came small enough, were set oft'beyond this point to supply 
the remainder of the quadrantal arc. A'ly lirother, whom I 
mentioned before, from mere want of a scale of equal parts 
upon which he could rely, contrived the means of dividing 
hiscctlonaily without one. His method T w ill briefty state as 
follows, in the'manner which it would apply to dividing 
a mural quadrant. The arcs of 60^ and 30° give the total 
arc as before; and let the last arc of 30° be bisected, also 
the last arc of 15°, and again the last arc of 7° 30'. . The 
two marks next 90° w ill now be 82° 30' and 86° 15'’, con¬ 
sequently the point sought lies between them. Bisections 
will serve us no longer; but if we divide this space equally 
into three parts, the most forward of the tw'o intermediate 
marks will give us 85°, and if we divide the portion of the 
arc betw’cen this mark and 86° 15' also into three, the most 
backward of the two marks will denote 85° 25'. Lastly, if 
we divide anv one of these last spaces into five, and set off 
one of these ftlth parts b.ickvvards from 85° 25', we shall 
have ilie desired point at 1024 divisions upon the arc from 0°. 
All the rest of the divisions which have been made in this 
operation, which I have called marks because they should 
he ma(,!e as faint a-' possible, must be erased ; for my bro¬ 
ther would not sufihr a mark to remain upon the arc to in¬ 
terfere with his future bisections. 

Mr. Smeaton, in a paper to be more particularly noticed 
presently, justly jemarks the want of a unity of principle in 
j\jr. Bird’s method ; for he j'TOcceds partly on the ground of 
the I'/rotracted radius, and partly upon that of the computed 
chord; wdiich, as Smeaton observes, may or may not a^^rec. 

F 3 . Birdj 
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Bird, without doubt, used the radius and its parts In order to 
secure an exact quadrant; but Siueaton, treating exactness 
in the total arc as of little value to astronomy, would, in 
order to secure the more essential property ot ecjuabty ot di¬ 
vision, reject the radius altogether, and proceed eiinrely 
upon the simple princi})le of the computed chord. The 
means pursued by my brother, to reach the point which 
terminates the oreat bisectional arc, is the only part in which 
it differs from iiird’s method ; and I think it is without 
prejudice that I give it the preference. It is obvious that it 
is as well calculated to procure equality of division, as the 
ineans suvsestcd b\' Snicaton ; at the same lime that it is 
equal to Bud’s in securing the precisemeasure of the total 
arc. It proceeds entirely upon the principle of the pro¬ 
tracted chord of 60^ and its sulxlivision; and the uncer¬ 
tainty,* which IS inlroduced into the work by the sparing use 
which is made of subdivision by 3 and 5, is, in my opinion, 
likely to be much exceeded by the errors of a divided scale 
and those of the hand and eye, in taking off the computed 
chords, and applying them to the arc of the instrument to 

be divided. 
Ramsden’s well known method of dividing by the engine 

unites so much accuracy and facility, that a better can hardly 
be wished for ; and I may venture to say that it will never 
be superseded, in the division ‘of instruments of moderate 

t was well suited to the time in which it appeared; radii. 
a time when the improvements made in nautical astronomy, 
and the growiruT commerce of our country, called for a 
number of reflecting instruments, uhich never could have 
been supplied, had it been necessary ft) have divided them 
by hand : however, as it only applies to small instruments, 
it hardly comes within the subject of this paper. 

The method of Bindley, as described by Smeaton f, I will 
Venture to predict will never be put in practice for dividing 
astronomical.instruments, however applicable it might for- 

inerlv have been for obtaining numbers for cutting clock¬ 
work, for which purpose it w'as originally intended. It con¬ 
sists cf a train of violent operations with blunt tools, any 
one of which is sufficient to stretch the materials beyond, or 
press them within their natural state of rest; and, although 
the whole is done by contact, the nature of this contact is 
such as, I think, ought rather to have lieeii contrasted with, 
than represented as being similar to, the nature of the con- 

^ That Bird’s scale was not without considerable errors, Will be shown to-» 
wards tjie end of this paper. 

f Phiiosophical Transactions for l783u 
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tact used In Smcaton’s pyrometer, which latter is performed 
by the most delicate touch ; and is represented, I believe 
justly, to be sensible to the of an inch. Smea- 
ton has, however, acquitted himself well, in describing and 
improving the methoil of his friend; and the world is par¬ 
ticularly obliged to him for the historical part of his paj)er, 
as it contains valuable information which perhaps no one 
else could [rave written. 

The only method of dividing large instruments now prac¬ 
tised in London, that I know of, besides my own, has not 
yet, I believe, bccii made public. Tt consists in dividing by 
hand with beam compasses and spring dividers, in the usual 
way; with the addition of examining the work by micro¬ 
scopes, and correcting it, as it proceeds, by pressing for¬ 
wards or backwards by hand, with a fine conical point, those 
dots which appear erroneous; and thus adjusting them to 
their proper places. I'he method admits of considerable ac¬ 
curacy, provided the operator has a steady hand and good 
eye; but his wmrk will ever he irregular and inelegant. He 
must have a circular line passing through the middle of his 
dots, to enable him to make and keep them at an equal di¬ 
stance from the centre. The bisectional arcs, also, which 
cut them across, deform them much; ami, w'hat is worse, 
the dots which require correction (about two thirds perhaps 
of the whole) will become larger than the rest, and une¬ 
qually so in -proportion to the number of attempts w'hicb 
have been found necessary to adjust them. In the course 
of which operation, some of them grow' Insufferably too 
large, and it becomes uccessarv to reduce them to an equality 
wiih their neighbours. This is done with the burnisher, and 
causes a hollow in the surface, which has a very disagreeable 
appearance. Moreover, dots which have been burnished up 
are alwavs ill-definetl, and of a bad figure. Sir George 
Shuckburgh Evelvn, in his paper on the Equatorial*, de¬ 
nominates these “ doubtlul or had points;''’ and (cntisider- 
ing the tew places which he examines) they bear no incon¬ 
siderable proportion to the whole. In my o})init)n, it would 
he a great improvement of thi's method, to divide the whole 
by hand at once, and atierwards to correct the whole; for a 
dot forced to its place, as above, will seldom allow the com¬ 
pass-point to rest in the centre of its apparent area: there- 
Jore other dots made irom tho.se will scarcely ever be found 
in their true places. ’^I'his improvement also prevents the 
corrected dots from being injured, or moved, by the future 

* philosophical'I'ransactions for 1703. 

r-i. application 
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application of the compasses^ no such application being 
necessary. 

1 will now dismiss this method of dividing, with observing, 
that it is tedious in the extreme; and did 1 not know the 
contrary beyond a doubt, I should have sirpposed it to ha^’-e 
surpassed the utmost lluiit of human patience*. When I 
made my first essay at subdividing with the roller, I used 
this method, according lo the improvement suggested above, 
of correcting a few primitive points; but even this was too 
slow for one who had too much to do. Perhaps, however, 
had my instruments been divided for me bv an assi.Uant, I 
might nor have grudged to have paid him for the labour of 
going through the whole work by,the method of' adjustment; 
nor have felt the necessity of contnvino- a better way. 

I might nou' extend tlie acermntof mv method of dividintr 
to a great length ; iiy rciating the alterations which the ap¬ 
paratus has undergone during a long course of years f, and 
the various manner of its application, before I hsousht it to 
its present state of improvement; but 1 thiuk I may save 
myself that trouble, for truly 1 do not see its use ; 1 will, 
therefore, proceed immediately to a disclosure of the me¬ 
thod, as practised on a late occasion, in ihe dividing of a 
four feet meridian circle, now the property of Stephen 
Groombridge, esq., of J31ackhealh. 

The surface of the circle which is to receive the divisions, 
as well as its inner and uuier edges, hut especially the latter, 
should be turned in the most exact and careful manner; the 
reason for which will be belter understood, when we come 
to describe the mode of applying the roller: and, as no pro¬ 
jection can be admitted beyond the limb, if the telescope, as 
is generally the case, be longer than the diameter, those 
parts which extend further must be so applied, that they 
may be removed during the operation of dividing. Fig. 1 

* At the time alluded to, the double microscopic micron^eter was unknown 
to me, and I did notdearn its use, for these purposes, till the year 1790, from 
general Roy’s description, of the large theodolite. Previous to that time, I 
had used a frame which carried a single wire very near the surface to be di¬ 
vided ; this wire was moveable by. a line irncrometer screw, and was viewed 
by a single lenp inserted in the lower end of a tube, which, for the purpose 
of taking off the parallax, was four inches lon'g. The greatest objection to 
this mode of constructing the apparatus is, that the wire being necessarily 
exposed, is apt to gather up the dust; yet it is preferable to the one now in 
use, in cases where any doubt is entertained of the accuracy of the plane which 
is to receive the divisions. 

f The full conception of the method hid occupied my mind in the vear 
1778; but as my brother could not be readily persuaded to relinquish a 
branch of the business to me In wdiich he himself excelled, it ivas not until 
September 1785 that I produced my first specimen, by dividing an astronomi¬ 
cal quadrant of two feet radius. ' 

and 
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an-d 2 represent the principal parts of the apparatus; fig. 1 
showiiuj; the plan, and hg, <2 the elevation ; in bolii of which 
the same letters o\' rolcrence are affixed to correspt)iuhng 
ptrris, and both are drawn to a scale of half dimensions, 
A A is a part of the circle, the surface of winch is seen in 
the plan, and the edge is seen in the elevation. B B B is the 
main [)latc of the apparatus, restinu’ u iih its four feet aaaa 
upon the surface of the arc; thes.e feet, being scre\\s, may 
be ad'jnsted so as to lake equal sltarvs of the weight, aiu! then 
are fastened by nuts below tiie plate, as shown in fig. 
C (’ and DD are two similar plates, each attached to the 
main plate, one alcove and the other^below, by four [Pillars; 
and m them are centred the ends of the axis of the roller E, 
F and G are two friction u heels, the latter firmly fastened 
to B, but the former is fixed in an adjustable frame, bv 
means of which avljustmenl these wheels and the roller E 
may be made to press, the former on the interior, and the 
latter on the exterior cdne of the circle, with an equal and 

• * 

convenient force At the extremities of the axis <d' the 
roller, and attached to the middle of ilic plates C and D, are 
two bridges, having a screw in each ; by means of which an 
adjustment is procured for raising or lowering the roller re- 
s’-'cctino- the edge of th.e circle, whereby the former, having 

its diameter at the ujuter edee aboiit^UOl of an incli 2;reater 
than at the lower edge (being', as before described, a little 
conical), it may easily be brought to the position where it 
vill measunj the proper portion of the circle. 

Much c.xjKTience and thought upent the subject have 
taught me, that the roller sliould be equal to one sixteenth 
part of the circle to be divided, or that it shoukl revolve 
once in 22° 30'; and that the roller itself sliould be divided 
into sixteen parts ; no matter wk.ethcr with ahsoluie truth, 
for accuracy is not at all essential here. Each of such divi¬ 
sions of the roller will correspond with an angle upon tlic 
circle of 24' 22"-5, or-^l-ih part of the circle. Etiis num¬ 
ber of principal divisions wasch(\sen, on account of its being 
capable of continual bisection ; })ut tiiey do not fail in with 
the ultimate divi ions of the circle, v. fiieh are intended to 
be equal to 5' each. 

Tl'.e next thing to be considered is, liow to make tlie roller 
measure the circle. As two microscopes are here necessary, 
and those which I use are very simple, I will in this place 

• Rufficient spring for keepinr^ the roller in close end uniform contact with 
the edge of the circle, is found in tlie apparatus, witiiout anv particular con¬ 
trivance tor that purp '^e ; th.e bending tlie pillars ot the secondary frames 
and of the axis ol the icllcr, clueny supplies this property. 

give 
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give a description of them. Fig. 6 is a section of the full 
size, and sufficiently explains "their construction, and the 
position of the glasses; but the micrometer part and man¬ 
ner of mounting it, are better shown at H, in fig. i and 2. 
The micrometer part consists of an oblong square Ir.une, 
■which is soldered into a slit, cut at right angles in the main 
tube; another similar piece nicely fitted into the former, 
and Jiaving a small motion at right angles to the axis of the 
microscope, has at one end a cylindrical guide pin, and at 
the other a micrometer screw; a spring of steel wire is also 
applied, as seen in the section, to prevent play, by keeping 
the head of the micrometer in close contact with the fixed 
frame. This head is divided into one hundred parts, which 
kre numbered each way to 50; the use of which will be 
shown hereafter. A fine wire is stretched across the move- 
able frame, for the purpose of bisecting fine dots. Two of 
these microscopes are necessary; also a third, which need 
not have the divided head, and must have in tlie moveable 
frame two wires crossing each other at an angle of about 30®; 
this microscope is shown at I, fig. l. In the two first mi¬ 
crometers, a division of the head is of the value of about 
0"*2, and the power and distinctness such,.that when great 
care is taken, a much greater error than tp the apiount of 
one of these divisions cannot w'cll be Committed in setting 
the wire across the image of a well made dot. The doubfe 
eye-glass has a motion by hand, for producing distinct vision 
of the wire; and distinct vision of the dots is procured by a 
similar adjustment of the whole microscope. 

i he first step towards sizing the roller, is to compute its 
dianiclcr acconling to the measure of the circle, and to re¬ 
duce it agreeably thereto, taking care to leave it a small 
maUer too large. The second step is, after having brought 
the roller into its place in the plate BB, to make a mark 
upon the sin face of the circle near the edge, and a similar 
one upon the roller, exactly opposite each other; then carry 
the apparatus forward with a steady hand, until the roller 
has made sixteen revolutions. If, now, the mark upon the 

roller, fry having over-readied the one upon the circle, shows 
it to be much too large, take it out of the frame and reduce 
it by turning accordingly: when, by repeating this, it is 
found to be very near, it may be turned about *001 of an 
inch smaller on the lower edgt', and so far its preparation is 
completed. The third and last step is, (he use and adapta¬ 
tion of lire' tw'o microscopes; one of these must take its po¬ 
sition at H in fig. l, viewing a small well-defined dot made 

for the purpose on ihc circle; the other, not represented in 

8 the 
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the fiffiire, must aUo be fixed to the main plate of ficr. as 
near to the former as jiossiblc, but viewing 0113 of ihe divi¬ 
sions on the roller. With a due attention to eaeh micro¬ 
scope, it will now be seen to the greatest exactness " hen, 
by raising or depressing the roller, its commensurate diame¬ 
ter is found. 

Fig. 3 is a represei tation of the apparatus for transferring 
the divisions of the roller to the circle. It consists of two 
slender barr>, which, being seen edgewise in the figure, have 
only the appearance of narrow lines; but, when looked at 
from above, they resemble the lorm of the letter A. 'fhey 
are fastened to the main frame, as at W and Z bv short 
pillars, having also the off leg of the angle secured in the 
same manner; \ is a line conical steel, point for making the 
tlots, and X is a feeler, wherebv the point Y may be pressed 
down with a uniform force, winch force niav he 'acliusted. 
by bending the end of the bar just above the point, so as to 
make the dots of the proper size. I'he point Y vields most 
readily ro a perpendicular action ; hut is amply secured against 
any eccentric or lateral deviation. 

The apparatus, so I’ar described, is complete for laying 
our foundation, i. c. making 256 primary'dots ; no matter 
whether with perfect truth, or not, as was said respecting the 
divisions of the roller; precision in either is not to be ex¬ 
pected, nor wished; hut it is of some importance, that they 
should be all of the same size, concentric, small, and round, 
'j'hey should occupv a position very near the extreme border 
of the circle, as well to give them the greatest radius pos¬ 
sible, as that there should be room for the stationary mi- 
croscop/C and othe mechanism, which will he described 
hereafter. 

It must' be noticed, that there is a clamp and a-cljusting 
screw attached to the main plate of fig. 1 ; but, as it differs 
in no respect from tlie usual contrivances for quick and slow 
motion, it has been judged unnecessary to incumber the 
.drawing with it. 

Now, the roller having been adjusted, with one micro¬ 
scope fJ u[)on its proj^er dot on the circle, and the other mi¬ 
croscope at the first division on the roller ; place the apoa- 
ratus of fig. 3 so that the dotting point Y may stand directly 
over the place wdiich is designed for the beginning of the di¬ 
visions. In this position of things, let the feeler X be pressed 
tiown, until its lower end comes in contact with the circle; 
this will carry down the point, and make the first impres¬ 
sion, or primary dot, upon the circle ; unclamp th<' appa¬ 
ratus, and carry it forwards by hand, until another divisioa 

of 
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of the roller come? itear ‘he wire of the microscope ; then 
clamp it, and with the screw motion make the coincidence 
complete; where again press upon the feeler for the secora! dot: 
proceed in this manner until the whole round is completed. 

From these 256 erroneous divisions, by a certain course of 
examination, and by computation, to ascertain their abso¬ 
lute and individual errors, and to form these errors into con- 
veiiKut tables, is the next part of the process, and makes a 

vcrv im^.^crfant brancli of my method of dividing;. 
The apparatus must now he. taken olf, and the circle 

mounted in the same manner that it will be in the ohser- 
vaiorv. The two microscopes, which have divided heads, 
must also be firmly fixed to the support of the instrument, 
on opposite sides, and their wires brought to bisect the first 
dot, and the one which should be 180^ distant. Now, the 
microscopes remaining fixed, turn the circle half round, or 
until the first microscope coincides with the opposite dot ; 
and, if the other microscope be exactly at the other dot, it 
is obvious that these dots are 1 SO^ apart, or in the true dia¬ 
meter of the circle; and if tliey dis.agrec, it is obvious tltat 
half the quantity by which they disagree, as measured by 
the divisions of the micrometer head, is the error of the op¬ 
posite division ; for the quantity measured is that by which 
the greater portion of the circle exceeds the less. It is con¬ 
venient to note these errors -f or —, as the dots are found 
too forward or too backward, according to the numbering of 
the degrees; and for the purpose of distinguishing the + 
and — errors, the heads, as mentioned before, are num¬ 
bered backwards and forwards to fil'ty. One of the micro¬ 
scopes rentaining as before, remove the other to a position 
at right angles; and, considering for the present both the 
former dots to be true, examine the others by them ; i. e, as 
before, try by the micrometer how many divisions of the 
head the greater half of the senn-ciicle exceeds the less, and 
note half the quantity -p or —, as before, and do the same 
for the other semi-circle. One of the micrometers must now 
be set at an angle of 45” with the other, and the half difife- 
rcnces of the tw'o parts of each of the four quadrants regis¬ 
tered with their respective signs. When the circle is a ver¬ 
tical one, as in the present instance, it is much the best to 
proceed so far in the examination with it in that position, 
for fear of any general bending or spring of the figure; but, 
for the examination of smaller arcs than 45*^, it will be per¬ 
fectly safe, and more convenient, to hav-e it horizontal ; be¬ 
cause the dividing apparatus will then carry the micrometers, 
several perforations being made in the plate B for the limb to 

be 
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be seen iVirouah at proper Intervals, 'fhe micrometers must 
now be placed at a distance of 22° 3c/, and the half diflerences 
ot the parts of all the arcs of 45° measured and noted as be¬ 
fore ] thus descendino; by bisections to 1 1° 15', 5° 3/' 30", 
and 2^ 4b' 45'. Half this last c|uaniity is too small to allow 
the micrometers to be broufjht near cnonoh ; but it will have 
the desired eH'ect, if they are placed at that quaniilv and its 
half, i. e. 4^ 13' 7"*5; in which case the examination, in¬ 
stead of being made at the next, will take place at the next 
division but one, to that which is the subject of trial. Du- 

I rincT the whole of the time that the examination is made, all 
the dots, except the one under examination, are for the pre¬ 
sent supposed to be in their true places; and the only thing 
in this most important part of the business, from first to last, 
is to ascertain with the utmost care, in divisions of the mi¬ 
crometer head,' how much one of the parts of the interval 
under examination exceeds the other, and carefully to tabu¬ 
late the half of their dilference. 

I will suppose that every one, -who attempts to‘divide a 
large astronomical instrument, will have it engraved first. 
Dividing is a most delicate operation, and every coarser one 
should precede it. Besides, its being numl)ered is particu¬ 
larly useful to distinguish one dot from another: thus, in 
the two annexed tables of errors, the side columns give signi¬ 
ficant names to every dot, in terms of its value to theliearest 
tenth of a deforce, and the mistaking of one for another is 
rendered nearly imposaihle. 

I'he forevoins: examination furnishes materials for the 
« •% 

construction of the table of half differences, or apparent 
errors^. Die first line of this table consists of two varie¬ 
ties ; i. e. the micrometers were at 180° distance for obtain¬ 
ing the numbers winch fill the columns of the first and third 
quadrant ; and at QO'", for those of the second and fourth 
ouadrant. The third variety makes one line, and w'as ob-- 
tained wdth a distance of 45^^: the fourth consists of two 
lines, with a distance of 22^ 30': the fifth of four lines, 
with a distance of 11^ 15"': the sixth of eight lines, with a 
distance of 5" 37'30":«the seventh of sixteen lines, w^ith 
a distance of 2°4S'45": and the eighth and last variety, 
being the remainder of the table, consists of th’irty-two lines, 
and w'as obtained with a distance of 4^ 13' 7"’5. 

The table of apparent errors, or half differences, just ex- 

* If the table of real errors be computed as the work of eKamuiation pro¬ 
ceeds, there will be no occasion for this table at all; bat, I think it best not 
to let one part interfere with anollter, and therefore I exaihiue the whole 
before I begin to compute. - - 

plained. 
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plained, furni^^hes data for computing the table of real errors. 
Idle rule is this : Let a be the real error of ihe preceding dot, 
and h that of the following one, and c the apparent error, 
taken from the table of half differences, of the dot under 

investigation ; then is —' — -f c = its real error. But, as 

this simple expression may not be so generally understood 
by workmen as [ wish, it may be necessary to say the same 
thing less concisely. If the real emors of the precedingand 
following dots are both +, or both —, take half their sum 
and prefix thereto the common sign ; but, if one of them is 

and the other —, take half '.iieir difference, prefixing 
the sign of the greater quantity : again, if the apparent error 
of the dot under investigation has the same sign of thequan-r 
tiiv found above, give to their sum th.e common sima, for 
the real error; but if their signs are contrary, give to their 
difference the sign of the greater for the real error. I add a 

. O 

few examples. ' 
Example I. 

For the first point of the second quadrant. 
Beal error of the first point of the first quadant - 0‘0 
Beal errror of the first point of the third quadrant — 6*9 
Half sum or half difference - - ‘ - — 3*4 
Apparent error of the dot under trial - -f- ^2-2 
Beal error - - - - 8’S 

Example II. 
For the point 45® of the second quadrant. 
Beal error of the first point of the quadrant - -f- 8*S 

• Beal error of'the last point of the quadrant - ^ — 6'9 
Half difference - - - - -f- 0’9 
Apparent error of the dot under trial - - — 8*9 
Beal error - - - _ - _ s-q 

Example HI. 
Point 88°*6, or last point, of the third quadrant. 
Beal error of the point 84°‘4 of the third quadrant —21*0 
Beal error of the point 2°*8 of the fourth quadrant — 2*9 
Half sum - - - - —11-9 
Apparent error of the dot under trial - — 4*0 
Beal error - - - - >_15*g 

Example IV. 
Point 88®’6, or^Iast, of the fourth quadrant. 
Beal error of the point 84°'4 of the fourth quadrant — 21*6 
Beal error of the point 2°*8 of the first quadrant —10‘2 
Half sum - - - - —15*9 
Apparrent error of the dot under trial - + 9*5 
Beal error - - - - — ()*4 

It 



On dividing Instruments, 95 

It is convenient, in the formation of the table of real er¬ 
rors, that thev should be inserted in the order of the num- 
hering of the degrees on their respective quadrants although 
their computation necessarily took place in the order in 
which the examination was carried on, or according to the 
arrangement in the table of apparent errors. The first dot 
of the first quadrant having been assumed to be in its true 
place, the first of the third quadrant will err by just half the 
difference found by the examination; therefore these errors 

! arealike in both tables. 'Fhe real error of the first dot of the 
: second quadrant comes out in the first example; that of the 
; fourth was found in like manner, and completes the first line, 
’ It is convenient to put the error of the division 9Q° of each 
' quadrant at the bottom of each column, although it is the 
i same as the point 0^ on the following quadrant. The line 
^ of -13° is next filled up ; the second example shows this ; but 

there is no occasion to dwell longer upon this explanation; 
j for everv one, who is at all fit for such pursuits, will think 

what has already been said fully sufficient for his purpose. 
However, I will just mention that there can be no danger, 
in the formation of this table, of taking from a wrong line 
the real errors which are tf) be the criterion for finding that 
of the one under trial; because thev are in the line next to 
it ; the others, which intervene in the full table, not being 
yet inserted. The last course of all is, however, an excep¬ 
tion ; for, as the examining: niicroscopes could not be brought 
near enough to bisect the angle 2-^ 48' 43", recourse w'as had 
to that quantity and its half; on which account the examina¬ 
tion is prosecuted bv using errors at two lines distance, as is 
shown in the two last examples. 

Wh en the table of real errors is constructed, the other 
table, although it is of no further use, should not be throw^ii 
awav; for, if any material mistake has been committed, it 
will be discovered as the operation of dividing is carried on ; 
and, in that case, the table of apparent errors must be had 
recourse to : indeed, not a fiemre stiould be destnn’ed until 
the work is done. 

[To be continued.] 
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XIV. On. Cry-tallagrnphy. % M. Hauy. Trmisla/edjiom 
the Iasi Paris Edition of his 'Fraite de Mineralogic. 

[Continued from p. 69 ] , 

OF CRYSTALLIZATION. 

E have been led by observation and reasoning to ascer¬ 
tain that nunerals were composed of similar integrant mole¬ 
cules. The way in which'ihey aFe mechanically divided has 
besides proved to ns,/ that the cause which solicited these" 
molecules to be nuitnally attracted, reunited them in rows 
upon planes situated in the direction of- llieir ditTerent 
faces. These considerations v\'ere usehil for preparing the 
development of another very remarkable result of the laws 
of affinity, winch is referred to the external configuration 

most fertile 
ects. 

Such therefore is the action of these laws upon integrant 
molecules, that, when nothing disturbs it, the assemblages 
of these molecules are terminated by plane sindaccs, whence 

. resiiii regular forms similar to those of geometrical solid'. 
We have frequent examples of this regularity in the garnet, 
topaz, emerald, carbonated lime, sulphated barytes, &c. ; 
and ill a great number of metaiiic substances, 'fhe sight of 
these polyhedrons always excites the surprise of a person to 
whom they are for the'first time presented, and they must 
frequently be shown to him incrusled with their native earth 
be tore he can believe in the geometry of nature. 

All these regular bodies have been received under the com¬ 
mon denomination of cn/s/aA*. ddre term crystallizafion^ 
whi'eb would at first sight appear to apply only to the species 
of operation from which crystals are produced, has geneially 
a more extensive signification. It exprA'sscs in general every 
assemblage of molecules in solid masses by the help of affi¬ 
nity. If these masses have a symmetrica] aspect, they wdl 
be the products of regular crystallization properly so called. 
If their form is vague, and cannot be determined in a precise 
manner, they will belong to confiiseJ crystallization. 

The attractive forces wiiich solicit the molecules of a mi¬ 
neral, suspended in a liquid, liave a certain reference with 
the figure of these molecules, and it is in this rtdation that 
the tendency consists which the molecules have of ihcm- 

^ selves to unite conformably to the laws of a regular aggre¬ 
gation, But in order that they may attain this object, they 

* The origin of this word will be found under the article of Quartz. 

must 

ofnvinerals, and has given birth timnie of the 
brandies of the science of which they are the obj 
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must have leisure to seek each other, to apply to each other 
by proper surfaces, and to concur all at the same time to the 
harmony which ought to result from their aggregation. The 
liquid must he in a state of repose j.its own molecules must 
slowly abandon those of the mineral, in order to place them 
in the position most favourable to affinitv, and the cavity must 
be spacious enough, and the liquid sufficiently abundant, for 
the crvstalline molecules to swim in it at full liberty. 

If these conditions are not fulfilled; if it happens, for 
instance, that the liquid is rapidly evaporated, or that any 
agitation is produced in it, these accidents, which we may 
regard as disturbing causes of crystallization, will in some 
measure disarrange the molecules, and force them to be tu¬ 
multuously precipitated upon each other; and, as a neces¬ 
sary consequence, the traces of the geometrical form which 
would have taken place in the event of a slow and tranquil 
•aggregation will be more or less altered*. 

But as we are only to speak here of crystallization properly 
so called, an important consideration in the first place pre¬ 
sents itself,—a consideration which places minerals by the 
side of organic beings. In the vegetable kingdom, for in¬ 
stance, all the individuals of the same species seem to have 
been made after one common model, i. e. their flower is 
composed of parts equal in number and similar in figure; 
their leaves have the same arrangement, the same contours, 
8cc.—the diversities consist of but light and fugitive shades. 
In short, when w'e have seen a single plant, w'e have seen the 
whole species. 

It is totally diflerent with respect to minerals. Frequently 
crystals originating from one and the same substance assume 

‘ very different forms, all equally distinct, and executed with 
1 

I 

1 
1 
* 

* The crystals formed in one and the same liquid around different centres 
of action more or less closely connected with each other, compose groups in 
which they are situated sometimes parallel to each other, and sometimes 
crossing each other in different directions, in such a way that they frequently 
enough appear to penetrate each other mutually. It also happens very gene¬ 
rally that they are only salient at one of their parts, above the substance 
which serves as a support to them. It is a fortunate circumstance when a 
crystal belongs to the group only by a point, so that its position isolates it in 
some measure, and permits its form to be entirely developed to the eyes of an 
observer. But most of the crystals which offer this advantage have been ex¬ 
tracted from certain earthy masses in which they were really solitary, and in 
the midst of which they are formed at the time when these earths were diluted 
in an aqueous fluid. We may conceive this formation from an experiment of 
Pelletier, who, having placed argil soaked in a solution of alum, cut this 
argil Into pieces when it was dry, and found internally cry'stals of alum of the 
size of a pea. Hence he concluded that the crystalline molecules might liave 
had the power of displacing the argillaceous molecules, and of removing thon^ 
obstacles which opposed their unicin.—uVIem. et O^'-ferv. cLe Chimu’t t. i. p. SI.. 

V0L34. No, 136. Angiist 1800. G similar 
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similar precision. Carbonated lime, for instance, assnm'es^,. 
according to circumstances, the form of a rhomboid ] of a 
regular hexahedral prism ; of a solid terminated by twelve 
scalene angles ; or of a dodecahedron with pentagonal faces, 
&c. Sulphuretted iron, or ferruginous pyrites, produces 
sometimes cubes and sometimes regidar octahedrons; here 
dodecahedrons with pentagonal faces, there icosahedrons 
with triantrular faces, &c. 

It is true that, amone; the varieties of one and the same 
species, it often happens that a more compound form differs 
from a more simple form only by certain facets, similar to 
those which would result from sections made on the solid 
angles^^ or on the ridges of the latter^. Pyrites, for in¬ 
stance, sometimes assumes-the form of a cube, the eight 
solid angles of which being beaten down would expose to 
view so many .triangular facets, in such a manner that this 
form may be considered as the passage from the cub^ to the 
octahedron, with which it is connected by its eight equila¬ 
teral triangles, which are situated like the faces of this se¬ 
cond solid. 

But in addition to these transitions being already very 
singular in themselves, as appertaining to moditicatrons much 
more sensible than seems to be necessary to distinguish sim¬ 
ple varieties, we find on the other hand certain crystalline 
forms, which, by a singularity still more remarkable, do not 
exhibit any vestiges of common parts, and present the ap¬ 
pearance of a complete metamorphose of the mineral from 
which they derive their origin. And in order to cite a new 
example, let us place by the side of each other the regular 
hexahedral prism of carbonated lime, (PI. I., fig. 1.) and 
the scalene dodecahedron with scalene triangular faces 
(fig. 6.). We can scarcely conceive how two polyhedrons, so 
dissimilar at first view, come to touch together, and are as 
if confounded in the crystallization of one and the same 
mineral. 

In short, as if the results of this operation of Nature were 
destined to excite astonishment of every kind, while one and 
the same substance lends itself to so many transformations, 
we meet very different substances, which present absolutely 
the saihe form. Thus fiuated lime, muriated soda, sulphu¬ 
retted iron, sulphuretted lead, &c., crystallize in cubes un¬ 
der certain circumstances; and in other cases, the same 

This idea sug'g’csted to M. Rome de Tlsle the method of truncatures, 
for enabling us to derive from each other the difierent varieties of crystalline 
forms vv^hich, should belong to one and the same substance. 

minerals. 
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Tnlnerals, as well as sulphated alumine arid the diamond, 
assume the turm of a regular octahedron 

It was this similitude of forms which, at a time when 
the studv of crystallization was scarcely in its infancy, in¬ 
clined Linnaeus" to think that the salts should be regarded as - 
the generators of crystallization ; that the union ot any given 
salt with a given kind of stone was a sort of fecundation 
which Qominunicated to the stone the property of crystal¬ 
lizing under the form peculiar to the salt which pcrfornred 
the function of the fecundating principle f. The diamond, 
for instance, be considered as a species of alum, because it 
crystallizes like the latter, and he gave it the name of alumen 
adamnsX> Thus Linnaeus thought he found in tlie mineral 
kingdom the basis of the sexual system, of which he made 
so advantacieous an use in Botany. We know that lourne- 
fort, on observing the ramified stalactites of the Grotto of 
Antiparos, imagined that stones vegetated in the same way 
as plants. Botany was the favourite study of these two ce¬ 
lebrated men, and all Nature, in their opinion, spoke the 
language of their favourite study. 

Linnaeus subjoined to his work some ^descriptions and 
iitTures of crystals, which W'ere sufficiently accurate, consi¬ 
dering the state of science at the time; and in this respect he 

’ may be regarded as the founder of crystallography. 
Latterly, Rome de ITsle has referred the study of cry- 

I stallization to principles more and more conformable to ob- 
i servation. He arranged together, as far as possible, crystals 
I of the same nature. Among the different forms relative to 
’ each species, he chose one as the most proper, from its sim¬ 

plicity, to be regarded as the primitive form ; and by sup¬ 
posing if truncaled in different ways, he deduced the other 
forms from it, and determined a gradation, a series of Irans- 

i itions between this same form and that of polyhedrons, - 
i which seemed to be still further removed from it. To the 
j descriptions and figures v>/hich he gave of the crystalline 
! forms, he added the results of the mechanical measurement 

* We shall presently explain the reasons which can assist us in conceiving; 
the nature of this resemblance in configuration between minerals of various 

descriptions. 
f Lrrm<ei Amcenit. Acad, tome i. p- 466 Sc seq. 
t Tlie learned author of this classification was well aware that, among the 

bodies which he associated under one and the same species, severtrl presented 
a form different from that which was the type of the species. But he tried 
to bring them to this last form according to some vague traces of resemblance 
which he caught from their external aspect; and as but a very small number 
of crystalline forms had been at that time observed, the most of them ex- 
tremelv simple, these similarities, which would have been impracticable m 
Uie oresent advanced state of science, w^ere then of less difKcult classification. 
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of their principal angles, and showed (v;hat was a very es¬ 
sential point) that these angles were constant in each va¬ 
riety. In a word, his crystallography is the production of a 
very extensive and highly useful course of study. 

The illustrious B-ergman, by endeavouring to penetrate to 
the mechanism of the structure of crystals, considered the 
different forms relative to one and the same substance as 
produced by a superposition of planes, sometimes constant 
and sometimes variable, and decreasing around one and the 
same primitive form. He applied this primitive idea to a 
small number of crystalline forms, and verified it with re¬ 
spect to a variety of calcareous spar* by fractures, which 
enabled him to ascertain the position of the nucleus, or of 
the primitive form, and the successive order of the laminae? 
covering this nucleus. Bergman, however, stopped here, 
^nd did not trouble himself either with determining the laws 
of structure, or applying calculation to if. It was a simple 
sketch, drawn en passant, of the most prominent point of 
view in mineralogy, but in which we see the hand of the 
same master who so successfully filled up the outlines of 
chemistry. 

In the researches which T undertook about the same pe¬ 
riod on the structure of crystals f, I proposed combining 
the form and dimensions of integrant molecules with simple 
and regular laws of arrangement, and submitting these laws 
to calculation. This work produced a mathematical theory, 
which I reduced to analytical formulae, representing every 
possible case, and the application of which to known forms 
leads to valuations of angles constantly agreeing with obser¬ 
vation. I shall explain the principles of this theory by the 
help of reasoning alone, and of some projections which will 
facilitate their explanation. Geometricians may acquire a 
more correct and more detailed knowledge of the subject by 
perusing the calculations which are given separately in this 
work. 

THEORY OP THE STRUCTURE OF GRYSTALS. 

Primitive Forms.—^The idea of referring to one of the same 
primitive forms all the forms which may be assumed by a 
mineral substance, of which the rest may be regarded as 
being modifications only, has frequently suggested itself to 
various naturalists who have made crystallography their study. 
It was in consequence of having regarded it in a false point 

* This is what has been called dent de cochnn, but which I call metaslalir, 
•\ The members of the Academy of Sciences were acqu.nnted .with my first 

T-ssays on this subject, when they received Bergman’s Memoir, which was 
cenwmmicated to me as being interesting. 

of 
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of view that Linnoeus was led astray in his methodical dis- 
j 

•tribution of crystals, Rome de Tlsle, by employing it with 
more art and justice, avoided the breaches of natural con¬ 
nections which disficrure the system of the Swedish natu- 
ralist. But there was something arbitrary in the choice of 
the forms which De I’lsle regarded as primitive, by consult¬ 
ing only the external aspect of crystals, without regarding 
their structure, Bergmaai, who had so successfully seized 
the nucleus of carbonated lime, by mechanically dividing 
the metastatic crystal, was not equally fortunate with respect 
to several other crystals, and in particular with respect W 
the dodecahedron variety of the same substance which was 
then called t^e de clou (nail head). It would result from 
the explanation which he gives of the structure of this cry¬ 
stal, that its nucleus should have angles totally different 
from those of the true; and Bergman has even been obliged 
to suppose that the planes which he calls fundarnental were 
truncated in the present case, which presented a new excep¬ 
tion to the principle on which his system was founded*. 

I’he mechanical division of minerals, which is the only 
method of ascertaining their true primitive form, proves 
that this form is invariable while we operate upon the same 
substance, however diversided or dissimilar the forms of the 
crystals belonging to this substance may be. 7’wm or three 
examples will serve to place this truth in its proper light. 

Take a regular hexahedral prism of carbonated lime (PL I. 
figs. I and 2). If you try to divide it parallel to the edges 
which form the contours of the bases, you will find that 
three of these ed^eg taken alternately in the upper part, for 
instance, the edges If, c d, b in, may be referred to this 
division: and in order to succeed in the same way with re¬ 
spect to the inferior base, we must choose, not the edges 
C f', c' of, U m, which correspond with the preceding, but 
the intermediate edges d' f', b' c, I'm'. 

The six sections will uncover an equal number of trape¬ 
ziums, Three of the latter are represented upon fig. 2, viz. 
the two which intercept the edges If, c d, and are designated 
hy pp 00, aa kk, and that which intercepts the lower edge 
d'f', and which is marked by the letters nn it. 

Each of these trapeziums will have a lustre and polish, 
'from which we may easily ascertain that it coincides with 
one of the natural joints of which the prism is the assem¬ 
blage. Yon may attempt in vain to divide the prism in any 
other direction. But if you continue the division parallel 

• See the remarks on this head in my Essay towards a Theory of the 
Structure oX Crystals,—See Philosophical Magazine, vol. i. p. 35 et seq. 
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to the first sections, it will happen that on one hand the 
surfaces of the bases will always become narrower, while on 
the other hand the altitudes of the panes will decrease; and 
at the term at which the bases have disappeared, the prism 
will be changed into a dodecahedron (fig. 3,) with penta- 
croiial faces, SIX of which, such as o o z O e, olkii, &c., will 
be the residues of the panes of the prism ; and the six otheYS 
EA I 00, O A^Kzz, &c. wfili be the immediate result of the 

mechanical division^'. 
Beyond this same term, the extreme faces will preserve 

their figure and dimensions, while the lateral faces will inces¬ 
santly diminish in height, until the points o, k, of the pen¬ 
tagon ol ^ ii, coming to be confounded with the points z, z, 
and so on with the other points similarly situated, each penta¬ 
gon will be reduced to a. simple triangle, as we see infig.4.t 

Lastly, when new sections have obliterated these triangles, 
so that no vestige of the surface of the prism remains, (fig. 1,) 
you will have the nucleus or the primitive form, which wih 
be an obtuse rhomboid I, (fig. 5,) the grand angle of which 

EAIorEOIis 10l°32' 13"§. 
The observation I have detailed is that which served tor 

developing my ideas on the structure of crystals, and has 
been the key of the theory : it occurred to me on the oc¬ 
casion of a crystal being presented to me by citizen De- 
france from his mineralogical collection. The prism had 
a single fracture at the place of one of the edges situated 
around the base, by which it had adhered to the remains of 
the group. Instead of placing it in my collection, I tried 
to divide it in other directions; and 1 succeeded after some 

* We have continued to represent the hexahedral prism circumscribed by 
the solid from which we extract it, by dividing it, in order that the progress 

of the operation may be more easily conceived- 
+ The points which are confounded, two and two, upon this figure are each 

marked with the two letters which served to designate them when they vveie 

separated, as in fig. 3. , . • i u • ^ 
1 I denominate as a rhoml-oid a parallelopipedon, terminated by six equai 

and similar rhombuses. Two of the solid angles, such as A, A, opposed to 
each other, are formed by the union of three equal plane angles. Each of the 
six others is formed by a plane angle equal to the preceding ones, and by two 
angles vvhich'are supplements to them. The points A, A , are the summits, 
and the line which proceeds from fhe one to the other is the axis. We always 
suppose the rhomboid situated so as to make its axis vertical. In any single 
face such as AE O I, the line drawn from' E to I is the horizontal diagonal, 
and that from A to O is the oblique diagonal. The rhomboid is obtuse or acute, 
accordingly as the angle contiguous to the summit is itself obtuse or acute. 

§ I have observed that each trapezium, such as p p u o (fig. 2,) uncoverefd 
by the first sections, was very sensibly inclined from the same quantity, as 
•^ell upon the residue pp debvi ot the base, as upon the residue ^ 
the adjacent pane. Setting out from this equality of inclinations, we deduce 
from it by calculation the value of the angles with the precision of mmutes 
and seconds, which mechanical measurements are not capable of attaining. 

to 
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intflectual attempts in extracting its rhomboi'dal nucleus, 
which excited my surprise, iiu^ced with the hope that I 
might succeed still further. 

Let us take as a second example—the metastatic crystal 
(fig. 6,) the nucleus of which was found by Bergman. You 
may obtain this nucleus speedily by making; a first sec¬ 
tion upon the edges EO, Oi; a second upon the edges 
IK, G K ; a third upon G H, E H ; -a fourth upon O I, IK; 
a fifth upon GK, GH; lastly, a sixth upon E H, EO; 
whence it follows, that the edges of which we are speaking 
are confounded with the lateral edges of the primitive form, 
as we may judge from a simple inspection of fig. 7? which 
represents this primitive form inscribed in the dodecahedron 
with scalene triansrles. 

There exist many other varieties of caroonated lime, se¬ 
veral of which have very compound forms, and all of them 
contain a nucleus precisely similar to that under considera¬ 
tion. But if it be singular to see this nucleus issue ^rom 
varieties which arc removed from it mostly by their configu¬ 
ration, we have far less reason to expect it in those wKich 
of themseives have a rhomboidal form w'ith different mea¬ 
surements of angles. We arc at present acquainted with 
five of these rhomboids*, one of which is much more ob¬ 
tuse than the nucleus, and the four others have summits al¬ 
ways more acute. This gradation, all the terms of which 
are referred to one and the same species of solid, would seem 
at fir^t sight to give some colour to the opinion that primi¬ 
tive forms are not constant relative to one atid the same 
tnineral. But I have ascertained that all these rhomboids 
concur in exhibiting, by sections made in different direc'- 
tions, a nucleus similar to that whose grand angle is 
101° 32'; and thus the paradox which arises from the diver¬ 
sity of their angles is cleared u,p by the double employment 

^ Beginning with that wliich is obtuse., we have the following values for 
tfie plane angle of the summit; 

1M0 18'56" 
87 42 30 
75 31 20 
45 34 22 
37 31 4 

Mineralogists for a long p.£?rIod have only been acquainted with the first 
and third of these rhomboids. We see from Bergman’s memoir, which I have 
already quoted, that he confounded the rhomboid 114“ 18' with the pri¬ 
mitive, in which the angle of the summits is 101“ 32'. On the Other hand, 

■^onie de I’Isle considered that of 75“ 3l' as a second primitive form of cal¬ 
careous spars, hecaiiic he saw no method of referring it, even by truucatures, 
to that of 101“ 32'. See Bergman s work on the diaracter of minerals.— 
Tableau Lilhologique. 
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of the rhomboidal form which serves here’ to disguise itself, 
and conceals fixed characters under variable outsides. 

Let us choose for instance, among these different rhom¬ 
boids, that in which the angle at the summit is 75° 3l' 20", 
and which is represented fig. 8, circumscribed to its nucleus. 
Rome cle Tlsle called it muriatic calcareous spar, and I 
denominate it inverse carhonated Lime, In order to divide 
this rhomboid mechanically, the secting planes must be di¬ 
rected parallel to the six extreme edges; viz. sty s u, s?iy 
on one hand, and sfy sid, sn'y on the other, in such a 
way that these planes are equally inclined upon the faces 
which they cut into. The first sections will exhibit six pen¬ 
tagons rr r r r'r' (fig. 9), parallel to the faces of the nu¬ 
cleus ; and it is easy to conceive, that by continuing the di¬ 
vision always in the same direction, until the residues of the 
faces of the rhomboid A (fig. 8) have disappeared, we 
shall have a new rhomboid, which will be the primitive 
form. 

We mav remark, that the faces of this last rhomboid are 
inclined in the same quantity upon the common axis, with 
the edges s ty su, s n, &c., to w'hich these faces are parallel. 
Now the edges in question form with the axis larger angles 
than the oblique diagonals drawn from s to n\ from s to T, 
from s to ?/, or, v\ hat comes to the same thing, than the 
faces s t nf u, s n t' Uy s t it n ; whence we conclude thaf 
in the rhomboid, extracted by mechanical division, the 
angle of the summit should be sensibly more open than tha^ 
which corresponds with it in the divided rhomboid. Fron^ 
what has been said above, this last angle is smaller than thp 
other bv 28'^ 0^ 53 

If we try to divide a crystal of another species, you will 
have a different nucleus. For instance, a cube of floated 
lime will give a regular octahedron, which you will succeed 
in extracting by dividing the cube upon its eight solid angles, 
which will in the first place discover eight equilateral tri¬ 
angles, and by pursuing the division, always parallel to the 
first sections, until nothing more remains of the faces of the 
cube, the nucleus of the crystals of sulpbated barytes will 
be a straight prism with rhombous bases ; that of the crystals 
of phosphated lime a regular hexahedral prism ; that of sul¬ 
phuretted lead a cube, &c.; and each of these forms will be 
constant relative to the entire species, in such a manner 
that its angles will not undergo any appreciable variation. 

With regard to crystals which refuse to be mechanically 
divided, the theory seconded by certain indications^ which 
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wc shall presently speak of, may lead to the determination 
of their primitive forms, at least with a great probability of 
accuracy. 

Having adopted the word pr'imhtwe form^ in order to de¬ 
signate the nucleus of crystals, we shall call secondary forms 
such varieties as differ from the primitive form. 

In certain species, crystallization also produces this last form 
immediately, d'here exist, for example, calcareous crystals 
which differ in no respect from the rhomboid which we extract 
from the regular iicxahedral prism, and from the other varie¬ 
ties which we have mentioned. Besides, it frequently happens 
also, that anu^ng the faces of a secondary crystaj there are 
some which are parallel to those of the primitive form. Thus 
we find crystals of carbonated lime, which are similar to 
that of fig. 3, and on whicli crystallization has left pentagonal 
planes,'such as A E 00 I, AE/^/^G, &c., situated like those 
w'hich we expose by dividing the hcxahcdral prism repre¬ 
sented in fig. 1. In such cases as these, the route is as it wxre 
traced out before hand, previous to arriving at the nucleus. 

W e mav define the primitive form a solid of a constant 
form, engaged symmetrically in all the crystals of one and the 
same species, and the faces of Vvhich follow the directions of 
the laminae which form these crystals. 

The primitive forms hitherto observed are reduced to six, 
i viz.: the parallelopipedon, the octahedron, the tetrahedron, 
; the regular hexahedral prism, the dodecahedron with rhom- 
I bous planes, all equal and similar, and the douccahedron with 
j triangular planes, composed of two straight pyramids joined 

base to base. 
: Forms of integrrayit Molecules,—The nucleus of a crystal 
i is not the last term of its mechanical division. It mav al- 
, ways be subdivided parallel to its different faces, and some- 
j times in other directions also. The whole of the surround- 
i ing substance is capable of being divided by strokes parallel 

to those which take jilace with respect to the primitive forni'. 
Reasoning here as we have done with respect to the me¬ 
chanical division of common salt, we conclude that the 
limit of the mechanical division which we may opcr4te in 
any given crystal, ought to give the form of the integrant 
molecule peculiar to the kind of mineral of which this cry¬ 
stal is the primitive. 

If the nucleus be a parallelopipedon which cannot be sub¬ 
divided except by blows parallel to its faces, like that which 
takes plac-e with respect to carbonated lime, it is evident that 
the integrant molecule will be similar to this pucleus itself. 
• But it may happen that the parallelopipedon admits of 

further 
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further sections in other directions than the former. Let u% 
conceive for example, that it is a rhomboid A K H (fig. 10), 
directly divisible parallel to the six rhombuses which ter¬ 
minate it, and with the help of planes, each of which passes 
by an oblique diagonal A O, by the axis A'A, and by the 
edge A' O, comprehended between the same diagonal and 

' the axis. These sections will detach six tetrahedrons, which 
have been figured separately around the rhomboid, in posi¬ 
tions analogous to those which they had when joined in one 
single body, in such a way that we follow as it were with 
the eye the species of decomposition of the rhomboid from 
which they proceed. Now these tetrahedrons represent the in¬ 
tegrant molecules of the substance of which the rhomboid is 
the primitive form. Such is the structure of the tourmaline. 

Let us take another substance, such as phosphated lime, 
the primitive form of which is the regular hexahedral prism. 
In this case the molecule will be still different from the nu¬ 
cleus, although this last cannot be subdivided except 
parallel with its faces, i. e, with its two bases and its six 
panes. This subdivision will lead us to triangular prisms, 
the assemblage of which composes the entire prism, as may 
easily be perceived by inspecting fig. 40, PI. V5 we there see 
one of the bases of the prism divided into equilateral trian¬ 
gles, each of which is the base of a small triangular-prism 
which represents the integrant molecule. 

Now we shall presently find that we may reduce the forms 
of the integrant molecules of all crystals to the three pre¬ 
ceding forms, which are the tetrahedron, or the simplest of 
the pyramids : the triangular prism, or the simplest of all 
the prisms; and the parallcibpjpedon, or the simplest among 
the solids, which have their faces parallel Uvo and two. 
And since four planes at least are necessary for circum¬ 
scribing a space, it is evident that the three forms in ques¬ 
tion, in whjch the number of faces is successively four, five, 
and six, have still, in this respect, the greatest possible, sim¬ 
plicity. If these forms, I repeat, are not those of the true in¬ 
tegrant molecules employed by Nature, they deserve at least 
to supply their place in our conceptions, the more especially 
as it is with but very scanty materials that we succeed in 
establishing a theory which embraces so many various results. 

Several naturalists have thought that the integrant mole¬ 
cules of crystals were simple laminae, w-hose thickness was 
incomparably less than their other dimensions, and not 
small solids, the thickness of which was equal, or at least 
in proportion to their breadth and length. In the Journal 
des Mines, No, 28, p, 305, I have detailed the numerous 
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»ncl decisive proofs which confirm this last opinion, and I 
have even demonstrated that the dimensions and angles of 
these iiKjlecules were invariable in all primitive crystals of 
one and the name substance. I shall not stoj) here again to 
obviate the difiicultics which ojrposecl my progress, be¬ 
cause I have had the satisfaction^ of observing that the an¬ 
swers suggested themselves as if spontaneously to those who 
are in posession of the theory, and because it appears to me 
that this theory has been taken up by the only author who 
studied it in the same points of view with myself** 

But every form of the intes^rant molecule varies in its di- 
inensions, or in the measurement of its angles, accordinsrto 
the species to which it belongst. fhe parallclopipedon is some¬ 
times Oblique-angled, and sometimes right-angled : some¬ 
times It presents the form of the rhomboid, and at other 
limes that of the cube, whicli is the most perfect among the 
forms of this kind. In some cases liie triane;ular prism is 
merely isoscele ; m other cases it is equilateral ; and in this 
last case, the relation between its height and the side of its 
base varies in both species. The tetrahedron underejoes 
analogous diversities. 

There exist, however, forms of inte2;rant molecules, as 
•well as primitive forms which are common to several sub¬ 
stances of diverse natures. For example, muriated soda and 
sulphuretted iron both have the cube as their primitive form. 
The regular octahedron is that of the ruby, and at the same 
time that of native bismuth. In this case the elementarv 
molecules, although different in all respects, are so arranged 
that tlicre results the same external configuration nearly j as 
in geometry, we may compose a square in several w'ays by 
assortments of figures which will difl’er from each other in 
the various squares. Besides, if observation has proved that 
mineral subsiances, distinct in their nature, sometimes ex¬ 
hibit secondary crystals of 'the same form, (for instance, 
regular hexahedral prisms with a diversity of structure which 
would suppose one in the forms of the molecules themselves) 
ought we lobe surprised also to find in different species inte¬ 
grant molecules, the forms of which, similar externally, are 
owing to combinations of principles which cannot have any 
relation with each other? But it is worthy of attention that 
hitherto these forms common to several minerals were al¬ 
ways those w^hicIi have a remarkable character for simplicity 

* Tlitorie de la TerrCy par Lametherie^ 2d edit, tome i. p. 35 et scq. 
f Observ’^atuvn only makes known the measurements of angles, and not the 

reference of dimensions, theory, however, furnishes us with data for de¬ 
termining the latter. 

8 and 
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And regularity, such as the cube, the regular octahedron, 
the dodecahedron with rhombous planes all equal and similar, 
&c. These forms are kinds of limits which, crystallization 
attains by different routes; while, with respect to other 
forms quite different from those limits, it has a single di¬ 
rection only which ends in any particular species of mineral. 

Laws to which the Structure is subjected.—After having 
determined the primitive forms, and those of the integrant 
molecules, it remains to inquire for the laws pursued by 
these molecules in their arrangement, in order to produce 
these regular kinds of envelopes, which disguise one and the 
same primitive form in so many different ways. 

Now observation shows that this surrounding matter is 
an assemblage of laminae, which, setting out from the pri¬ 
mitive form, decrease in extent, both on all sides at once, 
and sometimes in certain particular parts only. This decre¬ 
ment isi effected by regular subtractions of one or more 
rows of integrant molecules ; and the theory, in determining 
the number of these rows by means of calculation, succeeds 
in representing all the known results of crystallization, and 
even anticipates future discoveries indicating fornrs which, 
being still hypothetical only, may one day be presented to 
the inquiries of the naturalist. 

Some very simple examples will serve for giving an idea 
of the laws to which the decrements in (Question are sub¬ 
jected, 

[To be continued.] 

XV. The Bakerian Lecture. Jin Account of some new analy-- 
tical Researches on the Nature of certain Bodies, particu¬ 
larly the Alkalies, Phosphorus, Sulphur, Carbonaceous 
Matter, and the Acids hitherto undecomposed ; with some 
general Observations on Chemical Theory. By Humphrv 

pAVy, Esq., Sec. R.S., F.R.S. Edin., and M,R.I.A. 
[Continued from p. 19.] 

TV. Analytical Experiments on Phosphorus. 

The same analogies apply to phosphorus as to sulphur, and 
I have made a similar series of experiments on this inflam¬ 
mable substance. 

^ Common electrical sparks, passed through phosphorus, 
did not evolve from it any permanent gas ; but when it 
was acted upon by the Voltaic electricity of the battery of 
five hundred plates in the same manner as sulphur, gas was 
produced in considerable quantities, and the phosphorus t3e- 

camt 
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came of a deep red brown colour, like phosphorus that has 
been inflamed and extinguished under water. The gas ex¬ 
amined proved to be phosphuretted hydrogen, and in one 
experiment, continued for some hours, a quantity eslimateci 
to be nearly equal to four times the volume of the phospho¬ 
rus employed was given off. The light of the Voltaic spark 
in the phosphorus was at first a brilliant yellow, but as the 
colour of the phosphorus changed, it appeared orange. 

I heated three grains of potassium in sixteen cubical 
inches of phosphuretted hydrogen ; as soon as it was fused, 
the retort became filled with white fumes, and a reddish 
substance precipitated upon the sides and upper part of it. 
The heat was applied for some minutes. No inflammation 
took place*. When the retort was cool, the absorption was 
found to be less than a cubical inch. The potassium ex¬ 
ternally was of a deep brown colour, Internally it w'as of 
a dull lead c(;loiir. The residual gas had lost its property of 
spontaneous inflammation, but seemed still to contain a 
small quantity of phosphorus in solution. 

The phosphuret acted upon over mercury bv solution of 
muriatic acid evolved only one cubical inch and three quar¬ 
ters of phosphuretted hydrogen. 

From this experiment, there is great reason to suppose 
that phosphuretted hydrogen contains a minute proportion of 
oxygen, and consequently that phosphorus likewise may 
contain it; but the action of potassium on phosphorus itself 
furnishes perhaps more direct evidences of the circumstance. 

One grain of potassium and one grain of phosphorus were 
fused together in a proper apparatus. They combined with 

- the production of the most vivid light and intense ignition. 
During the process one-tenth of a cubical inch of phosphu¬ 
retted hydrogen was evolved. The phosphuret formed, ex¬ 
posed to the action of diluted muriatic acid over mercury, 
produced exactly three-tenths of a cubical inch of phosphu¬ 
retted hydrogen. 

In a second experiment, one grain of potassium was fused 
with three grains of phosphorus ; in this case nearly a quar¬ 
ter of a cubical inch of phosphuretted hydrogen was gene¬ 
rated during the ignition. But from the compound exposed 
to muriatic acid, only one-tenth of a cubical inch could be 
procured. 

Now It is not easy to refer the deficiency of phosphuretted 

* It is stated, in the account before referred to of MM. Gay Lussac’s and 
Thenard’* experiments, that potassium inllames in phosphuretted hydrogen. 
My experiments upon thi- gas have been often repeated. I Jiave never per¬ 
ceived any luminous appearance j but I have always operated in daylight. 

hydrogen 
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hydrogen in the second case to any other cause than to the 
supply of oxygen to the potassium from the phosphorus f 
and the quantity of phosphuretted hydrogen evolvid m the 

, first case^ is much less than could be expecterl, if both po¬ 
tassium and phosphorus consisted merely of pure combustible 
matter. ' 

The phosphoric acid, formed by the combustion of phos¬ 
phorus, though a crystalline solid, may still contain water. 
The liydrogen evolved from phosphorus by electricity proves 
indeed thafthis must be the case; and though the quantity 
of hydrogen and oxygen in phosphorus may be exceedingly 
small, yet they may be sufficient to give it peculiar cha¬ 
racters ; and till the basis is obtained free, we shall have no 
knowledge of the properties of the pure phosphoric element. 

V. On the States of the carlonaceovs Principle in PlumlagOp 
Charcoaf and the Diamond. 

The accurate researches of Messrs. Allen and Pepys have 
distinctly proved, that plumbago, charcoal, and the diamond, 
produce "very nearly the same quantities of carbonic acid, 
and absorb very nearly the same quantities of oxygen in 
combustion. 

Hence it is evident, that they must consist principally of 
the same kind of elementary matter; but minute researches 
upon their chemical relations, when examined by new ana¬ 
lytical methods, will, I am inclined to believe, show that the 
great difference in their physical properties does not merely 
depend upon the differences of the mechanical arrangement 
of their parts, but likewise upon differences in their intimate 
chemical nature. 

I endeavoured to discover, whether any elastic matter 
could be obtained from plumbago very intensely ignited by 
the Voltaic battery in a Torricellian vacuum : but though 
the highest power of the battery of five hundred was em¬ 
ployed, and though the heat was such, as in another expe¬ 
riment instantly melted platina wire of i^^ch in 
diameter, yet no appearance of change took place upon the 
plumbago. Its characters remained wholly unaltered, and 
no permanent elastic fluid was formed. 

I heated one grain of plumbago, with twice its weight of 
potassium, in a plate glass tube connected with ^ proper ap¬ 
paratus, and I heated an equal quantity of potassium alone 
in a tube of the same kind, for an equal length of time, 
namely, eight minutes. Both tubes were filled with hydro¬ 
gen : no gas was evolved in either case. There was no igni- ' 
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lion In the tube containing the plumbago, but it seemed 
gradually to combine with the potassium. The two results 
were cxj^osed to the action of water; the result from the 
plumbago acted upon that fluid with as much energy as 
the other result, and the two volumes of elastic fluids 
were 1*8 cubical inches and 1’9 cubical inches; and both 
gave the same diminution by detonation with oxygen, as 
pure hvdrogen. Two grains ot potassium, by acting upon 
water, would have produced two cubical inches and one- 
eighth of hydrogen gas; the deficiency in the result, in 
which potassium alone was used, must be ascribed to the 
loss of a small quantity of metal, which must have been 
carried off in solution in the hydrogen, and perhaps, like¬ 
wise, to the action of the minute quantity of metallic oxides 
in the plate glass. The difference in the quantity of hydro¬ 
gen given off in the two results, is however too slight to 
ascribe it to the existence of oxygen in the plumbago. 

1 repeated this experiment several times with like results, 
and in two or three instances examined the compound form¬ 
ed. It was infusible at a red heat, bad the lustre of plum¬ 
bago. It inflamed spontaneously, when exposed to air, 
generated potash, and left a black powdery residuum. It 
effervesced most violently in water, and produced a gas, 
which burnt like pure hydrogen. 

When small pieces of charcoal from the willow, that had 
been intensely ignited, were acted upon by Voltaic electri¬ 
city in a Torricellian vacuum, every precaution being taken 
to exclude moisture from the mercury and the charcoal, the 
results were very different from those occurring in the case 
of plumbago. ’ 

When plumbago was used, after the first spark, which 
.generally passed through a distance of about one-eighth of 

j an inch, there was no continuation of light, without a con- 
' tact or an approach to the same distance; but from the 
! charcoal a flame seemed to issue of a most brilliant purple, 
I and formed, as it were, a conducting chain of light of 
I nearly an inch in length, at the same time that elastic mat- 

ter was rapidly formed, some of which was permanent, 
j After many unsuccessful trials, I at length succeeded in 

collecting the quantity of elastic fluid given out by half a 
grain of charcoal; the process had been continued nearly 
half au hour. The quantity of gas amounted to nearly an 
eighth of a cubical inch; it was inflammable by the electric 
spark with oxygen gas, and four measures of it absorbed 
tliree measures of oxygen, and produced one measure and a 
half of carbonic acid. The charcoal in this experiment had 

become 
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become harder at the point, and its lustre, where it had beea 
heated to whiteness, approached to that of plumbago, 

I heated two grains of'potassium together with two grains 
of charcoal, for five minutes; and to estimate the effects of 
the metallic oxides and potash in the green i^lass tube, I 
made a comparative experiment, as in the case of plumbago; 
but there was no proof of any oxygen being furnished to the 
potassium from the charcoal in the process, for the com¬ 
pound acted upon water With great energy, and produced a 
quantity of inflammable gas, only inferior by one-twelfth to 
that produced by the potassium, which had not been com¬ 
bined wdth charcoal, and which gave the same diminution 
by detonation with oxygen; and the. slight difference may 
be well ascribed to the influence of foreign matters in the 
charcoal. There was no ignition in the process, and no 
gas was evolved. 

The compound produced in other experiments of this kind 
was examined. It is a conductor of electricity, is of a dense 
black, inflames spontaneously, and burns with a deep red 
light in the atmosphere^. 

The non-conducting natureof the diamond, and its infusl- 
bility, rendered it impossible to ac^t upon it by Voltaic elec¬ 
tricity; and the only new agents which seemed to offer any 
means of decomposing it, were the metals of the alkalies. 

When a diamond is heated in a green glass tube with po¬ 
tassium, there is no elastic fluid given out, and no intensity 
of action ; but the diamond soon blackens, and scales seem 
to detach themselves from it; and these scales, when ex¬ 
amined in the magnifier, are gray externally, and of the 
colour of plumbago internally, as if they consisted of plum¬ 
bago covered by the gray oxide of potassium. 

in heatixig together three grains of diamonds in powder, 
and two grains of potassium, for an hour in a small retort 
of plate glass filled with hydrogen, and making the com¬ 
parative trial with two grains of potassium heated in a simi*» 
lar apparatus, without any diamonds, I found that the po¬ 
tassium which bad been heated with the diamonds, produced, 
by its action upon water, one cubical inch and -rVhs of in- 
fiammahle air, and tliat which bad been exposed to heat 
alone, all other circumstances being similar, evolved nearly 
one cubical inch and rVhs, both of which were pure hy¬ 
drogen. 

* la the Bakerian Lecture for 1-807, I have m^ntioaed the decompositioi? 
of carbonic acid by potassium, which takes place with inflammation. If the 
potassium is in excess in this experiment, the same pyrophorus as that de- 
^ribed »bove is formed. 

It 
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tn another experimeiit oF a similar kiticl, in which frag- 
nients oF dianumcls were used in the quantity oF t^bur grains, 
the potassium became extremely black trom its action upon 
them during an exposure to heat For three hours, and the 
diamonds were covered with a grayish crust, and when acted 
upon by water and dried, were Found to iiave lost about 
^y^ths oF a grain in weight. Tlie matter separated by wash¬ 
ing, and examined, appeared as a tine powder oF a dense 
black colour. When a surFaee oF plalina vvrre was covered 
with it, and made to touch anoiher wire in the Voltaic cir-. 
cuit, a brilliant sjvark with combustion occurred. It burnt, 
when heated to redness in a green glass tube filled with oxy¬ 
gen gas, and produced carbonic acid by its combustion. 

These general results seem lo show, that in plumbago the 
carbonaceous element exists merely in eombination with iron, 
and in a Form which may be regarded as approaching to that 
of a metal in its nature, being ccmdul^ing in a high degree, 
opaque, and possessing con3idcrai)!e lustre. 

Charcoal appears to contain a minute quantity oF hydro¬ 
gen in combination. Possibly likewise, the alkalies ajid 
earths produced during its combustion, exist in it not Fully 
combined with oxygen; and according to these ideas, it is a 
very compounded substance, though in the main it consists 
of the pure carbonaceous element. 

The experiments on the diamond render it extremely likely 
that it contains oxygen ; l)ut the quantity must be exceed¬ 
ingly minute, though probably sufficient to render the com-_ 
pound non-conducting : and ir the carbonaceous element in 
charcoal and the diamond be considered as united to still less 
foreign matter in quantity, than in plumbago, which con¬ 
tains about iron, the results oF their combustion, as 
examined independently of hygrometrical tests, will .not 
differ perceptibly. 

Whoever considers the difference between iron and ,steel, 
in which there does not exist more than •5-th of plumbagOy, 
or the difference between the amalgam of ammonium, and- 
niercury, in which the quantity of new matter is not more 
than between the metals and their sub- 
oxides, some of which contain less than oxygen, 
w'ill not be dis[)osed to question the principle, that minute 
differences in chemical composition may produce great diffe¬ 
rences in external and physical characters. 

VI. Experiments on the Decomposition and Composition of 
the Boracic Aud.' 

In the last Bakerian Lecture, 1 have given an account of 
Vol. 34. No, 13G. August Ibo’y. il an 



114 On some new analytical Researches 

an experiment in which boracic acid appeared to be decom¬ 
posed by Voltaic electricity^ a dark-coloured inflammable 
substance separating from it on the negative surface. 

In the course of the spring and summer, I made many 
attempts to collect quantities of this substance for minute 
examination. When boracic acid, moistened with water, 
was exposed between tw'o surfaces of platina, acted on by 
the full power of the battery of five hundred, an olive-brown 
matter immediately began to form on the negative surface, 
which gradually increased in thickness, and at last appeared 
almost black. It was permanent in water, but soluble with 
effervescence in warm nitrous acid. When heated to redness- 
upon the platina it burnt slowly, and gave off white fumes, 
which slightly reddened moistened litmus paper, and it left 
a black mass, which, when examined by the magnifier, ap¬ 
peared vitreous at the surface, and evidently contained a 
fixed acid. 

These circumstances seemed distinctly to show the de¬ 
composition and recomposition of the boracic acid ; but as 
the peculiar combustible substance was a non-conductor of 
electricity, 1 was never able to obtain it, except in very thin 
films upon the platina. It was not possible to examine its 
properties minutely, or to determine its precise nature, or 
whether it was the pure boracic basis; T consequently en¬ 
deavoured to apply other methods of decomposition, and to 
find other more unequivocal evidences upon this important 
chemical subject. 

I have already laid before the Society an account of an 
experiment*, in which boracic acid, heated in contact with 
potassium in a gold tube, was converted into borate of pot¬ 
ash, at the same time that a dark-coloured matter, similar 
to that produced from the acid by electricity, was formed. 
About two months after this experiment had been made, 
namely, in the beginning of August, at a time that I was 
repeating the process, and examining minutely the results, 
I was informed, by a letter from Mr. Cadell at Paris, that 
M. Thenard was employed in the decomposition of the bo¬ 
racic acid by potassium, and that he had heated the two 
substances together in a copper tube, and had obtained bo¬ 
rate of potash, and a peculiar matter concerning the nature 
of which no details were given in the communication. 

That the same results must be obtained by the same me¬ 
thods of operating, there could he no doubt. The evidences 
for the decomposition of the boracic acid are easily gained, 

♦ Philosophical Transactions, Part II. for 18D8, p, 343. 
the 
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the synthetical proofs of its nature involve more complicated 
circumstances. 

I found tliat vhen equal weights of potassium and boracic 
acid were heated toii'etlier in a green glass tube, which had 
been exhausted after having been twice filled with hydrogen, 
there was a most intense ignition before the temperature was 
nearly raised to the red heat; the potassium entered into 
vivid infiammation, where it was in contact with the-boracic 
acid. When this acid had been heated to whiteness, before 
it was introduced into the tube, and powdered and made 
use of whilst yet warm, the quantity of gas given out in the 
operation did not exceed twice tfie volume of the acid, and 
was hvdrogen. 

I could only use twelve or fourteen grains of each of tKe 
two substances in this mode of conducting the experiment'^ 
for when larger quantities were employed, the glass tube 
always ran into fusion from the intensity of the heat pro¬ 
duced during the action. 

W hen the film of naphtha had not been carefully removed 
from the potassium, the mass a[)peared_ black throughout'; 
but when this had been the case, the colour was of a dark 
olive-brown. 

In several experiments, in which I used equal parts of 
the acid and metal, I found that there w-as always a great 
quantity of the former in tfie residuum; and by various trials, 
I ascertained that twenty grains of potassium had their in¬ 
flammability entirely destroyed by about eight grains of bo¬ 
racic acid. 

For collecting considerable portions of the matters formed 
in the process, I used metallic tubes furnished with stop¬ 
cocks, and exhausted after being filled with hydrogen. 

When tubes of brass or copper were employed, the heat 
was only raised to a dull red ; but when iron tubes were 
used, it was pushed to whiteness. In all cases the acid was 
decomposed, and the products were scarcely different. 

When the result w'as taken out of a tube of brass or cop¬ 
per, it appeared as an olive-coloured glass, having opaque, 
dull olive-brown specks difiused through it. 

It gave a very slight efiervescence with water, and par¬ 
tially dissolved in hot water, a dark olive-coloured powder 
separating from it. 

The results from the iron tube, which had been much 
more strongly heated, were dark olive in some parts, and 
almost black in others. I'hey did not efiervesce with warm 
water, but were rapidly acted upon by it, and the particles 

H 2 separated 
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separated by washing were of a shade of olive, so dark as 
to appear almost black on white paper. 

The solutions obtained, when passed through a filter, had 
a faint olive tint, and contained sub-borate of potash, and 
potash. In cases when, instead of water, a weak solution 
of muriatic acid was used for separating the saline matter 
from the infiammable matter, the fluid came throuo;h the 
filter colourless. 

In describing the properties of the new inflammable sub¬ 
stance sepapted by washing, I shall speak of that collected 
front operations conducted in tubes of brass, in the manner 
that haS been just mentioned ; *for it is in this way that I 
have collected the largest quantities. 

It appears as a pulverulent mass of the darkest shades of 
olive. It is perfectly opaque. It is very friable, and its 
powder does not scratch glass. It is a non-conductor of 
electricity. 

When it has been dried only at 100 or 120'^, it gives off 
moisture by increase of temperature, and if heated in the 
atmoL'phere, takes fire at a femperature below the boiling 
point of olive oil, and burns with a red light and scintilla¬ 
tions like charcoal. 

If it be excluded from air and heated to whiteness in a tube 
of plalina, exhausted after having been filled with hydrogen, 
it is found very little altered after the process. Its colour is 
a little darker, and it is rather denser; but no indications are 
given of any part of it having undergone fusion, volatiliza¬ 
tion, or decomposition. Before the process its specific gra¬ 
vity is such that it does not sink in sulphuric acid; but after, 
it rapidly falls to the bottom in this fluid. 

The phaenomena of its combustion are best witnessed in 
a retort filled with oxygen gas. When the bottom of the 
retort is gently heated by a spirit lamp, it throws off most 
vivid scintillations like those from the combustion of the 
bark of charcoal, and the mass burns with a brilliant light. 
A sublimate rises from it, which is boracic acid ; and it be¬ 
comes coated with a vitreous suhs^tance, which proves like¬ 
wise to be boracic acid ; and after this has been washed off, 
the residuum appears perfectly black, and requires a higher 
temperature for its inflammation than the olive-coloured 
substance ; and by its inflammation produces a fresh portion 
of boracic acid. 

In oxymuriatic acid gas, the peculiar inflammable sub¬ 
stance occasions some beautiful pbaenomena. When thi$ 
gas is brought in contact with it at common temperatures. 

I 
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it ir.stanilv takes fire and burns with a brilliant white light, 
a w'hitc substance coats the interior of the vessel in which 
the experiment is made, and the peculiar substance is found 
covered bv a white film, which, by washing, affords boracic 
acid, atufleaves a black matter, which is not spontaneously 
inflanunable in a fresh portion of the gas; but which in¬ 
flames in it by a gentle heat, and produces boracic acid. 

The peculiar inflammable substance, when heated nearly 
to redness in hydrogen, or nitrogen, did not seem to dis¬ 
solve in these gases, or to act upon them ; it merely gained 
a darker shade%)f colour, and a little moisture rose from it, 
which condensed in the neck of the retort in vi’hich the ex¬ 
periment was made. 

On the fluid menstrua containing pxygen, it produced 
effects which might be looked for from the phenomena of 
its agency on gases. 

When thrown! into concentrated nitric acid, it rendered it 
bright red, so that nitrous gas w^as produced and absorbed, 
but^it did not dissolve rapidly till the acid wa» heated ; when 
there was a considerable effervescence, the peculiar substance 
disappeared, nitrous gas was evolved, and the fluid adorded 

boracic acid. 
It did not act upon concentrated sulphuric acid till heat 

was applied; it then produced a slight effervescence; the 
acid became black at its points of contact with the solid ; and 
a deep brown solution was formed, which, wnen neutralized 
by potash, gave a black precipitate. 

When heated in a strong solution of muriatic acid, it gave 
it a faint tint of green ; but there was no vividness of action, 
or considerable solution. 

On acetic acid heated, it bad no perceptible action. 
It combined with the fixed alkalies, both by fusion and 

acjueous solution, and formed pale olive-coloured com¬ 
pounds, which gave dark precipitates when decomposed by 

muriatic acid. • r • 
When it was kept long in contact with sulphur in tusion, 

it slowly dissolved, and the sulphm acc|uired an olive tint. 
It was still less acted upon by phosphorus, and after an hour s 
exposure to it, had scarcely diminished m c^uantUy, but the 
phosphorus had gamed a tint of pale green. 

It did not combine with mercury, when they were heated 

together. 
d'hese circumstances are sufficient to show, that the com¬ 

bustible substance obtained from boracic acid by the agency 
of potassium, is different from any other known species of 
matter, and it seems, as far as the evidence extends, to be 

■ * H3 the 
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the same as that procured from it by electricity ; and the two 
series of fact? seem fully to establish the deconi position, 
and recomposition of tlte acid. 

From the large quantity of potassium required to decom¬ 
pose a small quantity of the acld^ it is evident that the 
boracic acid must contain a considerable proportion of oxy- 
tren. i have endeavoured to determine the relative weights 

<• 

of the peculiar inflammabie matter and oxygen, which com¬ 
pose a given weight of boracic acid ; and to this end 1 made 
several analytical and synthetical experiments ; I shall give 
the results of the two which 1 consider most accurate. 

Twenty grains of boracic acid and thirty grains of potas¬ 
sium were made to act upon each other by heat in a tube 
of brass ; the result did not effervesce when washed with di¬ 
luted muriatic acid; and there were obtained after the pro¬ 
cess, by slight lixiviaiion in wariTj water, two grains and 
about -V^hs of the olive-coloured matter. Now thirty grains 
of potassium would require about five grains of oxygen, to 
form thirty-five of potash ; and according to this estima- 
tiorij boracic acid must consist of about one of the peculiar 
inflammable substance, to nearly two of oxygen. 

A grain of the inflammable substance in very fine powder, 
and diffused over a large surface, was set fire to in a retort, 
containing twelve cubical inches of oxygen ; three cubical 
inches of gas were absorbed, and the black residuum col¬ 
lected alter the boracic acid had been dissolved, was found 
to equal five-eighths of a grain. This, by a second combus¬ 
tion, was almost entirely converted into boracic acid, with 
the absorption of two cubical inches and one-eighth more of 
oxygen. The thermometer in this experiment w^as at 58® 

'Fahrenheit, and the barometer at 30*2. 
According to this result, boracic acid would consist of 

one of the inflammable matter, to about 1*8 of oxygen; 
and the dark residual substance, supposing it to be simply 
the inflammable matter combined with less oxygen than is 
sulficient to constitute boracic acid, would be an oxide, 
consisting of about 4'7 of inflammable matter, to 1-55 of 
oxygen. 

These estimations I do not however venture to give as 
entirely correct. In the analytical experiments, there are 
probably sources of error, from the solution of a part of the 
inflammable matter, and it possibly may retain alkali, which 
cannot be separated by the acid. In the synthetical process, 
in which washing is employed, and so small a quantity of 
matter used, the results are still less to be depended upon; 
they must be considered only as imperfect approximations. 

From 
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From the general tenonr of the facts, it appears that the 
combustible matter obtained from boracic acid bears the 
same relation to that substance, as sulphur and phosphorus 
do to the sulphuric and phosphoric acids. But is it an ele«, 
mentary inflammable body, the pure basis of the acid ? or is 
it not like sulphur and phosphorus, compounded ? 

Without entering into any discussion concerning ultimate 
elementary matter, there are many circumstances which fa¬ 
vour the idea, that the dark olive substance is not a simple 
body; its being; non-conducting, its change of colour by 
being heated in hydrogen gas, and its power of combining 
with the alkalies ; for these properties in general belong to 
primary compounds, that are known to contain oxygen. 

I heated the olive-coloured substance with potassium, there 
was a combination, but without any luminous appearance, 
and a gray metallic mass was formed ; but from the effect of 
this upon water, I could not affirm that any oxygen had 
been added to the metal, the gas given off had a peculiar 
smell, and took up more oxygen by detonation than pure 
hydrogen, from which it seems probable, that it held some 
of the"^combustible matter in solution. 

It occurred to me, that if the pure Inflammable basis 
were capable of being deoxygenated by potassium, it would 
probably possess a stronger affinity for oxygen than hydro¬ 
gen, and therefore be again brought to its former state by 
water. I made another experiment on the operation of po* 
tassium, on the olive-coloured substance, and exposed the 
mixture to a small quantity of ether, hoping that this might 
contain only water enough to oxygenate the potassium ; but 
the same result occurred as in the last case; and a combina¬ 
tion of potash and the olive-coloured substance was pro¬ 
duced, insoluble in ether. 

I covered a small globule of potassium, with four or five 
times its weight of the olive-coloured matter, in a platina 
tube exhausted, after being filled with hydrogen ; ^nd heated 
the mixture to whiteness : no gas was evolved. When the 
tube was cooled, naphtha was poured into it, and the result 
examined under naphtha. Its colour was of a dense black. 
It had a lustre scarcely inferior to that of plumbago. It was 
a conductor of electricity. A portion of it thrown into water 
occasioned a slight effervescence; and the solid matter sepa¬ 
rated appeared dark olive, and the water became slightly 
alkaline. Another portion examined, after being exposed 
to air for a few minutes, had lost its conducting power, was 
brown on the surface, and no longer produced an efferves¬ 

cence in water. 
H 4 Some 

/ 
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Some of the olive inflammable matter, with a little potas¬ 
sium, was heated to whiteness, covered with iron tilings, a 
dark metalline mass was formed, which conducted electri¬ 
city, and which produced a very slight effervescence in water, 
and gave by solution in nitric acid, oxide of iron and bo- 
racic acid. 

The substance which enters into alloy with potassium, 
and vyith iron, I am inclined to consider as the true basis 
.of the boracic acid. 

In the (dive-coloured matter, this basis seems to exist in 
union with a hitle oxygen ; and when the olive-coloured 
substance is dned at common temperatures, it likewise con¬ 
tains water. 

In the black non-conducting matter, produced in the 
combustion of the olive-coloured substance, the basis is evi¬ 
dently combined with much more oxygen, and in its full 
state of oxygenation it constitutes boracic acid. 

From the colour of the oxides, their solubility in alkalies, 
and from their general powers of combination, and from th(3 

conducting nature and lustre of the matter proc^uced by the 
action of a small quantity of potassium upon the olive-co¬ 
loured substance, and from all analoa'v ; there is strong rea¬ 
son to consider the boracic basis as metallic in its nature, and 
I venture to propose for it the name of boracium, 

VII. Analytical Inquiries respecting Fluoric Acid, 

I have already laid before the Society the account of .my 
first experiments on the action of potassium on fluoric acid 
gas^'. 

1 stated, that the metal burns when heated in this elastic 
fluid, and that there is a great absorption of the gas. 

Since the time that this communication was made, I have 
carried on various processes, with the view of ascertaining, 
accurately, the products of combustion, and I shall now de¬ 
scribe their results. 

When fluoric acid gas, that has been procured in contact 
with glass, is introduced into a plate glass retort, exhausted 
after being filled with hydrogen gas, wdiite fumes are imme¬ 
diately perceived. The metal loses its splendour, and be¬ 
comes covered with a grayish crust. 

When the bottom of the retort is gently heated, the fumes 

* Philosophical Transactions, Part II., for 1808, p. 348. The combustion 
of potassium in fluoric acid I have since seen mentioned in the number of the 
Moniteur already so often quoted, as observed by MM. Gay Lussac and 
1 henard; but no notice is taken of the results. 

become 
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become rtiore copious ; they continue tor some time to be 
emitted, but at last cease altogether. 

It'ilie gas is examined at this time, its volume is found 
to be a little increased, by the addition of a small quantity 
of hvdroeen. 

No new fumes a,re produeed by a second application of a 
low lieat; but when the temperature is raised nearly to the 
fK)int of sublimation of potassium^ the metal rises through 
the crust, becomes first of a ('upper colour and then of a 
blueish black, and soon after inflames and burns with a most 
brilliant red light. 

After this combustion, either the whole or a part of the 
fluoric acid, according as the quantity of potassium is great 
or small, is found to be destroyed or absorbed. A mass of 
ft chocolate colour remains in the bottom of tlie retort ; and 
a sublimate, in some parts chocolate, and' in others yellow, 
is found round the sides, and at the top of the retort. 

When the residual gas aflbrded by tins operation is washed 
with water, and exposed to the action of an electrical spark 
mixed with oxygen gas, it detemates, and affords a diminu¬ 
tion such as might be expected from hydrogen gas. 

The proportional quantity of this elastic fluid differs a 
little in different operations. V/hen the fluoric acid has not 
been artificially dried, it amounts to one-sixth or one-seventh 
of the volume of the acid gas used ; but when the fluoric 
acid has been long exposed to calcined sulphate of soda, it 
seldom amounts to one-tenth. ^ 

I have endeavoured to collect large quantities of the cho¬ 
colate-coloured substance for minute examination ; but some 
difficulties occurred. 

\Vh cn I Lisii'd from eighteen to twenty grains of po{a'>;sium, 
in a retort containing from twenty to thirty cubical iiRhes of 
fluoric acid gas, the intensity of the heat was such, as to 
fuse the bottom of the retort, and destroy tlie results. 

In a very thick plate glass retort, containing about nine¬ 
teen cubical inches of gas, 1 once succeeded iu making a 
decisive experiment (Ui ten grains and a half of potassium, 
and I found that about fourteen cubical inches of fluoric, acid 
disappeared, and about two and a quarter of hvdj()<>;en gas* 
were evolved. The barometer stood at 3()’3, and the ther¬ 
mometer at 61° Fahrenheit; the gas had not been arttficiaiiy 
dried. In this experiment there was very little sublimate; 
hut the whole of the bottom of the retort was covered with 
a brown crust, and near the point of contact with the bot¬ 
tom the substance was darker coloured, and approaching 
in its tint to black. 

Whe» 
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When the product was examined by a magnifier, it evi¬ 
dently appeared consisting of different kinds ot matter; a 
blackish substance, a white, apparently saline substance, 
and a substance having different shades of brown and fawn 
colour. 

The mass did not conduct electricity, and none of its 
parts could be separated, so as to be examined as to this 
property. 

When a portion of it was thrown into water, it effervesced 
violently, and the gas evolved had some resemblance in smell 
to phosphiiretted hydrogen, and was inflammable. 

When a part of the mass was heated in contact with air, 
it burnt slowly, lost its brown colour, and became a white 
saline mass. 

When heated in oxygen gas, in a retort of plate glass, it 
absorbed a portion of oxygen, but burnt with difficulty, and 
required to be heated nearly to redness; and the light given 
out was similar to that produced by the combustion of liver 
of sulphur. 

I'he water which had acted upon a portion of it w^as exa¬ 
mined; a number of chocolate-coloured particles floated in 
it. When the solid matter was separated by the filter, the 
fluid was found to contain Aerate of potash, and potash. The 
solid residuum w^as heated in a small glass retort in oxygen 
gas; it burnt before it had attained a red heat, and became 
■white. In this process, oxygen was absorbed, and acid 
matter produced. The remainder possessed the properties of 
the substance formed from fluoric acid gas holding siliceous 
earth in solution, by the action of water. 

In experiments made upon the combustion of quantities 
of potassium equal to from six to eleven grains, the portion 
of matter separable from the water has amounted tp a very 
small part of a grain only, and operating upon so minute a 
scale, I have not been able to gain fully decided evidence, 
that the inflammable part of it is the pure basis of the fluoric 
acid ; but wfith respect to the decomposition of this body by 
potassium, and the existence of its basis at least combined 
^ith a smaller proportion of oxygen in the solid product ge¬ 
nerated, and the regeneration of the acid by the ignition of 
Jhi§ product in oxygen gas, it is scarcely possible to enter¬ 
tain a doubt. 

The decomposition of the fluoric acid by potassium, 
seems analogous to that of the acids of sulphur and phos¬ 
phorus. In neither of these cases are the pure bases, or even 
the bases in their common form evolved ; but new^ com¬ 
pounds r^sult^ and in one case sulphurets, and sulphites, and 
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in th-e other phosphurets^ and phosphites of potash, are 
generated. 

As silex was always obtained during the cornhustion of the 
chocolale-colonrcd substance obtained by lixiviation, it oc¬ 
curred to me that this matter might be a result of the ope¬ 
ration, and that the chocolate substance might be a com¬ 
pound of the siliceous and fluoric bases in a low state of oxy- , 
genation, with potash ; and this idea is favoured by some 
trials that I made to separate silex from the mass, by boiling 
it in concentrated fluoric acid ; the substance did not seem 
to be much altered by this process, and still gave silex by 
combustion. 

I endeavoured to decompose fluoric acid gas in a perfectly 
dry state, and which contained no siliceous earth ; and for 
this purpose I made a mixture of one hundred grains of dry 
boracic acid, and two hundred 2:rains of fluor spar, and 
placed them in the bottom of an iron tube, having a stop¬ 
cock and a tube of safety attached to it. 

The tube was inserted horizj:)ntally in a forge, and twenty 
grains of potassium, in a proper iron tray, introduced into 
that part of it where the heat was only suffered to rise to dull 
redness. The bottom of the tube was heated to whiteness, 
and the acid acted upon by the heated potassium, as it was 
generated. After the process was finished, the result in the 
tray was examined. 

It was in some parts black, and in others of a dark brown. 
It did not eflervesce with water; and, when lixiviated, afforded 
a dark brown combustible mass, which did not conduct 
electricity, and whicfi, when burnt in oxygen gas, afforded 
boracic and fluoric acid. It dissolved with violent efferves¬ 
cence in nitric acid ; but did not inflame spontaneously in 
oxvmuriatic acid gas. 

I have not as yet examined any of the other properties of 
this substance ; but I am inclined to consider it as a com¬ 
pound of the olive-coloured oxide of boracium, and an oxide 
of the fluoric basis. 

In examining the dry fluoric acid gas, procured in a pro¬ 
cess similar to that which has been just described, it gave 

, very evident marks of the presence of boracic acid. 
As the chocolate-coloured substance is permanent in wa¬ 

ter, it occurred to me that it might possibly be producible 
from concentrated liquid fluoric acid at the negative surface 
in the V'oltaic circuit. 

I made the experiment with platina surfaces, from a bat¬ 
tery of two hundred and fifty plates of six inches, on fluoric 

i ^cid the densest that could be obtained by the distillation of 
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fluor spar and concentrated sulphuric acid of commerce, in 
vessels of lead. Oxygen and hydrogen were evolved, and a 
dark brown matter separated at the deoxidating surface j but 
the result of an operation conducted for many hours, merely 
enabled me to ascertain that it was combustible, and pro¬ 
duced acid matter in combustion; but I cannot venture to 
draw the conclusion that this acid was fluoric acid, as it was 
not impossible that some sulphureous, or sulphuric acid 
might likewise exist in the solution. 

1 heated the olive-coloured inflammable substance, ob¬ 
tained from the boracic acid, in common fluoric acid gas in 
a plate glass retort; the temperature was raised till the glass 
besfan to fuse; but no change, indicating a decomposition, 
took place. 

I heated six grains of potassium with four grains of pow^ 
dered fluor spar in a green glass tube filled with hydrogen, 
there was a slight ignition, a minute quantity of hydrogen 
gas was evolved, and a dark gray mass was prodiiced, which 
acted upon water with much effervescence, but left no solid 
inflammable residuum. 

[To be continued.] ^ 

‘ ... ..■■ ■ «■ -'■ ' ■ ~ - ■- i: 

XVI. Suggestion for estahlishing a Telegraphic Intercourse 
let ween London and Dublin. By the Ren. Mr. James 
Hall. 

To Mr. Tilloch. 

Sir, A s it is the duty of every good subject to contribute 
what he can to the service of his country, I have ventured 
to trouble you with the following hints on the subject of 
telegraphs. 

Previous to my setting out for Ireland, (through the 
p-reater part of which I travelled lately,) I began to study the 
physical geography of that country. On turning my atten¬ 
tion to this matter, and conversing with Dr. Thomson of 
Kensington Gravel Pits, and others, on the subject, the 
iDoctor drew my attention to the circumstance, that the old 
maps ,Qf Ireland, particularly those of the fifteenth century, 
and about the time of the Spanish armada, laid down the 
northern parts of that kingdom much nearer the Mull of 

' Cantire, in Scotland, than the modern maps in general do. 
The question then was. Whether the maps of Ireland of the 
fifteenth, or those of the present century, are the more cor¬ 
net? On arriving at Torr Point, Fair Head, the nearest 
point of Ireland to Scotland, I hired a boat and sailed to 
■ Cantire, 
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Caiitire. But, instead of finding the distance from 20 to 
30 miles, as laid down in some of our modern maps, 1 found 
it only eleven miles and a half. 

Having ascertained this fact, it occurred to me, that, 
although no telegraphic communication can take place be¬ 
tween Dublin and Holyhead, in Wales, which is 03 miles; 
nor between Drogheda in' Ireland, and Port Patrick in 
Scotland, which is 25 miles; yet that information might be 
easily communicated from Fair Head land, to the Mull of 
Cantire, by a telegraph. One thing is certain, that it is 
nearly as far between the points of communication, by tele¬ 
graph, at Putney, and the one next to it, on the line from 
London to Portsmouth, as between Torr Point, Fair Head, 
Ireland, and the nearest point of land in Scotland ; and that 
at one place, on the same line of communication, the 
nearest communicating points, by the telegraph, are nearly 
thirteen miles distant. 

In erecting a telegraph southward from Dublin to Cork, 
and northward to Fair Head, there seems no difficulty at 
all. At Fair Head, and the opposite point in Scotland, 
signals to draw attention might be addressed both to the eye 
and the ear; those to the ear being calculated to rouse at¬ 
tention, and induce people to look out and apply to their 
glasses. From Cantire, through the Isles of Arran, Bute, 
and other places, information might be sent by Glasgow, 
Edinburgh, &c. &c., direct to London, and back again to 
Dublin, Cork, &c. &c., in the course of a few minutes. 

Speedy information to and from our fleets in the harbour 
of Cork, &c., in Ireland, as well as to and from those at 
Portsmouth, Plymouth, &c. &c., in England, is certainly 
an object of great importance; and, in my humble opinion, 
the only way to have little or no use for soldiers, sailors, 
ships of war, batteries, cannons, telegraphs, &:c., is to have 
plenty of them in readiness. 

I remain, sir, yours truly, 
5t. Martin’s Lane, JameS IIaLL. 
August 15, 1809. 

XVII. A concise Abstract of Professor Mitchill’s Dis- 
courses on Mineralogy, the sixth great Section of the 
Course of Natural History which he delivers in the new 
Institution at New York. 

Almost immediately on, his return home, after the ter¬ 
mination of the congressional session on the third of March 

J 800, 
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1809, Drt Mitchill commenced his academical duties as 
one of the professors of the new Institution at New York. 
Although he arranged the subject allotted to him urider the 
heads of geology, pliotology, pyrology, hydrology, aerology, 
mineralogy, botany, zoology, and uranology, it is not the 
intention of the writer of the present sketch 'to do any thing 
more than trace an outline of his mineralogy, and state the 
new views the professor has taken of this department of 

SCICHCC* 
He defined mineralogy to be the classification and detailed 

history of the materials wliich constitute the solid body of the 
earth/ He explained the fourfold arrangement formerly made 
\\yBergman, and followed by CroustedtyJVerner, K.irLvan,^r\^ 
Jameson, distributing these great masses of mateidal into four 
classes, J. Earths, 2. Metals, 3. Salts, and 4. Inflam¬ 

mables. Herein the method differed from the one given in 
his Geology, which, pursuant to the plan of W erner, had 
divided these same natural bodies into five sections: 1. thepri- 
mceval, 2. transition, 3. ternary, 4. alluvial, and 5. volcanic 
rocks, stones, and earths. He then gave the history of lime, 
clay, barytes, flint, magnesia, strontian, elucidated by speci¬ 
mens ; with notices of the minor earths. Next followed the 
account of platina, gold, silver, mercury, coj^per, lead, iron, 
zinc, and the inferior metals; the history of potass, soda, and 
ammoniac; their production, preparation, and manufacture, 
with their chemical and oeconomical uses. Salts distributed 
into orders, as 1. alkaline; 2. acid; 3. neutral; 4. middle; 
and 5. metallic. Inflammable bodies considered : sulphur, 
coal, bitumen, amber, petroleum, naphtha, pyrites, and 

the other analogous articles. 
On reviewing this whole class of bodies, professor Mit¬ 

chill declared himself dissatisfied wdth the arrangement of 
Bergman and his follow'ers. He therefore, with much hesi¬ 
tation and diffidence, proposed another disposition of things 

terrestrial thus: . r , t • 
X.—Bodies possessing a strong attraction for phlogiston 

(or hydrogen) and oxygen. 
These are, 1. The alkaline metals, potass, soda, and am¬ 

moniac. 2. The “ ascertained” earthy metals, magnesia, 
barytes, strontian, and lime; and the “ probable” earthy 
metals, flint, clay, zircone,'and glucine. 3.T\\q calciform, 
metals, platina, gold, silver, copper, iron, mercury, lead, 
X\n cobalt, zinc, nickel, chrome, titanium, columbium, 
moWbdiena, arsenic, manganese, wolfram, uranium, tellu-' 
rimn and the other articles of this form, whatever they 

L were. 
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were. 4. Gaseous metal, azote. These, which constitute 
the principal jiart of terrestrial beings, Dr, Mitchill con¬ 
sidered under four memorable points of view. First, in 
connection with sulphur, forming ; secondly, with oxy¬ 
gen, making oxides and acids', thirdly, with phlogiston, or 
hydrogen, constituting what are properly denominated me- 
tals; and. fourthly, combinations with each other, com¬ 
posing glass, porcelain, earthenware, the other prodigious 
mass alloys and amalgams, or metallic mixtures. 

H.—Bodies abounding in inflammable and phlogistic 
matter. 

Under this section are placed as well the sulphuric, phos¬ 
phoric, and carbonic, as the hydrogenous compounds. Ac¬ 
cordingly sulphur, inflammable air, coal of many kinds, all 
the metals in their reduced, malleable, and duptile states, 
phosphoric and bituminous materials of every denomination, 
and generally those substances that burn with flame, belong 
to this section. 

Ilf.—Bodies abounding; in oxygen. 
The substances remarkable for affording oxygen are the 

phosoxygen of the atmosphere, acids of every sort, espe¬ 
cially those which readily undergo decomposition, water, 
and all the metals in oxided and acid state.' 

He said, by way of explanation, that the modern cele- 
' brated experiment for decompounding potash by means of 

iron in a red-hot gun-barrel, was nothing more than a case 
of double elective attraction. A phlogistuie of iron and an 
oxide of potassium were brought within the sphere of each 
other’s action, in a convenient heat ; in which the oxvgen 
quitted the potassium to unite with the iron, while the phlo¬ 
giston, which had deserted the iron, associated itself with 
the potassium, and thereby a phlogisture of potassium and 
an oxide of iron were formed. He believed such action of 
the metals upon each other w'as very common, and thought 
the true theory of the operation of metallic plates in the 
Galvanic pile would be ultimately explicable upon this 
principle. 

Professor Mitchill explained, itpon the principle of this 
classification, the great and the small chemical changes 
which natural objects undergo, both in the workshops of the 
artists and in the laboratory of Nature. The constitution 
of the numerous and extensive order of metals was de¬ 
fined, in their state of oxide and acid, consisting; of me¬ 
tal and oxygen, and in their ductile and rcpplcndeiu forms, 
comiTDsed of metal and phlogiston. And some mej,^ls, he 
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said, were capable of existing in an intermediate condition,, 
having lost their phlogiston without having acquired oxygen, 
such as massicot seemed to he among the preparations of 
lead, finery cinder among the productions of iron, and cer¬ 
tain of the wliite sublimates among the modifications of 
zinc. He illustrated .this idea bv observing that carbon was* 
an example of these several combinations; for when united' 
with phlogiston it is inflammable, or burns with blaze; 
when associated with oxygen it is incombustible ; and wlien 
connected with neither of them, it would indeed consume 
by a red heat, through the connection it formed with oxy¬ 
gen ; but, inasmuch as no phlogiston is present, there is no 
appearance of flame. 

He expressed the probabilitv of the metallic nature of car¬ 
bon, phosphorus, and sulphur; all of which when com¬ 
bined with metals might be considered as alloys, in the same 
manner that the articles of the first order am when mixed 
with each other.’ By reason of the different attractions 
which the metallic bases exert for oxygen and for phlogiston, 
at different degrees between the highest and lowest tempera¬ 
tures, they are oxided or metallized; and those processes 
in the more refractory, are aided by the chemical action 
of the more fusible metals, and of inflammables, cooperating 
with the requisite heat. And as both oxygen and phlogiston 
exist plentifully in the fire, the metallic basis, according To 

its constitution, combines either with one or the other, and 
thereby becomes either a phlogisture or an oxide; or it re¬ 
mains unconnected with either in the middle state, in which 
some of the metals have been observed. 

In the course of his observations, professor Mitchill gave 
an account of the experiments made, in the Royal rnstitution 
of London, on the earths and alkalies, and of the dispo¬ 
sition of the injiammahle agent to attach itself to the nega^ 

side of the Voltaic apparatus, while the oxygenous did- 
bered to the positive. And finally, Dr. Mitchill, by an in¬ 
dependent and different survey of this interesting subject, 
has arrived at a conclusion substantially the same with that- 
of professor Davy. 

XVIIT. Account 
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xvnr. Account of the internal Exliihifion of the Acetate of 
Lead in seveial Diseases. Communicated hi 1'homas' 

Ewell, M,D,^ of Washington^ to Dr. Miller*. 

I^AST August I was rc(|ucstecl to visit a cartnian, John 
Steins, addicted to drunkenness, and living near the navy 
yard, in an unhealthy situation. Inf the night he had been 
seized with fever, whitdi was tollowed by a profuse discharge 
of blood from his stomach and anus ; his wife said he had 
lost more than two gallons ; and I found him with no pulse^ 
looking exactly as a man dying, from loss of blood. 

His alarmiusi; situation called forsome powerful stimulus; 
but it occurred to me that his liver had been affected, which 
preventing the passage of blood’through the vena portae, was 
followed by that engorgement of the viscera, which had 
caused the rupture ot the blood-vessels of his bowels; and 

' consequently that a stimulus would only serve to increase the 
power of the vessels to discharge the remaining blood. I 
immediately determined to him the sugar of lead. On 
adverting to the urgency of the case, as well as the state of 
his stomach, which had been accustomed to the most povi'-* 
erful incitants, I directed him to take seven grains of the 
medicine every two hours, until the discharge of blood 
ceased.. On swallowinn; the second dose, he exclaimed. 

Great God, at length my guts are healed The discharge 
soon lessened, and no doubt the haemorrhage stopped; but as 
alittle blood (which had not been evacuated from the.bowels) 
continued to come off, he took thirty-five grains in less than 
twelve hours. Bv degrees I gave him stimuli, and never 
did a man recover more rapidly : and this I considered as 
affording a new proof of the efficacy of free bleeding in 
curing tevers quickly. How'ever, the man never could get 
over that particular pallid countenance,'peculiar to those 
bled t(;o copiously. 

Shortly after the cure of Steins, T was called to David 
Mead, a drummer of the marine corps. He too was a 
drunkard, was fat, and incjolent. He had a high fever, fur 
which he was ordered bleeding, and a dose of calomel. In 
the night he was taken with a purging of blood, and with¬ 
out seeing him, directed injections of cold water. In the 
morning i found him almost dead; and the assistant" sur¬ 
geon, Doctor Harrison, pronounced he was about to die.^’ 
1 ordered him to take five grains of sugar of lead every twa 
hours; the bleeding ceased after the third,, yet he took a 

* From Drs. Mitchili and Miller’s A'ledical Repository, vol. v, 

Vol. 31. No. 136. August 18()y. I fourth 
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fourth dose. His ])ulse began to rise in the evening, and 
next day I ordered him the bark : by the use of porter he 
soon recovered strength, though he continues very })ale. 
He certainly lost a great deal of blood, but I cannot state 
the precise quantity. ' 

On mentioning these cases to the Edon. Doctor Bibb, of 
the House of Representatives, from Geor2;ia—he stated that 
w'ith equal success he had given the sugar of lead to a young 
lady, who, during a paroxysm of fever, had an intestinal 
haemorrhage. The doses, however, which he prescribed did 
not exceed two grains ; and the salvation of the life of his 
patient as certainly depended on the sugar of lead, as in the 
eases I have related. 

My prejudice respecting the poisonous qtialities of lead 
being by these cases removed, I readily gave it a trial in other 
instances. In uterine haemorrhage I found it of essential 
service, like all who used it before me. 

Mrs. A. the wife of the D—- M~-, of the marine 
corps, aged about forty-five years, had a constant discharge 
of blood from her vagina, for four months ; within a few 
days it became so profuse as to endanger her life; w^heii 
called to her, I directed the exhibition of three grains of su¬ 
gar of lead every twm hours. The third dose relieved, and 
since I have heard of no further complaints. In cases of diar¬ 
rhoea, I have met with the same success, from the use of 

dead, which Dr. Archer has stated in a former number of 
the Repository. But the cases in which I used it were 
attended with high inflammation; and one of my fellow 
practitioners told me, that the medicine uniformly failed, 
when the system was in a low state. Within the last month 
I have used it in the following case : 

John ,Russel, a boy aged thirteen years, belonging to 
lieut. Harriden, of the navy, drank at once, one pint and 
three gills of strong apple brandy. In a short time he had 
no pulse, quick respiration, and all around him thought he 
was dying. About five hours after the spirit was drunk, I 
was called to him. Such wgs his inirritable state, that no- 
ihing which was introduced into his throat could excite 
vomiting. I had to rely only on external remedies, and 
these I applied in full force. It was only by severe treneral 
whippings, rubbing with mustard and vinegar, and finally 
by blisters c-aused by the blaze of fire, that I could excite any 

'action in his system. In fifteen hours I had to resort to in¬ 
jections of ether, brandy, laudanum, and such stimulants, 
to keep hini from sinking. These were discontinued bv de- 

'‘greesi until the end of the third day. On the fourth day he 

had 
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had mo^t excruciating pain in his abdomen, and serous dis-^ 
chariics i^om Ins bowels—llis pulse became highly inflain- 
maiorw Injections, purges, and prepared chalk did flot 
relieve. In this Situation I ordered him to take two grains 
oi the lead every two hours. 1'ne third dose seemed lo re¬ 
move euiirelv the iuHainmation : so that in two days the boy 
had no other comjilaint but his blisters, u hich soon healing, 
he uas dischavged tor duty. From this I conclude, that 
the lead is worthv ot' a trial in dysentery, at least after the 
e vac u an is are used. 

When I tound the throat and oesophacjus of Russe'l so in- 
irritable, I unsuccessfully endeavoured to procure a probang 
and flexible tube, to iniroduce into his stomach. With the 
first I could have extracted some of the brandy in his sto¬ 
mach, and with the last proba^lv the whole: so that the 
danger, from that alcohol, whici! h d not acted, would have 
been removed. In all cases where poisons, such as spirits, 
opium, &c., are swallowed, and are followed bv extreme 
inirritahihty of the throat, I have no hesitation in saying, 
that great relief might be afforded bv introducii g the end of 
some flexible tube ijjto the stomach. By th.s tube much 
vapour would escape; the bodv could be so placed as to fa¬ 
vour the running off of any fluid, or, at least, it would be 
practicable to evacuate consideraldy bv suction : by ddution 
with water, and repeated evacuaiions, the stomach might be 
entirely cleansed. Indeed, my reflections on this subject 
have impressed me with the belief, that t^he introduction of 
such a tube into the stomach, for the evacna'ion of poisons, 
and into the rectum, up to the sigmoid flexion of the colon, 
for the escape of that flatus, causing colic, will/prove of as 
much service to mankind as the catheter has been in the 
discharge of urine from the bladder. "At least the practice I 
propose in such cases is far more reasonable than washing 
the stomach for some disorders, by means of an instrument, 
which, I observe, Helster says, was done by the elder sur¬ 
geons. 

The last cases which embarrassed me, and in which Tad- 
ministered the sugar of lead, were those of salivation. In 
the navy hospital under my care, I find frequent occasion 
for the use of mercury ; in many instances tht salivation has 
been excessive, and no miitgation of syinptoms could he 
efiecied by opium, sulphur, blisters., purgatives, or any me¬ 
dicine that has been recommended. 1 have seen deatn arise 
in one instance from the salivation, and have apprehended 
it in many. .T 

This was leading me to lessen the frequency of mercury^ 
12 'm 
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in iny prescription?, until I found a remedy in the acetate of 
lead. Two cases occurred in the hospital at the same time, 
in which the salivation was alarming in degree as well as 
duration. 

It had occurred to me that the saccharum saturni cured 
haemorrhages and inflammations, by exciting the action of 
contraction in the vessels. Now, as mercury produces a 
contrary'effect, (for it really enlarges the vessels, as shown 
by the glands of the throat, &c.) it appeared to me that na¬ 
ture intended the action of one as much to counteract the 
action of the other in animals, as she did an acid to coun¬ 
teract an alkali: but be the theory correct or not, I ad¬ 
ministered the lead in doses of two grains, four times a day. 
On the second day one of the poor men asked me for more 
of the medicine he took the day before, I gave it on the 
second day, and it was discontinued on the third, for they 
were both cured of the salivation. To this, I will add, that 
they washed their mouths with lead-water ; and that the first 
time I ever found a bad symptom produced by the lead was 
in one of these cases. Violent belly-ache came on : this soon 
went off: and although the symptom may oftener occur with 
others than it has with me, I conceive it to be no objection 
to its use; for, but few would prefer a month’s salivation to 
a pain in the abdomen for a few hours. 

You have now the whole account of my use of the sugar 
of lead. I hone others of your correspondents will expe¬ 
rience and communicate an account of its virtues. When 
fair trials are made of it, I feel confident that there will be no 
singularity in the high opinion entertained of it as an inter- 

. nal medicine. 

XIX. On the Use of Fumigations in Army_ Hospitals; 
In a Letter from M, Chamseru, to M. Guyton =^'. 

I'" ^ Posen, August 18, 1807. 
AM glad to observe that every thing which concerns the 

success of the anti-contagious process, for which we are in- 
^debted to you, excites your solicitude, and I have now the 
honour to communicate some direct observations on this 
subject. 

It is sometimes difficult to prevail on mankind to adopt 
improvements which have for iheir object the preservation 
of their health. I was more fortunate in this respect, how,- 
«fver^ in our army hospitals in Poland than in Austria. 

f * From Jnnalcs de Chmie, tome Jxiv. p. i72. 

I con- 
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T consider low and remittent fevers produced by the nii^ 
asmata of an hospital as obstinate epidemics, wliich with 
slight altcntion may be avoided. "bhey originate from 
negligence or from the hospital being over-crowded, evils 
which a becoming firmness on the part of the medical officers 
will of course'prevent. 

During eight months that I performed the duties of the 
great hospital at Posen, containing 400 beds, and subject to 
great variations and changes with respect to the number of 
the patients, no infection made its appearance in any per¬ 
ceptible manner: no person attached to the service con¬ 
tracted it ; and several young medical attendimts, who had 
been attacked w’ith the contagion of other estabjishments, 
were brought to the above hospital for the benefit of our su¬ 
perior salubrity, and were restored to health. 

M. Desgenettes, the physician general to the army, gave 
me the following instructions: “ I request that when the 
hospitals are.crowded, or when low fevers prevail, you may 
use the fumigations with the hyper-oxygenated muriatic acid 
gas, according to M. Morveau’s process. This valuable pro¬ 
phylactic has been very improperlv rejected, and has been 
thought useful only when contagious diseases were com¬ 
pletely developed. 1 request you to inform me if thb pu¬ 
rifying remedy is put in practice.’^ 

In consequence of this letter I constantly recommended 
these fumigations in the wards of the hospitals to which I 
was attached. The instructions for health, inserted in the last 
Pharmaceutical Formula, for the use of military hospi.tals*, 
seem to make this measure subordinate to the removal of 
the patients from the infected place, and successivelv clian- 
ging their beds from room to room. Circumstances, how¬ 
ever, may occur to prevent these measures from being 
adopted, and it is important to simplify the operation as 
much as possible. Without occasioning, therefore, any re¬ 
moval of the patients, the hyper-oxygenated muriatic acid 
fras mav be used morning; and evening; without inconve- 
nience. An attendant ntav carry backward and forward an 

j ^ 

earthen vessel containing some muriate of soda and manga- 
nese>and cold sulphuric acid, taking care to stir it frequently 
w'ith a spatula. 

Neither the attendants nor patients have ever suffered any 
bad effects, in my presence, from the pungency of the fumi¬ 
gation. Some windows, however, may be opened to giv’-e 
vpnt to the fumigation, but if the weather be cold this may 

dispensed with; and the influence of the tlyuiigation 
I 3 partly 
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pafctly depends upon its being some time confined within a 
close place. 

Ho vvever great may be the energy of the disinfecting pro¬ 
cess, f do nm ihint; that too iiuicb ought to he expected 
from it A serious accicleut happened a month ago in an 
hospital where perfect saliiouty had previously reigned." A 
chu’'ch, which had been conver'ed into a fine ward with 60 
beds for chronic diseases, was infected with a fecal sme!!, 
which exhaled from the soil on account of a vast burying vault 
having been oversown by the bursting into it of a cesspool. 
The sick and wounded were instantly removed: the vault 
was cleaned and rumigated as well as possible, and the fu¬ 
migations were repeatedly made in the church itself with 
closed doors. In four or five days it was necessary to fill it 
again with patients, and the fumigations w^ere continued lor 
a week : no contagion was perceived. 

In my opinion, the instructions in the Formula above 
alluded to are not sufficiently explanatory with respect to the 
preservative effect of hyper-oxygenated muriatic acid gas. I 
think It has also the property of killing vermin; and it ought 
to be applied to the clothes of the sick soldiers w'hich are 
laid up on their coming into the hospital. Besides flies, 
which annoyed us much in Poland, we were also dreadfully 
afflicted with fleas and bugs, and on applying the above fu¬ 
migations they were all found dead. 

Letter from M. Benoit Mojon, Chief Vhysician to the 
MllitcLry Hospital at Genoa, on the sarrie Subject. 

Genoa, August 20, 1807, 

Two months ago a contagious clvsentery made its appear¬ 
ance in the military bospiiai at Cvenoa, and almost all the 
patients under my care, amounting to about 200, were at¬ 
tacked. As it is generally allow^ed that when dysentery is 
coutagious it is owing to an indiscriminate use of the same 
privy, I was anxious to try if fumigations of oxygenated 
muriatic acid had the effect of destroying the contagious ex¬ 
halations which produce dyseuterv in healthy as well as in 
diseased subjects. VVjth this view I fumigated the pri¬ 
vies in the hospital twdee a day, and succeeded in destroying 
this contagion m a few days. Contagious dysentery being 
of frequen recurrence in the hospitals of Genoa, it is likely 
that I shall have more frequent opportunities of witnessing 
the happy effects of similar precautions. 

4-* 

Ngte 
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Note by iM, Gdyton, subjoined to the two preceding 
Co mmunicat ions. 

When it occurred to nie to transmit these letters to the 
Annales de Chiniie^ T asked myself if there were not abtih- 
dance of observations already published on the efficacy oF 
these fumigations. I hope to be excused, however, when 
I inform the public that, in works protcssedly intended lor 
supporting the practice, even in the Bibliotheque MedicaLe^ 
some young physicians have inserted articles tending to 
weaken the public confidence in these operations, and to 
suspend their execution, notwithstanding the instructions of 
the councils of health and the orders of government. The 
old routine of perfumes has been recommended; and fears 
have been started respecting the action ot the oxygenated 
muriatic acid, by ascribing the same disinfecting virtue to 
fixed substances, which act upon those only in immediate 
contact. 

Is it not astonishing, for instance, to see it inserted in the 
German Journal of Hufeland, without any critical remark, 
that the contagious miasmata of ihe plague and of typhus 
are chiefiy attached to metals, that they are rather acid than 
alkaline, that lime and the alkalis are useful for preserving 
from any contagion ? Without^ however, pretending to 
dispense with the fumigations of Guyton Morveau, and 
Smith, equally efficacious, as is proved by experience ; but 
more difficult in their application, and more dangerous io 
respiration.'^ 

The author of this extract, in Nos. 47 and 49 of the same 
miscellany, carries still further his vague doubts and un¬ 
warrantable conclusions. He finds fumigations of sulphuric 
acid sanctioned by Homer, because mention is made in the 
Odyssey of the purification of a house by the combustion of 
sulphur; he calls by the name of nitro-sulphuric fumiga¬ 
tions, those made by the powder of the physicians of Mos¬ 
cow, in which there are only eight parts by weight of nitre, 
and six of sulphur to twenty-six of raspings of guaiacum, 
with the leaves and berries of juniper and myrrh : he sup¬ 
poses that we may purify inhabited rooms by burning 
sulphur in them : he even gives reason to think that the 
efficaciousness of the powder of the Moscovite physicians 
was proved on seven criminals condemned to death, who were 
injected with the plague and recovered; whereas, as I have 
reported according to Dr. A. Woiff, it was only some in--' 

fected. pellises that were exposed to a strong f'nmigation of 
mdphur and saltpetre combined, and none of the criminals 

I 4 obliged 
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^obliged to put them on look the plague ; and in his ConsU 
derations sur I’Rtsioire de la Pcste de IFolkhiie^ in 1798, 
Dr. Hui’eland points out the use oF tins povvder in thedisin- 
iectii^ oF clothes only*. IF the author of these articles 
really thought that men niiaht he with impunity exposed to 
sulphurous fumigations, Why did he not quote the authority 
of Propertius, who tells us that in order to purify him Cyn¬ 
thia burned sulphur thrice upon his head f? It is neverthe¬ 
less on the subject of these same sulphurous Fumigations 
produced with the mixture of resinous woods, nitre and sul¬ 
phur, that he declares, The physicians of Moscow may 
fairly dispute the honour of this discovery with Messrs. Guy¬ 
ton Morvenu, and Smiih.^’ Soon aiterwards he informs 
us that the use of fumigations is lost in the remotest anti¬ 
quity, the Hebrew, Arab, and Latin writers mention it as 
well as the Greeks. 

Of what importance is the name of the inventor, and the 
date of his discovery, provider! the truth oi it be established, 
and humanity is benefited > But when we read in the same 
page,—ike alkalis, lime, and the other cTsorhent earths 
have also something preservative in them—that Hippocrates 
preserved Greece from a plague brought From Ethiopia, by 
kindling fires in vvhich vanoiis aromatic substances were 
Jjurnt—it is certain that not only frankincense and myrrh, 
hut the othej' resinous gums also, and particularly camphor, 
the aromatic essences, juniper, and an in finity of odoriferous 
vegetables employed in perfume, or as vapours, have mani¬ 
fested very sakdrious effectsf—have we not a right to de^ 
iriand, What respect is due to the opinion of those who are 
not capable of distinguishing substances which, by their 
spontaneous expansion, can attack deleterious miasmata in 
the air, from substances which do not alter what comes in 
contact with them : and those which hmm by their chemical 
action, contagious viruses from those which cannot disguise 
their smell a single moment ) Is there not reason tolear, 
that, determined by the facility of pr&icuring some odorife¬ 
rous plants, they prefer perfumes, the inefficacy of which 
is now ascertained and publicly declared in every book on 
epidemics |? In this way opinions thrown out for the sake 

of 

^ Bib. Med. tome xvi. p. 405. 

■jr Terqpe meum tetigit sulpluiris igne caput. Lib. iv. Eleg. viii. v. §6. ' 
I Oi] this head we may consult the report of the comnissioii of the Ac:|- 

derny of Sciences on Prisons in 1780; the opinions of Vicq d’Azyr, Moii- 
tighy, kp., on epidemics and epizootics; the instructions of the Council of 
Health, 7 Vptose, an. ii.; the report of the committee of the Institute, 11 
Eructidor an. xi.; that of the committee of the School of Medicine of McHi^- 
pelier, sent to Andalusia in 1800 ; the Code Pharmaceiilicfice, for the use of h^- 
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of displaying a little erudition frequently retard tiie propa¬ 
gation of the most important facts. 

'XX. An Inquiry into the Terrestrial Pliccvowena produced 
by the Action of\ the Ocean. By John Carii, Esq., of 
Manchester.—No. II. 

To Mr. Tilloch. 

Sir, T- he several facts and reasoning in my two last papers 
Iiave been chiefly directed to show, that the exterior of our 
earth has been moulded into all its inflnite variety of ine¬ 
quality by the sole action of moving water; and I am now 
to inquire into those internal characters which are'more 
immediately the object of geological research, and winch 
have doubtless been eflected by the same plastic and potent 

' ;^gency. 
The two most inexplicable phaenomei a in geolo^vq and 

which, beyond all otiiers, have tempted the inquirer to wan¬ 
der out of the limits of natural operation into hypothetical 
regions of invention and surmise, are the various inclina¬ 
tions of the strata from horizontal up to vertical, and tlie 
elevation of the ocean up to those astonishing heights on our 
mountains, which bear the most unequivocal lestimonv of 
its former action. To get over the latter and greater difii- 
culty, Dr. Dutton, whose extensive personal researches and 
discriminating pow’crs merit llie highest eulogy, has lighted 
up internal fires in the low^est regions of t]ie earth, w hose 
expansive forces have elevated onr continents from the lowest 
beds of the sea up to their present heights, and, of course, 
throwm the seas which covered them over the existing con¬ 
tinents which had become impoverished and worn out, and ' 
which are to undergo a due season of renovated pickling in 
the briny deep, when the instinctive fires are to withdraw 
their support from us, shifting their buoyant powers to the 
submerged lands ; and these, kicking the beam, arc to delusre 

‘ our worn-out hills and valleys with the grand restorative 
specific-dilute muriate of soda. A glance at the map wdll 
show how strangely capricious are the operations of these 
internal ignitions, forcing; up in some cases continents ex- 
lending from pole to pole; and in other instances, in the 

pitals, by M. Parmenticr; tlic circular letters of the minister of the interior 
lo tlie prefects, of SO Nivosc and id Messidor, an. xiii. ; the reports made by 
M. Desgenettes, inspector-general of tiie military hos;)itals; of professor Pinaf; 
the programmes of the medical jury under the supcriutendaiice of Ad. Ciiaus- 
itfr, <XC. ' • 

midst 
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midst of vast seas, popping up the bald point of a peaked 
rock, with scarcely sufface enough of hatching room for 
one of mother Carey^s chickens. 

Mr. Kirwan, whose various chemical and mineralogical 
researches have added so extensively to the acquirement and 
spread of natural science, reprobating these internal fires, as 
chronologically heathenish and pagan, has let in upon them 
an orthodox ocean, which has chained off our present seas 
to fourteen thousand feet below their former depth, leaving 
countless myriads of bivalved, univalved, and other marine 
animals, gaping in helpless anguish for their briny beverage, 
on the summits of our highest mountains. Whether there is 
more of ingenuity in providing or in filling up such enormous 
cavernous excavations in the profound bosom of our consoli¬ 
dated globe, I shall not stop to inquire. 

To account for the great elevation and other anomalons 
irregularities in the strata, Mr. Farey, whose indefatigable 
personal researches have already added, and are yet likely to 
add, so much to our practical acquisitions, has announced 
his intention of employing an extinct erratic satellite, whose 
near a})proach to our globe is to reverse the direction of gravity, 
and excite by its attractive force rebellious movements in 
the upper strata, heaving them up in successive and doubt¬ 
ful movements, whither to continue attached to their parent 
planet, or, yielding to the usual and dangerous seductions of 
novelty, to fly off to the evanescent stranger. Nay, it should 
even seem that some of the undutiful progeny have ac¬ 
tually made this most singular elopement, and that the de- 
nudated tops of our eminences exhibit naked proofs of these 
paternal derelictions. As, however, the vertical strata and 
other anomalies which this lunation lever is made to lieave 
up are disseminated in local patches all over the earth, the 
movements of the heavenly visitant, unlike the even and 
equable progression of all its aerial prototypes, must have 
been strangely vagarious, and made in every latitudinary 
direction, by occasional dips and irregular snatches, like the 
plunderous dash of a hungry hawk at a flight of passing 
pigeons. 

It is in itself farcical to apply any serious argument to 
«uch hypothetical reveries as these; and this consideration^ 
I trust, will apologize for departing altogether from the 
.decorous gravity of philosophical disquisition. 

As far as we have yet made any successful discoveries in¬ 
to the operations of Nature, we find them all the result of 
permanent laws, which, acting with provident v/isdom and 
rotative perpetuity, give a precision, a stability, and a du¬ 

ration. 
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ration, to everv natun^l system, wherein no human calcula- 
can trace out either a beti.nning; or an end. Chance, • • • ^ 

nuschicvoiis irregulariiy, or accidental violence of action, • 
have no puce in the execution of these undeviating laws; 
they diC only the blind applications of our blind and partial 
views of thiniTs. 

The pi jloniied preservation o[ il e ephemeral s[}ecies, whose 
buzzing progenv commence and terminate their existence 
on the <ame dav, i^, as far as we can san see and judt>e, as 
effectually provided tor and secured, as that of the solar 
system. 

And shall vve look upon the stupendous and massive 
effects which the exterior and interior survey of our globe 
every where displays; and search for their causes amongst * 
temporary and extinct agents? Shall so mighty an occur¬ 
rence, in the scheme of terrestrial existence, as the stratified 
conformation and transition arrangements of the vast mate¬ 
rials of our earth, have no permanently established laws for 
their regulation and governance, while the fluttering insect 
of an hour is provided with its peculiar rules of formation 
and perpeiLial duration ? It was the impressive convic¬ 
tion that all geological plicenomena have resulted from 
systematic and permanently operating laws, which are now 
in full activity, and the reprobation of all fortuitous hypo¬ 
thesis in tlieir investigation, that first induced me to offer 
my sentiments on a subject which had previously occupied 
wy attention onlv in common with other branches of natu¬ 
ral history: and I will now proceed wdth the sketch of that 
outline, which I offer with the utmost diffidence, as a remote 
approximation towards a theory of the geology of our earth. 

"fhe submersion of our present continents for an indefinite 
.duration, and the formation of all their strata by marine 
action, are no longer questions in modern science; but it is 
yet an unascertained, and perhaps the most important of all 
geological queries :—Whether the present conformation of 
ihe interior of our earth has been derived from one, or from 
many successive immersions of the same country ? and un¬ 
til a specific and decisive answer can be given to this most 
interesting interrogatory, the multifarious phsenomena of ge¬ 
ological discovery will continue to he, as they have hitherto 
been, the prey and the sport of ingenious sophism and de¬ 
lusive hypothesis^ 

Tlieie are, I conceit^e, several distinct circumstances, 
which will aidhonse a probable decibion on this most im¬ 
portant (juestion of singular or plural immersion. All 
stratified rock^ not evidently the produce of marine shells 

in 



I 

140 An Inquiry into the Terrestrial Vhaenomena 

in their native beds, has been formed from the consolidation 
ot strata previously derived from aqueous deposition. The 
Volcanists triumphantly assign the consolidation, and in 
many cases maintain the actual fusion of the strata, to in¬ 
ternal fires, alleging that a, mere hardening by evaporation 
ot the moisture, in the stony matter, would necessarily leave 
the rock in a state of porosity^ which observation every¬ 
where contradicts. The trulh however is, that the assump¬ 
tion of internal fires is as superfluous as it is visionary, and 
the desiccation ot solidifiable strata, under an incalculable 
pressure of the superincumbent strata, aided by the agglu¬ 
tination of stony matter in solution, -during a period of in¬ 
definite extent, is amply sufficient to account for the highly 
indurated and dense state in which we now find all strati¬ 
fied rock. 

\ The absolute completion of the solidifying process seems 
^ however to require an emersion above the level of the ocean ; 

for it is difficult to imagine how many of the species^of rock 
with which we are acquainted, could have been both preci¬ 
pitated and consolidated under one and the same immersion., 
Jlf there is any truth in this observation, it would decide the 
question of more than one submersion ; for there are nume¬ 
rous instances of rock which bear conclusive evidence of the 
attrition of marine action after their induration. The rock 
of Fable Moun|;ain at the Cape of Good Hope may be givers 
as one of these instances. It is repugnant to ail rational be¬ 
lief, to admit that the materials of that vast rock experienced 
an aqueous deposition, a subsequent consolidation, and a 
final destructive denudation to its present state, all under 
one and the same immersion. 

1 he numerous breaks and separations which traverse the 
strata, designated faults, throws, heaves, troubles, and 
other names expressive of their effects in raining, are also, I 
think, evidence of distinct immersions. Their frequent 
rectilinear direction, and their worn and abraded angular as¬ 
perities, fully prove that they were formed after the consoli¬ 
dation of the strata in which they occur, and also, I conceive, 
establish them to have been originally chasms, gullies, 'ra¬ 
vines, valleys, channels, and other land excavations, clefts 
and fissures, and to have been filled up in a subsequent im¬ 
mersion. 

Mmera) veins in extensive fissures Vv'hich traverse stratified 
rock, can, I imagine, only be referred to the i^ame origin, 
and therefore testify the same result. The minerals have 
assuredly ^obtained their present situation in an immersion 
^entirely distinct from that in which the strata were formed. 

The 

/ 
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The monstrous opinion that all minerals and their beds have 
been forced up from below, and in their ascent have pro¬ 
duced the enormous dispartations of rock wherein we now 
find them, is rapidly declining; and the rational and far 
more natural conclusion, that all minerals and their hetero¬ 
geneous matrices have arrived at their situations by a de¬ 
scending process, is daily establishing itself; and it can be 
maintained on no other reasoning than that tlie separations 
in the strata were originally land fissures, clefts, rocky val¬ 
leys, and other excavations, such as all countries now"more 
or less abound with ; and that they were filled up with di¬ 
versified materials in a subsequent immersion. In fact, 
numbers of these fissures bear palpable indication of a stra¬ 
tified form in their contents; and those sparry and other in¬ 
crustations which are so usually found adhering, in many 
distinct layers over each other, to the rocky sides of mines, 
and which have been deemed certain proofs of actual fusion, 
are, on the contrary, the most decisive evidence of an aque¬ 
ous process down the perpendicular side of the rock, the 
distinct layers of diflerent materials concreting and passing 
over each other in regular succession. 

Perhaps the most irrefragable proofs of the distinct im¬ 
mersions of the same country are to be found in those sin¬ 
gular instances, sufficiently frequent, of the formation of 
secondary horizontal strata over vertical strata of primary 
granite and schistus. 

This rectangular formation of strata contains in itself a 
physical impossibility, as to its being the produce of a single 
immersion. 

Other proofs of separate submersions of the same country 
are to be found in the extensive beds of sand and pebbles, 
whose present situation can only be referred to former shores 
of the ocean. All granular sand and loose stone are de¬ 
rived from the detritus of rock, the desiccated strata of 
former marine deposition ; and all pebbles have acquired 
their smooth and rounded forms from the attrition of aa:i- 
tated water in the streanis of rivers or on the shores of The 
sea. Immense beds of such sand and pebbles are found in 
every varying situation, from the tops of the highest moun¬ 
tains to tlie bottoms of the lowest valleys, either in loose 
masses, or in vast formations of pudding-stone and breccias, 
which are merely the indurated beds of sand and intermixed 
pebbles. Now if we trace these numerous and extensiv'e 
beds from the first marine precipitation of the materials, 
through the Subsequent desiccation of the strata, the after 

disintegration 
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/-disinteoratlon of the rock, the period of aqueous attrition 
" and rounding ot the pebbles, their bubsequent consolidation 

into breccia, and the after disintegration from pudding-stone 
again into sand and gravel, as occurs in thousands of in¬ 
stances, it will, I think, compel an acknowledgmeiU that 
this wonderful history of material transiormation includes at 
duration of tune, in which we can perceive no commence¬ 
ment, and a distinct diversity of marine submersions of the 
same conn try. 

Indeed, to pursue this most astonishing transition of mat¬ 
ter from one'State to another, without even approximating 
the limits of rational probability, it may be truly asserted, 
that there is not a cubic foot of material in any natural bed 
within the range of human inspection, that i% not strictly 
derivative, having obtained its present form from its de¬ 
structive dissolution in a former state ; and that all our 
present continents have been constructed trom the number¬ 
less remnants and fragments of other more ancient countries, 
evincing altogeiher periods of duration, systems of trans¬ 
ition, and alternations of land and ocean, to which we can 
assign neither commencement nor termination. 

What has been said, and much more that might he offer¬ 
ed, afford, I think, as much of probable evidence as the 
nature of the case might be expected to furnish, that the 
different portions of our globe have been subjected to an in¬ 
definite number of marine immersions, and that it is in the 
infinite diversity of alterative efiects which such alternating 
changes ot land and sea would operate'on local portions of 
the earth, that we are to look for the only natural illustra¬ 
tion of the principal phaenoniena of geology. Strictly gui- 
cliiio- onr researches by the laws which we now find in action, 
we shall discover in Nature neither infancy nor old age, and 
the operations of the past and of the future will be found to 
human scrutiny equally illimitable. Every waste will have 
its compensation, and every decomposition its reconsolida¬ 
tion, and an endless succession of decay and reproduc¬ 
tion will be found revolving through the whole in circular 
perpetuity. 

The geologist who enters on his pursuit without these en¬ 
larged view's^ will be measuring the pyramid by the frag¬ 
ment of its apex. Every rock will be an obstacle, and every 
chasm a barrier to his progress; and calling hypothetical in¬ 
vention to his aid, he will fancy he is advancing, when, like 

..the dog in the wheel, he is onlv scramhling-^against a bank. 
1 have, Mr. Editor, a great deal ptore to say on the di¬ 

versified 
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versified inclinations of the strata, and on the probable cause 
which efi'ects the alternating changes of land and sea ; but 
having already trespassed so far on the periodical bounds of 
your limited and select publication, 1 shall decline troubling 
you further with mv crude remarks. Their object has been 
not to offer new facts, but new views of the subject; and 
to point out, however imperfectly, the most probable chan¬ 
nel through which we are likely to arrive at any rational 
theory of the diversified conformation of our globe. 

I am, sir, your obedient humble servant, 
John Carr. 

Princess Street, Manchester, 
August, 1809. 

XXI. Proceedings of Learned Societies. 

FRENCH NATIONAL INSTITUTE. 

Analysis of the Labours of'the Class 'of Mat herriatical and 
Physical Sciences of the French Institute^ for the Year 1807. 

[Concluded from o. 76'.j 

M. I'ouvARD has made a most useful addition to astronomy 
by his tables of Jupiter and Saturn. It will be recollected 
that the inequalities of the.se two planets have long per¬ 
plexed astronomers, and would have still continued to do so, 
if the analysis of M. La Place had not discovered equations 
of a long period, which, by being confounded with the mean 
motions, had apparently accelerated the motion of Jupiter, 
and proportionally retarded that of Saturn. By the help of 
this theory, compared with the best observations made for 
more than one hundred years, M. Delambre succeeded in 
reducing to half a minute, under the most unfavourable cir¬ 
cumstances, the errors of the tables, which formerly were 
from 15 to 20 times greater for Jupiter, and more than 40 
times for Saturn. The errors would have been still less if 
modern observe*” ions were more numerous, and admitted of 
our rejecting every thing that preceded 1745 ; but the author 
had disposed his work in such away as to be able to resume 
it, either of himself, or by means of another astronomer, 
as soon as some good observations were at hand. There re¬ 
mained besides a trifling inaccuracy respecting the mass of 
Saturn, and consequently the‘incqualities of Jupiter—M.La 
Place has revised and perfected his theory—M. Bouvard has 
been able to acquire a clearer idea of the doubtful mass ;— 
and from all these changes, partly owing to good observa¬ 
tions made since the printing of the tlYst tables in 17B9, 

nior^ 
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more exact tables have beea obtained, for the two planets j 
so that the greatest error does not at present exceed 13 de¬ 
grees, and it even rises to this quantity on one occasion only, 
partly owing no doubt to an error in the observation. 7'he 
utility of this labour has been extended to the ecliptic tables 
of the satellites oF Jupiter, entirely recomposed by M. De- 
lambre, and which will soon be published. 

Zoology.—:Of all the ph£3enomena peculiar to certain 
animals, there are few so singular and so apparently con¬ 
trary to the laws of animal mconomy as the lethargic sleep 
to which several vivpiarous quadrupeds are subject during 
winter. The lethargy of reptiles and of insects during the 
same season astonishes us^ much less, because we are less 
disposed to compart these beings with ourselves; and be¬ 
cause in this state they lose a smaller number of their ha¬ 

bitual properties. 
Ill the ietharp'ic mammifers, not only does an absolute 

state of rest take place, a complete abstinence and an insen¬ 
sibility to such a degree that we‘may sometimes burn or tear 
them in pieces without their perceiving it, but their respi¬ 
ration and circulation also gradually diminish, and they lose 
the greatest part of their animal heat, one of the most marked 
characters of their class: in a word, their life seems totally 
arrested; all the springs which retain or set in motion 
the elements of organisation seem to have lost their activity, 
and yet life still remains, nay, may be prolonged by that 
lethargy beyond its natural limits : neither death nor decom¬ 
position has taken place; and unless the cold or other acces¬ 
saries of the lethargic state has ceased^ the animal awakes 
and resumes its usual functions. 

When the Class proposed, in 17995 that naturalists should 
consider in detail the circumstances which produce., ac¬ 
company, and put au end to the lethargic state, it was not 
expected that a complete solution of the point would be ob¬ 
tained, but merely that the attention of naturalists, when 
directed to so great an object, might throw Nome light on it. 

The most impprtant memoirs on this subject have ap¬ 
peared in'Spallanzani’s posthumous Treatise on Respiration, 
published in 1803, and in 1807 by his friend M. Sennebier. 
M. Mangali, the pupil and successor of Spallanzani, pub¬ 
lished some experiments at Pavia, on the same subject*, 
and Mr. Carlisle, in the Philosophical Transactions for 1803, 
has thro\vn much light on the question, although we are 
not yet perhaps able to solve the question. 

^ See PJillosophical Magazine, vol. xxxi p. 245. 

,' " Messrs. 
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Messrs. Flerholdt and Rafn, of Copenhagen, M. Salssy, 
ft physician of Lyons, and M. Prunelle of Montpelier, 
have successively presented memoirs of great merit to the 
Institute, on the torpidity of animals; and we think it right 
to give here a detail of some of the pheenomena, with some 
hasty conjectures respecting the cause. 

Cold is the most necessary accessory to sleep; but it is 
not the only one: there must also be an absence of irritating 
causes, such as noise, food, &cc. Several of these animals, 
when domesticated, do not sleep, notwithstanding the cold. 
An atmosphere deficient in oxygen is also favourable, and 
frequently necessary. This is the reason that most animals 
roll themselves up before falling asleep. 

The degree of heat, although variable according to the 
kind of animal and accessary circumstances, is always a 
little higher than the freezing point: a too violent cold has 
the effect of awakenin 
posed to it. 

Ouadruped? subject to lethargic sleep have not in general 
their blood colder than other animals in the ordinary state, 
nor do they consume less oxygen in respiration : it appears, 
however, that their heat decreases a little with that of the 
atmosphere, although it always remains sufficiently high 
while they are awake. 

When once asleep, their breathing and circulation be- ' 
conie slower : the consumption of oxygen decreases in the 
same proportion; they lose all feeling when the lethargy is 
at its height. Irritability seems to be the function which is 
best preserved. 

Their animal heat decreases in the same interval to one 
or two degrees above 0^ (Reaumur'), but it does not become 
low'er; and if we gradually expose the animal to a more vio¬ 
lent cold, and it becomes frozen, death ensues. 

Warmth is the most natural cause of the animal’s awaking: 
there are other causes, however, and cold is one of them. 
When the animal awakes from any given cause, respiration 
and circulation recommence with the usual degree of heat. 
The profoundness of the sleep is different, according to the 
species. Some animals awake several times in winter : the 
bear and the badger are subject to a slight sleep only : the 
dormouse allows itself to be dissected without exhibiting any 
signs of pain. 

They evacuate their bowels before goingto sleep ; but they , 
iRi during the short times in which they are awake : they 
.ranspire but very little. The above are such facts as have 
jcen clearly ascertained. - * 

Vol. 34. No. 136. Avgust 1809. K 
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With respect to the predisposing causes, e, why some 
animals are subject to sleep in winter and others not; and 
with respect to the preserving causes, i. e. what renders them 
susceptible of reviving, notwithstanding the suspension of 
functions which seem most necessary to life,—nothing yet 
has been advanced which offers a satisfactory solution of 
these questions. 

M. Geoflroy has presented to the Institute some frag- 
merits of a great work which he has undertaken upon Com¬ 
parative Osteology. He endeavours to push further than has 
been hitherto done, the analogies between the corresponding 
parts of various vertebral animals,—analogies which Aristotle 
had already recognised, and upon which he founded his 
works of Natural History. 

Mi, Latreille, already known by his great work upon In¬ 
sects in fourteen volumes, published as a supplement to 
Buffon, has added to his other labours a work in Latin, 
under the title of Genera Insectorum et Crustaceorum, three 
volumes of which have already appeared, in which he, has 
classed them with method and precision- 

M. Dumeril, professor of anatomy in the School of Me¬ 
dicine, the editor of M. Cuvier’s Comparative Anatomy, 
and author of several valuable works, has presented three 
Memoirs this year to the Institute. In the first he treats of 
the mechanism of the respiration of fishes, which is nearly 
the same with that of deglutition in other animals, but it is 
effected by more complex organs; he points out several in¬ 
teresting singularities, and among others, the way in which 
lampreys, rays, and several squali take in water; their 
mouth being fixed to the stones or the sand, cannot be used' 
for this purpose, but it is effected by means of apertures, 
called vents, made in the upper part of their heads, and fur¬ 
nished internally with a valve which admits of water entering 
when the cavity of the mouth is dilated, but which leaves 
no other outlet but the gills, when this cavity is shut. 

In his second Memoir, M. Dumeril treats of the senses of 
smelling and taste in fishes. He thinks their tongue is in¬ 
sensible to taste, on account of the dryness and hardness of its^ 

' integuments, and the continual passage of water over them 
in respiration; but their pituitary membrane not being suscep¬ 
tible of smell like ours, since it is not affected by elastic va¬ 
pours, may very probably be the seat of the organ of taste, by 

♦transmitting the impression of substances dissolved in water. 
The third Memoir is a comparative view of the various 

vital and animal fmictions, in the order of reptiles called 
Batrac'ice^ whence it results that the division of this order 

into 
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into two families, proposed by M. Dumeril In his Analytical 
Zoology, is justified by striking differences in almost all the 
organical systems. 

'I'hc crocodile genus has been this year the subject of se¬ 
veral Memoirs. Hitherto no correct ideas have been formed 
even respecting the crocodile of the Nile, which has been 
the subject of so many wonderful stories far less .were the 
destructive characters of the various crocodiles known. 
M. Geoff'roy Saint Hllarie haS rendered an essential service 
to natural history by bringing; a crocodile of the Nile from 
-tgypt; a circumstance which had the effect of introducing 
to the public the Saint Domingo crocodile, an animal al¬ 
most entirely neglected by naturalists. M. Descourtils has 

' presented a complete history of it; being the result of ob¬ 
servations made in the West Indies, accompanied by draw¬ 
ings. M. Cuvier, by comparing the information thus com¬ 
municated with his own previous knowledge, has proved 
that there exist, in the warm countries of the old and new 
continent, at least twelve species of these voracious reptiles, 
distinct from each, and easily recognized : he has exhibited 
the bodies or skeletons of most of them, and determined 
their characters. 

The same naturalist has directed his attention in an ana¬ 
tomical point of view to some reptiles which truly merit 
the appellation of amphibious^ because they breathe by the 
gills like fishes, and by the lungs also like common reptiles. 

One of these, the siren lacertina^ resembles a kind of eel, 
with two small fore-feet, each having four toes : its neck is 
adorned on each side with three small fringes. This animal 
is found in the fivers of Carolina. 

The other, the proteus anguinus, is still more extraor¬ 
dinary ; its colour is whitish ; its gills of a bright red : it 
has four feet, those in front have three toes, and those be¬ 
hind only two. The eyes are entirely concealed under the 
skin, and in fact are of no use to it, for it only inhabits 
some subterraneous waters in Carniola, from which it is 
vomited forth in great inundations. It is therefore ex¬ 
tremely rare even in that country, and has never been found 

; any where else. 
! The third was brought from Mexico by M. Humboldt, 
i The inhabitants use it as food : it resembles an aquatic sala- 
1 mander, and is called proteus pisciformis, or aScolotl. 

M. Cuvier's opinion, that the mammoth of Russia, and 
indeed of the old continent, was a different species from the 
Indian elephant, is well known. I'his opinion has been 

K 9 fully 
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fully confirmed by the discovery of an almost entire carcase? 
of the former animal near the mouth of the Lena by M, 
Adams of the Petersburgh Academy^. 

Zoology has this year been enriched bv the labours of 
M. Biot, the celebrated geometrician. While occupied in 
the Balearic Islands in measuring an arc of the meridian, he 
thoLight he observed that fishes, when suddenly drawn out 
of the sea by the line from a great depth, expelled a part of 
their intestines froni their months : this phenomenon he 
ascribed to the air-bladder being compressed by the great 
column of water which it has to support, and which dilating 
suddenly as the fish rises, tears a part of the intestines, and 
causes them to rise into the mouth. M. Biot also examined 
the nature of the air contained in this bladder, and found 
that it varied from pure azote up to oxygen; 
but there was no appearance of hydrogen. He was of opi¬ 
nion that the oxygen was more abundant in proportion to 
the depth from which the fish came ; and fresh water fish, 
which frequently swim near the surface, afforded very little 
of this gas. This last observation has also been made bv 
Messrs. Geoffroy and Vauquelin, and by M. Humboldt, and 
agrees with the opinion long ago advanced by M. Fourcroy, 
in a memoir upon the air in the bladder of carps, which he 
regarded as almost pure azote. 

M. Jurine, correspondent of the class at Geneva, has 
published a work on hymeoopterous insects. He divides this 
extensive class according to the nerves of the wings, a cha¬ 
racter which has the advantage of being extremely sensible, 
and is more natural than might be expected from the small 
degree of importance attributed to it. 

M. Jurine is busied with a similar work on dipterce, or 
two-winged insects. 

Physiology.—M. Dupuytren has presented the Institute 
some experiments on an important point in physiology, 
viz. ; the concurrence of the nerves of the lungs in the act of 
respiration. The attention of physiologists having been 
long directed to the chemical part of this animal function, 
they had too much lost sight of its vital part; and it wats 
supposed that, provided the motion of the sides and of the 
diaphragm brought the air into the cellular part of the lungs, 
the biood would be changed from venous to arterial. It had, 
noiwiihstanding, been presumed, that the texture of the ar¬ 
teries, and couseq.uently of the nerves therein distributed^ 
must still take an active part in this operation, as well as in 

See Philosophical Magazine, vol. xxix. p. Hi. 
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11 the other transtbnoalions of the fluids of the animated 
body, d'his has been proved by M. Dupuvtren, in direct 
eNperiments. Florses and dngs, in which he had cut from 
hoih sides the nerves [peculiar to the j)ubnonary texture, in 
vain agitaterl their pectoral muscles aitd inspired the air; 
their blood coitstantlv remained black, and they died as if 
from asphixia: and the same nerves, alternatelv tied with a 
thread and freed from the ligature, when the texture had not 
been altered, successiveU' produced the pheenomena of arterial 
and venous colouring. . 

Botany.—M. T.,abi]lardiere has finislted his Ffora of 
New Holland. M. de Beauvois has published anew edition 
of that of Oware and Benin, and has given the remainder 
of his Memoir on the Algte. ^ 

M. de .Jussieu continues his examination of certain fami¬ 
lies, the structure of which he analyses more exactly, and 
rectifies (he distribution, combining; his observations with 
those of Grertner. New divisions or unions of g;enera have 
resulted from his inquiries; and on this head he has this 
year communicated a memoir, in which he separates from 
the too numerous genus/t/x/ic/a, two genera, which he de¬ 
nominates die Up ter a and blech um. 

Both difi'er from the oxiWndTy justicia, from their capsule 
bein g divided into forked valves ; and the partition betw-een 
the seed-boxes is but imperfect. The blechnm in particular 
is distinguished by four stamina, and by the diderem struc¬ 
ture of its partition, 

M. Happel-La-Chesnav, of Guadalonpe, has communi¬ 
cated an interesting observation upon tlie air-vessels of the 
Banana tree. These vessels are very abnndant, and very tough 
in the stalk of this veoetable ; and as the rest of its texture 
is very tender, they are easilv detached, 'Fhey resemble 
carded cotton, but it does not appear that cloth can be made 
with them. 

M. Dupetit-Thouars has continued to communicate his 
inquiries upon the growth of vegetables. He still tfiinks 
that the stalk of trees finds in the buds the principle of its 
growth, and that the fibres, of which the annual layers of wood 
are com|>oscd, are in some measure the roots of the buds, 
while tl>e small medullary thread which joins each of them, 
performs the same functions with the cotyledons in the small 
plant which is germinating*. 

I'o the motives for this opinion, which he had previously 
detailed, he has added others : be has endeavoured to answer 

* See Philosophical Map;a7,Ine, vol. xxviii. p. 370. 
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objections, and has intermixed several important facts con¬ 
nected with the physics of vegetables, and of an interest in¬ 
dependent of the principal object. Of this number is the 
germination of the tree called lecythis by Linnaeus: although 
belonging tp the dicotyledons, the evolution of its seed is 
not similar to any of the three modes hitherto adopted. Its 
cotyledon is internal, and serves as a basis to the marrow, 
which, in the opinion of M. Dupetit Thouars, is a proof in 
favour of his ideas. 

The origin of carbon in plants is one of the most impor¬ 
tant questions connected with vegetable ceconomy. The class 
a few years ago made it the subject of a prize question with¬ 
out obtaining a satisfactory answer : but the excellent work 
published since by De Saussure, added to preceding labours 
of M. Sennebier, has begun to throw great light on this ob¬ 
scure subject. The decomposition of the carbonic acid is 
displayed amid many complicated transformations, as the 
chief and predomihating act of vegetation, and as the pri¬ 
mitive source of vegetable carbon. 

M. de Crell, a celebrated chemist residing at Helmstadt, 
has this year communicated to the class some experiments 
which afford a most exalted idea of the power of vegetation 2 

he informs us that he has raised plants m pure sand, so as . 
to bear fruit: they were watered with distilled water only, 
and supplied with a determinate quantity of air, in which 
the carbonic acid must have been almost null, compared to 
the quantity of carbon produced. Vegetables must therefore 
have,. according to M. Crell, the power of composing car¬ 
bon, employing for this purpose only water, atmospheric 
air, and light. This would be one of the greatest discoveries 
in chemistry; hut unfortunately this respectable chemist has 
not taken the necessary precautions for demonstrating his 
assertion wdth the precision requisite oii'^such an important 
occasion: even when he covered his plants wdth a bell-glass, 
it was out of his powder to prevent the access of the external 
air through the sand on which the bell-glass rested ; and as 
the external air is continually in motion, it is very difficult to 
estimate the quantity of carbonic acid which it can furnish. 

Chemistry.—-Messrs. Fourcroy and Vauquelin continue 
wiih unabated ardour their Analyses of the Productions of 
organised Bodies, and their remarks on the transformations 
which these productions are capable of undergoing: by theses 
labours they have established relations of the utmost impor¬ 
tance between chemistry and physiology, and have thrown 
a great deal light on the latter. 

The 
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The juice of onions presented a sharp, volatile and odori¬ 
ferous oil, sulphur, plenty of saccharine matter and of mu-' 
cilage, a vegeto-aniinal matter coagulable by 'heat, phos¬ 
phoric and acetic acid, calcareous phosphate and citrate, 
udiich last had not been previously discovered in vegetables. 
It is this oil which gives onions their sharp taste previous to 
their being dressed, and which irritates the eyes ; and it is 
the sulphur they contain which blackens silver articles, and 
contributes to the smell which onions give out when in a 
slate of putrefaction. 

The free phosphoric acid being capable of dissolving the 
phosphate of lime, would perhaps be useful as a remedy 
against calculi of the bladder : and this has given rise to an 

'opinion that onion juice is an excellent medicine for the stone. 
Calculi of uric acid and of oxalate of lime are unfortunately, 
however, unaltackable by it. The acetous fermentation of 
onion juice develops a kind of manna, differing from the 
saccharine matter from which it is separated, in so far as 
the proportion of hydrogen and carbon is more considerable, 

"J'he milt of fresh-water fishes presented to these in¬ 
defatigable chemists an important fact, and one entirely new 
in the annals of science. The above substance contains native 
phosphorus, which is so intirgately combined with it that it 
remains united to its carbon after a total decomposition, 
forming a true carburet of azoted phosphorus. Human 
bones of the eleventh century, dug up from the old church 
of St. Genevieve, and analysed by the same chemists, were 
found dyed of a fine purple colour and covered with an 
efflorescence of phosphoric acid and acid phosphate of lime. 
Messrs. Fourcroy and Vauquelin are of opinion, from this 
observation, that the exhibition of the phosphoric acid might 
rather be one of the methods employed by nature for de¬ 
composing the bones and restoring them completely, to the 
earth. 

[The report next details Mr. Davyds discoveries, which 
have been already submitted to our readers.] 

M. de Morveau has attempted to apply Galvanism to cer¬ 
tain interesting and obscure phsenomena in the mineral 
kingdom; and particularly to the transition of a sulphuret 
lo the state of oxide, without any alteration of its primitive 
form : some subterraneous production of electricity seemed 
to him to explain the facts ; and on subjecting some sulphu- 
rcts to the action of the pile, they exhibited the same meta¬ 
morphose. 

We know that of all the phaenomena of the mineral king¬ 
dom the most perplexing perhaps is that of stones falling 

K 4 from 
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from the atmosphere; and every thing is so new on the sub¬ 
ject, that it ought not to excite our astonishment that various 
explanations are still sought after. 

, We alluded last year to the remark of M. Vauquelin, that 
several metallic substances, very similar to atmospheric 
stones, are evaporated from lofty furnaces. 

M. Seguin has endeavoured to collect all the analogous 
facts known in chemistry or medicine, such as the delete¬ 
rious vapours of lead, mercury, the phsenomena of salts 
diffused in air, vapour, rain-water, &c.; all the metallic or 
other substances which hydrogen gas can dissolve ; the 
quantity of odours, and of miasmata, not recognisable 
by our eudiometers. From all these M. Seguin easily 
proves that the composition of the atmosphere is very little 
known to us, and that several of its vapours being very light 
may be accumulated in the upper regions ; but the difficulty 
of uniting a sufficient quantity before their falling down, in 
order to form aerolites of the sise generally observed, re¬ 
mains unsolved. 

M. Theodore de Saussure has presented a very interesting 
analysis of alcohol and sulphuric ether. He operated by 
combustion, both with alcohol by itself and in the state 
of vapour:^ by means of decomposition by simple heat, he 
determined the quantity of water and of carbonic acid pro¬ 
duced, as well as the respective quantities of their elements 
in oxygen, carbon, and water ; finally, he has drawn a mean 
result from all his operations, and concluded the compost'^ 
iioii of alcohol to be as follows : 

Carbon 0*4565 
Oxygen 0-37S5 
Hydrogen * - 0*1404 
A^ote 0*0352 
Cinder (Cendre) 0*0004 

roooo 

And that of ether • 
• 

Carbon 0*583 
Hydrogen - 0*2214 
Oxygen - » 0*1066 

1*0000 

Finally, he shows that these two analyses agree with the 
quantity of ether furnished by a given quantity of alcohol, 
and bv the analysis of what remains after etherification. 

This 
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This memoir, more precious on account of the new che¬ 
mical methods which it lias su^ffested than by its direct 
results, also contains several interestino; remarks; and 

‘ among others this particular one, that vapours are heavier 
in proportion as the liquids they are produced from are 
more volatile. 

'Fhc tiieorv of sulphuric ether formerly given by Fourcorv” 
and VaLujiielin is therefore conllrmed in this respect, that 
the acid torms no part of the composition of this liquid. 

But this is not tlie case with resjiect to ethers formed by 
the action of the volatile acids upon alcohol : the acid enters 
into the combination, either completely formed, orby means 
of its elements. iVj. 'fhenard had proved this la'^t year, with 
respect to tire nitric ether, lie atterwards extended his in¬ 
quiries to the muriatic and acetic ethers, and shosved that 
acid i' to be met with in them, either from the cfFects of 
time or of combustion, althouoh it is in these cases so well 
disguised, that neither the alkalis nor the other known re¬ 
agents do separate it from them at their first formation, 
111 these cases, Docs it exist in an entire state, or decom¬ 
posed in its elements? This question is of didicuk solution, 
notw ithstandino its interesting nature, so tar as the muriatic 
acid is in question. M. Boulav, however, haviiii: succeeded 
after an interval of time in absorbing the muriatic ether by 
ammonia, and having distinctly and separately extracted al¬ 
cohol and muriate of ammonia, thinks that the acid and 
the alcohol were simply combined together; and he extends 
this conclusion to the nitric and acetic ethers. 

M. Boulay has also succeeded in prepariiio; phosphoric 
ether, the theory of which brings us back to that of the 
sulpliuric ether. 

M. \ ^auquelin continues his important analysis of the 
different kinds of iron, and his inquiries into the ingredients 
w hich occasion the bad qualities of some of them. 

One kind of iron, which broke when hot in the hands of 
some w’orkmen, while hi the hands of oihers it w'as passable, 
only yielded one six-hundredth part of phosphorus, and a 
four hundredth part of chrome. Another kind of iron which 
crumbled under the hammer at awhile heat, and which pre¬ 
sented a grain like that of steel, without its hardness, con¬ 
tained one three-hundredth part of arsenic and one hun* 
dredth jiart of phosphorus. 

M. Vauquelm is at present occupied with inquiring by 
what means we may free iron from principles of which 
'^ueh a small quantity alters the quality of the metal. 

AI. Gay- 
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M. Gay-Lussac has undertaken a laborious im^estigation, 
with a view of appreciating the action of the fire upon the 
different' sulphates and sulphurets^ and in order to determine 
the circumstances in which the sulphuric acid is found com¬ 
pletely formed or decomposed. He found that this decom¬ 
position is effected in the metallic sulphates^ in which the 
acid is more tenaciously retained^ and that there then pass 
over sulphurous acid and oxygen; but this last phaenomenon 
does not take place where the aeid is feef)ly condensed. 

As to the sulphurets, they always give sulphurous acid at 
a very high temperature; but at a low temperature they 
give more sulphuric acid, as the oxide of their metal has 
more affinity for it. The earthy sulphates and that of am¬ 
monia always admit of their acid being decomposed; but 
those of the fixed alkalis only do so when their acid is in 
excess. The acid alone is very well decomposed by simple 
heat. From these inquiries results the analysis of the two 
acids of sulphur; 100 parts of this combustible take 50’6l 

» of oxygen before being converted into sulphurous acid, and 
85*70 before becoming sulphuric acid. 

We have also, as one of the above results, an explanation of 
several complex chemical phaenomena, and particularly those 
which take place at the manufacture of sulphuric acid by the 
combustion of sulphur in leaden chambers. Sulphur alone 
would give sulphurous acid only; but the nitre Which we 
burn w'ith, and the atmospheric air admitted, furnish the su¬ 
perabundant oxygen. Water is a necessary intermedium for 
uniting the oxygen of the air to sulphurous acid, as M. Four- 
croy long ago announced, 

M. de Morveau has made some curious experiments upon 
the time necessary for the inflamniation of a given mass of 
gunpowder, and the effects which result from it. Coarse 
powder inflames more speedily than fine. Iffie ordinary 
working of a gun requires that the ball should run freely in¬ 
to the piece, and the space required for this purpose greatly 
diminishes the strength of the powder. But it is singular 
that by diminishing this interval of room in a gunpowder 
proof, and making the ball fit very accurately, a still greater 
loss takes place ; probably becaue the explosion, by momen¬ 
tarily cohnpressing the globe in the longitudinal direction, 
dilated it in the transverse direction; and in this case there 
w'as too violent a friction of bronze against bronze. Expe¬ 
rience having shown that leaden bullets pressed into carbines 
have not this fault, M. de Morveau tried bullets made cy¬ 
lindrical behind, and furnished with a leaden ring, which he 

found 
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found yery advantageous; but as it requires more time ta 
load a gun in this way, they can only be employed in fixed 
batteries. 

Count Rumford has communicated some curious experi- 
ments relative to the general action ot affinities, and which 
prove that two liquids may continue a long time superposed 
without being completely mixed, although pr(#lisposed by 
nature. A saturated solution of sea salt was covered with 
distilled water : a drop of oil of rosemary heavier than fresh, 
and lighter than salt water, kept between both, and served as 
an index for the progress of the mixture, ascending about 
two or three lines per diem. 

t 

XX ri. Intelligence and Miscellaneous Articles. 

MERINO SHEEP. 

A LL persons who possess ewes of pure Merino race, and 
are desirous of increasing their stock, are requested to apply 
to Sir Joseph Banks, who has received the king's commands 
to distribute a considerable flock, newly imported from 
Spain, among such persons as are most likely to preserve 
them free from all admixture, and to improve their form by 
judiciously matching them in breeding ; giving a due prefe 
rence to those who have manifested their approbation of this 
kind of stock, by having already provided themselves with 
the breed, hut who have not yet obtained a sufficient in¬ 
crease to be able to supply the wants of their neighbours 
who wish to improve their British wools by the use of this 
valuable cross. 

Letters addressed to Sir Joseph Banks, Soho*Square, 
London, will be duly attended to. He requests to be cor¬ 
rectly informed of the actual number of pure Merino ewes, 
ewe tegs, and ewe lambs, each applicant is now' in posses¬ 
sion of, and of the source from w'hence the breed was ori¬ 
ginally procured. 

Sir Joseph Banks will be thankful to gentlemen who will 
inform him what was the average weight of the pure Me¬ 
rino fleeces of the clips ot 1808 and ISO9, and what price 
per pound they were sold f#r, with the name of the pur¬ 
chaser. _ 

Mr. Wm. Curtis, of the Botanic Carden, Brompton, has 
lately been rewarded by the Society of Arts, &c. &c., for 
his valuable application of the Long While Moss of the 
'Marshes {thQ Sphagimm palusire Liuns^us) to the pack- 
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ing of young fruit- and other trees for exportation. 'He does 
this by ^Lieezing out part of the moisture from the moss, 
and layii^g courses of it about three inches thick, iriferposed 
with other courses of the trees, (previously shortened in 
their branches and roots,) stratum super stratum, until the 
box is filied, when the whole must be t»'odden down, and 
the lid proptrly secured. The trees will need no care even 
during a vo}'age of ten or twelve months; the moss being 
wonderfully retentive of moisture, and seeming to possess an 
anti-septic property which totaiiy prevents fermentaiion or 
putrefaction from taking place; and, in fact, vegetairon'ac¬ 
tually proceeds during the time the trees remaiii so inclosed ; 
shoots being formed both from their branches and roots, 
which, however, are blanched and tender, for want of light 
and air ; and, in consequence, the trees, on bdno' planted, 
require to be gradually inured to (lie open air. Tins moss 
is very common in most parts of Europe and America-, 
which renders this application of it more facile, and the dis¬ 
covery more important. 

The follow'ing is an illustration of a well know fact, that 
the general tendency of currents in the ocean is from the 

-East towards the West 
(copy.) 

“ Neptune, St. John’s Roads, Antigua, 
Jane 29, 180a. 

Sir,—“As the inclosed letters'^, picked up in a bottle, 
on the windward part of the island of Martinique, on tlie 
18th of April last, tend to elucidate the state of the current 
in the Atlantic Ocean, I inclose them to you, with a request 
that you will be pleased to make ihe^circurastance known to 
the lords commissioners of the admiralty. 

The bottle appears to have been thrown overboard by 
the Princess Elizabeth packet, going to the Brazils, on the 
6th of September 1808, in lar. 14.4 5, and long. 25, and it 
must have been earned about 2020 miles in 224 days, which 
gives nine miles per day on a west course.—I am, &;c. 

(Signed) Alex. Cochrane.’^ 

W. W. Pole.’^ 

Without being profoundly skilled in subjects of this na¬ 
ture, we should apprehend that the rotatory motion of tiie' 
earth, from west to east, will, where local circumstances do 
not operate, necessarily produce a hearing of the fluid ele¬ 
ment in a contrary direction, and occasion the general ten¬ 
dency of currents to be Pom east to west. To this it may 

^ Several letters were found, in tht bottle addressed to individuals. 

7 be 
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be atiJecl, that the water will naturally inernte. to follv^w the 
sun in Ins diurnal motion, from the ailractive force of this 
body acting upon a yielding substance. ' 

In a short tinte will he published a new edition of Nt-* 
chotsou’s Principles of Architecture, corrected and improved 
by the author, with the addition of two new plates ; forming 
three volumes, octavo, containing 2i8 plates, engraved by 
Lowry and til hers. ' ' 
^ LECTURES. 

Sit. Thomafi and Gny's f-Jospifah. 
The Winter Courses of Lectures at these adjoining; Hospi¬ 

tals will commence as visual, the beo;inuing of October, viz. 
^4t Si. Thomas's.—Anatomv and tite Operations of Sur¬ 

gery, by Ivlr. Cline and Mr. Cooper.—Principles and Prac¬ 
tice of Surgery, by Mr. Cooper. ■ ‘ ' 

j4t Guy's.—Practice of Medicine,xby Dr. Babington and 
Dr. Curry.—Chemistry, by Dr. Babinglon, Dr, Marcet, 
and Mr. Allen.—Lxperimenlal Philosophy, by Mr. Ailen.-— 
d'heory of Mediciiie, and Materia Medica, by Dr. Curry 
and Dr. Cholmelev.—Midwiferv, and Diseases of Women 
and Cliildren, by Dr. Haighton.—Physiology, or Law's ofc* 
the Animal (Economy, by Dr. Haighton.—Structure and 
Diseases of the Teeth, by Mr. Fox. 

N. B. These several Lectures are so arranged, that no two 
of them interfere in the hours of attendance ; and the whole 
is calculated to form a complete Course of Medical and 
Chirurgical Instructions. Terms and other Particulars may- 
be learnt at the respective Hospitals. 

Dr. Bux ton’s Autumnal Course of Lectures on thcr 
Theorv and iVactice of Medicine will be commenced the 
second of October, at the Medical Theatre, London Hos¬ 
pital, -- 

Mr. Taunton’s Autumnal Course of Lectures on Ana¬ 
tomv, Phvsiology, Pathology, and Surgery, woll commence 
on Saturday, October 7, at eight o’clock in the Evening, 
and will be continued every Tuesday, d’hursday, and Satur- 
dav, at the same hour. [Particulars may be had on applying 
to Mr. Taunton, Grevllle Street, Hatlon-Garden. 

METEOROLOGY. 

The subjoined Table and Kemai ks has been handed to us as 
the result of forty years observations made f)'/ Dr. Hcrschcl. 

The billowing Table, constructerl upon a philosojvhica! 
consideration of the attraction of the sun and moon in their 
several positions respecting the earth, and confirmed by the 

experjcnce 
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experience of many years actual observation, will, without 
trouble, suggest to the observer what kind of weather will 
most probably follow the moon’s entrance into any of her 
quarters, and that so near the truth, that in very few in¬ 
stances will it be found to fail. 

Moon. j Time of Change. 

I 4-> u ^ 
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c« 
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S - js a o 
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<s> F 
QJ J-i M 1> 

cs 

cr 

'At Noon. 
Between 2 & 4 P,M. 

4—6 . . 

6—8 

8—10 . 
10 & Midnight . . 
Midnight & 2 A. M. 

2 and 4 . . 

4 and 6 
6 and 8 
8 and 10 

10 and Noon . 

In Summer, 

Very Rainy . . 
Changeable . . 
Fair. 
J Fair if Wind N. W. 
j Rainy if S. or S. W. 

Ditto .... 
Fair. 
Ditto ..... 
r Cold with frequent 
\ Showers . . 
Rain. 
Wind and Rain 
Changeable . . 
Frequent Showers . 

Jn IKinter. 

Snow or Rain. 
Fair and Mild. 
Fair. 
Fair and Frosty if N. or N. E. 
Rain or Snow if S. or S. W. 
Ditto. 
Fair and Frosty. 
Hard Frost, unless Wind S. orW. 

I Snow and Stormy. 

Ditto. 
Stormy. 
Cold Rain if W., Snow if E. 
Cold with higfh Wind. 

« Hence the nearer the time of the moon’s change, full 
and quarters, is to midnight, (that is within two hours before 
or after midnight) the more fair will the weather for that 
quarter be in summer—but the nearer to noon the less fair. 

« Also the moon’s full, change, and quarters happening 
flurino- six of the afternoon hi)urs, viz. from 4 to 10, may be 
followed by fair weather, but this is mostly dependent on the 
wind. The same changes during all the hours after midnight 
except the two first, are unfavourable to fair weather—^l"he 
like nearly may be observed in the winter.” 

Rain Table, by the Rev. J Blanchard, of Nottingham. 
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3*04 1-S2 1-05 0-80 2-85 0- 93 1-39 2-70 0 59 1-14 2-90 3-88 6*26 1*67 

Feb. 0*90 1-12 0-53 0‘20 2*23 0- 77 1-35 , 1-48 0 92 1-26 2-00 1*^6 9*49 2-31 

0*20 0-36 O-OS 1-30 0- 42 0*37 0-24 0 29 0-99 0-00 0*55 0*28 U*65 

0.4-9 5-37 5-05 2-01 3- 58 2-57 1-32 9< 47 3-49 1-Sl 1-78 2*80 3*04 

TVTav 1*72 1*58 2-99 I'.SO 2*45 1- 65 1-68 1-76 Q« 01 3-OS 2-38 4-14 3-95 1*92 

June 

July 

1-5] 

6*g; 

2*69 

0*78 

3*22 

0-96 

1- 75 

2- 76 

3- 06 

6-10 2-20 

1-45 

1-92 

1- 

2- 

1- 

18 

50 

69 

3-25 

3-71 

2-13 

2-05 

2-44 

2-18 

1- 

3- 

2- 

21 

24 

44 

2- 34 

3- 44 

2-66 

1-25 

4-12 

3-75 

1-84 

3- 91 

4- 87 

2-02 

4- 85 

5- 37 

2*61 

2*45 

7*51 
Ai ug, • 
Spitt. 4-87 4*18 4-36 2-46 1- 53 3-SO 2-7) 3- 27 3-03 1-23 8-05 2-62 2*50 

Oct. 6-41 3-'fi2 5-26 1-82 2- 't ^ 3-98 5-32 9. 99 2-49 7-OS 6-53 7*25 2*01 

"^nv. 2*92 2* 18 3-08 O-SO 3- 20 2-60 3-10 9* 51 3-16 4*27 5-20 3-92 0*74 

Dec. 2*80 1-00 1-62 - P* • 1*74 4* 10 1-98 1-79 5- 01 2-91 1-69 2-39 2*61 1*93 

Total 
-r" 

.>6,09 22-98 32-08 

—— . 

12-60 23-22 24- 32 28-81 2 7-09 26-95 29-99 32-48 39-99 43*34 29-34 

Meteoro'* 
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Meteorological Table, hj Dr, Clarke, oJ' Noitingham. 

l&OS. 
Thermometer. 
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Barometer. 
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Jan. 49 17 J8*17 19 30*39 28*97 29*79 *86 20 i 1 2 3 61 37 1*40 
Feb. 56 22 JS*66 13 30*74 29*42 30*05 •'67 21 8 21 3 21 42 •64- 
M arch 62 J2 40*21 6 30*39 29*57 30*12 *31 23 8 66 16 — 12 *3S 
April 66 JO 43*62 10 30*20 29*07 29*79 •61 13 17 14 2 27 47 3*85 
May 82 48 59*61 11 30*17 29*47 29*84 21 10 21 20 41 11 1.94; 
June 72 60 69*95 9 .{0*26 29*62 29*91 •30 19 11 18 26 19 27 2*32 
July 89 54 67*19 k2 .10*16 29*64 29*89 *21 24 7 19 17 36 21 2*10 
Aug. 76 5.5 64*62 10 30*17 29*35 29*78 *71 20 11 7 9 42 •ib *91 
Sept. 6S 40 67*32 9 .10*28 29*28 29*7 6 •38 19 11 29 7 26 2*3 T 
Oct. 60 J4 46*31 10 30*32 28*98 29*62 *91 19 12 10 6 40 37 2*M 
Nov. 56 U(> 46*06 13 30*26 28* 72 29*76 *68 17 13 26 17 26 23 2*18 
Per. 49 37*96 14 .10*26 29*08 29*76 *56 21 10 30 4 27 32 1*80 

ANNUAL RESULTS. 

Thermometer. Wind. 

Highest Observation, July 13, 89°SW. 
Lowest Observation, Jan. 22, 17“SW. 
Greatest Variation in 24Hours, 

Jan. 22,23, - - - 19° 
The Mean, - _ « - 49'88 

I Barometer. Wind. 

jfiighest Observation, Feb. 25, 30’74N. 
jl.owest Observation, Nov. 18, 28’72SE, 
Greatest Variation in 24 Hours, 

Oet. 13, 14, - , - - -91 

The Mean, - - - _ _ 29-84 

Weather. Days. Winds. Times. 
Fair - 23-7 - N. & NE. - 262 
Wet - 128 - E. & SE. - 128 
- - S. & SW. - 356 

365 - W.&NW. - 352 

Rain. Inches. 
Greatest Quantity in April, 3 85 
Smallest ditto ’ in February -54 

' Total - 22‘56’ 

1098 

Remarks.—The town of Notlingliam is .situated in latitude 62“ 69^ North, and 
in 1“ 7^ o'' Jong-itude West of Loadoa. It rises with much grandeur from the banks 
of the small river Leen, gradually increasing its elevation as it extends to the N.E. so 
tluit above one-half stands on a considerable eminence'; the foundation is a soft sand 
etoue rock, easily excavated, and foi ming excellent cellai’s. The buildings are chiefly 
of brick, and commonly three or four stories high. The streets are, in general, nar¬ 
row. The neighbourhood produces an amide supply of cocil, which is the only fuel used 
in the town. The Trent, a fine navigable river, flow's, from V est to East, withiu a 
mile of the town; it is subject to very sudden swells, which soinetime.s pi’oduce flood* 
that inundate the ineaxlow ground betw'een the river and the town, the almo.spberu 
must be, in some measure, infiueuced by the evaporation that follows, a.s w^ell as bj' the 
dense haze over the river in summer ewnings, and the thick fogs of winter. 

The barometer, thermometer, and piluvimneter (or rain-gauge;, aie aewinstruineuts, 
made by Jones, of Ilolborn. 'I’he thermometer, on Tahrenheit's scale, is placed out¬ 
side a window-, facing the West, in the centre of the town, but iu a situation protected 
from currents of air, or reflecteil lieat. 'I’he observations were made daily, at S A.M« 
2 P.M. and 11 P.M. and from them the averages are deduced. The barometer (of the 
portable kind) is firmly fixed to astcmdard wall over a stair-case, on a level of 130 feet 
above the sea. The ob.servatioas were taken daily at 2 P.M. and from these the mean 
was obtained. The i)luviaineter i.-s placed in a garden, Oii an elevation of 140 feet 
above the level of the sen, where it cannot be ;dlected by buildings, or gusts of wind. 
'I’he observations are taken at the end of each month. The observations cm tlis wind 
were made at 9 A..M. 2 P.M. iuid at dusk, from the viine of a church steeple, the most 
•levated part in. the town. 

METEORO- 
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METEOROLOGIC.4L TABLE;^ 

By Mr. Carey, of the Stranh^ 
% 

' For August IQ09- 

Thermometer. - i>- .u . 
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Weather, 

July 27 62'' 72° 61° 29*73 23 Fair 

28 63 69 33 *65 31 Shower v 

29 36 66 36 •75 22 Showery 

30 61 69 37 •61 39 Cloudy 

31 36 69 38 •35 42 Fair 

Af^iist 1 ‘ 39 68 59 •70 50 Fair 

' 2 38 68 36 •63 53 Fair 

3 37 68 33 •39 31 Showery 

4 55 39 32 •34 0 Rain 

33 63 37 •73 5 Showery 

6 60 68 33 •39 31 Showery 

7 37 67 60 •77 52 Cloudy 

8 63 69 39 *98 58 Fair 

9 6o 72 6! •90 61 Fair 

10 64 76 68 *83 67 Fair, Thunder 
in ,the night 

11 67 76 60 •73 61 Fair 

12 37 62 36 •69 23 ' Showery 
Showery 13 58 63 33 •80 24 

14 37 ' 66 57 •SO . 42 Showery 

Id 38 68 60 •79 30 Cloudy 
16 60 71 60 •92 30 Cloudy 

17 64 75 60 •83 66 tair 

18 39 76 39 - *78 33 * Fair, Rain in 
the morning 

19 62 69 57 •73 51 Fair 

20 60 68 36 *98 41 Showery 

2i 60 65 54 •60 10 Rain 

22 35 66 37 •80 51 Fair 

23 36 66 35 *36 57 Fair 
Showery with 

24 33 66 50 •48 45 Thunder 

23 54 61 49 •49 3Q Swowery with 
Thunder 

26 54 62 54 •79 22 Showery 

N. Ba The Barometer’s height is taken atone o’clock. 
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Jcxni. Mcieorological Ohservalions on a Thunder Storm ^ 
with some Remarks on Medical Electricity, By Mr, 
Cornelius Vaiilev. 

To Mr, Tilloch, 

Sir, I TAKE the liberty of sending yon a description of a 

distant thunder storm*, the electrical phtsnomcnaof which 
were so distinctly visible as to leave no doubt on mv mind 
of the exclusive agency of one electric fluid. (See Plate VI). 

Observing it to lighten one evening frequently without: 
hearing thunder, I went into the fields, and, looking north¬ 
ward, saw the horizon lined with clouds, there being none 
over head except a few very small ones proceeding in that 
direction. These were upon a level with the lower cloud 5 

for they joined it afterward—a circumstance which ser,ves to 
prove tliat a diminution \vas taking place in the volume of 
the atmosphere, for otherwise they could not have overtaken 
the storm, being at first too far o(T to be affected by any 
electrical attraction. At the commencement of the storm it 
lightened in various parts of the clouds, but more frequently 
in one place. Soon after this the clouds seemed united in 
one, and the place of the lightning becatne stationary^ 
(where in the drawing the light cloud is placed,) and here 
commenced the effect which seemed distinctly to show in 
what manner the electric fluid is conducted from the upper 
regions to the earth. 

At first a small round cloud (about an eighth part of that 
represented) appeared behind the long dark cloud, and partly 
seen above it. In this cloud it frequently lightened 5 and 
just after the light was extinguished, the electric sparks 
struck to the earth from the under surface of the loner black 
cloud. This double transmussion was many times repeated^ 
till at length the lower cloud ceased to give sparks to the 
earth at the spot immediately under the higher cloud, though 
it was still frequently receiving them from it. I then founds 
by casting my eye along the low'er cloud, that every charge 
from the upper one travelled about four miles westward 
along the lower cloud, and then darted ,to the earth. I 
knew it travelled in this manner by frequently seeing it jump 
over one and sometimes over two chasms in the lower cloud 
in its passage to the western end* The time it took to travel 
the length above mentioned, was while 1 could count 20 or 
30—but twice I counted CO before it struck the earth. 

* This is commonly called summer lightninj^, 7. e, there is fine weather 
over head, and the lightning is so far ofFthat the thunder cannot be heaM-' 

VAl. 34. No. 137. I8O9. Ju During 
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During the time of these observation^, the higher cloud, 
which supplied so much electricity, was not diminished in . 
the least. On the contrary, it continued to enlarge in its 
dimensions, and chiefly towards the wind, as may be seen 
by its overhanging in the sketch. 

Now the quantity of electricity supplied by this cloud 
continually during an hour, was probably 50 times as much 
as it could possibly contain. The question then is : Where 
did it come frpm ? The increasing of the cloud furnishes 
an answer to this question; for it could not increase without 
the addition of vapour, and that addition could come only 
from the atmosphere. This was proved by the manner and 
place of increase, which was at the top, and at the most 
prominent parts facing the vvind. That vapour, being trans¬ 
parent, had the highest charge of electricity. The upper 
cloud (though positive to the under) was minus to that va¬ 
pour, and silently attracting from it the superabundant elec¬ 
tricity, which it gave off visibly to the under cloud, which 
was still less cliarged, and which was kept so by the earth 
(which may be considered as quite negative) immediately 
drawing away that charge in sparks. 

Now it is evident by this progress of the electric fluid to 
thekCarth, that the electrified vapour must have been con¬ 
densed to the smaller compass of the cloud, and have been 
deposited on its surface, occasioning that very great increase 
of cloud. This seems to show that a storm of lightning 
will always occasion a current of wind from the external re¬ 
gions towards itself; and hence a dead calm preceding a 
storm, and the fall of the barometer, as this is the focus of 
condensation. 

I have since repeatedly. In stormy weather, seen clbuds, 
under this effect of increase, sometimes increasing at one 
end, and diminishing at the other by slow rain, when near 
a mountain ; but 1 have seldom seen the theoretic form (if 
1 niay be allowed the expression) so evident (except among 
mountains, where it is unlimited, but the lightning rarely 
seen,) as in the case I ha\^ stated : nor can this conforma¬ 
tion ever be seen but when the barometer is low or falling* 

The lower cloud was three or four times as long, in pro¬ 
portion, as it is represented in the drawing, in which it is 
necessarily shortened for the convenience of exhibiting both 
of its ends. 

Before concluding, I beg leave to add a few thoughts on 
the medical action of electricity. 

First, I think that electricity entering the body by a good 
conductor in contact, and going out by another in contact, 

produces 
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produces the smallest effect of all, and does but little good 
or harm. 

Secondly, Tf it enters the body bv a conductor in contact, 
and has to escape in the manner of perspiration, a strong 
effect is produced ; and this may be confined to one place, 
and of course be rendered more powerful by the attracting 
points. 

Thirdly, An effect equally strong, but quite the reverse 
of the last, will be produced bv placing the patient insulated 
in contact with the negative conductor, and in a damp at¬ 
mosphere'^. By this mode of operating the effect takes 
place all over his body ; but if, insread of tliis, you bring a 
wet sponge, connected with the earth, near the part affected, 
it will be confined to that place. 

In the former case the electncitv acts by increasing the 
natural perspirations, hut m the latter, by strongly checking 
it, or*occasioning an absor[)tion of moisture. 

I think the failures in jnedical electricity have been where 
this last apolication was wanted ; for electricity alone, aj')- 
plied in an\ way, has a tendency to dissipate moisture; 
which effect the last method enables you to reverse. ' 

Paclding-ton, Aug. 3, iB09. 

XXIV. jln Account of a Method of dividing astronornjc(A 
and other Instruments, by ocular Inspection ; in which 
the usual Tools for graduatincr are not employed ; the 
whole Operation being so contrived, that no Error can oc¬ 
cur but what is chargeable to P'ision, when assisted by the 
best optical Aleans of viewing and measuring rnirmie 
Quantities. By Mr. Edwahjo Xkoughton* 

[Coriciuded from p. 95,j 

Respecting the angular value of the numbers in these 
’tables, it mav be worth mentioning::, that it is not of the 
least importance*; 100 of them being comprised in one re¬ 
volution of the micrometer screw'; and, in the instance 
before me, 5'6 of them made no more than a second. It 
is not pretended that one of these parts was seen beyond a 
doubt, being scarcely inch, much less the 
tenths, as exhibited in the tables ; but, as they were visible 
upon the micromeier heads, it was judged best to take them 
into the account, 

* A damp atmosphere is easily produced by vasing a pan of boiling water; 
but in this case the machine, that it may be kept dry, should be in ai-jother 
room, and the conductor should pass, insujaredj through the wall to the 
pa lent, . 

Having L 
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Having now coitipleled the two first sections of me¬ 
thod of dividing ; namely, the first, which consists of 
making 256 small round dots; and the second, in finding 
the errors of those dots, and forming them into a table;—I 
Come now to the third and last part, which consists in 
using the erroneous dots in comparison with the tabulated 
errors, so as ultirjately to make from them the true di¬ 
visions. 

It will here be necessary to complete the description of 
the remaining part of the apparatus. And first, a little in¬ 
strument which I denominate a subdividing sector presents 
itself to notice. From all that has hitherto been said, it 
must have been supposed that the roller itself will point out^ 
upon the limb of the instrument to be divided, spaces cor¬ 
responding to others previously divided upon itself, as was 
done in setting off the 256 points : but, to obviate the diffi¬ 
culty of dividing the roller with sufficient exactness'^ re¬ 
course was had to this sector ; which also serves the equally 
important purpose of reducing the bisectional points to the 
usual division of the circle. This sector is represented in 
half dimensions by Fig, 5: it is formed of thin brass, and 
centred upon the axis at A, in contact with the upper sur¬ 
face of the roller: it is capable of being moved round bv 
hand; but, by its friction upon the axis and its pressure, 
upon the roller, it is sufficiently prevented from being dis¬ 
turbed by accident. An internal frame B B, to which the 
arc Ce is attached, moves freely in the outer one, and by 
a spring D is pushed outwards, while the screw E, whose 
point touches the frame B, confines the arc to its proper 
radius. The arc of this sector is of about four times greater 
radius than the roller, and upon it are divided the spaces 
which must be transferred to the instrument, as represented 
on a magnified scale by Fig. 4. Now, the angle of one 
of the spaces of the circle will be measured by sixteen time^ 
its angular value upon the sectorial arc, or 22® 30'; but 
this does not represent any number of equal parts upon the 
instrument, whose subdivisions are to be 5^ each * for 
1° 24' 22' 5 . ^ 
——is exactly I6|-ths, therefore so many divisions are 

exactly equal to a mean space between the dots whose er¬ 
rors have been tabulated. Let, therefore, the arc of the 
sector be divided into 16 spaces of 1° 20' each, and let a 
similar space at each end be subdivided into eight parts of 
1 o'each, as in Fig. 4; w'e shall then have a scale which 
furnishes the meyns for making the true divisions, and art 

, immediate examination at every bisectional point. 

I have 
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1 liave always divided the sector from the engine, becau&e 
that IS the readiest method, and inferior to none in point of 
accuracy, where the radius is very short; but, as it is more 
liable than any other to oentrical error, the adjustment of 
the arc by the screw E becomes necessary: by that adjust.- 
ment, also, any undue run in the action of the roller may 
|)e reduced to an insensible quantity 

When the utmost degree of accuracy'is required, I give 
the preference to dividing by lines, because they are made 
with a less forcible effort than dots are; and also because, 
if any small defect in the contexture of the metal causes the 
cutter to deviate, it will, after passing the defective part, 
proceed again in its proper course, and a partial crooked¬ 
ness in the line will be the only consequence ; whereas a 
dot, under similar circumstances, would be altogether dis¬ 
placed. But, on the other hand, where accuracy has been 
out of the question, and only neatness required, I have used 
dots; and I have done so, because I know that when a dot 
and the wire which is to bisect it are in due proportion to 
each other, (the wire covering about two-thirds of the dot,) 
the nicest comparison possible may he obtained. It may 
be further observed, that division by lines is complete in 
itself; whereas that by dots requires lines to distinguish 
their value. 

On the upper side of Fig. 1. is represented the apparatus 
for cutting the divisions. It consists of three pieces JKL, 
jointed together so as to give to the cutter an easy motion 
for drawing lines directly radiating from the centre, but in¬ 
flexible with respect to lateral pressure ; dd are its handles. 
The cutting point is hidden below the microscope FI; it is 
of a conical form, and were it used as a dotting point, it 
would make a puncture of an elliptical shape, whose longer 
diameter would point towards the'centre. This beautiful 
contrivance, now well known, we owe to the ingenuity of 
the late Mr. Flindley of York ; it was borrowed by Mr, 
Kamsdent, and applied with the best effect to his dividing 
engine. 

It might have been mentioned sooner, that in the instance 
which I have selected as an example of my dividing, the 
operation took place when the season of the year, and the 
smoke of Eondon, had reduced the day to scarcely six hours 
of effective light; and rather than confine my labours 

* ^ee note page 1G6. 
f 'this I learned from that most accurate artist Mr. John StanclifFe, who 

was himself apprentice to Hindley. 

L 3 withiu ' 
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within such narrow limits, I determined to shut out the 
day-light altogether. Fig. 7- shows the eonstruction of the 
lanterns which I used. A very small wick gave sufficient 
iiiiht, when kept from diverging by a convex lens ; while 
the inclining nossel was directed down exactly upon the part 
looked at, and the light, having also passed through a thin 
slice of ivory, was divested of all glare. I enter into this 
description, because, I think, 1 never saw my work better, 
nor entirely to so much advantage as in this Instance; 
owdng, perhaps, to the surrounding darkness allowing the 
pupil of the eye to keep itself more expanded, than when 
indirect rays are sudered to enter it. The heat from a pair 
of these lanterns was very inconsiderable, and chiefly con¬ 
ducted along with the smoke up the reclining chimney. 

Previous to cutting the divisions, the parts now' described 
must be adjusted. The cutting apparatus must be placed 
wirfi the dividing point exactly at the place where the first 
line is intended to he drawm, and clamped, so that the ad¬ 
justing screw may be able to run it through a whole inter¬ 
val. The microscope H must be firmly fixed by its two 
pillars hi) to the main frame, with its micrometer head at 
zero; and with its only wire in the line of the radius, bi¬ 
secting the first of the 256 dots. And it should be observed, 
that the cutting frame and this must not vary respecting 
^.ach other, duj'ihg the time that the divisions are cut; Tor 
any motion that took place in either would go uudiminisbed 
to the account of error. The microscope 1 is also fastened 
to the main frame; but it is only required to keep its posi¬ 
tion unvaried, while the divisions of the sector pass once 
under its notice; for it must have its wire adjusted afresh 
to these divisions at every distinct course. 7'he microscope 
I has two wires, crossing each other at an angle of about 
40°; and these are to be placed so as to'make equal angles 
with the divisions of the sector, which are not dots, but 
Fines. The sectorial arc must also be adjusted to its proper 
radius by the screw E, Fig. 5 ; i. e. while the main frame 
has been carried along the circle through a mean interval 
shown by H, the sector must have moved through exactly 
l6lths of its divisions, as indicated by I^. 

Things 
* For the sake of simplicity, the account of the process Is carried on as if 

the roller measured the meap interval without error; But it was said, 
(page 84) that the roller, in a continued motion quite round the circle, would 
in some part of its course err by SO'' or more; therefore, when that is the 
case, an extreme, run of the roller cannot agree with a mean interval of the 

SO" 
circle nearer than t-t:: = 0' 

128 
■23; and most probably this kind of error will 

on 
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’' Thing:^ being in this position; after having given the 
parts time to settle, and having also sufficiently proved the 
peniianence of the micrometer H and the cutting frame 
with respect to each other, the first division may be made; 
then, by means of the screw for slow motion, carry the 
apparatus forward, until the next line upon the sector comes 
to the cross wires of I ; you then cut another division, and 
thus proceed until the l6th division is cut, = 1° 2(/: Now 
the apparatus wants to be carried further, to the amount of 
iths of a division, before an interval is complete; but at 
this last point no division is to be made; we are here only 
to compare the division on the sector with tlve correspond¬ 
ing dot upon the instrument. This interval, however, 
upon the circle will not be exactly measured by the corre¬ 
sponding line of the sector, which has been adjusted to the 
mean interval, for the situation of the dot r^-4 is too far 
back, as appears by the table of real errors, by — 4-8 divi¬ 
sions of the micrometer head. 'The range of the screw for 
slow motion must now be restored, the cross wires of H 
set back to — 4*8 divisions, and the sector moved back by 
hantl, but not to the division 0 where it began before ; for, 
as it left olf in the first interval at -|-ths of a division, it has 
to go forwards J-th more before it will arrive at the spot 
where the 17th division of the instrument 1° 25^ is to be 
made, so that in this second course it must begin at -^th 
short of 0. Go through this interval as before, making a 
division upon the circle at every one of the 16 great divi¬ 
sions of the sector; and H should now reach the third dot, 
allowing fora tabular errorof —10*2 when the division fths 
of the sector reaches the cross wires of 1. It would be te¬ 
dious to lead tfie reader through all the variety of the sector, 
which consists of eight courses ; and it may be sufficient to 
observe, that at the commencement of every course, it must 
be put back to the same fraction of a division which ter¬ 
minated its former one; and that the wire of the micro¬ 
meter H must always be set to the tabular error belonging 
to every dot, when we end one interval and begin another. 
The eight courses of the sector will have carried us through 
^d part of the circle, 1I o', and during this time, the 
roller wdll have proceeded through half a revolution ; for 
its close contact with the limb of the circle docs not allow 

on some intervals amount to double that quantity. It therefore becomes 
matter of prudent precaution to examine every interval previous to making 
tiie divisions; and, where necessary, to adjust the sector, so that its arc 
may exactly measure the corresponding interval as corrected by the tabu¬ 

lated errors. 

L4 it 
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it to retHTn with the sector when the latter is set back at 
every cpurse.- Having in this manner proceeded, from one 
interval to another, through the whole circle, the micro¬ 
meter at last will be found with its wire, at zero, on the 
dot from which it set out; and the sector, with its iOtb 
division, coinciding with the wires of its microscope. 

Having now given a faithful detail of every part of the 
process of dividing this circle, I wish to remind the reader 
that, by verification and correction at every interval, any 
erroneous action of the roller is prevented from extending 
its influence to any distant interval. It will be further ob¬ 
served, that the subdividing sector magnifies the work ; that 
by means of its adjustable arc, it makes the run of th^ roller 
measure its corresponding intervals upon the circle; and, 
without foreign aid, furnishes the means of reducing the 
bisectional intervals to the usual division of the circle. 
Furthermore, the motion of the wire of the micrometer H, 
according to the divisions of its head and corresponding 
table of errors, furnishes the means of prosecuting the work 
with nearly the same certainty of success, as could have 
happened, had the 256 points been (which in practice is 
quite impossible) in their true places. 

Now, the whole of my method of dividing being per¬ 
formed by taking short measures with instruments which 
cannot themselves err in any sensible degree, and, inas¬ 
much as those measures are taken, not by the hand, but by 
vision, and the whole performed by only looking at the 
work, the eye must be charged with all the errors that are 
committed until we come to cut the divisions; and, as in 
this last operation the hand has no more to do than to guide 
an apparatus so perfect in itself, that it cannot be easily 
made to deviate from its proper course, I would wish to 
distinguish it from the other methods by denominating it, 
dividing hy the eye^\ 

The 

I must here remark, that Smeaton has represented the greatest degree 
of accuracy that can be derived from vision, in judging of the coincidence 
of two lines at ^ooodi part of an inch. From this it may fairly be inferred, 
that he had not cultivated the power of the sight, as he had done that of the 
touch; the latter of which, with that ability which appeared in all his 
works, he rendered sensible to the inch. Were materials 
infinitely hard, no bounds could be set to the precision of contact; but 
taking things as they are, the different degrees of hardness in matter, may 
be considered as a kind of magnifying power to the touch, which may not 
unaptly be compared with the assistance which the eye receives from glasses. 
It is now quite comm6i) to divide the seaman’s sextant to 10", and a good 
eye will estimate the half of it; which, on an eight-inch radius, is scarcely 
^_^^__th of an inch. This quantity, small as it is, is rendered visible by a 

glass of one inch focal length; and such is the csrtainty with which these 
, • quantities 
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The number of persons at all capable of divuUng orig’w 
naliy have hitherto been very tew ; the practice of ji being 
so limhecl, that, in less than twice seven years, a mail 
could hardly hope to become a workman in this most diffi¬ 
cult art. How far I shall be considered as having sur¬ 
mounted these difficulties, I know not; but if, bv the me¬ 
thod here revealed, I have not rendered original dividing 
almost equally easy with what copvii;)g was before, I have 
spent much labour, time, and tnought in vain. I have no 
doubt indeed, that any caretul workman who can divide in 
common, and has the ability to construct an astronomical 
instrument, will, by following the steps here marked out, 
be able to divide it, the first time he tries, better than the 
most experienced workman, by any former method. 

If, instead of subdividincr w'iih the roller, the same ihinof 
be performed with the screw, it will not give to dividing bv 
the eye any very distinctive character; I liave practised tiiis 
on arcs of circles with success, the edge being sligbtiy 
racked, the screw carrying forward an index with the re¬ 
quisite apparatus, and having a divided micrometer head ; 
the latter answers to the subdividing sector, and, being 
used with a corresponding table of errors, forms the means 
pi correcting the primitive points; but the roller furnishes 
a more delicate action, and is by far more satisfactory and 
expeditious. 

it is known to many that the six-feet circle, which I am 
now at w'ork upon for our Royal Observatory, is to be di¬ 
vided upon a broad edge, or upon a surface at right angles 
to the usual plane of division: the only alterations, which 
will on that account be required, are, that ihe roller must 
act upon that plane w’hich is usually divided upon ; which 
roller, being elevated or depressed, ma) be adjusted to the 
commensurate radius without being made comcal, as was 
necessary in the other case. The apparatus, similar to the 
other, must here be fixed Immoveable to the frame which 

quantities are seen, that a seaman will sometimes complain that two pair of 
these lines will coincide at the same time; and that may Iiappen, and yet no 
division of his instrument err, by more than inch. Ail this 
is applicable to judging of the coincidence of lines with each other, and 
furnishes not the most favourable display of the accuracy of vision. But with 
the microscopes here described, where the wire bisects the image of a dot, 
or a cross wire is made to intersect tiiQ image of a line, by an eye practised 
in such matters, a coincidence may undoubtedly be ascertained to 
part of an inch. 1 am of opinion that as small a quantity may be rendered 
visible to tfie eye, as can by contact be made sensible to the touch; but 
whether Mr. Smeaton’s and my -^^1— be not the same thing, I will not 
determine ; the ditrereuce between them, however, is what he would no more 
Iiuve pretended to feci, than I dare pretend to sec. 

supports 
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sopports* tlie circle; its position must be at the vertex, 
where also I must have niy station ; and the instrument it¬ 
self must be turned around its axis, in its proper vertical 
position, as the work proceeds. The above may suffice', 
for the present, to gratity those who feel themselves inter¬ 
ested upon a subject which will be better understood, it I 
should hereafter have the honour of laying before the Royal 
Society a particular description of the instrument here al¬ 
luded to; a task which I mean to undertake, when, after 
being fixed in the place designed for it, which I hope will 
be effected at no very distant period, it shall be found com¬ 
pletely to answer the purposes intended. 

Should it be required to divide a circle according to the 
centesimal division of the quadrant, as now recommended 
and used in France, we shall have no difficulty. The 100^ 
of the quadrant may be conveniently subdivided into 10 
each, making 4000 divisions in the whole round. The 236 
bisectional intervals, the two tables of errors, and the man¬ 
ner of proceeding and acting upon them, will be exactly the 
same as before, until we come to cut the divisions; and for 
this purpose we must have another line divided upon the 
sector. For circle being equal to 5'*4 of 

24' 22 '5 
the usual angular measure —— = 134tbs divisions; 

o 5*4^ _ 

and just so many will be equivalent to one of the intervals 
of the circle. The value of one of the great divisions of the 
sector will be l® 26' 24^^, and that of the ^th parts, which 
are to be annexed to the right and left as before, will be 
3o' 48", therefore divisible by the engine, hhould any 
astronomer choose to have both graduations upon his in¬ 
strument, the additional cost would be a mere trifle, pro¬ 
vided both were done at the same time. 

It must already have been anticipated, that dividing by 
the eye is equally applicable to straight lines as it is to circles. 
An apparatus for this purpose should consist of a bar of 
brass, three quarters of an inch thick, and not less than 
three inches broad ; six feet may do very well for the 
length ; it may be laid upon a deal platik strengthened by 
another plank screwed edgewise on its lower surface. The 
bar should be planed, on both its edges and on its surface, 
with the greatest exactness; and it will be better, if it has 
a narrow slip of silver, inlaid through its whole length, for 
receiving the dots. An apparatus nearly similar to the 
other should slide along its surface, carrying a roller, whose 
circumference is 12’8 inches, and turned a little conical 
for the'sake of adjustment. The roller may be divided into 

32 parts. 
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52 parts, each of which wIict) transferred to bar will 
give iniervals of 0*4 of an inch each : the anale of’the sub¬ 
dividing sector should of course he 11° 15', and subdivided 
into lour parts, ccliich uill divide ihe inch into tenths* 
the surface may also receive other lines, with subdivisions 
suited to the different purposes for which it mav be wanted 
ihe revolutions of the roller and its pans must be 
dotted upon the bar; taking care, by sizing the roller to 
corneas near ilie true standard nitasure as possible- when 
this IS done, compare the extent of the greater bisectioird 
luunher that is contained in the length c. 128 interval 
of 51-2 inches, with the standard measure; notin,o- thedif- 

■ ^ micrometer heads the ex¬ 
amination aiul construction of the table of errors may then 
he Conducted ju>t as was done for the circle. 

H-.-ing now ready for tl,e perrorrnance of its work ibe 
scale to be divided must be laid alongside of the bar^ and 
ihe true divisions must be cut upon it by an appeal, as be- 
tore, to tbe erroneous dots on ib.e bar, correcied bv a cor¬ 
responding table of errors. 'Fiie apparatus, remaining en¬ 
tire in tbe possession of tbewoiknian, with iu primitive 
dots the table of errors, &c., is reatly for dividing another 
standard, which will be precisely similar to othcrrib.at liave 
been, or may be, divided from it. it may be -considered 
indeed, as a kind of tiigiiie; and, as it is not vitiated by 
the coarse operation of racking witli a screw, but perform" ' 
-ed by only looking at the work, the method will com¬ 
mand about three times the aceuraev that can be derived 
from the ususi straight-line dividing'engine. Should it be 
asked, if an engine thus appointed would succeed for df 
viding circles ? i answer. Yes; but I would not recom¬ 
mend It; because, beyond a certain e.\lent of radius it is 
not necessary; for the errors, which would be introduhtd 
mto the work by the violence of racking a large wheel, are 
sufhcieinly reduced by the comparative shortness of ilm 
radius of such instruments as vve divide by that method * 
and, what is still mote to the purpo.se, the dividino-engine 
IS four times more e.'ipcihlious, and bears rouo-h' u.sige bet¬ 
ter. I cannot quit the subject of dividing slraighl lines 
without observing, that I never had my apparatus comn|ete ' 
J he standard which I made for sir George Shuckburo-'Live’ 
Jyn m 17yC, was done by a mere make''-shift conirivanee' 
upon the principle of dividing by the eye; bow I succeed¬ 
ed may be seen in Sir George’s papers on Weights and 
Measures (Philosophical Transactions for i;gs) “i i„ade 
a second, some years after, for professor Ibciel of Geneva, 

which 
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which became the subject of comparison with the new 
measure of Fxance, before the National Institute ; and their 
report, drawn up by Mr. Pictet, has been ably re-stated 
and corrected by Dr. Young, as published in the Journals 
of the Royal Institution. 1 made a third for the magis¬ 
trates of Aberdeen. I notice the two latter, principally to 
give myself an opportunity of saying that, if those three 
scales were to be compared together, notwithstanding they 
were divided at distant periods of time, and at different 
seasons of the year, they would be found to agree with 
each other, as nearly as the different parts of the same scale 
agree. 

I hope I may here be allowed to allude to an inadver¬ 
tency which has been committed in the paper mentioned 
above; and w^hich sir George intended to have corrected, 
had he lived to conclude his useful endeavours to harmonize 
the discordant weights and measures of this country. The 
instruments which he has brought into comparison are, his 
own five-feet standard measure and equatorial; general 
Roy’s forty-two inch scale ; the standard of Mr. Aubert; 
and that of the Royal Society. The inadvertency is this : 
in his equatorial, and the standard of the Royal Society, 
he has charged the error of the most erroneous extent, 
when compared with the mean extent, alike to both divi¬ 
sions; i. e. he has supposed one of the divisions, which bound 
the erroneous extent, to be too much to the right, and the 
other too much to the left, and that by equal quantities. 
This is certainly a good-natpred way of stating the errors 
of work ; and perhaps not unjustly so, where the worst 
part has been selected ; but in the other three instances, 
namely, in general Roy’s, Mr. Aubert’s, and his own 
standard, he has charged the whole error of the most er^ 
roneous extent to one of the boundins; lines. 

I was well confirmed in my high opinion of the general 
accuracy of Bird’s dividing, when, last winter*, I mea¬ 
sured the chords of many arcs of the Greenwich quadrant: 
that instrument has indeed suffered both from a change in 
its figure, and from the wearing of its centre; but the 
graduation, considering the time when it was done, 1 found 
to be very good, Sir George in his paper upon the Equa¬ 
torial (Philosophical Transactions for 1793), after some 
compliments paid to the divider of his instrument, says, 

The late Mr. John Bird seems to have admitted a proba¬ 
te discrepancy in the divisions of his eight-feet quadrant 

* This paper was writtpn in June 1808. 

amounting 

4 
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amounting to and he refers to Bird on the construc¬ 
tion ot the Greenwich quadrant. This quantity being three 
times as great as any errors that I met with, I v\as lately- 
induced to inquire how the matter stood. Bird, in the 
paper referred to, says, In dividing this instrument [ 
never met with an inequality that exceeded one second. I 
will suppose that in the QO arch this error lay towards the 
left hand, and in the 96 arch that it lay towards the right, 
it will cause a ditference between, the two arches of two 
seconds and if an error of one second be.' allowed to the 
observer in reading off his observation, the whole amount 
is no more than three seconds, which is agreeable to what 
I have heard, &c.’’ Sir George’s examination of his own 
equatorial furnishes me with the means of a direct com¬ 
parison : in his account of the declination circle, we find 
an error + 2"'35, and another — ; to these add an 
error of half a second in each, for reading off, which sir 
George also admits; we shall then have a discrepancy of 
4 '*85 ; but as the errors of reading off are not errors of 
division, let them be discharged from both, and tfie errors 
will then stand,--for the quadrant 2'^, and for the circle 
S'"-85. As the radius of the former, however, is four times 
greater than that of the latter, it will appear, by this mode 
of trial, that the equatorial is rather more than twice as ac¬ 
curately divided as the quadrant. Ti doinc? justice to Bird 
in this instance, I have only done as I would be done bv; 
for, should any future writer set me back a century on the 
chronological scale of progressive improvement, I hope 
some one will be found to restore me to my proper nlche^ 
I now subjoin a re-statement of tlie greatest error of each 
of the instruments that are brought into comparison by sir 
George, after having reduced them all by one rule; viz, 
allowing each of the two points which bound the most er¬ 
roneous extent to divide the apparent error equally between 
them. They are expressed in parts of an inch, and follow 

'each other in the order of their accuracy. 
Sir George Shuckburg’s 5-fect standard 
General Boy’s scale 0142 inches 
Sir George’s equatorial, 2-feet radius 
d’he Greenwich quadrant, 8 feet radius 
Mr. Aubert’s standard, 5 feet lono; 

The Royal Society’s standard, 92 inches lone* *000795 

For the justness of the above statement 1 considt r mv 
name as pledged; requesting th^ permission to say, that if 

* This Is the same which Mr. Bird used in dividing his eight-feet mural 
q_uadraut5, and was presented to the P.oyal Society by Bird’s executors. 

on 
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on the result of eacli respective examination, as here prc-^ 
senteci, there could have been more than one opinion, it 
would not have appe.ared here. 1 am further prompted to 
add, that the above comparative view presents one circum¬ 
stance to our notice, v'hich cannot do less than gratify 
every individual who is at all conversant in there matters j 
I mean, the high rank which general Roy's scale takes in 
the list ; that scale having been made the agent in inea- 
siirins: the base line of our national trigonometrical survey* 

To" return, finally, to the dividing of circles; I must 
state, as matter of precaution, tliat great care should be 
taken during the turning of the outer edge, to have the 
circle of the same temperature ; for one part may be ex¬ 
panded by heat, or contracted by cold, so much more than 
another, as to cause the numbers in the tables of errors to 
be inconveniently large. A night is not more than suffi¬ 
cient for allowing the whole to take the same temperature, 
after having be6vhandled by th-e workmen; and the finish¬ 
ing touch should he given within a short space of time. 
But, if tliC effects of temperature are to be regarded in 
turning a circle, it is of tenfold more importance to attend 
to this^circ'umstance, while the examination of the larger 
arcs of the instrument is carried on ; for It is absoluiely 
necessary that, during this time, the whole circle should 
be of the same heat exactlv. Few workmen are sufficiently 
aware of this : they generally suppose the expansion of 
metals to be a trifle which need not be regarded in practice ; 
and wonder how the parts of a circle can be differently 
heated without taking pains to make it so. One degree of 
Fahrenheit’s thermometer indicates so small a portion of 
heal tb.at, in such places as workmen are usually obliged 
to do ificir business in, it is not very easy to have three 
thermometers attached to different parts of a large instru^ 
ment, showing* an equality of temperature within that 
quantity : yet so necessary is correctness in this respect, 
that if a circle has the vertex one degree warmer than its 
opposite, and if this difference of temperature be regularly 
distributed from top to bottom, the uper semi-circle will 
actually exceed the lower by 2'k and, if such should hap¬ 
pen to be the case while the examination of the first dot of 
the third quadrant is made, the regularity of the whole 
operation would thereby be destroyed. 

It may not be improper to remark, that dividing by the 
eye does not require a more expensive apparatus than the 
operation of dividing by hand ; and, indeed, less so w hen 
the scale of inches is deemed necessary. The method by 

S adjustment 
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atljusfment is siill more expensive, requirins: whatever took 
Biivl’s method requires, and, in addition to these, a frame 
and microscopes, somewhat similar to those for dividing 
bv the eve. 

It is somewhat more difficult to give a comparative esti¬ 
mate of the time which the diflerent methods of dividing 
require. 1 know that thirteen days of eight hours each are 
well employed in dividing such a circle by my njct'hod; 
about fifty-two days w'ould be consumed in doing the same 
thing by Bird’s method ; and I think I cannot err muck 
w'hen I state the method by adjustment, sup]K)sing every 
dot to be tried, and that two-thirds of them want adjusting, 
to require about one hundred and fifty of such days. 

The oeconomy of time (selling aside the decided means 
of accuracy) which the above estimate of its applicaliort 
offers to view, will, I think, be considered of no little 
moment. By ihe rising artist w'ho may aspire at excellence, 
it will at least, and I should hope, with gratitude, be felt 
in the abbreviation of his labours. To me, indeed, the 
means of effecting this became indispensable; and it has not 
been without a sufficient sense of its necessity, that I have 
been urged to the progressive improvement and completion 
of these means, as now described. It it but little that a 
man can j)erform with his own hands alone ; nor is it on 
all occasions, even in frames of firmer texture than my 
own, that he can decisively command their adequate, un¬ 
erring, use. And I must confess that I never could recon¬ 
cile it to what I hold as due to myself, as well as to a soli¬ 
citous regard for the most accurate cultivation of the science 
of astronomy, to commit to others an operation requirino- 
such various and delicate attentions, as the division of my 
instruments. 

That my attentions on this head have not failed to pro¬ 
cure for me the notice and patronage of men whose appro¬ 
bation makes, witli me, no inconsiderable part of my re¬ 
ward, I have to reflect on with gratitude and pleasure : and 
as I )(''ok with confidence to the continuance of that pa- 

j tronage so long as the powers of execution shall give me 
i ihe inclination to solicit it, I cannot entertain a motive 
i which might go to extinguish the more liberal wdsh of 
; pointing out to future ingenuity a shorter road to eminence ;* 
; sufficiently gratified by I he idea of having, in the present 
i communication, contributed to facilitate the operations, 
j and to aid the progress of art (as far as the limited powers 
! of vision w ill admit) towards the point of perfection, 
1 
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XXV. Report made to the Institute on two Memoirs of 

M, Gratien Lepere, Engineer of the Imperial Roads 
and Bridges^ on natural and artificial Puzzolano. By 
M. Chaptal'*. 

E<very person is acquainted with the purposes to which 
puzza’ano is applied in buildings under water. The pro¬ 
perty possessed by this volcanic substance of spcedilv be¬ 
coming hard when mixed with sour lime, in the compo¬ 
sition of cements for hydraulic purposes, has rendered it a 
most important article ; but the difficulty of procuring it 
from Italy while the navigation of the seas is interrupted, 
has made it extremely scarce and dear. Attempts have 
therefore frequently been made to procure a substitute for 
puzzolano, in substances which are to be procured in all 

countries and at a low price. 
It seems, therefore, an interesting subject to collect the 

various processes which have been employed for adapting 

different mineral substances to the uses of puzzolano, and 
with this view T.have drawn up the present extract of 
M. Lepere’s two memoirs, without binding myself to follow 

his order. 
A substitute for puzzolano may be procured in three 

ways. 1st, By employing the remains of the extinguished 
volcanoes which almost all countries produce. 2dly, -By 
substituting some other volcanic products for puzzolano. 
3dly, By giving to certain mineral substances, by calcina¬ 
tion, all the properties of these volcanic productions. 

Messrs. Desmarets and Faujas St. Fond long ago made 
known some strata of good puzzolano in the volcanoes of 
Auvergne and Vivarais. 1 also pointed out this substance 
in the volcanoes which separate Lodeve from Bedarieux, in 
the department of the Flerault, and it has been employed 
with success in the construction of bridges and other hy¬ 

draulic buildings. 
We may also find a substitute for puzzolano in other 

volcanic products, such as basalt, pumice stones carefully 

pounded, &c. 
In 1787 M. Guyton de Morveaii sent to M. de Cessart, 

at Cherbourg, some calcined basalts from the extinguished 
volcano of Drevin, in the department of the Var and 
Loire. The latter proved by conclusive experiments, that 
they might be employed with great advantage in buildings 

under water. - 
The Dutch terrass is a kind of pumice stone brought 

A 

* From Aiimlcs eZr Chimie, tome Ixiv. p. 273, 
from 
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from Bonn and Andernach. At Dordrecht, at the m^HUhs of 
the Rhine and Meuse, the opcraliion of pounding is effected. 

But these resources are local ; and as the rnmiutacture of 
pLizzolano may become general, we proceed to describe the 
best means of attainimi; it. 

ft would he difficult to assign the period at which pounded 
bricks and the earthy residue iroin the distillation of-aqua¬ 
fortis were substituted for volcanic puzzolano. Their use, 
however, has become general, particularly where there are 
no sea-ports in the vicinity at which real puzzolano can 
be furnished : even in the South of France they })refcr the 
earthy residue of tfie distillation of aquafortis to the best 
puzzolanos for coating the inside of the wme tubs, which 
are almost all of mason work, and for the cements used by 
individuals in hydraulic works, d'he earth employed in the 
South of France for the decontposition of saltpetre, by ex¬ 
tracting the aquafortis from it, is an och.ey earth very niuch 
charged uith iron, and more or less reddened,by the oxide 
of this metal. When it is wanted for cement, it is.only 
necessary to beat it up with lime and a proper quaiuity of 
water. M. Lepere relates some experiments made at Paris 
by the engineers of roads and bridges, from which it ap¬ 
pears that an immersion of eight days was sufficient for 
aquafortis cements to acquire a hardness fit to resist a billet 
of wood when forced against it with the wdiole strength of 
a man ; whereas the Italian puzzolano required six weeks 
before it attained the same degree of hardness. 

In general the quality of the earth is better in proportion 
as it is charged with iron. 

Tills last observation is equally, applicable to pounded 
bncks : in general they do not make a good cement unless 
they are w'cll burnt, and made of verv ferruginous earth. 

Twenty years ago I suggested the" above substitutes for 
puzzolano; and the result of my comparative trials made in 
the port of Cette, under the inspection of the engineers of 
the province of Languedoc, was published in 1/87, in a 
memoir printed by Didot, by order of the states-general of 
the province. 

d'he means which I suggested for making this artiriciai 
puzzolano are simple, and may be put in practice almost 
every where. Balls should be made of the ochrey earth, 
and burned in a lime or potter^s kiln. In order to form 
these bails, the earth must be moistened with a sufficient 
quantity of water; and when the balls are made, they should 
be burned unlil they pass fVom a red to a black colour, and 
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the angles of the scales formed when they are broken ex¬ 
hibit sharp and shining edges. 

In the same work I proposed to substitute the blackish 
schists u'hich are decomposed in the air for puzzolanos. 
Those which are in cakes are best; but in all cases they 
must be strongly calcined, in order to give them the re¬ 
quisite properties. 

M. Lepere relates that M. Vitalis, professor of chemistry 
and secretary to the Rouen Academy, and M. Lamassen, 
chief engineer of the department of the Lower Seine, have 
made most excellent puzzolano by the calcination of some 
ochrey earths in the environs of Rouen: this was effected 
by burning the earth in a common furnace with alternate 
strata of common charcoal. This puzzolano was subjected 
to some trials on a large scale, and it was composed in the 
following manner : 

One part and a half of yellow calcined ochrey earth. 
One part and three-fourths of well washed siliceous 

sand. 
One part and an eighth of sour lime. 
Two parts of chips from calcareous stone and silex. 
From these and several other experiments (the propor¬ 

tions of which were varied) it results, that the artificial 
puzzolano constantly exhibited the same effects as the best 
puzzolano of Italy. M. Lepere was an eye-witness of all 
these comparative experiments. 

There can be no doubt, therefore, that wherever there 
are ochrey earths, artificial puzzolano may be made with 
great facility. 

What is called Dutch terrass is in many respects similar 
to the artificial puzzolano in question. 

The ashes, or rather scorise, left when coals are burnt, 
may also be applied to the same purpose. M. Guyton 
caused a trial to be made at Cherbourg, and it succeeded 
well. 

M. Gratien Lepere, having been intrusted in 1804 with 
constructing the foundation of the new arsenal at Cher¬ 
bourg, began to turn his attention to the best method of 
supplying the puzzolano of Italy. He knew that the Swedes 
had already used a very hard black slate with this view, 
after being twice strongly calcined in a lime-kiln. 

M. Lepere thought he perceived a great analogy between 
the Swedish stone and the rocks of Cherbourg, particularly 
those of port Bonaparte, which, when dug into, exhibited 
a black schistns, hard, ferruginous, and falling off in scales 
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oF various thickness: subsequent experiments, however, 
proved that the slaty schistus of Roule, in the environs of 
Clierbourg, is preferable, and that good mortar may be 
niade with the ferruginous schist of Haineville, which is 
inferior, however, to the two former. 

After having multiplied and varied his experiments in 
such a manner as to present positive results, M. Lepere, 
in conjunction with the committee of engineers appointed 
to examine his experiments, draws • the following conclu¬ 
sions : 

1st. That the schist of Cherbourg, when strongly cal¬ 
cined and pulverised, forms an excellent mortar when 
mixed with sour lime. 

2dly. That in order to give precisely the same properties 
to schist which are possessed by puzzolano and terrass, the 
former must be calcined in a reverberating, instead of a 
lime, furnace. 

XXVI. The Bakerian Lecture. An Account of some new 
analytical Researches on the Nature of certain Bodiesy 
particularly the Alkalies, Phosphorus, Sulphur, Car^ 
lonaceous Matter, and the Acids hitherto undecomposed ; 
with some general Observations on Chemical Theory, By 
Humphry Davy, Esq., Sec. R.S., F,R,S, Edin., and 
M.R.I.A, 

[Concluded from p. 124.] 

VIII. Analytical Experiments on Muriatic Acid. 

I HAVE made a greater number of experiments upon this 
substance, than upon any of the other subjects of research 
that have been mentioned ; it will be impossible to give any 
more than a general view of them within the limits of the 
Bakerian lecture. 

Researches carried on some years ago, and which are 
detailed in the Journals of the Royal Institution, showed 
that there were little hopes of decomposing muriatic acid, 
in its common form, by Voltaic electricity. When aqueous 
solution of muriatic acid is acted upon, the water alone is 
decomposed ; and the Voltaic electrization of the gas affords 
no indications of its decomposition ; and merely seems to 
show, that this elastic fluid contains much more water than 
has been usually suspected. 

I have already laid before the Society, an account of some 
experiments made on the action of potassium on muriatic 

M 3 acid. 
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acid. I have since carried on the same processes on a larger 
scale, but with precisely similar results. 

When potassium is introduced into muriatic acid gas, 
procured from muriate of ammonia and concentrated suU 
phuric acid, and freed from as much moisture as muriate 
of lime is capable of attracting from it, it immediately be¬ 
comes covered with a white crust, it heats spontaneously, 
and by the assistance of a lamp, acquires in some parts the 
temperature of ignition, but does not inflame. When the 
potassium and the gas are in proper proportions, they both 
entirely disappear; a white salt is formed, and a quantity 
of pure hydrogen gas evolved, which equals about one- 
third of the original volume of the gas. 

By eight grains of potassium employed in this way, I 
effected the absorption of nearly twenty-two cubical inches 

^ of muriatic acid gas; and the quantity of hydrogen gas 
produced was equal to more than eight cubical inches. 

The correspondence between the quantity of hydrogen 
generated in cases of this kind, and by the action of potas¬ 
sium upon water, combined wdth the effects of ignited char¬ 
coal npon muriatic acid gas, by w'hich a quantity of in¬ 
flammable gas is produced equal to more than one-third of 
its volume, seemed to showq that the phaenoraena merely 
depended upon moisture combined with the muriatic acid 
gas 

To determine this point with more certainty however, 
and to ascertain whether or no the appearance of the hy¬ 
drogen was wholly unconnected with the decomposition of 
the acid, I made two comparative experiments on the 
quantity of muriate of silver, furnished by two equal quan¬ 
tities of muriatic acid, one of which had been converted 
into muriate of potash by the action of potassium, and the 
other of which had been absorbed by water; every care was 
taken to avoid sources of error; and it w^as found that there 
was, no notable difl'erence in the weight of the results. 

There was no proof then, that the muriatic acid had been 
decompounded in these experiments; and there was every 
reason to consider it as containing in its common aeriform 
.state, at least one-third of its weight of water; and this 

^ When the Voltaic spark is taken continuously, by means of points of 
charcoal in muriatic acid gas over mercury, muriate of mercury is rapidly 
formed, a volume of inflammable gas, equal to one-third of the original 
volume of the muriatic acid gas, appears. 'I'he acid gas enters into combiua. 
tion with the oxide of.mercury, so that water enough is present in the ex¬ 
periment to form oxide sufficient to absorb the whole of the acid. 

conclusion 
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conclusion we shall find warranted by facts, which are im- 
nudiatclv to follow. 

¥ 

I HOW made a nim)l)er of experiments, with the hopes 
of obtaining the miiriatlc acid free from water. 

I first heated to whiteness, in a well luted porcelain re¬ 
tort, a mixture of dry sulphate of iron, and muriate of lime 
which had been previously ignited ; but a few cubic inches 
ot gas only were obtained, thouoh the mixture was in the 
quantity ot several ounces ; and this gas contained sulphu¬ 
reous acid. I heated dry muriate of lime, mixed both with 
phos})horic glass and dry boracic acid, in tubes of porce¬ 
lain, and of iron, and employed the blast of an excellent 
forge; but by neither of these methods was any gas ob¬ 
tained, though when a little moisture was added to thq 
mixtures, muriatic acid was developed in such quantities, 
as almost to-pruduce explosions. 

Idle fuming muriate of tin, the liquor of Lihavius, is 
known to contain dry muriatic acid, i attempted to sepa¬ 
rate the acid from this substance, bv distilliup' it with sul- 
phur and with phosphorus; but without success. I ob¬ 
tained only triple compounds, in physical characters, some¬ 
thing like (he solutions of phosphorus, and sulphur in oil, 
which were non-conductors of electricity, which did not 
redden dry litmus p'aper, and which evolved muriatic acid 
gas with great violence, heat, and ebullition on the contact 
of water. 

I distilled mixtures of corrosive sublimate and sulphur, 
and of calomel and sulphur; when these were used in their 
common states, muriatic acid gas was evolved; but when 
thev were dried by a gentle heat, the quantity was exceed¬ 
ingly diminished, and the little gas that was generated gave 
hydrogen by the action of potassium. During the distilla¬ 
tion of corrosive sublimate and sulphur, a very small quan¬ 
tity of a .hmpid fluid passed over. When examined by 
transmitted light, it appeared yellowish green. Tt emitted 
fumes of muriatic acid, did not redden dry litmurs paper, 
and deposited sulphur by the action of water. T am in¬ 
clined to consider it as a modification of the substance dis¬ 
covered by Dr. d’honison, in his experiments on the action 
of oxymuriatic acid on sulphur. 

MM. Gay Lussac and d'henard* have mentioned, that 
they endeavoured to procure dry muriatic acid by distilling 
a mixture of calomel and phosphorus, and that they ob¬ 
tained a fluid which they consider as a compound of mu- 

* The Monitenr before quoted, 
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riatic acicl^ phosphorus, and oxygen. In distilling corrosive 
sublimate with phosphorus^ 1 had a similar result, and I 
obtained the siibstance in much larger quantities, tliaii by 
the distillation of phosphorus with calomel. 

As oxymuriatic acid is slightly soluble in water, there 
was reason to suppose, reciprocally that water must be 
slightly soluble in this gas ; I endeavoured therefore to pro¬ 
cure dry muriatic acid, by absorbing the oxygen from 
oxymuriatic acid gas by substances, which when oxy¬ 
genated produce compounds possessing a strong affinity for 
water. Phosphorus, it is well known, burns in oxymu¬ 
riatic acid gas ^ though the results of this combustion, I 
believe, have never been minutely examined. With the 
hopes of procuring muriatic acid gas, free from moisture, I 
made thei experiment. I introduced phosphorus into a re¬ 
ceiver having a stop-cock, wffiich had been exhausted, and 
admitted oxymuriatic acid gas. As soon as the retort was 
full, the phosphorus entered into combustion, throwing 
forth pale white dames. A white sublimate collected in the 
top of the retort, and a fluid as limpid as water, trickled 
down the sides bf the neck. The gas seemed to be entirely 
absorbed, for when the stop-cock was opened, a fresh 
quantity of oxymuriatic acid, nearly as much as would have 
filled tlie retort, entered. 

The same phasnomenon of inflammation again took place, 
with similar results. Oxymuriatic acid gas was admitted till 
the whole of the phosphorus was consumed. 

Minute experiments. proved, that no gaseous-muriatic 
acid had been evolved in this operation, and the muriatic 
acid was consequently to be looked for cither in the white 
sublimate, or in the fluid which had formed in the neck of 
the retort. 

The sublimate was in large portions, the fluid only in the 
quantity of a lew drops. I collected by different processes, 
sufficient of both for examination. 

The sublimate emitted fumes of muriatic acid when ex¬ 
posed to air. When brought in contact with water, it 
evolved muriatic acid gas, and left phosphoric acid, and 
muriatic acid, dissolved in the water. It was a non-con¬ 
ductor of electricity, and did not burn when heated; but 
sublimed when its temperature was about that of boiling 
water, leaving not the slightest residuum. I am inclined 
to regard it as a combination of phosphoric and muriatic 
acid m their dry states. 

The fluid was of a pale greenish yellov^ tint, and very 
limpid; when exposed to air, it rapidly disappeared, emit- 

% ting 
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ting dense white fumes which had a strong smell dincring 
a liule from that of muriatic acid. 

It reddened litmus paper in its common stale, but had no 
effect uj'>on litmus p iper wliich had been well dried, and 
which was immediately dipped into it. It was a non-con- 
<luctor of electricity. It heated w’hen mixed with water, 
and evolved muriatic acid gas. I consider it as a com¬ 
pound of phosphorous acid, and muriatic acid, both free 
from w'ater*. 

Having failed in obtaining: uncoQibined muriatic acid in 
this W'ay, I performed a similar process with sulphur, but 
I was unable to cause it to inflame in oxymuriatic acid gas. 
When it was heated in it, it produced an orange-coloured 
liquid, and vellow fumes passed into the neck or the retort, 
wliich condensed into a greenish-yellow ffuid. By repeat¬ 
edly passing oxymuriatic acid tlirough this fluid, and di^ 
stilling it several times in tlie gas, Hrenderet! it of a bright 
olive-colour, and in this case it seemed to be a compound 
of clrv sulphuric and muriatic acid, holding iii solution a 
very little sulphur. When it was heated in contact with 
sulphur, it rapidly dissolved it, and then became of a bright 
red colour, and when saturated with sulphur, of a pale 
golden colourf. No permanent aeriform fluid was evolved , 
in any of these operations, and no muriatic gas appeared, 
unless moisture was introduced. 

As there seemed little chance of procuring imcombined 
muriatic acid, it was desirable to ascertain what would be 
the effects of potassium lupon it iu these singular com¬ 
pounds. 

When potassium was introduced into the fluid, generated 
by the action of phosphorus on corrosive sublimate, at first 
it slightly effervesced, from the action of the liquid on the 
moist crust of potash surrounding it; but the metjal soon 
appeared perfectly splendid, and swimming on tne surface, 
I attempted to fuse it by heating the fluid, but it entered^ 
into ebullition at a temperature below that of the fusion of 
the potassium ; indeed the mere heat of the hand was suffi¬ 
cient for the efeet. On examining the potassium, 1 found 

* I attempted to obtain dry muriatic acid likewise from the phosphuret- 
ted muriatic acid of xMM. Gay Lussac and Thenard, by distilling it in re¬ 
torts containing oxygen gas, and oxymuriatic acid gas. In tiie first case, the 
retort was shattered by the combustion of the phosphorus, with a violent 
explosion. In the second, compounds, similar to those CiCsciibed above, 

were formed. 
t All these substances seem to be of the same nature as the singular com- 

pf)und, the sulphuretted nuiiiatio acid, discovered by Dr, I homson, noticed, 

be t ore. , 
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that it was combined at the surface with phosphorus, and 
gave phosphuretted hydrogen by its operation upon water. 

I endeavoured, by repeatedly distilling' the fluid l^rom po¬ 
tassium in a close vessel, to free it from phosphorus, and 
in this way I succeeded in depriving it of a considerable 
quantity of this substance. 

1 introduced ten or twelve drops of the liquid, which had 
been thus treated, into a small plate glass retort, contain¬ 
ing six grains of potassium ; the retort was exhausted alter 
having been twice tilled with hydroo;en, the liquid was made 
to boil, and the retort kept warm till the whole had dis¬ 
appeared as elastic vapour. The potassium was then heated 
by the point of a spirit lamp ; it had scarcely melted, when 
it burst into a most brilhant flame, as splendid as that of 
phosphorus in oxygen gas, and the retort was destroyed by 
the rapidity 6f combustion. 

In other trials made upon smaller quantities after various 
failures, I was at last able to obtain the results; there was 
no proof of the evolution of any permanent elastic fluid 
during the operation. A solid mass remained of a greenish 
colour at the surface, but dark gray in the interior. It was 
extremely inflammable, and often burnt spontaneously 
when exposed to air; when thrown upon water, it produced 
a violent explosion, with a smell like that of phosphuretted 
hydrogen. In the residuum of its combustion there was 
found muriate of potash, and phosphate of potash. 

I endeavoured to perform this experiment in an iron tube, 
hoping that if the muriatic acid was decomposed in the 
process, its inflammable element, potassium and phospho¬ 
rus, might be separated from each other by a high degree 
of heat; but in the first part of the operation the action 
was so intense, as to produce a destruction of the apparatus, 
and the stop-cock was separated from the tube with a loud 
detonation. 

I heated potassium in the vapour of the compound of 
muriatic and phosjihoric acid ; but in this case the in¬ 
flammation was still more intense, and in all the experi¬ 
ments that I have hitherto tried, the jrlass vessels have been 
either fused or broken ; thp solid residuum has liowever ap¬ 
peared to be of the same kind as that I have just described. 

The results of the operation of the sulphuretted com¬ 
pounds containing muriatic acid free from water upon po¬ 
tassium, are still more extraordinary than those of the phos¬ 
phuretted compounds. 

When a piece of potassium is introduced into the sub¬ 
stance that distils oyer during the action of heated sulphur 

upon 
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upon oxvmiiriatic acid, it at first produces a slight cfTervcs- 
ccnce, and it' the voluaie of the potassiun\ cc.nsidcrably ex¬ 
ceeds that of llie liquid, it soon explodes with a violent re¬ 
port, and a niost intense liglu. 

I have endeavoured to collect the results of this opera¬ 
tion, by causing the explosion to take place in large ex¬ 
hausted plate glass retorts ; but, except in a case in which I 
used only about a quarter of a grain, I never succeeded. 
Generally the retort, though connected with tlie air pump 
at the time, was broken into atoms5 and th.e explosion 
produced by a grain of,potassium, and an equal quantity of 
the fluid, has appeared to me considerably louder thail tiiat 
of a musket. 

In tlie case in which I succeeded in exploding a quarlcf 
of a grain, it was not possible for me to ascertain if any 
gaseous matter was evolved; but a solid compound was 
formed of a very deep gray tint, which burnt, throwing off 
briirht scintillations, when s^entlv heated, which inflamed 
when touched with water, and gave most brilliant sparks, 
like those thrown off by iron in oxygen gas.* 

Its properties certainly differed from those of any com¬ 
pound of sulphur and potassium that I have seen: whether 
it contains the muriatic basis must however be still a mat¬ 
ter of inquiry. 

There is, however, much reason for supposing, that in 
the singular phaenomena of inflammation and detonation 
that have been described, the muriatic acid cannot be en¬ 
tirely passive : and it docs not seem unfair to infer, that 
the transfer of its oxygen and the production of a novel 
substance, ^are connected with such effects, and that the 
highly inflammable nature of the new compounds, partly 
depends upon this circumstance, I am still pursuing the 
inquiry, and I shall not fail immediately to commiinleate 
to the Society, such results as may appear to me worthy of 
t,heir attention, 

\ 

IX. Some general Ohservalions, iviili Experiments, 

An experiment has been lately published, which appeared 
so immediately connected with the discussion entered into 
in the second section of this Paper, that i repeated it with 
much caruesiness. 

In Mr. Nicholson’s' Journal for December, Dr. Wood- 
hoiise has given an accoimt of a process, in which the ac¬ 
tion of water caused the inflammation of a mixture of four 
parts of charcoal and one of the pearlash that had been 

strongly 
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strongly ignited together, and the emission of ammonia 
from them. I thought it possible, that in this case a sub¬ 
stance might be formed similar to the residuum described 
in page 487 (Philosophical Magazine, vol. xxxiii.); but by 
cooling the mixture Out of the contact of nitrogen, I found 
that no ammonia was formed; and this substance evi¬ 
dently owed its existence t6 the absorption of atmospherical 
air by the charcoal *. 

The experiments that I have detailed on the acids, offer 
some new views with respect to the nature of acidity. That 
a compound of muriatic acid with oxide of tin «r phospho¬ 
rus should redden vegetable blues, might be ascribed to a 
species of neutralization, by tbeoxideor inflammable body; 
but the same reasoning will not apply to the dry compounds 
which contain acid matter only, and which are precisely 
similar as to this quality. Let a piece of dry and warm 
litmus paper be moistened with the compound of muriatic 
and phosphorous acid, it perfectly retains its colour. Let it 
then be placed upon a piece of moistened litmus paper, it 
instantly becomes of a bright red, heats and develops mu¬ 
riatic acid gas. 

All the fluid acids that contain water are excellent con¬ 
ductors of electricity, in the class called that of imperfect 
conductors ; but the compounds to which I have just al¬ 
luded, are non-conductors in the same degree as oils, with 
which they are perfectly miscible. When I first examined 
muriatic acid, in its combinations free from moisture, I 
had great hopes of decomposing them by electricity; but 
there was no action without contact of the wires, and the 
spark seemed to separate no one of their constituents, but 
only to render them gaseous, ihe circumstance likewise 
applies to the boracic acid, which is a good conductor as 
loi^' ains water; but which, when freed from 
w'ater and made fluid by heat, is then a non-conductor. 

^ Potash or pearlash is easily decomposed by the combined attractions of 
charcoal and iron, but it is not-decomposable by charcoal, or, when per¬ 
fectly dry, by iron alone. Two combustible bodies seem to be required by 
their combined affinities for the effect; thus in the experiment with the o-un 
bairel, iron and hydrogen are concerned. I consider Idomberg-’s p\'ro- 
pborus as a triple compound of potassium, sulphur, and charcoat; and in 
this ancient process, the potash is probably decomposed by two affinities. 
The substance is perfectly imitated by heating together tea parts of char¬ 
coal, two of potassium, and one of sulphur. 

When I first showed the production of potassium to Dr. Wollaston in Oc¬ 
tober 1807, he stated, that this new fact induced him to conceive that the 
action of potash upon piatina, was owing to the formation of potassium, and 
proposcCi it, as a matter or research, whether the allcali murht not be de¬ 
composed by the joint action of piatina and charcoal. 

S 
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The alkalies and the earthy compound?, and the oxides, 
as dry as we can obtain them, thougii non-conductors when 
solid, are, on the contrary, all conductors when rendered 
fluid by heat. 

When muriatic acid, existing in combination with phos¬ 
phorus or phosplnnic acid, is rendered gaseous by the ac¬ 
tion ot water, the fpiantity o* this tluid that disappears, at 
least equals from one^third to two-fifths of the weight of 
the acid gas produced ; a circumstance that agrees with the 
indications given by the action of potassium. 

1 attempted to procure a compound of dry muriatic and 
carbonic acids, hoping that it might be gaseous, and that 
the two acids might be decomposable at the same time by 
potassium. The process that I cmplovcd was by passing 
corrosive sublimate in vapour through charcoal ignited ta 
whiteness ; but I obtained a very small quantity of gas, 
which scented to be a mixture of common muriatic acid^gas 
and caibonic acid gas; a very minute portion of runninof 
mercury only was obtained, by a long continuation of the 
process; and the slight decomposition that did take place, 
I am inclined to attribute to the production of water, by 
the action of the hydrogen of the charcoal upon the oxyo-en 
of the oxide of mercurv 

In mixing muriatic acid gas with carbonic acid, or oxy¬ 
gen, or hydrogen, the gases being in their common states, 
as to moisture, there w'as always a cloudiness produced ; 
doubtless ow-ing to the attraction of their water to form 
liquid muriatic acid. 

On fluoric acid gas no suchcfTcct was occasioned. This 
fact, at first view, might be supposed to show, that the 
hydrogen evolved by the action of potassium upon fluoric 
acid gas, is owung to w-aler in actual combination with it, 
like that in muriatic acid gas, and which may be essential 
to its elastic state ; but it is more probable, from the small¬ 
ness of the quantity, and from the difference of the quan¬ 
tity in different cases, that the moisture is merely in that 
state of diffusion or solution in which it exists in gases in, 
general, though from the disposition of water lo be depo¬ 
rted in this acid gas in the form of an acid solution, 
it must be either less in quantity, or in a less free state, sa 

* These facts and the other facts of the same kind, explain the difficulty 
of the decomposition of the metallic m.iiriates in common processes of metal- 
lurgy. They likewise explain other phamoinena in the agencies of muriatic 
salts. In all cases when a muriatic salt is decomposed by an acid, and mu¬ 
riatic acid gas set free, there appears to be a double affinity, that of the acid 
ior the basis, and of the muriatic acid for water ; pure muriatic acid does 
not seem capable of being displaced by any other acid. 

as 
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as to require for its exhibition much more delicate hygro- 

metrical tests. 
^The facts advanced in th\6 lecture, afford no new argu¬ 

ments in favour of an idea to winch I referred in my last 
communication to the Society, that of hydrogen being a 
common principle in all inilainmabic bodies ; and except in 
instances which are still uiuler investigation, and concern¬ 
ing w'hich no precise conclusions.can as yet be drawn, the 
generalization of Lavoisier happily applies to the explana¬ 

tion of all the new phtenomena. 
In proportion as progress is made towards the knowledge 

of pure combuslible bases, so in proportion is the number 
of metallic" substances increased ; and it is probable that 
sulphur and phosphorus, could they be perfectly deprived 
of oxygen, would belong to this class of bodies. Possibly 
their pure elementary matter may be procured by distilla¬ 
tion, at a high heat, from metallic alloys, in which they 
have been acted upon by sodium or potassium. I hope soon 
to be able to try this experiment. 

As our inquiries at present stand, the great general di¬ 
vision of natural bodies is into matter whic'h is, or may be 
supposed to be, metallic, and oxygen ; but,till the problesTi 
concerning tlie nature of nitrogen is fully solved, all syste¬ 
matic arrangements made upon this idea must be regarded 

as premature. 

Explanation of the Figures. 

Fig. 1. The retort of plate glass for heating potassium 

in gases. 
Fig. 2. The tray of platina for receiving the potassium. 
Fig. 3. The platina tube for receiving the tray in experi¬ 

ments of disiillation. 
'Fig. 4. The appa/atus for taking the Voltaic spark in 

sulphur and phosphorus. 

XXVIL On the Causes which have operated in the Frocluc- 
tion of Valleys, By John Carh, Esq., of Manchester. 
—No. HI.' 

To Mr. Tilloch. 

Sir, It was not my intention to'have intruded again into 
your very respectable journal, wherein, indeed, i lirst inci¬ 
dentally appeared, solely with a view of showing, iu oppo¬ 
sition to some hypothetical notions, that ■moving water has 
been, and yet continues to be, the great and general agent 
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of mobility of all the loose materials of our earth ; and that 
instead of wandering out of Nature after hypothetical 
oenigmas, to explain the miglUy changes which the exterior 
and interior of our globe have every wliere undergone, we 
have only to appreciate, justly, the incessant, varied, and 
powerful action of that fluid, in order to obtain the most 
rational, simple, and natural elucidation of alt the general 
and principal phaenomena in geology. Tiiat branch of the 
subject, however, which relates to the action of fresh water ' 
streams flowing over unequal and inclined surfaces having 
ex'perienced direct and decided opposition, 1 must again so¬ 
licit the use of a few pages in your valuable repository. 

I'he objections, indeed, to which 1 allude, are hardly 
entitled to any reply ; for they in no respect invalidate, and 
scarcely' at all advert to, the general question on its own 
broad basis, or meet the vast chain of general and harmo¬ 
nizing facts, upon which the whole merits of the casehin2:e. 

These were expressly stated to be :—the elevated situatroii 
of the sources and springheads of all streams, which gives 
them an easy and natural flow over the countries out of 
which all valleys have been.excavated,—the most important 
and material fact in the whole question ;—the present slopes 
at the lower ends of most valleys, where the streams must 
originally have had a fall corresponding with the pre¬ 
sent depths of the valleys;—the mechanically abrading 
forces of the streams at these falls, and which are amply 
sufficient, with the occasional aid of flooded torrents, to 
have effected the excavation of the valleys;—the obvious 

' certainty that, were the valleys ngain filled up, the streams 
would still continue to flow in nearly their present direc¬ 
tions, forming in that case a succession of Jakes and water¬ 
falls, similar to what must have existed before-the valleys 
were excavated;—that at the falls, produced by the fillimr 
up of the valleys, the streams would immediately com¬ 
mence the excavation of other valleys, in all respects similar 
to those of our present ones; and, in fine, that the streams 
themselves arc the only agents in nature that can possibly 
have accomplished such a system of uniform effects as ex¬ 
cavated valleys disj)lay throughout every country. 

It was added, that all the cxistinir phccnomena, in the 
present courses of streams, sfi ictly correspond with the fore¬ 
going order of things:—nan^ijly, the present direction of 
valleys, which every where so regularly falls in with the na¬ 
tural descent of the country, precisely as the streams must 
origin.’llly have done before the valleys were excavated, and 
would do again were they again filled up;—the unbroken 

. ’ chain 
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chain 'of alluvia which, mo2/.gre Mr.. Farcy’s denial, does now 
actually accompanv the course of every stream from its 
source to its terinination, and which constantly corresponds 
with the strata traversed by the streams;—the innumerable 
intersections of valleys at the confluence of streams, in 
angles governed strictly by the general fall of the country, 
and the uniform levels on which these frequent iirtersections 
of valleys and streams, meet;—evincing with all the preci¬ 
sion of mathematical demonstration, that sucii a multi¬ 
tudinous unison of eifects over the whole surface of the 
globe cannot possiblv be referred to anv other natural cause- 
than the simple, obvious, and necessary op^cration of the 
streams themselves. 

These were the clear, precise, and definite data on \A'hich 
I rested the proof of the streams havi^ig every where exca¬ 
vated tiieir own valleys. The references and the reasoning 
were necessarily general, because the question itself is one 
of the most general that can be agitated, including the ex¬ 
cavated vales in the^course of every stream throughout every 
country; and yet this widely extended case, Mr. Farcy 
would b.ave to be determined bv the datum of a solitary 
valley, or a local spot : and by frittering the natural magni¬ 
tude oF the question down to the subordinate and puny- 
case of what has become of the excavated materials. Now 
admitting, in its fullest extent, all that Mr. Farey has ad¬ 
vanced on this latter head, what would the whole infer, 
but either that the valleys have never been excavated at all, 
or that the materials carried ofl’ have been removed to situa¬ 
tions and distances where wc can no longer trace them ? So 
strongly incongruous and unphilosophical are many of his 
notions of valleys, that, probably enough, he may deny the 
excavations altogether, although there does not exist a 
quarry or gravel pit in the- kingdom, that bears more un¬ 
equivocal indications of excavation than do our numerous 
ranges of valleys. But, on the other hand, if Mr. Farey 
admdts of the excavation of valleys, in that admission 
lie fully accedes to the removal of the missing materials : 
and bv what practical or even possible direction will he 
contrive to carry them off', other than downwards in 
the same direction with the streams, where, however, he 
so obdurately denies they have ever travelled ? His avowal 
that he is proud to repeat his belief in the probability, that 
valleys have been purposely and specially formed for the 
streams which now flow through them, and that it is ea- 
gaging much of his attention, really surprises me. That 
the channel of a canal has been purposely and specially 

formed 
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I formed for the water afterwards let into it we well know, 
I and we also know by what means the work has been acr- 
j complishetl ; l)iit what ^ are the wonderhil and never-vet- 
i imagined means by which A'Jr. Farey will contrive to effect 
I the excavation oF thousands, 1 had almost said millions, of 

uniform valleys, expressly for, and previous-to, the streams 
being let into them ? That he never can discover and apply 
any natural agency ecpaal and aj)plicable, in the remotest 
degree, to so extensive and unilorm a task, is unquestionable, 
and it supernatural agency be in his contemplation, I must 
decline tojiowing him into such a region. But what is tl\e 
cogent reasor'. which Mr, Farey thinks is sufficient to justify 
his broaching so strange a hypothesis^? Fie has'discovered 
a tew excavated vales, on heights where no streams now 
flow : and their existence he deems sufficient to throw into 
utter obscuriiv the origin of all other excavated valleys. 
Now, though these few elevated vales are out of the reach 
ot either present or former streams, does it thence follow 
that they are also out of the reach of rain, torrents, or even 
of those water-spouts w-hich Mr. Farcy pours down on an¬ 
other occasion, when their aid w^as quite unnecessary? 
Has Mr. Farey never heard of the vast and profound chasms 
in the mountainous tracts of the torrid zone, and wdiich are 
nothing but excavations produced by the temporarv torrents 
during the rainy season ? And has he not seen innume¬ 
rable excavations, though on a far less scale, in the hilly 
districts of our own country, also evidently the pnxiuce ot 

f occasional rainy torrents ? For what c^er purpose then 
can a few' such paltry instances be held out, but to darken 
and obscure the true state of the general question of exca¬ 
vation ? 

But to return to the subject of the missing materials. 
Mr. Farey is daily in the habit of treading on travelled 
matter without knowing from whence it has been brought, 
and of observing other spots from which immense masses 
of matter are missing, without being able to form a con¬ 
jecture as to where they have bcerr carried; and these facts 
of finding and missing removed matter,’ without any trace 
from w'hence, or to w'hither, it has been transported, are 
amongst the most familiar of geological phaenomena, nor 
is there any practical or probable agent in Nature for all this 
universal tossing and shitting but water: yet because Mr. 
Farey cannot satisfy himself as to the precise identity and 
present situation of the comparatively trivial portion of 
matter carried away from excavated vales, he thinks that 
circumstance alone sufficient to justify an unlimited denial 

Vol. 34. No. 137. Seyt, iSOQ. N that 



194 On the Causes tvhich have operated 

that the streams, the only visible and conceivable agents 
for such a work, can have had any share in the excavation 
and transportation of the missing materials. He has, how¬ 
ever, in his first paper, somewhat ungroundedly admitted, 
that he had discovered a little of the alluvia carried down 
by streams and brooks, adding, indeed, as a suitable quali- 
lication, that they are found so near to the currents as to 
be naturally enough referred to torrents which hurry through 
the valleys in ordinary rains. It is very unusual to find 
Mr. Farey treading on such natural ground as this ; and 
accordingly^, as if uneasy in his new situation, he instantly 
couples with these natural torrents, imaginary waterspouts, 
to assist in carrying down the few basketfuls of alluvial ma¬ 
terials which, so unluckily for his own system, he had 
stumbled upon. 

Even allowing Mr. Farey his own way, in calling this 
quantity which he has discovered only the thousandth part 
of thcAvhole, I sliould still imagine that rain and torrents 
were quite as efficacious in their powers of transportation at 
the time the valleys were excavating, as now; and indeed, 
they certainly were much more so ; as the numerous falls 
which must then have existed, would add greatly to the 
abrading forces of the currents; and 1 also think, that 
where we now find a portion, though it were only a thou¬ 
sandth part, actually lodged where it must have been brought 
down by the stream, it will be to every one but Mr. Farey 
himself, a rational conclusion, that the rest, however con¬ 
siderable, has travelled off in the same direction ; and that 
the portion left for our inspection is satisfactory evidence of 
the other portion having also passed downwards, but be¬ 
yond the limits of our further tracing, into the great recep¬ 
tacle of all—the ocean. 

But all this cavilling about what has become of the ex¬ 
cavated materials, is mere quibbling on a subordinate fact, 
which, however it may be disposed of, will still leave the 
great and general question of excavation and its agents uri- 
determined ; and even this fact, to any impartial and com¬ 
petent person, who will take the trouble of verifying it, 
will be found most substantially as I before represented it. 
I have never yet inspected a fiat traversed by the serpentine 
windings of a stream, without finding every part of the 
channel cut, in many instances to a considerable depth, 
through alluvia corresponding with the strata higher up the 
stream : and not only the whole of the flat, but also up to 

' certain heights on the surrounding eminences, abounded 
with the same transported matters. In truth, the universal 
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dissemination of alluvia along the channels and vicinities of 
streams is as evident arul palpable as the streams themselves. 
Tile immense beds which form ihe iestnarics, and still more 
the deltas of large rivers, at their entrances into the ocean, 
are all formations from matter tiiat has travelled down the 
respective streams, and yet in all probability these enormous 
quantities bear no proportion to those which have passed 
oil into the sea* 

At the mouths of the Rhine and Scheldt^ where thefmblic 
attention is at this time so interestingly engaged, whole 
and very e^ttensive countries have been formed, from the 
alluvia brought down by these rivers ; and every other river 
on the globe affords the most unequivocal evidence of the 
vast masses of earthy and stony matter which have travel¬ 
led down its waters. Every brook swoln witli rain, and 
every stream occasionally flooded with ten times its usual 
proportion of water, surcharged to such an excess, with 
muddy materials, as frequently to smother multitudes of 
fish in their natural element, are all facts which are con¬ 
tinually presenting themselves to our senses ; and yet, if 
Mr. Farey is to be our guide, all these are palpable decep¬ 
tions: the carrying powder of streams is all absurdity, and 
all the endless masses of alluvia which every where accom¬ 
pany flowing water, have dropt from the moon, or travelled 
up the streams from the sea, but can never have fouiid 
their way by so eas^^ and natural a course as down them. 

Mr. Farey cannot discover any where in the course of the 
streams, the bottoms of ancient lakes, as described in my 
former paper; but that I consider as a mere play on the 
word lake, for he does not assert that the flats which he 
has inspected do not abound with alluvia, but only that 
they have not, in his opinion, been the site of former lakes. 
If Mr. Farey will deny that the flats traversed by streams 
do abound w'ilh alluvial matters, our veracities will then be 
at issue, not on a matter of opinion, but of fact. I gave a 
very si nr pie rule for ascertaining w'here lakes formerly ex¬ 
isted, and had it contained any fallacy, its refutation would 

! have been easy. It w'as to suppose the present valleys filled 
i up, the streams still continuing to flow, and then to ob- 
1 ' serve w'hcre the water would accumulate into a lake, and 

on that spot alluvia and every other indication of a former 
lake would now be formed, 

Mr. Farey also speaks of having looked for the beds of 
former lakes in the valleys, where no one would imagine 
they ever could have existed. It was on the flats and in 
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the hollow immediately above a valley, where I expressly 
limited their former existence. Mr. Farey also thinks the 
Cumberland and Westmoreland lakes, not having given 
way and become valleys (an absurdity I never imagined,— 
flats, and not valleys, are what I have supposed former lakes 
tohaveleft,) afford strong presumption, that my notions on 
the subject are erroneous; but he ought to have known 
that there are two distinct natural processes by which lakes 
may become exhausted. The one is where the stream, 
leaving the lake, has a sufficient fall over yielding strata to 
effect the excavation of a valley back into the lake. The 
other is where the stream flowing into the lake brings 
down alluvia sufficient in time to dll it up. In general both 
of these operations are in action at the same time, and that 
was strictly the case with the lakes which I described as 
having existed in the course of streams. There are also 
two distinct circumstances which may prolong the existence 
of lakes. The one is where the fall in the stream leaving 
the lake is too inconsiderable either to give the necessary 
force to the descending power of the stream, or to admit 
of its cutting a channel backwards sufficiently deep for the 
discharge of the lake. The other is where, with a suffi¬ 
ciency of fall, the stream is crossed by a stratum of indu¬ 
rated Vock, so durable as effectually to resist the abrading 
forces of the stream. The former is the case with several 
of the principal Scotch lakes, which are situated near to, 
and but little above, the level of the sea. The latter is the 
case with almost all the numerous lakes in Canada, where 
the many magnificent falls, on the same streams, and al¬ 
ways below the lakes, incontrovertiby point out the cause 
which has preserved the lakes. 

Mr. Farey asserts, that it is by no.means a general 
truth, that, if the matters removed from the strata to form 
valleys were replaced, there would still be a sufficient fall 
in the country for the streams to flow the sa7ne wny.^^ I 
certainly never meant, nor could any one understand me 
to mean, that the streams would flow over precisely the 
identical channels which’thev now do, but in nearly the 
same way or direction ; and I conceive, that when a very 
great majority of the’instances in a case are similar, that 
similarity constitutes a general truth. Now out of the many 
hundred streams which Mr. Farey has seen, he points out 
two solitary instances only, as differing from my descrip¬ 
tion; adding, indeed, that other instances are very nume- 
tous, and that I shall be forced to admit that excavated 
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vales do not always follow the lowest ground ; that is, the 
natural fall of the country. This looks like a mere quibble 
on the word always. My expression was, that we may 
always be assured that the course which the streani has 
taken is the lowest descent of the country in that direction, 
nor do I conceive it possible to state a more correct, or a 
more widely extended general truth, i he direction 
of excavated valleys and their streams is, indeed, univer¬ 
sally along with the common fall of the country ; and it is 
a most important fact in the main question, for it both il¬ 
lustrates and confirms the excavation of the vales by streams; 
seeing that the excavation has continually proceeded in the 
same direction with the natural fall of the country, and^ 
consequently, with the original course of the streams. In^- 
deed, so substantially true is the proposition wliich f ad¬ 
vanced, and which Mr. Farey finds it so necessary to his 
purpose to deny, that there is an absolute physical inipos- 
sibillty of streams, when left to themselves, flowing in any 
other direction than the lowest fall of the country over 
which they have to flow. 1 o suppose otherwdse, w’ould 
require them either to ascend, or instinctively to avoid de¬ 
scending, in some parts of their course. 

Mr. Farey also asserts, neither is it true that, in eveiy 
instance^ the angle of intersection of valleys and streams 
is acute above and obtuse below', or that two streams iiiva^ 
riably meet on precisely the same level. Here, again, if 
the denials have any meaning at all, it is mere quibbling 
on the words in italics. Has Mr. Farey ever seen an in¬ 
stance where the intersections spoken of occuired with 
angles acute below and obtuse above; that is, w’here the 
streams coalesced by meeting each other? Or where has 
he seen, at the confluence of two streams, the one falling 
from a height into the other ? And yet, if he has seen both, 
and that very frequently too, what must I think of his con¬ 
cealing- some of the most material general truths in the 
question ? He may, indeed, have seen, and I suppose they 
are what he alludes to, a fewv instances of a trivial rill 
trickling over a bank, at right angles into a stream; but 
would he balance such instances against those to which I 
referred, and which are as numerously disseminated over 
this and ev^ery other country as are the streams themselves? 
The truth assuredly is, that these objections were coii- 
venieni for putting aside a string of general facts and rea- 
,401111112:, which the most ingenious and artlul hypothesist, 
who denies tire action of the streams, dares not either di¬ 
rectly oppose or ventpre to illustrate, by fairly meeting th,e 
^ ‘ * ]SI 3 practical 
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practical facts in the general question. And, notwitb* 
standing all Mr. Farcy’s denial, for he has yet offered no-r 
thing in the way of argun)ent, it is a general truth diffused 
over the whole surface of the globe, that excavated valleys 
and their streams do coincide in their direction with the 
natural fall of the country, and do intersect at angles also 
corresponding with that tall, and at corresponding levels ; 
jind while this vast unison of effects absolutely demonstrates 
the action of the streams as its natural cause, it is utterly 
and altogether inexplicable by any other natural process or., 
operation. 

Hence it is, that Mr. Farey has never yet ventured to 
bint at what he deems the natural cause of the excavation 
of vales; and with a larger portion of that confidence which 
he condemns, and w'hich, without havino; truth on its side, 
would, indeed, be the extreme of absurditv, I venture to 
pronounce his entire incapacilv to afford any probable solu¬ 
tion of those extensive oeneral truihs—li.e elevated siiua^ 
tion of the spring-head^—the comnion direction of the 
vales and streams with the fall or the country—and their 
nnitorm intersections and levels. He committed himself 
in the first instance by denying the action of the streams, 
and in doing so he has comjiletely shut himself ont from 
the question, and is now utterly unable to advance a single 
Step towards its elucidation. 

Hitherto Mr. Farey has only tried to extinguish the lights 
held up, and endeavoured to throw the gtueral question 
into utter darkness, by balancing petty and puny excep¬ 
tions against a more extensive chain of general and har- 
Tnonizing facts than are to be met with iiiany other portion 
of geology ; and it is this spirit of altercation w'orkiug only 
to conceal and obscure, instead of entering with fair view's 
into the just merits of the general case, that has constrained 
me to spe^ik so strongly as I have done. I was, and am 
still, disposed to think very highly of Mr. Farey, as an 
exceedingly acute, intelligent, and industrious observer; 
but every thing he has yet said on the subject of valleys 
proves how justly I appreciated his talents as an investigator 
of natural causes. 

Fhe only obscurity, I am well convinced, which hangs 
over the natural excavation of valleys, arises from not duly 
estimating the mechanical action of water when rapidly 
(descending a declivity over the ordinary materials of our 
earth. There is not, perhaps, a mountain on the globe, 
which a stream of water w'ill not cut in two, allowing it 
pnly a sufficient fall, and a sufficiency of time; two. cir- 
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GLimstances which have universally existed ii) the excavation 
of vales. Ill the mountainous districts ot the tropical re¬ 
gions, gullies and ravines are frequently cut, to a vas4. 
depth, through the hardest rock, merely by the temporary 
torrents which descend during the rainy season; and similar 
effects, but of far less magnitude, may be every where, seen 
in the hilly districts of our own country. And even the 
bursting of a canal through its banks, or the overflowing 
of a flooded river into a new tract, will often, in a few 
hours, effect astonishing excavations, and carry away 
amazing portions of matter. E.Klensive meadows in, this 
neighbourhood have been covered several feet in depth, 
with sand and other alluvia brought down by the Mersey 
in a single night. But it is really painful to be compelled 
to refer to such ordinary occurrences in support of so ob¬ 
vious a fact, as that a stream of water, falling over a decli¬ 
vity, will there effect an excavation proportional to the 
height of the fall, and the yielding nature of the strata. 

Now if we consider that the sources and spring-heads of 
all streams, without’perhaps an exception of one instance 
in a thousand, and that admitting of an easy and natural 
explanation, are situated above the level of the country out 
of which the valleys have been excavated, and previous to 
the excavation must have flowed over it, and that the pre¬ 
sent depths of the valleys satisfactorily prove that the streams 
mist have had falls equal to these depths, we shall surely 
tnd, in the natural progress and descending forces of the 
Sreams, all the means necessary to have effected the exca- 
vtions ; and when in addition to all this vve actually find so 
mny of the phaenomena of streams and valleys precisely cor- 
reoonding with such an action of the w'aters, we surely pos¬ 
ses a quantum of harmonizing evidence, which will support 
thenost confident conclusion; and it would but ill comport 
witl the liberal spirit of philosophical research to turn away 
fron such a mass of evidence, and substitute for such ob- 
viou. and natural agency, some baseless phantom of hypo- 
the/jal enioima. ' 

- fcannot^but lament that Mr. Farey should voluntarily 
havcniade himself an habitual alien to that beautiful sim- 
plicii which pervades and governs all the operative works 
of Na^re, and which constantly rises in dignified unity 
with ta magnitude of the occasion. 1 he falling of an 
apple f*m a tree is said to have suggested to Newton the 
first idc vvhich led him to the development of his great 
scheme f universal gravitation : nor do I consider water 
as less acyc and important in geolocy, than gravity is in 
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the planetary system ; for it assuredly is the great and sim^ 
pie instrument for movinjx ^'"^d moulding all the exterior 
and interior parts of our eartiu Mence alone we can discover 
the obvious reason why it bears so large a proportion on the- 
surface of the globe. Its present cjuanrlty and extent are 

. indispensable to effect that j^igantic transportation of pon¬ 
derable matter, which all the strata of the earth testify, 
which the principles of renovation in such a inarerial systent ^ 
require, and which no data we lunv possess can authorise 
Its to doubt is now in as full force and action as at any 
former period. Nor have we any reason to despair that 
human sagacity and science, at present so active in the in¬ 
vestigation of Nature, will in due time be eu.abled to de-, 
yelop those laws by which alternations of sea and land have 
been, and doubtless vet continue to be effected, with as 
much precision as planetary bodies are wheeled in their se¬ 
veral orbits. For puny and unphilosophical indeed must 
his views of nature he, who can imagine that the whole 
portion of the earth, on which the very existence of all its / 
organized beings is dependent, has hitherto been moulded 
and fashioned by fluctiuting and fortuitous laws, and is yet 
to be the sport of accidental violence,, or that its continual 
propensity to disintegration and waste has no restorative 
palance. 

These extended view's of geology,* Mr. Farey will find i 
easy to call rhapsodical; but he wnll do wiser to give theri 
a serious and just consideration, as an antidote against bs 
fondness for the ignis fatuus of hypothesis. It is only >y 
such new impressions that his mind can be weaned fpm 
rambling after and bringing down other worlds, to pfCh 
up and eke out our own. His geological surveys meritthe 
highest praise. Such pursuits, indeed, are of great riati>nal 
interest, and I can truly assure him that he has no fiend 
who more sincerely wdshes him every support and si-'cess 
than myself; but if he continues in his singular and (bdu- 
rate prejudices against the efficacious and important ictiori 
of moving water, as the general operator of geologica, 
nomena, as well on the surface, as in the stratified re^^ns 
of the interior of the earth ; hie may, indeed, be th col¬ 
lector of a numerous assemblage of valuable facts,hut it 
will be left to others to employ them, successfully pi the 
investigation of that common cause which has diss^hpated 
such a diversity of effects in and over every pa’ of the 
globe. I am, sir, vour most obedient humble r^vant, 

' JoN Cakr. 
Princess Street, Manchester, 

Sept. 7, 1809. 
XXVFurther 
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XXVIII. Further Piernvrks on Thunder Stormss % 
Mr. CoiiNEHUs\ ARLEr. 

7b Mr. Tillocfi. 

Sir, Since the period at which T sent you some remarks 
on a thunder storm * seen at a distance, I have been nearly 
under a similar storm, and have remarked two additional 
effects, which appear to me to throw some light upon'this 

subject. 
Toward the close of a fine dav the air errew thick with 

vapour, but exhibited no visible form of clouds. Tliis va¬ 
pour afterwards condensed into thicker masses, with faint 
flashes of liithtnino- about them. The condensation then 
went on very rapid, so that what v\'as only a thick mist be¬ 
fore, became, in an hour, a large general mass of clouds; 
and I could mrv see clear sky in diH'erent parts, though at 
the commencement the whole sky vvas covered with a faint 
mist. There was now a great deal of lightning between the 
upper and lower clouds, the effect of which was seen 
through the under clouds in broad, misty, zig-zag flashes; 
and nearer the horizon were seen large sparks running along 
betw’een the clouds to a great distance, 'fhe passage oFthe 
light was visible all the way, but the spark seen distinctly 

at all the openings. 
During the time this lightning continued there was only 

n\)w and then a little thunder, which I think is clearly ac¬ 
counted for by an accompanying effect—namely, the con¬ 
densation of a verv rare cloud into one more (!en‘:e^ but vet 
quite clastic. The condensation may be conceived to take 
place by the closing together of an immense number of 
small parcels of clouds, as if the parts of a s[>onge were 
made to approach by pressure, and therefore with a very 

soft and gentle vibration. 
But when a spark strikes from the lowest cloud to the 

earth the condensation must be into rain, (for there is no 
Intermediate state between that cloud which is already at 
its lowest density and rain,) therefore the atmosphere has 
to collapse upon solid inelasticq^ariicles of rain, w hich must- 
produce a sharp clap ; and this every person knows to l)c 
the effect, when lightning strikes down from over our 

heads. 
The wind diiriHg all the day had been sbnth-west, but 

when the storm commenced the wind ceased on the north- 
i• I 

♦ See pa^ge l.Cl 4j1'the pren tu Volunie. ^ . 
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east side of it, and seemed afterwards to return; for after 
every large flash of lightning f felt an evident current of 
wdnd blowing towards the focus of condensation, which 
had settled considerably westward of me. 

I did not see many sparks strike to the earth, but there 
were distant showers of rain, and it thundered and rained 
very hard in the night. 

i am, sir, your very humble servant, 

Paddington, COKNELIUS VaRLEY, 
August 18, 1809. 

XXIX. Analysis of the Mecanique Celeste of iff. La Place, 
By M, Biot. 

[Continued from p. 43.] 

ROOK THIRD. 

Tl. he author havino' in his first volume established the laws 
O 

according to which the centres of gravity of the celestial 
bodies move, proceeds in the second to consider the phoeno- 
mena occasioned by the figure of these bodies, and the cir¬ 
cumstances peculiar to each. However great the extent 
and importance of the inquiry contained in the first vo¬ 
lume may be, the second is still more remarkable, on ac¬ 
count of the difficulty of the subject, the elegance of the 
analysis, and the great ingenuity with which it is applied. 

The author proceeds to treat of the figure of the celestial 
bodies. This figure depends on the law of gravity at their 
surface, and this gravity, the result of the attractions of all 
the molecules which compose them, depends on their figure. 
The connection between these two unknown quantities 
renders their determination very difficult. The author re¬ 
solves this problem by supposing the celestial bodies to be 
covered by a fluid : the method employed by him to obtain 
this, is a very singular application of the calculation of,par¬ 
tial differences, which leads by simple differentiations to 
the most extensive results. 

Considering, in the first place, the spheroids as being 
homogeneous, he forms the expression of their attractions 
upon a point given with respect to three rectangular axes. 
The expression depends on a triple integral, which is sus¬ 
ceptible of a convenient transformation. The author then 
develops the general principle, applying these results to 
spheroids terminated by finite surfaces of the second order; 
and supposing, in the first place, the point attracted to be 

within the spherokl^ he thence deduces that a point placed 
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ill the interior of an elliptic stratum, whose internal and ex¬ 
ternal surtaces are alike, and similarly situated, is equally 
attracted bv all parts. 

lie afterwards obtains the attractions of the spheroid 
with respect to ihe three rectangular axes, by means of a 
single definite integral ; but tins integral only being pos¬ 
sible in uselt, when the Sjitieroid is one of revolurion, the 
auihor makes an applicaiion of it to surfaces of this kind, 
and deiermmes in finite terms the value of their attractive 
force on a point placed in tiieir interior. 

He afterwards considers the aitraeiion of the same sphe¬ 
roids on an external pf)mt. '] his inquiry prcseius more 
difficulties than the preceding, but it may however be' re¬ 
ferred to It, VV ith this view the auihor calls to recollec¬ 
tion that the attractions of the spheroid, parallel to the three 
axes, are given by the partial differences of the function 
which expresses the sum of the molecules of the spheroid 
divided by their respective distances from the points at¬ 
tracted. He obtains the value ot this function, when the 
point attracted is at a very great distance, and he gives an 
equation of the second order of partial dilf’erenccs which 
delerniine it generally. He aftcrwaids >hows, by the help 
of series, that this function is the product of two factors, 
one of which is the mass of the spheroid, and the other is 
merely the function ot Its eccentricities, and of the co¬ 
ordinates of the point attracted ; wiience it follows, that 
the attractions of two elliptic spheroids \\ hlch have tfie 
same centre, the same position of the axes, and the same 
eccentricities on the saiVie external point, are to each other 
as the mas.^es of these spheroids. It also follows from this 
properly, that in order to obtain the attraction of the pro¬ 
posed spheroid on the point attracted, it is sufficient to 
know the attraction on the same point of a spheroid, whose 
eccentricity and position of the axes arc the same, and the 
surface of which would pass by this point. 7'he author 
shows that there is hut one spheroid whicli satisfies this 
condition. 7'he research after the attraction of these sphe¬ 
roids in points which are exterior to them is thus referred 
to the case where the attracted point is on their surface. 
Hence results the expression of ifiis attraciion in finite 
terms, when tlie spfieroid is an ellipsoid of r;voIution, 
which eompl.etcs the theory of the attraction of elliptic 
spheroids. 7'f)e author <rives tfie method of extending these 
results toihecase where the attracting spheroid is composed 
of variable elliptic layers, of density, [)ositi()n, and eccen¬ 
tricities, according to any given law,^ He after A'ards con- 

sidcri; 
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<iiders in a general manner the attractions of any spheroids ; 
he recollects in the first place that this attraction is given 
by an equation of the second order of partial differences. 
The whole theory of the attraction of spheroids flows from 
this fundamental equation. The author, after making it 
undergo various transformations, undertakes to deduce from 
it, by means of series, the value of the function required; 
he then shows that with respect to spheroids which differ 
very litiTe from the sphere, we may attain them without 
the aid of integration, by means of a very remarkable equa¬ 
tion which takes place on their surface. It is sufficient for 
this purpose, to develop their radius in a series of functions 
of a particular kind, given by the nature of the question. 
The author proves that this development can take place in 
one way only, and gives shortly afterwards a very simple 
method of forming it. He afterwards establishes a very 
elegant theorem relative to the definite integration of double 
differentials which are the products of two of these func¬ 
tions, and he deduces from them, that we may get rid of 
the first two terms of the development of the radius of the 
spheroid, by fixing the origin of the co-ordinates at its 
centre of gravity, and taking for the sphere, which differs 
very little from it, that which is equal to it in volume. By 
the help of these consideratTons, the author obtains, in the 
simplest manner, the attractions of homogeneous spheroids 
differing little from the sphere on the points which are 
either interior or exterior to them; and he extends these 
results to the cast in which the spheroids are heterogeneous, 
whatever in other respects may be the law according to 
which the figure and density of their layers vary. Passing 
afterwards to the inquiry respecting the attractions of any 
given spheroids, which depend equally on the function ex¬ 
pressing the sum of their molecules divided by their respec¬ 
tive distances from the point attracted, the author shows 
that this function may be easily determined, when we have 
its expression in series, for the two cases where the point 
attracted is situated on the prolongation of the axis of the 
pole, or in the plane of the equator. This consideration, 
which simplifies considerably the inquiry in question, being 
applied to the ellipsoid, furnishes a new demonstration of 
the theorem mentioned above, and which consists in this, 
that the function which determines the attraction of these 
bodies is the product of two factors, one of which is the 
mass itself of the ellipsoid, and the other only depends on 
the eccentricities and position of the axes. 

The author afterwards considers the figure which sphe¬ 
roids* 

I 
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roidsj supposed to be fluids, would assume in consequence 
of the mutual attraction of all their parts, and of the other 
forces which act upon them. For this purpose he seeks 
the figure which satisfies the equilibrium of a homogeneous 
fluid mass, endowed with an uniform rotatory motion about 
a fixed axis. He supposes this figure to be that of an el¬ 
lipsoid of revolution, whose rotatory axis is the axis of re¬ 
volution itself. He determines the attractive and centri¬ 
fugal forces which flow from this hypothesis; and, substi¬ 
tuting them in the equation of the equilibrium of fluids, he 
thence obtains an equation independent of the co-ordinates 
of the surface, which establishes the relation that must 
exist between the eccentricity of the spheroid and the polar 
axis, in order that the equation of equilibrium may be satis¬ 
fied. Hence it follows, that the elliptic figure satisfies the 
conditions of equilibrium, at least when the ratio of the 
eccentricity to the polar axis is properly determined in the 
function of the centrifugal force, and of the density of the 
body. On this supposition, the gravity at the pole, is to 
the gravity at the equator, as the diameter of the equa¬ 
tor is to the polar axis, and w'e deduce from it the general 
relation of the latitude to the gravitation. These results 
also make known the ratio of the eccentricity to the polar 
axis, and that of the centrifugal force to the density of the 
body, by means of the length of the seconds pendulum, 
and the length of the degree of the meridian, both bein^ 
observed in the same point of latitude. The author applies 
these formulae to the earth, supposed to be an ellipsoid of 
revolution and homogeneous; and fixes on this hypothesis 
the ratio of the polar axis to the diameter of the equator. 

The author afterwards examines whether the equation 
which gives the ratio of the eccentricity to the polar axis 
be susceptible of several real roots. He shows that with 
respect to the same motion of rotation, the number of these 
real roots is reduced to two, whence it results, that to the 
fame angular motion of rotation two different figures of 
equilibrium answer; but the rapidity of this motion is li¬ 
mited, for equilibrium could not take place with an elliptic 
figure when the duration of rotation does not surpass the 
product of one hour and 90 seconds, into the square root 
of the ratio of the mean density of the earth to that of the 
fluid mass. The time is here reckoned according to the 
new division. The observed rotations of .Jupiter and of the 
ilm are within the limits of this duration. 

One would suppose that this limit is the one at which the 
fluid 
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fluid would begin to be dissipated in consecjuencc of a very 
rapid rotatory motion. The author shows that this is not 
the case, since at this limit the gravity at the equator still 
surpasses tlie third of the gravity at the pole; whence it 
follows, that if the equilibrium ceases to be possible, it is 
because with a more rapid motion we could not give to the 
fluid mass an elliptic figure, so as to make the result of its 
attraction and of the centrifugal force perpendicular to the 
surface. 

Ihe author afterwards examines if equilibrium can sub¬ 
sist with a figure elongated towards the poles, and proves 
that this could not take place. What has been said as to 
the possibility of two states of equilibrium relative to the 
same angular motion of rotation, does not carry with it 
this possibility relative to one and the same primitive force: 
in order to know what ought to be concluded in this re¬ 
spect, the author considers a fluid mass primitively ap'itated 
by any given forces, and then abandoned to itself and to 
the mutual attraction of all its parts : by the centre of gra¬ 
vity of this mass supposed to be immoveable; he conceiv’^cs 
a plane on which the sum of the areas, described by the 
projections of the radii vectores of each molecule, and mul¬ 
tiplied by the respective masses of these molecules, to be 
at the commencement of the motion a maximum. This 
plane will constantly maintain this property; also, when 
after a great number of oscillations the fluid mass shall 
assume an uniform rotatory motion about a fixed axis, 
this axis will be perpendicular to the plane just mentioned, 
which will consequently become that of the equator, and 
the rotatory motion will be such that the sum of the areas 
on this plane wall remain the same as at the origin of the 
motion. This consideration determines the motion of ro¬ 
tation and the figure of the body ; whence it follows, that 
with respect to the same primitive impulse, there is only one 
elliptic figure which can satisfy the equilibrium. The au¬ 
thor observes, that the axis about which the rotatory motion 
is established, being, from the origin of the motion, per- 
pendicalar to the plane of the maximum of the areas, was 
also at this period the axis of the greatest moments, and 
we find that it still preserves this property during the mo¬ 
tion. d his constancy in the initial properties forms a re"- 
markable and hitherto unnoticed analogy between the axis 
of the greatest miiinents and the place of the maxiihum of 
the areas. 

The author, in what precedes, has shown that the elliptic 

figure 
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figure satisfies the equilibrium of a homogeneous fluid mass, 
endowed with an uniform rotatory motion about a fixed 
axis; but in order to resolve this problem completely, we 
must determine a priori all the possible figures of equili¬ 
brium, or ascertain that the elliptic fi£!;ure is the only one 
which fulfils these conditions. We perceive besides, that 
in the inquiry into the figure of the planets we ought not 
to confine ourselves to the case of homogeneity ; but then, 
this inquiry, considered in a general point of view, becomes 
extremely difficult. Fortunately it is simplified relatively 
to the planets and satellites, on account of the small diffe¬ 
rence which exists between the figure of these bodies and 
that of the sphere, which admits of our neglecting the 
square of this difierence and the quantities which depend 
on it. In order to treat this problem in the most general 
manner, the author considers the equilibrium of a fluid 
mass covering a body formed of layers of variable densities, 
endowed with a rotatory motion about a fixed axis, and 
solicited by the action of foreign bodies ; and he establishes 
the general equation of this equilibrium, when the covered 
spheroid differs very little from a sphere. This spheroid 
may besides be entirely fluid ; and it may be formed of a 
solid nucleus covered by a fluid : in these two cases, which 
are reduced to one only, if the spheroid be homogeneous, 
the preceding equation determines its figure, that of the 
fluid strata which cover it, and also gives, by simple diffe¬ 
rentiation, the variation of the gravity at its surface. When 
there are no foreign bodies, in which case the spheroid, sup¬ 
posed to be homogeneous and of the same density as the 
fluid, is only solicited by the attraction of its molecules and 
the centrifugal force of its rotatory motion ; its figure be¬ 
comes that of an ellipsoid of revolution, on which the in¬ 
creases of gravity and the diminutions of radii are propor¬ 
tional to the squares of the sines of the latitudes ; from all 
which the author concludes that the elliptic fiorure is then 
the only one which satisfies the equilibrium. Ihis demon¬ 
stration rests entirely on the sole hypothesis, that the figure 
of the spheroid differs very little from the sjihere; but it 
requires the development of the radius of this S[)heroid in a 
series of functions of a particular kind, which the author 
has demonstrated above to be always possible: but in order 
to avoid all the difficulties whicfi this, development rniijht 
give rise to, he resumes the s^nie problem by a direct me¬ 
thod, and indej>endenl of series ; tins mctiiod consists in the 
first place in transforming the equation of equilibrium in 
such a way as to tender it linear with respect to the radius 

vector 
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vector of the spheroid. Supposino: afterwards the action af 
foreign powers to be nothin^;, we deduce from this equa¬ 
tion, and by difli’erentianons only, that if the spheroid 
sought be one of rcvolutum, it can onU be an ellipsoid 
whu'h is reduced to a'sphere, when ihcrQ is no‘ rotatory 
motion ; so that the sphere is the only surface of revolution 
which satisfies the equilibrium of an immoveable homo¬ 
geneous fluid mass Hence it is afterwards concluded ge¬ 
nerally, that if ilic fluid mass be solicited by any very small 
forces whatever, there is only one possible figure of equili¬ 
brium ^ for, by supposing that there are several, there would 
of course be several difTercnt radii, w'hich being substituted 
in the equation of equilibrium, would verify it; and as this 
equation is linear with respect to these radii, the sum of any 
two of them would still satisfy equally as well as their dif¬ 
ference. Hence the author ingeniously deduces, that this 
difiference must he nothing; from which be concludes, 
that the spheroid can be in equilibrium in one way only. • 

Afterwards comes the consideration of the equilibrium 
of a homogeneous fluid mass which covers a spheroid of a 
different density. On this head he observes, that we may 
regard this sphere as being of the same density with the 
fluid, and place in its centre a force reciprocally as the 
square of the distances. By means of this consideration, 
we easily obtain the equation of equilibrium for this sphe¬ 
roid; and it results that there are generally in this case, and 
when the S|)heroid is one of revolution, two figures of equili¬ 
brium. When there is no rotatory«1iu)tion, and when we 
consider the foreign forces as nothing that miUuallv attract 
the molecules of the body, one of these two figures is sphe¬ 
rical, and both are so if the spheroid be homogeneous; 
which confirms the preceding results. 

After having thus obtained the figures of revolution which 
satisfy the equilibrium of a homogeneous fluid mass w hich 
covers a spliere, the author gives the method of deducing 
from it those which are not of r^olution. With this view 
he transfers to .anv given point the origin of the angles 
which determine the position of the radiui? vector in space, 
am’^les wdiich were previously taken into account, reckoning* 
from the extremity of the axis of revolution. By this me¬ 
thod all these angles enter into.the expression of the radius 
vector; and as, in consequence of what precedes, this ra¬ 
dius satisfies the equation of equilibrium, w'hatever may he 
the position of this new origin, it will still satisfy it when 
we vary this origin in any way whatever. Thi:- variation 
only influences the excess of the radius vector of the sphe- 



Analysis of the Mecaniqne Celeste of M. La Place. QOJ 

roid above that oF the radium of the spher^e, from which it 
chtfers very htlle; and as the e(]ua(ion oF equilibrium is 
linear witli respect to the radius oF the spheroid, it v\ dl 
.still be satisfieil iF we add any number of these excesses to 
the constant part which enters into the expression ol the 
radius vector. The spheroid to which this radius belonjrs 
is no longer of revolution ; it is formed by the sphere IroTn 
which the spheroid differs but little, augmented by any 
number of layers similar to the excess oF the primitive sphe¬ 
roid ot revolution above this sphere; these layers besides 
being laid arbitrarily above each oilier. 'The author shows 
that these results may also be deduced from the reductiim 
into a series oF the attractions of the spheroids ; which 
proves that the results obtained by this method have all 
possible generality, and that there is no fear of any figure 
ol equilibrium escaping them. This result confirms what 
has been previously seen, that the Form given to the radius 
of the spheroids is not arbitrary, and flows from the very 
nature of their attract'ons. 

The author afterwards takes up the general equation of 
the equilibrium of spheroids differing little from spheres, 
and covered with fluid layers of variable densities. He 
deduces from it the equation for the figure oF these layers. 
Examining particularly the ease in which the spheroid sup¬ 
posed to be entirely fluid is not solicited by any foreiiin ac¬ 
tion, he shows that it can then only be an ellipsoid oF re¬ 
volution whose ellipticities increase and densities diiTiinish 
from the centre to the surface ; he obtains the equation 
which determines the ratio oF these quantities to each (;ther, 
and he deduces the limits oF the oblateiiess oF the spheroid; 
the Former answering to the case oF homogeneilT, the other 
to that in which gravity would be directed towards a single 
point. Such must fiave been the figure of the earth, iF sup¬ 
posed to fiave been primitively huid. In the case now in 
question, tfie directions oF gravity From the surface lo the 
centre no longer Form a right line, but a curve, the equa¬ 
tion of winch is deiermmed by the author, and which is 
the trajectory at right angles oF all the ellipses, whreh 
by their revolution form the layers of the level of the sphe¬ 
roid, 

HTo be continued.] 
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XXX, 0?! Crystallograpkj, By "M, Bauy, Transhted 
from the last Paris Edition of his Traite de Mineralogic. 

[Continued from p. 108.] 1- 

Decrements on the Edges.—Letts' (fig. ij, Pj. IL) 
be a dodecahedron with rhombic planes. This solid, which 
is one of the six primitive forms of crystals, also presents 
itself occasionally as a secondary form, and in this case it 
has as a nticleus, sometimes a cube and sometimes an oc¬ 
tahedron. Supposing the nucleus to be a cube : 

In order to extract this nucleus, it is sufficient succes¬ 
sively to remove the six solid angles composed of four 
planes, such as .j, r, See., by sections adapted to the di¬ 
rection of the small diagonals. These sections will display 

as many squares A E O I, E O O' E', I O O' E (fig. 12) &c., 
which will be the faces of the cube. 

Let us conceive that each of these faces is subjected to a 
series of decreasing laminae solely composed of cubic mole¬ 
cules, and that every one of these laminae exceeds the suc¬ 
ceeding one towards its four edges, by a quantity equal to 
one course of these same molecules. Afterwards we shall 
designate the decreasing laminae which envelop the nucleus 
by the name of lamince of superposition. Now it is easy to 
conceive that the different series will produce six quadran¬ 
gular pyramids similar in some respects to the quandran- 
gular steps of a column, which will rest on the faces of the 
cube. Three of these pyramids are represented in fig. 13, 
and have their summits in 5, f, /. 

Now as there are six quadrangular pyramids, we shall 
therefore have twenty-four triangles, such as O 51, OH, &c'. 
But because the decrement is uniform from .s to t, and so 
on with the rest, the triangles taken two and two are on 
a level, and form a rhomb 5 O H. The surface of the solid 
will therefore be composed of twelve equal and similar 
rhombs, i. e. this solid wull have the same form with thal 
which is the subject of the problem. This structure takes 
place, although imperfectly with respect to the crystals 
called horacic spars, and the effect of the decrement on 
which it depends attains its limits in a substance the nature 
of which is not yet well determiped, and which we shall 
more particularly explain hereafter. 

.The dodi^cahedron now under consideration is repre- 
Schfed by fig. 13, in such a way that the progress of the 
decrement may be perceived by the eye. On examining the 

^ff^i^ftvely, we shall find that it has been traced bn 

^ . ... the 

V V'-f 
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the supposition that the cubic nucleus h^s on each of its 
edges 17 ridges of molecules ; whence it follows, that each 
of its faces is composed of 289 facets of molecules, and 
that the whole solid is e(]ua1 to 49'3 molecules. On this 
hypothesis, there are eiglu laminae of superposition, the 
last of which is reduced to a simple cube, whose edges de¬ 
termine the numbers of molecules which form the series 
15, 13, II, 9, 7, 5, 3, I, ihe difference being 2, because 
there is one course subtracted from each extremity. 

Now' if instead of this coarse kind of masonry, which 
has the advantage of speaking to the e\e, we substiiute in 
our imagination the infimtelv deheate architecture of na¬ 
ture, we must conceive the nucleus as being composed of 
an incomparably gr ater number of imperceptible cubes. In 
thi s case the number of laminae of superposition will also 
be beyond comparison greater than on the preceding hypo¬ 
thesis. By a necessary consequence, the furrows which 
form these laminae by the alternate projecting and re-en¬ 
tering of their edges will not be cognizable bv our senses 5 
and this is what takes place in the polyhedra which crystal¬ 
lization has produced at ease, without being disturbed in 
its progress. 

VVe may remark that instead of twenty-four decrements, 
which act tw'o and two from one side to the other of each 
ridge, we may limit ourselves to admit only twelve, by 
considering each of the tw'elve others as being the continua¬ 
tion of the former. For instance, we may suppose that 
decrements act directly towards the four edges of the basis 
A FOI, (fig. 12) and towards those of the inferior basis, 
in order to produce the two pyramids which have their sum¬ 
mits in s and in /, and that wuth respect to the other 
faces of the cube, they act solely towards the two edges I F, 
0 0', and towards the opposite edges behind the cube, to 
produce secondary faces situated like 1 t F, O t O'. On 
this hypothesis, if w'e conceive that the effects of the decre¬ 
ments are prolonged from the other side of the edges which 
have served them as parting lines in such a manner that 
these prolongations, combining with the faces produced by 
the immediate action of the decrements, circumscribe a 
space, we shall evidently have the same dodecahedron. 
We shall afterwards see the utility of this remark. 

If the laminsE applied on the cube decreased on all sides 
by two or more courses, then the pyramids being more el¬ 
liptical, and their adjacent faces being no longer twp and 
two on the same plane, the secondary crystal would be 
terminated by 24 distinct triangles. 

O 2 We 
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We call decrements in breadth those in which, as well a'9 
in the preceding, each lamina has only the height of a 
molecule ; so that their whole effect by one, two, three, &c., 
courses, is in the way of breadth. Decrements in height are 
th ose in which each lamina, exceeding only the following 
one by a single course in the direction of the breadth, may 
have a height double, triple, quadruple, &c., to that of a 
mol ecule : this is expressed by saying that the decrement 
takes place by two courses, three courses, &c. in height. 

The two kinds of decrement which we have mentioned 
are combined together in tlie following example taken from 
Hilphuretted iron (ferruginous pyrites) with twelve penta¬ 
gonal faces (fig. 14). 

7'his variety has also for its nucleus a cube, the position 
of which with regard to the dodecahedron is sensible by 
the bare inspection of fig. 15. We there see that the por¬ 
tions superadded to the nucleus, instead of being pyramids^ 
as in the preceding case, are species of wedges which have 
for their external faces two trapeziums, ^uch as O I p y, 
AEp y, and two isnscele triangles Ep o, A y I. 

Let us conceive that the decrements are here made bv two 
ranges in breadth, between the edges O I and AE, I V and 
OO', EO and E'O', and in a similar manner and at the same 
time on the opposite squares they are made by two ranges 
in height between the edcres EO and A I, 0 I and &V, 
0 0' and EE', by which we see that these decrements take 
place on the difTerent faces of the cube, according to three 
'directions which cross each other at right angles. Then 
the decrement bv two ranks in breadth, tendins; to produce 
a more inclined face than' that which results Lorn the de- 
.crement by two ranks in height, each pile of decreasing 
laminse will no longer end in a point, but in a cuneiform 
solid (fig. ]6'); i. e. it will he terminated by an edge pq or 
tn; and if we compare the directions of these two edges 
with that of the edge r s (figs. 14 and 15) which terminates 
the pile raised on the face K O O' E' of the nucleus, it wfill 
be cqisy to see that these three edges are perpendicular to 
each other in consequence of the traverse directions which 
the decrements take. 

Besides, each trapezium, such as Op y I (figs. 15 and 
16) being on the same plane with the triangle 0^1 which 
belongs to the adjacent pile, the union of tirese two fiemres 

’will form a pentagon pO t I q; whence it follows xlvdt the 
solid will be terminated by twelve equal and similar penta- 
gonal faces, on account of the regular form of the nucleus 
;md the symmetry -of the decrements. 

Here 
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Here an important consideration For the verification of 
the theory presents itself. If wc suppose that th.c different 
pentagons which compose the surface of the dodecahedron 
all uniformly depend on the different edges of the cube as 
on so many hin(2:cs,so that, for example, the two pentagons 
nt I / 1', 711 O s O', are raised or lowered by the trape¬ 
ziums 1 t nV, O i n O', while they will be raised or lowered 
in a contrary direction by the triangles I / V, O.s O', we 
shall have an infinity of different dodecahedrons, the'faces 
of which will be so many equal and similar pentagons. 
Among these dodecahedrons, a part of them will he possi¬ 
ble in virtue of some law of decrement, and others cannot 
be produced by any law, and will be purely geometrical 
solids. In each dodecahedron, the incidence of the pen¬ 
tagon n i \ s' {' on the pentagon n t O .s O', at the place of 
the edge n /, which determines of itself all the other angles,, 
will have a particular measure ; and calculation proves that, 
in the case of decrement now mentioned, this incidence 
ought to be 126° 52'8". Now by measuring that which 
corresponds with it on the dodecahedron of sulphuretted 
iron, we find it nearly 127°: thus the existence of the law 
of decrement is confirmed by the agreement of calculation 
with observation. 

What we have now described also takes place with respect 
to all the other results of the theory com|>ared wdth those 
of observation ; whence we oucht to conclude, that the 
measurement ffiven bv calculation is the true limits of the . . ^ 
approximation found bv means-of the froniometer; so that 
the more carefully this instrument is constructed, the more 
distinctly is the crystal defined, the observer becomes more 
expert, and the nearer also do the results on both hands 
approach to perfect coincidence. 

d'he observation already made with respect to the dode¬ 
cahedron with rhombic planes applies as of iiselt to the 
present case; that is to say, instead of 24 decrements, viz. 
twelve of two courses in breadth, and the twelve others of 
two courses in height, w'e can confine ourselves to the consi¬ 
deration of the former twelve, only suppos-ing their effects 
to extend from the edges of the other side, winch serves 
them for parting lines. 

We shall give a new example borrowed' from metastatic 
carbonated lime (fig. 6, PI. 1). We have seen, when ex¬ 
amining the position of the nucleus, that the edges E O, 
O I, I K, &c., were confountled w'ith the lower borders'^' 

* I call upper edges, or border, those which ^re coiiiiguoiis to each 'iina- 
jiiit; and viferiar edges, those which are bpposite th tfA.' former, whatever 
fiuy be the relative position of the rhomboid. 

O 3 of 
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of t1nis nucleus (fig. 7) ; whence it follows, that these same 
borders or edges are parting lines of the decremettts, which 
in this case take place riniv with respect to them, without 
any relation to tlie upper edges. 

Now it is easy to conceive, that the edges of the latninse 
of superposition form altogether as many triangles, E.9O, 
I / O, O, &c., resting on those parting lines ; and as 
these lines are six in number, there will be twelve triangles, 

-six in the upper part and as many in the lower; and all 
'these triangles will be scalene, on account of the obliquity 
- of the parting lines. 

With respect to the upper edges of the laminae of super¬ 
position, they not only undergo no decrement, but it is 
even necessary that they should be prolonged, remaining 
always contiguous to the axis of the crystal, in order that 
the nucleus may continue to be enveloped towards its two 
summits, as in a state in which it might increase without 
changing its form. 

It IS also to calculation combined with observation that 
it belongs to determine the law of decrement on which the 
dodecahedron depends. Now if we suppose that this law 
acts by one range, we prove that in this case the two faces 
produced on both sides of the same edge would he on the 
same plane, and, besides, that they would he parallel to the 
axis; which could not agree with the present case, 1 btre- 
fore the simplest hypothesis which occurs is that of a de¬ 
crement by two courses in breadth. Now in this case cal¬ 
culation demonstrates, that the dodecahedron arising from 
this law ought to have tw^o remarkable properties ; the one 
is, that the obtuse angle SEO of any one of its faces has 
precisely the same measure wiih the obtuse angle of the 
nucleus, i. e. it is 101° 32^ 13"; the other consists in the 
respective inclinations of the faces of the dodecahedron at 
the meeting of the most salient edges; for instance, the jn- 
clination of 51 O on 51 K is equal to that of two adjacent 
faces towards the same summit of the nucleus, i. <?. :it is 
104° SS"" 40", Now the mechanical measurement of the 
singles equally leads to the same degrees, and shows that 
the supposed law is in truth the law of nature, it.is this 
kind of translation or metastasis of the angles of the primi¬ 
tive form on the secondary crystal, w hich has suggested.the 
name of metastatic given to the variety in question. 

Fig, 17 (PI. Ill) will fully illustrate the explanation 
which we have just given. It represents only the kind of 
npper pyramid added to the nucleus, which being thus 
partly uncovered, enables us to compreheild niore easily the 

progress 
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^progress and effects of decrement by two courses. Each 
edii;e of this nucleus has been divided into ten ; whence it 

Hollows that every face is an assemblage of a hundred smaH 
rhombs, which are the external facets of as many molecules. 
This construction requires but eight laminae of superposi¬ 
tion for each of the same faces ; and these laminae beiirg 
united together three and three in the places which corre¬ 
spond to the upper edges of the nucleus, form kinds of de¬ 
creasing envelopes which are successively generated, and the 
last of which is composed of eight small rhomboids. It we 
consider the position of the line which represents one 
of the terminating edges, composed of all the solid angles 
which are contiguous to it, we shall remark that the geo¬ 
metrical summit s of the dodecahedron is situated a little 
above the physical summit ; but this difterence is con¬ 
sidered as nothing, on account of its extreme minuteness'. 

What w'e have said as to increments assumed by the laminse 
of superposition towards their upper edges, in continuing'to 
envelop the crystal on this same side, is a consequence of 
this general principle, namely, that the portions of lannme, 
situated out of the reach of the decrements, extend, by nru- 
tually retrieving themselves,in such a manner as to avoid the 
re-entering angles which seem excluded by the crystalhza- 

> tioii, at least in solitary crystals*. But wel^may abstract 
these simply auxiliary variations, as the ef/ect of decre¬ 
ments only determines the form of the secondary crystal. 
It is even sufficient to take the decrements at their origin, 
in order to have as many planes; and these again being 
afterwards extended in idea until they meet, lead to the ^ 
complete form of the polyhedron which they tend to pro- 
duce. Hence it is thus that we confine ourselves to ,the 
consideration of the initial effect of decrements, incalcula- 

’ lion of which the progress is always much more simpleand 

expeditious than that of reasoning. 
It is useful, however, to be also able to give a distmet 

account of all the details relative to the structure of a cry¬ 
stal, so that, if we have at our disposal a certain number of 
small solids similar to molecules, we.may arrange them 
around a given nucleus, and thus produce an arufieial imi- 

. tation of crystallization. I shall theretore, ju a finabjex- 
’ atiiple taken from egui(ixis-Cc\.rhona.ic(kA\uii*.^ follow lairuna 

by lamina the progressive route of the decrements, an^ in 
<1 borne measure give the synthesis of the, structure. • 

, , , - i *5' - ! i ji/' 

: * Re entering' knjrlcs, when they exist in crystals, are accidents occa<>h)ned 
, hy peculiar cjrcuvjwL^ijces, o£.wluch.,\ve siialf hereafter ^peak, 

,. . ^ .. 0 4 ' ' The 
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The varlety in question is a rlioiy^boid much more obtuse 
than the nucleus, and the great angle oF which is li4° 18^ 
56'. Fig. 18 represents it confined to its nucleus. In order 
to extract the latter at once, it is necessary to have planes 
trajecting by the oblique diagonals of the diflTerent faces of 
the secondary rhomboid. One of these sections, for in¬ 
stance, that winch passes by the diagonals drawn from a to 
t, and from a io u, and which intcrcejns the ^olid angle 
coincides with the face ah df oi the nucleus. Now there 
are six solid angles situated laterally, viz. x, c, ?/, on one 
hand, and /, m, on the other. We shall therefore have 
six sections arranged three and three towards each summit; 
and as the upper solid angles alternate with the lower, the 
sectirins which intercept thenr preserving between them¬ 
selves the same alternative, will eross so as to form six 
rhombs, which will give the surface of the nucleus. 

In order to conceive the structure of the* secondary rhomr- 
boid, let us resume the dodecahedron with rhombic planes, 
which, as we have seen, is produced bv virtue of a decre¬ 
ment of one raiiiie of small cubes on the twelve edges of a 
cubical nucleus. 1’he effect of this decrement in general is 
to prcdiice on bcjth sides of everv edge, like 0 0', (fig. ] 2) 
t \() triaiigiil4i; (acee () r O', O I O', which being on a level 
f<*rni a rltornb O r 00, ilie ssnail diagonal of which is the 
eihie O O', vV^nvh has .sieved tor the parting line. 

Let us now nnagnie lint the nucleus is the primitive 
riioinboid aha j (ag. ] 8) of carbonated lime. Let us con¬ 
ceive besides ihat ihe l.uninae of superposition decrease by 
one range of small rhomlauds similar to this nucleus, 
but so lely on the three edges, ab^ aj\ an, which joia 
around the sum nut a, and (ui those which correspond with 
them in the Kw' er part. '] hen, instead of twelve rhombs, 
iio more than six will be formed, the small diagonals of 
which will be con Founded, as in the other case, with the 
edges r//', aj\ an, &c. 

1 he other parts of tlie lamina of superposition, i. e. those 
which are situated towards the lower edges Z'dp\J^Xy 
&e , as they do not participate in the decrements, will also 
iin.lergo some variations, but which will tend merely to 
prnlong the faces produced by these decrements, so as to 
make them intersect each other. Hence it follows, that 
the laminae, instead of preserving the figure of the rhomb, 
as would haiypen if the decrement took place at once on all 
the edges, will prass successively in proportion as they shall 
become more remote from the nucleus, throi.-gh the figure 
pf the pentagon, and that of the triangle. The devetop- 

inen^ 
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Tnent of the structure will assi^>i us '\n fornung a clear idea 
ot these variations. 

Let a h il f {tio'. IQ A) he the same rhomb with fif!;. 18, 
what we have to sav with respect to this rhombus mav be 
easily aj'>[)lie(l to the live others. Suppose it to he divided, 
as represented in li^, Ip, into 8 1 partial r’homhs, which 
niav he consuiered as the external facets of to many mole¬ 
cules: hence we have 7^29 molecules for the entire nucleus. 

'I'he lir-r lamina of superposition which inusf he applied 
on the rhomb a h ci /’, will be that which we see in fig. If) B, 
in which U t X d' represents the grand external face, and 
C U / A/,'X Z I h\ the two small superior faces. We shall 
ariapge this lamina with respect to the face ah df (fig. 19 A) 
So that the point // may he blended with the point /z, the 
{'»oint'A/ uifh the point A, and the point, with the point 
B. Wi at first see hv this arrangement that the two su¬ 
perior ranees ol the face a h df {fig. 19 /-s), both of them 
contihued hct^veii the lines ah, Ah, on one hand, and 
aj, B //, on the other, remain exposed ; which puts in ex¬ 
ecution the law of decrement hv one ranee of molecules, 

O . ^ 

d'he lamina in question is a pentagon resultine from the 
retreneliment of the three small rhomboids destined to com¬ 
plete It towards the ha'^e. d'his retrenchment is necessary, 
that the lamina mav, hv its figure, he accommodated to the 
effect of the dvcremcnt, as w'e shall presently explain. 

d'he t\vo ranges of rlioinhoids situated one hv one on 
both side^'oi ihe lines Kd', (fig. B). are added, in or¬ 
der that the nueleus may be enveloped, and continue te 
increase towards the edges hd, fd, (fig. 19 A) which cor¬ 
respond with these lines, d'hese ta.o rano-es being suffi¬ 
cient for tillino- Lip tlic vacuum, we perceive that it is not 
necessary to add similar ones towards the adjacent edo-es of 
tiiC iaininse of superposition applied on the adjoining faces. 
The o{»erauoii will indicate of itself what is to be done re¬ 
lative to this kind of adclifions. 

Fig. 19 C represents tiie second lainina of superposition, 
which omjht to he applied on the preceding one in such a 
wav that the points F, IT, fT, d, may be confounded with 
those which are marked hv the same letters (fig. 19 B). As 
the crv stnl ougfu. to assume a new increment towards the 
edaes which correspond wnh F d', Gd', we conceive that 
in.^teatl of one ranue added on both sides of the lines T> d\ 
Y/df, (ti^. 19 ) it ii? necessary to add two (fig. I9 C) on 
^lie <.v\ o .-sides ot the lines Fd', G,d . 

We shall place successively in the same way the two la¬ 
in 11135 
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minas represented by figures 19 D and 19 observing that 
the letters marked with an accent, in each figure, ought to 
coincide with the same letters not accented in the preceding 
figure. 

Beyond the term which answers to fig. 19 E, the laminae 
of superposition cease to envelop the inferior edges of the 
crystal, by their borders (lords) analogous to these edges 
(aretes), and are reduced to simple triangles. This will be 
easily conceived by considering the laminae represented by 

.figures 19 T, I9 G, I9 H, the positions of which are de¬ 
termined according to the same conditions with the above. 

Ihe number of rhomboids which compose the different 

lamina being always diminishing, the last lamina is reduced 
to a simple rhomboid d' (fig. 19 I), which will attach itself 
to that denoted by the same letter (fig. 19 H), and will 
form the summit of one of the lateral solid angles of the 
secondary rhomboid. 

VVe now see the reason why the laminae of superposition 
assume figures successively pentagonal and triangular in 
issuing from the nucleus. For example, every lamina de¬ 
tached from the crystal (fig. I8) by a section which passes 
between^the angle x and the middle of the lines %t, z u, is 
necessarily triangular, and has the same structure with 

(fig. J9 G), i. e, it is really embattled (crenelee) at 
its basis in such a way, that the imperceptible furrows, which 
exist on the crystal produced by Nature at the basis of these 
kind of lamina, are on the*proiongation of those which pro¬ 
ceed from the decrement towards the edges. There are 
even crystals the surface of which, from the effect of a less 
finished crystallization, exhibits similar furrows, w'hich run 
over the whole extent of the faces in directions parallel to 
the small diagonals. 

Decrements on the Angles,—-The decrements which have 
ridges (cr^/ei') for parting lines, and which we call decre¬ 
ments on the borders (hoAds), would not be srufficient to ex¬ 
plain all the diversities of -form presented by secondary 

crystals. Observation and calculation prove that we must 
.also admit of decrements which have angles for points of 
separation, and the action of which is applied parallel to 
the diagonals. We shall call them decrements on the angles* 

In order to enable students to comj^^.hend the method 
which I have follov;ed in my inefuiry'-^into these new de- 
crenaents, I shall remark, that the^same^ substances which 
present the dodecahedron with pentagonakplanes, origi- 
patitig from the cube, and which might in the same 'way 

. i . -jii; ■•^.. assume 
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'assume the form oFthe dodecahedron with rhombic planes, 
will also he met wiili under that oF the retrular octahedron, 
^Now 11 appears, on the first general view, that it is possible 
to refer the structure oF this octaliedron to a decrement on 
the edges oF a cube ; F)r, iF we confine ourselves to decreas¬ 
ing the lamince oF superposition, merelv on the edires of 
tv\o opposite Faces oF lliis cube, For example, on those of 
the superior base AEOI (lig. 2o), and oF the inferior 
A' E' O' ]', we shall have in general two pyramids placed 
.on these same bases ; and iF we suppose besides that the 
faces of each j)vramid are prolonged until thev meet those 
of the other pyramid, which does nothing more than con¬ 
tinue the efi'ect of the law or decrements in the space situ¬ 
ated between the bases of the cube, we shall arrive at an 
octahedron, the angles oF which will vary according as the 
law shall determine a more or less considerable number of 
subtracted lows. But theory demonstrates, that there is 
110 law, however complex wt may suppose it, which is ca¬ 
pable of giving equilateral triangles for the faces of this oc¬ 
tahedron. 

On the other hand, if we divide a'regular octahedron 
originating From the cube, we perceive that the cubical nu- 
'cleus is situated in this octahedron, in such a wav that each 
oF the six solid angles of the first answers tf> the centre oF 
•one of the Faces of the second, which could not take place 
in the hypothesis of a decrement on the edges. Fig. 20 re¬ 
presents this arrangement ; and we may conceive fjoin a 
simple inspection, that in order to obtain the nucleus, w’e 
must suceessivelv lay down the six solid angles of the oc- 
tahedron by perpendicular sections on the axes that pass by 
these sameangles, which would necessarily be parallel to the 
faces of the cube. 

1 have concluded from statement of the position just 
mentioned, added to the impossibility of here applying 
theoretical caleulation, that the law of decrements has 
attained its object in these cases., by a route different from 
that which leads to the forms previously described ; and the 
iiKjuiries relative to this olqect have devcioperl a new order 
of facts greatly contributing to the Fecundity of crysialhiia- 
tion, and at the same time to that oF the theory. 

Let O 1 V O' (fig, 21) be one of the Faces of the cubical 
nucleus, subdivided into a mulliuide oF small squares, 
which shall be the bases oF as many molecules. We may 
consider row'S or files oF molecules in two different direc¬ 
tions, namely, in the direction of the edges, like the row 
designated by the letters n, a, r, See., or in the direc¬ 

tion 
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lion of the diag;ona]s, like the rows one of which is de- 
signaled by a, b, d, e, f, &c.; the other by ?z, t, /, 
pf 0, ?*, s; a third by v, k, u, x, y, x, See. See fig. 22^ 
which represents separately one of these ranges or rows. 

The molecules of the ranges parallel to the edges touch 
by one of their faces, and the ranges themselves are simply 
in juxta-position. 7’he molecules of the ranges parallel to 
the diagonals touch by one ridge only, and the rows are as 
if dovetailed into each other. Now it seems to be well as¬ 
certained that the laminae piled up on the faces of a cubical 
or other nucleus, also decrease successively in sev^eral cases 
by subtraction of these ranges parallel to the diagonals. 

Here the faces produced in virtue of the decrement are 
no long:"!’ simply striated, as in decrements on the edges, 
but are full of points, which being all on a level, and es¬ 
caping the eye from their minuteness, present only the 
aspect of a plain surface. 

Now if we imagine that the laminee which are placed 
over each other, issuing from the faces of a cube, decrease 
by a single row on all the angles of these same foccs, this 
decrement will produce the regular octahedron, the mecha¬ 
nical division of which we have explained. 

In order the hotter to comprehend this result, we shall 
here again adopt the synthetical method, and run over the 
series of lamints of superposition, by indicating the auxiliary 
variations, which they undergo, and which assist the effect 
of the decrement, to which every thing may be referred. 

Let A EO I (fig. 23 A, PI. IV) be the superior base of 
the nucleus subdivided into 81 small squares, or facets of 
molecules. What we are about to say relative to this base 
may equally he applied to the five other faces of the cube. 

Fig. 23 B represents the first lamina of superposition, 
which should be placed above A EO I (fig. 23 A), in such 
a manner that the point d answers to the point e, the point 

to the point a, the point to the point o, and the point 
d to the point i. We see in the first place by this arrange- ' 
ment, that the squares Ee, A a, Oo, If, (fig. A) remain 
empty ; which is the initial effect of the law of decrement 
alluded to. We see moreover that the edges OV, PN, 
L C, F G, (fig. B) exceed by one row the edges E A, EO, 
O I, I A, (fig. A) as this is necessary that the nucleus may 
be enveloped towards the same edges, and that the solid 
may increase as usual in the j arts to which the decrement 
does not extend. 

The superior face of the second lamina will be similar 
to B K U n, (fig. 23 C) and it will be necessary to place 

this 
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this lamina above the preceding, in such a manner that the 
poiiiis e'\ a’', i', o", may answer to the points e', a\ 
(fig. B) leaving the squares empty wliich have their exter¬ 
nal angles situaicd in O, S, R, P, V, T, M, G, &c., and 
continuing to effect the dccrenient bv a row. VVe also see 
here that the solid increases successively towards the analo¬ 
gous edges at RA, EO, A I, 0 1, (tig. A) since between 

and II, for example, (fig. C) there are thirteen s(]uares, 
instead of there being only eleven between Q V and L C, 
(fig. B) ; but as the effect of the decrement confines more 
and more the surface of the laminae in the direction of the 
diagonals, nothing else is wanted than to add toy^ards the 
unchanging edges a swingle cube denoted by B, K, H, orD, 
(fig. C) instead of the five which terminate the preceding 

I lamina, along the lines Q V, PN, L C, F G, (fig. B.) 
The great faces of the laminae of superposition hich 

I were hitherto octagons O V G F C L N P, (fig. B) having 
I reached the figure of the square B K H I), (fig. C)* will, 

after passing this point, decrease, so that the following la¬ 
mina will have for its great superior face, the square B' K' 
IT D^, (fig. D) which is less by one row in every direction 

' than the square BKHD (fig. C; : we shall dispose the 
first above the second, so as to make the points c f' h' g\ 
(fig. D) answer to the points c,J\ li, g, (fig. C.) 

Figures E, F, H, represent the four laminae which 
ought successively to rise above the preceding, with this 
condition, that the similar letters correspond as above. The 

j last lamina will be reduced to a simple,cube denoted hyz', 
(fig. I) and which ought__to rest on that represented by the 
same letter (fig. H). 

It follows from what has been said, that the lamince of 
feuperposiiion, when applied on the ba'-.e EAIO, (fig. A) 
produce, by the assemb}at>;e of their decreasing edtxes, four 
faces, which, issuing from the points E, A, 1, O, are in¬ 
clined towards each other under the form of a pyramidal 
summit. 

We must now remark that the edges in question have 
lengths which commence by increasing, as wc may observe 
by inspecting figures B and C, and then proceed to diminish, 
as we may judge by the following figures. Hence it results 
that the faces produced by these same edges go on enlarging 
from ihcir origin to a certain point ; and when past this, 
they begin to contract themselves so as to constitute two 

^ In the present case, this'fig'ure takes place at the second l':in-(*na of 
perposition. On taking a nucleus compofictl of a greater number of mole¬ 
cules, it is eriUent that we should have a more rcu’C'te limit. j , . j 

iriantrlcs 
•w 
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triangles joined base to base, or a quacirllater. We see 
(fig. 24) one of these qnadnlaters, and in which the in¬ 
terior angle o is blended with the anole O of the nucleus' 
(fig. 20) and the diagonal t x represents the edge FI K. 
(fig. 23 C) of the laniina B K FID, which is the most ex¬ 
tensive in the direction of this same edge. As the num¬ 
ber of the laminjB of superposition producing the tri- 
angie^^oa: (fig. 24) is less than that of the laminae con¬ 
stituting the triangle t o and as there is here only a single 
lamina which precedes the lamina B K H D, (fig. C) 
while there are six which follow it as far as the cube z 
(fig. I) inclusively, the triangle t s t, (fig. 24) composed of 
the aggregate of the borders of these last laminaj, will be 
much higher than the inferior triangle / o x, as expressed 
by the figure. 

The surface of the secondary solid will therefore be 
formed of 24 quadrilaters, disposed three and three around 
each solid angle of the nucleus: but as, in decrements by a 
simple range-on all the edges, the faces produced on both • 
sides of each edge are on the same plane; so in decrements 
by a range on all the an^rles, the faces which originate in 
the three sides of each solid angle, such as () (fig. 20), are 
on a level so as to form but one face: and since the cube 
has eight solid angles, each composed of three plain an2;les, ; 
the secondary ^crystals will have eight faces, which, on ac¬ 
count of the regularity of the nucleus, will be equilateral 
triangles, i, e. the secondary crystal will be a regular octa¬ 
hedron. One of these triant>les is represented at fie. 2fi, 
so as to enable us to judge, al a single glance, of the ar¬ 
rangement of the cubes which concur in forming it. 

This level of faces produced by subtractions of a range 
from both sides of the same edge, or around the same 
solid angle, is a general result of the crystallization which 
takes place for any primitive form whatever. 

The circumstance just considered, and which occurs in 
muriated soda, sulphuretted iron, sulphuretted lead, &c., 
affords a new example of a form which, although primitive 
in certain species, performs in others the function of a 
secondary one.' Theory‘thus traces the limit that separates 
objects'which the eye would be tempted to confound. 

If decrements liad not their complete effect, that is to 
say\ if they stopped’short of the limit where the faces they 
produce incline to unite in a point, some faces parallel to 
those of the nucleus would remain on the secondary crystal. 
The fust would then have fourteen faces, namely, six ar¬ 
ranged like those of a cube,, and eight situated like those of ) 

a regular ^ 
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a regular octahedron. Nothing is more common in crystals* 
of sulphuretted iron than this modification, to which we 
give the name of cnho-octaheciral sulphuretied iron. 

Here the remark again occurs which we made with re-* 
spect to decrements on the edges. Jf we confine our con¬ 
sideration to the immediate effects of decrements on the 
angles of two opposite faces, for example, on those of the 
bases A E O I, A't/ T, (fig. 20) and if we subsequently 
imagine the eight faces to v hich these decrements 'rive ex¬ 
istence, are prolonged between the bases to the point of 
intersecting each other, the result will always be a regular 
octahedron, supposing that the decrements attain their 
limit. 

If the law of these decrements followed a more rapid 
course, i. e. if more than one course was subtracted,., then 
the three trapezoids t 0 x, in t 0 r, n r 0 x, (fig. 25) which 
would be formed around the same solid angle, would no 
longer be on a single plane; they would iiicline towards 
each other, and the secondary solid would have twenty-four 
faces which would also be trapezoids, but with anoles of a 
different measure. ^ 

The trapezoidal analcime* has a structure of this kind 
which depends on a decrement by two courses on all the 
angles of the primitive cube. The form which results is 
completely similar to that of the trapezoidal garnet; but 
this resemblance is only exterior, and conceah'^a primitive 
form quite different from that of the garnet, this last being 
the dodecahedron with rhombic planes. 

Let us now choose for a primitive form the rhomboid 
represented by figure 27, which difiers from the cube in 
being a little more acute. 

Suppose that the laminae which adhere over all the faces- 
of this rhomboid decrease solely on the angles contio-uous 
to the summits A, O', and that this decrement takes"^|)Iace 
by tw’o ranges ; then, instead of twenty-four faces no more 
than six will be formed ; and if we conceive them prolonoed 
until they meet, they wall compose the surface of a very 
obtuse rhomboid, which will be the secondary form. 
' Fig. 28 represents this latter rhomboid with its nucleus. 
We there see that its summits A, O' are blended with those 
of the primitive rhomboid, which are the partiuir limits of 
the decrements, and that each of its faces, suciras Aeoi^ 

♦ Of analcime (i, e. impotent) flaiiy has cliscov'ered only two species, the 
A.lrapcx'ndat aud A. triepomle; the latter is the mirfd xealith of Werner,’ and- 
cybic zeolite of Brochaut.—Tram. 

: . 1.... . . . . corresponds- 
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corresponds with one of the faces A E O F of the nucleus^ 
in such a manner that the diaa'>na] v^ hich passes by the 
points i, is parallel to that which goes troni E to 1, and 
baa merely a more elevated position. 

.Observation shows that ibis result is realized by crystal¬ 
lization in a variety of oligtste iron (specular iron ore), which 
bears the name of binary oligiste iron. 

The decrements which take place on the angle, whether 
superior or inferior, are susceptible of several variations, on 
which it is proper to give some details. 1 shall attempt to 
represent these variations by the aid of a graphic method, 
which will facilitate its comprehension. 

■ Let Qg (fig. 99) be any given rhomboid which has its 
summits" in S and let Sg 6 G’ (fig. 30) be a quadrdater 
taken on the oblique diagonals Sg , G s, of two opposite 
faces, and on the edges S G'b sg\ comprised between these 
diagonals. This quadrilater, w'hich 1 call the principal sec¬ 
tion of the rhomboid, is here subdivided into a multitude 
of similar small quaclrilaters, which represent tlie principal 
sections of so many muleeules : lasily, let S Gg'' G' (fig. 
31) be the same face as figure 29, subdivided into facets 
of molecules. If we suppose that the angle g- undergoes a 
decrement by a simple course, tiie small rhomboid which 
answers to n 0 g" z, on the first lamina of superposition, will 
be subtracted ; whence it follow^s, tlmt the edge of this la¬ 
mina will liave the direction 0 z, and the distance between 
the angle g'', which is the parting line of decrement, and 
the same edge, will be measured by an oblique demi-diago- 
nal g' r of the molecule. 

if the decrement takes place by two courses, in which 
ease the edge of the first lamina of superposition will cor¬ 
respond with cd, the distance in question will be measured 
bv an entire oblique diagonal g" n of the molecule, d'hence 
we shall conclude, that in general, in decrements on the 
angles, the distance between one lamina and the succeed- 
ino-, which is the same wuth that between the point of de¬ 
parture and the edge of the first lamina, is equivalent to 
as many demi-diagonals of this molecule as there are courses 
subtracted ; whereas, in the decrements on the edges, the 
distance between two consecutive laminse contains a num¬ 
ber of entire breadths of the molecule equal to the number 
oicourses subtracted. 

This being done, let us conceive a decrement by two 
courses on the angle g''. In this case the quadrilater neap^ 

30) being a segment mad^ on the first lamina of su- 
perjiositionj 
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perptjvitioti the decreasing edge of this lamina will coin¬ 
cide with the small edijce e n. since n is the same diaijonal 
as fig. 31. Thus if we draw the straight line e it will 
he found to rest on tlie face produced by the decrement. 
Now ill this case gh is parallel to the axis S ,9, as demon¬ 
strated by tlie help of geCmctry; whence it follows, that 
the secondary faces are arranged like the panes of a prism.. 

If the decrement followed a more rapid progress, as if it 
took place by four courses, in which ease the edge of the 
first lamina of superposition Would coincide with the line 
y then the line g q^' woidd indicate the position of 
the faces produced oy the decrement ; whence we see that 
thev would rise above those of the nucleus, and would 
compose the surface of a rhomboid more acute than this 
nucleus. 

If. on the contrary, the decrement took place in height^ 
then the line ug" s'^ which ww suppose to indicate the po¬ 
sition of the faces produced, would be thrown towards the 
inferior part of the axis : hence we conclude, that in this 
case the faces of the secondary crystal, which would always 
be a rhomboid, wotdd be found situated in a direction con¬ 
trary to those of the nucleus, i. e*. they would be turned 
towards the edges of the latter. 

The hypothesis of a decrement by tvv| courses in height 
here gives us a remarkable result, wdneh consists in the 
Secondary rhomboid being absolutely similar to the nucleus. 
We shall see, when speaking of certain varieties of quartz 
and of tourmaline, that by confining ourselves to the con>- 
sideration of certain facets taken among those which limit 
them, and by supposing these facets prolonged until they 
intersect each other, we should have one of those imita¬ 
tions of the primitive form given by a law of decrement. 

Let us pass to the superior angle S, and suppose at first 
a single course subtracted. .If, from the middle t of the 
oblique diagonal S p we raise t x parallel and equal to p a, 
this line will be laid on the edge of the first lamina of su¬ 
perposition, since the distance between the angle S and 
this edge is equal to an obliqe semi-diagonal of the mole¬ 
cule. The line x h will therefore be confounded with the 
face produced, which will be perpendicular to the axis. 

A decrement more rapid, such as that which takes place 
by two courses in breadth, would give faces inclined like 

4= We take no notice hereof the manner in which this segment is termi¬ 
nated in its superior part ap, and only consider the part situated towards 
the angle g". 

Voi.34. No. 137. Sept. 1809. p ‘he 
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the line S ait i. e. the secondary crystal would be a rhom¬ 
boid turned like the nucleus^, and more obtuse. This case 
is that of the binary oligiste iron mentioned above. 

Lastly, Can decrenient take place in height ? In this 
case the faces produced, one of which is regarded as cor¬ 
responding to the line K S w, will be rejected from the 
other side of the axis; whence it is easy to see that they 
will incline towards the edges of the nucleus, in such a 
manner that the secondary rhomboid will have a position 
reversed with respect to that of this nucleus. 

Crystallization presents some examples of these different 
results. Those which relate to the two limits given by parallel 
positions, or perpendicular to the axis, are constant, i, e, 
they take place with respect to all possible primitive rhom¬ 
boids. In the other cases the inclination of the faces pro¬ 
duced by the same decrement varies according to the angles 
of the primitive rhomboid. 

The striae and striges on the faces of secondary crystals, 
when the operations of nature have not attained the per¬ 
fection of which they are capable, frequently indicate, by 
their directions, those which follow the edges of the laminae 
of superposition ; and these accidents, which confirm the 
theory in bodies capable of mechanical division, may also 
show^ the progress of crystallization, and the direction of 
the component laminae in those which are incapable of 
mechanical division, and assist us in catching by analogy 
the form and position of the nucleus, which otherwise 
might escape observation. We should, however, use with 
caution the indications furnished by these accidents, since 
it sometimes happens that the surface of the nucleus itself 
is striated. This singularity seems to be the effect of an 
imperfect decrement, which experiences such great inter¬ 
ruptions, that the faces resulting from it sensibly coincide 
with the primitive faces. In Tike manner, it is not im¬ 
possible that the faces of a secondary crystal may have striae 
in a direction different from that which ought to result 
from the progress of the decrements. But there are cases, 
such as those of certain garnets with 24 trapezoids,dn which 
the striae are so palpable as to show plainly the mechanism 
of the structure. 

[To be contiiuiedr] 
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XXXI. Proceedings of Learned Societies, 

T'ROCEEDINGS of the french national institute 

FOR the year 1808. 

X'he Institute held Its anniversary on the 2d of January 
1 809 ; the following being the order of their proceedings. 

ist. Proclamation of the questions proposed, and prizes 
adjudged by the class. 2d. Historical eulogy on M. Lassus, 
by M. Cuvier, perpetual secretary. 3d. Memoir on the 
navigation of the ancients, by M. Buache. 4th. Historical - 
eulogy on M. Berthoud, by M. Delambrc, perpetual se¬ 
cretary. 5th. Memoir on the levelling of plains by means 
of the barometer, by M. Ramond. 6th. Historical eulo- 
gium on M. Ventenat, by M. Cuvier, perpetual secretary. 
7th. Memoir on the means of facilitating the victualling of 
fleets in Brest roads by navigable canals, by M. Rochon. 

7^1'ie Class of Sciences had proposed as the subject of a 
prize, to be awarded on the present occasion, The theory 
of the perturbations of the planet Pallas,^’ discovered by 
M. Gibers, or in general the theory of the planets, the ec¬ 
centricity and inclination of which are too considerable to 
admit of our calculating the perturbations with sufficient 
exactness by the methods at’ present known. In order to 
confine ourselves on so difficult a subject to what is in¬ 
dispensable, analytical formulae only are requisite, but ar¬ 
ranged in such a manner that an intelligent calculator may 
apply them with certainty, either to the planet Pallas, or 
to any other subsequent discovery.—^llie class has received 
no memoir ; and if we reflect on the difficulty of the pro¬ 
blem, it will not appear astonishing. But as the question 
proposed is of the greatest interest with respect to the gene¬ 
ral theory of planetary perturbations, and as it is to be pre¬ 
sumed that leisure more than good will is wanting to ge¬ 
ometricians capable of treating this question, the class has 
thought proper to renew the subject for the prize to^be de¬ 
cided in January.1811. The prize has been doubled; being 
a medal of the value of 6000 francs. The papers on the 
subject will not be received after the 1st of October 1810. 

The natural history of animals has lately received from 
comparative anatomy some valuable additional lights, which 
have wonderfully improved the science of zoology, parti¬ 
cularly from the description of the principal organs in se¬ 
veral families, the ceconomy of which was almost entirely 
unknown in the middle of the last century. The Institute 

P 2 “ thinks 
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thinks to perform a service to the cause of science by point¬ 
ing out to anatomists the orders or genera respecting which 
it is important to be in possession of further information, 
and with this view has chosen the following as the prize 
question i Ascertain if there exists a circulation in the 
animals known by the name of asterice, or sea stars; .echini, 
or sea hedgehogs ; and holotliuricB, or sea priapi : and in 
the event of a circulation existing, describe its progress and 
the organs connected with it/’ 

This descripiion will probably be accompanied with ob¬ 
servations made on living animals, and take a view of the 
vessels of the organs of respiration, if there are peculiar 
organs of this description, as well as those of the great cir¬ 
culation. It would also be proper to examine the chemical 
effect of respiration on air and water. This is not an in¬ 
dispensable requisite, however. The examination of one' 
species only in each of the three families is expected ; but 
it is requisite that it should be profound, and accompanied 
by intelligible drawings. The prize offered is 3000 francs, 
and the competitors must give in their memoirs on or be¬ 
fore the 1st of October 1810,' The prize- will be publidyt^ 
awarded on the first Monday in January. 

A prize bael been last year offered for an inves^tigation of 
the canses- of the various kinds of phosphorescence ; but so 
many memoirs were transmitted on the subject, and they 
were so full of experiments, that the committee appointeS 
to decide on their merits have postponed delivering their 
opinion. 

M. de Laiiande, on offering a medal to the author of the 
newest and most curious observation, was well aware that 
it could uot be awarded every year to discoveries so brilliant, 
as those of the planets perceived by Messrs. Piazzi, Olbers,. 
and Harding ite has therefore desired, that when there 
were no observations of so much interest, the medal should" 
be given to the author of the best memoir on any astrono¬ 
mical subject and if there should be no such memoir, he' 
expressed a wish that the recompense in question, should 
granted to any pupil who has demonstrated zeal, constancy, 
and perseverance, in the study of astronomy. 

The Institute, to whose lot it has not fallen this year to 
commemorate a newly-discovered planet, or to reward a< 
memoir of any interest, has profiled by bestowing the me¬ 
dal as an encouragement. 

MM. Arago and Mathieu were the two astronomers who' 
were considered as having the best claims to this gratuity. 

The former had been long employed as assistant to 

M. JBouvard- 
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M. Boirvard hi tlu: Imperial Observatory, and was sent 
with M. Biot to Spain, wliere, by himself and in conjunc¬ 
tion with that gentleman, he measured the altitude of the 
pole, the azimuth, the length of the pendulum, some 
grand triangles, and cxcvcutcd.successl'ully the most delicate 
operation> ot astfonomv. 

M. Arago, having been made prisoner in the course of 
his travels, escaped from Majorca, and took refuce in Al¬ 
giers. but was again taken in a Spanish vessel, when re- 
luriimg to France in an z\lgeiine sloop, and carried pri¬ 
soner to Palamos, near Bosas, from Inch place we hope 
Jic u ill be ndieved by the victorious French arms. 

M. Mathieu, who supplied M. Arago’s place in the 
Observatory when the latter went to Spam, aiw! wdu) after¬ 
wards, when ,;ent to .ou.deaux, Fi-geac. and Clermont, 
measured at tluse three stations, in eompanv with M. Biol, 
ihe length of the pendulum, is now occupied at Dunkirk 
in similar operations. 

In deciding on the claims of these two gentlemen, the 
Institute reflected that M. Arago had reccntlv received a 
more lasting recompense for his services in heme; apn'ointed 
to the Board of Longitude. I'he medal has ihe7efh*re been 
acljiulgerl lo M. Mathieu, as an e.ncourageineiU to proceed 
with his ^ientific labours. 

Analysis of the Lahours of the Class of Mathematical and 
Physical Sciences. By llJ. Dklambhe. 

The history of the Class fif Alathematical Sciences lliis 
-year affords a remarkable circumstance,—one of the most 
difficult and iiTrporiant points of the mundane system treated 
with the same success, although by very difi’erent methods, 
by two geometricians of the first rank, who arrive by va^ 
nous routes at the same conclusion,—a circumstance not 
less worthy of attention ; the idea of this labour occurred 
to them on the occasion of a memoir not less interesting,- 
read to the class by a young .we''mc!rician, who, in the 
first steps of his career, has proved himself a fit associate 
fur his superiors in ycars.- 

These mutual succours afiTorded hv men‘of science to 
each other, which produce others mot less fortuna'e and 
frequently easier, are advantages peculiar to the matliemati- 
cal soiences over tieneral hi-ratnre. - In the former branch 
of 1 iteraiure a new truth, an elegant Theorem, is h'ke a Ijgiit- 
house, which exhibit's its lustre at a di-tance, and renders 
practicable, routes which were thought impervious. 

P3 In 
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In order to give an idea of the three memoirs which we 
are about to mention, it is necessary to recur to a remote 
sera in the history of science. 

Astronomers had remarked a sensible acceleration in the 
course of the moon : the other planets and the earth might 
consequently have a similar although less rapid acceleration 
in their motions. This question may perhaps appear indiffe¬ 
rent to those who are not aware of its consequences. If the 
earth be accelerated, it must be owing to its closer approach 
to the centre of motion ; and if so, will it not end by being 
precipitated on the sun ? This danger to be sure is far di¬ 
stant. li^ this acceleration existed, it w'ouUl be prodigiously 
slow, and it would not be until after an almost infinite num¬ 
ber of centuries that the catastrophe could happen, suppos¬ 
ing it to be possible; for it is proved by the example of the 
moon, that the acceleration only lasts a certain time, and af¬ 
terwards becomes slower: but although future generations 
have nothing to fear from this event, and if the planet, after 
comino' closer to the sun, afterwards removes from it, it 
must nevertheless be confessed that the question is not less 
important: it peculiarly interests those .-^tronomers who 
suppose, in all their calculations, an invariability of the 
ellfpses described by th,e planets. 

M. La Place was the first who examined this question. 
By a learned but simply approximative calculation he attained 
this result, ascertaining that the axes and mean movernent& 
are in reality invariable, at least when w'e consider them as 
the first powers of the masses only, and the second of the 
eccentricities and inclinations; which is already sufficient 
for tranquillizing astronomers with regard to the fate of our 
planet, or rather wirh regard to their tables. 

M. Lagrange, struck with this conclusion, endeavoured 
to extend it ; and by a curious theorem he proved the pro¬ 
position to be correct, even on considering all the succes¬ 
sive powders of the eccentricities ; but, in common with 
M. La Place, he had only considered in the masses the 
terms of a single dimension. 

Could the terms of the twm dimensions produce an ac¬ 
celeration ? It would, indeed, be much slower: but the 
question deserved examination, and this was undertaken by 
M. Poisson. The calculation was uninviting on account 
of its length ; it reqiAired all the resources of analysis, and 
the knowledge of all the laws of the celestial motions : it 
required a peculiar degree of attention, and a penetrating 
eye, which at the first glance should be able to perceive 
ail the forms that could be assumed by a comnlex expres- 
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s'lon, anti a mind capable of devising a shorter and more 
certain road. 

Such are the qualifications which M. Poisson has dis¬ 
played. By these means he has attained the interesting 
theorem, that the products of the two dimensions of the 
masses do not furnish, in the successive integrations, any 
term which gives a secular equation or an acceleration in 
motion. This is enough even for astronomers; it is de¬ 
monstrated that, if this acceleration exists, it can only de¬ 
pend on terms of 4, 6, and 8, e, absolutely insensible 
dimensions; which assures us of the stability of the plane¬ 
tary system. The question at present therefore offers no 
real interest, if there be not an analytical difficulty to over¬ 
come, which is still sufficient to excite the emulation of 
geometricians. 

M. Poisson, in order to obtain his theorem, had only 
pushed the approximation to the terms affected of the 
squares, or of the products of the masses : having regard 
to the variation of the elements which M. Lagrange had 
regarded as constant, he knew how to give to the terms 
which form the second approximation, a disposition which 
admitted of demonstrating that none of these terms can 
give to the grand axis a term proportional to the time. The 
terms vvhich ought to proceed from the variations of the 
elements of the perturbing planets escaped this analysis ; 
but, by ingenious methods founded on a method of M. La 
Place, M. Poisson has proved that these kinds of terms 
cannot produce in the grand axis any variation which in¬ 
creases as the time does. 

In geometry in particular, the route by which we attain 
for the first time a difhcult discovery is rarely the shortest 
and most direct. There are propositions the truth of which 
is apparent without our being able to demonstrate it : men 
of science dread tp involve themselves m immense calcula¬ 
tions, the success of which is problematical, and sometimes 
give up an inquiry which presents too many difficulties. 
But if the truth has been ascertained, as success is from 
that moment certain, we take courage, and demonstrations’ 
are simplified and multiplied; this is precisely what has 
happened. The instant JVL Poisson had demonstrated his 
theorem, Messrs. Lagrange and La Place perceived that it 
flowed out of principles and methods which had been for- 
merlv explained. M. Poisson attained his discovery by a 
calculation in which he made use of the known formulae of 

ju^tic motion ; M. Lagrange thought that it ought to 
P ^ have 
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have been attained by the power of analysis, even without 
knowinj^ the peculiar expressions of the quantities relative 
to the elliptic orbit. 

In this manner he demonstrates, in its whole possible 
generality, andwhatever may be the inclination of the pri¬ 
mitive orbit, that the variation of the great axis cannot coU’- 
tain any term not periodical, either in the first or the second 
approximation, at Least while regard is had in the latter 
only to the variations of the elements of the disturhed orbit. 
This prevents the same analysis fronr being also extended 
to the terms proceedinss; froni the elements of the per¬ 
turbing planets : it is because in this case the function is not 
jSrymmetrical with respect to the co-ordinates of all the 
planets. 

But by carrying the planets, not to the centre of the sun, 
but to the centre of gravity of the sun, and of the planets 
around which the motion is more regular than around the 
Sjun, M. Lagrange obtains a symmetrical function, which 
is. the same with respect to all the planets; the calculation 
then becomes uniform, and is not subject to any exception; 
arid we demonstrate by one and the same analysis, that the 
great axis of each of the orbits cannot have, in the two first 
a^pproximations, any inequality increasing with the time. 

It is afterwards easy to pass from the motion around the 
common centre of gravity to the motion around the sun; 
an;d we at length succeed in demonstrating the general pro¬ 
position of: the non-existence of the inequalities proporr 
tional to the time in the great axes of the planets referred 
to the sun. 

Tx) return to the memoir of M. Lagrange: we there find 
bis npw formulae for the variations of the elements of the 
planets, as well as their application to the variations of the 
grand axes. His analysis is worthy of the attention of 
geometricians from its uniformity, generality, and elegance, 
and because it is independent of the elliptic figure of the 
p,rbits, and may be applied with the same success to every 
other hypothesis oft gravitation, in which the ovbii^ would 
no longer he conic sections. 

The whole of this analysis is preceded bv a historical de¬ 
tail of this great problem, drawn up with all possible clear- 
pes,s, in such a manner as to interest even those vvho should 
nqt'have all the. knowledge necessary for foil owing the au- 
th,of into the whole details of his theory. 
V ibis menaoir, read to the class on the 22d of August, 

tbc igepecality of the analysis permitted M. Lagrange to 
.a = ' ; » express 

i'w 
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express certain values by the symbols of functions: It was 
useless for him to give developiiKMits which rendered -the 
demonstration less clear and more difncult : hut in order to 
apply his formulae to t!ie numerical caleulaiiou of theplane- 
tar-y perturbations, these deveU pincnis became indispensa¬ 
ble. in a supplement read to the class on the -L’d ofScniem- 
ber, M. Lagrange gave these calculations; 1), t lie knew’ 
admirably well how to abridge them by the consideraiion 
oi the eccentric anomaly ; and in order to demoustraie the 
exactitude of this new process, he shov\’cd that it led to ttie 
same iormulte which he had obtained by anoiiter way. 
These substitutions, w hich should seem t() liave been very 
fomplicaied, admit of astonishing simplihcatKon*^, bvmeans 
oi several eciuations of condition whiclt M. Lauranc-e has 
drawn from his theory. 

Before reading, this memoir to the Class of Sciencesj 
M.L .agrange had cominnnicated it to theJk)ard of Longitude 
pn the same day on which M. [.a Place detailed the method 
by which he attained tlie same results. 

The object of M. La Place in this work, which he has 
printed separately, was the perfection of the, methods he 
had given in the MH'aniqne Cekste. On endeavouring to 
give to the expressions ot the elements of, tlie orbits, the 
simplest form of which tlicy are susceptible, he succeeded 
in making ihem depend only on partial differentials of one 
and the same function ; and what is remarkable, the coef¬ 
ficients oi these ditfercnces are only the function of the ele¬ 
ments themselves; an advaniaoe also enjoyed by the for- 
niulce of Laeranire, w-ho iiad longao;() given theexampde 
in the expression which he had found for the great axis,—an. 
expression which had led him to demonstrate, in a very ibr- 
lunatc iintmer, tlie invanaoilitv of the mean motions, when 
we have regard only to the first power of the perturbing 
masses. iVi, La [dace has sub'C(]uently given the same form 
to the diflercntial expressions of tiie eccentrieiiy of the orbit'J 
the inclination and tht lor.gitucie. of tlie node. It still re-i 
jnained to transform in the, same way the differential ex¬ 
pressions of the longitudes of tiie epoch and of the perihe-' 
lion. Tins is what M. La Place* executes in the suppPment 
of which we now give an accoim" ; and thereby ifi^ finite 
variations of ,tbe differentials flow' from the development bf 
a very simple function, which performs an important part 
in the Mecanique CiUstv.. Theu-c new exfirCssionS Lad very 
naturally to the elegant theorem of iVI Idvisson- on Ihe in¬ 
variability of mean motions they le^di4i!sp to 
simple and general solution of the secular variations of the 

elements 
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elements of the planetary orbits ; they give with the same 
facility the two inequalities of the lunar motion in longi¬ 
tude and latitude, which depend on the flattening of the 
earth, formerly determined by M. La Place. 

The results are therefore perfectly identical with those 
found bv M. Lagrange by a totally different way. They 
would be mutually confirmed if occasion required, and if 
the two methods did not carry their demonstration along 
with them. The most remarkable difference cemsists in 
M. La Place having adroitly avoided a verv great analytical 
difficulty, and capable of impeding the progress of a less 
eminent geometrician ; while on the other hand M. La¬ 
grange has overcome the difficulty; and by giving, like 
M. La Place, the theorem, so important to astronomers, of 
the invariability of motions, he has furnished analysis at 
tfiC same time with formuliJi remarkable for their»e]egance. 
But it is not less curious to observe with what facility, by 
a simple transformation, M. La Place has elicited these new 
truths from the formulai in which they were contained. 

The secretary of the Institute then proceeded to give a 
detailed account of the works composed during the year 
1808 by members of the class. 

Physics.—At the commencement of the year the class 
bad the honour to present to the emperor the History of 
the Sciences since the year 1789, which his majesty ordered 
to he printed. The editors of this wmrk, in profiling by 
the materials furnished by members of the class, and by 
foreigners, have endeavoured to trace, with truth and sim¬ 
plicity, the immense progress which the human mind has 
made in the knowledge of nature during these twenty years, 
when war, intestine dissensions, and extravagant passions, 
which alternately visited all states and empires, seemed to 
have interrupted all useful inquiries and discoveries. 

This historical sketch will now serve as our point of 
departure, and our annual reports in future will be so many 
continuations. 

We ought, it is true, in our analyses, to treat only of 
the SLibjecis which have been discussed at our meetings : 
but in the active relations in which we find ourselves with 
the majority of those who cultivate the sciences, it is very 
unlikely that any important discovery will be made through¬ 
out Europe, which will not speerlily be heard of within the 
w^alls of the Institute, and excite its members to similar 
pursuits. 

Chemistry, in the decomposition of the alkalis, has this 
"«c»r presented a striking example of the emulation which 

animates 
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animates the learned of various countries. Scarceivhad we 
been apprized in France of the discovery of J^avv, on the 
changes wlneh potash and soda undergo by the action of 
the Voltaic pile, when two of our young chemists, M. Gay 
Lussac, member of the class, and M. Thenard, professor 
in the college of France, endeavoured to produce the same 
elfect by the common atfinities, and succeeded by means of 
apparatus most ingeniously contrived*. 

'I’he public journals havintr announced that laminated 
zinc had been applied to several useful purposes in England, 
it is but justice in us to reclaim this application of lami¬ 
nated zinc as a French improvement. M. Macquer and 
M. Sage long ago performed this process by heating the 
metal : but we have to notice another recent improvement 
on this subject in France, namely, the art of converting, 
by simple sublimation, calamine or oxide of zinc into me¬ 
tal sufficiently pure to undergo lamination. Messrs. Donq 
and Poncellet have, in the department of the Ourthe, lately 
succeeded in this operation, and the ore furnished jhem 
with one-third of its w^eight in metal. Fhis laminated zinc 
may be employed on almost all occasions, instead of sheet 
lead, and it will be found much cheaper. 

Another application of chemistry, not less' interesting to 
society, is the art of preparing with wood an aceti9 ^(^id 
equally pure with radical vinegar. This w^as suggested by 
Messrs. Fourcroy and Vauquelin, who discovered that the 
acid which goes by the name of pyro-ligveo2is, and is pro¬ 
duced by the distillation of wood, is only the acetic acid 
mixed with some foreign substances. On freeing it from 
these, M. Mollerat has procured an acid which may be 
used as a substitute for exunmon vinegar; but it is more 
acrid than the latter. 

The interruption of our colonial intercourse has repeat¬ 
edly suggested the employment of some substitute for sugar, 

•'and M. Parmentier has recently published some popular 
instructions on the art of extracting from the must or juice 
of the grape, a syrup, in order to supply the place of sugar; 
fie has presented some excellent specimens of this syrup to 
the Institute, and great quantities of it are now manufac¬ 
tured in our southern provinces : the interruption to the 
exportation of our w'ines is an additional encouragement to 
this manufacture. The grapes of the south of France, being 
jiatur^lly sweeter, give proportionally more sugar; and care 

* See Philosophical Magazine, voh xxxii. 

must 
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niList be taken to free the must from a more or less consi¬ 
derable quantity of tartar or other acids, which is effected 
by means of lixiviated a-shes. This operation constitute*' 
the essence of M. Parmentier's discovery. 

To return to chemistry in general: it will be recollected 
that some time ago M. Morveau endeavoured to find an 
instrument for measuring the highest degrees of heat, and 
of wliich we have from time to time given an account. In 
the present year M. Morveau read to the class a complete 
history of the attempts previously made by chemists and 
manufacturers on this subject; he has appreciated the me- 
thods resorted to by Newton, Muschenbroeck, Mortimer, 
and particularly Wedgwood, to whom he does more jus¬ 
tice than has hitherto been done in F^'ance. He has even 
given an account of the experiments on the dilatabilitv of 
the metals, made by watch-makers and others with a view 
of constructing compensation pendulums: lasily, he has 
described an instrument of his own invention, sufficiently 
delicate for show'ing the minutest changes in length of a 
small metair>c bar. In short, it is only such a bar, par¬ 
ticularly when made of platina, that can be at once suffi¬ 
ciently dilatable and unalterable in the fire tp he used as a 
pyrometer; but the greatest difficulty is to place it on a 
scale which does not dilate,—otherwise we could never as¬ 
certain the variations. This is is what M. Morveau expects 
to attain, and to which he continues to direct Ins attention. 

M. Gay Lussac has recently developed an elegant law of 
general chemisirv, on the proportion of metal which enters 
into each metallic salt, and on that .of the oxvgen necessary 
for its oxidation. He has proved that the metal which precipi¬ 
tates another metal from an acid solution, finds in the preci¬ 
pitated metal all the oxygen necessary for being oxidated, and 
dissolved in such a quantity that the solution is neutralized 
to,the same degree. The quantity of oxygen remains there¬ 
fore constant, whatever be the quantity necessary of each 
metal; the acid is therefore in each salt in proportion to 
the oxygen of the oxide, and there must be so much the 
more of each metal for saturating, the less occasion tin's me¬ 
tal has for oxygen in order to be oxidated. This law gives 
a very simple method of determining the composition of 
all the metallic salts; for it is sufficient to be acquainted 
with the proportion of the acid in a salt of any kind, in 
order to know it in them all, and a single analve>s dis¬ 
penses vvith all the rest. It is alv/ays pleasing to fi id an 
increase of simple methods for attaining precision in 

. V - .the 
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t^e experimental, and to recur to the mathematical sci¬ 
ences. 

M. Darcet jun., has applied these rigorous methods to 
the analysis of the alkalis, and has proved that potash and 
soda, when prepared with alcohol, and heated until they 
begin to evaporate, still return nearly one-third of their' 

' weight in water. 
[To be continued.] 

XXX fI. Intelligence and Miscellaneous Articles. 

DR. HERSCHEL. 

I>j our last Number, page 158, we inserted a table of rules 
for predicting, the weather, and- which had been for some 
time circidating in MS. as the production of Dr. Herschel,^ 
That gentleman having publicly disclaimed the table al- 
hided to, we consider it as a duly due to him and to our 
readers to insert the following disavowal : 

Nptice to the PuhVtc from VdimAam F^erschel, LL.D.^ 
of Slough, near PFindsor. 

MaxVY ol the public papers, for a length of time past, • 
have occasionally ascribed certain predictions of the state 
of the weather to me ; and several of them have lately .o;one 
so far as actually to prefix ray name to what they have 
called a Weather Table, in which, according to certain 
hours of the changes of the moon, wind, rain, snow, frost, 
&c. &:c., are prognosticated. Suefoa table, by some mistake, 
has even been very lately inserted into a very respectable-' 
Philosophical Magazine. In justice to mvself, therefore,. * 
I think it highly necessary that the public should be unde¬ 
ceived by my declaring that the table pretended to be of my' 
eonstruciion, as well as every prognostication of the state 
of the weather that has appeared in the Newspapers a.^- 
ascribed to me, are all gross impositions. 

VV ILLIA^^ IFerschel. 
Sjougb, near V/indsor, 

Sept. n>, 1809. 

CITY PHILOSOPHICAL .SOCIETY. 

A society under the above name has for some months 
been established, for the purposes of philosophical discus¬ 
sions andmxperiments; The evenings of mectingare every^^ 
Wednesday ; ^nd a lecture is delivered every second Wed¬ 
nesday by the members in rotation. The lectures are very 
W'dl attended. They embrace Chemistry, Natural and 

ExperimentaF 
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Experii-neiital Philosophy, Anatomy, History, and other 
branches of Science. ^ 

LECTURES. 

St. George^s Hospital^ and George Street, Hanover Square^ 

On Saturday October Qth, a Course of Lectures on Phy¬ 
sic and Chemistry will recommence in George Street, at the 
usual Morning Hours, viz., the Therapeutics at Eight; the 
Practice of Physic at half after Eight j and the Chemistry 
at a quarter after Nine, by George Pearson, M.D. F^R.S., 
Senior Physician to St. George’s Hospital, of the College 
of Physicians, &c.—Clinical Lectures are given as usual on 
the Patients in St. George’s Hospital every Saturday Morn¬ 

ing at Nine o’Clock. 

LIST OF PATENTS FOR NEW INVENTIONS. 

To William Hutton, of Sheffield, in the county of York, 
merchant, for his method of making sickles and reaping- 
hooks, with iron in steel backs fixed upon the blades thereof, 
whether such blades be forged, rolled, cast, hammered, or 
otherwise manufactured.—July 31, ISOP. 

To Frederic Albert Winsor, of Pall Mall, in the county 
of Middlesex, esq., for his fixed telegraphic light-house, 
and also a moveable telegraphic light-house for signals and 
intelligence to serve by night and by day, in rain, storm, 
and darkness, in any required direction, and from any given 

centre.-—August 3. 
To Ferdinand Smyth Stuart, of Billericay, in the county 

of Essex, esq., for his substitute, the produce of this coun¬ 
try, for Peruvian bark.—August 4. 

To Thomas Dickin, of Abrewase Mills, in the county of 
Stafford, cotton-manufacturer, and Henry Bradley of the 
same place, cotton-spinner, for a new method of preparing 
hemp, flax, hurds, short tow, and clearings, and other in¬ 
ferior parts of hemp and flax, either alone or mixed with 
cotton wool, for the purpose of spinning the same into yarn 
or thread ; and also certain improvements in the mode of 
spinning the same.—iVugust 8. 

To Fddward Law, of Shelton, in the parish of Stoke-upon- 
Trent, in the county of Stafford, schoolmaster, for an im¬ 
proved rotative engine, or machine, to be worked by the 
power of steam, for raising water, grinding corn, and va¬ 
rious other useful purposes.—August 9. 

To John Hives, of Holbeck, in the parish of Leeds, in 
the county of York, llncn-maiuifacturer, for a machine for 
hackling or dressing hemp, flax, and other materials.— 

August 12. 
Isaac 
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Isaac Kellogg, late of Connecticut, in North America, 
but at present residing in Addle Street, in the city of Lon¬ 
don, gent., (assisted by, and in conjunction with, his bro¬ 
ther Friend Bissell Kellogg, residing in North America,) ha.s 
invented an improved machine for shearing woollen and 
other cloths, for which a patent has been granted, dated 
August 21. 

l o Samuel Long, of the town of Leicester, in the county 
of Leicester, gent., for improvements on horizontal wind- 
iiiills.—September 4. 

Lo Joseph Bramah, of Pimlico, in the county of Mid¬ 
dlesex, engineer, for a new method of making and con¬ 
structing pens for writing.—September 23. 

To George Vaughan, of Purim Place, Whitechapel Road, 
Middlesex, gent., for improvements in the process of re¬ 
fining sugars.—September 23. 

To Ro(l(dph Tschifrcli de Roche, of Great l^iltcney Street, 
Middlesex, gent., for improvements in the processes of 
brewing.—September 26. 

To Egerton Snrith, of Liverpool, in the county of Lan¬ 
caster, optician, and Michael Harris, of the same place, 
mechanic, for improvements in ships’ binnacles and com¬ 
passes, and in the mode of lighting the same.—Sept. 26. 

To John Penwarne, of the parish of St. Pancras, Mid¬ 
dlesex, gent., for his method or process by means of which 
he is enabled to give to statues and other ornamental works 
in plaster (comn)only called plaster of i^aris), an appearance 
nearly resembling thg finest statuary marble, at the same 
time rendering them more hard and durable, less liable to 
be soiled, and easier to be cleaned.—Sept. 26. 

To William Watts, late of Castle Knock, in the county 
of Dublin, now of the city of Bath, gent., for new me¬ 
thods of combining and disposing machinery, and applying 
the diflTerent powers of wind, water, and cattle, thereto, so 
as to effect improvements on mills.—Sept, 26. 

To Benjamin Flight, of Saint Martin’s Lane, Middlesex, 
organ-builder, for his new' metal nave axle and box for 
wheeled carriages, by means of which the danger of over¬ 
turning, and the concussion arising from carriages coming 
in contact at the nave, are considerably lessened, the nave 
much stronger, and gives more lightness of appearance to 
the carriajres than those now' in eeiieral use: theratilino; of 
the carriaiie in action is also lessened; the oiling of the wheels, 
which need not be taken off for that purpose, is performed 
with greater ease and facility, and the oil is effectually pre¬ 
vented from comuiunicating to the spoke of the w'heels.— 
September 26. y 
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Weath 

Aug. 27 53° 04° 55^ 29*76 26 Showery 
28 56 66 60 30-04 72 Fair 
29 60 F2 63 •08 76 Fair 
30 65 76 66 29*85 32 Fair 
31 60 66 59 •85 19 Cloudy 

Sept. 1 60 63 56 •80 20 Cloudy 
2 60 70 57 *65 32 Fair 
3 61 72 61 ' *62 44 |Showery 
4 63 69 61 •60 18 jStormy 
5 61 TO 6o •54 31 [Fair 
6 60 70 6l •52 35 Fair 
1 60 66 56 •29 29 Showery 
8 55 61 55 •42 20 Showery 

9 55 66 54 •65 KO 
kj ^ Fair 

io 54 64 53 •67 15 Showery 
ii 54 63 52 52 Fair 
12 53 64 49 •80 . 46 Fair 
13 49 62 56 •84 28 Showery 
14 57 62 56 ■69 21 Showery 
15 56 65 

I 
52 30-05 48 Fair 

16 51 64 60 •10 18 Cloudy 
17 56 65 55 •01 31 Cloudy 
18 58 64 58 29-80 10 Kain 

19 54 62 50 •75 60 Fair 
20 53 66 55 •36 41 Rain 
21 52 6i 55 •80 55 Fair 

22 54 69 57 •68 47 Showery 
23 63 65 54 *70 52 Showery 
24 53 58 48 •85 25 Showery 
25 56 49 45 •74 0 Rain 
26 43 30-00 51 Fair 

- 

N. ii. The Barometer’s height Is taken at one o’clock. 
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XXXIII. On the Date of the Application of Telescopes to 
astronomic Instruments ; the Time when Astronomers first 
observed the Stars and Planets in the Day-time by means 
of these Telescopes; and on the Atitfior of' these Dis¬ 
coveries. Translatedfrom the French of M. Dh Fouchy 

The two discoveries which form the object of thismemoiiv 
are among ihose that have contributed most to bring astro¬ 
nomy to Its present degree of perfection, ft is very singular 
that the gratitude of astronomers has not preserved to pos¬ 
terity the person’s name who made them ; and that the 
Academy has now, at the end of a century, this omission ta 
repair ;—happily it is never loo late to render justice 5 honbuij 
and gratitude do not admit of prescription. 

It was required last year to point out the author of the ap-. 
plication of telescopes instead of sights to instruments; to 
determine the date of I Ins invemion ; and the time wheju. 
astromnners first observed the planets and largest stars by 
means of them during the dav-time. I'he greater part of 
astronomers attributed one of these two useful inventions to 
M. Auzout, and the other to M. Picard. As I remembered 
to have seen these two points ver)' well established some¬ 
where in a book I had formerly read, I merely observed^ 
that I supposed the time might be obtained very nearly ; 
and the Academy requested me to endeavour to find what I 
could on this subject:—The following is the result of my re¬ 
search. 

The late M. de la Hiref gave in 1/17 a tnemoir entitled 
Inquiries respecting the Dates of the Invention of the Mi¬ 
crometer., of Pendulum Clocks, and of common Telescopes* 
As I knew that he had spoken in this memoir of some othei* 
astronomic inventions, I wished to see if he had not men¬ 
tioned this. 1 found that he could neither discover the 
exact time nor the name of the author of this invention; 
that he spoke of it to M. Picard, who merely told him that 
M. Auzout had some concern in it; which agrees very well 
with what Picard said himself at the begiunino; of his 
Treatise on the Measure of the Earth,—that the idea of ap¬ 
plying telescopes instead of sights to insiruments, had been 
thought of for some time. M. de la Hire adds also, that he 
had searened the Philosophical Transactions without having 
found any thing relating to the purpose. I therefore took 

. '' 

* Read to the Royal Academy of Sciences at Paris, 12th of ISfoveniber, 
1783, and publisiied in the Meinoirs for 1787, 

f Memhirs for 1717, page 78. 

Vql. 34. No. J3S. October 1809.'^ Q Ae 
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the trouble to trace back niy steps, I endeavoured to re¬ 
member where J had seen these points discussed, and I re- 
collected at length, that it was in Morin’s Science des L(m~ 
gitudes. 

In the celebrated conference which he had on this sn.b- 
jeci, the 30th of March i 634, with the commissioners named 
by cardinal Richlieu, Morin (when answering to the objec¬ 
tion against the size of the instruments, which did not per¬ 
mit them to be used at sea,) among a number of methods 
which he used to preserve their accuracy whilst diminishing 
their radius, mentioned the application of telescopes to the 
index, instead of sights. I'hese are his wordsThe third 
method is the application which I have found means of 
making of a telescope to the index instead of sights, to 
measure more readily and more exactly the distance of 
the moon from the stars*.” For in the method he used 
of deriving the longitude from the observed distance of the 
moon from the stars, Morin had found that be' could not 
expect sufficient truth in the collimation, for a star to tra¬ 
verse the sights; and he therefore thought of using tele¬ 
scopes, which had not then been invented more than about 
25 years. 

. He had for this purpose placed a telescope on the index 
of his instrumenfs : he then saw the stars with the greatest 
clearness ; but it became necessary to determine the point 
in the field of view of the telescope, on which to place the 
star, so that the line passing through the optic centre of 
the object-glass might then be paralkl to the fiducial line 
of the index. Morin had but one step further to proceed 
in Order to derive ail possible utility from his invention, by 
applying cross wires in the common focus of the two 
lensesf ; but 1 know not by what fatality it happens, that 
the most simple means are commonly the last to present 
themselves. He took another, less accurate method, which 
brought vyith it an inconvenience : he thought of covering 
the eye glass with a thin disc of copper or iron, pierced in 
its middle with a small hole. By this means he obtained 
indeed a part of what he desired : for it is certain, that the 
star once seen in the centre of the small hole w'as very 
nearly in a constant line, which might be made parallel to 
the fiducial line of the index. We say nearly ; for, however 

* Aifronomia jam a fundamentis integre et exacte restituta, complec- 
tens 9 partes hacteaus CTptats^ scientice longitudinum, &c., autore J. fi. M'ori- 
Eto, Id'lO, in 4to, pars i. page 18. This date in the frontispiece is later 
than thaf of the first publication, which was in 1684. 
t k was hiuvgens who thought of this method—Svstema Saturnium, 1659. 

. small 
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small vve suppose the hole at the centre of the plate to be, 
v/e should always be troubled to ascertain with certaintv 
whether the star occupied the centre precisely j and how¬ 
ever little the eye might be moved, the star would appear 
also to change its place; which could not but diminish the 
accuracy of the operation. Kut there was a much greater 
inconvenience: it became very difficult to find the star ; 
and frequently the instant of time in which the observation 
was to have been made was passed before ii could be found 
in the telescope. Morin remedied it in the following 
manner:— 

He had put on the object-end of his telescope^, a sight 
cut in the middle with a slit sufficiently wide answering to 
the diameter of the field of the ttdesco])e: when he wdshed 
to observe a star, he placed it above this slit, and conducted 
it just over the tube; he was certain then of finding it in 
the telescope, and of being able to place it in the middle of 
the small hole of the plate. 

Such was the method wdiich Morin pursued in his re¬ 
searches : it therelbre follows ih.ot he is the first who adapt¬ 
ed telescopes to instruments instead of sights: but that the 
kind of eye-hole with which lie c{)vered the eye-glass was 
neither so convenient nor so e:xact as the cross wires'put in 
the common focus of the two alasses bv M. Auzout about 
the year t667; dmd Morin did not doubt that his inven¬ 
tion w'ould afterwards be improved. Let us hear him do 
justice to himself in this respect. 

He savsf, I do not doubt hut they may add to what 
I have invented sonte ingenious means which will render 
its use more exact and ilmre easy. I even desire it very 
sincerely ; and am ready to give those who snail effect it 

I the just praises which they will merit; contenting myself 
witli having opened to minds more subtle than mine, roads 
which were hitherto unexplored.” An author w'ho speaks 
with so much modesty of his own work deserves to be fa¬ 

vourably beard. 
I have not been aide to determine the precise date of this 

invention of Morin ; but iliere is great probability that it 
preceiled a little the celebrated discussion of the 30th of 
March 1634. I shall be more precise as to the lime when 
they began to observe the stars and planets in the day-time 

means of leleseopcs. Morin has preserved its history : 
and this part of his book is written with a lightness and a 

* Sci».n. Longit. pars i. p. 55. f Ibid, pars i. p. 5G. ’ 

' ■ <.> 2 poetic 
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poetic style, which we could not expect from his pen nor 
from the subject. I shall do little else than translate it, and 
the following is the way in which he explains himselt^. 

One night, about the end of March 1635, I amused 
myself with my telescope, and was considering Jupiter and 
his satellites, musing protbunclly, and thinking what might 
be the use to which these small planets were destined, when, 
all at once, a celestial messenger came on wing, presented 
himself to me, and held this discourse : ^ Why fatiguest 
thou thine eyes uselessly in observing the moon, the sun, 
and Jupiter, with this instrument? Leave this amusement 
to others, and apply thyself to things more useful, and to 
which thou art destined: if thou followest my advice, a far 
greater glory is reserved for thee, since thou shall see in 
broad day-light the planets and the principal stars, which 
no mortal has hitherto been able to perceive unless during 
the night: this will give thee the most certain means of 
establishing the principal elements of astronomy : ’ and af¬ 
ter having said these few words to me he disappeared. His 
discourse could not be effaced from my memory, and I had 
no more rest until f had found by what means I might see 
the planets and bright stars during the day-time; and I 
applied with so much more ardour, as I remembered, under 
some particular circumstances, to have seen Venus with the 
naked eye -whilst the sun was very high above the horizon. 
This is the method I pursued. 

I affixed a telescope of a foot and a half to the index 
of one of my instruments, which served it as a support; 
and I placed this apparatus in the western window of my 
room, in order that the brightness of the rising sun might 
not dazzle me. Some time before day-light, whilst the 
bright stars were yet visible, I put Arcturus in my tele¬ 
scope, and kept it there almost until the rising of the 
sun; remarking with pleasure, that I yet saw it distinctly 
in the telescope, a long time after the brightness of the day 
made it disappear to the naked eye; a cloud covered it at 
this moment, and when it vvns passed, I could not with 
every endeavour find it again. This accident distressed me; 
but I was patient, well knowing that had it not been for 
this cloud, I should have been able to have seen the stai^ 
much longer. Next morning before day-light, the sky 
being very clear, I got Arcturus in my telescope, and kept 
it there until i saw the light of the rising sun enlightening 

* Scien. Longit. pars vi. p. 210 & sieq. 

the 
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the objects in the west. I was so overjoyed that I thou2;ht 
of reversing the telescope and the instrument: but this first 
emotion being appeased, I continued my operation more 
than half an hour after the sun had risen: the light then 
increasing, the star gradually diminished, and at length 
disappeared. 

“ The following day Venus being in Aquarius, and rising 
before the sun, I brought her in the field of view of my 
telescope; and although she was then in her increase, and 
consequently less luminous, T preserved her there more 
easily* than Arcturus for an hour and more after the sun ¥ 
had risen. I have made the same observations with all the 
other planets and the larger stars.All this appears to have 
lasted only about four or five days, and must be referred to 
the end of March 1635. 

Such is the account w hich Morin gives of this discovery, 
with which he was affected to a degree of enthusiasm. If 
he had used a longer telescope, he would have been able to 
observe the planets and large stars not only bv day-light, 
but even at noon-day. However, 1 do not believe that we 
can dispute w'ith him the honour of having first observed 
the planets and principal stars during the sun’s presence,— 
an immense advantage to astronomy, and which gives him 
an undoubted and w'dl-earned right to the gratitude of 
astronomers. 

After what we have said, can it be believed, that in 
1669, more than 33 years after the publication of Morin’s 
work, the Abbe Picard should assert himself to be the 
author of this discovery ? The following is the passage 
from the History of the Academy*, by M. de Fonlenelle: 

The 3d of May of this year (1669), M- Picard was much 
surprised to be able to observe the meridian altitude of Re- 
gulus near 13 minutes before the setting of the sun: astro¬ 
nomers have hitherto not only been unable to observe the 
fixed stars in the day-time, but, it is believed, not even during 
twilight. M. Picard went further: on the 13lh of July he 
observed the meridian altitude of Arcturus, the sun being 
then elevated nearly l 7 degrees.” We find nearly the same 
in Du Hamel’s Liitin History, page 54. 

How did it happen that Picard was ignorant that to¬ 
wards the end of March 1635, more than 34 years before 
his observation, Morin had made this fine discovery ; and 
that he had publislied it in 1635, in his Science oj Longi¬ 
tudes I \ I should be extremely sorry if tiijs article, which 

Q3 

• Toirue i. p. 109 £c 110. f Pars vi. p. 210 &: sec^. 

the 
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the cause of truth alone obliges me to relate in this memoir, 
should cast the least suspicion of plagiarism on the memory 
of 'M. i’Abbe Picard. Whatever wc have of his shows him 
to be very much above this meanness : but he had most 
probably never read Morin’s book ; and this event may 
teach all those who give themselves up to the study of the 
sciences, that they never should neglect to read all that has 
the least relation to the object of. their inquiry. It is only 
by reading a book that we can acquire the right to neglect 

and that of Mor-n surely did not deserve this contempt, 
in finishing this memoir, let me be permhterl to say a 

few words raort^ respecting Morin, to whom .1 appears that 
justice has never been done in several respects. PL: had 
given himself up to reveries in judiciary osiiology, hich 
was certainly an obstacle to his reputation : but as an astro¬ 
nomer he was very far from being without mcriu do ap- 
pretiate him with justice, it is not with (he astronomers of 
the present age that we must compare him. It is well 
known how much the sciences, and above all astronomy, 
have been improved during the' last huntired and fifty years : 
but if we compare him with his contemporaries, we shall see 
that he was a man of some consideration, and corresponded 
with the most illustrious men of his time. Pie could not 
of course be acquainted with those sublime theories which 
only became known a long nine after him; but he pos¬ 
sessed all that then constituted ihe great merit of an astro¬ 
nomer. We find by the letters which Gassendi, Longo-r 
inontanus, and ipany others, wrote to him, that they con¬ 
sidered him as one of the best mathematicians of his age. 
He was professor of mathematics at the Royal College ; he 
published, in 1633, A treatise of plane and spheric trigono¬ 
metry, accompanied by tables of logarithms, sines, tan¬ 
gents, 8cc. He was the first who collected, completed, 
and demonstrated, what had been said before him on the 
science of the longitude, and laid the foundation of all that 
has since been done on that subject. He certainly has not 
carried it, nor could he carry it, to the degree of perfectioii\ 
which it has attained in our time, since many things were 
then wanting: and notwithstanding the very serious injury 
which many of the commissioners suffered on his account, 
they had reason to decide, that he had not completely re¬ 
solved the problem of the longitude: but this did not hin¬ 
der his book on the science of the longitude from beinir a 
very good one ; and if in the present-day it is only readily 
a few' persons, it is probable that the reason is, bec\ause it 
I'i, overcharged with irrelevant subjects, and above all with 

tho 
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the altercations wlilch he had with his commissioners, and 
with others; which now renders the reading of it very le- 
<rioiis. Nevertheless, had he only given this work, and 
the two inventions we liave just mentioned, he would have 
deserved to be reckoned among those who by their works 
have contributed to the advancement of the sciences, and 
conse(]uently to the cause of humanity. It it is not very 
interesting for the public to know who is the author ot a 
discovery, of which tltev enjoy the benefit, it is ot great 
importance that discoveries should be made ; and the most 
certain means of increasing them, is to render tull and en¬ 
tire justice to the authors. I'he reception given to their 
works is the most flattering part ot their recompense ; and 
it is to be vvantins; in <rratitude to deprive them of it^ 

° ° E. 

XXXIV. A Description of a neir Anemometer. By Richard 
Kirwan, Esq., LL.'D. F.IU.A. FJLS. m. 

X'hat rain, on the presence or absenceof which at the ditfe- 
rent seasons of the year, vegetation, and the success of agri¬ 
culture, in 2:reat measure depend, and also the temperature ot 
the atmosphere, to whose influence both animals and vege¬ 
tables are .subject, arises from, or at least is strictly con¬ 
nected with, the various directiotls and velocities of winds, 
is well known. Nor has it escaped observation, that the 
primary cause of the direction ot the wind from a given 
(quarter, as well as of the velocity of its progress, is the rare¬ 
faction of the atmosphere in that tract towards which it 
blows, d'he reason why air does not rush in from all sides 
towards the rarefied-tracts, seems to me to be the inequality 
of its density in the surrounding tracts ; tor from that quar¬ 
ter, in w'hich the mercury in the barometer stands highest, 
the air must preferably proceed. If the density be equal on 
all sides, as in some confined tracts, a hurricane happens : 
hence the advantage of ascertaining and comparing the de¬ 
grees of its velocity ; for, those being known, its cause and 
degrees of rarefaction may w'ith great probability be infer¬ 
red. Two causes of rarefaction are already kmnvn,—solar 
heat, and some internal chemical action, by which a quan¬ 
tity of air is converted into water, and sometimes even into 
a stony substance; this last being the most sudden and 
complete, the rarefaction ot the neighbouring air arising 

• From fche Transactions of the Royal Irish AcaUt'my^ for I80a. 
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from it is by far the most violent, but commonly of a 
much shorter duration and extent. An accurate measure 
of the velocity of wind has long; been sought by meteoro¬ 
logists r several have been devised on the Continent, but 
only two, that I know of, in England. That which i 
now lay before the Academy seems to me to be the sim¬ 
plest and best adapted to the purpose, 

1. The force of wind, to which the degrees of its velocity 
are proportional, is measured by that of gravity indicated in 
pounds and parts of a pound avoirdupois ; the calculation is 
grounded on the observations of Mr. Smeaton, in the 
Philosophical Transactions, vol. li. p. l05. 

2. Mr. Smeaton indeed observes, that the evidence of the 
velocity is not so great where this exceeds 50 n)iles, as when 
50 or under; yet, from its agreement with other observa¬ 
tions, I am inclined to think it fully sufficient. 

3. A velocity of 123 feet per second was observed at 
Petersburgh, an. 1741, 3 Much. 468, that is, at the rate of 
83*8 miles per hour. 

4. According to Lalande, in his Treatise on Navigation, 
42 Roz. Jour. 221, the course of the trade winds is be¬ 
tween 6 and 7 miles an hour. 

5. Mr. Brice, Philosophical Transactions, 1756, p. 226, 
observed a storm whose velocity was 63 miles per hour. 

6. A fair wind at sea, is that whose velocity amounts to 
20 feet per second, or miles per hour. Ibid. 

7^ Boiiguer found the velocity of winter storms to be 
about 34 miles per hour, and in summer nearly 43. Ibid, 

The distance from Holyhead to the Pigeon-house is 70 

miles; then supposing the wind to be direct, and its velo¬ 
city 30 miles per hour, and if we suppose the packei-boat 
to assume 0*4 of the velocity of the wind, it will arrive at 
the Pigeon-house in 5*8 hours. 

Let W denote the velocity of wind in the.open air, or 
meeting no opposition ; 

D = the distance of the place towards which the 
wind tends; 

N the number of hours it requires to traverse that 
distance; 

Then any two of these being known, the other may be 
found by the following formulas. 

• Given. 

W. D. 
Sought. 

N. N=rv T 
W,N. D, D='« > 

P- N. W. J 
Thus if W=30, Dr 
then N3=::|-^=:2*33 

D = 30 X 2*33: 

70 

70 

A well- 
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A well-sailing ship assumes of the velocity of the wind; 
'J’he best-sailim’- ship 0-4 of the wind's velocity. 

The above formulas applied to the calculation of a ship's way. 

Given. 
0*4 VV. D. 

0-4 W. N. 

D, N. 

Soug;hr. 
N. 

D. 

0*4W. 

PM \V 

D = 0'4 W N 

0-4 W = J- 

Thus the wind 30, and the distance 70 miles, then the 
number of hours retjuisite to traverse that distance will be 
5-8 for 30x0-4= 12-0 and 12)70 = 3-8 hours. 

Again 0*4 VV. being 12, and the hours, 5*8, being given, 
the distance 70 miles, we have 3*8 x 12 = (]9'6. by the se¬ 
cond formula. 

And lastly, the number of hours = 3*8, and space in 
miles = 70 being given, we have 0-4 of the velocity of the 
wind = = 12 ; and dividing this by 0*4 we have the 
rale per hour of its course in the lower atmosphere. 

1 

Explanation of the Drawing. (Plate IX.) 

Fisf. 1. The anemometer, with a vane or weather-cock 
placed on the top, to show the direction of the lighter 
winds, which could not be knowm by the anemometer, on 
account of the weight of the necessary appendages an¬ 
nexed to it. This is raised of a sufficient height above the 
building, supported by a vcitical axis or pole; the low'er 
end of it passes through the roof and deling into an apart¬ 
ment below. 

Fiij. 2. The lower part of the pole or vertical axis aa. fig. '1. 
more' enlarged, to give a better view of the necessary ap¬ 
pendages. This pole is made of a slender spar, such as are 
made use of for strong setting poles for lighters, and han- 
.dles for boat-hooks, as not being affected by" lightning, 
which iron loo often is, and the cause of the'destruction of 
buildings and many lives. To this pole is fastened a frame 
of lighT wood by screws, in which the weights are con¬ 
fined, one on the top of another, in grooves, in such a 
manner as to work up and down witli the greatest faci¬ 
lity.* The weights-are connected together by cords, and 
marked I, 2, 3, 4, See.; the space between each, wheii 
drawn up by the, force of the wind, is about ^one inch, as 
may be seei/bv the drawing, and each weighs one pound 
avoirdupois. To the top weight is fastened a line, and pass¬ 
ing along the pole to the top, and over a brass pulley fixed 

<at 
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at ihe bottom of the square tube, under the sliding rod b, 
iig. 3. as tar as (o), and there fastened : in this sliding rod 
a groove or channel is cut underneath, to receive the line, 
so as not to impede its passage over the brass rollerski 
ihe.line is composed ot a number of common sewing 
threads, laid in didererit dircciyyns, well waxed, and in¬ 
closed in a cotton case, to prevent as much as possible its 
extension or contraction by tlie changes of the atmosphere, 

fig. 3. The wooden pipe or tube tw'o inches square, 
fastened on the top of the pole aa. fig, ]. open on the side, 
to show the manner that the sliding rod b passes over the 
braids rollersyyy, when the wind is sufficiently strong to 
lift up one pound by its force on the square surface pre¬ 
sented to it, as if) and (c), fig. 4. 

fig. 4. T.he wooden pipe or tube, in which are inclosed 
the sliding rod, rollers, and line, from the effects of the 
weather. 

Fig. 5, The wooden frame, made of light wood, one foot 
square, covered over with very thin sheet brass, strongly 
painted, and varnished with copal. This frame is fastened 
to the sliding rod b. fig. 3. by means of a mortice, &c. 

e n 1 a r e d view of the scale and index, which 
marks the greatest force of the wind during the absence of 
ibe observer, which is attached to the frame confining the 
weights, as Gir. fig, 2.; and being connected with the 
hand fastened on the top weight [d, fig. g.) raises the small 
weight {e); and this being counterpoised by another of 
equal weight, by means of a line passing over a small pulley 
as represented by this fig. and also g. fig. 2, occasions the 
.small weight, with its index, to stop at the number of 
pounds raised by the force of the wind, though they should 
fall down into their proper places on the wind’s abatino-, 

The bottom of the vertical axis or pole p. fip-. 2, is 
sheathed with a steel point, and a socket, which rest on a 
wooden stand or frame, as at d. fig, i, so as to turn with 
ease, and avoid as much as possible any friction. 

1 have also to remark, that in order to render this simple 
machine more complete,.and answer the purpose of an 
anemoscope, as well as an anemometer, it is only neces¬ 
sary to apply to that part of the pole or axis, which is in 
the apartment, an index, and attach to the cieling a thin 
deal board, or a sheet of pasteboard, with the points of the 
f-'ompass marked thereon. 

A Table 
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A Table showing the Velocity of the IVind in Miles per 
Hour, indiaUtd by Avoirdupois Pounds and Parts, 

U J 

c 0 5 

Pounds Pounds Pounds X- 
u 
o and Denomina- U« aud Denomina- <u and Denominar 

Parts. tions. Cx, Parts. tions. Parts. tions. 
.Si 

• S 

JO 0-492') 32 5-067 ) 53 13-923 
• ■ ' E ^ 

11 0-615/ 
Pleasaijt 
wind. 

33 5.386 k Storm. 54 14-464 V 

l‘i 0-738 \ 34 5-705 ) 55 15-007 
13 0-861 L 35 6-025 j 56 15-548 
1^ 0-984 ) 36 6-394 V Great storm. 57 16089‘ 
15 1-107^ 37 6-762 S 58 16-630’ 
16 1-279 j 

1 451 1 
1-623 ^ 

38 7-132 7 
Very great 
storm. 

59 17-171: 
17 

'18^ 
Brisk gale. 

39 
40 

7*501 J. 
7-873 \ 

60 
61 

17-715 
; 18-403 

• 

19 1 -795' i 41 8-291 ; Violent tern- 62 19-091 
20 1-968J 42 8-709 \ pest. 63 l9-779j 
21 2-169') 43 9-127 j 64 20-467 
22 2-370 / 44 9-545 > Hurricane. 65 j21-158 
2s 2-571 y Very brisk 45 9-963 ) (;6 i 21-846 
24 2-772 i gJe. 46 10-430 67 j 22-534 
25 2-975 j 47 10-897 68 23-222 
26 3-265 ) 48 11.364 

m 69 23-910 
27 3-555 V High wind. 49 h 1-831 70 24^602' ■ 

28 3-845 \ 50 12-300 
29 
3C 

4-',35) 
4-429 

Very high 
51 
52 

12- 841 
13- 382 i 

SI 4-748 \ wind. 

The above table is followed by A synoptical View 
of the State of ike Weather at Diihlm, in the Year 1803,*' 
marking the variations of the wind^ the slate ol: the baro¬ 
meter, ihe.rmoraeter, —In this syiu pilcal table the force 
of the wind is noted under columns headed in the following 
jnanner: (Edit.) ' ' 

Force of the IVind as indicated by the Anemometer, 
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XXXV. Analysis of the Mecaniqiie Celeste of M, La Plage. 

By M\ Biot. 

[Continued from p. 209 ] 

The author also considers the general case in which the 
spheroid^ supposed to be always fluid at its surface, may 
contain a solid nucleus of any given, figure not differ¬ 
ing much from the sphere. The radius "drawn from the 
Centre of gravity of the spheroid to the surface, and the law 
of gravity at this surface, have certain general properties, 
which the author has found out, and which are the more 
important as being independent of all hypothesis. The 
first consists in this, that in the state of equilibrium, the 
fluid part of the spheroid must always be arranged in such 
a way that the centre of gravity of the external surface may 
coincide with that of the spheroid, Idie permanent state 
of equilibrium in which the celestial bodies are, also brings 
to light some properties of their radii; for this state requires 
that these bodies should turn, if not exactly, at least very 
nearly so, round one of their three principal axes. Hence 
result certain conditions which their radii must satisfy, and 
these are explained by the author in a very simple manner. 

He afterwards obtains, by the differenciatiou of the gene¬ 
ral equation of the equilibrium of spheroids, the law of 
gravity at their surfaces ; and he deduces from it the length 
of the seconds pendulum, which is proportional to this gra¬ 
vity. Finally, the developed expression of the radius of the 
spheroid gives him the osculating radius, and consequently 
the degree of the meridian. These formulae possess the valu¬ 
able advantage of being absolutely independent of the interior 
constitution of the spheroid ; i, e. of the figure and density 
of its layers. They depend solely on the expression of its 
radius, with which they are connected by very simple rela¬ 
tions. On comparing these relations with each other, we find 
that the parts of the radius w'^hich enter under a finite form 
into the expression of gravity and length of the pendulum, 
undergo two successive differenciations, in order to pass into 
the expression of the degree of the meridian, and would 
consequently undergo three in the variation of two conse¬ 
cutive degrees; and as the differential of a quantity raised 
to any given power is always multiplied by the index of this 
power, It results, that terms scarcely sensible in themselves 
in the expression of the length of the pendulum might, if 
elevated to high powers, become considerable in the varia¬ 
tion of the degrees; which explains in a very simple man¬ 

lier, 
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ncr, how it is possible that the observed leiie-ths of the se¬ 
conds pendulum increase from the equator to the pole, nearly 
in proportion to the square of the sine of the latitude, whilst 
the variations of the observed degrees of the meridian differ 
perceptibly from this law. For the same reason, the aber¬ 
ration of the elliptic figure will be less sensible in the value 
of the horizontal parallax of the moon, which is propor¬ 
tioned to the terrestrial radius, than in the expression of the 
length of the pendulum which is given by the diffcrencia- 
tioii of the equation of equilibrium into which the radius of 
the spheroid enters under a finite form. The preceding for¬ 
mulae may also serve to verify the hypotheses necessary for 
representing the measured degrees of the meridian* The 
author has made an application to that which Bouguer pro¬ 
posed, namely, to suppose the increments of the degrees 
from the equator to the pole proportional to the fourth 
power of the sine of the latitude ; and he proves that this 
law is inadmissible. 

The author applies these general results to the case in 
which the sj)heroid not being solicited by foreign im¬ 
pulses is formed of elliptic layers, all of them having their 
centres at the centre of gravity of the fluid. We have seen 
that this case is that of the earth supposed to be primitively 
fluid ; and the author proves that it would still agree w-ith 
it in the hypothesis of the figures of its layers being simi¬ 
lar. He deduces from it, that then the radii diminish, and 
the degrees increase from the equator to the pole propor¬ 
tionally to the square of the sine of the latitude. He proves 
also by the help of the same formulae, that on the most pro¬ 
bable suppositions, suppositions which become necessary, 
if the spheroid has been originally fluid, its oblateness must 
be less than in the case of homogeneity. Finally, he esta¬ 
blishes between the ellipticity of the earth, and the variation, 
of the pendulum from the equator to the pole, this remark¬ 
able relation : Putting unity ferr the length of the pendulum 
at the equator as much as the ellipticity of the earth sur*- 
passes that which would take place in the caSe of honVyt'ye- 
neity, in the same proportion is the total increase of the 
pendulum from the equator to the pole exceeded by that 
ivliich would take place in the same case ; and reciprocally^ 
so that the sum of this increase of the ellipticity forms a 
constant quantity. 

The author afteinvards determines the attraction of sphe¬ 
roids the surfaces of which are fluid and in equilibrium, an 
hypothesis which takes place with R^spect to the earthy and 

■which it seems natural to extend to the other bodies of the 
system 
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system of the world. He afterwards gives an extremely 
simple expression for the law of gravity at the siirHce of 
homogeneous spheroids in equilibrium, whatever nsay be 
the index of the power to wlucli the attraction is propor¬ 
tional : for this purpose he makes use of the equation 
which takes place at the surface of spheroids differing very 
little from the sphere; and he deduces that in general, if 
the spheroid be a homogeneous fluid and endowed with a 
rotatory motion, the gravity varies from the equator to the 
pole proportionally to the square of the sine of the latitude ; 
and what is singularly remarkable, this variation vanishes 
when the attraction is proportional to the cube of the di¬ 
stance p so that in this case the gravity at the surface of ho¬ 
mogeneous spheroids is every where the same, whatever 
may be their rotatory motion. 

In the preceding inquiries the author has supposed the 
effect of the centrifugal force and of the foreign attrac- 
tions to be very small, with respect to the attraction of 
the spheroid^ which has admitted of his neglecting the 
square and the other powers of these forces, as well as 
quantities of the same order : but he shows that it is easy 
to extend the same analysis to a case in which it may be 
necessary to preserve them. At last he arrives at this im¬ 
portant conclusion,—that the equilibrium is rigorously pos¬ 
sible, although it is only by successive approximations that 
we can assign the figure which satisfies it. Such ivS'the re¬ 
sult of M. La Placets labours on the attractions of sphe¬ 
roids. The uniform and direct manner in which this the- 
ory> so abstract and difficult, is derived by simple differenci- 
ations from a single fundamental equation, is doubtless one of 
the most remarkable things that analysis has ever effected. 

In order to compare the preceding results with observa¬ 
tions, it is necessary to know the curve of the terrestrial 
meridians, and that which we trace by a course of geodesic 
operations. If by the axis of rotation of the earth, and by 
the zenith of a place on us surface, we imagine a plane 
nrqjonged to the heavens, this plane will there trace the 
circumference of a great circle, which will be the meridian 
of the place^; and all the points on the surihee of the earth,' 
which will have their zenith in this circumference, will 
be under the same celestial meridian. These points are 
therefore such that the normals, drawn through them to 
the surface of the earth, are all parallel to one and the' 
same plane. According to this condition the author deter¬ 
mines' the curve which they form on the surface. This', 
curve, which is the terrestrial meridian, is plane' if the 

spheroid 
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spheroid be one of revolution^ but in the general case it has 
a double curvature. 

The geodesic line is a curve whose first side is a tangent 
in any given dircctioi^ to the surface of the earth. Its se¬ 
cond side is the prolongation of this tangent bent according 
to a vertical, and so on. According to this condition, the 
author dctcnnincs the equation of this curve, which is the 
shortest that can he drawn between two points given on the 
surface of the earth. 

The geodesic line is very proper for enabling us to be- 
come acquainted with the true figure of the earth. In fact, 
u'e may conceive at every point of the surface of the earth- 
a tangent ellipNoid, and on which the geodesic measure- 
inenits, the longitudes, and latitudes, reckoninij fropi the 
points of contact, would be in a small extent the same as 
at this surface. If the eartli were an ellipsoid, it would 
coincide with the tangent ellipsoid, which- would be every 
where the same ; but if this circumstance did not take place, 
the tangent eili[)Soid would vary from one country to an¬ 
other; and these variations, which it is interesting to know, 
could only be determined by geodesic admeasurements made 
in difierent directions and in different countries. 

d'he surface of the earth being supposed to differ a little, 
from the sphere, the author gives the equation of the t2;eo- 
desic line; and considering in the first place the case in which' 
the first side of this line is parallel to the correspouding; 
plane of the celestial meridian, he deduces fi'om, it the; 
Jengtli of the arc comprised between two given latitudes., 
If the terrestrial spheroid be one of revolution, this arc and. 
the whole curve are in one and the same plane, which is 
that of the celcsiial meridian, it varies from u when the 
parallels are not circles ; so that the observation of this va¬ 
riation may throw some light on this important point of the 
figure of the earth. The author by a very delicate analysis 
shows, that if the first side of the geodesic line be parallel 
to the corresponding plane of the celestial meridian, the dif¬ 
ference of longitude of the two extremities of the measured 
arc is equal to the azimuthal angle of tl:te extremity of the 
arc divided by the sine of the latitude. ITis very simple 
result is independent of the interior constitution of the 
earth, and of the knowledge of its figure. It is of very 
great importance in this theory ; since, if the azimuthal an^le 
observed is such that we, cannot ascribe it to errors in the 
observations, wc might conclude with certainty that the 
earth is not a spheroid of revolutioi). , The author, after^ 
yi;ards considers the c^se in which the firs,t side of the geo^,. 

dcsic 
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desic line is nerpendicnlar to the corresponding plane of the 
terrestrial meridian, and he obtains an equation which de¬ 
termines the difference of latitude of the two extremities of 
the arc. It is very remarkable that the function which 
gives this difference is equal to the azimuthal angle observed 
at the extremity of the satne arc, measured in the direction 
of the meridian and divided by the tangent of the latitude 
at the first point of this arc. This function may therefore 
be determined two ways; and we might judge if the values 
found, whether of the difference of the latitudes or of the 
azimuthal angle, are owing to the errors of observations or 
to the eccentricity of the terrestrial parallels. The author 
afterwards calculates the difference in longitude of the tv/o 
extremities of the arc measured in the direction of the pa¬ 
rallels, as well as the azimuthal angle formed by the ex¬ 
tremity of this arc with the corresponding plane of the ce¬ 
lestial meridian. Finally, he determines the osculating 
radii of the geodesic lines, whether drawn in the direction 
of the meridian or in the direction of the parallels, and he 
deduces from it that of the geodesic line, which forms wdth 
the meridian any given angle. Considering afterwards 
the osculating ellipsoid, the author teaches ns how to de¬ 
termine it from the measurements of the earth. 

We have previously seen that the elliptic figure must 
be that of the earth and the planets, supposing them to 
have been originally fluids, if in other respects, by becom¬ 
ing hard, they have preserved their primitive figure; it was 
therefore natural to compare with this figure the measured 
degrees of the meridian ; but this comparison has given for 
the figure of the terrestrial meridians different ellipses, and 
which are too far removed from the observations to be 
admitted ; whence it follows that the figure oi the earth is 
more complex than had been at first supposed. Neverthe¬ 
less, before abandoning the elliptic figure entirely, it is im¬ 
portant to determine that in which the error is Smaller than 
in any other of the same nature. The author gives two 
different methods for attaining this object; the first is gene¬ 
rally applicable at all times, when we have a certain number 
of observations, which we suppose to be represented by a 
function whose form is given; it is requisite to determine 
this function in such a manner that the errors of observa¬ 
tion may be less than in any other of the same form. 
Having, for instance, any given number of observations of 
a comet, we may by their means determine the parabolic 
orbit in which the greatest error is (abstracting from the 
sign of the error) Jess than in any other of the same nature: 

2 but 
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l)iu this method requiring very tedious calculations^ when 
the number of Dbservatif)ns is considerable, the author 
gives one more expeditious, and applicable to the observed 
lengths of the pendulum and of the de£2;rees of the meridian. 
"J'he cHi psis determined by this method, serves to ascertain 
whether the elliptic figure is within the limits of the errors 
of the observations ; but even by this it is not that which 
the measured degrees indicate with most probability. This 
last in the author’s opinion ought to possess the two follow¬ 
ing properties; 1st, That the sum of’ the errors com¬ 
mitted in the measurements of the whole measured arcs 
should be nothing. 2d, I'hat the sum of these errors, all 
of them being taken positive, should be a minimum. He 
gives a method for determining it according to the fore¬ 
going cotiditions j and this method, which employs the whole 
ienofths of the measured arcs, has the advantat^c of p;ivinp*, 
as jt ought to do, so much more innuence to .each of these 
arcs, as it is more considerable in length. 

Tlie author applies these methods to the degrees measured 
at Peru, the Cape of Good Hope, Pennsylvania, Italy, 
France, Austria, and Lapland. The result is, that in the 
elliptic hypothesis we cannot avoid an error of igp metres 
on some of tliese degrees; which is by far too considerable. 
I'hc ellipticity corresponding to this minimum of error is 

equal to^—, the polar axis being taken as unity. The most- 

probable ellipse gives this ellipticity = and it supposes 
O I w 

an error of 336 metres in the degree measured in Pennsyl¬ 
vania ; which appears inadmissible. This result confirms 
what w^as said before, that the earth differs sensibly from an 
elliptic figure. But there remains no longer any doubt re¬ 
specting this, \vhen the author, applyinor the same analysis 
to Ihe operations lutely made with so much care by De- 

lambre and Mcchain, deduces from tltem for the eanli’s 
^ 150 

ellipticity ; an oblatencss which, as the auth.or observes, 
cnamot subsist either with the phaenomena of gravity, or 
with those of precession and nutation ; for ihC'Se j)haeno- - 
mcna do not permit us to suppose the earth to possess an 
oblatencss greater than in the ease of homogeneity, orabove 

and the extreme accuracy and care used in the opera¬ 

tions by the able astronomers just named do mot admit of . 
onr ascribing the variation to the errors of the observations. 
To determine decidedly the magnitude of the quarter of 

Vol. 34. No, 138. October ISOy. R th c 
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the terrestrial meridian frum the arc comprised and observed 
between Dunkirk and Mont-Jouy, it is necessary to adopt 
an hypothesis’for the ligure of the earth ; and by means of 
the irregularities v\’hich it presents, the most simple is that 
of an ellipsoid of revolution. Assuming this supposition, 
and comparing the arc measured in France with that mea¬ 
sured at the equator, we deduce the quarter of the meridian, 
and the length of the metre, which is the ten millionth part 

of it. This comparison gives -for the earth’s eliipticity^ 

The author then shows, that, whatever may be the figure 
of the earth, tlte observed diminution of the degrees of the 
meridian from the pole to the equator requires a corre¬ 
sponding augmentation in the terrestrial radii, and conse¬ 
quently an obiateness in the direciion of the poles. He 
then passes to the comparison of the elliptic hypothesis 
with the observed lengths of the seconds pendulum. Taking 
for this purpose fifteen selected observations, lie shows that 
all may be reconciled to an elliptic figure, by only admitting, 
an error equal to the eighteen hundred thousandth of the 
observed length. The elfipticity corresponding to this mi¬ 

nimum of error is —, and that given by the most probable 
321 

ellipsis is 
1 

335* 
By this we perceive that the aberrations of 

the elliptic figure are less sensible in the variatioUvS of the 
lemith of the pendulum than in that of the degrees of the 
meridian. The theory of the attractions of spheroids gives, 
as the author has before ('bserved, a very simple explana¬ 

tion of this circumstance. 
The author applies the same methods to Jupiter, whose 

oblateness has been determined with accuracy. He first 
supposes this planet to be homogeneous, and comparesnh.e 
oblateness- computed on this hypothesis with the observa¬ 
tions. 1 he result being found too great, the author coiir 
eludes that Jupiter is less oblate than he would be if he 
were homogeneous, and that his density increases like the 
earth from the surface to the centre. In this case theory 
establishes limits between which must Ire, comprised the ra¬ 
tio of the two axes; here these limits are very nearly ap¬ 
proached, and the author shows that the observed axes of 
Jupiter are contained witliin them,, so that gravity is yet ou 
the point of agreeing perfectly with observations. 

The author then employs himself with Saturn’s ring : : he 
supposes that an infinitely thin fluid layer spread into this 
suifaco would, be in equilibrium,inconsequence pf the, forces 

t) - which. 
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U'hich animate it; and it is according to the condition of 
this equilibrium that he determines the figure of the rings. 
To obtain it, he conceives each ring as engendered by the 
revolution of a cl(>scd figure, such as the ellipse moved per¬ 
pendicularly to its plane about tliC centre of Saturn placed 
on the prolongation of the axis of this figure. Introducing 
these circumstances in the equation of the second order of 
partial difi'erences relative to the attraction of spheroids, 
and supposing the dimensions of the ring to be very small 
udth regard to its distance from Saturn’s centre, there arises 
an integral equation, which is tlie same as if tlie annular 
surface were a cylinder of an infinite length : and in fact 
we see that this case is very nearly that of the ring when 
the attracting point is near its surface. But, as this first ap¬ 
proximation is not in general sufficient, the author gives the 
means of obtaining others more and more exact; and he 
shows, that to obtain them it suffixes to know the attrac¬ 
tions of the rings on points placed in the prolongation of 
the axis of their generating figure. Considering in parti¬ 
cular the case where this figure is an ellipsis, he gives the 
values of these attractions, as well oq a point distant from 
the rings as on a point on their surface. 

He then supposes the ring to be a fluid homogeneous 
mass, and the*generating curve to be an ellipsis. The ge¬ 
neral equation of equilibrium sliows in this hypothesis the 
motion of rotatioD'of the ring, and the cilipticity of the 
generating curve ; he deduces from it again the limits of 
the ratio of the mean density of Saturn to that of the ring ; 
and at last obtains this remarkable result, that the motioh 
of the ring is the same as that of a satellite as far distant 
from the centre of Saturn as the centre of the generating 
fi'Hire is from it ; which exactly conforms with the obser- 
vations. He then shows that the preceding theory would 
still subsist if the generating ellijise varied its magnitude 
and position throughout the whole exient of the circum¬ 
ference of the ling, which might thus be supposed of an 
unequal size in its diffierent parts, as ap})ear3 to take place 
in nature. Lastly, he demonstrates that these inequalities 
are necessary to maintain the ring in equilibrium round 
Saturn ; to prove it, he supposes the ring to be a circular 
hue whose plane passes by the centre of Saturn, but with- ' 
out the two centres coinciding ; and he shows that then the 
centre of Saturn will always repel the centre of the ring; so 
that, whatever may be the motion of this second centre 
Vound the first, the curve which it describes would be con¬ 
vex towards Saturn : it would finish therefore by receding 

K 2 more 
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iifiore and more until its circdmfereiice rc-united itseU to 
the surface of the planet. From this the author deduces, 
that ill p^eocral, if the ring were similar iu ah its parts, its 
centre would be always repelled by Saturn's centre, if it 
ceased ever so fitt-le to coincide with it; so that the-slightest 
cause adectiug this coiocidcncc, the attraction of^a comet 
or of a satellite, would precipitate the ring down to Saturn, 
where it would be united for ever. It is therefore neces¬ 
sary, in order that the equilibrium might be hrm, that the 
rings of Saturn be irregular solids of unequal width in the 
ditTereut points of their circumierence, and such that their 
centre of hgurc should not coincide with their centre of 
srravilv. The author then treats oil the iiaiure of the at- 
mospheres of the celestial bodies. 

A rare, traosparentand compressible iiuid, sustained by a 
body which it environs, and mi which it bangs, is what 
we call its atmosphere. In proportion as the fluid rises from 
the body it becomes more rare in coiisequence of its spring : 
but if its exterior surface be elastic it extends without end, 
and lerrainates by being dissipated in space. The author 
coLiclpdes from tlie-se coBsideratioiis, that there exists a state ' 
of rarity in which this fluid is. without spring, and that it 
must be found in this state at the surface of the atmosphere. 
The igure of this surface mast then be such, that the result 
of the centrifuttsi force and of the attractive force of the 
body must be perpendicular to it; wdiich gives the equation 
of tins figure. Considering particularly the case where the 
covered splieroid differs little from the sphere, the author 
deduces the equation for the fa^-ers of the same density of 
the atmosphere. Observing then that the limit of the at¬ 
mosphere must he such that the centrifugal force of it be 
equal to the gravitv, be demonstrates that the atmosphere 
has only one pKissible dgure of equihbrium, in ivhich the 
ratio of the least to the greatest axis, whicii is that of the 

■ equator, cannot be less than By applying these results 

to the solar atmosphere, we (iod that it can only exlend to^ 
the orbit of a planet which would circulate in a period of 
time equal to that of the rotation of this body, that is to 
say, in tweety-five days and a half. It is therefore very far 
from reaching the orbits of Mercury and Venus. The zo¬ 
diacal light extends far beyond these orbits, and appears in, 
the form of a ven^ oblate lens. The authvor coacliides with 
cerliinty^ that it is not the stio's atmosphere. 

END OF THE THIRD BOOK. 

[To be cozidaued.] 
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X?\XVf. Cosmogony of the IroqiiaU^ or Five Indian Nations 
of Canada 

-1 HK rollo’.vlnji skctcli oF the tbeolofrical notions heretofore 
entertained bv the aboritrina! people whose descendants still 
inhabit the wesleni parts of ISTew-York and the southern 
region oF LTpper Canada, was coniiriunichted to Dr. Mit- 
chill at Fort Schuvler, in the year 1 788, bv the late reve- 
rCPid Sampson Occoin, the famous jVIohegan preacher and 
missionary, during the negotiation between the commis¬ 
sioners of New York and t,hc sachems and warriors of the 
Six Nations, which terminated in the treaty with the Onei- 
das, Onondao’Hs, Senecas, and Cavneas of that year. Air. 
Clinton then administered the government of the stare, and 
met the Indians, in person, aceompanied by Messrs. Jones, 
I/ldommedicu, Benson, V'ariek, and Gangevoort, as agents 
on the part of the Commonwcalllt. 

'fheir tradition concerning tlie origin of the world and of 
man, though wild and eccentric, iias still the rrrerit of being 
as credible as most others extant. An account of it was 
transmitted inany years aeotoDr. Robertson, the celelirated 
historian of America, by a person eminently skilled in In¬ 
dian researches. And it would probably have been noticed 
by him, had he finished the history of the Britisl’i settle¬ 
ments in North America.v But that writer having left only 
two chapters of this work, the one on the coloifizalion oF. 
V^iririnia, and the other on that of New England, nomen- 
lion is made oF the character and peculiarities of these peo- 
])]e, apart Irom the general survey he had taken of the abo¬ 
rigines in his Former volumes. 

"Lieut.-governor Golden, the proFcssed historian oF the 
Iroquois, w’rites, that, as to what religious notions the 
five nations oF Canada have, it is ditiicult to judge of them ; 
because the Indiansthat speak any English, and live near us, 
have learned many thimrs oF us ; and it is not easy to distin¬ 
guish the nations they iiad originally among themselves, from 
those they have learned oF the Christians, his certain they 
liavc no kind oF public w(jrship; and I am told they have 
no radical word to express ‘ God,* but u«e a componud 
w'ord, s\'iin\\\'U)^ the preserver, sustainer, or master oj the 
universe : neither could 1 learn w'hat sentiments they have 
oFa future existence.’-’ d'his extract is taken From his Ac^ 
vomit of the Five Indian Nations which are dependent on 

\ 

"* From Professor Mitchill’s Lectures on Natuo'l History, dc’ivercuMay 
PTth, 1809. 

R 3- the 
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the Province of New-York ^ &c. And ibis work was pub-^ 
lished at London as ion.g ago as 17^7• Notwithstanding 
the difiicnlties which beset every inquiry concerning the re¬ 
ligious rites and tenets of rude nations, as stated by Dr. 
Robertson in his History of America, 1). iv, § 7? the pro¬ 
fessor has thougiR it worth tlie while to preserve this rem¬ 
nant of antiquity; and to state it to his audience, rather 
than suffer it to perislj on the lips of a declining and eva¬ 
nescent people. He offers it as a singular tradition, and 
worthy of being contained in the Tlicogonia of Hesiod, 

driginall) d’ the tradition runs, the self existing 
world consisted of mud and water, and was inhabited solely 
by aijuatic ammais and birds. 

At this time there was an universal language among 
the creatures, which they all used and could understand. 

They lived together ip a most happy society, and per¬ 
formed^ for each other various and numberless offices of 
friendship. 

But while the beings of the nether world were enjoy¬ 
ing themselves in these ways, a scene of great and general 
concern was exhibited in the world of spirits above. 

A distinguished young warrior in those upper regions 
laboured under an exhausting and dangerous disease, which 
rendered his restoration to health extremely doubtful. 

He was the favourite and the hi^pe of the celestials, 
who, anxious f^or the recovery of their beloved hero, strove 
by every possible means to comfort and cure him. And 
they proffered their services in every wav that in their judge¬ 
ment might relieve or delight him. They were unsparing 4 
of any gratification, to which the whimsies of his sickly 
brain seemed to he inclined. 

One day, as they were assembled and condoling by the 
loss they should sustain through the offstinate and increas¬ 
ing violence of the malady, a messenger arrived from the 
patient, who, in a hasty and panting voice, told them, 
that something was importunately required of thero by their 
dying friend. The languid youtli, he said, wished the na¬ 
tion to make an exertion of its whole strenoib. There was 
a tree of uncommon size and of great note in tire village. 
It was his earnest desire that this tree should be pulled up 
by the roots. Instantly the work w'as undertaken. Scaffolds 
were built around. Cords were twisted, and tied to the 
trunk and branches. And after tugging a long time, the 
•united effort of the whole vorld of spirits raised the tree 
Irom the earth, and held it suspended in the air. 

A vast and terrible cavity was left beneath. The bot¬ 
tom 
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toin of this, by reason of its crookedness and depth, could 
not he traced by the eve. 

“ On being told thvat the tree had been eradicated ac¬ 
cording to his request, the feeble youth begged that he might 
be conveyed to the side of the chasm and seated there, it 
was believed the odour of the fresh earth mifrht lend to re- 

Vive him. This being done, he turned his languid eyes 
toward the thronging people, and, espying a beautitul young 
female spirit siaiullng near him, signilied his d.eslre that 
she might also be brought to the brink of the precipice and 
be seated beside him. 

'fhis havin'! been immediately performed, and the 
girl placed bv the warrior on the maro;in of the hole, he 
watched a favoiirabJe opportunity, and suddenly pushed her 
into it headlong. Slie rapidly descended, and in a lew 
seconds disappeared from their view. 

‘‘ She continued rolling and tumbling down the perfora¬ 
tion until she fell through into this lower world, 

d'he vouno man then told them that he had been de- 
sperateJv sick of love; that he had been intolerably tor¬ 
mented by jealousy ; and that the damsel whom he had 
precipitated into the pit, had been the object of Ins most 
ardent passion. He informed ihem she had slighted his 
fondest overtures, and given a preference-to anotlicr. But 
having now plunged her to perdition in revenge for her neg¬ 
lect and scf)rn, he should soon recover his wop.ted health. 

“ I'he attentive spirits at lirst felt much concern and 
shuddering at the accident. But finding their favourite’s 
recovery was insured at a price so inconsiderable as the loss 
of the <rirl, their sadness was immediately converted to joy. 
And thus quiet was restored to the nation of spirits. 

‘‘ She coiuinutd to fall for several successive davs, and 
at length drew near to the confines of this lower world. 
Her nearer ajiproach was descried by a bald eagle, who was 
soaring very high upon the wing. Stjuek wiiii the novelty 
of the appearance, he immediately gave the alarm to all 
the fowls of the air anil inhabitants of the water. They 
quickly assembled, and held a consuUation what was to be 

done. 
It was nnanimonsly concluded in the meeting, that 

the falling body, be it what it might, should not be sufier- 
cd to plumie into the abyss and perish by drowning; but 
that some one of their inmbcr should immediately prepare 
himself to receive and sustain it on liis back. 

“ i'^irst the eagle ofiered Ins services to buoy up the ob- 
R 4 ject; 
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]cct; but the prevailing opinion was against him, under a 
persuasion that the air was not solid enough to allow him 
to attempt it with success. Then, the wood-ducks offered 
their aid ; but it was objected that ihedr backs were too nar¬ 
row, and their strength too inconsiderable; it would be impos¬ 
sible for them to keep afloat, and they must infallibly die 
by submersion. The beaver next signified his willingness 
to perform the service; and a sentiment of approbation was 
on the point of being expressed, when a large tortoise made 
bis appearance, and raised his knobbed head and spreading 
shell above the surface. 

There was an instant decision that the tortoise was the 
fittest of all the creatures for the purpose, and was en¬ 
couraged to fix and balance himself to receive the approach¬ 
ing phasnomenon. 

The outcast from the upper world by this time drew 
very near. For the tortoise had no sooner made himself as 
buoyant as he could, and brought his body to a poize, than 
she alighted upon his hack. 

Luckily she catched upon her feet. The tortois^e bore 
the shock perfectly well. After the female visitant had re¬ 
covered a little from reeling and staggering, she found her¬ 
self in a short time almost overpowered by giddiness and 
faintness. In this condition, she sat herself down cross- 
legged upon the tortoise’s back, and, leaning forward with 
her head toward her knees, fell into a-profound and re¬ 
freshing sleep. It may be noted that, in commemoration 
of this event, the Indian women to this day accustom them¬ 
selves to sit cross-legged. 

On awaking, she was surprised to find, instead of the 
bare tortoise shell, a small circuit of earth, and sponta¬ 
neously and miraculously outspread, and covered with 
bushes, vines, and fruits. She extended her hands, and 
gathered some of the blackberries, mandrakes, and grapes. 
After eating her fill and drinking some water, she lay down 
and slept again ; for now there was room enough for her to 
stretch out her limbs at full length. 

When she next awoke, she could see no water whatever. 
The land, by a continuation of the miracle, had already 
extended itself further than her sight could, reach. \“ege- 
tables of every kind abounded on it; as also did four-footed 
animals. After awhile she arose, walked about, and prepared 
for subsisting as comfortablv as she could in her new and 
solitary abode. 

But, before she passed manv moons in her terrestrial 
abode,. 
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abode, pregnancy forced itself upon her notice. This was 
the consequence of an amour in- which she had been en¬ 
gaged in the upper world. And it was on account of the 
preference she'^hovved to the young spirit of her heart, that 
she became the object of that jealous temper in his rival, 
which thrust her from the high place of her birth. 

In due time she was delivered of a female child, who 
grew' thriftily, and until the age of puberty acted as the 
companion and assistant of her mother. During the in¬ 
fancy of this daughter, there was a great intimacy between 
her and some of the land animals. They were constant 
play-fellows; and, as she grew np to a more interesting 
size and figure, were engairing in their manners and more 
assiduous U) please her. They frisked around her, played 
their prettiest tricks to entertain lier, and in short employed 
in her presence all the arts of gallantry and courtship that 

they knew. 
After some years were passed in this manner,*the like 

accident hefel the daughter which lier frolicsome mother 
had experienced. She proved with child ; and at the period 
of tier gestation, twins, two male children, were born^of 
lier. h was always a matter of uncertainty wdth her, who 
was the father of the boys. It was certain, however, that 
the sire was either the hear or the iorioise. Accordingly, 
ill tracing' the rrenealoeies of the tribes' and families, it is 
an unsettled jioint at this time, whether that which derives 
its oriain from the bear or the tortoise is the more honour¬ 

able and dignified. 
d'hesc children, so ushered into the world, were the 

i GOOD spiiuT and the i^iViL spirit. The difference of their 
tempers and dispositions manifested itself before they were 
born. Willie yet encircled in the womb, the former was 
content to lie still and be quiet, while tlie latter was un¬ 
ceasingly restless, and by kicking and scratching strove to 
i>;ive Ins inother all the torment lie could, lie finally de- 

^ dared to bis brother, in one of their conversations, that he 
never would befoul and di-grace himself by coming forth 
through the natural passage; but that he would find some 

I preferable and more decent outlet to day-hght. 
By the persuasion of his weli-clisposed brotiier, how¬ 

ever, he was induced to moderate his restlessness until his 
: mother’s labour came on. It was the lot of the good spirit 
I then to be born first. Whereupon his perverse a-n'd impa- 
? tient brollier took a resolution not to follow him along the 
; dirty load through which he came, imt to take an opposite 
j course. With a violent exertion he therefore tore his way 

j suddcnlv 

i 
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suddenly through the womb, and, passing through the belly 
obliquely upwards, forced himself out at the armpit. 

The mother immediately expired under this compli¬ 
cated injury 5 but both the children survived, and were 
brought up by their grandmother. The old dame was at 
the same time so enraged at the conduct of her grandson 
the evil spirit, as respected his mother, that she determined 
to make all the amends in her power for the outrage done 
her sex. She accordingly divided the dead body of her 
daughter into two parts at the waist. With a strong whirl, 
she threw the lower limbs, together with the insulted or- 
gjins, into the sun^ where, hid in' intolerable brightness, 
no persou, however curious or audaclmis, can bcar"^to look 
at them. The head, trunk, and upper limbs, she slung to 
the other luminary, where they are still visible in the form 
m the woman in the moon, 

_ The boys manifested, as they grew, verv diTcrent 
dispositions. As they progressed in age and increased in 
stature, the younger was no less remarkabble for his ma¬ 
lignity and depravity, than the other for his virtue and ex¬ 
cellence. But he was under some control from Ins grand¬ 
mother, and was withheld from the commission of the worst 
kind of crimes during her life. 

After her death, being left to themselves, the brothers 
agreed to possess the earth together in ,an amicable manner, 
as their joint inheritance. Yet, even after this agreement, 

.the propensity of the younger to mischief and vice -was so 
irresistible that nothing could withhold him. Though se¬ 
veral wrangles and scuffles had taken place between diem, 
the good spirit became convinced that nothing but force 
could reduce his depraved brother to a sense of decency and 
order. Foreseeing that a necessity for another contes't be¬ 
tween them would shortly arrive, he resolved to exert all 
his courage and strength, and give his brother a sound and 
sufficient beating, once for all. 

“ An opportunity, as be had predicted, soon presented 
itself. Owing to some misunderstanding, a battle happened 
between them near the falls of Chamblee, not very far from 
the junction of the Sorell with the St. Laurence. The evil 
spirit was worsted in the combat; but, at leni2;th escapin'^' 
from his brother’s hands, sought safety in flight. To dude 
his antagonist’s blows, he directed his course across the 
country towards the south, and, stepping with wide and 
hasty strides from mountain to mountain, reached the lower 
falls of Delaware before he was overtaken. Flere his ex- 

. asperated brother, who had all the while pursued close at 

his 
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his heels, cleiiclKcl him a^ain. The contlict was renewed, 
and, after a hard and obstinate resistance, the evil spirit was 
overcome, and constrained to cry for mercy. Having bound 
himself by a solemn promise to behave better in future, he 
was dismissed, and permitted to go at large. 

“ But he was no sooner at liberty than his wicked appe¬ 
tites returned. Mis engagements for iiood behaviour were 
broken. And lie employed himseJf ,with an industry 
worthy of a better cau^e, in creating gnats, mosquitoes, 
hornets, and rattle-snakes, and in proclucing briers, nettles, 
thorns, and poisonous jilants, to the hill extent of his abi¬ 
lity, for the purpose of dislleuririg the earth, and of annoy- 
in<r to the uttermost of his power the human creatures, 
whom he foresaw would he brought into existence, and be 

devoted to the good spirit’s will. 
For, r;Ow, another important event took place, which 

gave origin to the human race. On a sudden, many of the 
animals who had lived on the land and in the water, un¬ 
derwent a strano:c transmutation. They hud aside their ac¬ 
customed l]o!:ure and disposition, and were transformed, 
the males to men, and the females to women. And ac¬ 
cording to the brutal species whence the human individuals 
arc reported to have spruni?, do the Indians denominate 
their families and tribes. And thus the descendants of the 
Itar. the deor^ the tortoise, the ivoJf and of many others, 
distino;uish themselves very carefully by the name of their 

rirst progenitor. 
“ d'hus w'as the world produced/’ in the opinion of the 

Iroquois; ‘‘ thus the ruling pow'ers introeiuced into it, and 
thus the race of man brought into existence. 

‘‘ As to the earth itsclCit rests upon the back of the im¬ 
mense tortoise, who, in the beginning, received the female^ 
visitor from bevond the clouds, He supports it, balances it, 
and carries it with h.im wherever he sw'ims on the vast ex- 
])anse of waters. And the old persons relate that some 
of their warriors and hunters have travelled so far to the 
westw^ard, that th.ev have actually seen his enormous leg 
project from his body, beneath the shell, where the v^aves 
of the ocean roll against him in vain. T hey have also re¬ 
marked, when he feels uneasy and changes his posture, the 
motion communicated to the land occasions earthquakes; 
and when he inclines a little to one side or the other, he 
subjects a portion of the earth to inundations and deluges.” 

XXXVII. On 
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XXXVn. On the Breedhig of Fish, awl the Nahiral 
History of iheir Generation. 

Kaviuo been favonred with a copy of some interesting 
practical communications on tins subject, which were' 
first 'published some years ago in the Hanover Maga¬ 
zine, and bavins: hitherto met with nothin^: satisfactory 
in any English publication, we are persuaded that their 
appearance in our Miscellany will prove acceptable to 
many of our readers. 

Jill Account of a Method of Breeding Fish to Advantage^» 

To the Editor. * 

Sir, As you have desired me to give you my opinion 
in svhat manner salmon, trout, and other fresh river fish, 
of which roes or spawns are to be obtained, can be bred to 
advantage, I was anxious to oblige you ; and for that pur¬ 
pose I went to a place in the county of Lippe, to visit Mr, 
Jacobi, who has brought this kind of breeding of fish to 
great perfection ; and who not only showed me his ma¬ 
chines, but likewise told me his method, and produced a 
pregnant egg in the latest stage, in Avhiel) the trout could 
be distinctly observed. The machine consisted of a large 
water trough, (which may be made either larger or smaller,) 
about twelve feet long, and fixed in a place w'here there 
was a water-fall from a spring, which . was conveyed 
tbrough a small gutter into the trough, so as to cause 
a great water-fall. Upon this trough was a cover like 
the lid of a box, with several holes in it of six inches 
square, which were filled up with a wire grating, not only 
to admit air, but so close as to prevent the water-mice pass¬ 
ing through, which follow close to the fish at spawning¬ 
time, and are very fond of the spawn. At the lower *end 
of this trough, about five inches above the bottom, was 
a hole filled up with the same kind of wire grating, and of 
the same size as that at the top; through which the water 
runs into a fish-pond or canal, by which means there is 
always in the trough five inches deep. In this trough was 
a kind of coarse gravel, such as is commonly met with in 
pravelly ponds, laid about two inches thick, enough to 
cover the whole bottom. December is the spawning time 
for trout or salmon. You may at that time take a female 
fish, and press and rub its belly gently, and it will pan very 

* From the Hanover Magazine, No. 23, March 21, 1763. 

easy 
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ra<v with its spawn, without any prejudice to the fish, into 
a bason oF clear water; then take a male hsh and rub and 
press iis belly gently iu ihe same manner, to let the milt 
or soft roe out in the same bason where you have received 
betbre the female roe in ; and then stir them together. It 
will be, the same thing if we take a male and female fish 
and cut out the roe and milt and mix them up iu the w'ater, 
and it will do just as well as if both fishes were alive. Carry 
then this bason with the mixed spawn to the trough, before 
the water is let in; sprinkle it very thin upon the coarse 
gravel; then convey the water from the spring into the 
trough throu<ih the holes in the covering; and nothing i-s 
further to be observed at this time, than that the water may 
have its constant current through the wires, and that these 
wires may be kept clean from filth : the third or fourth day 
after, open the tronoh to inspect whether the spawn is not 
covered wWn stime or nastiness; in which case move with, 
a (lat hand the upper part of the rvater horisontally, and 
tolerably briskly; which motion will clean the spawn from 
slime, and at the same time turn the eggs. 

In this manner docs this ingenious gentleman breed 
antuially vast quantities of trout; and he has observed, that 
as s^xin as the fish is out of its egg, it has on its belly a 
bladder, from which it receives its first nourishment, and 
which becomes every day less, till it r^anishes at last; and so 
long as this bladder appears, he suffers the young ones i<i 
remain iu the trough ; afterwards he lets them out into the 
pond to seek for Food for themselves. He has proceeded 
ill the same manner wfith saitnen, and with the same good 
success. 

Ext met from the Hcaiover Magazine, No, 4, January 12^ 
I7fi5. 

An Answer to a Question in No. 48 of the Hanover Maga¬ 
zine, I concerning the Spawning of Fish. 

To answer part of the question, I shajli impart my obser¬ 
vations, which I have made for a long time past, and such 
as {'have lately made. 1 shall confine myself only to such 
ti?h as arc found in ponds and'rivulets in this country. 
Alter many vears experience, I have found that thespavv’ii- 
intr of fishes differs every year ; partly owing to the influence 
of the weather, or to the i)ctls in which they spawn ; some 
require hard and stony, others soft and slimy, others bushy 
bottoms, and some, l^erbs and grass. The trouts will not 
e.pawn hut in a stouv and gravelly bottoan, although others 
frequently creep under routs of trees, and in hollows near 
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the shore, where they are sometimes so entangled that 
they may be caught with the hand; they avoid spawning 
there, but will return again to find a place vehere the water 
has a fall and runs briskly, and where there is a grav^elly 
bottom. After they have chosen a place, they will beat 
violently into the gravel or coarse sand till they make a 
deep hole, ahef so deep that it is frequently to be seen the 
next dav, notwithstanding the current'stream. I'his shows 
what difiiculty the trouts [rave to part with their spawn, as 
they, of all small fishes, have the largest eggs ; they are 
longe^r about their spawning, and they frequently begin in 
November and conimuc till February. The fishermen ard 
well acquainted with the spawning-places, and kno\v how 
to make their advantage of it, by placing baskets near them, 
and they are sure ofao;()od booty, f hear frequent complaints 
of people, that they have no success in breeding of trout p 
but they do not consider that they require a hard gravelly 
bottom and hard water; when both these are wantiucr they 
cannot spawn ; and if they do, it turns to no account, and 
the old ones die soon. If they appear near the head of the 
entrance, and the surface of the water, it is a sure simi the 
water is too soft for them. Perches have much greater ad-- 
vantages in spawning, and seem to have no difficulty ; they 
spawn against bushes, shru!)s, or reeds, where it adheres ; 
and when they cannot find any thing of this kind, they get 
near the shore where grass grows, sometimes under water, 
and drag their spawn along the grass ; the male following the 
female immediately, and impregnating the eo-gs. Vvhen the 
weather is not very cold or stormy, thelatter (Quicken in three 
days : those eggs that fall in mud or sand come to nothing; 
their time of spawning is in the beginning of the sprincr. 

Of breams there are two sorts : one is called'^tlie 
Hack from their dark colour, and their spawning is when 
the black-thorn is in blossom : this kind spawns ear¬ 
liest ; they require no stony or gravelly bottom, but any 
little plant serves them ; as the eggs are inclosed in a gluti¬ 
nous fatty matter, they adhere easily to any thing. These 
fishes, and in general the most that belong to the species 
of the white fish (such as roach, dace, &c5, have further 
advantages in spawning. I’he male breams get acrainst 
that lime hard knots on the head and body, on w'hicli the 
female rubs herself so violently that she frequently loses 
many of her scales. The second sort of breams, which are 
called ivhite hreams, spawn later, and not till May. The 
gudgeons always choose sandy places for their residence 
and spawning. Pikes spawn at three different seasons in 

the 
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Uieycar: ibc first part with their spawn in the two first 
inoiuiiS of the year, and are called Fehniary pikes ; and if 
tilt* water is even covered with ice, they approach the shore 
under the ice, till they find a little grass, on which they 
liang ilieir S|)a\vn. I'he second sort spawns in March; 
their fry thrives generally best on account of’ the waters 
being then high, and the weather milder at this season. 
Therefore they will get into meadows overflown with water, 
and do not seem to care if’ their backs are even out of the 
water. They generally travel by pairs, and part w'ith their 
spawn by continually rubbing against each other with great 
noise, and many times the larger devours the smaller in 
lilts business. When it happens that the weather is proper 
tor them, and that the waters do not fall suddenly, but ra¬ 
ther rise, and th'at the sunshine causes the air to.be mild, 
they breed in great abundance ; and these pikes, which are 
called grass-pikes^ arc afterwards to be met with in great 
plenty; which is looked upon in genera.1 as an omen that' 
it will be a bad corn year; and it is commonly correct, not- 
that it has any connection therewith, but tliat the soil in 
our climate (Germany) will not bc'ar much w'et for the 
growth of corn. Tfie third part spawn in Mav, and are 
called May pikes. 

Carps and carouches spawn but once a year, wdiich 
is in the summer; they part with their spawn without 
mucli trouble, and in all places; hut the spawn does 
not thrive every where ; and we hear frequent complaints, 
that ponds wdiich have had plenty have no young fry; 
but when ponds come to be inspected, it is found that those 
places which arc proper for spawning are full of weeds 
or filth, for they require a clay bottom : a small spot in a 
pond is sufficient to breed vast numbers, and the spawning- 
ponds are full of weeds, and re^juire to be annually cleaned, 
and the nuniber of the young ones to be lessened : witi)out 
this care the young fry grow poor, get thick heads, and on 
their scales a glutinous substance, which is called griefs 
and when they grow up are distinguished bv the nanje 'of " 
sUmy carps^ or stony carouches. A goorl osconomist will 
never sulfer anv of tlicse sorts to remain In his jjonds lon2:er 
than three years ; and in a middling pond seldom above 
twelve lemale and three or four male carps or carouches. 
When the store carps are put into tlie spawn!no: ponds, 
some tenches are pat in along with them; and when the 
sperm of liic male tench is mixed with the female spawn 
of the/'arj), it produces wfiat we call spiegal carps. It is 
believed that a fish is produced from tlie mixture of carps 
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and caronches^ and these are called hemelings •, but tub 
sort is not fit for breed, and when cauo;ht are ^renerallv 
amongst the class 6f white fish. 

It is remarkable that eels resort np streams and rivers 
in vast number!: in the hottest time of the year^ viz. 
in June and July, and that they then discharge small 
worms, which it is believed turn into eels. For as soon as 
the water grows cooler they swim down with the stream, 
and are caught in abundance near water-mills, notwith-' 
standing there remain ab.vays enough in the higher parts 
of the river and rivulets, and I have found various species 
among them. We have likewise a small kind of tortoise 
here in our rivers : these lay small white oblong eggs, smaller 
than pigeons’ eggs ; they lay them always in sand, where 
they can have the strongest noon-sun, which hatches 
lhern» J.A.D.D.—Celle, 

[To be continued.] 

XXXVIIr. On the Generation and other ohscure Facts in 
the Natural History of the Common EeL 

To Mr, Tilloch, 

Sir, In your 133d Number for IMay last, page 410, it is 
stated as a curious fact in the natural history of the com¬ 
mon eel, that a number, consisting of old and young, had 
been discovered in a subterranean pool at the bottom of an 
old quarry, which had been filled up and its surface ploughed 
and cropped more than twelve years. The information was 
evidently intended to convey an opinion that the young 
cels, found in the pool, had actually been bred therein ; and 
could that circumstance have been unequivocally established, 
it would have been a new and interesting fact in the natural 
history of the animal. I however imagine, that , a strict 
investigation of all the circumstances of the case, made on 
the spot, would have shown that the young eels had re¬ 
cently found their way into the pool, in the same manner 
as the old ones had formerly done; that is, by some a- 
queous communication, however temporary or trivial, with 
any the most insignificant adjoining brook or rill. It is 
certainly difficult to conceive how even a subterranean pool 
can preserve its water for more lh5n a dozen years, per¬ 
fectly isolated from all other water; and if anv comnumi- 
cation, however temporary, and however minute, had ex¬ 
isted, the circumstance of finding the old and young eels 
toaelher would be oniv an ordinary occurrence. Indeed I 

find 
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find no difficulty in pronouncing, that the case spoken of 
furnishes no satisfactory evidence ot the tact it was intended 

to establish. 
I believe there is no animal, if we* except man himself, 

that is so universally disseminated over every climate and 
country in the globe as the common eel. In almost every 
instance where fresh water either flows, or is permanently 
stationary, the eel is an inhabitant; and throughout every 
part of our own country, not only every river and brook, 
but also every piece of stationary water, from the largest 
lakes down to many of our common wells, are found, in 
the proper season, to abound with eels; and yet both the 
place and the manner of their* propagation still remain a 
question in zoology. There are also many other facts in 
their history that are very obscure, and it would be an in¬ 
teresting addition to the researches of the British zoologist 
to have the whole satisfactorily cleared up. In furtherance 
of this object, and to narrow the field of inquiry, 1 here 
offer, Mr. Editor, such facts as have fallen within my owii 
observation, of the natural habitudes of the eel. They are 
chiefly intended to induce some of your intelligent readers, 
whose situation furnishes them with better sources of in¬ 
formation, to communicate what they can learn on the 

t^ubject. 
In all inland waters eels abound without number In 

summer, but disappear in winter. 1 his disappearance has 
been variously accounted tor, and it has been very generally 
imagined that a large proportion hibernate by bedding them¬ 
selves in"mud ; a notion which, I believe, is quite as vi¬ 
sionary as the hibernation of swallows under water. Were 
eels ever in the habit of penetrating into mud, they w'ould 
naturally enough shelter themselves therein when exposed 
to imminent danger, and no other mode of escape presented 
itself; but I have seen very many instances of muddy pools, 
purposely and speedily drained ofl, where multitudes of 
cels crawled over the light surface ot the mud in all direc¬ 
tions to escape, and without ever attempting to conceal 
themselves by penetrating into it. The full and clear eye of 
the cel also furnishes evidence that Nature never intended 
the animal to be buried under mud. 

The disappearance of eels in riv'crs and brooks may be 
well accounted for by their emigration to the sea. This 

Immigration is called their Tunning. It commences in au- 
jtumn, when immense quantities pass down the streams. 
I Great numbers take tlie advantage of descending with 
floods, but a large proportion pass downwards in the night, 

i Vol. 34. N«. 138. October 1809. S and 
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and only in the darkest and most tempestuous nights, 
Mooiishiue wholly suspends their progress; and even a tem¬ 
porary gleam of light, when the night is otherwise favour¬ 
able, imrnediately interrupts their journey. This proves 
that their emigration is not a casual but a premeditated 
system in their existence : and italso displays their instinc¬ 
tive cunning; for, being an easy prey, when discovered, to 
otters, herons, and other nocturnal enemies, it is only in 
the darkest nights that they can travel in safety. During 
the period of their run, vast quantities are caught in bag- ' 
nets set across the streams. There is reason to suspect that 
all the eels in rivers do not run for the sea, as very early 
in the spring large eels abound in rivers at such a distance 
iu“1and, as renders it highly improbable that they can have 
ascended so far at so early a period; and indeed it is yet an 
unascertained fact, whether, of the vast multitude which 
unquestionably do pass downwards to the sea, any of them 
do again return and ascend to any distance up the streams, 
if, indeed, this retrograde emigration really existed to any 
extent, there are thousands of situations on our streams’ 
where it must have been every season perceived ; and yet it 
has not only not been discovered, but the instances are fre¬ 
quent, w'here the obstacles on many of our streams render it 
impracticable, and where, nevertheless, large eels are found 
above these obstacles as early and as abundantly as below 
them. The probability therefore is, that few or none of the 
vast numbers which descend the streams ever again return; 
and then, as they are never discovered in the s^i itself, the 
question of what ultimately becomes of them, is just as 
obscure as that of their generation. 

There are many lakes, and multitudes of pools, abound¬ 
ing with eels, and from which {hey cannot run on account 

i of the insufficiency of the outlets; and in these situations 
the eels most certainly continue during the period of their 
existence, 1 here, however, they regularly disappear in 
winter, and the manner of their hibernating'is entirely un¬ 
known ; but as no species of animal with which we are ac¬ 
quainted ever does breed during the time of its hiberna¬ 
tion, (the thing indeed seeming physically impossible,) and 
as eels in these confined situations are taken at all other 
times, without any vestige of propagation being dis¬ 
covered amongst them, the inference seems conclusive, 
that eels never do, under any circumstance, breed in fresh 
water. Were it indeed practicable in a single instance, it 
would be equally so in thousands of others where the cir¬ 
cumstances arc so similar; and it would be passing strange 

if 
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if a solllary quarry-pit, which had been excluded for a 
dozen years even from day-light, were to discover to us au 
occurrence which is never displayed in our multitudinous 
oj)en pools, where the same animals are equally restricted 
from escape. 

In contradistinction to the vast emigration of old eels 
down the streams in autumn, an immensely greater mi¬ 
gration of young ones commences up the streams in spring 
and summer. 'I'heir size varies between the smallest and 
the largest darning needle. They are called elvers, and 
abound in some of our lar^re rivers to an inconceivable ex- 
tent. In some places bushels of them are taken with bas¬ 
kets fixed on to the ends of poles, and drawn swiftly through 
the water. Their progress is always along the banks, and 
numerous portions pass up into all the lateral streams. The 
smallest brook and the minutest rill that can run receive 
their proportion; and it is solely in this way that every piece 
of water, however or w'herever it may be situated, receives 
the eels that are found in it. The smallest possible trick¬ 
ling of water from any pool to the nearest brook, is suffi¬ 
cient to enable these little indefatigable animals to wind 
their way up to the source. The instinct, indeed, which 
impels them upwards against all moving water seems 
incessant and irresistible; it surmounts every difficulty, 
and perseveres successfully against every obstacle how¬ 
ever imperious. During the low state of streams in the 
early part of summer, they may be found at weirs, mill- 
dams, cascades, and other elevations across the streams, 
ascending by the margin of the water perpendicular walls 
many feet in height, where the least crevice in the stone, 
or patch of moss, affords them a hold ; and they will even 
find their way over vertical dry boards, by adroitly em¬ 
ploying their glutinous exterior. 'I have taken them in 
handfuls from patches of wet moss against erect walls, com¬ 
pletely out of the water, and where the height and distance 
to be surmounted would require the persevering efforts of 
many days. In very small pellucid brooks, adjacent to 
rivers where they abound, they may be seen wriggling up 
the little streams in endless succession for weeks together. 
Great numbers doubtless perish by ascending the temporary 
rills produced from rain, and by reaching spring-heads, 
and situations where the water is insufficient for their 
growth and support; but in this, as in every other instance, 
provident nature has guarded against all such casual ex¬ 
penditure by the superabundance of the production. 

S 2 In 
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In the larger rivers communicating with the sea, althougli 
the elvers appear to advance m vast bodies, I do not ima- 

their migration, either in its commencement or pro¬ 
gress, is made in concerted shoals; it seeming more pro 
bable that the number found together is accidental, and arises 
from the continual supply sent off from the (Quarter where 
they originate. his is confirmed in the small streams, 
where each individual is seen making its way by its own 

solitary efforts. 
In summer all the large eels in rivers and brooks conceal 

themselves during the day under large stones and roots of 
trees, and in the crevices of rocks and walls, and even in 
earth-holes of the banks ; and in these situations they ob¬ 
tain a large proportion of their food, being always on the 
watch to'seize small fish, or other prey that the stream or 
accident throws into their concealment; and I think it is 
much more probable that the eels which do not find their 
way down to the sea, pass the winter in similar situations, 
rather than bedded in mud, or in any other of the fanciful 
modes which have been assigned them. ^ 

Such are a few of the principal facts in the natural his¬ 
tory of the common eel, a creature which every where su.- 
rounds us in the greatest abundance, and yet its origin and 
final disposal are equally unknown. That it never does 
breed in fresh water seems to be a fact well established; 
and the periodical descent of the old ones to the sea, and 
ascent of the young ones from thence, strongly evince 
that the scene of their propagation is in the sea itself, or 
very near to the mouths of rivers, and that it is there that 
inquiries on the subject should be prosecuted. 

The growth of the eel, like that of most other fish of 
prey, does not appear limited to any determinate natural 
bulk, but to be governed only by the age and abundance 
of food. In this country they are indiscriminately of every 
size, up to eight or nine pounds weight. They have gene¬ 
rally been supposed viviparous : but the immense abun¬ 
dance of the young certainly bespeaks an oviparous pro¬ 
geny; and this is supported by analogy in the lamprey eel, 
which breeds commonly enough in most of our estuaries. 

The tenacious vitality of the eel is well known, and is 
very extraordinary; for after decapitation, skinning, and 
embowelling, the separated portions of the body will still 
exhibit strong movement. This is a property seemingly 
common to all similarly lengthened animals, and obviously 
results from the comparatively small proportion of nerves 

which 
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uhich originate from the brain, and the rniich greater which 
branch oft' in succession from the spine into the adjacent 
pans ; an arrangement which distributes the source at vita¬ 
lity along the whole frame of the animal. 

1 am, sir, your most obedient humble servant, 
John Carr, 

Princess Street, Manchester, 
October 7, 1809. 

XXXIX. Experiments on the Production of Sounds in 
Vapours. By M, Biot.—Read at the Institute, October 
12, 1807*. 

N UMBERLESS experiments have been made by natural 
philosophers on the production and propagation of sound 
in different mediums : they have demonstrated that it nei¬ 
ther is produced nor propagated in vacuum; they have ex¬ 
amined its transmission through liquid and solid bodies : 
but no one, to my knowledge, has repeated those experi¬ 
ments in vapours, and yet this research is well adapted to 
excite curiositv; for in discriminating between the facts 
which experience has disclosed relative to the constitution 
of vapours which fill a space, and in applying to them 
mathematical principles, the foundations of the established 
laws of’the minute vibrations of elastic fluids, it is evident, 
that absolutely no sound should be produced in them. 

In fact, it is proved by the experiments of Deluc, Saus- 
sure, and Dalton, that the quantity of the vapours of water, 
or of any other liquid formed in vacuum, depends alone on 
the dimensions of the space and on the temperature ; in 
short, if this vapour has an elastic force, capable of sus¬ 
taining the manometer at a certain height, and if it be 
slowly compressed, so that it may occupy less space, the 
elastic force will not increase by this compression, as would 
happen to a permanent gas ; but part of the vapour will 
assume the liquid state, without whjch the manometer va^ 
ries, and it becomes stationary only as it agrees with the 
new limits to which the space is reduced. But the contrary 
will happen if the space is increased instead of being dimi¬ 
nished : afresh quantity of vapour will arise to fill it, with¬ 
out producing any change either m the elastic force or in 
the manometer. These results are perfecily established by 
philosophers, whom I shall hereafter quote, and we may 
with great ease be convinced of their accuracy. For thQ 

From Memoiref <h la SodCU d'Arciicil. 

S 3 purpose 
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purpose it is sufficient to introduce into a barometer a small 
quantity of any liquid^ and to measure the height at which 
the mercurv stops after being depressed by the elastic force 
of the vapour that is formed. If then the external surface 
of the mercury is either elevated or depressed^ the interior 
column will rise or fall in the tube precisely in the same 
proportion; and according as the space which remains in 
the top of the tube is diminished or increased, a part of the 
vapour will precipitate itself or rise afresh ; but the tempe¬ 
rature remaining the same, no variation will appear in the 
elastic force. 

Now, supposing a sonorous body vibrates in a simi¬ 
lar medium, each of its oscillations will diminish, in 
one sense, the space, and will augment it in the other. 
Thus on one side there will be a small quantity of vapour 
which will pass into the liquid state ; and on the contrary, 
a small quantity of liquid that will assume the state of va¬ 
pour. These condensations and expansions will take place 
very near the sonorous body, in the immediate vicinity of 
the vibrations ; but they will not be further extended. Thus 
the impulse will not be exerted on the remaining fluid mass, 
and consequently the sound wdll not be transmitted. Now 
let us suppose that the sonorous body, compressing the 
vapour by its rapid vibrations, mechanically disengages 
from it a certain quantity of heat. This supposition is not at 
all improbable, for it is well knowm that much heat is emit¬ 
ted during the condensation of vapour. For instance, the 
vapour of water, according to the experiments of Watt, 
sets at liberty, whilst passing from the aeriform to the fluid 
state, heat sufficient to raise the mass of water thus formed 
to 525 of the thermometer centesimal. Paying attention to 
this circumstance, the effects of a sonorous body on vapour 
are not the same; the compressed portions maintain the 
state of an elastic fluid in spite of the-diminution of space, 
on account of the liberated heat, which gives them a mo^ 
mentary increase of power. On the contrary, in the ex¬ 
panded portion, the decrease of temperature prevents a new 
formation of vapour, and occasions a diminution of elasti¬ 
city. The phaenomena which are produced near the sono¬ 
rous body, are, then, of the same nature as if the vapour be¬ 
came a permanent gas. They consist of increments and 
diminution of elasticity successively and momentarily pro¬ 
duced, spreading their eflects from strata to strata through 
the whole fluid mass, so as to permit the production and 
propagation of sound. 

Experiments, therefore, on the production of sound in 

vapour 
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vrrpoiir are very proper to decide the question, whether heat 
is really drsencaEcd by the effect oF the vibrations oF sono- 
roLis bodies iti an aeriForm medium, as we sec cenerallv^takes 
place on all rapid compressions. To this test, and it is a 
decisive test, may the ingenious idea oFM. La Place be sub- 
inlticd, by which he has Found means to reconcile the ma¬ 
thematical theory oF the propagation oF sound in air with 
experimental results, ,in which the disengaged heat was 
dulv attended to ; For, IF the effect which he infers does not 
really take place, the vlbraiions oF sonorous bodies in va¬ 
pours ought absolutely to produce no sound ; and it any 
is produced, it can be considered only as the sole effect oF 
the liberated heat. 

liiduenced by this motive, I inatfe on the subject some 
experiments which were attended with evident success ; and 
I have since repeated them in a more complete manner at 
Arcueil with mv Friend Amedee Berthollet. JSL Berthollet 
and M. La Place were present at those experiments, and 
fully satisfied themselves of the truth oF the Facts which f 
proceed to relate. 

i We used a glass balloon oF-the capacity oF 36 litres ; its 
orifice was closed by a perFcctly tight,stop-cock, so that an 

I exhaustion might be made, and preserved good. To this 
I another might be connected, that, by pouring a liquid into- 
I the internrediate hollow and closing both cocks, this por- 
j tion oF liquid might be introduced into the interior oF the 
I balloon without any danger oF admitting the least external 

air. Lastly, the sonorous body was a small hell suspended 
within bv a very line cord tied to the lower stop-cock. 

I First, a vacuum was Formed in the interior oF the appa- 
; ratus with the greatest care, and even the largest part of 
I the hygrometric water oF the balloon, which was always 
I very dry, was abstracted. Then holding the balloon by the 
j stop-cock, the hell was set in motion, satisfying ourselves 
j that the blow's Fell with Force on the metal ; and whatever 

attention w’as paid, or however near we were to the balloon 
itselF, it was absolutely impossible to distinguish any per¬ 
ceptible sound : theredbre sound is not sensible In the va¬ 
cuum ; a Fact constantly in harmony with the experiments 
oF Hawksbee, and oF all other natural philosophers. 

I'hen proceeding as I have described, a small quantity of 
water was introduced, part of which rose in vapour. Im¬ 
mediately the sound became perceptible; yet the density of 
this vapour was very little, llie temperature being no more 
than 19 of the thermometer centesimal : to increase it an 
excess of water was added, and the balloon was carried into 

S 4 a green- 
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a green-house {une etuve), the temperature of which was 
46®: then the sound became very sensible; it was heard b\r 
i\5, without inclining ourselves to the balloon, and even 
through the door without the green-house:—there yet re¬ 
mained in the balloon water in the licjuid state : thus there 
is no doubt of the production and propagation of sound in 

watery vapour. 
When the balloon was taken out of the green-house its 

temperature quickly fell : of course the principal part of 
the vapour raised by the means of temperature vi’as pre¬ 
cipitated ; the sound likewise appeared very sensibly'-dimi- 
iiished. Without making any change in the apparatu-s, the 
same quantity of alcohol as water was introduced. Water 
considered as 1®, the specific gravity of this alcohol w'as 
p-823. The vapourTormed of this mixture was necessarily 
of greater density and elasticity than that of water at the 
same temperature; the sound too was much more sensible, 
it was heard from the extremities of the rooms forming the 
Museum of Natural History. Thus is sound also produced 
and propagated in the vapour of alcohol. 

For our conclusive experiment we made trial of the va¬ 
pour of ether : it was peculiarly interesting to us on account 
of its great density and elastic force, which are known to 
be very considerable; two circumstances which should in¬ 
crease the intensity of the sound. The balloon was first 
dried, as humidity diminishes the tension of the ether; 
then the atmospheric air was freely allowed to enter until 
an equilibrium was produced with the external pressure, 
which was O’7613 ; the balloon was taken into a long alley 
in the garden, and the sound of the bell was found to be 
sensible even to the distance of 145^ ; beyond this it be¬ 
came so weak that the sensation was not sufficiently distinct. 
The temperature was 17‘75. Having measured by this ex¬ 
periment the intensity of sound produced in atmospheric' 
air, a vacuum was again made in the balloon, and more 
sulphuric ether was introduced than the temperature could 
raise in vapour. The specific gravity of this ether was 
0*759; the elastic force of its vapour, measured by being 
introduced under a barometer purged of air, was 0"^ 35*49- 
at the temperature of 17‘56. The balloon being thus filled 
with vapour was removed to the jfiace where the preceding 
experiment had been made, and the sound was ascertained 
to be sensible at the distance of I31"^*5, a convincing proof 
that sound is produced and propagated in vapour as well as in 
permanent gas. But we have proved that this can only bp 
effected by the instantaneous variations of temperature de- 
‘ ■ 8 termined 
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iermincc) by the vibrations. Hence il is evident that this 
cause is the true one; anti accor;tiing to the beautiful re¬ 
mark of M, La Place, there is an absolute necessity to pay 
attention to it in tiie mathematical theory of the propaoja- 
tion of sound, although it cannot be verified by ineanTof 
the thermometer, as it is an instpument not to be affected 

-by successive and momentary variations of'heat, similar 
to the i)arometer, which does not show the instantaneous 
changes of the elastic force, the cause of sound, and yet 
the reality of those changes is acknowledged by the uiiole 
world* *. 

XL. Observations on the remarkable Efficacy of Carrots, 
under a new Mode of AppLication^ in the Cure of Ulcers 
and Sores. iW/*. Kichakd Walker 

X'he carrot poultice is an application which has been long 
in use to correct the disposition and improve the discharge 
of the putrid'Or scorbutic ulcer. 

The manner in which it is usually applied, is by grating, 
or scraping the carrots fine, and laying them on raw. 

• I have lately had reason to believe, that the effects of it 
niay be considerably increased, by varying the mode of ap¬ 
plication. 

Several cases occurred in the Radcliffe infirmary, during 
the summer and beginning of the wdntcr last year, of the 
true, malignant, scorbutic ulcer. 

Al! the common methods of treatment were adopted, and 
of'course the carrot poultice was not omitted, 

dlie inefficacy of it however was too evident. 
In consequence therefore of the ill success attending this 

practice, several of the cases terminating fatally, and as 
fresh instances were continually occurring, the following 
change was at length tried, in the use of this remedy, 

= *l'he carrots being previously cleaned by scraping and 
washing, were split and boiled till quite tender, in a small 
quantity of water j the liquor was then strained, or poured 
off, and the carrots beaten in a mortar, to the consistence 
of an uniform soft moist pulp. 

The ulcers were first washed clean Avith the liquor rather 
warm, in which the carrots had been boiled, sometimes 
fomented with it, and the carrot poultice being previously 
spread ready, that the sore might be as little exposed to the 
air as possible, applied cold. 

This was repeated night and morning, and offceiier when 

^ Communicated by the Author, 

the 
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the quantity of discharge, or other circumstances, made it 
necessary; but this was seldom required, when the mode 
above mentioned was adopted sufficiently early ; that is, 
before the sore had made much progress in its scorbutic 

slcit c» 
It scarce need be observed, that this disposition was 

know*!! to have taken place, when the ulcer, trom being 
firm, florid, and discharging good pus, became spongy, 
pallid, and discharged a considerable quantity of a thin, 
bloody, or gleety kind of matter. 

The superior effects of this treatment were apparent in a 
very short time ; in a few days the sores (several of which, 
before, were ^spreading rapidly, threatening the lives of .the 
patients) were obviously improved; and in short, withont 
any interruption to their progress in araendmcnt, they v;ere 
air of them gradually restored to a healthy appearance; 
and the cure finished^ either by a continuance of this, or 
the methods ordinarily used to sores in a healthful healing 

state. ' 0 
In all the cases above alluded to, b^rK, opium, czc., were 

as usual administered. 
Nothing, however, has been particularly stated with re¬ 

spect to the exhibition of such remedies; as the object of 
the present paper is metely to direct the attention of prac¬ 
titioners to the use of the carrot poultice, and to recom¬ 
mend, under the sanction of many successful cases, the mode 
of applying it above described^, 

Oxford, November 2, 1795. 

November 30, 1803. 

Since the above was written, a very considerable number 
of similar cases have at different times occurred, in which 
the efficacy of the carrot poultice, applied as above, has 
been abundantly confirmed ; viz. very large sores chiefly on 
the leg, extending in some instances from the knee to the 
ancle, oris^inating from accidental injury, habitual ulcers 
likewise, surfaces of stumps, and other sores after opera¬ 
tions, all having assumed the morbid disposition before mcn- 

♦ The antiseptic power of the carrot poultice has been ascribed, I believe, 
to the carbonic acid gas which the sore is supposed to imbibe from it during 
its application ; hence it might be inferred that the carrot was fittest for use 

in its raw state. . , 
I am however rather inclined to.impute the efficacy of the carrot to its m;.cl, 

anti-putfiescent quality, depending chiefly on the pulpy saccharine matter it 
contains, in common with other vegetables, but in gre;Uer abundance ; me¬ 
liorated and softened into the fittest consistence by boiling and pounding for 
application to the tender, irritable surface of ulcers, sores, inflamed skin, &c. 

tionccl ^ 
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tionecl. Tn every one of these cases the carrot poultice has 
been the inimediale and constant resource^ and with the 
c.ompletest success*. 

As the efficacy of carrot poultice in different sores, and 
the fittest mode of its application, have, occasionally, ever 
since its adoption, engaged my particular attention, viz. 
for a period of nearly ten years, 1 am now enabled to speak 
more confidently, and witih greater precision on the subject, 
and shall therefore give a more particular detail of cverv 
circumstance relative to it j premising in addition to what 
I have before said respecting that morbid disposition of a 
sore which requires this remedy, that it is commonly pre¬ 
ceded by a moire than usual disposition in the sore to"bleed 
on the slightest touch or motion, and verv quickly after 
this appearance the diseased state alluded to follows." 

The carrots are now cut in thin transverse slices (instead 
of being split) for boiling, and the poultice when ready, 
ribserving to have it as moist as it will admit of without the 
inconvenience of its running about, instead of being spread 
on the clotli, is applied wherever the situation of the part 
will ailow, by laying it on in portions with the hand, fill¬ 
ing up first the cavities lightly, and then laving a coatino- 
oi it about the thicknes or rather more than that of an or¬ 
dinary poultice, over the whole surface of the sore, and 
considerably beyond the edges of tlie sore ; pressing it close, 
smooth, and of an uniform thickness, quite to the edge of 
the poultice ; otherwise it will become dry at the edge, and 
occasion some inconvenience in removing', by its adhesion. 

d'he cloth or fine linen is then to be applied and pinned 
tight over ii; and a short roller may be used in order to 
keep the poultice uniformly close, and prevent it from beino* 
displaced f. 

The more recently the carrot poultice has been boiled 
and prepared the fitter it is for use, therefore it is-best when 
prepared immediately before using. But as the process of 
boiling the carrots sufficiently requires some time, enouph 
may be made at once for two or three days consvimptioti, 
but not longer, particularly in hot weather, when indeed 
it should be prepared daily; and when it is necessary to 

I ^ 

* I^arge wounds and uleers not (infrequently acquire an ill-condin'oiicd 
state, notvvltlistaud!n<^ the mut.t skihul application (d' adliesive plaster, fe- 

quirlng a suspensitin of that mode of practice for a timc- 
f The method here described of applying the poultice was found con¬ 

venient in very large sores with irregular surface; but in gent»ral it may be 
applied in the usual way spread on oloth, observing that the fre^ih poultice 

rpady to be applied iainicdiaLcly on the removal of the old one. 

warm 
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warm itjor application, this is best effected by placing a 
bason containing it in a vessel of water over the fire. 

It is purticularly requisite that the carrot poultice be ap¬ 
plied as moist as»can be, in order'that it may not become 
too dry by the next time of application. 

As many of the cases in which it is applied are those in 
which the temperature of the body and the sore are consi¬ 
derably above, or hotter than the healthy temperature, par¬ 
ticular care should be taken that in such cases the poultice 
be applied so as to produce in the patient a sensation ot 
coolness ; but in ordinary cases, a sensation of warmth. 

Most cases require it to be applied twice in the day, viz. 
every morning and evening; and very few indeed require it 
oftener. 

If the sore should require from its foulness to be washed 
at the time of dressing, it is best done by squeezing a 
sponge full of the liquor out of a bason containing it over 
the sore repeatedly (catching the foul liquor in a bowl) 
tilt cleansed; the outside should tiien be wiped dry to the 
edge; the sore itself, however, should on no account be 
touched with the sponge, but be cleansed with lint if ne¬ 
cessary *. 

The liquor may be that in which the carrots have been 
boiled, or in defect of that, milk and water or pure water, 
observing that its temperature be not hotter than the sore 
can bear with the most perfect ease to the patient. The 
washing may be omitted unless when the sore is very foul f. 

The effect of the carrot poultice thus applied is to correct 
the fostor or stench ob ill-conditioned sores, and to reduce 
them to a perfectly healthy or good-conditioned state; 
moreover to thicken and diminish the discharge as well as 
correct it ; hence it follows that it is particularly indicated 
in large sores with too thin or too copious a discharge. 

^When the sore is found to be sufficiently restored by the 
use of the carrot poultice, it should be dressed by applying 
first a single stratum of loosely made lint, not of the close 
compact kind which is made by an instrument; then a 
pledget of any common simple cerate, spread fresh and 
rather thick on fine cloth if the sore be verv laroje, other- 
wise upon fine lint, sufficient to cover the edges of the sore 

This precaution is particularly necessary in putrid cases, to avoid the 
danger of keeping up or renewing the contagion in the sore- 

+ k is essential that the sore be as little exposed to the air as possible ; 
hence it is better not to be very solicitous in cleansing the sore, the repeti¬ 
tion of the poultice efTectlng this sufficiently. 

completely. 
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completely, and gver this a defensative plaster In the usual 
way ot’epulotic cerate on low, with a compress and mode¬ 
rately tight roller. Dressing once a day is commonly suf- 
licient, that is, every morning ; but if the sore is large, 
or whilst the discharge is copious, it is better to dress it 
twice every dav. 

It the discharge is considerable, the stratum of dry lint 
upon the sore mav be thicker, that is, in all instances just 
sufficient to absorb or retain the discharge. 

It is not amiss, when the sore is become apparently fit 
for dressing, to apply one or two poultices more, having a 
sinvgle stratum of fine lint applied as above, immcdiatelv 
under the poultice, and then proceed as before mentioned^ 

1 he carrot poultice may be safely and efficaciously ap¬ 
plied to sores in a healthful, healing state ; but as sores 
then require pressure by bandage, aifd other management, 
known to every experienced surgeon, it it best to stop the 
use of it at this stage. 

Since the effect of this carrot poultice is in a peculiar de^ 
gree to diminish as well as thicken the discharge of a sore, 
it should never be used where an increased discharge is re¬ 
quired, from mischief being likely to arise by pent-up mat¬ 
ter; as when any part becomes swollen or inflamed for 
w'ant of a' free discharge at the sore, in that case a soft 
emollient poultice and the practice usual in such cases must 
be adopted *. 

The carrot poultice in this form is applicable to all other 
species of sore, viz. venereal, cancerous, scrophulous, Sec., 
and will be found, with the aid of proper medicines, the 
best application for the purpose of keeping the sores in ' 
good condition, and healing such of them as are not in 

^ their nature incurable. 
The carrot poultice as above is a good application to ex¬ 

coriations of the skin in any part, or from any cause or 
disease where a thin disagreeable discharge occurs. 

* Cases of this kixid in which alone its application is objectionable, cannot 
be confounded with the dry, foul, or scorbutic ulcer, in whicii the carrot 
po»gtice by correcting-the disease promotes a healthy discharge, and sepa¬ 
ration of sloughs; nor with sloughs arising from various other causes, such 
as sometimes occur in the course of the cure of gun-shot wounds, burns &c. 
in which it is equally efficacious. Unctuous applications to sores of lar^^e 
surface are apt to produce superficial sloughs, which increase, or spre^ 
by continuing the use of such applications—this disposition not unfrequent- 
ly occurs in extensive scalds. Where such sloughs, accompanied with in¬ 
tensely inflamed edge^ are forming from this cause, it is truly astonishing 
to observe the effiect of tiiis specific application in arresting the progress of 
this disease, by the almost immediate vanishing of the inflammation the 
quick separation, of the sloughs, and the rapid progress of the sort to a 
healthy healing state 

In 



2SG On the remar'kalle 'Efficacy of Carfois 

Ill the cases before mentioned where the carrot poultlc«f 
IS improper from pent-up mauer^ it the surface of the sore 
has acquired the scorbutic taint, a thin stratum of the car¬ 
rot poultice may be applied over that surface, and the 
emollient poultice * over it, until that disposition'is cor¬ 
rected. 

The carrot poultice, as may be naturally inferred from what 
has been said of it, may be applied with singular good effect 
to a variety of other diseases which produce a thin, hot^ 
acid humour on the part, viz. ophthalmia, herpes, &c. 

' In old habitual ulcers the carrot poultice may be applied 
at any time when the sore is foul or ill-conditioned ; and 
particularly when such a sore has a dry sordes on the sur¬ 
face, carrot poultice applied thin over that surface and an 
emollient poultice over it of bread and milk, never fail to 
bring on quickly a discharge of good-conditioned pus. 

It sometimes happens when a cure is tedious, as in sore»- 
of extensive surface, or of a languid or sluggish disposition, 
that from the mere changing of the application for another 
a short time, and then renewing the former, the sore will 
become invigorated and more disposed to heal than before: 
when this appears to be the case, the intervention of a few 
carrot poultices will effect it, I think, better than any other 
application, aitd hasten the healing of the sore very con¬ 
siderably. 

Small obstinate sores in bad habits which resist the usual 
means are commonly brought into a a healing state by car¬ 
rot poultice alone, but sometimes more readily when it is* 
conjoined with the use of hydrargyrum nitratus ruberand 
when such a sore is become clean and florid, the cure may 
be completed by dressing with a little of the down of lint 
loosely upon, or in the sore, and the carrot poultice over it. 

There is no circumstance in the curative art more lightly, 
but more erroneously thought of than the healing of sores ; 
this being supposed by many to depend upon the mere cir¬ 
cumstance of taking off one plaster and putting on another; 
whereas too frequently even an apparently trifling sore 
(not arising from any constitutional cause and consequently 
requiring no internal medicine) will baffle for a long time 
the efforts of a skilful practitioner: and, indeed, I am well 
assured, that very commonly the patient is loaded with 
bark, &c., to the injury of bis health ; whilst the sore re¬ 
mains the same, oris becoming worse, till a mode of dress- 
ing appropriate to that particular case is hit upon. 

^ A poultice of bread and milk is, I believe, much litter for this purpose 
fhair one of linseed flour. 

Carrot# 
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Carrots may be procured fit for use all the year round 
and though fittest when they have but just arrived at matu- 
ritv, are nevertheless sufficiently efficacious at all seasons. 
Or they may be collected at tlie proper season, and pre¬ 
served in sand, till the next return of them to a perfect 
state. ^ 

In defect of a pestle and mortar to pound the carrots, a 
wooden wash-hand bowl, vvilli an appropriately-formed 
pestle of wood, having its base largely convex, in order to 
bruise the carrots more readily, may be used in their stead. 

Ot late years bark and Port wine have been much more 
sparingly used in cases of scorbutic ulcers, &c., the carrot 
poultice, with an ordinary restorative diet,'having- been 
found to ar/swer best. 

In large sores that require a great quantity of the carrot 
poultice, the outer part of the poultice 'may be rather 
coarse, but that which applies to the sore should in all 
cases be a peifect piilj). 

The (inly objectionable circumstance, that I know of, 
respecting the carrot poultice as an application, is its dis¬ 
position to become dry,, particularly when used .in small 
quantities, as in Small sores, or when the carrots are not in 
their most succulent, pulpy state: this circumstance, how¬ 
ever, is completely obviated, by applying a stratum or por¬ 
tion of the prepared carrot upon the part affected, and lav"- 
ing a poultice over it of linseed flour, or bread and milk, as 
the nature of the case may seem to require. ' ^ 

I have been induced to ofler these observations to the at¬ 
tention of the public, from a conviction of the utility that 
may ensue from the knowlcdge'of the efficacy of the carrot 
poultice, thus prepared, being made general; which has 
hitherto, I have good reason to think, been chiefly con- 
fined^ to this vicinity ; where this poultice is used .as well 
in private practice as in the Infirmary, and w'ith the most 
eminent advantage. 

POSTSCRIPT. 

At the time this mode was originally tried here, the 
usual, and I suppose I may say, the constant practice in 
surgery was, to apply the carrots raw as before mentioned ; 
this manner of using them being directed in all books of 
surgery, and the practice of it confined chiefly to the Pur¬ 
pose of removing the ill smell or foelor of sores. ^ 

The circumstance that led to it was the extraordinarv bad 
'Cases above related ; which originated in a man who had a 
^very large cancerous sore of the"arm, which became so pu- 

6 ! -'i 
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trid aiul offensive, as to contaminate, as was supposed, the 
ward: several the patients soon after, having sores, 
some even of a trifling description, which quickly assumed 
the putrid, scorbutic disposition above described, and se¬ 
veral others in succession. 

This affair became so serious, that it was thought ad¬ 
visable to have a consultation of the faculty, which accord- 

int^ly took place. ^ ^ » i t mt 
The result of this was, all medical and chirurgical skill 

having been exhausted to no purpose, that all the wards 
should be fresh white-washed, and fumigated;-but still 
the evil continued with unabating fury. 

At this jucture, having observed the effects of the carrot 
pouhice used then raw, to exceed, in some degree, the rest 
of the various remedies employed, consisting, among others, 
of the fermenting-poultice, so highly esteemed in cases of 
this nature ; I proposed using a poultice made of the carrots 
boiled, hoping their efficacy might be increased thereby, 
attending particularly to the process and application myself 5 
the result of which was, as before stated. *11 

The good effects indeed of this treatment were so decided, 
that, aldaougb of sixteen cases which occurred in the course 
of the year 1794, ten terminated fatally, notwithstanding 
the most skilful application of the means then in use ; there 
was not one, out of at least the same number of caacs, 
equally dangerous, which presented themselves the year 
after, but what ended well under this new method. 

Since that time this mode alone of applying the carrot 
poultice has been in use in the Radclifle Infinnary, not 
only for the scorbutic or putrid kind of ulcer whenever it 
occurred, but for all untoward or foul sores of every de¬ 

scription. . . , 
Tlvdi the efficacy of the carrot pouhice thus modineci, 

is not generally known, even at this lime, I can asseit 
wifh some degree of confidence, having been repeatedly 
assured by a professional gentleman, _ that the carrot 
poultice, prepared in the old way, is still in general use, 
and without attributing any efficacy to it, beyond that which 
was originallv allowed to that remedy.^ It has, however, 
lately found its way into some publications, but 111 a very 
vaf^ue and indeteiniinale mannei. 

. 1SO6. 
o 
Oxford, Oct 

* * The above account of the efficacy of carrots brings 
to the editor’s recollection a similar instance of cure per¬ 
formed by turnips, as communicated by a friend. Ihe 

following 
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following is the case alluded to : A man about 50 years 
of age, and v\ ho had lived irregularly, had been for several 
years afflicted with ulcers on both legs. I'hey at last ex¬ 
tended from the knee to the ankle downwards, the dis¬ 
charge being greater and tl)e sores worse-coiiditioned along 
the shin-bone in front of the leg. When the writer of 
this article first saw the man in question he was confined 
to bed, and had been unable to walk across the room for 
several weeks : he had been successively attended by all 
the medical gentlemen of the town in which he lived, and 
had und^ergone several c(Hirses of medicine with a view 
to puriiy the system, but without effect : his sores were 
dressed with the usual ointments. I'he application of tur¬ 
nip poultices was suggested to him by a country womaii 
who came into the town on market-days. Her instructions 
were, that he should night and morning apjily poultices of 
white turnips to the sores, previously bathing them with 
the liquor, squeezed out when the roots were boiled into 
pulp. The poultices were directed to be applied hot. The 
above direciions were faithfully attended to by the patient 
Under the inspection of the writer of this article : within 
the first twenty-four hours the ulcers had assumed a diffe¬ 
rent appearance, and in about a Week from the first appli¬ 
cation of the turnips, the ulcers were so far healed that the 
man was able to w'alk out. In a few days afterwards the 
sores entirely disappeared, and the skin soon F'.sumed its 
usual appearance. During this period no medicine was 
taken by the patient; thestateofhisbowelsiiotevenre- 
quiri-ijg a dosq of salts.'"’ 

XLI. 0?i Cry.siollography, By M. Hauy. Translated 
from the last Paris Edition of his Traite de Mineralogie. 

[Continued from p. 2J6.] 

i ]\^^IXED Decrements.—Decrements are So called in 
which the numbers of ranges subtracted in breadth and 
height give ratios, the two terms of which exceed unity. 

; Such are the decrements which take place by two ranges in 
( breadth and by three ranacs in height, or by three ranges 

in breadth and two in height, See. We See that their the¬ 
ory may be easily referred to that of decrements in which 
there is on 
fectionSi 

j Intermediate Decrements.—We have seen that in 
the case of a decremcni by one range round one and tlie 

Voh 3d. No, 138, 1809* T same 

ly a single range subtracted in one of the two di- 
f 
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same solid angle 0 (fig, 20), the three faces produced were 
always on a level, and that in this case we might confine 
ourselves to the consideration of the effect of the decre¬ 
ments with respect to one of the plane angles^ which con¬ 
curred to the formation of the solid angle, by supposing 
this effect to be prolonged above the adjacent faces. la 
this case the decrements which take place on these latter 
faces are reckoned as intervening in a subsidiary manner, 
in order to favour the action of the principal decrement. 

In general, whenever a solid angle of the primitive 
form undergoes decrements which tend to give rise to 
a facet in its place, whatever be the law of that to which 
we refer the production of this facet, there are always auxi¬ 
liary decrements, the concurrence of which is necessary in 
order that the facet in question may be properly prolonged. 

Now, when this decrement, which we consider in pre¬ 
ference, takes place by two or more ranges, the auxiliary 
decrements which form a continuity with it follow^ a law 
entirely peculiar, the consideration of which is the object 

"of this article. 
Let A A' (fig. 32) be any given parailelopipedon which 

undergoes a decrement by two ranges on the angle EOT, 
of its base A EO I. It is evident that the edges of the 
laminae of superposition will have directions hc^ rs^* 
parallel to the diagonal which goes from E to I, and situated 
in such a manner that there will be on the edges O E, 01, 
two ridges [aretes) of molecules comprised either between 
the term of departure Oand h c, or between be and r s. But, 
as we have said, the iamims applied on the adjacent faces 
lOA'K, EO A'H, also undergo variations or auxiliary 
decrements, which continue the effect of the decrement on 
‘the angle E O 1. Now, such are the variations in this case, 
that the edges of the laminae piled up on the face I O A'K, 
have directions eg, 5 E and that those of the laminae w hich 
rise on the face EO A' II are lineally disposed like b r r. 
For, since the lower edge of the first lamina applied on 
AEOI coincides with be, and as the height of this 
lamina answers to a ridge of a molecule, we may, with a 
little attention, conceive that the plane beg, which, in 
one part also coincides with be, and in another is re- 

* We must conceive that the subtractions which are here represented on 
the quadrilater A E O I take place successively on the difTerent laminai of 
superposition. The distances between each of these laminse and the sUc- 
^eediu'g one being the same with that which exists between the lines h c, r s, 
and all the rest similarly situated, we may, for the sake of greater convey 
nieace, refer the whole, as we do in the present instance, to the quadrilater 
ae:ot, 'as'a kind of scale which gives the measurements of the subtractions 

by the decrement on the corresponding lamina.; , ■ 
, moved 
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t^oved from the base AEOT in a quantity measured by a 
ridge Og of a molecule, is necessarily parallel to the face 
produced by the decrement. It is the same with the plane 
r tsj from vvbich It follows, that if \ve suppress the part 
situated above r ^ 5, we shall have a solid on which the 
facet r t s will represent the effect of the decrement under 
consideration. 

We may now observe that the directions c g,s t (fig. 32) 
of the laminae applied to the face I O A' K (and the same 
may be said of the face E O A^ H) in virtue of the auxiliary 
decrement, arc no longer parallel either to the ridge or to 
the diagonal, but comprehended between botli. A fortiori 
the defect of parallelism will take place, if we suppose that 
the decrefnent on the angle EO I of the base proceeds by 
three, four, or more ranges. Decrements of this kind are 
called intermediateand we conceive that they may be re¬ 
ferred to an infinity of different directions, according as 
they are more or less removed from the one or other of 
their limits, which are the parallelism with the ridges and 
the parallelism with the diagonals. 

In cases similar to fig. 32, we avoid the kind of com' 
plication which v;ould flow from the immediate considcra- ' 
tion of those intermediate decrements, by supposing them 
contained in the principal decrement. But certain crystals 

I exist, in which the three decrements considered round one 
j and the same solid angle are ail intermediate. In this case 
I we choose the simplest for the principal, regarding the two 
i others as auxiliary. » 
! Fig. 33 represents a case of this kind : cn, which is the 
I edge'of the first of the laminae applied on A EO I, is situ¬ 

ated in such a manner that on the side 01 there are three 
edges of molecules subtracted, and on the side OE there is 
only one: n which is the edge of the first of the laminae 
applied on I O A' K, indicates three ridges of molecules sub¬ 
tracted from O' I lengthways, and two from OA' length¬ 
ways : cp, which is the edge of the first of the laminae 
piled up on E O A' H, determines a subtraction of two ridges 
on O A', and of a single one on O E. 

Now it is easy to see that things go on, relatively to the 
difterent faces situated around the angle O, as if the mole¬ 
cules which compose the laminae offtuperposition, being 
invariably tied together if. clusters, formed other molecules 
of a higher order, and a^ if the subtractions were effected 
by ranges of these last molecules. Thus there would be on 
the base A EO I a decrement of triple molecules by two 
ranges in height; since on one hand the quadrilater cOw Z; 

T 2 which 
/ 
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^hi'ch represents the base of a compound moleca]e_, is equi-^ 
valent to three bases of simple molecules, and as the line 
O py vvhich corresponds to the height of a lamina of super¬ 
position, contains two ridges of simple molecules. We 
shai'l even conceive that the decrement relative to tfie face 
EO A' H is produced by three ranges in height of double 
molecules, because cOpx contains two bases of simple 
molecules, and as O 72 is equal to three ridges of simple 
molecules. Finally, in the decrement which acts on 
I O A' K, there is a subtraction of a single range of triple 
molecnlos in one sense and double ones in another. 

Between these three decrements, that which it would 
seem most natural to adopt as the principal is the second, 
which takes, place, on the face EO H, because it is the 
(#ne whose direction is least removed from that of the dia¬ 
gonal which runs from A' to.E'; or, if we please,, because 
It is formed by double molecules, and consequently less 
compounded than those which are subtracted in virtue of 

: the two other decrements. It is true that its measurement 
in the direction of the height is greater than that of the 
other decrements. But less regard ought to be paid to this 
elementj; vyhich is common to" it with the ordinary decre¬ 
ments, .than to the differences which separate them. 

We shall now give some examples of intermediate de¬ 
crements. Let O I F faces of a 
cubical nucleus. Let us. conceive a decrement which takes 
place on all the .an^lesiby subtractions of double molecules. 
In this case the edges of the laminae of superposition w^iil 
be directed like the lines dn, kniy ah, eh, &c., on the 
hypothesis of their being a single range subtracted. 

Let E 1' (fig. 35) be the cubical nucleus. Let us sup¬ 
pose that the decrements are made parallel to the lines kin, 
Im, kr. It, always by subtractions of double molecules, 
but in such a manner that there are three ranges subtracted 
in the direction of the breadth, and two in that of the 
height, in which case the decrements will be at once inter¬ 
mediate and mixed. Let us moreover suppose that the edges 
of the laminae of superposition,: considered on the three 
faces situated round one and ‘the same solid angle O,- have 
-transverse directions ; in such a manner that, with respect 
to the face OIV O', the greater number of ridges of molecules 
are subtracted on the side OJ ; that with respect to the 
face EO O' E', it will be so on the side O O'; and with 
respect to the face E A 1 O, it will be so on the side EO. 

The effect of these various decrements wilf be to produce 
round each solid angle three faces, which v/ill by: -iiuaied 
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as the hev^el with respect to those of the nucleus; and be¬ 
cause the cube lias eight solid angles, the secondary crystal 
will have twenty-four faces, which will tend to unite in 
fours in the form of a pyramidal summit above each face of 
the nucleus. But if we suppose that the decrement does 
not attain its limit, there will remain six faces parallel to 
those of the nucleus, and we shall have the polyhedron 
with thirty faces, or the triaconlahedron represented in 
fig, 36. 

By comparing this hgnre with the 35th, we shall easily 
conceive that the faces km Ir , k'm! /' /, k'm" t r" (fig. 
36), which answer to those ot the nucleus, should be 
rhombs; and because the number of ridges of molecules 
subtracted lengthways from E O (fig. 35) Ts double of that 
of the ridges subtracted lengthways'from O 1, and so with 
the other sides ; the great diagonal of the rhombus will be 
the double of the small diagonal, and the obtuse angle will 

I be 126° 52' 8", which is the measurement of the incidence 
of the faces of the dodecahedron with twelve pentagons 
(fig. 14) at the places of the rido^es t n, p &c. 

With respect to the faces ml! r o, or' k'r% See., (fig. 
I 36) produced by the decrement, they will be all equal and 
i similar trapezoids ; and if we take for an example the tra- 
j pezoid m I! r' o, we shall have the angle m of 57® o' 50", the 
I angle O of 1 16° 6' 13", the angle L' of 111" 50' 44", and 
I the angle / of 75° 2' 13". 

1 ^ This form is that of one of the varieties of sulphuretted 
iron. Geometry has also its triacontahedron, all the faces 
of which are equal and similar rhombs. This solid has se¬ 
veral interesting properties, which will be demonstrated in 
the part assigned to geometrical calculation. 

Let us now suppose intermediate decrements towards the 
two lateral angles G,G' (fig. 31) of the faces of a rhomboid, 
and always by ranges of double molecules, i. e. parallel to 
the lines um, xy, u' m\ x y', It is obvious that these 
decrements will produce above each primitive rhombus, 
such as S G g" G', two faces, which, setting out from the 
angles G, G', will converge towards each other, and will 
proceed to unite on a common ridge situated above the 
diagonal S g", but inclined to this diagonal. We shaii 
therefore have,, as the complete result of the decrement, 
twelve faces arranged by sixes towards each summit. 

Fig. 37 represents one of these solids, which results from 
a decrement by a simple range of double molecules, in. 
such a manner that the edges of the laminae of snperposi- 

T 3 lion 
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tiDii preserve the same distances between them as on fig. 31,^ 

This solid is circumscribed to its nucleus, vvhicn is that ot 
carbonated lime; a Z; a' (fig. 37) indicates the direction of 
a section which would be parallel to the face SGg'G% 
and which is indicated by the same letters (fig. 31), and we 
easily conceive that tlie edges of this section should be 
lineally disposed like those of tlie same lamina of superpo¬ 
sition. The paradoxical carbonated lime discovered by M* 
Toiinelller is similar to this dodecahedron, abstraction 

being made of some additional facets. 
We find here that the nucleus touches the secondary 

crystal by its lateral angles only, which are situated in the 
ridges B S\ D /, C/, See., whereas in metastatic carbon¬ 
ated lime, which is a dodecahedron of the same kind, i. e* 
with scalene triangular faces, the lateral ridges of the nu¬ 
cleus are confounded with those which correspond with 

BC, CD, DF, he. 
This leads us to an hypothesis which will prove a remark¬ 

able property in the paradoxical dodecahedron. If we ima- 
o’ine six trenchant planes, one of which passes by the points 
C,D, F; a second by the points B, C, D ; a third by tha 
points G, B, h, &c., which is a w^ay of dividing the crystal 
analogous to that employed to extract the nucleus from the 
metastatic, we shall also obtain a rhomboid, but which will 
exist in imagination only, since the crystal does not sub¬ 
mit to this kind of division. Now iths demonstrated by 
calculation that this rhomboid is similar to that of inverse 
carbonated liine, the angle of which at the summit isi 

75° 31' 20". 
Besides, if wc consider this rhomboid as a fictitious nu¬ 

cleus, we find that the dodecahedron might be, so far as it 
is concerned, a secondary form, which would result from 
a decrement by three rahges on the inferior edges. 

Let us resume the true nucleus, and conceive that the 
intermediate decrement, instead of being produced by one 
range of double molecules, as in the paradoxical solid, takes 
place by five ranges in breadth and four in height. Then 
the secondary crystal becomes similar to the metastatic 
itself; and if this result is never to be met with in nature, 
the eye would be . the more easily deceived by it, as the 
hypothetical nucleus would be presented under the ap¬ 
pearance of a real nucleus. 

We see by these details, to which I could give a much 
greater latitude, that the intermediate laws, the existence 
of which is in other respects hitherto confined to a trifling 

number 
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number of cases, produce forms equally simple with those 
which originate from the ordinary laws, and that their the¬ 
ory even leads to results which would deserve to be followed 
and developed as a simple object of curiosity. 

Secondary compound Forms.—We call simple secon^ 
dnry forms, those which proceed from a single law of de¬ 
crement, the effect of which masks the nucleus, which 
touches their surface only on certain points or certain 
ridges; and compound secondary forms, those which proceed 
from several simultaneous laws of decrement, or from a 
single law which has not attained its limit; so that there 
remain faces, parallel to those of the nucleus, and which 
concur with the faces produced by the decrement in modi¬ 
fying the form of the secondary crystal. 

Let us suppose, for example, that the law which gives 
the octahedron originating from the cube (fig. 20, PI. ill), 
is combined with that from which results the dodecahedron 
with pentagonal faces (fig. 15, PI. II). dhe first will give 
rise to eight faces, which will have as centres the solid angles 
of the nucleus; and it is easy to see that each of these 
faces, for instance that whose centre coincides with the 
solid angle O (figs. 14 and 15), will be parallel to the equi¬ 
lateral triangle whose sides would pass bv the points p, s, t. 
In the same way the face wdiose centre will be confounded 
with the angle 0^ will be parallel to the equilateral triangle, 
whose sides would pass by the points n, p'; but the se¬ 
cond law produces faces situated like pentagons cut by the 
sides of the triangles p s t, s n p\ Now the sections of 
these triangles on the pentagon tO s0^7i reduce the latter 
into an isoscele triangle, which lias for its base the line t n, 
and w hose two other sides pass, the one by the points t, s, 
the other by the points n, 5. It is the same with the other 
pentagons; whence it follows that the secondary solid wull 
be an icosahedron terminated by eight equilateral triangles 
and twelve isoscele triangles. 

Fig 38, PI. V, represents this icosahedron marked by 
letters wdiose correspondence with, those of figs. 14 and .15 
renders perceptible to the eye hiie j^ektiou between the two 
solids; but this icosahedron, much greater diihensions 
than those of the icosahedron which we ohtam artificially 
by making sections on t’ne eivht solid angles of the dode¬ 
cahedron of fig. 14, w,'{hqh are confounclcd with those of 
the nucleus. This *ir.prcase of dimensions was necessary 
for preserving to luicleus a constap^t volume. We shall 
illustrate this a more ample developiut^nt. 

If wc to’obtain the hucieus of the icosahedron 

t 
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of fig. 3,8, lb is evident that we must direct the trenchant 
planes parallel to the ridges rs, / 7z, p q, &C.5 (figs. 14 and 
38), in such a nianner that they become equally inclined' 
on the faces with \vhich they form a junction. These planes 
would pass at the same time on the equilateral triangles 
p s fy snp\ ,&c., and we should have the nucleus, when 
the whole would nieet at the places of the centres of the 
equilateral triangles. 

Hence it follows that the nucleus, of which the ridges 
01, QE, &c., (fig. 15), were displayed on the dodeca¬ 
hedron, is qn the contrary entirely engaged in the icosa¬ 
hedron (fig. 38), excepting by its solid angles, w'bieh are 
points only, and are confounded, as we have said, with the 
centres of the equilateral triangles. This being granted, iii 
order to form a precise idea of the structure of the icosa¬ 
hedron, we must conceive that the laminae, which at first 
adhere on the nucleus to a certain term, decrease solely by 
their angles, as if the secondary solid should be sim¬ 
ply an octahedron. Beyond this term the decrement op 
the angles always continuing, a new one takes place which 
is combined with it, and which being relative to the dode¬ 
cahedron produces the twelve iso'scele triangles. In this 
way w’e niay conceive how the nucleus is completely in¬ 
closed in the dodecahedron, with the reserve of solid angles, 
because the first laminae of superposition, which decrease 
on their angles only, would continue to envelop this nu¬ 
cleus by the portions of their edges to wrhich the decrement 
did not extend. It is sometimes necessary thus to suppose 
different epochs at different decrements, which concur in the 
production of a compound secondary form, when we wish to 
give a detailed account of the mechanism of the structure. 

According to this detail, the distance between the centres 
of two adjacent equilateral triangles, such as p t q t /, 
(fig. 38), ought to be equal to the corresponding ridge O I 
of the nucleus (fig. 15), which is plainly to ne seen by 
simple inspection of the two figures. 

The result which we have developed takes place with 
respect to one variety of sulphuretted iron. Naturalists, at 
a period when the laws of structure were little understood, 
were led to make a kind of geometry of crystallization 
yvhich operated in our manner, confounding its icosahedron 
and dodecahedron with those which are called regular^ and 
the first of which is terminated by twenty equilateral tri¬ 
angles, and the other by twelve pentagons, wTich have all 
their sides equal. But theory proves that neither the one 
por the other is possible in mineralogy. Thus, from the 
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five regular solids^ naiiiely, the cube, the octahedron, the 
tetrahedron, the dodecahedron, and the icosahedron. Na¬ 
ture only produces the three former, and is not susceptible 
of producing any thing else : among an infinity of diilerent 
approximations, which she might present oif the subject 
of the two others, she stops at that which depends on the 
simplest laws of decrements, in such a manner that her dode¬ 
cahedron and icosahedron are really the most perfect and 
.most regular of all the principles of geometry. 

VV^e shall cite a new example drawn from the retjular 
hexahedraJ prism of carbonated lime. From what we have 
said (page lOi) on the method of mechanically dividing 
this polyhedron, it is easy to conceive that its rhomboidid 
nucleus A A' (fig. .5) h*as its solid lateral angles E, O, I, 
K, G, H, situated in the middle of the pancs'{)f the prisni 
711 <1, m'd'; from which it follows that these angles are the 
points of departure of the decrements which ha\c produced 
the same panes. 

d'hese ciecremonts act at once on the three plane angles 
EO I, EOA^, 10 A', which concur in the formation of 
on^ and the same solid angle O ; but in applyinir here 
the observation made with respect to the dodecahredroii 
with pentagonal faces (page 213), and more particularly 
with respect to the regular octahedron (page 223), we can 
confine ourselves to the consideration of the decrement re¬ 
lative to one only of the three angles in question, by sup¬ 
posing that the face which results from it is prolom^ed on 
the two rhombs adjacent to that to which this an^Ie be¬ 
longs. 

This being granted, let us refer the whole to the six 
angles E O T, E H G, I K G, MGK, OIK, H E O, the 
first three of which look towards the summit A, and the 
three others towards the summit A^ If we suppose 'a de¬ 
crement by two ranges of rhomboidal molecules on these . 
dlfTercnt angles, it will give rise to six faces which will be 
parallel to the axis, as we have already shown. 

'J'hc lamiiige of superposition, at the same time that they 
will decrease towards their inferior angles, will be extended 
on the contrary by their upper parts, so as to remain al¬ 
ways contiguous to the axis, the length of which will of 
Itself go on increasing. Besides, the facets produced bv the 
decrement will gradually increase ; and at the term where 
they meet, we shall have the solid A A' (fig. 4), where 
each of these facets, such as 0 O 0, is designated by the 
game letter as the angle O (fig. 5), to which it is referred, 

since 
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since it is as it were the common point round which the 
three decrements have acted. 

In proportion as new laminae are afterwards applied to 
the tormer, the points o, o are elevated, and point O is 
lowered; so that at a certain period we shall have the solid 
represented in fig. 3^ in which the faces produced by the 
decrement haver become pentagons, such as oo7 O e. 

Things being in this state, let us suppose a second de¬ 
crement which concurs with the fornter, and which is pro¬ 
duced by a simple range on the upper angle EAI, or 
HA^K. The effect of this decrement will be to produce 
two faces perpendicular to the axis; and when it shall have 
attained the point where these same faces shall intersect the 
six faces parallel to the axis, vvhich have the first decre¬ 
ment for the generator, the secondary solid will be termi¬ 
nated, and will be presented under the form of the regular 
bexahedral prism (figs. 1 and 2)*. 

We have already said that this result was general, what¬ 
ever was the measurement of the angles of the primitive 

rhomboid. 
We now see wherefore, in the mechanical division of the 

prism, the section pp oo (fig. 2) has its sides pp, oo pa¬ 
rallel to each other, and at the same time to the horizon¬ 
tal diagonal which goes from E to I (fig. 5), since the two 
decrements taking place, one of them on the angle EGf, 
the other on the angle EAI, the laminae of superposition 
should have their edges turned towards this same diagonal. 

In the case under consideration, and it is the most usual 
one, the axis of the secondary crystal is longer than that of 
the nucleus ; so that this nucleus having its lateral angles 
contiguous to the panes of the prism, its summits are en¬ 
gaged in the interior at a certain distance below the centres 
of the bases. If we supposed that the two decrements had 
the same epoch, then, the axis of the prism being equal to 
that of the nucleus, the lateral angles and the summits of 
the latter would be tangent, the former to the panes, and 
the other to the bases of the prism. Finally, if the decre¬ 
ments on the upper angles of the nucleus had air epoch an¬ 
terior to that of the other, which is the inverse of the first 
case, thfe summits of the nucleus would still be contiguous 
to the bases of the prism, while its lateral angles would be 

*• 

• We do not pretend here to detail the n-;aniier in which the crystal has 
been formed, but solely the manner in which ii is compounded. We shall 
afterwards see hovr we may conceive that the process of crystallization k 
combined with the order of the structure. 

placed 
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^1:)C€d in the interior between the panes and the axis. This 
is what takes place in certain crystals, the prism of vvhich 
fs very short, and resembles a hexagonal lamina. 

We shall conclude by an example drawn from analogical 
carbonated lime, represented in fig. 39, Pi. V. This va¬ 
riety has its surface composed of twenty-four trapezoids, six 
of which arc vertical, such as dale, d a' h' cf, &c., twelve 
others, such as dp a d, c' p a" h', &c., arranged by sixes on 
both sides of the preceding, and six terminal, such asp ap's, 
arranged by threes round each surpniit, 

Tlie former trapezt)ids result from the same Jaw which 
gives the six panes of the regular hexahedral prism (fig. 1) ; 
ilie second are ow’ing to the law which gives the carbonated 
metastatic lime (figs. 6, 7, and 17). By comparing fig, 39 

with fig. 6, we see that the vertical faces cut those of the 
metastatic crystal in such a manner that they intercept the 
solid lateral angles K, O, I, K, &c,, (figs. 6 and 7). Finally, 
the terminal faces proceed from a decrement similar to that 
which produces the equiaxis carbonated lime (fig. 18). 

We cannot help being agreeably surprised, when w^e sub¬ 
mit to calculation the form of this polyhedron, to see the 
relations of its difl'erent parts successively presented, either 
between each other, or with those of several other crystals. 

1. In each vertical trapezoid a bed (fig. 39 A), the up¬ 
per triangle bad is equilateral, and its height an is double 
the heierht cn of the inferior triangle. 

2. lii each terminal trapezoid p5/)"a" (fig. 39 B), the 
upper triangle p 5 p" is similar to the half of one of the 

" faces of the equiaxis rhomboid, by a consequence of the 
law of decrements; and the inferior pal'p' is similar to 
the half of one of the faces of the inverse rhomboid, which 
arises from the manner in which the plane of the trapezoid 
is cut by the planes of the adjacent faces. It results that 
the heights d' r, .v r of the triangles which subdivide this , 
trapezoid, are also to each other in the ratio of two to one, 
as in the trapezoid abed (fig. 39 A). 

3. In each intermediate trapezoid c'pad (fig. 39 C), 
the triangle pad is equal and similar to the fourth part 
FAD (fig. 39 D) of the primitive rhombus DPD''P'; 
go that the angle a (fig. 39 C) is,straight, the angle dp a 
50^46' half of the angle D PD" (tig. 39 D), and the 
angle adp (fig. 39 C) 39^ 13" 54"", half of the angle PDP 
(fig, 39 D). . 

4. The incidence of c' pad (fig. 39) on of h' c'd is 
nreclsely 135*", supplement to the half of the right angle. 
' 5. The incidence of p sp" a!' on dp of d is \-29° 13' 54", 

supplement 



soo On Cr'ijstallograpliy^, 

supplement of 50'^ 46^ C)', which is the half of the primitive 
angle DPD' (fig. 39 D). 

6. Finally, the polyhedron shares with the metastatic va¬ 
riety the property in virtue of which the mutual incidence 
of the faces which correspond in this variety with the tra¬ 
pezoids c' p a c' p a" h', are equal to those of the rhombs 
of the primitive form. These are .the different ratios which, 
have suggested the name of analogical given to the poly¬ 
hedron in question. 

We no\V see to what all the different metamorphoses be¬ 
long under which the primitive form is presented in secon¬ 
dary crystals, whether simple or compound. Sometimes 
the decrements are performed at once on all the edges, as 
in the dodecahedron with rhombic planes, cited above, or 
on all the angles, as in the octahedron originating from 
the cube. At times they take place only on certain edges 
or certain angles. At others there is an uniformity be¬ 
tween them, so that there is only a single law by one, two, 
three. See., ranges, and which acts on different edges or on 
different angles, as it is also still observed in the solids, of 
which we shall speak presently. Occasionally the law varies 
from one edge to the other, or from one angle to the other ; 
and this is what happens in particular when the nucleus has 
not a symmetrical form, as when it is a parallelopipedon, 
the faces of which differ by their respective inclinations, or 
by the measurements of their angles. In certain cases the 
decrements on the ed^es concur with the decrements on 
the angles to produce tlie same crystalline form. It also 
happens sometimes, that the same edge, or the same 
angle, undergoes several laws of decrement which succeed 
each other. Finallv, there is a multitude of cases in 
which the secondary crystal preserves faces parallel to those 
of the primitive form, and which are combined w^ith the 
faces produced by the decrements,, in order to modify the 
figure of this crystal. 

if amidst this diversity of laws, sometimes solitary, and 
sometimes marching as it were by groups round the 
same primitive form, the number of ranges subtracted 
was in itself very variable; if, for example, there were de¬ 
crements by twenty, thirty, forty, or more ranges, as 
may he imagined, the multitude of forms which might ex¬ 
ist in each species of mineral would befit to overwhelm the 
imagination, and the study of crystallography would present 
an immense labyrinth, which, in spite of the clue furnished 
by theory, could with difficulty be unravelled. But the 
power tvhich produces the subtractions seems to have a 

very 
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very limited action. These subtractions are most frequently 
formed by one or two ranees of molecules. I have found 
none which went beyond ^ix ranges’*"; but such is the fer¬ 
tility which is united with this simplicity, that, by confining 
ourselves to decrements by one, two, three, and four 
ranges, and abstracting those which are mixed or inter¬ 
mediate, we find that the rhomboid is susceptible of eight 
millions three hundred and eighty-eight thousand six hun¬ 
dred and four varieties of crystallization. Without doubt, 
among the circumstances which can determine all these 
varieties, there are many which aic not met wdth in nature. 
But there is reason to think that discoveries of this kind 
will continue to be multiplied for some time to come, in 
proportion as a taste for mineralogy continues to be diffused, 
since we have hardly as yet observed 48 distinct varieties in 
the species of carbonated lime, wdiich is the richest of all 
in crystalline forms, at least if we may judge from the pre¬ 
sent state of our knowledge. 

Tn order to have a still more accurate idea of the power of 
crystallization, we must add to this facility of producing so 
many different forms, in commencing with a single figure, 
that of attaining one and the same form by different struc¬ 
tures. The rhoinboldal dodecahedron, for instance, which 
we obtained by combining cubical molecules, exists iu 
the garnet, with a structure composed of small tetrahe¬ 
drons with triangular isoscele faces, as we shall find under 
the head of this mineral substance; and I have found it in 
a species of fiuaied lime, w'here it is also an assemblage 
of tetrahedrons, but regular, and the faces of which 
are equilateral triangles. But besides all this, it is possible 
that similar molecules, subjected to a variation of laws, 
present identically the same result. Thus the regular hexa- 
hedral prism, which in carbonated lime generally exists in 
virtue of a decrement on the inferior angle, sometimes pro- 

* We meet, although very rarely, with mixed decrements, which take 
place according to ratios such as ^ is to 9, or S to 8, one of the two terms, 
desigiratiiig the number (rf ranges subtracted in breadth, and the other the 
niuuber ot ranges subtracted in height; and such are hitherto the ratios of 
this description, that it is sufficient to increase or diminish by a unit one of 
the two terms, that the decrement may enter into the most common cases. 
For example, if iu the first of the ratios which has been quoted we retrench 
a unit frbm 9, and if we add one to three in the second, each ratio will be¬ 
come ^ or It 1‘esuhs that the absolute measurement of ihe decremcMits iu 
question does not exceed that of the ordinary ticcrements. for instance, 
■t, and -- arc both of them less than which expresses a simple decrement. 
Now it seems to me that a decrement ought to be estimated according to 
rhe absolute value of the ratio which represents it, and not according to the 
terms of this ratio cpusidercci independently of eaofi other. 

cecdiiv 
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ceeds from a decrement on the edges adjacent to this angle. 
We have seen the primitive form copied as it were by a law 
of decrement. A nucleus even, although fictitious, substi¬ 
tuted in imagination for the true one, would give a dodeca¬ 
hedron completely similar to that of paradoxical carbonated 
lime, by the help of a law still more simple than that which 
really takes place In the species particularly in which 
the primitive form has a certain character of symmetry, as 
w^hen It is a rhomboid, the ahalogies and properties present 
themselves on all hands. It should seem as if geometry 
could not touch any term of the innumerable series of pos¬ 
sible terms, without leaving on it the impression of some 
interesting veHty. 

[To be continued.] 

XLII. Proceedings of Learned Societies, 

FHOCEEDINGS OF THE FRENCH NATIONAL INSTITUTE 

FOR THE YEAR 1808. 

[Concluded from p. 237.] 

N o person is ignorant how widely Messrs. Fourcroy and 
Vauquelin have extended the dominion of animal che¬ 

mistry. . ^ 
The present year has presented us with two additional 

memoirs in this department of science one of them treat¬ 
ing of animal mucus, and the other of uree. 

The animal mucus transudes from all the membranes 
which issue from those of the cavities of the body com¬ 
municating with the exterior j such as tne nostrils, the 
trachea, the intestines, and the bladder. It differs from al¬ 
bumen, which forms the basis of the white of eggs, because 
the acids coagulate instead of dissolving it, and heat on the 
contrary does not produce coagulation. It differs frorn ge¬ 
latine, because it is not dissolved in such a great quantity in 
water, and no jelly is formed; but it continues to be vis¬ 
cous and thready' as long as it remains undried : it is the 
mucus hardened, and mixed with a fatty substance, which, 
forms the hair, nails, and epidermis. 

Uree is the colouring matter dissolved in the urine, and 
forms one of the principal characters of this liquid ; more 
abundant in azote than any other animal substance, it seems 

* It will be shown in the geometrical part of this worj:, that it is always 
possible to substitute hypothetically, instead of the true nucleus, a secondary 
form chosen at pleasure, in such a manner that the other forms- become se¬ 
condary in their turn with respect to this supposed nu-pleus. 

essentially 
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essentially destined to free the animal body from the suj)er- 
ablindance of this element, 'Fhe two chemists in question, 
although long occupied in stud\'ing this substance, only 
procured it in its purity but very lately, and have conse¬ 
quently made a new display of the properties which they 
found it to possess in this state. 

Here wc ought to iiUroduce M. Chevreuil’s experiments 
on indigo, and those of M.-'flienard concerning the action 
of the vegetable acids on alcohol, as also the analysis of an 
animal substance found in a grotto by M. Laugicr; but as 
these complex and troublesome labours do not yet lead to 
any general principle proper for being inserted in a report 
of the present description, we are obliged to refer to the 
memoirs themselves, which have appeared in the AminJei 
de Chimiey or in the Annales dii Alnseum d'Histoire Na^ 
hire lie. 

Among the subjects connected with anatomy which have 
occupied the attention of the class, the most interesting has 
been a memoir on the structure of the brain and of tlie 
nervous system, presented by Messrs. Gall and Spurzheim, 
physicians of Vienna : these anatomists consider the cerebral 
organ in a very different, and in many respects in a clearer 
and more intelligible light than hitherto adopted. Accord¬ 
ing, to them the cortical is the organ froin which the ner¬ 
vous fibres issue, which constitute the white or medullary 
substance. Wherever this exists it arises from these fibres, 
d’he spinal marrow is no longer a fasciculus of nerves de- 
scendin’tr from the brain ; on the contrary, the nerves called 
cerebral mav be traced to the medulla elongata. The cere¬ 
brum and cerebellum themselves are only developineius 
of the fasciculi, coming from the medulla elongau in the 
same way as the nerves come from it: the brain in parti¬ 
cular derives its origin from fasciculi called pyramidal enu- 
nences, w'hich cross each other, issuing from the medulla 
elongata, each of them proceeding towards the side oppo¬ 
site to that from which it issues; they swell for the first time 
when crossing the pons varolii, a second time when pass¬ 
ing over the tubercles called optical layers, and a third time 
in those called corpora cavernosa, always by medullary 
fibres furnished by the grayish matter in these three parts, 
adding to those which the fasciculi originally possessed, 
and which there unite by acute angles, and thus ascend. 
The cerebellum issues from fasciculi denominated 
cerehelli admedullam, which are reinforced, but once only, 
by fibres furnished to them by the gray matter of what is 

called 
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called tile corpus ciliare. These two pairs of fasciculi, afte^ 
beiiu'' strenirtheiied and enlarc^ed, and after havino^ conse- 
quenlly taken a divergent direction, finish by each of them 
spreading out into two great expansions, cov^ered over ex¬ 
ternally with a gray substance, which, on this occasion, 
only deserves the name of cortical; and these expansions 
folded in various manners form wh'at are called the kemi-, 
spheres of the hrain, the lobes and the vermiform process of 
the cerebellum. From their whole extent other medullary- 
fibres issue, which, from the two sides of the cerebrum and 
of the cerebellum, converge towards the middle line, where 
the fibres of the side join those of the other, forming what 
are called commissures. The corpora callosa, the fornix, 
and their appurtenances, form the largest of the commis¬ 
sures of the brain. What is called the anterior commissure 
is that in particular which joins the middle lobes. The 
commissure of the cerebellum is composed of transverse 
layers from the pons (varolii). Each pair of fasciculi form¬ 
ing the nerves, also has commissures which serve to unite 
the two parts. When we remove or tear the convergent fibres 
which proceed to the corpus callosum, and which serve as 
roofs to the lateral ventricles, nothing remains under the 
gray substance except a medullary part composed of the 
origins of these convergent fibres, and of the extremities of 
the divergent fibres which come from the medulla elongata; 
and so far from the aggregate of all these fibres forming a 
solid mass, as formerly supposed, there is always in the 
middle of each circumvolution of the cerebrum and cere¬ 
bellum a solution of continuity ; and -with some care we 
may unfold this portion of the white or medullary sub¬ 
stance. 

The committee appointed by the class, after having ex¬ 
amined with the greatest care, in the dead subject, the the¬ 
ories of Messrs. Gall and Spurzheim, gave their assent ta 
almost all of them which are dependent on anatomical in¬ 
spection : they have even shown that several of these ob- 
seivations had already been made by old anthorsj but the 
generality of anatomists had not bestowed snlBcicnt atten¬ 
tion on the subject: the only thing in point of fact which^ 
they have disputed is, the possibility of unfolding the brain 
without tearing or rupturing any thing. In their opinion, 
there was at the most only a more trifling cohesion in the 
middle of each circumvolution; hut they were unable to 
find an absolute solution of continuity. 

Aitci having bestowed on .the two anatomists of Vienna 
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the justice which w'as due to them for their anatomical dis¬ 
coveries, the committee thought it their duty also to cau¬ 
tion the public that there is no direct connection, no neces¬ 
sary relation, between these discoveries and the doctrine 
taught by M. Gall, on the functions peculiar to the ditfe- 
rcut compartments of the brain, or with the possibility of 
conjecturing from the size of these divisions, the. intellec¬ 
tual and moral dispositions of individuals. Every thing 
that we have examined respecting the structure of the.braiii 
(they say, in concluduig their report,), may be equally true 
or false, without the possibility of any, conclusion being 
cTrawn either for, or against this doctrine, which can only 
be estimated by very different means. 

M. Duineril, professor of ntedicine at Paris, has pre¬ 
sented an anatomical memoir to the public, in which he 
considers under new points of view the bones and muscles 
of the hutnau and animal trunk. 

After bavinh compared the vertebrae with each, other,in. 
the different regions of the spine, and.in the diffcjrcnt classes: 
of anjmals, he endeavours to show that the h^ad, so faf as 
its movements are concerned, may be regarded asi a verte¬ 
bra extensively developped : not that he means ao say that 
the head is a .vertebra,‘which-would be. absuifd, but merely 
that the fa.cets by which the head is articulated have a re¬ 
semblance with the articulating apophyses.of-the vertebrse; 

' that the projecting parts wliich afford a hold.to the muscles 
of the head, have a resemblance with the spinal and trans¬ 
verse apophyses of the vertebras, and that tlic,muscles which 
proceed from certain, parts .of the spine to the head are 
analogous with those which proceed from one part.of the 
spine to another. After having shown these resemblances 
in the human species, M. Dumeril traces them < id to the 
lower animals, anti shows that at all times, when there are 
variations in the cbnuection of the parts of the spine with 
each other, there are corresponding variations in those of 
the spine with the head. 

Passim’^ to the examination of the muscles which act in 
the sides, M. Dumeril shows that, \vhatever are the varia¬ 
tions in the sides of v^ ious animals, there is always, nearly 

' the same muscles which, .only when there,are no sides into 
'i which they can be inserted, are attached to the transverse 
.apophyses of the vertebrae, which are then generally larger. 
iErom all this the author infers, that between the sides atid 
• the transverse apophyses there is a resemblance of connec¬ 
tions and of functions of the same order w ith that which 
jhe established between the head and the vertebrae, 
i Vol. 34, No. 13S. October ISOQ. G He 
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He makes a reflection on this subject^ the truth of which 
is demonstrated by every animal organization with which 
we are acquainted. 

Nature/’ he says, is ever fertile in her resources: 
she never passes to a secondary combination until her pri¬ 
mitive type and its modifications become insufficient, and 
never adds an organ until new circumstances require greater 
eflbrts and more powerful means.” 

It is this principle which forms the basis of comparative 
anatomy: it is this principle which has given birth, not 
only to the branch of this science which compares with 
each other the diflerent species, but also to another more 
novel and not less curious branch, which compares with 
each other the diflerent organs of one and the same species. 
Vicq-d’Azyr had already given an example of this second 
branch in his Memoire suf Les Rapports des Memhres an- 
terleiirs et posterieurs. M. Dumeril on the present occa¬ 
sion has given another example, which may be regarded as 
following up the former. 

M. Villars, correspondent of the class at Strasburgh, has 
presented two memoirs on the structure of the nerves. He 
diinks lie has discovered, by the help of the microscope, 
that the envelop of the nerve is itself composed of nervous 
fibres i but our committee has not yet been convinced of 
the truth of this assertion from ocular demonstration. 

Vegetable anatomy has for several years been much in¬ 
debted to M. Mirbel :—the Royal Society of Gottingen 
made this the subject of an annual prize, which occasioned 
the publication of several dissertations, the cliief of which 
were those of Messrs. Link, Treviranus, and Rudolphi, 
all of them professors in diflerent German universities. These 
learned naturalists agree in the conclusions of M.. Mirbel, 
adding some observations to his, but contradict him on 
some points. This opposition induced him to publish in 
his turn a defence of his theory, in which he determines 
it with more precision by reducing it into aphorisms, and 
in which he endeavours to show that the most of the ob¬ 
jections made against him, either proceeded from his mean¬ 
ing being misunderstood, or from his observations having 
been repeated with too little care. 

The same botanist has this year presented to the class a 
particular memoir on the germination of the grasses, and 
another on the distinguishing characters of the mouocotyle- 
dontal and dicotyledontal plants. 

In the former he has shown that the stigmata of wheat, 
unite in a small channel which proceeds towards the base 

of 
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of the embryo, atul wfiich serves as a conductor to the fe¬ 
cundation : that the cotyledon, as M. Jussieu supposed, is 
a pulpy substance, in which tlie radicle and the plumuia, 
are insensibly developped, a/id which is opened accord¬ 
ing to its length, in order to allow them to pass in such 
a way that by itself it performs the function of a sheathing 
leaf. 

In general the cotyledons have the greatest analogy with 
the leaves; like the latter, lliey are irritable in the sensitive 
plant, l)car hairs in the borage plant, a gland at the end in 
plaintains, and coloured points in the herb burnet, &c.; in 
short, there are real leaves in the seed. If the cpt)^edons, 
when there are two of them, are always opposite, even when 
the leaves of the plant are alternate, it is because the stalk 
cannot be developped in the seed, and the interval between 
the two cotyledons cannot be marked. From these multi- 
plid'd connections of form and nature between the cotyle¬ 
dons and the leaves, M. Mirbel concludes that the number 
of these same cotyledons should also have its cause in some 
circumstance relative to the leaves, and he thinks that the 
monocotyledontal plai^its are alw^ays those whose leaves are 
sheathed witliin ea-'h other: this is evident with respect tQ 
the grasses and the tUiacece^ particularly if we reflect that 
the bulb is formed of the sheathing of the bases of all 
the leaves; and also with rc^jk^ct to several other plants of 
this branch of the veo-elable kin,(ydom. 

CD 

Pas sing to the formation of the wood, M. Mirbel show s 
that it is always composed of fibres dispersed here and there 
in a cellular texture similar to the sap of the dycotyledonta, 
hut which is formed in several monocotyledonta of these 
fibres at the circumference as well as at the centre: these last 
have conserpiently two vegetations; one around the outside, 
which increases the diameter of (heir trunk, and the other 
at the centre, which increases their density. He considers 
each of the fibres of the trunk of the monocotyledonta as if 
it answered to an entire trunk of a dycotyledon, and shows 
that there takes place a series of operations equally com¬ 
plete as in these trunks. 

M. Nlirhel has been rewarded for these ingenious labours 
by being elected a member of the Institute, in tlie room of 
the late M. Ventenat. 

M. Decandolle has this year conferred additional favours 
on the science xit botany. He has drawm up a memoir on 
plants with compound flowers, in w'hich he forms a sepa¬ 
rate family bt those whose flowerets have two incqual labia, 

U 2 and 
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and in which he distributes those denominated cynaro^ 
cephaii, according to the lateral or terminal insertion of the 
grain. 

In general the present year has shown that botany rscul- 
tiv^ated in France with more ardour than ever. Tlie me¬ 
moir of M. du Petit”Thouars on the family of the orchidece, 
the forerunner of a large w'ork on the natural families of 
plants, which this eminent botanist is about to publish,— 
the memoir of M. Longchamp on the narcissi,—themono- 
graphy of the eryngia, by M. cle la Roche,—have added 
greatly to the fame of their respective authors. 

M. dll Petit-Thouars in particular has come to the reso¬ 
lution of publishing his theory of vegetation, founded on 
the development in two directions, which he admits in the 
shoots, and of which we have already given an idea in pre¬ 
ceding reports. 

M. Ventenat terminated his laborious career by a memoir 
on the genera samyda and ccesaria, of which he makes 
a new family closely allied to the rhamnoidcs: this last 
effort of his genius was intended for the continuation of 
the Jardin du Cels, a work which his death interrupted. 

The history of animals has been enriched by the com¬ 
pletion of M. Olivier’s work on the insects, and 
by his description of all the gelatinous animals brought to¬ 
gether by Linnreus under the head of mednsce, M. Peron, 
who collected a very great number of them in his voyage 
to the South Seas, adding his ov.m observations to those of 
his predecessors, makes this family amount to upwards of 
one hundred and fifty species. It is perhaps necessary to 
give M. Peron’s words on this subject when detailing the 
singularities of these zoophytes: ‘‘Their substance seems' 
to be nothinsT but coag!;ulated water, and nevertheless they 
exercise the most important functions of life; their multi¬ 
plication is prodigious, and yet we know nothing of their 
peculiar mode of generation; they are sometimes several 
feet in diameter, and 50 or 60 pounds in weight, and'their 
nutritive system escapes our view ; they execute the most 
rapid motions, and the details of their muscular system are 
imperceptible; they have a kind of very active respiration, 
and its actual seat is a mystery; they appear extremely 
feeble, and considerable numbers of fishes make them their 
daily prey ; the zoophytes in question shine in the darkest 
nights like globes of fire; sonre of them burn and render 
torpid the hand which touches them,—the principles and 
agents of these two properties remain still to be discovered,’' 

The 
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The meclusae, ‘properly so called, have a gelatinous body 
nearly of the form of the top of a'mushrooin, which Ivl. 
Peron calls umbrella, after the e.xample of Spallanzani ; 
but they differ tronicacb other, in as much as some of them 
h;iveauK)uth and oiliers want it; some have several months, 
and in others there is a production under the umbrella in 
the form of a pedicle. 

M. Peron fi\)in these characters has formed a tree of di¬ 
visions and subdivisions, in which all the medusce in ex¬ 
istence must necessarily fall to be classed, and in which he 
has placed all those with which lie is acquainted. Faithful 
and accurate paintings, executed'by his fellow voyager M. 
Le: meur, explain all that variety of forms and colours so 
necessary for subjects of natural history. 

To these inquiries into external characters, M. Peron has 
added some interesting details on the internal structure of 
these animals, and particularly the genus called rhizosto- 
mum, M. Cuvier had so denominated it, because he sup¬ 
posed that the filaments attached to its tentacula wtfre so 
many suckers, and that the nourislmicnt thereby inhaled 
proceeded to a central cavity, from which it was distriliuled 
to the whole body bv an infinite number of vessels arranQ;cd 

j j w 

very regularly, and multiplied particularly in the edcresof the 
umbrella. The four apertures in the sidesof thebascof the 
pedicle appeared to M. Cuvier to be the organs of respiratioiir 

M. Peron on the contrary, having observed several living 
rhizostoma, and having seen them take in some small ani¬ 
mals by these four apertures, and suck them in towards the 
four cavities to w'hlch they lead, ivS of opinion, that tlicse 
are four distinct mouths and stomachs, and that the largte 
vascular apparatus, which fills the pedicle and the edges of 

. the umbrella, is with much more probability set apart for the 
office of respiration, as it is almost always filled with air. 

Pvl. Cuvier has this year instructed the class whth respect 
to certain species of reptiles, the bones of which have been 

I found buried in the earth. All-of them had been rc2:arded 
I 

as belonging to crocodiles, and even peculiar to a crocodile 
I of.the Ganges called the Gavial genus ; but there arc lizards 

of t^e safeguard or tapinan^bls species, which belong also 
. to the Gavial genus, although they have distinctly marked 

differences in their respective characters. 
What is most singular with respect to these fossij bones 

of r.eplllcs is, that they are found at a much greater depth 
than those of land animals. 

, The environs of Maestricht ^Iso contain the bones of a 
great animal* of that family, which some regard as a fish and 

U 3 others 
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others as a crocodile. M. Cuvier has,endeavoured to show 
that it is a monitor, althoiigb a giant ot its kind. It is up¬ 
wards of 25 feet in length ; the tad is short in proportion, but 
broader than that of the other species, and probably lorixied 
a pov^erful rtidder; as every thing favours the suggestion 
that this annual was strong enough to live on the surface of 
the ocean : its bones are generally found among those of 
large tortoises and sbeil-fish. 

Mr. Jefferson, president of the united states of America, 
has sent to the class a fine collection of fossil bones dug up 
on the banks of the Ohio in North America; the greatest 
part belongs to the huge animal improperly called the 
inammolfi by the Americans, and to which M. Cuvier has 
given the name of mastodoiitus ; hut there arc several hones 
in the collection belonging to the true mammoth of Siberia. 
These two gigantic animals seem therefore to have formerly 
inhabited the whole northern hemisphere. 

We cannot account for the extirpation of these enor¬ 
mous races, and of so many others that have been victims 
of the same catastrophe, without being completely acquaint¬ 
ed with the strata in which tliese bones are buried, as well 
as their succession and nature. This is what has been at¬ 
tempted by Messrs. Cuvier and Brongniarc in the environs 
of Paris. So far as they have as yet been able to examine 
the soil in the neighbourhood, they have found it to be 
composed of several strata evidently different. The lower¬ 
most stratum is an immense body of chalk, which extends 
to England, and contains nothing but unknown shells, 
several of which belong to unknown genera. Above this 
chalk there is a stratum of clay, winch docs not contain any 
organized body. In several places are to be found those 
strata of calcareous stones which are employed in budding: 
they are interspersed with shells, most of which are un¬ 
known, but they belong to genera with which we are ac¬ 
quainted, i, e. they resemble the sea-shells of the pre¬ 
sent day. 

Hillocks of plaister-stone are thrown as if by chance, 
• sometimes on the clay, sometimes on the calcareous stone, 
and contain abundance of bones of land animals entirely 
unknown, the skeletons of which have been described by 
M. Cuvier. In these beds of chalk and the clay which 
immediately covers them, the shells are those of fresh 
water, but the upper strata contain salt-water shells also. 

An immense heap of sand without any organized body 
crowns all our eminences; and, what is more remarkable 
than any tlung else, the highest stratum, namely, that 

2 which 
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ulilch covers the whole, abounds m fresh-water shells. It 
is only in the bottoms of valleys, or rather in the cavities 
of this superficial stratum, that we find the bones of ele¬ 
phants and other animals whose species wc know, but 
whose genera we are not yet acquainted with. 

It results, therefore, from the observations of Messrs. 
Cuvier and Brongniart, that the sea, after having for a 
long period covered France, and having several times 
changed the inhabitants and the nature (It* the soil, gave 
way to a temporary deluge of fresh water, during which 
chalk was deposited : but the dclusje havino^ returned, at least 
a second time, seems to have destroyed the beings which 
had been propagated : at this period the palceothermm and 
the anoplotheriuin must have disappeared. Every thing 
tends to render it probable that this deluge made its ap¬ 
pearance a third time, and on this occasion periiaps fhe 
elephants disappeared. 

By similar investigations in other countries, we may be 
enabled to determine if there be any thing general in the 
arrangement of the strata, and of the organized bodies 
which they contain; and we may thereby succeed in fixing 
our ideas on the succession of the catastrophes which have 
brought the surface of our globe into the state in which it 
now is. 

M. Sage has given us some analyses and descriptions of 
certain stones, such as chalcedony, common agate, and 
that kind of volcanic stone called gaestein: he has also 
communicated some experiments on the cohesion which 
lime contracts with various substances,—experiments which 
will be useful in ascertaining the composition of various 
mortar. 

M. Brochant, minino; engineer, has communicated some 
observations relative to strata much more antient than those 
in the environs of Paris, and which M. Werner has de¬ 
signated by the name of soils of transition^ because they 
are placed between those primitive mountains anterior to 
organization, and those secondary strata filled with the bones 
of animals. Most of them are composed of fragments of 
primiti\’’e soils united tojrether like pudding-stones by va¬ 
rious cements, and here and there we now begin to find 
remains of animal and ves::etable orccanizations. 

Saussure had already noticed these soils in the Alps; 
but M. Brochant determines them with more precision and 
follows them more into detail, chiefly along the Alps on 
the side of France. 

M. Lescalier, the maritime prefect of Genoa, has con- 
U 4 sidcred 
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sidered mountains under another point of view^ in a me- 
inoir on the climate of Liguria, in which he -shows, by va¬ 
rious examples, that this country, protected against the 
north winds by the Apennines, is more favourable to the 
plants of warm countries than any other of the same lati¬ 
tude, because the winter there is milder, although ot longer 
duration, while the summer is cooler on account of the 
vicinity of tl^e sea and the snow. 

The natural history of the department of Doubs has been 
embraced in all its parts by M. Girod-Chantrans, in a 
work subimtted to the judgment of the class, and in which 
he gives the catalogue of all the species of plants and ani¬ 
mals which he could find, with'descriptions of the moun¬ 
tains, mineralogy, springs, and other phsenomena. It is 
much to be desired that all the departments of the empire 
were described with the same precision. 

Every person knows that dropsy, generally considered as 
the effect of an obstruction, is treated by aperients and sharp 
purgatives, given under,every different form. A memoir 
from the pen of M. Departz has treated this regimen as 
rather too much followed. He has cited a number of obser¬ 
vations which, in his opinion, prove that many cases of 
dropsy, particularly those produced by mental anxiety, de¬ 
pend on a too great contraction in the vessels, and require 
mild evacuants. He even asserts, that this kind of dropsy 
is more common than is generally supposed, and that it 
deserves all the attention which practitioners can bestow, 

M. Leguin, who, without being a medical man, has been 
occupied by a praiseworthy zeal of furnishing new agents 
to medicine, seems to have particularly attached himself to 
combat intermitting fevers, which are so common and so 
direful in all countries. He has long' treated them with 
gelatine, and assures us he has obtained the most decided 
success. This year he tried albumen, and found it very 
successful also. He has already cured forty-one patients, 
by giving them, at the time of the fit, the whites of three 
eggs diluted in warm water with a little sugar. In his 
opinion this remedy, as well as gelatine, is the more con¬ 
venient because we may lay it aside if the first fils which 
succeed its exhibition are riot milder. 

• M. Portal has this year read an account of a patient who 
laboured under the various symptoms of Phthisis puhno- 
nalis, added to some others, the cause of which was un¬ 
known. On opening the body, there was an abscess in the 
liver as well as in the lungs, and both abscesses com¬ 
municated through an opening in the diaphrao-m. 

M. Pelletaa 
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M. Pelletan has presented a work on interna] aneurisms. 
I'hcse diseases, altliough almost always mortal, may be 
checked in their progress when care is taken to debilitate 
the patient by iVequent phlebolomy and other means. This 
treatment, suggested by Valsalva from an idea of Hippo¬ 
crates, has been successful!v resorted to hv M. Pelletan ; 
and with three patients he succeeded in performing a radical 
and unequivocal cure. 

Some polemical writings on the Plicapoloiiica, exchanged 
between M. Chamseru and the adversaries of his opinions 
on the subject, having led to nothing further than what we 
last year communicated, w^e 'vait for more conclusive ob¬ 
servations before w'c resume the subject. 

Wo now proceed to the agricultural department, wdth 
which we shall close our report. 

I'lie Projet du Code Rural, drawn up by order of bis ma¬ 
jesty, has been submitted to the examination of commis¬ 
sioners chosen from every department of the em})ire. d'his 
work is intended to guard the farming interest of France 
against every kind of depredation or deterioration. 

M. Tessicr has also by order of the p'overnment edited a 
popular course oi instructions relative, to the culture of cot¬ 
ton in France, and which has already been attended with 
success in the southern provinces. 

M. Bose has read a memoir, at once botanical and ao-ri- 
cultural, in w'hich he describes 28 species of ash trees 
long cultivated in the neighboured of Paris, which were 
either not knowm to naturalists or confounded w'itb each 
other. Several of these species, indigenous of North Ame¬ 
rica, are large trees, which may become very useful to the 
arts by the pliability and elasticity of their wood, qualities 
in which they are superior to the common ash-ircc. 

if w'e refer to the memoirs on establishing the suc;ar^cane 
in France, by M. Cossigny,—to the paper by M. Morel de 
Vincie, on the method of increasing Merino sheep.—to the 
chemical pnncijiles of dyeing, by M. Chapial,—and to the 
tw'o volumes of published this year by the professors 
of the museum of natural history; it will he evident that 
the science of agriculture has not been neoicctcd. 

Three neu' substances added to chemistly, one of which 
badheerrin vain sought after for twenty years, the two 
others scarcely supposed to’cxist,—more precise ideas on the 
structure of the inost important organ (T' the animal body,— 
a more positive know ledge of some parts of the w'orifl,— 
a iiiulutude of organized beings added to the numerous list 

already 
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already in our possession ; notions more accurate respecting 
their Formation ;—succours still more valuable contributed 
by chemistry and natural history to rural and domestic 
ceconomy; valuable observations in medicine and precious 
remedies,—All these have we this year to enrol in the an¬ 
nals of the Institute, as the Romans enrolled the conquests 
of the republic; and we have a right to boast in this man¬ 
ner; for although all these discoveries may not have pro¬ 
ceeded directly from members of our body, yet we are not 
strangers to any of them, since by our diligence and la¬ 
bours wc have proved their reality. 

XLIIT. Intelligence and Miscellaneous Articles, 

MESSRS. LONDONS’ PROCESS FOR PURIFYING MURIATE 

OF SODA*. 

nn J. HIS process consists in purifying or refining muriate of 
soda, whether obtained from rock or fossil salt, brine, 
springs, sea water, or from any other source, by fusion, 
or by heat, or calcination; and by the application of soda, 
its nitrate, sulphate, carbonate, or any other of its com¬ 
binations ; potash, volatile alkali, lime, or their sulphates, 
nitrates, carbonates, or other combinations; or by the ad¬ 
dition of any other material or re-agent that will effect the 
decomposition, precipitation, or separation of the whole 
or part of the earthy or metallic salts combined with the 
muriate of soda. 

The muriate of soda (common salt) with the necessary 
re-agents is to be put into a reverberating furnace, and such 
a degree of heat applied as will fuse the muriate of soda, 
which being kept in fusion a sufficient length of time, the 
earthy and metallic parts are decomposed, precipitated, or 
separated; and the purified muriate is drawn off or taken 
out into proper receiving vessels as long as it continues to 
come off clear, leaving the sediment or impure residue at 
the bottom of the furnace. 

The muriate of soda thus prepared may be broken into 
any sized grains or pieces required. 

if the muriate of soda be not required in that state of 
purity in which it may be obtained by the above process, 
the expense of re-agents need not be incurred. By mere 

• Extracted from their specification, a patent having been granted for 
their process. 
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fuslou as above described, a [)ortlon of ihe earthy and me¬ 
tallic salts, with which it may be containiuatcd, will he 
precipil.iLcd, and the purer muriate may be bejxiratcd as 
alrcad)' described. 

The muriate of soda left n\ixed with the precipitated re¬ 
siduum, is afterwards recovered by solution and evapo¬ 
ration. 

Salt so obtained, may be refined hy^the modes usually 
practised with rock salt, viz. solution, (leposilioii, and 
evaporation; and salt so relincd will (say the patentees) 
be purer and more fit for curing lish, and provisions for 
common use, than any small salt at present manufactured, 
and may supersede the necessity of importing foreign or 
bay salt altogether. 

M. Chladni,' so well known for his various researches in 
the science of acoustics, has invented anew musical instru¬ 
ment, to which he gives tlte name of clavi-cylinder. The 
imperial conservatory of music at I^aris have made a very 
lavourable report ou the subject of M. Chladni’s invention, 
which they describe as resembling the flute and clarionet in 
the high notes, and the bassoon in the lower keys. The 
report candidly states, that the clavi-cylinder is not so well 
adapted for lively strains as for solemn music ; but its effects 
in the oi'escendo and dimvmevdo arc highly praised. 

M. Chladni liimself describes his invention in the fol¬ 
lowing terms : The clavi-cylinder contains a set of keys, 
and behind this a glass cylinder seven centimetres in di¬ 
ameter, vvhich is turned by means of a pedal and a loaded 
wheel. This cylinder is not the sounding bodv, but it 
produces the sound by friction on the interior mechanism, 
d’he sounds may be prolonged at pleasure, with all the 
shades oresemdo and diminuendo^ in proportion as the 
pressure on the keys is increased or diminished, d'his in¬ 
strument is never out of tune. It contains four octaves and 

"a half, from ut^ the lowest in the h.<rpsicord, up iofad^ 

William Jackson Hooker, esq., F;L.S., of Norwich, 
has lately- returned from Teclaiid, whe-re he spent the sum¬ 
mer in investigating the natural history of that interesting 
country. He travelled w-iih a retinue of Icelanders as far up 
the country as the {KTCimial snow' would permit, collecting 
numerous specimens of quadrupeds, birds, insects, plants, 
minerals, 8cc., making drawings of the most important 
objects of curiosity, and also purchasing, in different places, 

many 
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many Icelandic books, weapons, dresses, &c,, at greakcost. 
Mr. Hooker visited the Geysers or hot spouting springs, 
and pitched his tent for some time in their neighbourhood, 
watching the most favourable opportunities for making 
drawings of them. 

We regret to add, that nearly the whole of this gentle¬ 
man’s labours were lost, by the disastrous circumstance of 
the vessel in which he embarked for London taking fire 
soon after they were out of sight of the island, and being 
burnt to the v/ater’s edge. The crew and passengers were 
Saved by a vessel which providentially came in sight soon 
after the fire began. 

Mr. Hooker, after whom the president of the Linnean 
Society named his new genus of mosses, is already well- 
known to the lovers of natural history as the discoverer of 
Biixhaumia apkylla, as well as by his sciehtinc.drawings for 
the valuable w'ork on Fuci, by his friend Dawson Turner, 
esq., of Yarmouth; and his descriptions of several new 
mosses gathered bv Dr. Buchanan, during his journey to 
Nepal, published in the last volume of the LinneanTrans- 
actions. 

Beet-Root Coffee.—We have frequently had occa¬ 
sion to mention the progress made on the continent in ex¬ 
tracting sugar from beet roots ; and it now appears that the 
yellow beet root, when cut into slices and kiln-dried, fur¬ 
nishes an excellent substitute for coffee, particularly if ground 
along with a small quantity of Turkey or West India coffee. 
It requires much less sugar than the foreign coffee, and is 
Said to be much stronger, M. Vinnen of Goblentz claims 
the merit of having discovered this new application of beet¬ 
root. He cautions his readers against stripping the plant 
of its leaves for feeding cattle as is generally practised, and 
which not only injures the growth of the plant, but mate¬ 
rially alters the qualities of the juice. 

Great exertions are making in ever department of France 
10 produce substitutes for West India sugar, and j^rizes are 
daily offered by the various ceconomical societies of the 
continent for the discovery of the most proper material for 
that purpose. The saccharine matter of the grape has been 
the chief subject of the recent experiments of the French 
chemists. 

Mineralogy 
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Mineralogy of the Brazils.—By letters lately re¬ 
ceived from Mr. Mawe; from Rio de Janiero, dated the 
15th oF August, we are informed that he is honoured with • 
the prince-regent’s permission to travel and make observa¬ 
tions in the mining district of the I^razils ; he has already 
passed some months in the government of St. Pauls, where 
he discovered a variety ol’ tine fclays for the purposes of 
porcelain, &c., and is lately returned from tlie mines of 
Canto Gallo. The gold mine of Santo Rita is between two 
rocks of sparry Ihnesiojie, a substance not before known to 
exist in that country, nor would they believe it until they 
saw it burnt into lime. These districts, until now unex¬ 
amined by any mineralogist, (in a coui-^try so rich in pre¬ 
cious productions,) cannot fail to be highly interestino-to 
the lovers of natural history. r 

The follow'ing directions for training messenger pio-eons 
are extracted from an Arabic work printed at the imnerial 
press at Paris, under the title of The Messenger Pitreou 
more rapid than Lightning, and swifter than the Clouds • 
bv Michael Sabbagh.” ^ 

‘‘ As soon as the young pigeons are fledged, they must 
be taught'to feed from a person’s hand, ancTto drink from 
the same person’s mouth. For this purpose take up the 
young pigeon, and with your hand gently throw back its 
head, open the bill, and [)ut two or three grains of corn into 
its mouth. When you think it has eaten enough, take 
some water into your mouth and make it drink bV intro- ' 
dneing its bill: afterwardb" place it on the floor and play 
with it, teaching it to follow you. This exercise ought to 
be repeated twdee or thrice a day, with the view of accus¬ 
toming the animal to be handled. When the jiiixeon is 
strong enough to fly a little, if it be a male, you^should 
place it beside a female,avliich has received thcsaine training. 

As soon as they can iiy well, they may be put into'^a 
cage and sent to the place to which it is intended thev 
should al’terwards carry messages. The cage ought to be 
uncovered, that they may see the road. As soon as thev 
have arrived, the owner of the place to which-thev are sent 
will keep them shut up for a montli at least, takinpr care to 
play with them and handle them everv day. It will be' 
proper to continue this treatment for two montlis,. when 
the birds will have been accustomed to this second place of 
residence : one at a time may then be let loose, and not 
both together, lor the following reasons ;—1st, If you set 

^ • one 
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one of them only at liberty, nothing will stop it on its wav, 
neither corn nor trees will detain it for a moment, while 

* the desire of returning to its companion will quicken its 
speed. 2dly, If any thing has occurred to detain it, either 
from its having visited a strange pigeon-house or any other 
cause, yon have only to turn out its comrade, which will 
soon bring it back. 3dly, It you have a male without a fe¬ 
male, or vice versa, there is reason to tear that the bird 
will on some occasion meet an agreeable companion, and 
of course neglect its master and its errand. For these rea¬ 
sons I think it indispensable that messenger pigeons should 
always be paired. 

As soon as a pigeon has arrived with a letter at the 
place of its destination, it should be immediately set at 
liberty once more with the answer, if kept long from its 
mate, it would in all probability die of grief, or refuse to 
undertake a similar mission in future. 

. After the letter has been attached in the way to be 
subsequently explained, the person charged with dispatch¬ 
ing the pigeon ought to carry it to a distance from the 
houses into the fields, directing his face towards the place 
to which the letter is to be sent. The first time a pigeon is 
employed on this service, it will be proper to follow it for 
about a quarter of an hour, lest it should alight on some 
tree, from which it must be driven. 

Some persons are in the habit of attaching the letter to 
the male pigeon only,- and letting him loose along with a 
female belonging to the place to which he is to be sent. 
When both arrive at their place of destination, the female 
must be confined and the male sent back to his own mate 
with the answer. This precaution is bad recourse to in 
order to accustom the pigeons to go and come. 

The letter entrusted "to the pigeon ought to be written 
on very fine paper : all superfluous words must of course 
be avoided ; the letter is generally placed flat under the 
wing, but in my opinion it would be more advantageous 
to fasten it to one of the sides ; in the first place, because’ 
the weight of the letter w'ould be less felt; and secondly, 
it would be less liable to fall by the flapping of the wings 
when the animal flies. 

By placing the letter under the wing it is preserved 
from rain and other accidents. It may be fastened by a 
small pin to one of the strongest feathers, the pin being 
passed through the letter and fastened at both ends by a 
niece of thread crossed over it. The point of the pin should 
^ be 
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be kept outwards that the sides of the bird may not be 
pricked. Care should also be taken that no part of the 
letter shotdd hang out, lest the flight of the pigeon be re¬ 
tarded. 

The nest or pigeon hole should he so constructed that 
the bird may be laid hold of without any struggle, or with¬ 
out being fatigued.^’ 

Oil of Cabbage Seed.—M. Francois cle Salingre, of 
Halverstadt, manufactures a refined oil with the seeds of 
the cabbage plant [Brassica cmnpestris). Those chemists' 
who have examined this new production, describe it as 
possessing the following properties : 

1. It equals in point of yellow colour and purity the 
finest oil of Provence. 

2. It is inodorous, and has a taste of almonds, which 
distinguishes it from the oil of rape-seed. 

3. It may be substituted for olive oil in sallads, and for 
other domestic uses. 

4. When used as lamp oil, it gives a bright flame with¬ 
out smoke. It is also very oeconomical; a given quantity 
will be consumed much more slowly than the same quantity 
of rape oil within the same time. 

LIST OF PATENTS FOR NEW INVENTIONS. 

To John Jones, of Birmingham, Warwickshire, gun- 
lock and -barrel maker, for certain improvements in the 
manufacturing of skelps for^fire-arms.—Sept. 28, I8O9. 

To William Bundy, of Camden Town, Middlesex, ma¬ 
thematical instrument maker, for his new method of head¬ 
ing pins.—Sept. 28. 

To John White the younger, of Whitehall Wharf, 
Westminster, for a certain substance which is capable of 
being converted into statues, artificial melting pots, bricks, 
tiles, sugar-bakers' pans, chimney pots, garden pots, and 
every description of pottery,—Sept. 29. 

METEORO- 
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METEOROLOOia^L- TA.m.E^ 

Mr. Caret, of the Strano, 

For October I8O9. 
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Sept. 27 57'' 61° 42° 29-40 15 
28 42 55 40 *82 10 
29 40 54 43 •95 . 41 

30 44 57 50 •65 0 

Oct, 1 50 58 53 30*15 43 
2 52 61 57 *30 5 
3 ' 58 63 58 *34 10 
4 56 62 51 *16 40 

>5 48 60 55 •09 ■ 42 

V 6 54- 61 50 •09 46 

7 49 60 45 •10 38 

8 . 46 55 42 •11 39 
■ 44 50 40 *08 36 

10 40 49 44 •01 44 

l.l 45, 51 41 •01 40 
12 40 49 38 •05 31 
13 34 49. 36 •15 43 
14 32 51 37 •22 ■ ■29 
15 35 48 40 •28 27 

* ' 16 46 56 53 •OS 15 

17 53 59 55 •07 15 

IS . 53 59 56 •07 10 . 

19 55 59 56 • i 1 a 
20 52 54 52 •11 '8 

21 52 57 50 •08 15 

22 51 56 51 •03 17 
' 23 53 56, ‘ 54 29*92 21 

24 50 60 51 •82 19 
25 49 56 52 30"22 26 

26 52 
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63 56 •30 
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Weathar. 

Fair 
Rain 
Fair 
Small Rain 
Cloudy 
Fair 
Fair 
Fair 
Fair 
Fair 
Fair > , , 
Fair 
Fair 
Fair 
Fair 
Fair 
Fair 
Cloudy 
Cloudy 
Cloudy 
Cloudy 
Cloud}' 
Cloudy 
Cloudy 
Cloudy 
Fair 
Fair 
Fair 

N.B. TJie Barometer’s height is taken atoixfi o’clock. 
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!KLIV. On the Ascent of Salmon over the Elevations in the 
Course of Rivers^ called SahnoU'Reaps, i??/John Caur^ 
Esq.; (f Manchester. ' 

To Mr. Tilloch. 

Sir, In natural history the correction of an old error Is 
sonieiiincs of equal importance with the development of a 
new truths hut when the latter is made productive of the 
former, the case is still more interesting. I have to offer 
to your notice, Mr. Kditor, an instance ol this description 
in the natural history of the salmon ; and if you think it 
descrvlna; a j.dace in voin respectable monthly repository, it 
is very much at your service. 

d'he natural element of salmon certainly is salt, not 
fresh water. It is in the sea only that they acquire their 
growth, and attain that vigorous strengtn and muscular 
cnerev imwhich they are not, perhaps, excelled by any other 
animal of ecjual weight and bulk. Nature, however, has 
determined that they shall propagate their species only in 
fresh water; and it'is for that sole, but iimportant purpose, 
that they quit the ocean and ascend riVers and streams al¬ 
most up to their very sources, in every country where they - 
abound. ^ 

Summer and autumn are the seasons when they enter 
fresh w’ater in the greatest numbers, and when the shal¬ 
lowness and transparency of the streams necessarily occa¬ 
sion the period of their ascent being limited to times of flood 
only. But at these times such are the instinctive eneipes 
which impel, and the muscular powers which enable, them 
to advance, Uiat ni) natural or artificial barrier across the 
streams, over which a s^ijjiciency of water iimMeS; has ever 
yet been known to arrest their progress upwards ; and if at 
these tim^ their course is ever stayed, it results less from 
the heiLdit or other difficulty of the opposing obstacle, than 
from a^defficiency of that due proportion of the descending 
fluid, which is requisite to allow the natural force to the 
exertion of their wondertul powers. 

From the elevated ascent of these extraordinary fish,^ 
many waterfalls and cascades have acquired the name of 

'salmon-leaps. They are numerous in ihe united kingdom, 
being found in Wa,lcs, Ireland, and Scotland ; and some 
are of such a height as to call forth the admiration and 
astonishment of every person who views them, No one has 
ever seen a salmpn actually leap over any of these eleva- . 
tions, and the proof of their doing so rests wholly on the 

Vol. 34. No. 139. Nov. 1809. X circumstance 
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circumstance of the fish being found in abundance above 
the falls, and the indubitable certainty that they must have 
passed them. I have never seen, in any publication, an ex¬ 
planation of the manner in which salmon actually do ascend 
these heights, and the general opinion certainly is that the 
fish really leap over them. 

This notion of leaping is probably encouraged by observ¬ 
ing, that when the'rivers are but partially flooded, the sal¬ 
mon "actually do leap up against the falls. Great numbers 
of them may be seen thus employed for whole days to¬ 
gether; but none will ever be observed to leap higher than 
about three feet, whereas to the top of the fall is probably 
many times that height. 

At some of these leaps, indeed, it requires only a simple 
inspection, and a moment’s reflection, to perceive that no 
animal unprovided with wings could possibly clear them 
in the manner of a leap. This impossibility, however, has 
been very little attended to; and in some of the older pub¬ 
lications on the subject, the very manner of the leap has 
been described, bv gravely affirming that the salmon coils 
himself up in the form of a ring, and seizing his tail in his 
mouth, by the strained violence of an elastic spring over¬ 
tops the high ascent in an aerial somerset. 

So readily accessible is the marvellous in minds untutored 
j 

by reflection, that this most extravagant absurdity was 
once a very general opinion, and is still credited by many. 
The analogy of-a bent cane flying oflT with an elastic bound 
was deemed sufficient both to illustrate and establish the 
fact, and no consideration was paid to the awkward cir¬ 
cumstance of the tail and mouth of the fish being at right 
angles to each other. 

It is now proper to say what is the real mode'by which 
salmon actually do pass over the heights in question : and 
this I shall speak, not from any speculative guess or reason¬ 
ing on the subject, but from my own personal observation, 
having frequently seen the transaction take place. In every 
instance then, where salmon ascend th.ose leaps, they do it 
by swimming up, and over the face and brow of the water¬ 
fall, penetrating through the intericrof the descendino; body 
of water, by means of their vast muscular power operating 
on the action of their tail. 

They never pass these leaps but at times when the stream 
is very much flooded, and a large unbroken mass of water 
is descending. Without such a solid column of water their 
ascent would be physically impossible. At these times the 
water, as in all cases of flood, is highly discoloured ; and 
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so clartingly quick is the ascent of the fish, as rather to re¬ 
semble tile transient gleam of a passing shadow over the 
water, than a real substance penetrating through it. These 
are probably the causes of all the obscurity in the case. In¬ 
deed, when standing at the distance of only a few yards, it 
re(|ulres a very strong and steady eye to catch the evanes¬ 
cent figure of the ascending fish, and beholding can alone 
convey any adequate conception of the rapid facility of the 
passage upwards. In a few instances I have seen the sal¬ 
mon beaten back, on making the turn at the top ; but that 
is uncommon, and it rarely occurs that the effort of the 
fish miscarries. 

This extraordinary ascent of salmon up a perpendicular 
column of descending water must of course have its limita¬ 
tion ; but it would, 1 believe, be difficult to assign its limits, 
or to discover an instance where it fails under admissible 
circumstances. I know but of two cases wherein salmon 
can be prevented from ascending rivers which they frequent 
in furtherance of that great and imperious duty which na¬ 
ture imposes on them, and these are when the stream is 
made to pass through apertures too small for the admission 
of the fish, or when it does not descend over a fall, without 
regard to its height, in a sufficiently consolidated and un¬ 
broken mass to allow of the salmon swin'iining up it. 

After accomplishing the great object of their journey into 
the fresh water, the salmon again descend to the ocean, 
but so shrunk and wasted by their detention in the rivers,, 
where there is either no proper or no sufficiency of food 
for them, as scarcely to retain a third of their original 
weight. 

The spa.wn is deposited in holes purposely made in bedsi 
of gravel, and covered with successive layers of the same 
materials ; and as it becomes animated each individual libe¬ 
rates and provides for itself. Their growth is singularly 
rapid, arriving at six or eight inches in length early in 
spring, at which season, the whole, then become immensely 
numerous, follow the old fish by descending with floods to 
the sea. 

In Cumberland is pursued a very singular species of 
aqueous salmon hunting, which is not, I believe, practised 
in any other part of the kingdom. On the fiat coasts of 
the sea, and adjacent to the mouths of the rivers, as the 
tide retires, some of the fish remain in the shallow water, 
that is in water two or three feet in depth. They can be 
readily perceived at some distance^ from the swell of water 

X 2 which 
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which rises over them when in motion. A man mounted 
on a horse accustomed to the sport, and grasping a spear 
made for the purpose, advances towards the fish, and as 
-soon as the latter has discovered its pursuer and is making 
off, a complete chase takes place between the horseman, 
and the salmon. As soon as the man finds himseh nearly 
up with his game, the spear is thrown with such force and 
dexterity as seldom to miss, and the salmon, entangled 
with the weight of the spear, soon becomes exhausted. So 
very powerful is the salmon in water, that were the man to 
strike it while he grasped the spear in his hand, he would 
instantly and inevitably be dragged from the horse. 

I am, sir, your most obedient servant, 
John Cark, 

Princess Street, Mancliester, 
. Nov. 4, 1809. 

XLV. On the Breeding of Fish, and the Natural History 
of their Generation. 
[Concluded from p. 272.] 

Extract from the Flanover Magazine,' No, 62, August 5, 
17-65. 

On the Breeding of Trout, 

In the 23dNumber of this Magazine, of the year 1763, 
was given a short account of the breeding or trouts *: as w'e 
have since received a more complete natural history from the 
inventor himself, we hope it will not be disagreeable to 
our readers to have a repetition on the same subject, as the 
discovery really deserves some attention. The fishery of 
this nimble and cautious animal is carried on in a destruc¬ 
tive manner, and commonly at the spawning-time, when 
root and branch are destroyed together. But now wq enjoy 
the pleasure of eating trouts, and have them replaced many 
hundred fold, and have the spawn secured from the danger 
it is exposed to in the open ponds. If the system of the 
inventor should displease, it must be considered that he 
does not mean to offer a new theory of generation, but 
a method of producing a greater number of fish for the 
table; which last may be obtained without knowing the 
nature of the first. Something similar to this is to be seen 
in C, F. Lund’s Treatise on the Generation of Fishes in 
in-land Seas or Lakes. See the Memoirs of the Swedish 
Academy of the year 1761, vol, xxiii. page 184.’"-—We 

* See p. 26S of our present volume. 
now 
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now proceed to give the inventor’s discovery in his own 

words : 
SiR^—As I observe from the Tdterary Mercury of Al- 

tnna, No. 20, 1764, that the Royal Prussian Society of 
Sciences have taken into consideration my invention ot 
breeding trouts and salmon, wherein I have observed that 
the lecture thereon must have been pronounced on an Indit- 
ferent and partly an erroneous system ; and that a Northern 
Society of Sciences has, in an Essay on the natural Gene¬ 
ration of-Fishes, placed that which I had observed, after 
frequent experiments, among the desiderata',—at Peters- 
buriih and several other places they have considered this 
method of an artificial breeding of trout and salmon, as a 
false chimaera. I am aware that naturalists are frequently 
furnished with matter to search for further discoveries after 
an invention is made public, and that critical examinations 
will clear up any doubtful opinions on a firm basis ; I have 
therefore been led to further experiments, to find out the 
true causes; and how duplicate bodies, in the human as 
well as in the whole animal creation, are generated; which, 
thouo^h they have a double body, vet have but one stomach. 
I,have thought it a duty incumbent.on me to lay my ob¬ 
servations on this subject, as well as on others, before the 
public. It would be needless, and not to my present pur¬ 
pose, to mention every trifling experiment which I made 
within the first sixteen years before my conclusions were 
drawn, and in twenty-four years more afterwards, on the 
artificial increase of trouts and salmon. Perhaps I may be 
induced hereafter to give more circumstantial accounts on 

this subject. 
The box, or trough, or water-bed, in which the eggs 

animated with the milt or sperm of the male trout are scat¬ 
tered, needs no particular form ; yet it will not be unne¬ 
cessary to give a description how' my own are made. 

§1. 
(1) T had boxes made of several w'oods, (but T found oak 

to be the best,) of about twelve foot long, one foot and a 
half wide, and six decimal inches deep. 

(2) At the head of the trough, where the vrater is to run 
in, is laid a thick board about two and a half or three in¬ 
ches thick, about a foot wide, and as long as the trough is 
wide; in the middle of this board is made a hole six inches 
long, and about four inches w'ide in the clear, with a rabbet 
on ail the four sides of this hole about an inch and a half 
wide and deep, so as to admit a square frame with an aper- 

X 3 ture 
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lure of six inches by four inches, or of the same size as 
the hole; which frame must be covered with a brass gra¬ 
ting (for iron will rust) of a moderate strength, and close 
enough to prevent the smallest water-mouse trom passing 
through; otherwise all the spawn and young fry will be in 
diinger f)f being devoured by them. , 

(3) Near the middle of this box or trough lay another 
piece of thick board across, as long as the width of the 
trough, and about six inches or more wide ; which, when 
nailed upon the edges of the side pieces, will keep them 
more steady and firmer. 

(4) Let the lower end-board, where the water is to run 
off again, be at least three inches thick, as the greatest 
pressure is against it; have an opening cut in the top six 
inches wide and four inches deep, and a rabbet made on 
the outside and another on the inside, deep enough to leave 
at least an inch thick of the solid board in the middle, and 
wide enough to admit a frame wdth a brass wire grate like 
(s) on the outside, which can be shoved in from them; 
the wires should not be above a line and a half asunder, 
like those at the top, and for the same reason men¬ 
tioned before. In the inside, opposite this opening, shove a 
bit of board in in its groove dowmwards, to stem the water 
either entirely, or to regulate its running off, according as 
you find it necessary, or to puli it entirely out when the 
whole of the water is to run off. 

(5) There must be two strong covers, one between the 
two cross pieces described in (2, 3), and the other below 
the middle cross-piece quite to the lower end (4) ; both 
covers must be fastened behind with strono: hini>;es, and 
before witli handles to lift them conveniently up by ; and 
as these boards. are apt to warp, on account of the water 
within and the air without, it is requisite to have each 
clamped with two or three cross-pieges. 

(6) If you think fit to give the young fishes more air 
than what enters at the two brass grates, you may have in 
each cover a hole made of the same size, and guarded with 
a brass wire grate, as (s), and for the same reasons : I have 
done this out of precaution, but have found it in the end 
to be unnecessary. 

§ n. 
(l) Spring-water out of rocks or stony ground is the 

"propercst for breeding trouts or salmon; but where it is 
not to be had, any other spring-water may do, provided 
the current is strong enough to prevent freezing in cold 
frosty weather. 

(2) If 
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(2) If the spring has not fall enough, you must raise a 
dam round it, one or two feet higher than the top of your 
trough ; convey the water from thence through a pipe or 
gutter to the first grate in the opening on tfie head-part of 
the trourfh, § r. (2), of one decimal scpiare inch diameter, 

• and determine its length at least two inches above the grate; 
the remaining water from the spring can be led oft side¬ 
ways. If you wish to have more breeding-troughs than 
one, they should be fixed in the same directions as the 
first; and a larger pipe must be put to the head of tlie 

• spring, which must empty itself into smaller pipes laid 
across the w’ater-trouch, so that each trough may have its 
proper quantity of water conveyed into it; or it may be 
managed by means of brass cocks; but this is left to the 
choice of every one’s pleasure, as the most convenient me¬ 

thod will be soon found out. 
• (3) After the box or trough is properly finished, it must be 
placed horizontallv upon two legs of wood, stone, or brick; 
and wnthin upon its bottom put some clean-wasfied gravel 
level, about the size of peas and beans, two inches high; 
afterwards sprinkle some coarser gravel or pebbles over it, 
the smallest of them of the size of beans, and some bigger 
than liazel-nuts. This last is done, that upon the surface 
of the smaller grravel many deep holes may be formed, to 
prevent the continual motion of the water from carrying 
away the eggs, it being necessary that they should remain 

where they were at first sprinkled in. 
(4) Then let the water run into the trough as directed 

in (2), and raise it higher or lower according to the in¬ 
structions in § [. (4), so that the water covers ihe gravel 
always one or two inches. I his being done, you have ac¬ 
complished all that IS necessary to the appaiatus foi bleed- 

ince trout and salmon. 
§ ni. 

(1) The time of spawning begins the latter end of No¬ 
vember, and comiTionlv ends the fatter end of January or 
beginning of February ; but the spawning-time of each 
trout continues only about eight day?’, as the eggs of the 
female and sperm of the male become in some sooner, in 
others later, ripe. I'routs meet in rivulets in great numbers 
in the before-mentioned months; and siicn as ate n.ady for 
spawning pitch upon a place where there is large grave), and 
where the water has a quick cuirent; there they push and 
rub their bellies a2;amst the stony bottom, and so vioiemly 
that they often make great lioles ; and by means of this mo¬ 
tion botli male and female get rid of iheir spawn and sperm. 

X 4 As 
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As-a single drop of sperm coinains vast numbers of ani¬ 
malcules, sufficient to animate a hundred eigs, and as the 
water is loaded at this time with the sperm, it is no wonder 
that almost every egg becomes a fi^h. Kvery ego; or spawn in 
the female comes to its perfection and ripeness oti the sl^me 
day ; but it is not so with the sperm ol the male, for the 
white roe lies like a solid substance, divided in two parts in 
its bodv close to the back, and grows gradually liquid, and 
dissolves itself into a creamy fluid, beginning at the lower 
part, and discharges about the sixth part of each division 
every day ; so that within eight days all the sperm becomes 
liquid and runs off. 

§ IV. 

(1) To breed young Trout.—Take full-sized trouts out 
oftlie rivulets in December and January, when they gather 
together to spawn: as in some rivulets their spawn becomes 
later ripe, you may, in the latter end of January, let part 
of the water drain off, by stemming the water above, that 
you may take as many out as you want. If itfter gently 
stroking their bellies with the Angers some spawm or sperm 
goes ofl', it is a sign that both are ripe, and those must be 
put into a large pail or tub for use, 

(2) Tlien lake a wooden, earthen, or copper bowd, put 
into it a pint, quart, or more of clear water,* take out of 
your pail one fish after another, stroke it with the hands or 
fingers hard downwards, till the spawn discharges into the 
bowl ; you need not fear it will hurt them, 'for they can, 
wdthout danger to them, bear great pressing: then rub the 
belly of ihe male trout in the same manner, till some of 
its milt discharges into the 'water (a little is sufficient), 
then stir the whole with your hands so as to mix it well, 
and all the eggs or spawn will be impregnated ; then put iri 
more clear water to disperse them more asunder: after the 
eggs are impregnated with the sperm, they are apt to clog 
together, which hurts them in the end ; it is therefore 
necessary to thin them with more water, and to sprinkle 
them into the breeding-trough § I. (4). 

A small space will receive a great quantitv of spawn, yet 
they must not lie too thick ; otherwise when they touch 
each other loo much, they will get in a few days into 
putrefaction, and appear as if a fine downy wool was spread 
over them ; and so long as they remain in this state they 
are unfit. To prevent this, take a thin slice of wood, ora 
paddle, about the breadth of a hand, and paddle wiih it 
backwards and forwards, on the spot where the spawn lies 
tpo thick, to spread by this motion the spawn asunder. 
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(3) It will be necessary to repeat this nianreuvrc twice a 
week, or at least once a week ; and by peddling with yonr 
wooden slice in all parts, von will bring the water upon the 
etr‘zs in inotic^n ^ lor let the water be ever so clear, there 
wTil adhere to the eges in a few days a subtil (iith, which 
lays the louiidation^lor their corruption, even when the 
lish is already alive in the egg ; therefore it is necessary to 

clear them bv this gentle means. 
(4) After the eggs have been about three weeks in this state, 

one may perceive through their hard skin a divided black 
spot, w iiich are the eyes of the young'fish ; the body is too 
transparent to be seen with the naked eye ; but alter lour 
weeks, if yon squeeze one of the eggs between your lingers, 
you will see the fish make a motion, and turn within, then 
you may perceive his form. At last, alter lying live weeks 
jn this state, and under a continual ctirreiu of running 
water, the young fishes will bore their heads through 
the shell of "the eggs ; and by moving with their bodies 
will, in about hallTan hour, free themselves entirely Irom 
the shell, with the yolk of the mother egg hanging to 
their bellies like a small bag. When they are out or the 
eiro’, they will lie still in the cavities between tr.e gravel, 
and have then the appearances as if the head of a pin were 
fastened to a reddish field-pea, on account of these hanging 
batgs : for three or four weeks they receive their nourish¬ 
ment from the substance contained in this bag, till by de¬ 
grees, as the fishes grow larger, the bags disappiiar; then 
they beirin oradualTy to assume the shape of fishes, and 
having no fmlher sustenance from this bag, they will seek 
for food themselves. But as in so small a compass as this 
breedin<^-troutih there cannot be a sufficient quantity of 
small insects lo be found for their sustenance, they seek 
for room, where they may meet with them m greater abun¬ 
dance; iliev then follow the current of the water, and slip 
through the brass grate at the end of the box, where yon 
should have a larger wooden box like a brewer’s cooler, or 
a small clean fish-pond, covered with gravel to receive 
them ; in which they will grow' in about six months con¬ 

siderably. 
§ V. 

To instruct my readers as much as possible, T shall add 
several observations of the formation of these young trouts. 

(l) After an egg has been im[)regnated by the sperm of 
the male (which Ts^brougb an invisible opening into it), it 

iudo-es in the while liquor under the shell, and round the 
^ yolk. 
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yolk^ which last is transparent, tending to a yellowish co¬ 
lour, and seems to fill up the greatest space in the egg, 
except the little white round it. 

(2) As soon as this little animalcule has assumed the na¬ 
ture and form of a fish, it appears that the yolk in the egg 
is separated by a most extreme thin skin from the outward 
hard membrane. 

(3) The fish itself, except the eyes, is very transparent, 
and as liquid as a little mucilaginous water, yet in shape 
longish it lies bent within the outward membrane of the 
egg, and round the thin skin that covers the yolk (2). 

(4) From this time the fish is to be considered as one 
body grown to the yolk, from the gills downward to the 
outlet, which is in length about a quarter part of the in¬ 
ward circumference of the egg. This yolk, which looks 
like a bag, becomes the belly of the fish ; but is extended 
at first aboye fifty times the size of its natural belly, and 
without entrails. 

(3) On this expanded belly, expecially from the salmon- 
trout, are plainly to be seen many blood-vessels, divided 
into smaller branches, and so plain that the arteries may 
be distinguished from the veins w^ith the naked eye; and it 
is no wonder, for as it has been mentioned (4), that this 
hanging belly is fifty times bigger than it should be in pro¬ 
portion to the size of the fish, so the blood-vessels are in 
proportion expanded, and are to be very plainly seen, as 
long as the fish remains in a state of transparency like 

water. 
(6) If you open one of these bags with a needle, a liquid 

runs out of a yellowish colour, which is the nutriment of 
the fish. Then the bag shrinks in like an empty bladder, 
and the fish dies. After the fish has been out of its esg 
about a fortnight, a thin skin separates from the inward 
coat of this hanging belly, and then it shrinks so much 
that if disappears entirely. After the belly is entirely shrunk 
to its proportionable size, this inward skin shrinks likewise; 
and because the intestines begin from the mouth, it forms 
a passage into the stomach, and continues narrower con¬ 
tracted and formed into guts, which lay one over another, 
terminating at the outlet in the belly. It is further to be 
jobserved, that the heads of the trouts, when they first have 
the shape of fishes, have not the usual form ; they look as 
if the snout was chopped off near the eves; but as their 
bellies shrink, the heads grow, the mouths are formed, 
and in about three weeks the heads get their proper shape. 

Lastly, 
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Lastly, T shall make a few additions, which flow from the 
former observations, and are the result of experiments 
which I have no inclination to publish at present. 

/ 

§ VI. 

(1) According to the course of nature, no trouts or sal¬ 
mon arc eencrated in ponds or standing waters. 

(2) They cannot he bred there if millions of pregnant 
eggs were put into them. 

(3) The young trouts, in the first two or three weeks, 
are very tenacious of life; for after the head is dead, the 
body vvill live two days before they are quite dead ; this is 
to be understood of healthy fish kept in a current of fresh 
streamimi water. 

(4) Although the young trouts love to swim with the 
current, within six weeks, out of their breeding-troughs, 
§ IV. (4), yet they can be kept within them six or more 
weeks longer by particular manoeuvres. 

(lliev are not easily to be causht, on account of their 
small size and nimble motion ; notwithstanding they may 
be collected in a pail. 

(6) They may then be put into a proper water, or can 
be put through a funnel into bottles, and carried to any 
part, provided the water do not freeze. 

(7) I'he ripe eggs of a trout, after they are four or five 
days apparently dead, and gone into a kind of putrefaction 
so that the stench is intolerable, may yet be recovered, and 
bred into fislies. 

(8) The e^rgs of the trout will not produce fishes so long 
as they remain connected with the egg stock. 

(g) The natural causes why a hen brings a live chicken 
into the world may very easily be accounted for from the 
observations 1 have\nade in the breeding of trout. 

(10) The natural disposition of the animalculae of the 
sperm which enters the egg may be considerably increased. 

(11) I have made many experiments, in which I have 
found that two animalculse had slipt into the egg, and that 
double fishes have been generated ; although they had two 
bodies, they had.but one common stomach : how this hap¬ 
pens, see § V. (i). 

(12) Of these monstrous productions, the most of them 
were opposite to one another, and had their sfomacli in 
common between them ; yet in a strict sense the stomach 
onlv, the rest of the guts divided in about three weeks 
separately. 

(13) Some of these double fishes were fixed by their 
sides 
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sides together; and this happens when two animalcules of 
the sperm enter the egg in a direct line, 90 degrees from 
one another. 

(14) I have seen only one of these double fishes, where 
the backs were across nearest the tail in a direct antt^le, so 
that this fish formed a kind of a cross, dliis happens when 
two animalcLilce enter one egg, and are placed opposite each 
other from their direct line to 90 desirees. These monsters 
(12, 13) were grown ''ogether frc-ni the bead to the opening 

,of the belly, and that (14) had in some degree a joint 
body; but the backs were distinguished one from an¬ 
other. 

(15) AH these kinds of monstrous productions die in 
four or five weeks after their common bao-, or beliy, is emp¬ 
tied ; for as each head endeavours to follow its own direc¬ 
tion in pursuit of food, and both hinder each other, nei¬ 
ther of them is capable to perform its intention; soil is 
impossible that either head can receive Us proper nourish¬ 
ment, therefore they both must starve. 

(16) All monstrous productions in the human and other' 
animal creations, which have a joint stomach, are produced 
when an egg is iiaipregnated by more than one spermatic 
animalcula. 

(17) All observations made on the trout, and its artificial 
inethod of breeding, hold good with regard to salmon. 

Signed, S. L. Jacobi. 

Bh ‘ections for Breeding Salmon, Trout, Cray-Fish, 

Neither the form nor any particular kind of materials 
are essential for the troiiohs ; but the following seem to be 
mv)st eligible : oak of two inches thick, twelve feet lonn, 
one foot ten inches wide, and thirteen inches deep on the 
outside; the top divided into four parts. 

Spring-water out of rocks or stony ground is the pro- 
perest for breeding trouts and salmon Tbut where it is" not 
lo be had, any other spring wiH do, provided the current is 
strong enough to prevent its freezing in hard frosty weather. 
If the spring has not fall enough, you must raise a clam 
round it, at least a foot higher then the top of your trough; 
convey the water from thence through a pipe or giUier lo 
the first grate in the opening on the heaci of the trough 
of an inch and half diameter, and jet the fall from the cerate 
from the end of the pipe or gutter be two or three inches ; 
the remaining w’ater of the spring can be drawn off side¬ 
ways. If you are inclined to erect several troughs, you 
may either put them by the side of one another^ "or at the 

. ' eiul„ 
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t'nd, as vour quanlitv of water or the fall admit. Place 
the troughs horizontally upon legs of wood, stone, or brick ; 
on the bottom of this trough put some clear washed pebbles 
about the size of peas two inches thick ; then sprinkle over 
them some few larger of tliC size of small walnuts: this 
last is tk)iie to forfn recesses, to prevent the continual mo¬ 
tion of the water from carrying away the eggs. 

'i’ake care that the water wliich runs in and discharges 
itself always covers the gravel at least two inches, d'o 
breed young trout, you must take some out the latter end 
of December or the beginning of January, when they 
meet to spawn : if by stroking their bellies with our fingers 
some spawn comes out, it is a sign they are rjpe, and 
these fish may be put into a tub'for use. 

I’ake a bowl and put a quart of water into it, then take 
out your fishes one after another, stroke them with your 
hand or fingers hard doxMuvards, till the spawn dischai'ges 
into the bowd ; you need not fear it will hurt them, for they 
can without danger bear great pressing: then rub the belly 
of the male in the same manner, til! some of its milt dis¬ 
charges into the water ; a little is sufficient ; then stir the 
whole with your hand so as to mix it well, and all the 
eggs or spawm will be impregnated ; then mix more clear 
water to them to disperse them mv)re asunder, which yon 
must be careful to do, for th.ey are apt to clog together after 
they are impregnated, and will not batdi if they are thick 
together; but on the contrary will tend to putrefaction, 
and jret a kind of woolly appearance, which must be re¬ 
medied by stopping the cud where the whaler runs out till 
it is an inch or two fuller, and then with a hand or paddle 
shake violently, which will divide them, and prevent the 
mud which settles on them from destroying them', and this 
must l)e repeated twice a week ; but if the spawn is not too 
thick it nced not be done so violently. They will hatch 
in about five weeks; and in about the same time you may 
pull out the grate and slider, and let them all out, either 
in a small bason covered with pebbles through which the 
stream passes, or into the waters at large, d’he same rules 
bold for the salmon ; but the sperm and spawn may be 
procured equally efficacious by cutting open the fish, and 
taking out the spawn and male sperm. 

Small wicker coops must be made with twigs, sufficiently 
close to prevent the cray-fish from getting out, and pu't 
into the troughs with cray-fish in them, when full of 
spawn ; and slices of carrots put in for them to feed on. 

XLVl. On 
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XLVI. On some Vhcenomena which take place in the 
Formation of Saltpetre. By M. Longchamp*. 

In chemistry there are several theories which reason avows, 
but which experience cannot always confirm. The theory 
which I am about to give of certain phoenomena that take 
place in the formation ol saltpetre, is supported by facts 
known to every chemist,^ and confirined by a <2;reat number 
of experiments, all of which have been published by such 
respectable authorities, and,are in themseives so consonant 
with our chemical doctrine, that scarcely any objection can 
be offered against them. 

When we reflect on the formation of saltpetre, and on 
the formation of nitrates in general, we ought to be much 
surprised at the difficulties experienced in our own and 
other northern climates in the manufacture of saltpetre; 
while in other countries, and particularly Spain and India, 
the nitrate is produced on the surface of the ground, al¬ 
though the inhabitants contribute no manual labour what¬ 
ever to its formation. 

We must seek, therefore, for the cause of this pheeno- 
menon in the nature of the climate ; and wc shall support 
this assertion by experiments and well-ascertained facts. 

In India and Spain when the rainy season is at an end 
the'atmosphere becomes dry, and continues so during a 
great part of the year; while in the North it is always hu¬ 
mid, except when the cold is so severe as to precipitate part 
of the water wffiich it holds in solution. But as the dryness 
of the southern hemisphere has a diflerent origin from 
that of the northern, the pluBuomena are also very diffe¬ 
rent. In fact, the atmosphere being very warm seeks every 
where for water to dissolve, and sticks it, as it were, frori^ 
the bowels of the earth ; but this water coming to the sur¬ 
face of the soil, brings with it the nitre which it held in 
solution, and deposits it to be combined with the air. In 
the North, on the contrary, not only is the air cold, but the 
ground also : there is no evaporation, and the water re¬ 
mains in its bowels; and when, in summer, the dryness 
occasioned by the heat tends to brir.g the water to the 
surface of the earth, and brings the nitre which it held in 
solution, fresh rains succeed and carry it down again to a 
certain depth. ^ 

In this way we can easily explain why the nitre which 
vve find in the earths of India and Spain presents itself at 

• From Journal de Physique^ August 1809. 

the 
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the surface of the ground^, while In our own climate we 
cannot collect it, if it exists there at all times. 

But it may be asked, Does nitre exist in our soil ? This 
cannot be doubted for'a moment, since we extract it from 
several plants, such as lettuce, onions, turnips, &c., par¬ 
ticularly turnsole. Now it has been clearly established 
that it is not formed by the act of vegetation, but rather 
that it existed ready formed in the soils in which these 
plants have been cultivated*. 

It remains therefore to explain how the nitre is formed 
in the bowels of the earth. Is it to the decomposition of 
animal and vegetable substances that the formation of ni- 
Irates is owing? Without doubt nitric acid is formed in 
this decomposition, and consequently nitrates, since there 
are salifiable bases for saturating this acid : but 1 do not 
think that this is the principal cause of the formation of the 
nitre ; for, in fact, we know^ extremely well that the nitric 
acid in artificial saltpetre works is produced very slowly, 
and cannot*he formed except in a humid and staenant at¬ 
mosphere, at a temperature always uniform and rather low. 
Now not one of these conditions is fulfilled either in Spain, 
or the East Indies. We cannot therefore attribute to the 
decomposition of animal and vegetable substances the 
formation of nitre in the bowels of the earth ; or at least it is 
but a very trifling cause compared to the effects. 

Does nitre exist ready formed in the bowels of the earth, 
as we find the sulphates, carbonates, borates, muriate of 
soda, &c. ? This has not been hitherto proved by any one 
factf; and even if it be found in mines, does it follow that 
this salt must be diffused over the whole surface^'of the 
globe ? Sea salt, however, which is so abundant in nature, 
is not to be seen efflorescing on the high roads in Spain. 

Nitre not being the result of the decomposition of ani¬ 
mal and vegetable substances, nor being a natural produc¬ 
tion, we ought to seek its origin in the atmosphere; and 
this will be very easy to find. 

The rains which fall in the Indies and Spain are fre- 

* Recueil de Memoires sur la Salpetre, published by tlie Academie des 
Sciences. 

-f- A letter from M. Dolomieu In the Memoirs above quoted, speaks of a 
mine of saltpetre found at Latera in the kingdom of Naples, This mine, 
according to the report made to him, was so considerable, that one cavity 
alone contained more than 50,000 quintals of pure saltpetre ; and as it con¬ 
tained a great number of these cavities, it may be regarded as inexhaustible. 
This fact, not having been recorded in other works, particularly in those of 
Fourcroy and Hauy, I presume must have been very inaccurate. 

• * qucntly 
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t^uenlly preceded and ax'companied by loud explosions oc«» 
casioned by thunder, while those which fall in the northeru 
iep;ions do not present the same plnenomenon. But we 
kriovv very well that thunder is caused by the approximation 
of clouds, some of them being affected with j)ositive or 
vitreous electricity, and others with negative or resinous 
electricity'^- Now' we also know that when we pass a cer¬ 
tain quantity of electrical sparks through a mixture of 
azotic and oxygen gas, nitric acid is formed : tlicrefore 
when the same phaenomenon takes place in the air and in 
our laboratories, the same results ought to take place* anrl 
this is what actually happens : for it has been clearly proved 
bv ivlargraf, and subsequently by several other chemists, 
that ail rain water contains nitric acid. The stronger, the 
detonation, the greater quantity of this acid is formed : in 
Spain and India, therefore, where the thunder is more fre¬ 
quent in rainy weather, and where the detonations are also 
stronger than in northern regions, of course more nitric 
acid is produced in the former than in the latter regions. 

By this formation of nitric acid in the air, may we not 
explain a part of the phesnomena which we observe in 
storms? 1 shall examine therefore the thtory which some 
naturalists vhave given on tlie subject. M. de Saussure 
thinks that the elect!ic fluid exists in the higher regions; 
that it every where tends to find an equilibrium ; and that 
our globg, being frequently deprived of it by some given 
causes of destruction, recovers it in the higher regions, 
where the rarefaction of the air admits of its existing mope 
easily than in our atmosphere. From- this he conceives 
a part of the earth to be sufficiently heated to reduce into 
vapour a part of the water on its surface : this vapour, com- 
municatiniif caloric to the air which surrounds it, renders it 
thinner and forces it to ascend. In this way there is a,ver¬ 
tical wind established which carries the heat into the upper 
strata of the air, and renders them susceptible of dissolving 
the vapours which it carries along with it. The air being 
in no respect cold enough for condensing them, they are 
diffused nearly nniformly into the mass of a very high ver¬ 
tical column. But the small inequalities which exist in 
this mass, and the agitation given to the air by the vertical, 
wind which carries it along with it, diminishes the trans¬ 
parency of the column^ which thereby becomes susceptible- 
of being more strongly heated by the rays of the sun; this 

* I have indiscriminately used the expressions vitreous or pnsUive, because 
both hypotheses explain eepaliy xyeil the;.e kinds of phrcnoaiena. 

heat 
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heat rendering the mass lighter, forces it to rise higher and 
higher, and aifain the regions where the rarefaction of 
the air gives to the electric fluid the liberty of moving up 
and doevn in the column. 

If M. SaussLire succeeds by this reasoning in accounting 
for the loud detonations which we then hear, it does not 
appear to me that it explains the causes of the formation of 
water, orofthe other aqueous substances which are precipi¬ 
tated. Mav we not be allowed to suppose that the positive 
or vitreous iluid and the negative or resinous fluid, being 
brought into contact by means of the column of vapours, • 
effect the formation of lite nitric acid; and that the water 
held in solution bvihe azotic and oxygen gas, being set free 
by their combination, occasions the phaenomena which we 
observe in these circumstances ? 

But if this formation of the nitric acid in the air were 
doubtful, I coukl*support it by a phasnomenon generally 
known, but which has not yet received a satisfactory ex-~ 
phnation ; whereas, according to my theory, it is a fact 
perfectly natural, and which, I must also add, has even 
served as the basis of all my reasoning. 

We cannot conceive how the nitrate of potash comes to 
be formed under the tiles of a roof, since this fact is in 
contradiction with every thing that we know on the subject 
of the nitrates; for, as I have said, the nitric acid is only, 
formed, in our climate, in places where the air is stagnant, 
and even when this temperature does not generally exceed 
that of our irlohe *. Now in a granary the air is not stag¬ 
nant, and is never at the same temperature, since it varies 
annually from — 10® to -{- 20^ (?= + 18® to 68®of Fahr.) : 
we must therefore seek for the cause of this phisnomenoti 
in other principles than those adopted by the chemists to 
account tor the formation of saltpetre. 

Havina: retiected dh the iono; continuance of snow on the 
roofs of hf)uses, ^nd knowing also that this substance con¬ 
tains a consideralile qnantirv of nitric acid, I cannot help 
thinkinc; that this is the sole cause of the phaenomenon. 
In short, the tiles under the above circumstances perlorm 
the sameoflice with the earths of India and Spain : the part 
which is inside the oranary, beinc; alwavs drv, absorbs the 
nitrated water found in its interior; and this water, being 
dissolved by tlie ambient air, deposits the nitre on the sur¬ 
face of this tile, as it deposits it on the surface of the soil 
of warm counuies. 'i'hus in winter it is the nitric acid of 

* Recveil de Memaircs sur le Salpelre. 

Vol. 34. No. 139. Nov. I809. Y the 
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the snow which is cambii>e<i with the salifiable bases of th^ 
tile: in summer the former is brought by the rains. 

If it be easy, from the above theory, to explain how the 
nitric acid comes to be found in the earth ot India and 
Spain, as well as in the tiles of the roof, it gives us no as¬ 
sistance in explaining why nitrate of potash is found there^ 
in preference to nitrates of lime and of alumine, since tiles 
are made of these salifiable bases ; and without doubt they 
help to form the soils of Spain and India, while no potash 
at ail enters into their composition. My object was to 
point out the origin of the nitric acid in most saltpetre 
substances, and not that of‘potash: I shall merely add, for 
the sake of those who ask reasons for every thing because 
they wish to account for every thing, that it is a fact of 
observation, namely, that the same materials which are 
applied to the formation of nitrates, when exposed to a 
damp and stagnant air, yield nothing for the most part but 
nitrate of lime; whereas, when they are exposed to a dry 
and agitated air, they yield almost nothing but nitrate of 

potash.^^h 
It is not enough to establish a theory, we must also ren¬ 

der it as useful as possible; and for this reason I have pub¬ 

lished this paper. 
The most direct application that can be made of phese 

bints is without doubt the manufacture of saltpetre. In- 
fact, there are about three millions of pounds of saltpetre 
made annually ; and for this it requires at least 798 mil- 

Jions of saltpetre materials, since I estimate about six 
ounces as being the produce of each cvvt. of materials. At 
least an equal quantity of water is used in lixiviating these 
materials; and if we admit that there is only O’OOOl of ni¬ 
tric acid in this water, it follows that it would give as the 
result 70,800 pounds or acid ; which, adopting the propor¬ 
tions siven by Berthoilet for the component parts of nitrate 
of potash, would give J.64,t30 pounds of this salt. 

Ram and snow water may therefore be advantageously 
employed, not only in lixiviating saltpetre substances, but 
tor watering artificial nitre-works, and by this means the: 

produce Will be greatly increased. 

* Puxued de Mtmoires sur le SaljjHrsi- 



[ 339 ] 

' XLVIT. Neiv avahjtical Researches on the Nature of certain 
Bodies, being an Appendix to the Bakerian Lecture for 
1808. By lIuMPHiir Davy^ Esq, Sec, R.S., Prof. 
Chein, R, I,*" 

" 1. Further Inquiries on the Action of Potassium on 
Ammonia, and on the Analysis of Ammonia-f, 

X'he most remarkable circumstances occurring in the ac¬ 
tion of potassium upon ammonia are the disappearance of 
a certain quantity of nitrogen, and the conversion of a part 
of the potassium into potash. 

-The first query which I advanced in the last Bakerian 
I^ecture, on this obscure and ditficuU subject, was whether 
the gas developed in the first part of the process of the ab¬ 
sorption of ammonia by potassium is hydrogen, or a new 
species of inflammable aeriform substance, the basis of ni¬ 

trogen ? 
Experiments made to determine this point have proved, 

as 1 expected, that the gas differs in no respect from that 
given out during the solution of zinc in sulphuric acid; or 
that produced during the action of potassium on water. By 
slow combustion with oxygen, it generates pure water only, 
and its weight, in a case in which it was mixed with at-^ 
mosphericai air, precisely corresponded with that of an 

equal quantity of hydrogen. 
Another query which I put is. Has nitrogen a metallic 

■ basis which alloys with the metals employed in the experi¬ 

ment ? 
This query I cannot answer in so distinct a manner; but 

such results as 1 have been able to obtain are negative. 
I have examined the potassium generated in the process. 

Tt has precisely the same properties as ])otassium produced 
in the contmon experiment of the gun-barrel; and gives 
the san)e results by combustion in oxygen, and by the 

action of water. 
In cases in which I had distilled the olive-coloured fu¬ 

sible substance in an iron tray, the surface of the tray ap¬ 
peared much corroded, the metal was brittle, and appeared 

* From Philosoph;cal Transactions for 1809, Part II. 

f The account of tlie principal facts respecting the action of potassium on 
.ammonia, in this communication, were read before the Royal Society, 
February 2, 1809. The paper was ordered to be printed Adarch 16', 1809. 

■M that time, having stated to the council that 1 had since made some new 
experiments on this matter, and on the subjects discussed in the Bakerian 
I.ecture for 1808, I received permission to add them to the detail of the 

former observations for publication. 

y 2 • crystallized. 
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crystallized. I made a solution of it in muriatic acid j but 
hydrogen alone was evolved. 

I distilled a quantity of the fusible substance from nine 
grains of potassium in an iron vessel, which commiinicaled 
with a receiver containing about iOO grains of mercury, and 
by a narrow glass lube the gas,generated was made to pass 
through the mercury ; the object of this process was to de¬ 
tect if anv of the same substance as that existing in the 
amalgam from ammonia was formed ; but daring the whole 
period of distillation the mercury remained unaltered in its 
appearance, and did not effervesce in the slightest degree 
when thrown into water. 

That the nitrogen which disappears in this experiment is 
absolutely converted into oxygen and hydrotren, and that 
its elements are capable of being furnished from water, is a 
conclusion of such importance, and so unsupported by the 
general order of chemical facts, that it ought not to be ad¬ 
mitted, except upon the most rigid and evident experi¬ 
mental proof's. 

I have repeated the experiment of the absorption of am¬ 
monia by potassium in trays of plaiina or iron, and its di¬ 
stillation in tubes of iron, more than tw'cnty times, and often 
in tbe^iresence of some of the most distinguished chemists 
in this country, from whose acuteness of observation I 
hoped no source of error could escape. 

The results, though not perfectly uniform, have all been 
of the same kind as those described in page 55*. Six grains, 
of potassium, the quantity constantly used, alwavs caused 
the disappearance of from 10 to 12*5 cubical incbc\« of w^ell 
dried ammonia. From 5*5 to 6 cubical inches of hydrogen ■ 
were produced, a quantUy always inferior to that evolved 
by the. action of an equal portion of the metal upon water. 
In the distillation from 11 to 17 cubical inches of elastic 
fluid were evolved, and from 1*5 to 2*5 grains of potassium 
regenerated. 

The quantity of ammonia in the products, varied from a 
portion that was scarcely perceptible to one^-tw-elfth or one- 
thirteenth of the whole, volume of clastic fluid ; and it wots 
least in those cases in which the absence of moisture was 
most perfectly guarded against. Under these circumstances 
likewise, moie potassium was revived; and the in^absorb- 
abie elastic fluid, and particularly the hydrogen, in smaller 
proportion. 

When the products of distillation were collected at dif¬ 
ferent periods, it was uniformly found that the proportion 

* Pag-e 9 of our present volume. 
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of nitrogen to the hydrogen diminished as the process ad¬ 
vanced. 

The first portions con I lined considerably more nitr-04r<’n 
ill. proportion, than the gases cvolve/j during ihe eleciriza- 
lion oF ammonia, and the last portions ^ess. i 

I shall cive the results oF an exiJeriinent, in which the, 
gases produced in,distillation .were c.ilkcied ni for.r didtrent 
vessels, and in which every precaution was taken U) avoid 
sources oF inaccuracy. 

The barometer was at 20*8, thermometer.05^ Fahrenheit. 
Six grains of potassium absorbed 12 cubic inches of well 

dried ammoma. The metal was heated in a tray of plaiina, 
and the gas contained in a retort of plate glass. 

cubical inches oF hydrogen were proeliiced. 
The f'usibie substance was distdlcd in an iron tube of the 

eapacitv of 3 cnbica! inches and half filkd with hydrogen, 
the adaptors connected with ihe mcreiwial apjiaratus con¬ 
tained *8 oF common air. 

Idle first portion oF gas collected (the heal being very 
slowly raised, and lono; belore it had rendered the vessel 
red,) equalled 7*5 cubical niclies. It contained *6 oF arn ; 
monia. 7 of the residuum, detonated with 4| of oxygen gas, 
le£r a residuum of 4. 

The second portion, equal lo 3 cubical inches, cv^ntained 
no ammonia. 7 2 measures of it, delunated with .3*6 of 
oxygen, left a residuum of 3*5. 

The third portion was equal to 5 cubical inches; at this 
time die tube was white hot ; it coniained no ammonia ; 
8-5 oF.it cleKHialed, witli 4*5 of oy;ygen, dimimshed lo 2*5. 

The last portion was a cubical inch and fialf, coUected 
when the heat was most intense. 4*5 measures, wnh 3^75 
of oxygen, left a residuum of 2*8, 

The iron tube contaiimb after ihe expernnent, (as wa? 
ascertained bv admitting hydrogen when -it v. as c<)o!,) 2*7 
oF gas ; which seemed of the same cormposition as the last 
portion. The adapiors must have contained *S of a siniijar 

• gas. 
1 1 he tube contained potash in its lowest part, and in it$ 
I Upper part potassium, which gave by its action upon wa^er 
• 1 cubical inch of hydrogen. ' 
1 the largest quantity oF hydrogen is always prochiced 

at ifiai pcriocl of ilie process in whicit the [)0t3SSiuin nm^'t 
• be conceived lo be regenerated, and in wldch the .ga«es 
; Ixinii in the nascent stale, its'jiow'er oF action up<'/n them 

would Be greatest, it iiccurred to me, that if nitrogen was 
, dteompg.-^ed in the opiralion, there would probably be a 

V 3 larger 
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larger quantity of it destroyed by the distillation of the fu¬ 
sible substance^ with a fresh quantity ot potassium^ than 
by the distillation of it in its common state. On this idea 
J made several experiments: the results did not differ much 
from each other, and were such as I had expected, I shall 
describe one process made with the same apparatus as that 
which I have just detailed.—Barometer was at 29*6, ther¬ 
mometer 70^ Fahrenheit. 

Six grains of potassium were employed in an iron tray; 
10 cubical inches of ammonia were absorbed, a small glo¬ 
bule of metal remained unconverted into the fusible sub¬ 
stance. A Iresh piece of potassium, weighing six grains, 
was introduced into the trav. 

j 

The iron tube and the adaptors (having together a capa¬ 
city equal to 4*3 cubical inches) contained common air. 

The gas was collected in three portions, there was no ab¬ 
sorbable quantity of ammonia in either of them. 

The first portion, that produced before the tube became 
red, was eight cubical inches. 10*25 of it, detonated with 
3*5 of oxygen, diminished to 8. 

The second portion equalled five cubical inches; 9^ of 
this, with 5 of oxygen, left a residuum of 3|. 

Of the third portion, 2 cubical inches and 4 came over, 
9 of it, detonated with 5 of oxygen gas, left a residuum 
of 1*4. 

The iron tube and the adaptors contained, at the end of 
the experiment, as was proved by cooling and the admis-^ 
sion of hydrogen, 2*3 cubical inches of gas, which appeared 
of the same composition as the third portion. Nearly 7 

grains of potassium were recovered. 
A comparison of these results, with those stated in the : 

preceding page, will fully prove, that there is a much smaller i 
proportion of nitrogen to the hydrogen, in the case in 1 

which the olive-coloured substance is distilled with potas- - 
Slum, than in the other case, and there is likewise a larger i 
quantity of potassium converted into potash. 

The loss of nitrogen, and the addition of oxygen to the : 
potassium, are sufficiently distinct in both processes; and 
the want of a correspondence between these results, and 1 
those of the experiment detailed in page 55*, are not greater i 
than might be expected, when all the circumstances of the : 
operation are considered. Jn the instance in which a ■ 
double quantity of potassium was employed, more potash 1 

must have been formed from the oxygen of the common [ 
air in the tubes; and the fusible substance, in passing ; 

See pag-e 9 of this volume. 

throun^h : 
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through the atmosphere^ absorbs in different cases difTerent 
quantities of oxygen and of moisture: during the intervals 
of the removal of tl)c difTercnt portions of gas, hkcvvisc, 
some globules are lost. 

In instances when the heat has been more rapidly raised, 
I have generally found more potassium destroyed, and less 
nitrogen in proportion in the aeriform products. In such 
cases, likewise, the loss of weight has been much greater; 
the gases have been always clouded, and the adaptors, after 
being exposed to a moist air, emitted a smell of amnn>nia ; 
from which it ^ieems likely that sniall quantities of the dark 
gray substance described in page 50 of this volume^' are 
sometimes carried over imdecompoundcd in the operation. 

In some late experiments, 1 sul)siituted for the iron tube, 
a tube of copper, which had been bored from a solid piece, 
and the sides of which were nearly a quarter of an incli in 
thickness. My object in using this tube was not only to 
prevent the heat.from being too rapidly communicated io 
the fusible substance, but likewise to be secure that no me¬ 
tallic oxide was present; for though the iron tubes had been 
carefully cleaned, yet still it was ptjssible that some oxide, 
which could not be separated from the welded parts, might 
exist, which of course would occasion tlie disappearance of 
a certain quantity of potassium. 

I shall trive the results of one'of the processes, which I 
regard as n)ost correct, made in the tube of copper. The 
barometer was at 30-5; thermometer was at .59° Fahrenheit, 

The tube contained two cubical inches and half, and was 
filled with hydrogen. 

Six grains of potassium, which had absorbed 13 cubical 
inches of ammonia in a copper tray, were employed. 

I'he adaptors connected with the mercurial apparatus and 
the stop-cocks, contained *7 of atmospherical air, 

The gas given off was collected in two portions. 
The first portion was equal to 11 cubical inches. It con¬ 

tained *8 of amnronia ; 11 of the residuum, detonated with 
8 of oxygen, left 8. 

'ilie second portion equalled 2 cubical inches. They 
contained no ammonia. 10 of this gas, with 8 of oxygen 
detonated, left a residuum of U). 

There remained in the tube and adaptors 1*1 cubical inch 

of ga§. 
'J’he quantity of hydrogen produced by the action of the 

potassium, which had been regenerated, equalled 4‘5 cii- 

jjical inches. 
* Phil. Mag. vol. xxxii). page 487, 

Y4 lu 
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III this experiment the hqat was applied much more slowly 
than in any ot those in which the iron tube was used, and 
even at the end ol' the operation the temperature was little 
more than that^of cherry red. 

In the upper part of the stop-cock there was found a 
minute quantity of ^ray powder, which gave ammonia by 
the operation of moisture. 

In no case, in which I have used the copper tube in like 
processes of slow distillation, has there been less than four 
grains of potassium revived ; and the proportion of nitro¬ 
gen to the- hydrogen in the gas evolved has been uniformly 
•much greater than in processes of rapid distillation in the 
tubes of iron; but the whole quantity of elastic matter pro¬ 
cured considerably less. 

Copper has a much stronger affinity for potassium* than 
iron. It occurred to me as probable, that this attraction, 
by preventing the potassium from rising in vapour at its 
usual temperature, and likewise by the general tendency of 
such combination to give greater density, inigl)!; occasion 
diminution of its action upon the nitrogen in the nascent 
state. Ammonia has a strong attraction for the oxide of 
copper, and it consequently is not unlikely that the fusible 
substance may combine with metallic copper, and that this 
compound may not be entirely destro\ed in the distillation* 
And assuming this, it may be conceived that the loss of 
hydrogen partly depends upon some combination of the 
basis of ammonia with copper. 

I had a tube, of the capacity of 24 cubical inches, made 
of wrought pfatina, cemented by means of fine gold solder. 
The fusible substance was obtained (as usual from six grains 
of potassium) in a tray of platuia, where it was brought in 
contact with a large surface of platina wire; the distillation 
was slowdy conducted ; but before the temperature of tiie 
tube had approached to that of ignition, it dissolved and 
gave way at the points where it was soldered, and a violent 
combustion took place. Only seven cubical inches of gas 
w'ere ccllecied; but of this, ailow ing for the hydrogen that 
filled tlie tube, nearly three-fifths were nitrogen, 

I am making preparaiions for performing the experiment 
in a bored tube made from a single piece of platina, and 
likew'ise in tubes made of other metals, and I hope to be 

* Copper heated in potassium speedily dissolves, and diminishes Itfe fusi¬ 
bility; but potassium requires a white heat to enable it to conibine with 
iron. In ancaher experiment, in which I distilled the fusible substance in 
an iron tra}^ coniained la the copper tube, a considerable quamity of cop¬ 
per, that had been dissolved, was found iu the state of powder deposited 
upon the tray, or loose in the bottom of the tube. 
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able, in a short time, to have the honour of laying the re- 

Biiits before the society. 
1 fc*hial) make no ap«*l- liy for bringing forward the inves¬ 

tigation ill Its present imperfect .'tale, except bv stating 
that my motive for so doing, is th.e tlesire of being assisted 
or corrected bv tlie opinions aijd advii. e v)f the learned che¬ 
mical philosophers befonginir to this illnstrioiis iiody. In 
an investijratioii connected v\ ilh aimosi all the theoretical 
arrangements of chemisiry, and in operations or so mnem 
delicacy, it will, I concei\e, be allowed, that it is scarcely 
possible to proceed v\ith too much caution, or to multijtly 
facts to too great an extent. 

T he different phaenomena presented by the processes of 
distillation in different metallic tubes, may lead to new ex¬ 
planations of this intricate subject j and though ihe facts 
cannot be easily accounted for, except on the supposition, 
that nitrogen is an oxide, yet till the proportions and 
weights are distinctly ascertained, the inquiry cannot be 
considered as far advanced ; for in an experiment in which 
the processes are so complicated and delicate, and in which 
tfie data are so numerous, it is not easy to be satisfied that 
every source of error has been avoided, and that every cir- 
c-umstance has been examined and reasoned upon. 

All conclusions on the action of potassium on ammonia, 
are immediately dependent upon the results of theelectncal 
analysis of the volatile alkali. In a letter which I received 
in the course of the last mouth from Dr. Henry, that ex¬ 
cellent chemist has stated that he conceives I have rather 
under-rated the quaniity of nitrogen in ammonia, accord¬ 
ing to the proportions given Ir: the liakerian [..ecture for 
J8()7. This notice has induced me to repeat tlie experi¬ 
ment, under new circumstances, and I find not the slightest 
reason for doubting of the entire accuracy of my former 

results. 
Jn the new trial, I used n^ercury which liad been recently 

boiled in the tube for elecinzaiion ; tn. animonia was in¬ 
troduced after being long dried bv caustic potash, from a 
receiver in whicli it I'.Ud not gene rated, and vh'ch had 
hkewise been mveried over hot ng mercury. 1 he gas left 
no percepjtible re.'^idoiuii. when al)sorhed by water dcj ..ved 
of air by boiling. In tiiis proce-iS, 15 lUcnsures i Tn- 
moina expanded, so as to fill -11 neasr-o.-i; and the tlVv’iO- 
gcii by detonation with oxygen, ovt-r ■.v..icr freed as much 
as possible from air, proved to l>e to he rntrogen'as 73'8 
to 26-2. In the experiment three explosions were made, 
the oxygen being deficient in llie first two ^ so that no ni¬ 

trogen 
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irogen could have been condensed in the form of nitric 
acid. 

Except when precautions of this kind are employed, as I 
have before noticed, no accurate data can be obtained re¬ 
specting the proportions of permanent gases obtained from 
ammonia by electricity. 

When the gas is generated and decomposed over the 
same mercury, there is always a greater expansion than the 
true one; and when the mercury is not boiled in the tube, 
and when common water is used, the nitrogen will be al¬ 
ways over-rated, unless this error is counteracted by an 
opposite error, that of detonating with an excess of oxy- 
g^en 

Dr. Henry had the kindness to send me the apparatus, 
in which he conceived, at that tirne, that he had witnessed 
the formation of water in the decomposition of ammonia 
by electricity, by his ingenious method of applying hvgro^ 
Bietrical tests. , 

i tried one experiment only with it, and in this there 
seemed to me to be niore moisture exhibited in the elastic 
matter after electrization than before, when it was cooled 
by the evaporation of ether: but on maturely considering 
this question, I do not think tisat the appearance of mois¬ 
ture even ofi'ers a decided proof of the existence of loosely 
combined oxygen in ammoriia. To coromon hygromelrical 
tests, water must be less sensible in ammonia than in hy¬ 
drogen or nitrogen, from its tendency to be precipitated in 
the form of alkaline solution, and likewise probably from 
its having a stronger adherence to the gas; and the elastic 
fluid generated, from the increase of volume will be capable 
of containing more aqueous vapour. ' 

It is not easy to determine, with perfect, precision, the 
specific gravity of a gas, so light as hydrogen and even am- 
Bronia; but the loss of weight, which appears to take place 
in the electrical analysis of ammonia, cannot, 1 think, with 
propriety, be referred entirely to this circumstance : whether 
the solution that [ have ventured to give f be the true one, 
I shall not, in the present state of the inquiry, attempt to 
discuss. 

The question of ammonia being analogous to other sali- 

* It will be seen by Dr. Henry’s letter, [page 3G9 of our present Num¬ 
ber, Edit.] that in repeating his processes, since this paper was writ¬ 
ten, he'has'gained results almost precisely the same as those indicated in the 
text; and there is every reason to believe, that 100 of ammonia in volume 
pniformlv become 180, when decompose'd by electricity, and that the* gas 
produced consists in 100 parts of 74 hydrogen and 26 nitrogen. 

I Bakerian Lecture, 1807, p. 40, ' ' 

fiablq 
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fiable bases in its constitution, is determined by the phre- 
iiomena presented by the amalgam from that alkali; and if 
ihe conversiem of nitrogen into oxygen and hiydrogen should 
be eslal)lishe(i, it would appear that both hydrogen and ni¬ 
trogen must he different combinations of ammonium with, 
oxvgcn, or with water. 

[To be continued.] 

XLVllI. Inquiry whether Nwvia Mateuia^ with which 
Children- are 6ometim£S born, should be attributed to lire 
Iniagination, of the Mother, 

To Mr, rUloch, 

Sir, In looking over a late volume of the Linnean Trans¬ 
actions, 1 met with a fact that seems almost to set at rest a 
lonir disputed physiological (.juestion, w hich formerly en¬ 
gaged a considerable share of attention in the philosoplncai 
world, but lias not hitherto, as far as 1 know, been satis¬ 
factorily resolved. 

The question to which I allude, is that which refers to 
the share which is be attributed to the imaa-ination of the 
mother in producing the marks w’hich infants are sotfie- 
times born with, by philosophers of'a former day, the af¬ 
firmation of this question was decidedly insisted upon, and 
more than one volume has been tilled with reputed instances 
of the effects of the mother’s imagination upon her off- 
Sjlring. In the present day, too, the whole female world 
still retain a similar belief upon this subject, and almost 
every woman can quote her own or her neighbour’s expe¬ 
rience in support of her opinion'. The medical men, how'- 
ever, abvavslaiigh at their histories, and consider them as 
mere idle tales. I was myself for a long lime prepossessed 
with the same notion ; but at length 1 beard of tw o or three 
instances of children’ having been horn without limbs or 
with wounds, if* consequence of the mother’s imagination 
having been violently acted upon; w'hieh almost staggered 
mv scepticism. One of these cases was related to me bv 
an intelligent friend who had seen the child born with only 
one leg, as well as its mother, who declared her firm be¬ 
lief,’that the cause of 'this imperfection in her child was a 
violent fright which she experienced from seeing a beggar 
suddenly uncover the wounded stump of his thigh. ]\fy 
friend very closely cross questioned this w’oman ; and ilir 
xesLill of his examination was an entire conviciiun tiiar it 
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was a fact that she had been frightened when pregnant in 
the way she stated, and that the infant subsequently horn 
was maimed precisely as the beggar was who had been the 
cause ot her alarm. Since learnino; this fact 1 have been 
more inclined to listen with patience to similar histories, 
yet with some doubts, chiefly i>inlt upon the universal in¬ 
credulity ot the medical men to whom I have related them,, 
remaining. 1 hese, however, are now done away by the 
fact stated in the Linncan I'ransacuons alluded to above, 
the substance of which ! shall briefly state, 

The servant cf Mr. Mdne, F.L.S., in removing a kettle 
from the fire, trod very heavily upon the tail of a pregnant 
she cat lying upon the hearth. I'he cat immediately uttered 
a dreadful scream, and ran out of the room with everv 
mark of violent terror. When this cat littered, half of her 
kittens had their tails bent in the middle at right angles, 
with a round knot thicker than the rest of the" tail at the 
angle formed. 

I'his fact seems to be very important, and to prove nearly 
to a demonstration, that the imagination of pregnant fe¬ 
males has the power of acting upon the bodily conforma¬ 
tion of their young. It is very certain that the tails of the 
young kittens were not trodden upon. What then could 
have thus distorted them, but the imagination of the parent 
influenced by the sudden alarm which she felt? It maybe 
denied that the distortion was the consequence of the pres¬ 
sure on the mother’s tail; but such a denial appears to me 
very unphilosophical, especially when we take into account 
the number of similar facts on reC‘ord, with res})eci to ibe 
human species. If this were the hr-st instance heard .of, 
there would doubtless be reason for hesitation; but it is so 
closely analogous to hundreds of like events which are 
stated to have occurrerl to vcomen, that il seems to me con¬ 
clusive. ^ It may be said perhaps that cats are exposed to 
have tlicir tails trodden upon every day, and that vye never 
hear of similar muiilaijons. But it should be Ci()nsklerecl, 
that in the case recorded in the Linnean Transactions, it 
was the extraordinary injury sustained by the animal, and 
the violence of the impression it made upon her, that alone 
caused the circumstance to be recDllected. Mr. Milne would 
i>ever have reirienfbcred any ordinary scream of his cat from 
having been accidentally trodden upon, nor have thought of 
Teferring to it the remarkable conformation of her kittens-. 

1 shall be glad if some of your physiological correspon¬ 
dents would favour me with their opinion on this state¬ 

ment. 



On Crijstallographij, 54^ 

menl. The importance of the subject cannot be doubted, 
and it appears to me to have been very undeservedly neg¬ 
lected ot late. 

I am, sir, your obedient servant. 
Nov. 17, 1309. EnCKPS. 

XLIX. On Cnj‘'tnU(>grapliy, By T/. Haijv. Translated 
from the last Paris Edition of his 'I'ralte de Mineralogic. 

[Continued from p. 309.] 

Of secondary Forms, the Mnlecides of which differ from 
the Pai alielopipedon. 

It if a character common to all the primitive forms to be 
divisible parallel t<> their ditTerent Faces. In the paralltdo* 
pipedon, this division, vhen not joiiied to any other which 
can taKe j)!ace in difierent directions, evidently leads to a 
Form oF mo.^ouie similar to the nucleus. In live regular 
hexahedral prism, it vlves as a molecule an eciuilateral tri¬ 
angular prism, as we have already seen in another place. 
In the octahedron, it seems to tend towards molecules of 
two dllferent Forms, some tetrahedrons and others octahe¬ 
drons. This mixed kind oF structure takes place also with 
respect to the tetrahedron, but every probable reason 
cotmurs to excludelhe octahedron,'and to adopt the (etrahe- 

^ dron in preFerence, as being, in these cases, the tr-ue inte-' 
gfal muieeult. Under the head Fluatcd Lime niore par¬ 
ticulars will be Found on this subject. 

If we divide iti the same way the dodecahedron with 
rhombic planes, the molecules W'il! be, without etpai- 
voeation, tetrahedrons with triangular isoscele Faces. Under 
the article Garnet, every thing relative t() this kind of Struc¬ 
ture will be Found. 

VV^ilh resjxci to the dodecahedron with isoscele triangular 
planes, we cannot extract the iiiolccules that compose it 
without dividing it in directions ditferent From those dhich 
would be parallel to the Faces. The tranchant planes in this 
case ougTit to ()ass by the axis, and hy the ridges contiguous 
to the "sumnnis, whence irregular tetrahedrons result as 
molecules. This point oF theory will be trcaied of in the 
article Quartz. 

I'he other primitive Forms are also sometimes subdivided 
in directhms which are not parallel to their Faces. We. 
have already had an example oF this, relative to the rhom¬ 
boid oF the tourmaline, whose subdivision, Following planes 

which 
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which pass by the axis and by the oblique diagonals, giveJ? 
tl'ie result represented in fig. 10^ where we see that the 
molecules are tetrahedronsv Observation also proves that 
the oblique quadrangular prism which is the nucleus of 
pyroxene, has natural joints situated parallel to a plane- 
which would pass by the small diagonals of its bases) from 
this vve may conclude that its molecules are triangular 
prisms. 

1 shall not- insist further on these modes of division, 
which will be explained at greater length when we come to 
speak of the articles which represent them 5 but I ought 
not to pass over a result which serves to connect the cry¬ 
stallization of substances, whose rnolecul.e is the tetrahe¬ 
dron or triangular prism, with that of substances which 
have, as jirimitive forms, simple assemblages of elementary 
p a ral 1 el o p i ped o n s. 

This connection consists in the tetrahedral or prismatic 
molecules being always assorted in such a manner, in the 
interior of the primitive form and of secondary crystals, 
that on taking them by small groups of twos, fours, sixes, 
or eights, they compose parallelopipedons, so that the 
ranges subtracted by the effect of decrements are nothing 
else than sums of these parallelopipedons. 

That we njay better conceive how this takes place, let us 
conceive for a moment that the small rhomboids which re¬ 
present thfe molecules of carbonated lime are divisible into 
tetrahedrons, as we have seen with respect to the rhom¬ 
boids which belong to the tourmaline. This view does not 
change the explanations which we have given of the diffe¬ 
rent secondary forms of which carbonated lime is suscep¬ 
tible : L e. in order to determine these forms by the help of 
theory, we should always confine ourselves to the consi¬ 
deration of decrements by one or more ranges of rhom- 
boidal molecules. 

What is only an hypothesis with regard to carbonated 
lime, is changed into reality with the tourmaline. Although 
the rhomboids produced at first by the mechanical division 
of the crystals of this substance are iiltimatelv resolved into 
tetrahedrons, the decrements which give the secondary 
forms are produced by subtractions of these rhomboids si¬ 
milar to the pnrnitivc form; so that vye may suppose, in 
calculations reiatiye to the determination of these forms, 
that trie itlrahetirons.w’hich represent the true molecules 
are connected w uh each other in an invariable, manner in 
each rnomb j'.d. 

Let ujS cue another example drawn from a very simple 
structure. 



35 r On Cryslallugraphy, 

flraCture, which is that of crystals whose primitive form 
is the regular hexahcdral prism. Let A D be always (fig. 40) 
one of the bases of this prism subdivided into small 
triangles which are the bases of so many molecules. It is 
evident that any two given > triangles adjoining the other, 
such as Apr, A O f, compose a rhombus, and conse¬ 
quently the two prisms to which they belong form by their 
union a prisni with rhomboidal bases, w liich is one of the 
kinds of parallelo piped on. 

Let us now imagine that the triangtdar prisms, which 
are the elements of these parallelopipedons, are invariably 
connected with each other. We may substitute for the 
arrangement represented in fig. 40, that of fig. 41 merely 
composed of rhombuses, which will be the batics of so many 
paralleiopipedons. 

Now if we suppose a series of lamina: piled up on the hex¬ 
agon A B C D F G, and which undergo, for example, chi 

their difierent edges, subtractions of one range of parallelo- 
pipedons similar to those now in question, these edges will 
he successively arranged like the sides of hexagons U rn ii r 
kuxyge, SiC.: hence we see that the quantity in which 
each lamina shall exceed the following one will be a sum 
of paralleiopipedons, or prisms with rhomboidal bases ; and 
it is easy to judge that the result of the decrement, sup¬ 
posing that the latter attains its limit, will be a straight 
hexaliedral pyramid, which wdil have as a base the hexagon 
ABCDFG. ^ 

All the other difierent primitive forms of the paralle’lopi- 
pedon give analogous results. We might even substitute 
for each of these forms a nucleus similar to the small pa- 
rallelopipedon, which are assemblages of tetrahedrons or 
triangular prisms ; and we should also succeed in explaining 
the secondary forms by laws of decrement referred to this 
nucleus, which would also be given bv mechanical di¬ 
vision. We shall use it in this nianner with respect to 
quartz, because in this case the substitution of the paralle- 
lopipedon for the bipyramidal dodecahedron leads to niore 
simple decrements for certain varieties*. 

I shall 

* We are acquainted with crystals whose mechanical division gives first 
a prism with rhomboidal ha-^es which have dilFereut angles of I20»and 60“ 
'I his prUin may be afterwards subdivided in the direction of one of the dia- 
■goiuils of its bases: from which it results that we might also extract imme- 
diately from the secondary crystal a hexahedral prism ; but which would not 
be regular. In these ca.ses we shall adopt the prism with rhomboidal bases 
icr the nucleus, because this form, besides being simpler, lias a character of 

regularity 
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I shall give the name of subtractive molecules to those 
parallelopipedons composed of tetrahedrons, or of triangular 
prisms^ and whose ranges measure the quantity of the de¬ 
crement which the laminae of superposition undergo when 
applied on the faces of the primihve form. 

We find from what precedes, that, to speak precisely^ 
theory would not admit of our proceeding towards its prin¬ 
cipal object, on stopping at the parallelopipedons given in 
the first place by the mechanical division of crystals; and 
the kind of anatomical dissection afterwards underffone bv 
these parallelopipedons, when We try to ascend to the true 
form of the integral moksciile, is an ulterior step, without 
which, observation, rather than theory, would leave some¬ 
thing unfinished. The parallelopipedon here represents 
unity, at which all the results of the theory end ; and frac¬ 
tions formed of its subdivisions beyond this unity are of no 
consequence. 

We see at the same time, that by means of this con¬ 
formity between the results given by the various forms of 
integral molecules, theory has the advantage of gene¬ 
ralizing its object by chaining to a single fact the multitude 
of facts, which from their diversity seem little susceptible 
of concurring in one common point. 

reg-ularity whieh the other has not, and which consists in the equalitj;" amJ 
similitude of its lateral faces. 

Here a consideration presents itself v/hich we ought not to omit. Het 
A B C D (fig. 42) be the upper base of one of the prisms v/e have mentioned. 
I/et us suppose for a moment that this prism cannot be subdivided except 
parallel to its four panes and to its two bases. The arrangement of the small 
rhombuses situated on both sides of tlie rhombus A B C D will represent the 
effect of a decrement by one range on the two longitudinal ridges terminated 
by the points A and C; and it is visible that this decrement will produce for 
the secondary form,, a hexahedral prism, whose base is represented by B' L 
m D' r h. 

Now if we conceive that the rhomboldal pri^m which has for its base 
ABCD, may be subdivided in the direction of the diagonal BD into two 
triangular prisms, all the small rhomboida! prisms of wliich it is the assem¬ 
blage being susceptible of the same division, we shall suppose that the 
small vacuums vdiich existed between I and m on one hand^ and between 
h and r on the other, in the hypothesis of the decrement, are filled up by 
triangular prisms, in which case the hexahedral prism will be immediately 
given without any decrement. Nevertheless we cannot admit of considering 
the faces w'hich will be in this ca^e as being produced in virtue of a decre¬ 
ment by one range, because then the form of-the secondary crystal is merely 
composed of small rhomboldal prisms similar to the primitive form, as would 
bave taken place if the decrement was produced by two or more ranges ; sot 
that here It is only a particular case which should seem to have been assimi¬ 
lated with all the ot hers J^or the sake of uniformity in the law's of structure. 
The same reasoning applies to primitive forms different 1‘roin the parallelopi¬ 
pedon, as we shall fmd in the course of this W'ork. 

Difference 
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Ty-ifference lettveen the Structure and the Increment', 
In the preceding developnient of the theory, v/e have 

Supposed that the CCtinponeiU laminae of crystal# originally 
ot one and the same species, -issue from one common nu¬ 
cleus, undergoing decrements subjected to certain laws, 
upon which the forms of these crystals depended. But here 
It IS only a conception, adopted to make us more easily per¬ 
ceive the mutual connections of the form in question. 
Properly speaking, a crystal in its entire state is only a 
regular group of similar molecules. It does not commence 
by a nucleus of a size proportioned to the volume which 
It ought to acquire, or, what comes to the same thing, by 
a nucleus equal to that which we extract by the aid of me¬ 
chanical division ; and tfie laminse which cover this nu¬ 
cleus are not applied successively over each other in the 
same order in which the theory regards them. The proof 
of this is, that among crystals of different dimensions 
which are frequently attached to the same support, those 
which can only be distinguished by the microscope are as 
complete as the most bulky; from which it follows that 
they have tfie same structure, i. e, they already contain a 
small nucleus proportioned to their diameter, and envelop¬ 
ed by the number of decreasing laminae necessary, in order 
that the polyhedron should be provided with all its faces. 
We do not perceive these various transitions of the primi¬ 
tive to the secondary forms, which ought to stake place if 
crystallization consf'^ucted, as if by courses, the species of 
pyramids superadded to the nucleus, in going from the base 
to the summit 

We must therefore conceive, for example, that from the 
fiTsSt instant a crystal, similar to the dodecahedron with 
rhomboidal planes derived from the cube (figs. 11 and 12), 
is already a very small dodecahedron, which contains a cu¬ 
bical nucleus proportionally small, and that in the follow¬ 
ing instants this kind of embryo increases without changing 
its form, by new strata w'hich envelop it on all sides; so 
that the nucleus increases on its part, always preserving the 
same relation with the entire crystal. 

We shall make lids idea apparent by a construction re¬ 
lative to the dodecahedron now mentioned, and represented 
by means of a plane figure. What we shall say of this 
figure may easily be applied to a solid, since we may al- 

• This, however, is only generally true; for it sometimes happens, in 
artilicial cryirtallization, (and it is very probable that we nuy say as much 
of that of natural bodies,) that a form which had attained a certain degree 
of increment suddenly undergoes variations by the effect of some particular 
circumstance. 

Vol. 34, No. 139. Nov, 1809. Z ways 
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ways conceive a plain figure like a section made in a solids 
Let t s % s'y therefore, (fig. 43 A) be an assortment of small ^ 
squares, in which the square B N D Q, composed of 49 
imperfect squares, represents the section of the nucleus^, 
and the extreme squares/, p, i, c, 5, c, h, fkc., thekind 
of steps formed by the laminre of superposition. We 
may conceive that'the assortment has commenced by the 
square BNL> G, and that different piles of small squares 
are afterwards applied on each of the sides of the central 
square; for example, on the side BN : in the first place the 
five squares comprehended between J and A, afterwards the 
three squares contained between c and e, and then the 
square s. This progress corresponds with what would take 
place if the dodecahedron commenced by a cube propor¬ 
tioned to its volume, and which afterwards increased by an 
addition of laminae continually decreasing. 

But on thcvother hand, we may imagine that the assort¬ 
ment had been at first similar to that which we see (fig* 
43 C), in which the square B ND G is only composed of 
nine molecules, and bears on each of its sides only a single 
square 5, t, s% z. If we refer, in imagination, this assort¬ 
ment to the solid of which it is the section, we shall easily 
judge that this solid had for its nucleus a cube composed 
of 27 molecules, and of which each face, composed of nine 
squares, carried on that of the middle a small cube, so that 
the decrement by one range is already exhibited'in this 
initial dodecahedron. 

This assortment, by means of an application of new 
squares, will become that of fig. 43 B, in which the central 
square B N D G is formed of 25 small squares, and carries 
on each of its sides a pile of three squares, besides a ter¬ 
minal square 5, t, /, or z. Here we have already two la¬ 
minae of superposition, instead of one only. Finally, by 
an ulterior application, the assortment of fig. 43 B will be 
changed into that of fig. 43 A, where we see three laminae 
of superposition. These different transitions, of which \ye 
are at iiberfy to continue the series as far as we please, will 
give an idea of the manner in which secondary crystals may 
increase in volume by preserving their form; from which 
tvemay judge that the structure ,is combined with this- 
augmentation in volume; so that the law (according to 
whicli all the laminse applied on the nucleus when it has 

* This section is that which would pass by the points 5, 5' (fig. 11) of the 
dodecahedron, and by the centres of ti\e ridges E O, A I, &c., of the nu¬ 
cleus. Thus the point R (fig. 4S) is regarded as situated at an equal distance* 
between the points- E, O, (fig. 11,) and the point N, at equal distance be¬ 
tween the points A, I, &c. 

attained 
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attained its greatest dimensions decrease successively,) 
Was'already, as it were, displayed in the growing crystal. 

A great deal remains to be done before we can terminate 
the theory of crystallization. We have otily given the laws 
of the structure of crystals, and we are now enabled to un- 
ravel those of their formation. The affinity of the mole¬ 
cules for each other, the nature of the liquid in which cry¬ 
stallization takes place, its degree of density, temperature, 
and other similar circumstances, would be so many ele¬ 
ments which we ought to take into our calculation, 'and 
the solution of the problem would determine the law of 
decrement which ought to take place in each particular case 
in virtue of the same circumstances, and the form of the 
secondary crystal which would result from that law. 

We can very w^ell conceive in general, that stony, me¬ 
tallic, or other molecules, suspended in a liquid, and dis¬ 
posed to reunite in order to form a crystal, are attracted 
at the same time by each other, and even by the molecules 
of the liquid; and it is because their mutual affinity is 
stronger than that of the liquid that their union is prodifced. 
Now the attraction of the liquid varies on account of the 
circumstances which we have mentioned ; and thus its dif¬ 
ference from the mutual attraction of the molecules, which 
is always tlie same, ought also to undergo variations which 
influence crystalline forms in their diversity.. And if there 
arc heterogeneous matters in the liquid, they will act on their 
part in order to modify the action of the liquid on the true 
molecules. . It would seem that we have a proof of this in 
certain crystals of axinite, one part of Which is of a violet 
colour with manganese, and the other green, in conse¬ 
quence of chlorite being present. The former presents ad¬ 
ditional facets, which are not observed in the latter, which 
is besides more regularly formed, and has not a striated sur¬ 
face, like the violet part. 

A superabundant portion of some of the essential princi¬ 
ples, which w'ould be, as it is said, in excess^ might also 
have an influence on the form of the crystal, by adding its 
own particular action to that of the liquid. For it can 
hardly be doubted that there is for every substance a fixed 
proportion of principles, which constitute its true nature ; so 
that all which exceeds the limit given by this proportion, 
ought to be regarded as accidental, and assimilated to a he¬ 
terogeneous substance. 

But the above are only slight hints, by no means suffi¬ 
cient to clear up the subject. Our acquirements have more 

/ Z 2 progress 
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progress to make, before geometry can have the data neces¬ 
sary for subinuting to a nrecise and rigorous theory the 
combined forces of the diti'erent agents which concur in 
crystallization, and ascend from the facts already establish- 
edj to other facts more general, and more allied to the 
true Causes which depend immediately on the will of the 
Supreme Eeing. It is a rich mine, the working of which 
is merely commenced, and which waits for more favourable 
times and more scientific workmen to follow the vein to 
the greatest depth. 

Of Crystals with a Moiety reversed^ and of those which 
appear to penetrate each other. 

We have hitherto considered crystallization as impress¬ 
ing on its results the character of the greatest possible per¬ 
fection, and {producing nothing but isolatea forms, exempt 
from every thing that could affect their purity and symmetry. 
It remains for us to describe certain accidents, which, un¬ 
der the appearance of exceptions or anomalies, still possess 
a latent tendency towards the same laws to which the struc¬ 
ture is subjected, when nothing deranges their progress or 
disturbs their harmony. • 

In ordinary crystals, the faces adjacent to each other al¬ 
ways form saliant, and never re-entering, angles. But 
crystalline forms also exist which present these last angles; 
and Rome de I’Isle was the first who observed that this 
effect took place when one of the two moieties of a crystal 
was in a reversed position with respect to the other A 
very simple example will enable us to conceive this re- 
\*ersal. 

Let us suppose that B J (fig. 44) represents an oblique, 
prism with rbomhoidal bases, situated in such a manner 
that the panes A D a, C D t/ c, are vertical, and B D are 
the acute angles of the base; and the latter proceeds in a 
rising direction from A to C. liCt us, besides, suppose that 
the prism is cut into halves, by means of a plane which 
should pass bv the diagonals drawn from B to D, and from 
I to d^ and that, the half situated on the left remaining 
fixed, the other half is reversed v\ ithout being separated 
from the former. I'he crystal will be presented under 
the aspect which we see in fig. 45, where the trianiilea?'c', 
which was-one of tlie halves of the lower base (fig. 44j, is 
now situated in the upper part (fig. 43), and forms asaliant 
angle w'ith the fixed frianizie ABD, while the triangle 

•'r Iwvu. di‘ risk,—Crystal, t, i. latrcxl. p./9S. 

BCD 
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B D C (fig. 45), which was one of the halves of the supe¬ 
rior base (fig. 44), is transported into the lower part (fig. 
45), and forms a re-enterinu; anole witii the fixed triaiiirle 

I J & o c 
a V a. 

W e can easily conceive that the plane of junction O \^h d 
of the two halves of a rhomboid, is situated like a face pro¬ 
duced in virtue of a decrement by one range on one or otfuT 
of the ridges Ar/, Cc, (fig. 44); and thus the manner in which 
these two halves join is in strict relation to the structure. 

Now' if we imagine a secondarv form which has for its 
nucleus the same prism, and if we suppose that it has been 
cut in the directions of the plane D B Z'c/, and that one of 
its halves is reversed in such a manner that the half of the 
nucleus which corresponds with it assumes the same posi¬ 
tion as in the preceding case, the assortment might be such 
that there is still a re-enterino; auirle on one hand and a 
saliant angle on the other, which will result from the mu¬ 
tual incidences of the faces produced by decrements. 

In certain cases the plane of junction, on which the two . 
halves of the crystal are joined, is situated parallel to one 
of the faces of the nucleus, and the assortment does not 
admit of presenting a re-entering angle opposed to a saliant 
angle. 

J have given to these reversed crvstals the name of kemi^ 
tropes^, and I call hemitrope Crystals such as are thus re¬ 
versed. They seem to indicate a polarity in the integral 
molecules, as I shall explain more at length under the head 
of spincll. We shall also find under the articles /e/r/-5pf/r, 
pyroppene, oxidated tiny &c., remarkable examples of hemi- 
tropes. 

Another accident extremely common, is the manner in 
which grouped crystals are inserted into each o'therf. ^lliis 
kind of apparent penetration is subject to so many diver¬ 
sities, that frequently, among crystals of the same group, 
we do not find two relative positions resembling each 
other. We must except, however, staurotid^, the prisms 
of which, as we shall sec, have their junction limited to 
tu o particular cases, w'hich w'e shall make known when 
treating of the crystallization of this sul.istance. 

But although in general the positions in grouped crystals 
are infinitely variable, we find, on a closer examination, 

* Rome de i’lsle calls them marles. But this name being-already applied 
to a very common species of mineral, I have thoug-ht proper to avoid the 
double application of the term. 

+ I'he German word druse is sometimes used to designate a group of 
crystals. 

Z 3 that 
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that they are subjected to certain laws always analogous to 
thcise of the structure; and that these crystals, instead of 
being tumultuously precipitated on each other, have in 
some measure concerted their arrangement. 

Let us also on this occasion choose a very simple exam¬ 
ple. Let A i^fig. 46) be a cube, and M N r an equi¬ 
lateral triangular facet produced in the place of the angle A, 
in virtue of a decrement by one range round this same 
angle. Let us suppose a second cube modified in the same 
manner, and fastened to the former by the facet which re¬ 
sults from the decrement indicated. We shall thus have 
the assortment represented by fig. 47. 

We may now conceive that one of the two cubes, that 
for example which is placed below, is increased in all its 
dimensions, except at the places where the other forms an 
obstacle to it. In proportion as this increment becomes 
more considerable, the upper cube will be more and more 
engaged in the inferior one, and it may even finish by being 
entirely masked or concealed by it. We observe crystals 
effectually sunk into each other at various depths ; but 
which have always a plane of junction situated like a face 
produced by a.decrement, in such a manner that the two 
structures follow their ordinary progress, each on its own 
part, the length of this same plane, which serves as their 
respective limit. I have divided cubes of floated lime in¬ 
serted into each other; and I have remarked that the la¬ 
minae of each extended without interruption, until suddenly 
stopped by the common plane of junction. 

The example now .quoted relates to a very simple and 
very regular law of decrement* But frequently the laws 
which determine the plane of junction are more or less re¬ 
mote from tliis simplicity, and there are a few which are 
somewhat extraordinary. / 

When two prisms cross towards the middle of their axes, 
there are two planes of junction, which unite, crossing 
each other on one common line, as we shall findunderthe 
article staurotide^ and both these planes also have positions 

* analogous to those which would be determined immediately 
• by laws of decrements. 

To conclude : I have here presented the results of but a 
small number of particular observations. 1 propose after¬ 
wards to resume the subject now glanced at, and to give a 
fuller development to the theory of which J think it sus.^ 
ceptible. 

[To be continued.] 
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L. An Examinalion of the Revieiu which appeared in 
fheXWUh Number The Retrospect/’ (^c., of Doctor 
IIeusciiel’s Essay on the coloured Rings discovered by 

Sir Isaac NewI'on. 

To Mr. Tilloch. 

Sir, X'his paper is transmitted to you by a little club of 
friends who occasionally meet logetiicr for conversing on 
philosophical subjects, and who suppose that what is now 
communicated may be made welcome to a place in your 

very impartial and valuable Magazine, 
For some time past our chierobject has been to consider 

more particularly of the progress of discovery in the diffe¬ 
rent branches of physical science, by the increasing ardour 
for experimental researches, hap))ily now so prevalent both 
on the continent and in our own country ^ and w'hich le- 
flects so much lustre on the present times. 

Though our reading is pretty extensive in original and 
other pirblications of this sort both foreign and domestic, 
vet it was not till lately we met with some numbers of a 
periodical work called The Retrospect&c., which first 
appeared a few years ago. From the plan of that publica¬ 
tion and its high j>retcnsions, as stated in the general title, 
we had some curiosity to dip into it ; when very soon we 
found our attention arrested by a review of an experimental 
essay under the following title : ‘‘ Experiments for inves- 
tia'atino- the Cause of the coloured concentric Rings (dis- 
cc7vered by Sir Isaac Newton) between two Object-glasses 
laid nnon one another. By William fferschel, LL.D., 

F.R.S.” 
W^hen that paper first appeared in the Philosophical 

Transactions of the Royal Society of London, we well re¬ 
member to have perused it w'ith high satisfaction ; not only 
on account of the remarkable skill discovered by the author, 
in bringing foiwvard many new and curious experiments 
leading to important conclusions, but also because the 
structure of tlie whole jfiece appeared to us as an example 
of the inductive method of jiroceeding in natural philosopny 
worthy of ranking with the best models we ha-ze oi the 

kind. _ • a r 
We therefore need scarcely mention our surprise at nnuing 

that nothimr whatever of that subtile and elaborate perfor¬ 
mance was field or any account by the writer who furnished 
that reCiew of it for the 13th Number of The Retrospect. 

Thouoh to those who have studied optics, any vmdica- 
° El 
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tion of the experimental essay in question is surely unneces¬ 
sary, yet it may not be amiss to do somethinc^ in this way^ 
for the sake of disabusing many other very intelligent per¬ 
sons who otherwise might be misled by criticisins^as confi¬ 
dently delivered by this reviewer as they appear to us, one 
and all of them, ill founded. 

It would be a very unlucky issue indeed; especially of 
experimental researches, when pursued by a man ofDoctar 
Herschers abilities, to be wholly destitute of value. Ne¬ 
vertheless this reviewer, as has been already noticed, from 
the beginning to the end of his lucubrations on the essay, 
very carefully inculcates that it ought to be so estimated. 

Though we are far from questioning the right of private 
judgement, especially within the calm precincts of philoso- 
phy, yet we are of opinion that fair controversy will here 
always reject an union with the passions; and that the 
love of truth for its own sake, when it is in reality the 
governing principle, will sweeten opposition, and join to¬ 
gether antagonists in sincere and mutual esteem. 

Accordingly, on the present occasion, from the many 
prefatory eulogiums on the author of the essay, we naturally 
expected, along with any power of argument, gentleness 
and decorum on the part of the reviewer, when exposing the 
imagined failures of a person who has done so much for sci¬ 
ence, and who in every view of his character was so highly 
entitled to consideration. 

In place of that deference, however, which we looked 
for, and which certainly would in no way have weakened 
the force of the reviewer’s fancied refutations, the very 
contrary seems to be indulged in. Every thing in the course 
of his strictures, in point of manner, is so sour and super¬ 
cilious, and so totally exclusive of approbation, as very ill 
corresponds with any measure of complacency, or respect 
for the author of the essay. This, when confronted with 
that ample store'of compliment and encomiums which 
usher in the strictures, is in some danger, we fear, ofbeino- 
viewed by many as a very gross inconsistency ; and so far^ 
perhaps, the reviewer has been unfortunate in exposing the 
cordiality of his professions to some degree of doubt. 

At a meeting of our little circle lately, this wayward sort 
of see-saw of first writing an author so handsouiely z/p, and 
then immediately so completely again, was not spared. 
One observed, tartly, that so novel and incongruous a plan 
of criticism was like wrapping up garlic and assafeetida in 
verveil and rose leaves : another, that he never yet had found 

sprinkling of lavender or Hungary water entirely to 

countervail. 
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countervail, when any unsavoury thing had got behind the 
wainscot: a third exclaimed, with more archness of man¬ 
ner, that it was a right cunning experiment, and by aM the 
world like applvine, what he whimsically called, a meta¬ 
physical svphon to the merit of an author; by wliich, iiv 
the lirst instance, the merit was indeed made to mount up, 
but as certainly, added he, shaking his head, to wheel round 
to the Cvmtrary direction ; till by degrees the whole stock 
fc'hoLild be drawn off, in the way of iiocuS'pocus, by the 
preponderant bias in the longer leg. 

But to interpose a little in favour of tlie reviewer, from a 
wish of reconciling appearances, it is only fair to consider, 
as he himself indeed expressly v'arUs us to do, that whilst 
he was bhnving Sf) warm on the author by panegyric, yet 
so miserahlv cold on his essay, almost in the sanie breath, 
he lav under a conflict between his great respect for Doctor 
Herschel and his paramount obligation to tidehty, when 
delivering his avvarcls in philosophical matters, for the edi¬ 
fication of the public. 
' It comes therefore, in the next place, to he examined 
how far the solidity of this reviewer’s matter can justify 
that fervour of his critical zeal 'wh.:!), on the present oc¬ 
casion, has led him to be so fastidious and magisterial ; 
under the i>^reat delusion, as it should seem, of his being so 
warranted on the score of duty, that he might give the 
greater consequence and currency to his critical manifestos. 

For prosecuting, in the hopes oF success, a subject well 
known to be important, and also of a recondite nature, 
Doctor Herschel, in the true spirit of experimental philo¬ 
sophy, conceived that every thing depended on a full dis¬ 
covery of the jthaenomena of the coloured rings he treais 
of in his cssav, as far as they could be traced by the most 
diligent and varied trials. . Before he entered on these expe¬ 
riments no philosopher had ever seen but one set of rings, 
iiameiv, that discovered and treated. oF bv Sir f^aac New¬ 
ton. Ihit whilst viewing that bcautli'u! appearance as pro¬ 
duced by the contact ■ oF the Famous Muygen:ail lenses, 
Dr. Herschel detected between bis glasses several other sets 
oFcoloured rings, wliich, by the peculiar construction oFhis 
apparatus, were formed at the same time. I o a person 
then emplovcd as he was, such verv new pii'cenomena could 
not but be deemed most worthy oFattention. Nor will it be 
asserted, alon? with the reviewer, by any one who has pre¬ 
tensions to science, that to examine their nature and pecu¬ 
liarities could be oF no avail, 'fhe fact is, as appears from 
the essay, that this patient and acute philosopher has, with 

remarkable 
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remarkable success^ observed those new sets of coloured 
rings whilst undergoing a variety of surprising and intricate 
changes^, all of which he has reduced to order, and fully 
explained. From this store of facts, entirely new, he has 
moreover established, beyond all contradiction, the four 
general propositions, in pages 47 and 48 of his paper, con¬ 
cerning the formation of the Newtonian rings themselves. 

This reviewer, however, makes very short work in de¬ 
claring the whole of this research as good for nothing. For 
in the 13th Number of The Retrospect, page 24, it is said. 

The principal novelty of those experiments appears to be 
the unnecessary complication that is introduced into them; 
the rings, exhibited by a series of successive reflections, arc 
confessedly repetitions of those which Newton observed in a 
simpler form : and from this complication Docior Herschel 
obtains oi\\y fumum eoc Julgore.^' Indeed ! highly decorous 
latinity to be sure, and given us, by way of boast, in an 
appropriate character. 

We can scarcely conceive any thing more, unreasonable, 
or less worthy of a serious reply, than this most strange 
objection to such a detail of instructive experiments as has 
been just alluded to; and on the unmeaning grounds that 
the rings exhibited by a series of reflections are unneces¬ 
sary complications, because repetitions of those which 
Newton observed in a simpler form. For on that very ac¬ 
count, of their being so seen by a series of reflections, much 
knowledge has been derived concerning the nature of all the 
rings. This has been most particularly and cjearly shown 
in the oesay. 

' Had this reviewer lived in the days of the celebrated 
Hadley, the inventor of that noble instrument known all 
o\’’er the world by his name, he surely, according to his 
seeming capacity of judging of niatters of this kind,"' w'ould 
have thought Hadley very idly employed in having to 
do with the moon and stars by means of reflections, 
when to be seen at a single glance in the reviewer’s 
simpler form : and yet it is well known that by the aid of 
seeing these luminaries by reflections a great object was ac¬ 
complished, for the benefit of mankind, by the construc¬ 
tion of the sea quadrant. Or let us ask the reviewer, what 
is the case when viewing distant objects through a tele¬ 
scope ? Here also we find that,by having availed ourselves 
of a little of that complication so decried by the reviewer, 
and ot images formed by reflections, we see much further, 
and much belter, than he could do by looking at the same 
things in their simpler form as he calls it; that is, without 

th^ 
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the help of the telescope. The simplest of all simple forms 
the reviewer will aclimt is that ot the sphere : vet Archi¬ 
medes, when investigating several ennnus properties of 
that solid, doubtless employed many reflections; and tiie 
reviewer misiht impuQi'n the demonstrations of tfiat geomc^ 
trician as unnecessary complications, with as much justice 
as he has done Doctor l ierschcl’s proofs prbceedinij; from 
reflectifms also, both mental and optical. In short, what 
is found in the ioregoing quotation is so flimsy as to debar 
all philosopliical discussion, and cannot be gravely replied 
to. 

Another of the strictures is the following : (Retrospect, 
page 23, line 4, from bottom ; when the reviewer; speaking 
of Dr. Ilerschel’s essav, says,) ‘‘ We cannot consider it hv 
aijy means as adding to the value of those treasures of sci¬ 
ence, which have in the course of years been accumu¬ 
lated in the Philosophical Transactions.”' The reader need 
not be here told how much those justly celebrated volumes 
have derived their importance by recording knowledge sup¬ 
ported by experience as science in its best form. In reply, 
therefore, to the passage just now quoted, we shall ha‘ve an 
opportunity of entering a little more particularly into the 
nature of Doctor HerschePs experiments and proofs, by 
putting a few questions to the reviewer. 

Considering the avowed importance of the subject, is it 
not an addition to our stock of knowledge to have been 
made acquainted with many diflerent ways of obtaining a 
sight of these coloured rings ; not only by means of glasses, 
•but of metals ? See the essay, articles 1, 2, 3. 

Is it not an addition to our stock of knowledge to have 
discovered and shown that the colours of these diflerent sets 
of rings are alternate? (see article 14,) and to have ex¬ 
plained the cause of that alternation ? See article 17. 

Is it not an addition to our stock of know ledge to have 
shown that the colour of the rings, as well as their size, 
can he suddenlv changed, according to an invariable law, 
bv the interposition of shadows? (see article 15.) and to 
have explained the cause of these changes > See article-18.~ 

Is it not an addition to onr stock of knowledge to have 
proved also bv experiments, the four propositions in pages 
47 and 48 of the essay, relating to the action of tiie several 
surfaces as contributing to the formation of the coloured 
rings ? . 

Is in not an addition to our stock of knowledge to have 
shown that from a polished metalline speculum we can ob¬ 
tain most beautiful coloured irises ? See article 33. 

If 
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Tf the reviewer still continues his negative to those ques¬ 
tions^ his notions of knowledge and science rnust be of 
some very peculiar conformation. 

Further, in The Retrospect, pages 23 and 24, it is said: 
Doctor Herschel seems to have confined his study of the 

phseuomena of light, almost entirely to the works of New¬ 
ton."” And was not his doing so, in this paper, highly 
proper ; when be was, by experiments, investigating the 
cause of the coloured rings discovered hv Newton ? It is 
immediately added, “ not thinking it worth his while to 
inquire whether the last hundred years had produced any 
thing deserving his attention ; and taking it also for granted, 
that little or nothing was known before him,” &c. This, 
and some other morsels of the like sort, which are passed 
over, nearly rival in elegance the reviewer’sJ'limum, See. 
But as nothing whatever is to be found in the essay that 
can show what the author takes for granted, we are quite 
at a loss in conjecturing who has let the reviewer into that 
secret. 

Again, in The Retrospect, p. 24, line 6, it is said, But, 
in fact, the colours of those plates were by no means the 
discovery of Newton; they have been described wdth great 
accuracy by the ingenious, but too much neglected, Doctor 
Hook.” Here the reviewer discovers a laudable sympathy 
and concern for departed merit; but we find nothing in the 
ess'ay which could induce him thus to conjure up the shade 
of that philosopher. The tendency of the passage last quo¬ 
ted, though it cannot be supposed intentional, is to fasten 
a charge of ignorance on the author, as if he had ever 
maintained that the phaenomena of these coloured thin 
plates were the discoveries of Newton. The author in his 
essay has never alleged any such thing. He has said, in¬ 
deed, and truly, both in his title and elsewhere, that the 
coloured rings were discovered hv New'ton. 'fhis it is well 
known Newton did by making use of prisms, and at last 
object-glasses, brought into contact. See Newton’s Opticks, 
book II., part I. observations 2, 3, 4. 

Again, in Retrospect, page 24, we find as follows : The 
experiment made by strewing particles of hair-powder in a 
sunbeam, is still more unconnected with the question.” 
The most eviderit and close connection of that experiment 
with the subject will be best seen by Doctor Herschel’s 
own words,; when it is considered that he was then bring¬ 
ing his proofs from experiment to bear against the existence 
of the fits of easy reflection and easy transmission of light. 

As a reason for pronouncing that experiment uncon¬ 
nected 
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ij hectcd with the question the reviewer adds: Because the 
rays of light undergo certain flections and modifications ia 
tlie neighboufltood of bodies near u liich they pass, it surely 
does not follow that they are not liable to other modifica¬ 
tions at the surfaces of transparent bodies. In fact, these 
colours are identical with those of the coronae described by 
Mr. Jordan and other authors.’^ 

The reviewer must have been slumbering when he would 
have the reader to believe Doctor Herschel had still to learn 
from him that light may be liable to modifications at the 
surfaces of transparent bodies ; since the close investigation 
of those very modifications makes the sole business of Doc¬ 
tor Herschel’s essay, from the beginning till very near the 
end. T his hypothesis of the reviewer^s inattention is further 
confirmed by what is immediately added in the conclu- 

! sion of the last quotation. Inhere the originality of the 
] experiment alluded to has wholly escaped him ; for he 

mentions it as nothing but what had before been iainiliar to 
Mr. Jordan and other authors. 

But to proceed': The proofs which the author has brought 
forw'ard against the existence of the fits of easy reflection 
and easy transmission of light are detailed in the 31st and 
32d articles of his essay, and may be considered as the 
most important part of it; as leading on to new'views 
and improvements of Sir Isaac New'ton’s ])hilosophy of 
light and colours. 

Let us therefore next see what the reviewer has given us 
about this. I'he quotation is fioui the 24th page of The 
Hetrospect. We do not wish to be considered as stre¬ 
nuous defenders of the New'tonian fits of easy transmission 
and easy reflection ; but we will venture to maintain that 
Doctor Herschel has advanced no one argument that can 
have any weight in lessening the probability of their ex¬ 
istence.’" And in five lines further on, it is added ; Nor 
had Doctor Herschel any reason to expect a sensible change 
in the appearance of the rings, when they w^ere viewed 
throut^h the wedges of a\r and glass which he describes. 
Since those wedges were much too thick to produce any 
observable colours in white light, and for the same reason 
too thick to produce any perceptible interruptions in the 
rings'^; the effects of the interruptions of twm ,portions of 
light, differing but very little in refrangibility, being so dif¬ 
ferent as to counteract each other.” 

Now really in the whole of this, till we come to thea^/^- 
risky there is nothing to be found in the form of argument. 
Thai the wedges cA'scribed by Doctor Herschel were much 

too 
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too thick cannot surely be admitted on the reviewer’s ipse 
dixit. This position ought to have been established by 
s^^me prooF, not by naked assertion since the author, in 
bis paper, had so minutely shown that the thickness oF his 
wedges was such as to warrant his conclusioiis. 1'he truth 
is, that the reviewer here contradicts not Doctor Herschel, 
but Sir Isaac Newton, who has proved that plates oF air 
between his object-glasses, as thick, and a threat deal thicker^ 
than many to be Found in Doctor HerscheTs wedges, will 
produce observable changes in wliite tight. 

Newton, in his Opticks, edition 1721, page 178, de¬ 
termines experimentally the thickness, in parts oF an inch, 
oF bis_ plates of air at the first, second, third, fourth, 
fifth &x\ ring, as respectively equal to a fraction whose 
constant denominator is 17S000, and the numerator ac¬ 
cording lo the series &c. These were the tbick- 
nesses'of the respective plates of air between bis object- 
glasses, when his eye was placed perpendicularly in the 
axes of the rings. Further, in page 179, he determines all 
these different thicknesses when he viewed the rings 
obliquely. By his table, given us in that paj^'e, it appears 
that any individual ring of a given diameter, with a certain 
tliickness of air at that {)lace, will, when seen in the mo?t 
oblique position, he increased 3*3 times in diameter, and 
that the thickness of the plate-of air at the same place will 
be increased l-2“25 times. 

As to the-number of rings which can be perceived and 
counted, Newton mentions that, under favourable circum¬ 
stances, he has sometimes seen more than twenty of them ; 
and in the usual way eight or nine. But even supposing 
we could see none beyond the limits of the eighth ring, the 
question before us is, what would be the thickness, ac¬ 
cording to Newton, of the plate of air at that place? This, 
when the eighth ring is seen perpendicularly, with the ob- 

15 
ieet-glasses which Newton used, will be — accordinsT 
^ 178000 o & 

to the foregoing progression of the fractional numerators ; 
, , , 15 X ri 25 , 183/5 

and when seen obiiquely-equal to- 
^ ^ 178000 ^ 17800000 

to parts of an inch. Here then we have the authority 

of Sir Isaac Newion for saying that a ring will be formed 
and perceivable when light passes through a plate of air of 

The reviewer v/ill not deny that the production of a 

ring is a change made on white light. 
O Q O 

Now 
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Now ibe thickness of'Doctor Herschers plate of air or 
wedge at its greatest opening is stated, in his.paper, to be 

-r nart of an inch. This wedge was 5*6 inches in length; 
()IO ‘ ° 
and an easy calculation will show that from the sharp end, 
forward for three inches, the thickness (increasing from 
zero all the wav) did not exceed that determined as above 
by Newton. This, it is presumed, will be sufficient to 
show that Doctor Herschel’s wedge of air was thin enough 
for his purpose ; and that any individual ring of a secondary 
set, when seen within three inches from the sharp end, 
must appear broken or interrupted in such parts as let 
through the rays of its own colour, granting they were in, 
fits of easy transmission at their incidence on the under¬ 
most plate of the wedge. 

But it might have been assumed that 1 2 rings, instead 
of 8, may be rendered perceivable by Newton’s object- 
glasses ; in which case the thickness of the plate of air at 

that place will be parts of an inch, which is greater than 

the greatest opening of Doctor Herschel’s wedge. 
Let us now return to the last quotation froniThcRetro¬ 

spect; in order to consider the import of The two lines, 
which follow the asterisk. 1'here we meet, for the first 
time in the whole course of the strictures, with something 
having the form of an argument. The reviewer tries to 
prove that certain counteractions will take place to prevent 
the breaks or interruptions of the secondary rings from 
being perceivable, because the wedge of air, in his opinion, 
is much too thick. But though we certainly should have 
welcomed any opportunity of philosophical discussion on 
a topic of this kind, yet we are obliged to declare that, after' 
having repeatedly and carefully endeavoured to catch the 
meaning of these two lines, they appear to ns altogether' 
unintelligible ; and we are persuaded they must be so judged 
of bv every one conversant about optics. We are, how¬ 
ever/ far from saying that the reviewer had not in his mind 
some meajiing or other which bore on him,^ very’cogently, 
in support of such counteractions : hut surely he must have 
thought very highly of his powers of elucidation, if he really 
expected in the compass of two lines to enlighten his^ 
readers, and establish his conclusions, on a point of this 
kind. But as these his conclusions, by his own admis¬ 
sion, depend on Doctor Herschel’s wedges being much too 
thick, the contrary of which has been made evident, it 
cannot be expected that such supposititious and imaginary 

counteractions 
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counteractions are to set aside Doctor Herschel’s pr^oofs de- 
ckvccfi troin facts, iit the same time, could the reviewef 
have made some stand on this ground, and bad he conde¬ 
scended to have illustrated inieliigibly the sources of his 
contradiction, we should have respected such an instance 
of philosophical scrutiny and such an invitation to candid 
disquisition. But in place of that, this reviewer all of a 
sudd^m cliooses to envelop himself in that smoke be has 
so ready at command ; and so vanishes in a cloud of abor¬ 
tive and fathomless opinions. 

To conclude,: It is well known that the fits of easy re^ 
flection and easy transmission, imputed to the rays of ligdit 
by Sir Isaac Newon, have long been considered as a'part 
pf his philosophy in some measure doubtful, fn the essay at 
presenr under' consideration, the author has the merit of 

formally bringing this celebrated theory to the only test 
which can finally determine its pretensions, and set so im-^ 
portant a question for ever at rest. If, when thus sifted by 
a more enlarged experience, and by so skilful a hand, it has 
been reserved for Doctor Hcrscbel to show its fallacy, yet 
no generous mind will be disposed to grudge him that suc¬ 
cess, or to venerate the less the name of Newton, though 
one of his most earnest and most illustrious, followers has ' 
so improved his philosophy, even by clearing it of his own 
mistakes : any advances of this kind, even at such a price, 
we cannot doubt would have been hailed by Newton himself. 
That truly great and excellent person had far more wisdom 
Hi well as humility than to harbour the weak and prepos¬ 
terous ambition of being accounted infallible as a mortal. 

Any lapses, however, that can be ascribed to him, figure 
only as small spots do on the meridian sun, considering 
that effulgence of science struck out of darkness by the 
sublimity of his genius, and which he has bequeathed to 
mankind. In the present instance, whatever new scion is 
destined to adorn the philosophy of light and colours, in 
consequence of the advances now made by Doctor Her- 
schel, one thing is certain, that it must derive its vital 
growth by being grafted on that tree of knowledge still 
sourrd.at the core, first planted by the hand of Newton, and 
which cannot but ever endure’and flourish, to he beheld by 
ajl eyes as one of the monuments of his glory ! 

LI. 
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Ll. Experiments on Ammonia, and an Account of a new 
Method of a7ialysing it, by Cotnhusllon. with Oxygen.and 
other Oases \ in a Letter’to Humph ivy Davy, Esy., 
^ec. R.S. ^c\, from William EJknry, M,D., F.R.S, 

. E. Pi of the Lit, a/id Phil. Society, and Physician to 
the Lfmnanj at Manchester 

MY DEAR SIR f, 

I SHOULD sooner have comm uni cate cl the account, which, 
you are so good as to request, of my further experiments^ 
on the deconipostion of ammonia, if 1 had nut been anxious 
to obtain, by frequent and careful repetition of them, re¬ 
sults not affected by any of those numerous caLises of error, 
which easily insinuate themselves into processes of so much 
delicacy. You have already been informed that the fact, 
which I lately mentioned to you, (tending to prove the ex¬ 
istence of oxygen as an element of the volatile alkali, by 
the discovery of oxyi^cn gas in the products of its analysis,) 
is not entitled to confidence, owing to the admission qf a 
small quantity of atmospherical air in a way ^which was not 
at all suspected. Frequent repetitions of the same process, 
under circumstances wholly unobjectionable, have fully sa¬ 
tisfied me that no portion whatsoever of oxygen gas is 
evolved by electricity from ammonia even when,.by means 
of an apparatus constructed for the purpose, the only me¬ 
tallic surface exposed to the gas consists of the sections of 

' two platina wires, each l-50th of an inch in diameter, the 
wires themselves being inclosed in glass tubes which are 
sealed hermetically round them, and then ground away> 
so as to expose only the points. Nor does any difference 
in the nature of the products arise from electrifying the gas 
either under increased or diminished pressure, the latier of 
which, it appeared to me probable, from the known in¬ 
fluence of elasticity in impeding the combination of gaseous 
bases, might prevent the oxygen of the alkali from uniting 
with hydrogen to form water, and occasion the expansion 
of both into the state of gas. 

Having failed, therefore, to acquire, in this way, proof 
of the existence of oxygen in the volatile alkali, I was next 
led to seek for some unequivocal mode of evincing the pro- 

• From Philosophical Transactions for 1809. 
f This letter, in its original form, was read to the Society May 18, 1809, 

some new obiervatlons were added, and some corrections furnished by the 
author, in coaisequence of subsequent experiments madet in June: it was 
transmitted to the secretary for publication July 10. 

Vol. 34. No. 139. Nov* 1809. A a duction 
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ductlon of water by the same operation ; a fact^ which would 
be scarcely less satisfactory in establishing oxygen to be 
one of its constituents, than the actual separation of oxy¬ 
gen gas. The most careful observation of ammonia, during 
and after the agency of electricity, does not discover the 
smallest perceptible quantity of moisture. In order, there* 
fore, to subject the gas to a satisfactory test, I had recourse 
to the following contrivance :—Ammoniacal gas, I had pre¬ 
viously found, may be so far desiccated by exposure to 
caustic potash as to show no traces of condensed moisture^ 
on the inner surface of a thin glass vessel containing it, 
when exposed to a cold of 0° Fahrenheit; though the re¬ 
cent gas, by the same treatment, is made to deposit water 
in the state of a thin film of ice. A glass globe, of the 
capacity of between two and three cubical inches, was filled 
with gaseous ammonia, which was then dried by sticks of 
pure potash, fastened to pieces of steel wire, so that they 
could be withdrawn after having exerted their full action. 
This point of dryness was ascertained by applying ether, or 
a mixture of snow and salt, to the outside of the globe. 
By means of a peculiar apparatus, the gas was next strongly 
electrified, and the cooling power was again applied to the 
outer surface of the globe. 

In the first trials that were made with this apparatus 
water certainly seemed to have been formed by the elec¬ 
trization of the alkaline gas; for the same portion of gas, 
which was not affected by a freezing mixture before the 
process, gave evident signs of condensed moisture when 
the cooling power was applied after long continued elec¬ 
trization. The appearance was not only quite satisfactory 
to myself, but to Mr. Dalton, and several other chemical 
friends, to whom I showed the experiment. Finding, 
however, that the appearance varied as to its degree, I was 
induced to repeat the process with redoubled precaution; 
filling the globe, previously heated, with hot mercury, and 
drying, not only the quicksilver, but the iron cistern which 
contained it, bv exposure to long continued heat. The 

'electrified gas now betrayed no signs of moisture on the 
^application of a temperature 20^ of Fahrenheit, and gave 
■ only the . smallest perceptible traces by a cold of 0® or a 
few degrees below. I cannot help suspecting, therefore, 
that the moisture manifested m the earlier experiments was 
derived from the mercury or from some extraneous source^ 
&nd was not generated by the action of electricity 

. : • / ’ i' • 

* Ft may be objected, I am awa,re, that as the jjases produced frcHn am* 
^ftonia are nearly double its original bulk, they may hold 41 tbmbmab'ou 
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The avidity with which aramonia retains moisture, and 
again absorbs it when artificially dried, is very remarkable. 
A confined quantity of common air may be completely de¬ 
siccated, in the space of a few minutes, by pure potash, or 
by muriate of lime ; so that no ice shall appear in the inner 
surface of the containing vessel when exposed to a cold of 
— 26^ of Fahrenheit. But ammonia requires exposure 
during some hours to potash, to stand the test even of 
Fahrenheit; and a single transfer of the dried gas, through 
the mercury of a trough in ordinary use, again communi¬ 
cates moisture to it. Muriatic acid gas, freed merely from 
visible moisture, deposits no water at the temperature 
of 26^ Fahrenheit. This is probably owing to its strong 
affinity for water; for electricity, after the full action of 
muriate of lime, evolves, as I have lately ascertained, about 
l-33th its bulk of hvdroiren g-as: the recent muriatic acid 
gas giving about l-14th after the same treatment*. 

From the average of a great number of experiments on 
the decomposition of ammonia by electricity, I was for 
some time led to believe that you had rather under-stated 
the proportion of permanent gases obtainable from it by 
this process (viz. 108 measures ol permanent gas from 6o 
of ammonia, or ISO from lOO). For the most part, I had 
found the bulk of ammonia to be doubled by decomposi¬ 
tion, even when the gas was previously dried with extreme 
care. In one instance a small bit of dry potash was left in 
the tube, along with the ammonia, during electrization, 
with tlie view of its absorbing water, which I supposed at 
that time to be generated by the process. In this case, 59 

any water that may have been generated by electricity. But though this 
tuppositiou may explain the non-appearance of visible moisture, it does not 
account for the inefhclency of a powerful cooling cause to discover traces of 
watery vapour; for tills is a test which renders apparent reiy minute quan¬ 
tities of water in gases. 

* In a course of experiments, which I have described in the Philosophical 
Transactions for ISOC:), it appeared that muriatic acid gas, after being dried 

■by muriate of lime, gave nearly as much hydrogen by electrization as gas 
which had not been thus exposed. I was not however aware, at that time, 
of the extreme caution necessary in experiments of this kind ; and was sa¬ 
tisfied with transferring the acid gas from a large vessel, in which it had 
been dried, into the electrizing tube, a mode of proceeding which I now 
find to be quite inadmissible. I’he action of muriate of lime, which has 
undergone fusion, on muriatic acid gas, is rendered very sensible, whm 
considerable quantities are used, by the evolution of mucli heat, and J>y a 
diminution of the volume of the gas. Ammonia also is contracted in bulk 
i)y dry caustic potash. Muriate of lime cannot be employed for its desic¬ 
cation, since this substance rapidly absorbs the alkaline gas, even when the 
gas has been previously exposed to quicklime. In this case the ammonia 
attracts a portion of muriatic acid from the earthy salt agreeably to t;helaw 
of affinity, which has been so ably illustrated by Bertholl'ct. 

Aa9 njeasurb 
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measures (each = 10 grains of mercury) became 115. The 
following table shows the expansion of various quantities 
of ammonia, 
Exp. 

1. 60 measures of ammonia gave permanent gas 112 
2. 60 - - - •“ 120 
3. 59 (potash being left in the tube) - 115- 
4. 35 - - - - 115 

' 5. 75 (under the pressure of half an atmosphere) 130 
6. 65 - - - - ISO 
7. 65 - - - .130 
8. ’SS (one of the conductors being of steel wire) 106 

492 ^ 978 
and 492 : 978 : : 100 : 198*78. These proportions, you 
will find, correspond very nearly with those long ago stated 
by Bcrthollet *, who converted 17 measures of ammonia 
by electrization into 33 measures of permanent gas, which 
is at the rate pf 194 from 100. Having lately, however, 
carried on the process with the observance of additional 
precaution, (the mercury being first boiled in the tube, be¬ 
fore admitting the ammonia, and still remaining hot when 
the gas was passed up,) I have obtained from the alkali less 
than double its volume of permanent gas, viz. 280 measures 

' from 135, or at the rate of 180*6 from 100. The varia¬ 
bleness of the first set of results arises, I believe, from the 
uncertainty of the quantity of ammonia decomposed. For 
if the smallest portion of moisture remain in the tube, a 

-little ammoniacal gas will be absorbed, and will be slowly 
given out again as the electrization goes on, thus rendering 
the actual quantity submitted to experiment greater than 
appears. It is probable also, from a fact which I shall af¬ 
terwards state, that mercury itself, unless when heated, may 
absorb a small portion of alkaline gas. 

The proportion of the hydrogen and nitrogen gases to 
each other in the products of ammonia, decomposed by 
'electricity, I am satisfied by recent experiments (June 1809) 
is as nearly as possible what you have determined, viz. 
•74 measures of hydrogen gas to 26 of nitrogen. The 
'nearest approximation I have made to these numbers is 
73*75 to 26*25. Our only method of analysing mixtures 

.of these two gases (viz. by combustion with a redundancy 
of oxygen) is not, 1 believe, sufficiently perfect to afford a 
nearer coincidence. 

The extreme labour and tediousness of the decomposi- 

* Juimial de Physique^ 1786, ii. l76. 

tion 
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tioii of ammonia by electricity influenced me to 
the discovery of a shorter and more summary method ot 
analysis. The most obvious one was its decomposition by 
oxvmuriatic acid gas; but this plan was abandoned, fiom 
the impossibility of conlining both the gases by any one 

fluid ; since the water acts powerfully on the one, and mer¬ 
cury on the other. But a mixture of oxygen and a^mo- 
niacal gases more than answered my expectations. When 
miucrled in proper proportions, these gases, I have ascer¬ 
tained, may be detonated over mercury by an electric spark, 
exactly like a mixture of vital and inflamrnable air; and 
the results of the process, with due attention to the cir¬ 
cumstances, which will soon be stated, afford an easy and 
precise method of analysing, in the space of a few minutes, 
considerable Quantities of the volatile alkali. it a 
greater proportion of pure oxygen gas * to ammonia than 
that of three to one, or of ammonia to ox^'gen than that 
of three to 1*4, the mixture ceases to be combustible^ 
When the proportions best adapted to inflammation are 
used, oxygen gas may be diluted with six times its bulk oi 
atmospherical air, without losing its property of burning 

ammonia. , ■ n ' -.u 
Atmospherical air alone does not, however, inflaine with 

ammonia in any proportion that I have yet tried; thoug , 
bv lomi* continued electrization with air, ammonia is at 
lemnh decomposed ; its hydrogen uniting with the oxygen 
of The air and forming water, while the nitrogen of both 
composes a permanent residuum. Forty-five measures or 
ammonia beincr electrified with eighty-six of common air, 

the total 131 became 136, and 132 after being washed with 
water Of 17*2 measures of qxvgen, contained m the 8o 
ineasu’res of air at the outset, only TO were left, and these 
also would probably have disappeared by contiiiuiug the 
operation. If a mixture of ammonia and atmospbenc air, 
each previously dried by causiic potash and then elwtnfied, 
beexaiuiued, the production of water is-made sufficiently 
appamiit on applying ether to the containing vessel. In 
subjecting ammonia, therefore, to this test of the genera¬ 

tion of water by electricity, the purity at the gas trpm at¬ 
mospheric air should be caretully determined f. _ 

d’lie products of the combustion of With oxy- 

* Pont'iiiilno' onlv three or four per ceui:. nitrogen gas. 
+ The result of this cxnei-imcii! stiows, moreover, that even supposing 

n.tve to be a constituent of ammonia. wo are not to expect its evoliltiou, 
inl^epanitefonn.bv electricity; since, when electrilied with ammoniacaf 

gas, oL-gen vas is do'privedof its elastic form, and ns base 16 condeusal mto 
walc-r b) union with nascent liyltroge-n evolved from the alkali. 

A a 3 
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geu vary essentially according to the proportion of the gases 
which are employed. If the oxygen gas exceed considera¬ 
bly the ammonia (that is, if its volume be double or up¬ 
wards) the ammonia entirely disappears, and no gases re¬ 
main, but a mixture of nitrogen with the redundant oxy¬ 
gen. Idle moment the detonation is completed, a dense 
cloud appears'^, and soon afterwards settles into a white 
incrustation on the inner surface of the tube. The quan¬ 
tity of this vSubstance which is produced is too minute for 
analysis ; but its characters resemble those of nitrate of 
ammonia, the acid ingredient of which is probably gene- 
Xated by the action of oxygen on the nitrogen of one part 
of the volatile alkali. Accordingly, when the excess of 
oxygen is removed by SLilphuret of lime, the nitrogen ge¬ 
nerally falls short of the proportion which ought to accrui^? 
from a given weight of ammonia; and hence it is scarcely 
possible to attain, when a considerable excess of oxyo^en ig 
used, an accurate analysis of the volatile alkali. 

When, on the contrary, the ammonia exceeds consi¬ 
derably the oxygen gas, no production of nitrous acid ap¬ 
pears to take place; for the residue, after detonation, is 
quite free from cloudiness. It is remarkable, however, 
that ammonia when fired, in certain proportions. With less 
oxygen than is required to saturate its combustible ingrer 
dient, is nevertheless completely decomposed. Part of its 
hydrogen' is sufficient for the saturation of the oxygen ; and 
the remaining hydrogen, and the whole nitrogen of the am¬ 
monia, together with that existing as an impurity in the 
oxygen employed, remain in a gaseous state, and compose 
a mixture, which may be inflamed by adding a second 
quantity of oxygen gas, and passing an electric spark f. 
In this way all the hydrogen of the volatile alkali may be 
saUirated with oxygen, and condensed in o water; and the 
whole of the nitrogen may be obtained as the final result of 
the process. After determining the amount of the oxygen 
consumed both in the first and second combustions, it is 

*In some cases I have ohserx^ed, that when the cloud does not occur im¬ 
mediately, it maybe made to appear by agitating the quicksilver contained 
in the detonating- tube. This is probably owing to the disengagement of 
some ammonia, which had lodged in the mercury. The fact confirms what 
I have already suggested respecting the cause of the variable proportion of 
gases evolved from ammonja by electricitxu 

f This is analogous to what happens when ether, alcohol, or any of the 
aeriform compounds of carbon and hydrogen, are exploded with a deficient 
proportion of oxygen ; for much of the hydrogen is found in the residuum 
in the state of gas, and again becomes susceptible of combustion after the 
addition of a second fjuantity of oxygen. (See Mr. Cruickshank’s excellent 
^papers in the fifth volume of Nicholson’s Jtairnal, 4to.) 

easy 



Experiments on Ammonia. 37<S , 

easy to calculate the quantity of hydrogen in ille^atnration^ 
of which it has been employed; for, when no nitrous acid 
has been formed, the hydrogen will be pretty exactly double 

in volume the oxygen which has been expended. 
These general observations vvill tend to render the fol-. 

lowing experiments more intelligible. They may be di¬ 
vided into two classes ; 1st, those in whidi ammonia was 
fired with an excessive proportion of oxygen; and Sdly, 
those in which the oxygen used in the first combustion was 
insufficient, or barely adequate, to saturate the whole hy¬ 

drogen of the alkali. , ,V 

T. Decomposition of Ammonia by an Excess of Oxygen Gas. 

Twenty-two measures and a third of ammonia w'ere 
x^ixed with 44-5- oxygen containing 43 of pure gas. The 
total 67 became 31 when exploded. Water did not pro¬ 
duce any further diminution, but sulphuret ot lime left only 
8 measures. ±\ow, 34 — 8 = 2(3 shows th^ quanUty of 
oxygen gas which escaped condensation 5 and this, de¬ 
ducted from the original quantity (-^3), gives 17 measures 
for the amount of the oxygen expended. The last number 
17, being multiplied by 2, gives 34 tor the hydrogen ap¬ 
parently consumed. The final residue 8 — 1*66 (tliie ni¬ 
trogen introduced by the oxygen gas) = 6*34 is the nitro¬ 
gen obtained from 22-n of ammonia ; and if to this the hy¬ 
drogen be added, 40*34 measures of permanent gas will Ik 
the total result. Hence 100 measures ot the gas produci¬ 
ble from ammonia, should contain 84*29 hydrogen and 
15*71 nitrogen; numbers too remote from those, which 
have been already assigned, to be considered even a.8 ap¬ 
proximations to the truth. Ihe error arises from the com¬ 
bination of oxygen, during combustion, not only with the 
hydrogen, but with the nilrogen'of the alkali, the latter of 
which consequently appears deficient, and the former pro- 

portionably in excess. , 
Frequent repetitions of this combushon, with a consi¬ 

derable excess of oxygen gas, continued to give a deficient 
proportion of nitrogen; and as no accurate conclusions 
can be drawn from experiments ot this kind, I shall pro¬ 

ceed to those of the second class. 

[To be contiBuecl.] 
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, • Xn, Oh&rvations o?i the Leech-worm,' 

ToMr.Tilloch: 
, V Basv’try, Nov. 5, i809'. 

Si-R, OomE. ye^rs ago my attention w^is directed to make 
observations on the leech-worm as a weather-glass: these 
werg, published in The Gentleman’s Magazine 1804; since 
wh;ch period I have had many opportunities qf noticing 
several particulars respecting them ; tl^ese are here com¬ 
mitted to paper^ to srimulate tTe curious to an inquiry into 
the cause ot this phaenomcnon. It these observations should 
tend to the Object in view, and be worth the perusal of the 
public^ you will be kind enough to insert them in your 
Miscellany. l am^ sir^ 

. ; . \ , Your most obedient servant^ 
W. Peck. 

Ch^tges. that I hfive observed in the Animal before any par- 
. ' iiciilar Alteration of the IfeaLher, 

li When the leech lies motionless-at the bottom of the 
^lass, and. is frequently in a spiral form,'the weather in 
-summer will be serene and beautiful : the same denotes 
^?lear frosty wealheT in winter. 

2. Tfdt creeps up to the top of its lodging, it wd 11 rain 
^within tw^enty-fbulr hours in summer, and snow in winter. 

3. When the leech gallops through its limpid habitation 
'with s^wiftnessj, it denotes wind, and seldom rests until it 
biow's hard, 

4. When the leech lodges almost constantly out of the 
water, and discovers uncommon uneasiness in violent throes 
and convulsive-like motions, a storm of thunder and ram 
wdll succeed. ' 

lAethod of keeping Leeches, 

1, Put a few into an eight-ounce phial two-thirds full of 
spring water, with some fine sand or moss at the bottom. 
As the leeches have no other evacuation but through 
the pores of the skin, which passes from them in per¬ 
spirable matter, and adheres to the body in the state of 
^lime, which, if not timely removed, prevents these eva¬ 
cuations, and causes the death of the worm ; the use of sand, 
or moss, is that it may rub the slime pff its body, which 
afterwards floats in the water. Over the top of the phial 
|ie a piece of leather pricked full of holes to admit air. 

5. The water must be changed once a week: spring 

water 
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water is the best. Sometimes it is necessarv, when there 
IS a great change ot temperature between the water and 
that corilakied m the plualjOniy ’to pot halt’or two-thirds of 
the fresh to the other. JLeeches should be kept in -a cool 
situation in summer, and a rather warm one in winter. 

3. 'fhe leeches that have been used ibn bleeding should 
be kept in a separate phial till they appear perfectly well- 

Directions for using Leeches in Bleeding, 

1. Tt is necessary to clean the skin from any foreign 
matter *' that may have been applied or adheres to it, with 
soap and water : afterwards rub it dry with a elean eloth^ 
as hiilmeuis, &c. which are frequently applied incases of 
bruises, or sprains, prevent them from taking hold, and if 
anv do so, they die: any part where hair grows must be 
clean shaved, to prevent the hair from .annoying them- 
I'liese are precautions that are necessary. . 7 

2. When leeches are applied, the patjent should be in 
as horizontal a position as possible. Then take a wine or 
any other glass large enough to give room for the quantity 
that it is wished to take hold at once, being much better 
than the fingers; it gives the worms free motion in their 
circumscribed limits, retains them in their proper place, 
and supports them from falling. I’he glass should be rfc- 
clincd on one side to admit a free access of air. The leeches 
should be chosen large, to answer their purposes the more 
effectually. When they seem sufficiently tilled, a small 
portion of salt should be put to their mouths, which \aU1 
cause them to fall off, being better than taking them with 
the fingers, as it bruises them. 

Treatment of the Leeches after they are satiated with Bloods 

Place the leech on a clean plate; take a little common 
salt rubbed fine, about the size of a pinch of snuff, and 
place.it in contact with the mouth of the worm ; it will 
remain a short time in a state of torpor, after which it will 
disgorge part of the blood : a little more salt may then be 
placed near its mouth, repeating it until it is all disgorged, 
taking care that no part of the salt touch any other part of 
its body, which blisters, and is frequently the death of the 
leech. When the worm returns to its natural size, it may then 
be put into a bason of water: if it has received no injury it 
will frisk about and appear lively, if sickly it vyill‘sink to 
fhe bottom: should this be the case, place it in a^separate 

- - ■ ^ Such as the linimciituin saponis, solutio ammonia, volatilis, See. 

plfial 
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jjhial till well. Every leech should have a clean plate to 
disgorge itself on. 

These observations have occurred in practice ; and T am 
convinced that if they are strictly attended to^ the mortality 
amongst leeches will be much lessened. 

N. J3. d'hose who wish to use a leech as a weather¬ 
glass should choose one that has not been used for bleeds 
mg; for after they have been used they are frequently 
sickly, and will bury themselves in the sand for days to¬ 
gether. 

LI 11. On Broom Flax, 

To Mr, Tillocfi, 

Chesnut Walk, Walthamstow, 
November 23, 1809. 

Sm, -1 HE inclosed specimens of the refuse and very worst 
of the flax of broom speak for themselves. 

To procure the flax of broom it is only necessary to steep 
the twigSj or former year’s branches (and the most vigo-.- 
rous shoots are the best) for two or three weeks, more or 
less according to the heat of the season, in stagnant water; 
or to boil them for about an hour in water. This done, 
the flax comes freely from the twigs; and, where there is 
not machinery for the purpose, may be easily peeled or 
stripped off, by children or others, at any time when not 
quite dry, in the same way as hemp is peeled from the 
stalks. And what adds to the value of the discovery, if it 
may be so called, is, that on being cleared of the flax, and 
steeped for some time in boiling water, the twigs, or wood, 
become tough and beautifully white, and are worth, at a 
medium, from a shilling to eighteenpence per pound for 
*iaking carpet brooms, &c. 

When stripped from the twigs, the flax requires only to 
be well washed in cold water, then wrung and shaken w^ell, 
and hung out to dry, previously to its being sent' off to the 
paper manufacturers, &c. Professor Davy has bleached 
some of it for me; and I have seen it spun. 

The discovery and my experiments respecting broom flax 
have occupied the greater part of my leisure hours for se¬ 
veral months past, and have been attended both with trouble 
and expense; yet if the poor on the north side of the Tweed, 
and ui Ireland", (independent of those belonging to such of 
the 9700 parishes in England as have broom in them,) are 
bettered by the discovery, it will give me more real satis¬ 

faction 
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faction than if I had taken out a patent and made a fortune 
by it. With regard t() any reward for my experiments 
and trouble I am not sanguine : if it be said of me that I 
have been useful to my country, and have not lived in vain, 
I shall be satisfied. 

As the idea of flax being furnished by broom is new, I 
have sent specimens of the flax to the Royal Society, to the 
Board of Agriculture, to the Society of Arts, to the British 
Museum, 8cc.; and T have sent you the inclosed specimens, 
that you may inform the public in what manner the poor, 
in counties where broom is plentiful, if they want employ¬ 
ment, may find one, easy and by no means unprofitable. 

1 am, See. 
James Hall. 

P.S. The fibres of all kinds of mallows I find are un¬ 
commonly beautiful ; particularly the malva sylvestris. 
They are finer and prettier than camel’s hair, which they 
somewhat resemble; and there is no difficulty in procuring 
them. 

LIV. On Respiration. Pyy William Allen, Esq., F.R.S, 
cz/zt/William HasLEDiNE Pepys, Esq., F.R.S.* 

One of the most prominent features in our last comm.uni- 
cation was the evolution of a considerablequantity of azote, 
when oxygen gas neaily pure was respired ; and although 
a coiisiderable part of this azote must undoubtedly be at¬ 
tributed to the residual gas in the lungs, after the most 
forcible attempt at expiration, yet the fact seemed to de¬ 
mand still further investigation, it appearing of consequence 
to ascertain whether the increase or azote was uniform 
throughout the latter stages of the experiment, or solely 
confined to the earlier periods. 

By adverting to our former paper, it will be found, that 
in an experiment where more than v3000 cubic inches of 
oxygen passed through the lungs in seven minutes and a 
quarter, fi2 cubic inches of azote were found in the first 
^50 cubic inches expired, though the gas originally con¬ 
tained but 2*v5 per cent., or only 6 cubic inches in this 
quantity; in the two next portions expired, consisting of 
562 cubic inches, we found 66 cubic inches of azote, 
'though this quantity of gas, before it was respired, coli- 
tained ooly 14 ; these, first portions, were given off in about 
I, 

* Trom Philosophical Transactions, Part II., for 1809, 

two 
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two minutes, and contained nearly 100 cubic incbes of 
azote more than could be accounted for in the oxygen em¬ 
ployed; beuce it is plain, that a large proportion of the 
increase is evolved in the first periods of the process. 

Our attention was particularly directed to this point in 
the following experiment. The oxygen, procured as,.usual 
from hyperoxygenized muriate of potash, was found to 
contaii/foLir per cent, of azote; the experiment was con¬ 
ducted in the same manner as the preceding ones, excepf 
that the tubes of the gasometers were filled with oxygen, 
and the gaswas not merely passed once through the lungs, 
but breathed backwards and forwards^ in order to prolong, 
the duration of the experiment, which began and ended 
with a forcible expiration. Portions of the respired gas 
were preserved for examination from each of the gasomC'* 
tersj in the follovving order; 

No. 
1. 244 

No. 

7. 254 

2. 294 8. 288 

3. 282 9. 252 

4. 266 10. 163 

5. 
6. 

230 
266 2544 

The portion of oxygen remaining in the water gasometer of 

the original quantity, not employed in the experiment, was 

founcj upon trial to contain four per cent, of azote, as before; 

Siiynmary of the Experiment. 
Cub. Inches Cub. Inches Defi- 

Ear. Therm, of Oxygen of Gas ex- ciency. Time, 
inspired. pi red. 

29*() 51 2668 2544 124 13 minutes ; 

here the deficiency was greater than we had ever remarked 

before; but on passing an equal quaoti,ty of common air 

-from the wa,ter gasometer, and registering it in the mercu¬ 

rial ones, we were satisfied that the apparatus was quite 

^perfect. It is, however, to be considered, that the respi¬ 

ration in this case was not natural, and that some small 

degree of force was required when the inspirations and,ex¬ 

pirations were made in the mercurial gasometers, which 

iTenders this experiment rather different from those which 

bad preceded it; and it appears to us probable, that a por¬ 

tion of air was forced into the extremities of the bronchia, 

.which could not be suddenly expelled by the strongest at¬ 

tempts at expiration. Hence also, perhaps, the constant 

though smaller deficiency, even when the air was only once 
.passed 
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passed through the lungs; but. when the process is con¬ 
tinued tor a much longer time, It is^probable that the' ves¬ 
sels recover their tone, and are able to expel nearly the 

•whole of the volume admitted. 
The air expired in the present instance being examined 

in the manner described in our last paper, w^e found‘that 
100. parts from each of the gasometers contained the fol¬ 
lowing proportions: 

No, 1. 10 carbonic acid 
• i 

21 azote 

• 69 oxygen 

100 
• 

- 

No. 2. 10 carbonic acid 
, 11 azote 

.... . 79 oxygen 

100 

No. 3. ■ 10 carbonic acid 

00
 • azote 

/ 

81*3 

100 

oxygen. 

No. 4. 10 carbonic acid 

7-7^ t azote 

\ 
82*23 oxygen 

• 100 
* 

• No. 5. 10 carbonic acid 
7 - azote 

1 V ’ \ 
83 oxygen . ^ 

. r 
1 

100 . 

■ * 

No. 6 to 10 mixed 10*5 
i 

carbonic acid 
:>' < 1 5*3 azote ,4ji 

1 / 1 , 1 . • , . 84 oxygen . , 

r 
✓ • 100 

\Ve shall first calculate the total quantity of azofe existing 
in the gas before the experltnenl^ and afterwards estimate 

what 
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what was produced In the different periods during the first 
half of the experiment. 

Calculation for Azote, 

2668 cubic inches of oxygen were employed containing 
four per cent. a2ote t then 

100 : 4 : : 2668 : 106-72 
the total quantity of azote in the gas consumed^ was 106*7^ 
cubic inches. 

Azofe found after the Experiments, 
Cubic Inches. Azote found. 

No. 1. 244 100 : 21 : 244 51*24 
O 294 100 : 11 : 294 32*34 
3. 282 100 : 8*5 . 282 23*97 
4. 266 100 : 7*73 : 266 20*61 
5. 230 100 : 7 : 230 16*10 

55 to 10. 1228 100 : 5*5 : 1228 67*54 

Total 211*80 cubic inches. 

The whole azote, found after the ex¬ 
periment, was - - - 211*80 cubic inches. 

Azote detected by the same tests be¬ 
fore the experiment only - 106*72 

Increase of azote 105*08 

Now, as the whole time was thirteen minutes, if we divide 
this by the number of gasometers filled, it will give us one 
minute eighteen seconds for each, and the following will 
be the periods in which the azote was evolved. 

Time. Azote in the 

/ n Azote found. Oxygen. Increase 

No. 1. 1*18 51*24 less 9*76 equal to 41*43 
2. 1*18 32*34 — 11*76 = 20*58 
3. 1’18 23*97 — 11*28 = 12*69 
4. 1*18 20*61 • — 10*64 = 9*97 
5. 1*18 16*10 — 9'20 = 6*90 

6 to 10. 6*30 67*54 — 49*12 = 18*42 

13 min. 211‘80 101*76* 110*04 

Here the increase of azote appears rather greater, viz^ddO 
V. « Iw* k 1 

* The apparent deficiency here 4*96 arises fr-om this circura&tanjre^ that 
the separate portions of oxygen not having been ascertained, this calculation 
has becD xtude with the corresponding but smaller portions of expired 
gas, 

cubic 
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clibic inches, bnt the calculation in this case is made upon 
the gas expired; and, from the above statement, we may 
*ee that the evolution of azote goes on diminishing; wc 
have sometimes even found, that towards the close of an 
experiment it has been almost reduced to nothing. The 
question now is, whether this increase of azote can be ow¬ 
ing to the residual gas contained in the lungs at the be¬ 
ginning of the experiment, ort whether a portion of oxygen 
is not actually exchanged for azote, when pure oxygen gas 
is respired. 

Here it may be useful to compare the azote found in our 
former experiments on oxygen, with the present. 

Oxygen Quantity Inferred 
Gas Gas ex- Deii- respired in A/.ote CapacitT 

Bar. Therm. Inspired, pired. ciency. Time, a minute, evolved, of Lung* 

1. 53 32f:o 3193 67 9-20 348 110 141 
2. 30-3 70 3120 3362 58 7-25 461 177 225 
3. 30 15 70 3130 3060 70 8-45 357 187 236 
4. 29 9 51 2668 2544 124 13- 205 105 133 

The greatest increase of azote was in the 2d and 3d expe¬ 
riments, when the thermometer was at 70% which might 
materially influence the results : in the other cases, it was 
not higher than 53. 

From the experiments of Goodwin, w^e might be inclined 
to admit the capacity of the, lungs, inferred from the 1st 
and 4lh experiments, as very possible ; but it seems diffi¬ 
cult to conceive that it can amount to 236 or 225 cubic 
inches; and yet this must be the case, unless a portion of 
azote is given off from the blood, or there is some process 
in nature by which it is capable of being produced from 
oxygen. 

Having, by the kindness of our friend Henry Cline, jun., 
been furnished with the lungs of a stout man, about five 
feet ten inches high, takeu from the body not long after 
death, and in a sound state, wt proceeded to ascertain the 
quantity of air contained in this organ after the most com¬ 
plete expiration, as in death. 

Henry Cline had judiciously taken the precaution to di¬ 
vide the trachea just below the crichoid cartilage, before he 
opened the thorax ; he then inserted a tube wpth a brass 
stop-cock, which he tied firmly to the trachea, and at¬ 
tached an empty bladder to the other end. The cock was 
then turned, so as to communicate with the bladder, and 
on opening the thorax 31|- cubic inches of air WTfe exj^lU*d 
into it. The weight of the lungs was four pquh^;? one 
ounce. A very large glass jar being placed in a sliallow^ tiu 
4 vessel. 
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vessel, was filled to the brim with water, the lungs were 
then completely inmiersed., and the water which fuAved 
over, and was the measure of their volume, weighed six 
pounds two ounces : w-e next cut a portion of tite luiigs 
into small pieces, under a large inverted glass of water, and 
attempted to squeeze the air from the cells; but although 
several cubic inches were thus procured, we were soon con¬ 
vinced that it was utterly impossible to arrive at our object 
bv these mearfs, as no force that we could use seemed, ca¬ 
pable of expelling the air from the cellular membrane, into 
which it escaped'^irom the vesicles. We therefore took por- 

• tions of the lungs, w’hich weighed 2774 grains; the mass 
being put into a piece of new hair cloth, was subjected to 
the ^:tion of a powerful screw press, and the fluid was re¬ 
ceived in a vessel; after twdee undergoing this operation, 
the mass weighed only 660 grains. Its specific gravity w'as 
very nearly that of water, vtz. *030 water being TOGO ; the 
fluid procured by the press was of the specific gravity of 
1*019; this would make the specific gravity of the lungs 
*9975 water being 1*000: hence it appears, that the sub¬ 
stance of the lungs, and the contents of the blood-vessels 
t02:ether, are so near the specific gravity of water, that they 
Riay be fairly considered as the same. 

Then, as the mass of the lungs w'as equal to 4 pounds of 
water, though 6*2 pounds of water w^re displaced by them, 
and as a pound of w ater occupies the space of 28-87-5 cubic 
inches, we have the following calculation : 

ibs. oz. 

6 2 water displaced by the lungs 
4 1 w'eight of the lungs : . 

2 1, or 59*554 cubic inches of air in the lungs, to which 
mustbeadded 31*560 the volume of the air forced into the 

--— bladder on opening the thorax. 
91*134 

and tliis gives us 91*134 cubic inches, as the air contained 
in the lunj5;s of this person after death; and when we re¬ 
flect that the air must have been under compression, W'hen 
the lungs were immersed in water, some force being re¬ 
quired U) keep them down, and also that not less than 7 or 
8 cnbic inches must be contained in fauces, 8cc., w^e can¬ 
not, estimate the whole at less than' 100 cubic inches.^ 

It is further to be noted, that these 100 cubic inches 
would occupy much more space in the temperature' of the 
human body^ than in the mean temperature in which the 
examination w'as made } and this difference woitldTenearly - 

. 8'cubic 

I 
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B cubic inches; the air left in the lungs, after'complete 
expiration, would therefore he 108 cubic inches; bat the 
mean of our experiments would make it 183* 

Experiment 1. 141 
2* 223 
3. 236 
4. 133 

4) 735 

183 

We are then almost compelled to allow that when pure 
oxygen is respired, a portion of azote is given off from the 
blood. 

We now resolved to perform a series of experiments 
upon some animal which lived wholly upon vegetable food, 
and made ^ioice of the Guinea pig as one of the most ma¬ 
nageable. . 

The apparatus consisted of our two large mercurial gaso¬ 
meters, which were made to communicate with a strong 
trough E, in the middle of which a small mahogany table D 
was made fast by a screw, for the purpose of supporting the 
animal under the bell-glass A; twodioles were made through 
the table for the insertion of tubes to supply and take oft* 
the air, each of them communicated with one of the mer¬ 
curial gasometers ; the tube B delivered gas tow^ards the 
upper part of the glass A, in order to bring the supply of 
fresh air near the head of the animal ; the opening of the 
tube C was placed within half an inch of the table to con¬ 
vey off the respired air; the gasometer connected with this 
tube was made to communicate with a mercurial hath G, 
in which portions of the respired air were preserved for ex¬ 
amination. Quicksilver being poured into the trough E, 
so as to rise to a level with the top of the mahogany stand, 
we placed a Guinea pig upon it, with the bell-glass over 
him, and as its edges were immersed in quicksilver, the 
animal was completely confined in atmospheric air : we 
found that his body occupied the space of 39 cubic inches, 
'which deducted from the cubic contents of the glass A, left 
,55 cubic inches for the air confined with the pig, to which 
linust be added 5 more for that contained in the tube C. 

First Experiment with Atmospheric Air, 

\ The pig was placbd upon the stand, and the apparatus 
^arranged as represented in the plate : 250 cubic inches of 

i Vol. 34. No, 139. Aov, 1809. Bb ' aimbspheric • 
j 

j 
i 
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atmospheric air were admitted into the mercurial gasometer 
communicating with B : the gasometer communicating with 
C was (|uite empty;, the apparaius being tried was found 
perfectly air tight, and the w hole Quantity of air 310 cubic 
inches. 

The cocks H and I being opened, gentle pressure was 
made upon the glass of gasometer B, so as to cause the air 
to pass through A, which consequently drove an equal por¬ 
tion through the tube C into the empty gasometer; a quar¬ 
ter of an hour was employed in passing the gas, w'hich 
measured exactly 230 cubic inches in C, so that there was 
no alteration of volume; the cocks H and I were now 
closed, and the respired air being examined by the usual 
methods, 100 parts were found to contain 

5 carbonic acid 
16 oxygen 
79 azote 

100 

As the air after the experiment had experienced no altera¬ 
tion of volume, and as it contained the same proportion of 
azote as atmospheric air, this substance had remained un¬ 
altered. But 13*30 cubic inches of oxygen had been con- 

• • • ^ w 

verted into carbonic acid gas, 
100 : 3 : ; 310 : 13*30. 

Summanj of the Experiment:. 
Cub. in. of 

m Atmos, air Gas after Cub. inches carb. acid .n- 
Bar. Therm. . . , • . r i -j • . Time, 

inspired, experiment, oi carb. acid, per minute. 

SO"" 43'" 310 310 15*3 *62 23 min. 

Experiment IT. Atmospheric Air. 

The experiment was repeated in exactly tl\e same man¬ 
ner; ihe animal, except from confinement, appeared much 
at his ease all the time. The air after the experiment con* 
tained in 100 parts 

3*5 carbonic acid 
13*5 oxygen 
79 azote 

100 

Here the proportions of azote were undisturbed, and 17‘Q3 

cubic inches of carbonic acid procured. 
100 ; 5*5 : : 310 : 17*05. 

Summanj 
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I Summary of the Eorpci'iment. 
\ V Atmos, air Air after Carb. acid Carb. acid 
I liar. icrm. Experiment. found. per minute. 

i ey*66 36° 310 310 17*03 *68 23 min. 
i 

Experiment III. yllmospheric Air. 

The apparatus being arranged as before, vve kept the pig 
111 the glass A for one iiour, and during that time palised 

' 1000 cubic inches of atmo.spheric air through it, which mea- 
^ sured 1001 : portions of the respired gas had been preserved 
! in the mercurial bath, and the usual trials made upon the 
I mixture, which was found to contain 3 parts of carbonic 
' acid in every 100, or 33 cubic inches in the whole quantity ^ 

the azote was unaltered; 100 : 3 :; lOOO ; 33. 

Summary of the Experiment. 

i „ T,, Atmos, air Air after . Carb. acid Carb. acid 
, Biirom. Therm. Increase. 

29*8 36® 1060. 1061 1 

[To be continued.] 

33 -88 

Time. 

1 hr. 

i LV. 'Description of certain Inventions for the Improveweiif 
I of' Naval Architecture, for vncreas'in^ the Comforts of 

Mariners, and for facilitat'ing Naval Enterprises. By 
Messrs. R. Trevithick a7id K. DickinsOx^. 

inventions alluded to in the above title form the mat¬ 
ter of a patent granted to Messrs, 'rrcvithick and Dickinson. 
They are at the same time so novel, ingenious, and useful, 

; that'we are persuaded we shall confer a favour on many of 
i our rea<lers by itiving some of the particulars detailed by the 
^ patentees in a prospectus winch they have circulated among 
i their friends. 

;i. A wrought-iron moveable Cahsoii with a Rudder, for 
\ Docking a Ship, while riding at her Moorings, in any 
j ' Depth of IVater, leaving her Keid dry in. a Jew Hours, 

w'ltkout removing her Stores or Masts. 

This floating dock'is made of wrought-iron, half an 
inch thick, 2x0 feet long, 34 feet wide, and 30 feet deej), 
and will weigh about 400 tons, with a flanch six feet wide 
on the top, for the workmen to stand upon, and .also to 
strengthen the caisson. • ^ 

. d'he wcii^ht of tins caisson, when immersed in water, / 
is nearly 330'u)ns; but, for reasons mentioned below, it 
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is renderefl nearly buoyant, being surrounded by an air re¬ 
ceptacle capable.of suspending the whole weight with great 
exactness, which is riveted to it in such a manner as also 
to strengthen the caisson, and support the principal shores 
from the ship. 

This ca.ssor. draws nine feet water. When taken to 
the ship intended to be docked, the water is to be let into 
it at an opening or plug-hole at the bottom, and it is to be 
suffered to sink until the upper part is even with the surface 
of the water, the air receptacle still keeping it buoyant. 
A small quantity of air is then to be discharged by opening 
a plug-hole in the air receptacle, until a quantity of water is 
iet in just sufficient to sink the caisson, which is to be then 
drawn under the ship’s bottom. This being effected, the 
caisson (nearly buoyant) is then to be raised to the surface 
of the water by ropes made fast from the caisson to each 
quarter of the ship. A pump placed within the caisson, and 
worked by a steam-engine of 1 2-hor6e power, placed in a 
barge alongside, will empty it in three hours, and reduce 
the ship’s draught of water eight feet; that is, from 26 to 
18 feet; when she may be carried up into shoal water, the 
caisson floating with a draft of only 18 feet of water, while 
the ship she carries would have required 26 feet. She may 
then be carried into shoal water, if required, or alongside 
wharfs, or jetty-heads of the dock-yards. 

The ship’s sides and bottom tending to fall outwards, 
by its ow n weight, and the sides and bottom of the caisson 
tending to be forced inwards, by the external pressure of 
the water, it is obvious that by placing props or shores, be¬ 
tween, both will be supported, while The ship,will ride with 
all her stores on board and masts standing, nearly as easy 
as when floating in the water. 

Should inconvenience be apprehended at any time from 
blowdng weather, the caisson may be cast off, and let fall i 
to the bottom, where it cannot be injured, and from whence ' 
it may be raised to the ship’s bottom again at pleasure, with 
as little labour as weighing an anchor. 

The upper part of this dock will be 12 feet above water 
when there is a first-rate ship in it; this is a sufficient ; 
height to prevent the sea breaking over. 

hy this means a ship may have her bottom examined, , 
and be out again in six hours, without coming above the ; 
ISlore, and without undergoing the tedious process of un- ■ 
shipping and re-shipping her stores, or waiting for spring- ■ 
tides, or fair wind, to enable her to reach to, or return i 
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from, dock, which, on an average, now requires three 
months, accompanied with an expense of nearly 10,000/. 
per month in wages, subsistence, &c. &c. , 

This plan may be practised in all countries, and must 
be particularly advantageous where there are no dry docks 
or flowing of tide. 

Ships on many foreign stations when requiring to be 
docked are now obliged to be sen.*' home, at a great expens'e, 
of money and waste of time, others beintr sent to replace 
them. This may be avoided in future. Docks made iit 
England may be-sent out in pieces of five'br six tons ‘with 
the necessary rivets and bolts, and ready to be put together 
wiiercver they may be wanted. 

A caisson capable of docking a first-rate ship will not 
cost above nineteen or twenty thousand pounds, (for mer- 
chantmen and smaller ships, the size and cost \vill be pro-- ' 
portionably less,) and. (judging from the duration of 
wrOught-iron salt-pans) will last 20 years without repair. 
When worn out it may be broken up, atid will sell for one- 
third of its original cost. 

‘‘ By adapting caissons to the local circumstances, ships' 
of war and merchantmen with all their stores and cargoes 
on board, can be carried to wharfs and store-houses up 
rivers where the depth of water is not above one half the 
ship’s draught : For example, in the river Clyde the ships 
may be carried to Glasgow, instead of being obliged to un- 
load\tweiUy miles lower down the river.” 

II. Improved System for Towing Ships, Floating Docks. 
or Caissons, 

This subject, as connected with naval affairs, pos¬ 
sesses much importance. 

‘‘ It will readilv occur that there are many instances on 
record where objects of the first magnitude might have been 
gained by the help of an improved system of towing ves¬ 
sels, particularly when entering or leaving harbour. But 
although the system about to be explained is perfectly 
applicable to general purposes, it was chiefly with the view 
of rendering our floating dock complete in all its appen¬ 
dages, that we were induced to direct our attention to the 
subject. 

“ With respect to the general applicalion of the system 
of towing, it will occur, that an apparatus of this descrip¬ 
tion ought to attend every naval expedition. It will of 
course he useful in towing ships into action in liglit winds, 
In bringing off disabled vessels, and also in propelling fire- 
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ships against wind and tide after the crew have abandoned 
them f while, by the same contrivance, the look-out ships 
of a squadron, or packet-boats, will be enabled to enter or 
leave harbour in spite of wind and tide. But as tliose in¬ 
terested in the adoption of such improvements need not 
be'informed of their manifold advantages, we shall con- ‘ 
fine ourselves to a brief description of our towing ap? 
paratiis. 

d'he employment of steam-engiines for this purpose 
lias no novelty ; bur, however competent this agent in other 
respects, it has generally failed in this branch of its appli-r 
cation, not from its own incompetency, but from a defect 
in the communication required between the power and the 
water upon which it is destined to act; and from not con¬ 
sidering that a power insufficient to. move a vessel with 
others in tow, may be sufficient to move them alternately, 
that is to say, first the vessel containing the engine, and 
then, by the communicating rope, the vessels wliich the 
hrst-mentioned vessel has to move. 

A steam-engine of fifty tons weight on hoard a barge, 
or ship, will tow with much greater power and effect, while 
6hly impelling a vessel forward by the action of the engine 
against thfe water, than a thousand men can do with sweeps, 
But if the same engine is applied to wind up a rope, made 
fast to buoys, anchors, or any other fixture, the power can 
be increased to any extent, at the expense of a loss ot time 
merely equal to the efiect gained. 

Many of the naval harbours in England so situ¬ 
ated that it is a fair wind to go to sea with, when perhaps 
it blows directlv into the harbour’s mouth. By the placing 
of buoys, at about 400 yards distance from each other, this 
difficulty mav be overcome : with an engine of the above 
description, men of war and transports might bo towed out 
clear of the harbour in a short time. 

This may be effected in the following simple manner: 
—■The steam engine will drive itself in the barge to the first 
buoy, where it will be made fast, at the same time paying 
out about 400 yards of tow-rope, or less, as the case may 
require, one end being fast to the ship to be taken in tow, 
the other being fastened to a capstern, to be moved round 
by the power of the engine. This movement brings the 
ship up to the first buoy, where it is made fast, when the 
engine with the barge starts afresh to the next buoy, and 
so on until the ship or ships in tow arrive at the outer buoy. 
In situations where there are no buoys, anchors may be 
dropped, and speedily weighed again by means'of the steam- 
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engine j but it is only in extreme cases this routine is ne¬ 
cessary. Generally the power of the engine will be found 
quite sufficient. 

[To be contuiuecj.] 

Notices respecting New Books, 

Part II. of the Philosophical Transactions for I8O9 has 
made its appearance. The following are its contents; 

10. On Platina and native Palladium from Brasil. By 
William Hyde Wollaston, IVkD., Sec. R.S.—11, On a 
native Arseniate of Head. By the Rev. William GregorC 
Communicated by Charles Platcheit, Esq., F.R.S.—12. An 
anatomical Account of the Squalus maximus (of Linnaeu&), 
which in the Structure of its Stomach forms an interme¬ 
diate Link in the Gradation of Animals between the Whale 
Tribe and cartilaginous Fishes. F5y Everard Flome, Esq., 
F.R.S.—13. On an Improvement in the Manner of di¬ 
viding astronomical instruments. By Henry Cavendish, 
Esq., F.R.S.—14. On a Method of examining the Divi¬ 
sions of astronomical Instruments. By the Rev. William 
Lax, A.M. F.R.S. Lowndes’s ITolessor of Astronomy in 
the University of Cambridge, in a Letter to the Rev.'Dr. 
Maskelyne, F.R.S., Astronomer Royal.—15. On the Iden¬ 
tity of Columbium and Tantalum. By William Hyde Wol¬ 
laston, M.D., Sec. R.S.—16. Description of a reflective 
Goniometer. By William Hyde Wollaston, M.D., Sec: 
I^.S.—17. Continuation of Experiments for investigating.the 
Cause of coloured concentric llings, and other Appearances 
of a similar Nature. By William Herschel, LL. D. F.R.S. 
—18. An Account of a Calculus from the Human Bladder 
of uncommon Magnitude. By Sir .lames Earle, F.R.S.— 
19. On expectorated Matter. By George Pearson, M.D., 
F.R.S.---20. On the Attractions of liomogeneous Ellipsoids. 
By James Ivorv, A.M. Communicated by Henry Brough¬ 
am, Esq. F.R.S.—21. Observations on Albumen, and 
some other Animal Fluids ; with Remarks on their Ana¬ 
lysis by clectro-chemical Decomposition. By Mr. W.illiam 
Brande, F.R.S. Communicated by the Society for the Im¬ 
provement of Animal Chemistry.—22. Hints on the Sub¬ 
ject of animal Secretions. By Everard Home,. Fdsq., F.R.S. 
Communicated by the Society for the Improvement of 
Animal Chemi.stry.—23. On the com|>arativc Influence of 
'Male and F'emaie Parents on their Oflspring. By Thomas 
Andrew Kuierht, Esti., F.R.S. In a Letter to the Ri<r>!u 
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Hon, Sir Joseph Banks^ Bart, K.B., P.R.S.—24. On the 
£ffect of westerly Wincb in raising the Level of the British 
Channel. In a Letter to the Right Hon. Sir Joseph Banks, 
Bart. K.B., P.R.S. By James Rennell, Esq., F.R.S.—- 

.25. On Respiration. By William Allen, Esq., F.R.S. and 
William Hasledine Pepys, Esq., F.R.S.—26. Experiments 
on Ammonia, and an Account of a new Method of ana¬ 
lysing it, by Combustion with Oxygen and other Gases ; 
in a Letter to Humphry Davy, Esq., Sec. R.S., &C.3 from 
William Henry, M.D., F.R.S., V.P. of the Lit. and Phil. 
Society, and Physician to the Infirmary, at Manchester.— 
27. New analytical Researches on the Nature of certain 
Bodies, being an Appendix to the Bakerian Lecture for 1808. 
By Hmnphry Dav/, Esq., Sec. R.S., Prof. Chem. R.I.^—- 
Presents received by the Royal Society, from November 
1808 to July I8O9.—Index. 

An Essay on the Torpidity of Animals has lately ap¬ 
peared from the pen of Henry Reeve, M.D., Member of 
the Royal College of Physicians of London, and Fellow of 
the Linnsean Society. 

LVIL .Proceedings of Learned Societies^ 

ROYAL SOCIETY. 

X HIS Society met on Thursday the Qth of November, the 
right bon. Sir Joseph Banks, president, in the chair. It 
was chiefly occupied in reading the minutes of the last 
meeting prior to the long vacation, and in receiving pre¬ 
sents of both foreign and domestic publications on the sci¬ 
ences and arts. ^ 

Nov. 16.—Alexander Marsden, esq., vice-president, in 
the chair. The Croonian Lecture on muscular motion, by 
Dr. Wollaston, was read. Dr. W., perceiving that his re¬ 
marks were rather unconnected to form a regular essay, di¬ 
vided his lecture into three parts; the first on the duration 
of muscular action. This he attempted to ascertain by 
pressing his finger on his ear, till it resembled the sound of 
carriages passing along a pavement of stones about four 
inches in diameter. These vibrations he found to vary ac¬ 
cording to the pressure from 15, which were the least, to 45, 
the most; but the general number he found to be 30 in a 
minute. He afterwards endeavoured to imitate the sound 
of carriages by rubbing two notched sticks against each 
qther, and experienced nearly the same results. Some of 
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'his friends repeated these experiments with the like effect. 
'J'he second part was on the cause of sea sickness, which 
the lecturer attributed to the pressure of blood upon the 
brain; and observed that the sickness was always most vio¬ 
lent when the vessel pitched most, or rather at themonjent 
when-she descends from the wave on which she had been, 
elevated. In this case respir.'Uion is difticiilt; but w'hen 
effected, it assists the circulation, and gives relief to the 
sickness. The stomach he also found to be slightly de¬ 
ranged, probably from the same cause, or from the action 
of the system to resist the effects of the unnatural motion 
of the vessel. The third and last part illustrated the ad¬ 
vantages of riding on horseback and in carriages, which, 
enables the system to propel the blood IVom the heart. 
Dr. W. related a case of a gentleman, who, linding him¬ 
self very ill, ordered his coachman to drive him to the resi¬ 
dence of a fashionable physician, who fortunately happened 
not to be at home; he then resolved on driving to another, 
who also happened to be absent : by this time he had con¬ 
siderably recovered from his depression, and determined oa 
going home, and taking the same exercise next day, which 
he did, and speedily recovered without any aid from drugs. 

The reading of the Bakerian Lecture on some new elec¬ 
tro-chemical researches on metallic bodies, and on the 
combinations of hydrogen, by Mr. Davy, commenced 
JMovember 16, and was continued on the ‘iSd, and the con¬ 
clusion postponed to a future meeting. 

Mr. Davy stated his objects in delivering this lecture, to 
be the elucidation of various important parts of chemistry 
by new experiments, and the communication of some new 
facts respecting metallic bodies, and their combinations in¬ 
timately related to the general philosophical theory of the 
science. In the first section he discussed the various hypo¬ 
thetical notions that had been formed respecting the metals 
of the fixed alkalis, particularly those of MM. Gay-Lussac 
and'Ihenard, M. Ciiradau,-and M. Ritter, lie brought 
torward many experiments to prove that potassium and 
sodium, by combustion, produce merely dry potash and 
isoda ; and that they neither form water nor carbonic acid; 
and he establishes the fact, that the potash formed by the 
combustion of potassium in muriatic acid gas contains less 
water than that which is con.siclered by M. Berthollet as the 
dry alkali. He showed that when poia.ssium is made to 
^ct upoi^ ammonia, it is the volatile alkali, and not the 
jnetal, which ui decompounded^for the potassium can, under 
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certain circumstances^ be recovered unaltered ; and when¬ 
ever a portion of it is converted into potash some nitrogen 
always disappears.—The disenssion concerning the nature 
of nitrogen he reserved for the conclusion of the lecture. 
His general inference from the expt^riments in this section 
was, that potassium and sodium can witli no more pro¬ 
priety be considered as compounds than anvofthe anciently 
known metals, and that they belong to the sdme order of 
substances/’ 

In the course of-his investigation Mr. Davy described a 
Bew and curious gas composed of tellurium and hydrogen, 
which is soluble in water, which combines with the alkalis, 
and has the characters of a weak acid: a new fact added to 
those already known concerning sulphuretted hydrogen, 
against the idea of oxygen being the acidifying principle. 

• SOCIETY OF ANTiaUARIES, 
This Society met at the same lime and on the same 

evening as the Royal Society. A curious paper by Doctor 
Willan, on New Fire,was read, detailing the process 
of igniting wood by friction, and the superstitious custorns 
of the Northern nations in preserving such fire unextin¬ 
guished ; with many incidental particulars of ancient man¬ 
ners and customs connected with this ceremony. Some 
letters from Sir C. Cornwallis, when at the court of 
Spain as minister to James I., were also read; but they 
contained little that was either very novel or verv interesting 
respecting the manners of that country. The ceremonv of 
the bull-feasts has been often described, and is already suf- 
heientiy known. 

LVIIT Intelligence and Miscellaneoiis Articles, 

BOTANY. 

To Mr. Tilloch. 

Sib, IIaving lately had occasion, for a particular purpose, 
to ascertain the probable number of plants that have been 
described, it may perhaps save some of your botanical 
readers, who, like me, know of no other nu)de of'satisfying 
their curiosity than by counting the number of species in 
the most complete enumeration published, the pain of un¬ 
dergoing a like tedious process, if I put on record in your 
excellent publication the result pf my labour. 

The 
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PoisQUous Effects of Champignons, &'c. SQ.S 

The method f adopted was to extend upon a sheet of 
paper the number of species of all the ^venera enumerated 
by Dr. 'I urton in his translation of Gmelin’s edition of the 
S'ljstema NaUircc^ and tlien to add them together, f used 
this work* as far as the class Gynandria, because it seems to 
contain all Willdenow’s species, v\lth some additions. Gv- 
nandria and Monoecia 1 extracted from Willdenow’s first 
mrt of his fourin volume, which was not published when 
Dr. Turton’s work came out: the remaining classes were 
taken from Dr. I'urton. From this examination I found 
that in these works arc described "2046 oenera, and 10,803 
species, of plants; of which 638 genera have but one spe* 
cies, 263 but two, 1/4 but three, and 124 hut four. 

1 consider this enumeration, however, but as an ap¬ 
proximation to the truth. Wdldenow’s work must be de¬ 
fective, and I conceive Gmelin to be particularly so in the 
Cry[)togaiTna class. Probably we shoidd not be far from 
the truth if w'e call the number of described plants 22,000. 
1 he first edition of Linnaeus’s Species Plantarum contained 
only 7,300 species.— I am, sir, 

Your very humble servant, 
J^ov. H, 1808. BoTAxNICUS, 

POISONOUS EFFECTS OF CHAMPIGNONS. 

A family, consisting of the father, mother, and daughter, 
died last month in the commune of Portcls, in France, from 
the effects of eating champignons, which they procured 
from an old woman who was m the regular habit of col¬ 
lecting them for sale. The old woman herself, although 
she had used a great quantity of the same kind of cham¬ 
pignons as food for several 'meals, escaped all disagreeable 
effects, it was found, upon inquiry, that she was'intoxi- 
ca ed with sour wine at all her meals, and the effect of vc j 
getable acids in counteracting narcotic poisons is well known. 
It is somewhat singular that the persons who died, and the 
inhabitants of the place where they lived, concurred in 
assuring the medical attendants that they had repeatedly 
used the same species or mushrooms as fotrd in former sea¬ 
sons, but without any bad effects. The French naturalists 
have suggested that the insalubrious state of the atmosphere 
during last autumn may have given the poisonous qualities 
to the champignons in question. 

MEDICAL FUMIGATIONS. 

The French journals lately received contain various re¬ 
ports from different parts of the continent on tlie sulfiect 
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of Guvton de Morveau’s antiseptic process. In Poland 
the oxygenized muriatic acid {uinigatiuns were resorted to 
in the military hospitals with the greatest effect: not only 
were various putrid effluvia dispelled in this manner, but 
the vermin of all descriptions with which the patients were 
infested were extirpated. M. de L,aborde, chief physician 
in the marine department at Antwerp, on the 18th of Oc¬ 
tober 1808, communicates the following account to M. de 
Morveau :—During the raging of the present epideiny, 
which suddenly attacked a great number of persons, we 
were under the necessity of bringing the patients from the 
galleys into the usual hospitals. In one hall, which was 
badly aired, and where numerous cases of dysentery and 
ataxic fevers corrupted the air, I had recourse to the oxy¬ 
genized fumigations, and succeeded in preventing the con¬ 
tagion from spreading; the last-mentioned patients them¬ 
selves were not even attacked. Finally, in a ward where 
there were forty or fifty severe cases of dysentery^ a form 
under which several ataxic quotidian fevers are concealed^ 
and which are very prevalent at this season of the year, a 
few fumigations were sufficient to banish the bad smell, 
and no disgust was occasioned.’’ [The same process is 
adopted (in preference to Dr. Carmichael Smith’s) on board 
the squadron in the Scheldt; it is also used in the various 
naval hospitals; and sometimes great advantages are derived 
byd irecting these fumigations on putrid^ gangrenous, or 
atonic ulcers, by means of a funnel.] 

ilEMEDY FOR TAPEWORM. 

Common spirits of turpentine have been recently admi¬ 
nistered by several medical gentlemen of the metropolis, 
with great effect, in the cure of tapeworm. The doses 
given were in some cases so large as two ounces; but those 
of half an ounce at a time, repeated twice a day, were ge¬ 
nerally found to answer the purpose of expelling the vv bole, 
or at least the greater part of the animal, at one discharge. 
The vehicle in which the turpentine was administered waa 
generally honey. ——- 

To Mr. Tilloch. 

Sir,—It is a fact known to most good housewives, and 
should be known to all, that if they begin to grate a nut¬ 
meg from the stalk end it will prove hollow throughout, 
whereas if the same nutmeg had been grated from the other 
end it would have proved solid and sound to the last. The 
treason of this appears to be, that the centre of a nutineg 
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consists of a number of fibres issuing from the stalk, and 
its continuation through the centre of the fruit, the other 
ends of which fibres, though closely surrounded and pressed 
by the fruit, do not adhere to it; the consequence is, that 
when the stalk is grated away, those fibres having lost their 
hold, they insensibly drop out, and the nutmeg appears 
hollow; and as more of the stalk is grated away, others of 
them drop out in succession, and the hollow continues 
through the whole nut; whereas by beginning to grate at 
the^ other end, the fibres above mentioned are grated off at 
their core end with the surrounding fruit, and they do not 
drop out and cause a hole. The want of knowing; this has 
caused many excellent nutmegs to be condemned as da¬ 
maged fruit, and others, of perhaps less value, to be com¬ 
mended, according as accident or caprice caused them to 
be grated from the stalk, or top end. And here I beg to 
mention, that, the oil of mumegs being of great value, it 
has often been extracted from the nuts which are expoWd 
to sale, whereby they are rendered of very little value ; and 
the way to know good nutmegs is to force a pin into them, 
when, if good, however dry they may appear, the oil will 
be seen to ooze out all round the pin, by the compression 
occasioned in the surrounding parts by its beino* forced in. 

• ° F. 

To Mr. Tilloch, 

—Having lately, sometimes, had occasion to walk 
on different parts of the banks of the Thames when the tide 
was full, I observed objects much better on the other side 
than when it v.'as ebb ; and that cattle, houses, trees, &c. in 
the meadows, as well as the meadows themselves,, that did 
not appear at all wdien the tide was ebb, seemed, when it 
was full, to be raised up very considerably. Has any of 
your correspondents observed this with^ regard to the 
Thames, or any other river, where the meadows behind the 
banks are in many parts lower than the surface of the river 
when the tide is full ? And if so, could they explain the 
physical cause, or .principle in optics, on which it depends ? 

1 am, sir, yours, &c*. 
137, St. Martin's Lane, '' Taa/tt-c TJ », 

Sept. 12,1809. James Hall. 

VOLATILIZED SILEX. 

M. Vauquelin has lately directed his attention to the 
white filamentous substance found in the cavities of the 
fluxed matter which is attached to the sides of hicrh fur- 

naces: 
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naces: the following is the account given of this ph^no-* 
nienon by M. Vauquelia : 

‘‘In melting iron ores there are frequently portions of 
the ore which, when they begin to assume the character 
of iron, are fixed before ihe moment of flowing, and con¬ 
sequently remain attached to the sides of the furnace. In 
these pieces of iron, cavities are found which are filled with 
a white filamentous substance like flexible amianthus. 

“ Several metallurgists have noticed this .substance, and 
it has been uniformly regarded as an oxide of zinc ; but 
I boiled it in various acids, which had no action on it, f 
thought myself warranted in concluding that there was not 
an atom of zinc present. The following experiment was 
therefore made with a view to ascertain the real nature of 
the substances in question : 

“ Having heated this substance with three parts of caustic 
potash in a silver crucible, it was perfectly fused, and the 
mass that resulted was entirely dissolved by water. 

“ This solution, when supersaturated with dilute mu¬ 
riatic acid, did not become turbid; but on evaporation it 
was transformed into a white and transparent jelly, which 
never happens with zinc. 

“ The matter was perfectly desiccated, and the residue 
treated with water, when I obtained a white powder which 
presented all the characters of pure silex : in the liquor 
from which I obtained it, I found nothing else, not even 
oxide of iron. How does it happen that silex, which is 
always mixed, either in iron ores or in fluxes, with alumine 
and lime, is separated from these earths in a state of purity 
so perfect that no foreign matter is to be found ? 

“ The filamentous, and, as it were, crystallized state of 
the silex shows that it had been reduced into vapours by 
the violence of the fire, and afterwards gently condensed 
in the cooler parts of the furnace. 

“ This experiment would seem to prove, not only that 
silex is volatile at a certain temperature, but also that it is 
more 30 than alumine or lime; unless we suppose these 
last to have been carried up much higher in the furnace : 
which is not very probable. 

LIST OF PATENTS FOR HEW INVENTIONS, 

To Joseph Bramah, of Pimlico, engineer, for certain im¬ 
provements in the constructing and making wheels for all 
kinds of carriages; and also a new method of locking oc 
sliding the wheels of carriages wdicn passing down steep de¬ 
clining hills,.—November 2, I8O9. 

w 

To 
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To John Isaac Hawkins, oF Titchfielcl Street, machinist, 
for a certain instrument, machine, or manufacture, appli¬ 
cable in mechanics as a balance or equipoise.—Nov. 2. 

To.Tohn Barton, of Argyle Street, VV^estrninster, gent., 
for his improved lamp of a new construction, aciimT upon 
the natural unerring principle of the difference of gravity 
between two llnids, which produces a constant supply of 
oil or other combustible fluid to feed the wick or burner 
thereof fountain in a perpendicular direction, from a reser¬ 
voir beneath the flame, having the quality of burning or 
consuming the whole of the oil or other combustible fluid 
applied thereto.—Nov. 2. 

To David Meade Randolph, a citizen of Virginia, in the 
United States of America, but now residing in Warw^ick 
Court, Holborn, merchant, for certain improvements in 
the construction of wheeled carriages of every description. 
—Nov. 6. 

To Ed ward Griffith, of Birmingham, optician, for his 
new invented air-tight agitable lamp.—Nov. 9. 

To .Tames Hall, of Newbold Astbury, in the countv of 
Chester, bookbinder, fur a method of making and manu¬ 
facturing shives, or shivers, and pulley wheels of every de¬ 
scription, and various other articles, from certain niatenals 
or composition of earths and nnnerals, which render the 
said articles more durable than such as are made in wood or 
metal.—Nov. 14. 

To Robert Wass, of Sheffield, cutler, for certain im¬ 
provements in the construction of hafts or handles for 
razors.—Nov. 21. 

To John Cragg, of Liverpool, esq., for certain improve¬ 
ments in the casting of iron roofs for houses, w'arehouses, 
and other buildings, and in covering them with slate.— 
Nov. 21. 

To John Towill Ruff, of Basinghall Street, London, 
John I'retton, of St. Andrew’s Hill, and John Webb, of 
Clapton, in the county of Middlesex, for their various im¬ 
provements ill the construction of machines for making 
cards for carding wool, cotton, flax, silk, and all substances 
capable of being carded.—Nov. 21. 

METBORO- 
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METEOROLOGICAL TAKLE;> 

By Mr. Carey, op the Strani5^ 

For Novemher 1809- 
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Weather. 

Oot. 27 50° 56° 51° 30*28 16 Foggy 
28 47 52 48 •28 14 Foggy 
29 46 49 48 •25 6 Foggy 
SO 49 52 49 •16 3 Foggy 
31 46 52 44 •02 10 Fair 

Kov. 1 46 51 44 •11 7 Cloudf 
2 45 50 45 •20 29 Cloudy 
3 39 48 44 •08 10 Showery 
4 45 45 42 29*75 0 .Rain, 

Rain '5 42 43 • 40 •84 0 
40 44 40 *84 10 Fair 

7 41 49 41 30*10 15 Fair 

8 40 45 40 •40 5 Fair 

9 44 49 46 •38 42 Cloudy 
10 46 50 42 •30 10 " Cloudy 
11 42 43 43 •09 7 ’ Cioudy 
22 43 44 42 29*85 6 Cloudy 
13 41 47 40 '75 7 Cloudy 

. 14 35 
■ 

45 38 •62 5 Cloudy, with 
rain at night 

15 35 36 31 •65 15 Fair ' 
16 •29 35 31 •69 10 Fair 

17 37 43 30 •45 30 Stormy 
18 27 37 31 •72 10 Storms of 

snow 

19 29 34 30 30*28 15 Fair 
20 24 34 34 •38 15 Fair 
21 37 40 3J •28 10 Fair 
22 37 49 47 •05 12 Fair 
23 39 48 46 29*95 5 Showery 
24 40 44 47 •40 0 Rain 
25 4o 4 2 40 •65 10 Fair 
26 40 45 35 .11 15 Fair 

■.B. T1 le Bare )meter* 

\ 

s height is taken atone o’cloclc. 
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LIX. Description of a Rotative Steam Engine, the Vision 
of w hick makes a complete Revolution at a Distance from 
the revolving Axis. Invented by Mr, Samuel Clegg, 

of Manchester, 

IV'Iany attempts have been made to produce a rotative 
motion by means of steam, without deriving: it from, or 
making use of, the rectilinear motion of the y/iston in the 
common or reciprocating engine. For this end steam 
wheels and other contrivances have been resorted to, but 
hitherto with little eflect, owing to loss of steam, or to an 
increase of friction produced by the means employed to 
prevent tiiis waste. Still a rotative steam engine appeared 
to promise so many advantages, could it be well accom¬ 
plished, that some engineers continued to apply their, 
thoughts to the subject, and Mr. Clegg announces that he 
has succeeded in producing a simple and effective engine 
of this kind, for which he has obtained aspatent. 'Fhis 
engine has no outward movements except the revolving 
shaft, which occupies the centre and works through a stuff- 

! ing box in a cistern of wafer M; and which being the 
■ only opening into the engine prevents the entrance of ail 
I air excepting what is contained dn the water used for in- 
! jection. The steam-pipe is at P, and the air pump is within 
! the condensing vessel. The following is a description of 

the engine : See plates XIII and XIV. 
Fig. 1 is the underside of a circular piece of cast iron, 

and of a diameter'and tl^ickness proportioned to the size of 
the engine. I is the common centre of the different circles 
shown on this piece. With any convenient radius less 
than that of A A describe the circle C C, and within the 
latter the circles D D and E E—the radius of the latter 
beino; the least of those now named. From the uses of 
these parts, which will be immediately described,'an idea 
of their relative dimensions will readily he inferred. 

Let that part of the sur/ace AB, A B which is contained 
between the circles x\ and C be plain. Between the circles 
C arid D sink a circular groove CD of any given depth ; 
and between the circles D and E let another circular oroove 
be cut of the breadth D E, and of any given depth less than 
that of the groove C D. Let the remaining part of the 
surface AB, namely, that included between E and B, be " 
cut down to any depth less than the depth of the groove 
D E. 

Into the groove C D let such a number of segments of a 
a w 

Vol, 34, No. HO. Dec. 180Q. Cc circle 
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circle be fitted as shall foroi a conjplete circle, excepting 
the space LL, which is occupied by adjusting screws, or . 
springs'to keep the segments close together. The segments 
are the breadth (or nearly) of the groove CD, and of a 
depth less than the depth of the groove CD. 7’hose sides 
of them which apply to each other are to be ground to¬ 
gether plain, and air-tight if possible. Their under sur¬ 
faces, which are shown in fig. l., arc to be flat, so that 
the whole may form one complete plain surface, excepting 
the space before mentioned, which is taken up by adjust¬ 
ing screws or springs LL, which screws or springs are 
placed so far below the surface as to let a roher pass by 
them, which will be mentioned hereafter. 

Figs. 2 and 5 represent veitical sections of the plate and 
grooves of fjO'. 1, restino; upon a circular chamber or hoi- 
low space Y Y, to which chamber the said plate forms a 
light covering, excepting that space occupied by the springs 
or screws LL as before mentioned. 

I, the centre of all the grooves and circles before described, 
is also the centre of the shaft. On llie shaft 1 is fastened 
a plate or coupling ZZ, in which is inserted a bar F. This 
bar may be of any given breadth, but in depth must be less 
than the depth to which the circle EB was cut down below 
the surface A B. 'Fo this bar is attached a wheel or roller 
G, shown in fig. 3 upon a lartrer scale. The manner in 
which it is attached to the bar F is also there seen, and it 
is so attached to it that the top of the wheel or roller G 
shall always be higher than the top of the bar F; The 
wheel G beins: attached to the bar F will, when the 
bar is made to revolve, describe a circular path H H FI 
along the plain surface of the segments before described. 
Let that portion of the plain surface of each segment '.vhich 
answers to the path of the roller G be rounded off, in such 
a manner as to make that portion of the surface an arc of a 

■ circle, the convex circumference of which is presented to 
the roller G. In fig. 3, at FI is shown a perpendicular 
view of one of the segments, rounded off in the manner 
described, and'presenting its convex circumference to the 
roller G. There may likewise be another roller attached 
to the bar behind it, to lower down the segments in the 
same manner in which they arc raised by the first roller. 
Now it is obvious, all the said segments being in their 
places in the groove CD fig. 1, that the roller G, in per¬ 
forming a revolution round the centre I, must travel along 
a series of convex arcs of circles coptal in number to the 
junnber of segments in the groove CD. The groove D E 

is 
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is In fact a recess in the deeper groove C D, and may, if 
iiecessary, be filled with hemp and tallow, or anv other 
material which may answer the purpose intended. 

Jt must be remembered that fig. 1 is a view of the un¬ 
derside of this machinery. Figs. 2 and 5 are sections of it, 
SLippbscd to be in its proper position resting as a cover 
to the circular chamber Y Y, and the segments resting 
upon a flat facing O 0. Each segment projects over the 
facing 0 0 on both sides; their projection on one side 
completes the cover over tlic hollow chamber, and the other 
is the rounded surface for the roller to liif them. 

The facing 0 0 is exactly, or as nearly as can be, level 
with the underside of the plate AB, AB, when the plate is 
on its place, as represented in fig. 2 ; so that, when the 
segments are all in their places, they complete the semi- 
circular chamber, and fit so close on their seats and in the 
groove, that were the chamber to be filled with any elastic 
fluid, they would prevent its escape (or nearly), excepting 
where the space is left for the spring's or adjusting screws. 

The use of these segments, which are what the patentee 
claims as his invention, is as follows : Conceive a door or 
valve to be fitted in the hollow chaniber at O, and a piston 
E, likewise fitted in the chamber so as to move round in 
it, and the bar F made fast to the piston, on the side and 
in the manner represented in fig. l : then, if an elastic 
fluid, of sufficient strength, enters the chamber at N, it 
will press equally against the door or valve and the piston,; 
bat the door or valve being immoveable, and the piston 
moveable, the piston will be propelled forward in the cir¬ 
cular chamber bv the elastic fluid. The bar F beino-fastened 

• ** O 

to the piston, and the roller G to the bar F in the manner 
represented in fig. 3, and the roller being in motion with 
the bar and piston, the roller will lift the segments in suc¬ 
cession, as it comes in contact with them. Idte segments 
before the bar, being by this means lifted, allow the bar to 
jtass, and the operation being the same in all, the bar and 
piston make a complete revolution. Each segment, as 
soon as the bar leaves it, falls down by its own gravity, or 
by springs, or any other contrivance, so that the opening 
which has been made for the I'^ar to pass is closed before 
ihc clastic fluid reaches it; the elastic fluid being kept from 
the opening by the inner breadth of the piston exceeding 
the outer diameter of each segment. The door or valve is 
lifted out of the way of the piston, when the piston comes 
'm contact with it, into the opening in the plate at N, are- 

C c 2 ^ cess 
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cess being made in that segment which is opposite the door 
for that purpose; during which time the elastic fluid is shut 
out; but it enters again when the door returns to its seat, 
and thus the operation continues. 

The preceding particulars are drawn from Mr. Clegg’s 
specification oF his invention. For the following, by which 
we are enabled to make our readers acquainted with all the 
parts of a steam engine on this construction, but which 
being, in some respects, common to all steam engines, 
were not specified, we are indebted to the ])atentee, who, 
on being asked, communicated them with the greatest 
readiness, and also the drawings from which the engravings 
have been made. 

The exterior of the engine may have the appearance of a 
low pillar, an altar, a vase, or any suitable forin that fancy 
may direct. 

“ In fig. 2, c is the condensing vessel, a the air pump, 
I the air pump bucket, d the hot water cistern, e the clifck, 
f/, the inclined plane for working the air-pump bucket, is 

^fastened on the shaft, and consequently revolves with it. 
To the air-pump bucket is attached a hollow tube through 
which the shall goes. To this tube is lastcned a cross bar,, 
at each end of which is a roller f, resiiisg upon the inclined 
plane: of course when the plane revolves the bucket rises 
and falls. The plane is divided into two diflerent angles so 
as to make it more acute where the bucket rises^ but nearly 
an anirle of 45° where the bucket descends, as represented 
in the drawing. 

Fig. 4 is a view of the engine complete when at wmrk. 
Fig. 5, a section of the principal par^ of the engine 

upon a larger scale, where the same letters emplbyed in de¬ 
scribing the smaller section mark the same parts. The in¬ 
jection enters the groove above the blocks, and keeps about 
three inches of water upon them. The injection then en¬ 
ters the condenser, out of the groove as seen at X. Kacn 
segment or block K is of sufficient weight to resist the pres¬ 
sure against that part of their under surlace which is oyer 
the semi-circular chamber, and will generally he about 
5-eiuhths of an inch. 4'he blocks may likewise be lilted 
exactly in iheir centre of gravity by means oi a lever ni the 
upper part of the groove, and \vorked by a roller or small 
inclined plane fastened to the shaft, as represented by the 
dotted lines in fi2'. 5; and as it is not necessary lor the 
blocks to risejiiore than half an inch or 5-eighths, the motioit 
will be very easv; and whatever descending power the blocks 

have, 
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hzvv, they will propel the bar forwards proportioned to 
itjcir weight and the space tlirough which they move, so 
that there is only the friction of the blocks to overcome. 
Stinposirtg tite pressure upon the piston to be SOOlb., the 
weight of all the blocks will be about 500lb. for such a 
sized piston, and will seldom exceed more for the lar<Test 

* * % » ^ 
engines, as tlie space for the bar to pass will be, nearly the 
same, in all, the strength of the bar depending upon its 
breadth, not on its* thickness: thus 8C0lb. will move 
throneh the soacc of 16 feet, wliilst 500lb. fitocs throuo^h 
the spaee or half an Inch: then, if the descending of the 
blocks is taken into consideration as before described, the 
friction of the blocks will make no sensible difference to the 
progress of the piston. 

“ The lid M beirig the only opening into the engine and 
the only stuffing box, and that covered wnih water, no air 
can enter but what is conta.iued in the whaler used'for in¬ 
jection. 

A very small fly is requisite, as the momentum is al¬ 
ways in one direction, and that may be at any convenient 
distance, as circumstances may require.’^ 

LX. New anahjiical Researches on the Nature of certain 
Bodiesy helno^ an Appendix to the Bakerian Lecture for 
1808. By Humphry Davy, Esq, Sec, R, S., Prof, 
Chem, R. I, 

[Concluded from p. S47.] 
f 

11. Further Inquiries respecting Sulphur and Phosphorus, 

I HAVE stated, in the last Bakerian Lecture, that hydrogen 
is produced from sulpliur and phosphorus in such quanti¬ 
ties, by Voltaic electricity, that it cannot well be considered 
as an accidental inoTcdient In these bodies. I have likewise 
stated, tliat when potassium is made to act upon them, the 
sulphurets and phosphurcts evolve less hydrogen in the 
form of compound inflammable gas by the action of an acid, 
than the same quantity of potassium in an uncombined 
state, and from this circumstance 1 have ventured to infer, 
that they may contain oxygen. 

On the idea that sidphnr and phosphorus are deprived of 
some of their oxygrn by potassium, it would follow, that 
when the compounds formed in this experiment aie de- 

^ composed, these substances ought to be found in a new 
state; deoxygenated, as far as is compatible with their ex¬ 
istence in contact w'ith water. 

C c 3 With 
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With the. view of examining the nature of the substances^ 
separated by the action of muriatic acid upon the sulphurets 
and phosphurets of potassium, I combined a few grains of 
sulphur and phosphorus with one-fourth of their weight 
of potassiitm, and exposed the compounds to the action of 
a strong solution of muriatic acid. As in the former cases, 
less inflammable ras was produced than would have been 
afForded by equal quantities of the uncombined potassium, 
and considerable quantities of solid matter separated from, 
both compounds, which, after being washed, were col¬ 
lected in a filter. 

The substance which separated from the sulphuret was 
of a dark gray colourand was harsh to the touch ; it had 
no taste, and at common temperatures no smell; but when 
heated, it emitted the peculiar odour of sulphur. Its spe¬ 
cific gravity was rather less than that of sulphur. Tt softened 
at a low heat, so as to be moulded like wax between the 
fingers. It was a non-conductor of electricity. When 
heated upon a surface of glass, it soon fused, entered into 
ebullition, took fire, and burnt with the same light-blue 
fiame as sulphur. A small particle of it, made to combine 
with silver, presented the same phtenomena as sulphur. 

The substance from the phosphuret was of an amber 
colour, and opaque. It could not he examined in the air, 
in the form in which it was collected (that of a loose pow¬ 
der) ; for as soon as it was Vv’iped dry it took fire, and burnt 
in the same manner as* phosphorus; when melted under 
naphtha, it was found to differ from phosphorus, in being- 
much deeper coloured, perfectly opaque, and very brittle. 
Its fusibility was nearly the same, and, like common phos¬ 
phorus, it was perfectly non-conducting. 

In experiments upon the union of potassium with sulphur 
and phosphorus the heat is so intense, that when larger 

.quantities than a few grains are used, the glass lubes are 
imiformly fused or broken in pieces, and in consequence I 
have not been able to operate upon such a scale, as to make 
an accurate examination of the substances just described, 
and to determine the quantity of oxygen they absorb in 
being converted into acid. Metallic vessels of course can¬ 
not be employed 5 but I intend to try tubes of porcelain, in 
a further investigation of the subject. 

It is evident that the sulphur and phosphorus, separated 
in these processes, are not in their common state ; and the 
phaenomena would certainly incline one to believe that they 

* Possibly this colour may have been produced by the decomposiiion of 
a hlin of soap of naphtha adhering to the potassium. 
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£rc less oxygenated. It may, I know, be said, that it is 
possible that they are merely combined with more hydrogen, 
and that the sulphur in this state is analogous to the hydro¬ 
genated sulphur of BerthoJIet, and to the alcohol of sulphur 
of Lampaalius. 

But when 1 decompounded dry sulphuret of potashbymu- 
riatic acid, of the same kind as had been used for decom¬ 
pounding the sulphuret of potassium, the substanceproduced 
seemc'd to be merely in that form, in which, according to 
the able researches of Dr. Thomson, it is combined with 
water; and notwithstanding the ingenious experiments of 
M. A. berthollet and M. Robiquet'^', the nature of the 
substance produced during the passage of sulphur over ig¬ 
nited charcoal is far from being fully ascertained. In a 
series of experiments, which my brother Mr. John Davy 
had the goodness to undertake, at my request, in the labo¬ 
ratory of the Royal Institution, on the action of sulphur 
on charcoal, the products were found to be very different, 
;recr)rdlng as the charcoal employed differed in its nature. 
In an instance, in which imperfectly made charcoal was 
employed, the liquor that passed over left by combustion a 
residuum that had all the properties of carbonaceous matter; 
which agrees with the observations of MM. Desormes and 
Clement; but when the charcoal had been well burnt, there 
was no such residuum produced. It was found, that the 
same charcoal might be employed in a number of processes 
4:ill it was nearly entirely consumed, and that the sulphur, 
not rendered luiuid, might be used for several operations. 
In all cases mixtures off sulphuretted hydrogen gas and 
hydrocarbonate were evolved. 

I particularly examined a specimen of the liquor which 
had been obtained in the last process from charcoal that had 
been often used. It was a non-conductor of electricity, and, 
when the Voltaic spark was taken in it, did not evolve gas 
with more rapidity than sulphur; and this gas proved to b? 
sulphuretted hydrogen. 

Supposino; the liquor to contain hydrogen in considerable 
quantities, J conceived that it must be decomposed by oxy- 
nuirialic acid ; but it merely absorbed this substance, de¬ 
positing crystals of common sulphur, and becoming a 
iluid similar to the sulphuretted muriatic acid ; though when 

* /Innalex de Chinrie, 1S07, pnrfe 144, 148. 
t Five nifasures oi tho mixed ^as, agitated with solution of potash, left a 

rc-iduum of 8 5. i’hese were detemated with 5-5 of oxygen ; the whole di- 
Tuiuutiou was to 0^ of this residuum 2-5 appeared to be carbonic acid. 

C c 4 water 
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water was introduced^ hydrated sulphur was Instantly formerly 
and muriatic acid gas .evolved. 

From the quantity of cai’oouic acid formed by the com¬ 
bustion of the carburetted inframmable gas, produced in the 
operation of the action of well-burnt charcoal upon sulphur, 
it maybe conceived to contain oxygen. This circumstance, 
and the fact that no hydrate of sulphur or muriatic acid 
gas is formed by the operation of oxvmuriatic acid upon the 
liquor, but comraoi\ sulphur precipitated ; are in favour of 
the opinion, that the sulphur in this liquor contains less 
ox,ygen than in its common state. This idea has likewise 
occurred to Dr. Marcet, Vv^ho is engaged in some experi¬ 
ments on the subject, and from whose skill and accuracy 
further elucidations of it may be expected. 

III. Further Inquiries respecting carhonaceoits Matter. 

On the idea which I have stated, page 73'^, that the 
diamond may consist of the carbonaceous matter combined 
with a little oxygen, I exposed charcoal intensely ignited, 
by Voltaic electricity f, to nitrogen, conceiving it possible 
that if this body was an oxide, containing oxygen very in¬ 
timately combined, it might part wdth it in small proper-^ 
lions to carbonaceous matter, and give an important result. 

The charcoal, which had been made with great care, was 
preserved for a quarter of an hour in a state of ignition, in 
which platina instantly fused. It did not appear to change 
in its visible properties; but a small quantity of black sub¬ 
limate, which proved to be nothing more than finely-di¬ 
vided carbonaceous matter, collected in an arborescent state 
upon the platina wire to w'hich the charcoal was attached. 
I'he gas had increased in volume one-sixth ; but this was 
owing to the evolution of carburetted inflammable gas 
from the charcoal,* the nitrogen was unchanged in quantity, 
and, as far as my examination could go, in quality. The 
points of the charcoal wdicre the heat had been intense, 
were rather harder than before the experiment. 

1 have mentioned, pjage i02f, that charcoal, even when 
strongly ignited, is incapable of decomposing corrosive sub¬ 
limate. When charcoal, in a state of ignition, is brought 
in contact with oxymuriatic acid gas, tlie combustion in¬ 
stantly ceases. I electrified two pieces of charcoal in a globe 

* Page 112 of this volume. 
f The appaiatus was the same as that referred to page 13. The power 

employed was that of the battery of 500 beionguig; to the Royal Institution, 
j 189 of this voh.unc. 

filled 
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filled with oxymuriatic acid gas, which had been introduced 
after exhaustion of the globe. They were preserved, for 
nearly an hour, in intense ignition, by the same means that 
b.ad been employed in the experiment on nitrogen. At first, 
white fumes arose, probably principally from the formation 
of common muriatic acid gas, by the action of the hydro¬ 
gen of the charcoal upon the oxymuriatic acid, and the 
combination of the gas so produced, with aqueous vapour 
in the globe ; but this effect soon ceased. At the end of 
the process, the oxymuriatic acid gas was found unaltered 
in its properties, and copper leaf burnt in it with a vivid 
light. The charcoal did not perceptibly differ from the 
charcoal that had been exposed to nitrogen. My view in 
making this experiment, was to ascertain whether some 
new' couibination of carbonaceous matter with oxygen 
might not be formed in the process, and I hoped likewise 

- to be able to free charcoal entirely from combined hydrogen, 
and from alkaline and earthy matter, supposing they ex¬ 
isted in it, not fully combined with oxygen. That hydro¬ 
gen must have separated in the experiment, it is not possible 
lo doubt 5 and on evaporating the deposit on the sides of 
the globe, which w^as in very minute quantity, and acted 
like concentrated muriatic acid, it left a perceptibly saline 
residuum*. 

IV. Further Inquiries respecthig Muriatic Acid. 

The experiments on muriatic acid, which I have already 
had the honour of laying before the Society, Show that 
the ideas which had been formerly entertained respecting 
the difference between the muriatic acid and the oxymii- 
riatic acid are not correct. They prove that muriatic acid 
gas is a compound of a substance, which as-yet has never 
been procured in an uncombined state, and from one-third 
to one-fourth of water, and that oxymuriatic acid is com¬ 
posed of the same substance (free from water) united to 
oxygen. ITey likewise prove, that when bodies are oxi¬ 
dated in muriatic acid gas, it is by a decomposition of the 
water contained in that substance, and when they are oxi¬ 
dated in oxymuriatic acid,^ it is by combinatioi/with the 
oxygen in that body, and in both cases there is always a 

, union-of the peculiar unknown substance, the dry muriaUc 
acid with the oxidated body. 

* Charcoal, over which sulphur lias been passed, as in the expenmen's 
page ‘101, as has been shown by M. Bonhollet, contains sulphur, and 
this I iind after being lieated to whiteness ; such charcoal is a conductor of 
electricity, and due* uot dilFcr in its externai properties from common char- 

Of 
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Of all known substances belon^ino; to the class of acids^ 
the dry muriatic acid is that which seems to possess the 
strongest and most extensive powers of combination. It 
unites with'all acid matters that have been experimented 
upon, except carbcmic acid, and with all oxides (including 
v/ater), and all inflammable substances that have been tried, 
except those which appear to be elementarv, carbonaceous 
matter and the metals ; and should rts basis ever be sepa¬ 
rated, in the pure form, it will probably be one of the most 
powerful agents in chemistry. 

I have lately made several new attempts to procure iin- 
combined dry muriatic acid ; but they have been all un¬ 
successful. 

1 heated intensely) in an iron tube, silex in a very mi¬ 
nute state of division, and muriate of soda that had been 
fused; but there was not the smallest quantity of gas evolved* 
In this case, the silex had been ignited to whiteness be¬ 
fore it was used; but when silex in its common state was 
employed, or vrhen aqueous vapour wes passcdl over a mix¬ 
ture of dry silex and dry salt in a porcelain tube, muriatic 
acid gas was developed with great rapidity. 

I have stated, page 7f) that a sublimate is formed by 
the combustion of the olive-coloured oxide of boracium in 
oxymuriatic acid. On the idea that this might be boracic 
acid, and that dry muriatic acid might be separated in the 
process, I examined the circumstances of the experiment; 
but I found the sublimate to be a compound of boracic and 
muriatic acid, similar to the compound of muriatic and 
phosphoric acid. 

I heated freshly-sublimed muriate of ammonia with po¬ 
tassium ; when the quantities were equal, as much hydro¬ 
gen gas was developed as is generated by the action of water 
on potassium; much ammonia was evolved, and muriate 
of potash formed ; when the potassium was to the muriate 
as 4 to 1, less hydrogen appeared, and a triple compound 
of muriatic acid, ammonia, and potassium, or its protoxide 
was formed, which was of a dark-gray colour, and gave 
ammonia and muriate of potash by the action of water. 
There was not the slightest indication of the decomposi¬ 
tion of the acid in the experiment. The process in which 
this decomposition may be most reasonably conceived to 
take place, is in the combustion of potassium in the phos- 
pburetted murialic acid, deprived by simple distillation 
with potassium of as much pho?-pliorus as possible. I am 

^^ge ]'16 of the present volume. 

preparing 
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prcparino; an apparatus for pcrfonning this exncriment 
in a manner which, I hope, will lead% distinct conclu¬ 
sions. 

I.XT. Account of certain Colours dug up at Pompeia, 
Read to the National Institute the Gth of March 1800 
By Al. Chaptal*. 

XIkii majesty the empress and queen did me the honour 
to present me with seven specimens of colours found in the 
shop of a colour merchant at Pompeia. 

No. 1. seems to have received no preparation from hu¬ 
man art; it is a greenish and saponaceous aro:iI, such as 
nature exhibits in several parts of the globe ; ills analop-ous 
with terra Veronica. 

Nn. 2. is an oclme of a, fine yellow, which has been 
cleansed bv washing, as still pracifsed, from all the nrin- 
cipics whicir might injure its fineness or purity. As this 
substance becomes red when calcined in a mod(^ra^e heat, 
the yellow colour, which it has preserved without any alte¬ 
ration, furnishes us with a new proof that the ashes’which 
covered Pompeia were not verv hot. 

No. 3. is a reddish-brown of the same nature with what 
is now used in commerce, and employed for the coarse 
reddish paint applied to casks in sea ports, and on the 
doors, windows, and railings, belonging to some houses. 

his colour is produced by the calcinalioii of the yellow 
ochre already mentioned. 

No. 4. is a pumice-stone, very light and white,* its tex- 
.ture is fine and serrated. ^ 

The three remaining packets contained compound co¬ 
lours, which I w^as obliged to submit to analysis in order to 
discover their constituent principles. 

The first of these three, being No. 5, is a fine rich and 
deep blue ; it is in small pieces similar in form. The ex¬ 
terior of the jficces is paler than the interior, which is 
brijrhtcr than the finest Saunders blue. 

h he niuriatic, nitric, and sulphuric *acids make av sliohi: 
effervescence with this colour; they seem to brighteii"’it, 
even after a long ebullition : the oxygenized muriatic acid 
has no action on it. 

This colour has therefore no comicctlbn wiili ultrama¬ 
rine, which is destroyed by these acids,' as observed bv 
Messrs. Clement and Desormes. 

' Ammonia 
^ Jrom Amialci de Chimie, tome Ix^. p. 22, 

I, k ^ 
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Ammonia has no action on it. When exposed to the' 
flame oF the blow-pipe, it becomes black, and forms a Jritie 
of a reddish-brovvn colour, by the prolonged action of the 
flame. When mefted by the blow-pipe with borax^ it gives 
a greenish-blue glass. 

When treated with potash on a platma saucer, it pro¬ 
duces a greenish fnlte, which first becomes brown, and 
ends in assuming the metallic colour of copper. Tins fritte 
partly dissolves m water : the muriatic acid when poured 
into the sortition forms an abundant flaky precipitate, and 
the liquor, vvh.cn decanted from above the first precipitate^ 
furnishes a considerable additional quantity with oxalate of 
a.miTionia. ^ 

The nitric acid dissolves with cfiervescence the residue 
left undissolvcd by the alkali ; the solution is coloured 
green. Amniooia forms a yrrccipitate in it, which it re- 
dnssolves when we .pour it in excess, and the solution then 
becomes blue. ■ , 

This colour therefore seems to be composed of oxide of 
copper, lime, and alumine ; it resembles Saunders blue in 
the nature of its principles, buthlificrs from it in its che¬ 
mical properties; it seems to be tlic result, not of a preci¬ 
pitation, hut the efteciof a conimencemciit of vilrification^f 
or raihcr a true 

The pTocess by which the ancients obtained this colour 
seems to be now lost ; all that we know, from consulting^ 
the annals of the arts, 'is, that the use of this colour is of 
a more ancient date than the destruction of Pompeia^ 
M. Descoslils has remarked a lively shining and glass blue 
on the hievoglyphical paintings of an Egyptian monument, 
and he ascertained that this colour was owing to the pre¬ 
sence of copper. 

Setting out from the nature of the constituent principles 
of this colour, we can compare it to nothing so well as the 
Saunders blue of the moderns : when we consider it with, 
respect to its utility in the arts, we may with advantage 
oppose it to 'idtrainarine and ^particularly since 
M. Thenard has made known a preparation of the latter, 
which admits of its being employed with oil. But modern 
Saunders blue has neither the lustre nor the solidity of co¬ 
lour conspicTjous in that of the ancients ; while azure and 
ultramarine are much higher in price than a composition 
the three elements of which are of little value. It would 
therefore be of some importance to discover the processes 
by which this blue colour was prepared. ^ 

No. 6. is a pale-blue sand, mixed with some small 
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'v^hiiis]i grains. Analysis has discovered the same prin¬ 
ciples ill it as in the preceding; we niav consider it as a 
composition of the same nature in which lime and aiumine 
are in stronger proportions. 

No. 7. has a fine rose tint ; it is soft to the touch; is 
reduced .between the fingers to an impalpable powder, and 
leaves on the skin an agreeable rose-colour. 

When exposed to heat, this colour becomes at first black, 
and ends in white. It gives out no perceptible smcllof ain- 
inonia. 

The muriatic acid dissolves it with a sli^^ht effervescence; 
ammonia produces in the solution afialc\' precipitate, which 
potash redissolves entirely. 

Ihe infusion of gall-nuts and hydrosulphurct of am¬ 
monia did not denote the presence of any metal. 

We may therefore regard this red colour as a true lac, in 
which the colouring principle is founded upon aiumine. In 
properties, shade, and in the nature of the colourins: prin¬ 
ciple, it has an almost perfect analogy with the madder lac 
which I have mentioned iu my treiuise on dyeing cotton. 
The preservation of this lac for. nineteen centuries without 
any perceptible alteration, is a pheenomenoii which must 
astonish chemists. 

Such is the nature of the colours presented to me by the 
empress: they seem to have been destined for paintinp-: 
nevertheless, if \vc examine the varnish of the Roman 
earthen-ware, of which we find such immense tjnanlities 
wherever the Roman armies have been, we shall be con¬ 
vinced that most of the earths in question have been em¬ 
ployed in forming the varnish w'ith which these pieces of 
earthen-ware are covered. 

In fact, the greater part of these earthen-wares is covered 
with a red coating which lias nothing vitreous in it, and 
which may have been given, eith.cr with yellow ochre, or, 

with the reddish-brown,kind, reduced by bruising to a fine 
paste, incorporated with a mucilaginous, gummy, or oily 
body, and applied with a pencil. M, d’Arcct,’who has 
written a very ingenious work on the Roman potteries, is 
in possession of a vase, the composition of which is of a 
dirty red colour, and the surface has been covered with the 
coating above mentioned. We observe in it the place 
\vhcre the potter h^s left off covering it; and we perceive 
on the bottom, which is not coated, red streaks, which 
the workman had laid on, in order to clean his pencil, or 
Jo try the colour. 

It is by no means rare to find other vases, the body of 
which 
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which is of a different colour from that of the red coating 

which covers,the surface. , 
Perha]>s the Romans even made use of saline fluxes to 

facilitate the baking of the coverings of their earthen-ware. 
M. d’Arcet has completely imitated the white covedng 

of the Etruscan vases by employing a shining white argil, 
with which he mixes a twentieth part of borax. 

It should seem that the Romans were not acquainted^ in 
the first century of the Christian asra, with the metallic 
fluxes for fixing and vitrifying the coverings of their earth¬ 
en-ware: at least tlie analysis of the coverings of Etruscan 
vases, and of red, while, or brown earthen-ware, gave no 
indications of metal either to M. d’Arcet or myself. It 
was only in later periods that the sulphurets of copper and 
of lead, as well as the oxides of this last metal, were em¬ 
ployed. We sometimes indeed find these metallic cover- 
ino's on some vases that have been dug up, but their manu¬ 
facture does not seem to me to have been posterior to the 
mra when the Romans occupied Gaul: for ail those which 
I examined, and the origin of which is evidently prior to 
these first periods, presented no trace of copper or lead on 

analysis. 
Sometimes the black colour alone presents characters of 

vitrification. I have seen several specimens of ancient 
earthen-ware, in which this is indubitable; and I have 
always thought that the vitrepus lava formed the basis of 
these coverings, the fusion of which, naturally easy, was 
aided by the mixture of saline fluxes. I published my 
work on this subject twenty-five years ago: M. Fourmy 
has made a successful application of my discoveries in his 
manufacture at Paris, and M. d’Arcet has added his expe- 

liccce to mine. 
I'o conclude : the earlhen-ware of the Romans, particu¬ 

larly their Etruscan vases, have been baked in a much lower 
heat than that which we now employ: we may estimate 
the former at the seventh or eighth degree of Wedgwood’s 
pyrometer: and at this degree of heat, as proved by M. 
d’Arcet, we cannot employ the oxides of lead, which pe¬ 
netrate the clay, and leave the colour on the surface with¬ 

out any brilliancy. 
We are, without doubt, far superior to the ancients in 

the art of the potter, 1'he numerous metallic oxides suc- 
cessivelv discovered, have furnished us with the means of 
enrichiiuv our potteries with a variety of colours as brilliant 
as they a're durable, at the same time that a better assorted 
jhixture of the earths has admitted of our adding the' greatest 

hardness 
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i»ardncss to an aTmost absolute infu?lbillty : but the Etrus¬ 
can vases will always be in request, in consequence of the 
beauty, elegance, and regularity of their forms: and every 
thing connected with the h.islory and arts of the Roniaa 
people must be interesting to the progress of industry 

LXII. On Respiration. % William Allen , 

William HasLEDiNE Pepys, Esq., F.R.S, 

[Concluded from p. 337.] 

Experiment IV. Oxygen Gas, 
■ f 

HE pig hitheito emploj^ed was put into the glass vessel 
A, which with the tube contained 6o cubic inches of at¬ 
mospheric air ; 250 cubic inches of oxyo-en, containincr 
5 per cent, of azote, were admitted into'ihe gasometer- 
communicating with B, and during a quarter of an hour 
were made to pass slowly through the vessel in which the 
animal was coi.fined, to the empty gasometer communicatinf»- 
with G, where it measured exactly 250 cubic inches • a 
portion was preserved in the mercurial bath for examina¬ 
tion, and the gasometer B was replenished with 250 cubic 
inches of the same oxygen; this was passed in about the 
same time as before, through A into gasometer C, when 
it measured -248 cubic inches. 

250 cubic inches more of the oxygen were now admitted 
into gasometer B, and passed in the same manlier through 
A into C, where they measured 240. 

The gasometer B was for the fourth and last time sup¬ 
plied with 250 cubic inches more of the oxygen, which were 
passed as belore, through A into C, during about a quarter 
of an hour, and then measured 249. 

The pig had remained in the vessel one hour and twelve 
minutes ; it did not^ appear to have suffered in the least- 
portions of tiie respired gas were saved from each of the 
gasometers, and examined as usual. 

Cubic Inches. Contained in 

100 parts. 

No. 1. 250 Garb, acid 8 
Oxygen 66 
Azote 20 

Carl). Acid. 

20 

100 

Oxygen. 

105 

Azote, 

65 

No. 9. 

X 

I 
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Cable Inches. Conen'med in Carb. Acid. Oxygen. Azote. 

KX) parts. 

No. 2. 248 Garb, acid 10 24-80' 

Oxygen 78 193’44 

Azole 12 29*76 

i 
iOO 

' 

No. 3. 219 Garb, acid 10 24-90 
Oxygen 80 199*20 

Azole 10 24-90 

V -A 

'I 

JOO 

No. 4. 249. Garb, acid 12 29*88 

Ox'-ygen 79 196-71 
Azote 9 22-41 

300 

!n A, 
lube C. 50 Garb, acid 

Oxvgen 
Azote 

12 

79 
9' 

7* oc\ i ^ ^ 

47-40 
5-45 

1056 100 106*78 801*75 147*52 

Total; gas before experimentj i060 
after e. f* 1030 

,c .. Deficiency, ~ 4 

Calculation for Oxygen, 
;^ We do not calculate upon the tube from gasometer B, 

because it is always in the same stale after the experimeiii 

as before. ^ 
1000 cubic inches of oxygen containing 

5 per cent, azote, consisted of 930 pure oxygen 
00 Atmospheric air with the pig, and in 

tube C, containing 21 per cent, oxygen 12-60 

/ _ ' 

Total, oxygen before experiment, 962*60 
Oxviffen found after experiment, 801-75 
Ditto in carbonic acid - 106-78 

~ —— 908-53 

' Oxygen missing, - 
^ ' . Calculation 

•w. 
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Calculation for Azote, 

1000 cubic Inches containing 5 per 
cent, azote - - - - 50 

60 atmospheric air^ containing 79 per cent. 47*40 

Total azote before experiment, 97*40 
Ditto found after experiment, 147*52 

Increase of azote, - - 50*12 
I 

This increase of azote was much more than equal to the 
cubic contents of the animal’s body, the deficiency of 4 
cubic inches was doubtless oxygen absorbed. 

Summary of the Experiment, 
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Experiment V. Oxygen, 

In this experiment we employed a smaller pig, which oc¬ 
cupied the space of 33 cubic inches, and our object was to 
keep him for the same length of time in a smaller quantity 
of gas; we therefore only used 750 cubic inches of oxygen, 
beside the common air contained in the glass A, and tube, 
amounting to 66 cubic inches; the first 250 cubic inches 
were passed through the glass A into C in 24 minutes, 
where it appeared to have undergone no alteration of volume. 
250 cubic inches more were passed during the next 23 
minutes, and these measured 248 in C; the last 250 were 
passed in 24 minutes, and the volume remained unaltered. 
The animal did not appear to suffer the slightest incon¬ 
venience, except from the continement. 

State of the Gas before Respiration, 

Oxygen. Azote. 

66 cubic inches of atmospheric air, = 13*86 52*14 
750 oxygen, containing 5 per cent, azote, = 712*50 37*50 

816 total consisting of 726*36 89*64 

The oxygen was tried before as well as after the experi¬ 
ment, and both the results agreed perfectly with each other. 

Vol. 34. No. 140, Dec, 1809, D d We 
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We now examined portions of gas preserved from the three 
gasometers^ with lime-water, and the tests for oxygen. 

Time. Contained in Carbonic Oxygen. Azot». 

min. 100 parts, acid. 

No. 1. 250. 24 Carh. acid 0*5 2S*75 
Oxygen 60*5 

3( 
151-25 

Azote 30 

No. 2. 248. 23 

iOO 

Carb. acid 9*5 23*56 
Oxygen 81 200-88 
Azote 9*5 23-56 

100 

No. 3. 250. 24 Carb. acid 10 
Oxygen 82 
Azote 8 

66 with pig, as No. 3, 
100 

814 71 

25 
205 

• li 20 

6*60 54*12 5*28 

7S*9i 611*25 123*84 

Calculation for Oxygen, 

Oxygen before the experiment 
Ditto after - - - 011*25 
Tn carbonic acid - - 78*91 

726*36 

690*16 

Loss of oxygen 36*20 

Calculation for Azote, 

Azote found after experiment 
Ditto before experiment 

Increase of azole 

<u ,- 
£ Q. 

r« 

U16 

123*84 
89*64 

■5 !• 4*20 

Summary of the Experimecit. 
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The quantity of azote added, of oxygen missing, and of 
carbonic acid formed, were smaller than in the last experi¬ 
ment; but the animal in this instance was smaller, -Ss w^ell 
as the quantity of oxygen passed through in a given time. 

In this case, as in the human subject, the increase of 
azote takes place principally in the early periods. The 
whole azote contained in the 66 cubic inches, confined 
with the pig, was only 32*14 ; but supposing, which per¬ 
haps was not the case, that the 66 of common air were 
expelled by the first 250 cubic inches of oxygen, we 
should have 230 

less 66 

184 of oxygen, 
containing 3 per cent, azole, or 9*20 cubic inches : these 
added to the 32*14, would make 61*34 of azote to be found 
in the first gasometer of respired gas, but we detected 75^ 
so that even on this supposition 13*66 of azote were added 
in the first twenty-four minutes. 

The azote contained in the second gasometer before re¬ 
spiration, was 12*30 cubic inches, but after it had been 
respired for twenty-three minutes, we found 23*73, or an 
increase of 11*23 azote, The azote contained in the third 
gasometer, before respiration, was, as before, 12*50 cubic 
inches; but after it had been respired for twenty-four 
minutes, we found 20, or an increase of 7*30 azote. 

The azote contained in the 66 cubic inches was 3*30, 
but we found 3*28, or an increase of 1*98 azote. 

From the results of these experiments, it seemed that 
when the usual proportion of azote was not present in the 
gas respired, there was a disposition in the blood to give 
out a certain quantity in exchange for an equal volume of 
oxygen, and w^e resolved to try, whether this circumstance 
w'OLild occur when hydrogen was substituted for azote; we 
accordingly made a mixture containing 22 percent, oxygen 
and 78 hydrogen. 

Experiment 6. Hydrogen and Oxygen. 

The pig employed in the last experiment was placed 
upon the stand in the glass A, w'ith 66 cubic inches of 
common air as usual. 

230 cubic inches of the mixture were passed from the 
gasometer communicating with B, through the glass A into 
the gasometer conjntunicating with C, during sixteen mi¬ 
nutes. The animal did not appear uneasy : a second quan¬ 
tity of 250 cubic inches was passed hi seventeen minutes 

D d 2 and 
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and three quarters: the animal did not seem to be in the. 
least incommoded. 

A third quantity of 230 cubic inebes was passed, in about 
sixteen minutes. 

And a fourth quantity of 230 cubic inches in eleven mi-' 
mites and three quarters; but during this time the animal 
became very sleepy, and towards the end ot the experiment 
kept bio eyes constantly shut; he, however, appeared to 
suffer nothing, and was easily roused for a short time by 
rapping at the side of the glass. At the end of sixty-one 
minutes and a half he was taken out, and we found that 
during this time he had produced 60*20 cubic inches of 
cai'bonic acid gas, or rather less than one cubic inch in a 
minute. 

It appears, that less carbonic acid was evolved in this in¬ 
stance in a given time, than when oxygen was respired, 
but some circumstances occurred to prevent us from dis¬ 
covering what change the azote had experienced : this point 
was, however, decided by the following experiment. 

Experiment T, Hydrogen and Oxygen, 

Having mixed hydrogen and oxygen gases in such pro¬ 
portion as that the oxygen should rather exceed the quan- 

^tity contained in atmospheric air, we placed the same ani- 
"mal in the glass A with 66 cubic Inches of atmospheric air. 
230 cubic inches of the mixture were admitted into gaso¬ 
meter B, from the large water gasometer, and gradually 
passed through the glass A into gasometer C, during fifteen 
minutes. The pig did not appear uneasy, and the respired 
gas measured 230 in C ; a portion of this was preserved for 
examination, which w'c shall call No. 1. 

250 cubic inches more of the mixture were admitted in¬ 
to B, and gradually passed, as before, during thirteen mi¬ 
nutes; it measured 250 in C; and a portion No. 2 was^ 
preserved for examination. 

The animal did not seem to suffer any inconvenience. 
250 cubic inches more of the mixture were admitted into B, 
and gradually passed, as before, through A into C during 
seventeen minutes. The animal now became quite sleepy, 
hut did not appear to suffer any thing. He was taken out 
at the end of forty minutes. 

At the close of the experiment, the remains of the mix¬ 
ture, which had stood about an hour in the large watej^: 
gasometer, being examined, was found to contain 22 per 
cent, of oxygen and no carbonic acid; of the residual 78 
parts, 20 were mixed with 10 of oxygen, which h?td be^n 

previously 
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•previously found to contain 3 per cent, azote ; these 30 
parts l)eing detonated in J)avy’s improved Voltu's eudiome¬ 
ter, by the electric spark, were reduced to 3 parts, and 
these 3 parts being treated with the tests for oxygen, were 
reduced to 2 parts, a proof that all the hydrogeji had-he&n 
tonmmed ; but the 10 parts of oxygen contained 0*3 of 
azote ; this deducted from -2, leaves 1*7 for the azote con¬ 
tained in 20 parts of the residuum 78. 

20 : 1*7 : t 78 : 6‘6 

The mixture employed^ therefore, contained in every 100 
parts 22 oxygen 

6*6 azote 
71*4 hydrogen 

100 

We next examined the gas which had been respired. 
No. 1. 230 cubic inches respired during fifteen minutes. 
100 parts, subjected to the action of lime water in Pepys’s 

eudiometer, were reduced to 93*5, and this by the tests for 
oxygen was further diminished to 77 * 20 parts of this 119 

mixed with 10 of oxygen and detonated, the residuum 
treated with the tests for oxygen, left 12 parts which vver« 
azote. * ^ 

From these 12 parts 
Deduct *3 for the azote in the 10 parts oxygen, 

Leaves 11*7 for the azote contained in 20 parts 

oftheresidual77- 
20 : 11*7 : : 77 : 43 / 

No. 1. therefore consisted in 100 parts, of ' 
6*3 carbonic acid 

16*5 oxygen 
43 azole " . ' 
32 hydrogen 

100 

No. 2. 250. Respired during thirteen minutes; 100 
parts were reduced by lime watcrlo 92*3, and these by the 
tests for oxygen to 77. Of these 77 parts, 20 being mixed 
with 10 of oxygen, and detonated, were diminished to 4, 
and these 4 being examined for oxygen left 3, which must 
bf azote ; 

D d 3 From 

I 
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From these 3 
Deduct *3 for azote in the J 0 parts oxygen. 

Leaves 2*7 for the azote contained in 20 
parts of the residual 77* 

20 : 2*7 : : 77 i 10*4 

No, 2. therefore consisted in 100 parts, of 
7*5 carbonic acid 

13’5 oxygen 
10*4 azote 
66*6 hydrogen 

100 

No. 3. 250. Respired during seventeen minutes} ex¬ 
amined as above, consisted in 100 parts, of 

6 carbonic acid 

^ ^ 17 oxygen 
‘ 7 6*5 azote 
J 70*5 hydrogen 

100 

The 66 remaining with the animal at the close of the ex¬ 
periment, may be considered as very nearly the same as 
No. 3. 

In this, as in the former experiment, we observed that 
the evolutioi\ of carbonic acid was greatest at the middle of 
the time, but was considerably diminished toward the end, 
as t|ie pig became sleepy • it is not improbable, therefore, 
that durjng sleep less carbonic acid is evolved than when 
the animal is exercising all its faculties. 

When atmospheric air alone is respired, we have uni¬ 
formly found, that the carbonic acid evolved, added to the 
oxygen remaining, exactly equalled the oxygen existing in 
the air before it was respired, but in the present instance it 
was one per cent, more, a circumstance which we are at 
present unable to account for, but it was constantly the 
case in all the three trials. 

Calculation for Azote, 

From the foregoing statement we are enabled to ascer¬ 
tain the quantities of azote, both before and after the ex- 
perimeat. 

Azotsi 
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Azole lefore the Eocperiment. 

6(5 cubic inches atmospheric air, with the animal 
containedor - _ - 52*14 

750 -of the mixed gases contained 49*50 

816 total gas employed 101*64 
1 • III ».^^l I. ^ 

'Idle total azote before the experiment was therefore 101*64 
cubic inches. 

Azote after the Experiment, 

No. 1. 
Respired during 

250. 15 mm. 100 : 45 : 250 : 112*50 
2. 250. 13 min. 100 : 10*4 : : 250 : 26 
3. 250. 1 7 min. 100 : 6*5 : : 250 : • 16*25 

66. too : 6*5 : : 66 : . • *4*29 

816 45 min. Azote after e: 
Ditto before 

■ > 
iperiment 159*04 

101*64 

Increase of azote 57*40 

Calculation for Hydrogen, 

^ Hydrogen before Experiment. 

The mixture before the experiment was found to contain' 
71*4 hydrogen. ‘ ' 

100 : 71*4 : : 750 : 535*50 , ' 
Therefore the total quantity must be 535*50 cubic inches.^ 

, ■ Hydrogen after Experiment, 

No. 1. 250. 100 : 32 : : 250 : 80 
2. 250. 100 : 66'6 2-50 ; 166*50 
3. 250. 100 : 70*5 :: 250 ; 176*25 "• 

66inAlOO: 70*5 .* ; 66 .* 46*53 

Hydrogen found after experiment 469*28 

Hydrogen before the experiment 535*50 
Ditto after - - - 469*28 

Loss of hydrogen - - 66*22 ^ 

In this experiment, as well as in those with oxygen, the 
proportion of azote evolved was greater in the early than in. 
liie later periods, and it becomes interesting to contrast them : 

Dd4 fhiu 
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Thus we know that 52*14 cubic inches of azote were in the 
vessel with the aninual at the be¬ 
ginning of the experiment, and 
that, of the 250 cubic inches of 
mixed gases passed in the first 
fifteen minutes, only 184 could 
be expelled into gasometer C, 
(100 : 6*6 :: 184 : 12*14) which 

contained only 12*14 

making together 64*2S of azote, which w'as all that 
^ could have been expected in the first gasometer of 250 after 
respiration, supposing the whole of the common air had 
been expelled, but we detected 112*50, or an increase of 
48*22 cubic inches in fifteen minutes. 

The second gasometer, before it was connected with the 
glass A, contained but 16*50 cubic inches of azote; we 
found, however, about 26, and what is remarkable, in the 
last gasometer there was no increase at all. 

Calculation for Carhonic Acid. 
No. 1. 250. 15 min. 100 : 6*5 : : 250 : 16.25 

2. 250. 13 min. 100 : 7*5 : : 250 : 18*75 
3, 250. 17 min. 100 : 6 : : 250 : 15 

66. - 100 : 6 : : 66 : 3*96 

45 53*96 

The quantity of carbonic acid evolved in 45 minutes was 
therefore 53*06 cubic inches, or at the rate of 1*19 cubic 
inches per minute. 

The foregoing experiments seem to prove, 
1. That when atmospheric air alone is respired, even by 

an animal subsisting wholly upon vegetables, no other 
change takes place in it, than the substitution of a certain 
portion of carbonic acid gas, for an equal volume of oxygen. 

2. That when nearly pure oxygen gas is respired, a por¬ 
tion of it is missing at the end of the experiment, and its 
place supplied by a corresponding quantity of azote; the 
portion evolved in a given time, being greater in the early 
than in the later periods. 

3. That the same thing takes place when an animal is 
made to breathe a mixture of hydrogen and oxygen, in 
which the former is in nearly the same proportion to the 
latter, as azote to oxygen in atmospheric air. 

4. That an animal is capable of breathing a mixture of 
78 parts 
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7S parts hydrogen, and 22 oxygen, for more than rn hour, 
without sutfcrlng any apparent inconvenience. 

5. 'i'hat the exe.tabllity of an animal is much diminished 
when he breathes any considerable proportion oF h\drogen 
gas, or ttiat it at least has a tendency to produce sleep. 

6. d'hat there is reason to presume an animal evolves less 
carbonic acid gas during its sleeping, than in its waking 
hours. 

7. That the lungs of a middle-sixed man contain more 
than 100 cubic inches of air after deatli. 

I'hese experiments have been conducted without .reFe- 
rence to any particular theory, and indeed some of the re¬ 
sults were so contrary to our preconceived opinions, that 
we have been induced to bestow more than ordinary atten¬ 
tion on the subject. Confident, however, that ail those 

■who repeat the experiments with the same care will arrive 
at the same results, we shall rest satisfied with.slaling the 
facts, not without a htipe that those brilliant discoveries of 
Professor Davy, which have already given us new vdews. of 
the operations of nature, will .in their progress furnish us 
with that explanation which it is in vain to expect at pre- i 

sent. 
Azote or nitrogen, for instance, has been considered as a 

simple or elementary substance ; it is recognised, however, 
principally by negative properties. A very gaseous fiuid 
which will not supjiort life or cornhustion, which is not 
absorbed by water, nor acted upon l)y the tests for oxygen, 
nor capable of being detonated with oxygen gas,, is generally 
pronounced to be azote: it is the eonst.ant residuuiir,in 
almost all our experiments upon gases, but wlio shall say 
whether this residuum is a simple substance pr a com¬ 
pound ? 

'I'hp experira'ent of Professor Berzelius leads us to sus¬ 
pect it of metallic properties ; and th.osc of Davy make it 
probabje that it is an oxidated body; the subject is slijl un¬ 
der discussion. But we may fairly indulge more than a 
hope that the ardent zeal and well-directed labours of the 
philosophers just mentioned will throw a new and im'por- 
lant light upon this obscure and difficult subject. 

LXIir. De- 
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Lxnr. Description of certain Inventions for the Improve-^ 
merit of Naval Architecture^ for increasing the Comfm ts 
op Mariners y and for facilitating Naval Enterprises, By 
Messrs, R. Tkevithick and K. Dickinson. 

[Continued from'p. 391.] 

In our last Nunibcr we gave the advantages proposed to be 
dc 'ived from Messrs. Trevithick and Diekhison’s improved 
system of towing ships, Sec., by employing for this pur¬ 
pose the power of a steam engine, but without attempting 

' to specify how they propose to apply this power. They men¬ 
tion two meihodb., both of them ingenious.—One of them 
is by employing a revolving wheel furnished with leaves 
to lay hoid of the water, and worked by the steam engine. 
At first sight there appears no novelty in this idea, but the 
way in which they dispose of their wheel is perfectly dilFe- 
reivt from any thing we have hitherto met with. It is placed 
in an air“tio:ht receptacle open only at the bottom, in which 
th e height that the water is permitted to rise (or, in other 
words, the depth of the dip of the wheel) is perfectly under 
the command of an air pump worked by the engine. Their 
second method, and which we would prefer, is as follow's: 

A wheel, or a sufiicient portion of a wheel, to which an 
arm of considerable length is attached, receives ^n alter¬ 
nating motion by b^ing worked into by a rack on the pis¬ 
ton rod of the engine. The arm just mentioned is em¬ 
ployed to give motion to a valve or valves included in a 
hollow trunk or prism attached to, or actually contained 
in, the vessel, placed longitudinally, and made of a size 
suited to the effect that is desired. The power of this ap-' 
plication will be easily conceived from the following con¬ 
siderations :—When the stroke of an oar, or any similar 
implement, is made against water for the purjwse of ob¬ 
taining a reaction as nearly as may be similar to that of the 
resistance of an immoveable body, part of the force is lost 
m producing a lateral motion in the water, which escapes 
sideways,, and the blade of the oar is far from lieing sta¬ 
tionary. if the oar were to pass in a channel or groove to 
which it fitted, and of such a length as to present a long 
prism of water before the oar which could no otherwise 
move than by passing out of the channel, it is demonstra¬ 
ble that the mass of the said prism of water may be assumed 
of such a magnitude as to.render the actual motion of the 
oar by a given force, and during a given time, less than 
any assignable quantity. Now this is precisely the princi- 
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pic of which Messrs. Trevitliick and Dickinson have availed 
themselves. I'iicir valve or valves are attacl'.e(J to a rod iii 
the hollow’ trunk, which rod bein^ connected with the arm 
of the steam engine receives a reciprocating motion like a 
piston, and thus o[iens and shuts the valves alternately. If 
the hollow' trunk be of sufficient dimensions, it is evident 
that Its contents will have so much inertia or resistance as 
to receive but little velocity from the ])iston, and that the 
surplus pow'er must carry the vessel forward iii'an opposite 
direction. 

If the hollow'trunk be made mover.hle and attached to 
the rowing arm, and there be a stop within, of the nature 
of a valve, to shut against the stroke and open with the 
return, the c'iftct will be the same as with the former ar¬ 
rangement, but the machinery would probably be iiiorc 
cumbrous and apt to get out of repair, 

in. Sliding iulmJar Masts, made of Item, and so con¬ 
structed that the upper ones slide into the lower, in a 
Manner someii hat like a Pocket Telescope. 

A hollow' iron mast of the thickness of half an inch, 
and of the same height and diameter as a wooden mast, 
will be much lighter, considerably stronger, much more 
durable, less liable to be injured by shot, and can be easily 
repaired, even at sea. It will weigh only 12 tons, and at 
45/. per ton will not cost n)ore than 540A, while its 
strength will he nearly fifty per cent, over that'of a wooden 
mast that weighs 23 tons, and costs nearly 1,200/. 

‘‘ This mast is made to strike nearly as low as the deck, 
to ease the ship in a heavy sea—Wooden masts are, in 
such circumstances, obliged to be cut away. Ships fur¬ 
nished with these masts will not, like others, he exposed 
to the risk of receiving damage from lightning. The iron 
mast being itself an excellent condue*sn', by nsincr an iron 
bolt from the bottom of the mast, through the kelson and 
the keel, the electric matter will he conducted through the 
bottom of the ship into the w'ater, without injury to the 
ship, 

“ Yards and bow’sprits may also be made of wrought 
iron, at the same proportion of strength ' and expense as 
the mast. Chain shrouds and sta;i;s made of iron * may 

♦ Since this prospectus was first circulated (Feb. 10, 1809,) we have 
learnt that the idea of employing iron rigging has actually been carried into 
eiVect by a Lieut, lirewn ; and a vessel rigged in this manner, but with woodea 
/uasts, is now to l)e seen in the West India Dock. 'Fiie first projxisal, UoCv- 
*vcr, that we have heard of for using m'^tal in rigging was from Mr. Tiiloc'h, 
»n the year l«Oi. . Phil. Mag. vol. xii. p. 108. 
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also be used with those masts, and will not cost half the cx- 
fpense of rr-pe, while they will also prove ten times more du¬ 
rable. For many other purposes in shipping, wrought iron, 
•employed as a substitute for the materials now in use, would 
have as great advantages as in the articles above mentioned. 
Even the whole hull may be made of wrought iron. 

ly. Preparation of Ship Timlers^ and improved System 
of Buildhi^. 

For a long period the only means employed to elfect 
the bending of ships’ planks was by exposing them to the 
heat of open fires, and in most parts of Europe this is still 
the practice. As hitherto conducted, it has been found to 
he a tedious slovenly process, attended with a great expense 
of fuel, and unequal ai its effects, some parts being only 
partially heated, while others are burnt. 

Another system was therefore resorted to, that of eni- 
ploying steam ; and it must be allowed that this mode oi 
bending has been found to answer so far as the interest of 
the ship-builder is concerned 3 but the ship-owners have 
sufiered from its effects. It is possible by means of steam 
to give the required degree of flexibility to planks 5 but steani 
of a degree of temperature high enough to destroy the ve¬ 
getable sap cannot be confined in vessels of any reasonable 
strength. Wood so treated has been found liable to sudden 
decay: nor is this, which is an important objection, the 
only one to which steaming is liable. When planks be¬ 
yond a certain thickness are bent in this way, they are 

“found to be injured from the temperature being too low to 
give thu required flexibility; and, owing to the want of a 
better method, the curving of strong timbers has hitherto 
been impracticable. 

It is well known that the decay of a ship originates 
and takes place in the timbers and inside the planks, by 
their being precluded from a free circulation of air to eva¬ 
porate the natural vegetable sap of the wood. 

The process now recommended is for heating bofli 
planks and timbers, without steam, and in such a ntanner 
that they may be enveloped and equally surrounded on all 
sides with hot air and smoke; the coaltar contained in tl^ 
latter entering at the same time the pores of the wood, and 
acting as a feeder. This process is so conducted as to pre¬ 
vent the wood from being burnt by it: all the air that 
reaches the timbers, while under process, being previously 
obliged to pass through the fire, and being, by that means, 

deprived 
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deprived of its oxygen, or that principle which maintains 
coinbastion, no burning can take place. 

“ The means employed to ed'ect this are horizontal cur¬ 
vilinear flues, made of cast iron, adapted to the forms in¬ 
tended to be given to the wood, and furnished with a 
powerful, but simple, apparatus for applying the force re¬ 
quisite to bend ilie timbers into the required form. 

“ By this process even timbers of large dimensions can 
be bent to almost any shape. They are heated throughout 
their whole length and substance, without alternations of 
temperature in the. difl'erent parts, as when exposed to open 
flr,es. 

By this process the necessity of procuring bent timbers 
is done away ; while, at the same time, that loss which is 
incurred by cutting straight or ill-shaped timbers into pro¬ 
per forms, is avoided, and that weakness which results 
from cutting cross the grain and from scarfing is obviated. 

‘‘ By this process also there will be a saving of that waste 
of time, which is necessary, in the ordinary process of ship¬ 
building, {'or seasoning^ as it is called; and, which is of 
great importance, much of the labour now bestowed on 
trimming and cliipping, to give form both to straight and 
crooked timbers, will be avoided, whiie the natural strengili 
of the pieces will be left unimpaired. 

The preparation of ship timbers, as above described, 
applies to tire system now in use, in which the framing 
consists of pieces of wood, bent by nature, and brought 
into form by sawing and chipping. The pieces to which 
we allude are known by the name of ribs, and mucli of the 
Strength of the present structure of ships is attributed to 
them. 

But strange as it must appear to those who have never 
once started a question on the subject, the ribs give but 
little strength, comparatively, and we propose to discard, 
almost entirely, from ship-building those pieces called ribs, 
and to present to our country a system infinitely preferable 
ill point of strength, cheapness of ccnstruction, durability, 
and the facility with which the requisite materials may be 
obtained. 

We beg to premise, that the principal defect of the 
’ present method lies in this:—^The ribs owe what stability 

they possess in the structure entirely to the connexion they 
have with the beams, planks, and lining, having but little 
of their own. Their stability depends on the structure of the 
planks with which they are covered, and which are attached 
lo them within and without. The^y aflbrd little or no direct 

support 
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support to each other; and hence the facility with which 
the ship breaks in two, when bv any accident the middle is 
groundedj while the stem and stern are in deepwater. The 
reason is obvious : in such a case tliere \s nothing to bear 
the strain but the keel^ the planks, and lining. In fact, the 
ship receives a disposition to break from the moment she is 
launched; for the middle of the ship displaces a greater 
quaulitv of v/aier, foot for foot of the keel, than either of 
the ends, and, of course, performs the ofHce of a floating 
fulcrum, acted upon by the gravity of the ends. This evil 
cannot i>e removed while the present form is retained ; but 
the ship may be stT-engthened in her structure, to enable 
her the better to resist that tendency. - 

A ship, as at. present constructed, consists of the ribs, 
and of the inside and outside planks, the planks crossing 
the ribs nearly at right angles. It is a threefold structure, 
in which, using round numbers, the outside planks occupy 
|lh, the ribs y, and the inside planks |th of the thickness. 

Now it min:ht.be demonstrated; were that riCcessary, 
that if the space now occupied by the ribs was supplied by 
a double row of planks, bent into the lequired curves, 
placed In the same order as, the ribs, and so disposed that 
the joinings of each row" respectively should be covered by 
the solid parts of the other, that then a stronger structure 
would be obtained than results from the present melbod of 
a single row of ribs. In adopting the melbod just men¬ 
tioned, straight-grained planks of tlie greatest lengths might 
be -used, and consequetitly the numerous scarvings and 
joinings of the present system be almost entirely done awavo 
The advantages to be hence derived, in point of strength, 
and facility of obtaining proper materials, are obvious. 

‘‘ But though the above woui:l be a great improvement, 
it falls infinitely short of the perfection to be obtained by 
employing the very same materials in a still more scientific 
manner. 

We have already proposed to substitute two rows of 
bent planks for the present ribs; but there is no necessity 
that these should, as in the present system, be at right 
angles to the outside planks and the lining. To obtain the 

‘greatest possible degree of strength from the same quantity 
of materials, the bent planks, employed as substitutes for 
ribs, should cross each other at the keel, and consequently^ 
up the sides of the ship, at such an angle as to form with 
each other, at the points of iritcrsection, a kind of lo¬ 
zenge. By such an arrangement, each row crossing the 
other at an angle—the one as it ri3es from the keel taking 

' an 
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an angle forward, (say of 50° or 53°) and the other a like 
ancle aft, they exert their strength in different directions, 
and the whole are made to act as a combination of so many 
diagonal spurs giving strength and solidity to the strncturc. 

“ A slight examination will be sufficient to convince 
any person, habituated in investigating questions con¬ 
nected with the strength and oeconomy of materials in sci¬ 
entific mechanism, that a ship so constructed must be, 
at least, twice as strong as one built according to the plan 
in common use. Nor is this all! When a ship of the com¬ 
mon construction starts a plank, by labouring in a heavy 
sea, nine times out of ten she founders; but one built on 
this plan, in such an event would still be a safe bottom ; 
the crossing of the rib-planks preventing the admission of 
water in such quantity as to be beyond the power of mode¬ 
rate pumping to keep under. 

“ To insist on the advantages in point of oeconomy, and 
the diminished number of joinings, from being enabled to 
employ straight-grained planks, at all times to be obtained 
with comparative ease, and of considerai)le lengths, would 
be to insult those to whose consideration owv System of im¬ 
proved Ship-building IS submitted. Were this adopted, there 
would be no need to send persons abroad to buy timber; 
our own forests are sufficient to supply us with the straight 
timbers for 100 years to come, and at half of the expense, 
during which time more would be growing. 

[To be continued.] 

LXIV’. Of the Action of Vegetable Acids on Alcohol, loth 
luith and without the Intermedium of the Mineral Acids. 
By M. Thenard. Read at the Institute on the 23d of 
November 1S07*. 

ScHEELE is the only cliemist who has hitherto employed 
himself on the question which is tlie subject of this paper. 
At first he was convinced tliat neither the acetic, benzoic, 
tartaric, citric, nor succinic acid formed ether with pure 
alcohol: afterwards, wishing to ascertain if those acids 
were susceptible of producing it, with alcohol and the mi¬ 
neral acids sulphuric, nitric, and muriatic, he made for 
this purpose various experiments, from which he has con¬ 
cluded f, ' , 

1st, That the acetic acid and alcohol form, with one of 
V . , 

• From Mimoirei d*Jrcueil, torse ii. f Vide les Mimoirei de Scheel^: 
the 
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the three preceding mineral acids, an ether which is ea;Sily 
decomposed by potash, and which contains acetic acid. 

2d. That the benzoic acid and alcohol produce with the 
muriatic acid a kind of oil heavier than water, which may,, 
like the acetic ether, be decomposed by potash, and which 
has the benzoic acid for one of its principal ingredients. ' . 

3d. Lastly,* that he obtained no particular product by 
treating; the tartaric, citric, or succinic acid, dissolved iii 
alcohoh with either the sulphuric, nitric, or muriatic acid* 

Thus it was known to Soheele that the acetic ether con-, 
tains acetic acid, and that the oil of benzoin contains ben¬ 
zoic acid; but he was not acquainted with the other prin¬ 
ciples of which they are composed, nor did he understand 
tlie action of alcohol and the mineral acids in the for¬ 
mation of these compound species. From that alone we 
may conceive that, had he drawn some conclusions from 
his experiments relative to the formation of these com¬ 
pounds, he would have admitted in the acetic ether and oil; 
of benzoin, a vegetable acid, as well as the mineral acid 
and alcohol employed, or have considered them only as 
new bodies derived from the alcohol decomposed by the" 
mineral acid-; or as new bodies and the mineral acid itself.’ 

This triple hypothesis is sufficient proof that the experi- 
‘ ments which gave birth to it are incomplete; tt was ne¬ 
cessary therefore to repeat them, which I have don,e with 
so much the less trouble, as they are immediately connected 
with those experiments I have been engaged in upon ethers, 
which not only presented me with very singular results, 
hut also promise to be of great importance; 

In the division of my researches I have followed the ex- 
, ample of Scbeele, examining in succession the aefion of 

the pure vegetable acids on good rectified alcohol,, arid of 
the same acTds mixed with the mineral ones. 

Almost all the vegetable acids dfssotve ih alcohol,’ and 
separate again from it by distillation,■without affiording any 
particivlar results, however often the same portion of al¬ 
cohol is distilled from the same portion of acid: this I 
ktiow-to be the case with the tartaric, citric, malic, ben¬ 
zoic, oxalic, and gallic acids; and I have’not thcdeast‘ 
doubt, althpirgh. I have not made the experiments, but that ' 
the suberic, succinic, nuicic, pyro-tartaric, moric, ail'd 
hoiiigstic ackl, are in this respect similar. But it is very 
different with the acetic acid. Its j^ction upon alcohol is' 
saich, that by means of many distillations both bodies dis¬ 
appear and farm a true ether: hence I conclude, that this 
probably is the only one, of all the vegetable acids hiihcrto 

known. 
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known, whicli can present us this or any analogous phae- 
nomenon. 

But when, instead of placing the vegetable acids in con¬ 
tact with the alcohol, tliey are put at the same time in con¬ 
tact with this liquid and one of the mineral acids, strong 
and concentrated new combinations of very remarkable na- 
ttircs may be formed with all of them, as the following 
ex'perimenls are intended to show. 

Experimtnt I.—I took 30 grammes of benzoic acid dis¬ 
solved in do grammes of alcohol, I introduced the solution 
into a tubulated retort, and added 13 grammes of concen¬ 
trated muriatic acid; then having adapted a tubulated bal¬ 
loon to the neck of the retort, and xi bent tube to the tu- 
bul ure of the ballooiq I commenced the dlstilLation, and 
stopped it when nearly two-thirds over. 

During the whole experiment no gas, but common air 
and slight traces of muriatic acid were disengaged. The 
first })orti()ns of the })rodu,ct distilled consisted solely of al¬ 
cohol ; but the last contained a peculiar kind of matter se- 
parabltxfrom the alcohol by water: there was much of it 
in the bottom of the retort, where it had been condensed 
by the cold; and as it was covered by a mixture of alcohol, 
water, muriatic and benzoic acids, I purified it by de¬ 
cantation, and by washing it with warm water, in which 
it was very slightly soluble. Thus purified, it was of a 
yellowish colour, rather heavier than water, pungent, fur 
slhle from.the temperature of 25 to 30, volatile nearly at 
80, acid, oily, almost insoluble in cold water, less in boil¬ 
ing water, from which it precipitated itself on cooling, 
and very soluble in alcohol, from which water separated it. 
Jt^^.etideiuiv contained tiie benzoic acid, for to this acid it 
owed its property of reddening tincture of turnsole. Neu- 
tralized by. an alkaline solution it was white, and always 
sharp and odorous; it constantly showed most of the pre¬ 
ceding properties, and was generally perfectly liquid at the 
ordinary temperature : lastly, when long agitated in a so¬ 
lution of caustic jjotash, it disappeared without emitting any 
gas ; and the solution examined, presented no traces of 
muriatic acid, and nothing ab.sojuiely but benzoic;acid and 
alcohol could be recovered. 

This matter then which presents itself to us in an oily 
state, in which apparently there is no acid, is formed by 
a peculiar combination of ajcohol and benzoic acid ; yet it 
cm be obtained neither by repeatedly distilling together ^ 
benzoic acid and alcohol, neither by precipitating by water 
the benzoic acid from its solution in alcohol, nor by 

Vol. 34. No. 140. Dec, 1809. E ® strongly 
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stvongf^y'Goncentrating this solution and allowing it to pur¬ 
sue i& natural. coursG'T Thus, though muriatic acid IS not 
one of the constituents of this singular body,, and, although 
the tW/O bodies'which form it are in each other’s presence^, 
yet'it cannot be produced without the assistance ot the.' ^ 
acid 5 which result, extraordinary as it may appear, i^' 
nevertheless'Of the greatest autheiuicity, as v\e shal mo . 
sently endeavour to show : but first let us be siitisned 
whether the other vegetable acids'are similar to the benzoic 
iiif.their action on alcohol. 

Experiment 11.—Having made a solution of 3a grammes 
oF= oxalic acid in 36 grains of alcohol, and added 10 
grammes of concentraied sulphuric acid, the mixture was 
2i.Uilled until sulphuric ether began to be formed ; it passed 
into the receiver like alcohol slightly etherized, and it left 
in the retort a brownish liquor of great acidity, which, on 
cooling,, subsided like crystals of oxalic acid ; but when , 
w ater was diffused over this liquid, a substance separated 
similar to that given by the benzoic acidj slightly soluble; 
in.water, produced in a pretty large quantity, and capable*, 
of being purified by washing with colci water, and by abs- 
trabting,.by meansmf a little alkali, the excess of acid re¬ 
tained.^ 'I’reating in the same manner the citric and malic 
acids, results precisely similai' were obtained. The thre^ 
substances procured-from these three aciQS' resemble each, 
other in some of their properties:' all are of a yellowish 
hue, rather heavier than'water, destitute of smell, percep- 
tibiy soluble in water, and very soluble in alcohol,, from 
which water precipitates them. In taste they differ:' that 
procured from the oxalic acid is slightly astidngent, tbatf 
from the citric very bitter,'but what taste4he other has 
I do hot know. The first is volatile; it is ratlief more 
so 'than water; by this means it is easily made \Vhite. It 
was particitiariy interesting to acquire an intimgte know- 
letlgc cif the nature oi all three, I was inclined to believe that 
theJi* decomposition might be effected by distillation in a 
^Jlution of’ caustic potash, and ,that the first w^ould gffor4 
nie oxalic acid, the second citric, and the third nialic ; th-at 
ail would .give me alcohol, and be free from gulpbunc 
acid : the tacts were according to my expectations. TJem 
tlieh wy possess new combinations of the yegetable acids 
and'alcohol, in the formation of which the sulphuric^acid 

performed the same part,as the mun clip in the pre¬ 

ceding experiments. . : , • 
V'After this, it became very probable that the other vege¬ 
table acids acted towards alcohol in the same manner as 

die 

y 
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the preceding ; yet to be quite certain I resolved to submit 
some of them to a rigorous trial, ami for the purpose I 
made choice of the gallic, tartaric, and acetic acids, the other 
acids being cither difficult to procure or insoluble in alcohol. 

'I'he experiment with the gallic acid had not that success 
I desired, because I operated on no more than 10 grammes 
of acid : the combination was always produced; for, alter 
having distilled these 10 grammes of gallic acid with 12 of 
alcohol and 4 of sulphuric acid until half the original quan¬ 
tity of the mixture remained, I found in the retort a liquor, 
which, when covered with water and saturated with potash, 
gave me, bv a fresh distillation, all the free alcohol it con¬ 
tained, and which, when mixed with potash in excess, 
afforded me another portion ; this last could alone be that 
which was combined with the gallic acid. 

On the contrary, with the tartaric acid the experiment 
completely succeeded, and furnished some curious results. 
Here, I employed as before witfi the oxalic acid 30 grammes 
of the vegetable acid, 35 of |)ure alcohol, and 10 of con¬ 
centrated sulphuric ’acid. The distillation was carried on 
till a little ether began to be formed • at this period the fire 
was lowered in the furnace, and the retort allowed gradually 
to cool. The liquor, whilst cooling, assumed the consist¬ 
ence af a thick syrup. I poured water on it, but in vain, 
with the hope of separating, as in the preceding experiments, 
the peculiar combination of acid and alcohol : then, having 
successbely added to this liquor different quantities of pot- 
ksh, a large precipitate was formed of the acidulous tar¬ 
trate of potash ; and having saturated it w'iihout passing Urn 
neutral point, having evaporated it, and subjected it when 
cold to strongly concentrated alcohol, 1 obtained, by eva¬ 
porating the alcoholic solution, a substance which, when 
cool, became of the consistence of thick jelly, and even 
with ^jreater ease than before; it was treated with potash 
and alcohol. 

This substance is of a brownish colour, and is slightly 
bitt(;r, nauseous, inodorous, free from acidity, and very 
soluble in water and alcohol; it does not precipitate muriate- 
of lime, but abundantly the muriate of barytes : during cal- 
cinatfon it emits dense fumes possessing a strong smell of 
garlic ; at the same tim'e it leaves no alkaline but a car? 
bonaceous residue, which contains a considerable quantity 
of'sulphate of potash ; in a word, when it is distilled with 
potash, plenty of alcohol and a large quantity of tartrate 

potash are exlra;;Hd horn it. Hence it is;evkknt that 
E ^ ^ tfil? 
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thiF. substance is another cornhiiiatiori analogous tothe pre- 
cecling ; hut it is iijost remarkable for its syrupy consist¬ 
ence, aiul the. property which it has of remlering solu¬ 
ble in tliC inost concentrated alcohql, -ulphate of potash, 
which alone is insoluble in weak .alcohol. Perhaps it was 
llie peculiarity which it has pf not appearing oily, as the 
other conibiiutions of this kind do, to the sulphate of, 
potash. 

Having concluded the experiments on the benzoic, oxa¬ 
lic,’ malic, citric, gallic, and tartaric acids, those only on 
the acetic remain to be made. I adhered to these experi¬ 
ments so much the more, as I concluded that, bv varying 
them, light uanild be thrown on the true manaer of the 
action of the mineral acids in producing the new combina¬ 
tions we are considering. In all these experiments I have 
used alcohol of the specific gravity of 800 (temperature 10 
degrees of the centigrade thermometer) and the acetic acid 
capable of crystallization at O. 

Experiment I.—I subjected a mixture of 30 grammes of 
alcohol and 20 of ac'ctic acid to one distillation only : a 
pretty intense heat was necessary to boil the liquor, and 
some grammes of acetic ether were with difficulty formed. 

Rxperhnevl H.—I repeated the preceding experinrent, 
but with the addition of 5 grammes of sulphuric acid to the 
mixture of aicohtoi and acetic acid; ]p grammes of acetic 
acifl disappeared, ether was formed with singular faciliiv, 
and almost without any heat, I obtained 40 grammes. It 
follows then that the preceding process is an excellent one 
for the manufacture of acetic ether, and far superior to tliat 
in present use, both because a greater quantity of ether ift 
produced, and because many distillations arc not requisite 
to procure it. The rectification of it is always easy, nothing 
more lieing necessary than to add a little potash and to de¬ 
cant, ibr the acetate of potash formed is collected at the, 
bottom of the vessel. 

Besides, an excellent etlicr may be oeconomically made, 
bv adding to three parts of acetate of potash and two of 
strongly concentrated alcohol, two parts of the most highly 
concentrated sulphuric acid ; the mixture is to be introduced 
Into a tubulated retort, and to be distilled to perfect diyuess ; 
then the product is to he mixecl with one-fifth of its weight 
of the strongest sulphuric acid, and by a skilful distillation 
as much etfier mav he procured as there Was alcoltol cm- 
ploveii. Any other acetate, and particularly that of lead, may 
be substituted for the acetate of potash t but tlienut is ne¬ 

cessary 



Of the Action of Vegetahle Acids on 'Akohut, 437 

rrcsary to employ other proportions of alcohol and sul¬ 
phuric acid, which will he prcsentlv pointed out. 

.Krperhrient Ill.—Whe?i less than 5 aiMmincs of con¬ 
centrated sulpluiric acid is useti to converr-20 of acetic acid 
into ether, the experiment dot's not perfectly succeed—• 
and only partially when sulpimric acid not concentrated 
is employed ^ but it tails entirely when the acid is much 
diluted with water. ■ ' 

Experiment IV.—When cither llte concer.lrated nitric 
or muriatic acid is employed to cotivert acetic acid iiito ace¬ 
tic ether, more of either must he used than of the sulphu¬ 
ric, and their qiianaity must be increased according to the 
water contained. 

Expfximent V.—The phosphorous acid reduced to a sy¬ 
rupy consistence readily facllualcs the formanon'of acede 
ether; but it is necessary that the quaniitv of tins acid 
sliotdd be at least equal to two-thirds ol tlie acetic acid, 
that the whole of the latter may disappear at the lirst di¬ 
stillation. 

Kxperiment Vf.—Both the arsenic and oxalic a-cid con¬ 
tribute but in a slight degree to the formation of the acctic 
ether. 

Experiment VI1.—^The tartaric acid is of no use what¬ 
ever in this process. 

Experiment W\[.—The sulphurous acid gas does not 
favour the formation, though it is very soluble in alcohol, 
and produces much licat during its sdlutlo'ii. 
Y Experiment IX.—Lastly, the same takes place with the 
phosphoric acid; but it is because this acid is insoluble or 
oidv slichtlv soluble in alcohol. 

It is evident, when we examine the rc.-ult of these cx’peri- 
ments, that all the acids which concentrate a!coiu>l favour 
the formation of acetic ether, and they contrihuie* to it pro- 
portionahly to the power each has of conc(mtr:Umg alcohol. 
On this account, the sulpbrnre acid has the greatest influ¬ 
ence, and the tartaric scarcely anv; but when the siih)huj-ic 
acid-'.s much diluted with wafer, it has the same effect as 
the tartaric. It is necessarv therefore to suppose that, 
when the alcohol is thu.-i condensed b\’ an acul, the acetic 
acid seizes on it, and by a pecidiar combination forms ace¬ 
tic other. Now one caimot ix'fusc to admit an analogfuts 
action on the part of the strong and concenlralcd acids, 
eitlicr to gCiicraie the acetic ether, or to m.ite the oilier ve¬ 
getable acids with alcohol : consequeiUlv, in the wh(de 
stifies of combinations we liavc observed, wliich could not 
have taken place wiliiout tlic interference of a strong minc- 

E e J ral 
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atrtd, this mitterd acid acts no other part than that oF 
condensing the alcohol, and of bringing it into a state ca¬ 
pable of uniting with the vegetable acid. The following 
principle may then be established, to express in a general 
raanner the facts I have presented in detail in this nieinoir. 

When the vegetable acids are pure, (here are none of 
them,, excepting the acetic, wdiich can in any way unite to 
alcohol and lose their acid properties : but on the contrary, 
when mixed with one of the mineral acids capable of 
strongly condensing alcohol, all these acids form with al¬ 
cohol combinations destitute of acid properties, and free: 
from the mineral acid. This principle being granted, there 
is no reason for its not including; the animal acids. Pro- 
bably It will lead us to a knowledge of the secFet nature of 
tin* mineral acids, and we shall thereby discover the means 
of easily combining them with alcohol ; and it will even 
perhaps enable us to combine all vegetable and animal sub¬ 
stances, if not with all the acids, at least with the strongest 
and most concentjated. This is certain, that it is fpuiiful 
in results, since it increases our means of giving n^w com^ 
binations to matter. 

Be this as it may, searching in every direction to verify 
these ideas, I occupied myself on different objects, which 
1 have passed unnoticed in this memoir. I endeavoured to 
ascertain whether the sweet oil of wine was not composed 
of alcohol and sulphurous acid, and whether that kind of 
oil procured by passing oxy-rnuriatic acid gas through 
alcohol , is not’a compound of alcohol or anot her body,, and 
muriatic acid. I examined the properties of diffei'ent com¬ 
binations, of which 1 shall presently give an account. I 
endeavoured to decompose them by diBercnt salts, aiwl thus 
to combine, by means of double decompositions, alcohol 
with all the mineral acids. I attempted also to discover 
whether a perfect identity exists between those kinds of 
combinations, the form'atioi'^ of which is indirect, and the 
nitric and muriatic ethers, the formation of which is direct. 
Lastly/ I endeavoured to determine if really, indepe ndent 
of the condensation, the mode of comhin.ation is the same, 
when the vegetable acid dissolves in alcohol retaining its 
acid properties, and when, on the contrary, it intimately 
jfqmbjpes with that body, with the loss of its properties. 

I,XV. On 
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LXV. On the Comlinatiori of Acids with Antmcil ,0x4 
Vegetable .SuhMw'ices, J}y fL TiUENAUD, 

M, Y researches upon the,nitric^.iTiurjfiticj and:act^^ic ethers, 
and upon those obtained by.treating alcohol with- iunria^e 
of tin and ox.y-niurlatic acid*, hav.e naturallyded ipe to 
examine if it was ^possible to form them with ihe^^oth^ir 
^acids. I have tried the action.of these acids, upon akohol; 
,and it was in making and varying .these experiments I ar¬ 
rived at the singular result,which I;have:had the honoprilo 
communicate to the Institute f; .a .discovery, that when 
the vegetable acids are pure, .none of .theip, .exceptitig, the 
acelic, combine with alcoliql Avithillte loss of ,t^dr .^^cnl 
properties,: ^ but on .the .contrany, when mixed Avitivanni- 
neral acid, capable.of condenslng.aiGQbol.stiongly, .i|iey,all 
funii with that body a-combination -in yvhiah .theip^apid 
properties disappear, without the minoral aqid .^kipg any 

Tpart .in tins combination. , 
It is evident then, that .whatever,may be4heimode of,the 

• combination of alcohol with a vegetable ,<j^f,mme;Val a,cid, 
the alcohol .produces in these compounds .effectnfja true 
.saline base. . _ 

Now the ([uestion is, whether the .propqrlly-pf cpn4,binujg 
wilii acids, and also of neutralizing,thein, does,not bt^k^g 
to.alj animal and vegetable-substanGes!. ,It is veiiy pjossible, 

.that .thisds the .case; for, since alcohol p(>ssosssS(ffiis.pro¬ 
perty, all these substances may ^also possess.jit. was 
with a view to solve this question that,thejfoUowing, e]{:peri- 
inents were made. 

I passed o>ver 300 grammes of alcohol, oxy-rrmriaticacid 
gas made from a mixture of 1750.grammes ofnnuriate of 
soda, of 450 grammes of black oxide oi manganese, \of;80O 

-of concentrated .sulphuric acid, and of 800 gramnies of 
water. 

Almost all the ac'id and the principal part of ihe-alcohol 
were mutually decomposed, and either generated or libe- 

.rated a large quantity of water, -of matter having>an oily 
appearance, of muriatic acid, and a small quantity af.car- 
.bouic aoid, and a substance abounding in carbon ; a result 
that agrees with what has alrettdy been published either:by 
M. Berthollct in the Memoirs of the Academy,, or by my¬ 
self m the first volume of the Mnnoires d'ArcueiL All 
those products have .been separated with care, .as I have 

* Vol. i. drs Menmires d'Jdrciieil. 

f See the preccilinnf'Al^einoir. 
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noticed in those Memoirs; one only has been subjected to 
a new examination, and that is the oily matter. 

When carefully purified by vxater and potash, it has the 
following properties,, some of which have been already ob¬ 
served in the uiemoirs \ shall quote. U does not redden 
turnsole paper; it is white; it has a cool taste similar to 
that of mint, and a particular bat not ethereated smell ; it 
is, heavier, yet less volatile, than water; it is verv soluble in 
alcohol, but very slightly in water. It is volatilized by 
distillation with nitric acid, and partly decomposed ; but the 
products of this decomposition vary according to the 
strength of the acid used. If the nitric acid be weak, much 
muriatic acid is produced, and liiile oxv-miiriatic: if, on 
the contrary, the acid be concentrated, little muriatic acid 
is, procured, but much oxy-muriatic acid: of course this 
substance contains a very considerable quantity of muriatic 
acid. In the same manner, when it is passed through a 
red-hot iron tube a large quantity of acid is disengaged. 
Yet it is decomposed but very slowly by the strongest al¬ 
kalis, even when dissolved with them in alcohol ; hence 
the conclusion must be drawn, that the muriatic acid it 
contains is intimately combined with another substance. I 
have not yet succeeded in discovering what this substance 
is, because I have not been able to separate it from every 
thing else. Whatever that may be, it is certain that it is 
capable like the alkalis of neutralizing acids; and it may 
be presumed that it contains a large quantity of carbon, 
since in the decomposition of alcohol and vjxy-muriatic 
acid, much water and very little carbonic acid are pro¬ 
duced. 

But of all the vegetable substances, I am acquainted with 
none that possess the properly of uniting themselves to 
acids, in a more eminent decree than some of the essential 
oils; perhaps even all of them enjoy this property. That 
of turpentine absorbs nearly one-third its weight of muri¬ 
atic ac;d gas, and becomes converted, with the emission of 
much heat, into an almost entire crystalline substance. 
Kind some years since discovered it; its nature was after¬ 
wards studied bv TromsdorfI and some French nhiloso- 
phers, and last of all by Gehlen. All these chemists ex¬ 
cept Gehlen have considered it as an artificial camphor, 
because it had the smell, volatility, lustre, whiteness, and 
matiy other properties ofmatural camphor; and comparing 
the action of muriatic acid on oil of turpentine, with that 
of sulphuric acid on vegetable substances, the/ iiave con¬ 
ceived the transformation of this oil into camphor is 

solely 
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solely to he attributed to the loss of oxygen, and hydrogen 
being abstracted in sufficient quanritv by the nuifiaiic acid 
to form water, and to a slight separation of ea''bnn at ihe 
same lime: in fact, that the arriiiciai camjihor with a little 
more carbon, and a certain quaniitv of ox'.gru -uid hydro¬ 
gen in the proportions to constitute water, would return to 
an essential oil. 

(lehlen rejected this theory for good reasons'’^. Ifavincr 
observed that in passing nmrialie acid throuah the essential 
oil ot turpentine, no gas was disengaged; tiiai only a cer- 
laiirportion of the oil was converted into white crystals 
having the appearance of camphor, and that the remainder 
appeared as a brownish-black liquid of t>reat acidity ; tliat 
the crystals too as well as the liquid contaiived muriatic acid 
in intimate combination, fkc. he lias concluded, that in 
thus operation the es>sential oil of tnrpeniine is decomposed, 
that the greatest part of its hvdroircn comhines wiih a small 
quariiitv of its- carbon, and witli a certain poflion of mu¬ 
riatic acid, to form concrete canijihor, w hilst the other prin- 
ci]dcs of thc oil combine with the remaining portion of 
muriatic acid to form the brownish-black liquid; therefore 
that this lupuid contains more carbon and less hydrogx'ii 
than the camphoric concretion ; and that, in the formation 
r)l both, the muriatic acid acts only by the icntlency it has 
of uniting to ibinri, and not, as t)ic chemists above quoted 
say, by forming a certain quantii\' ofwater at the expense 
of the principles of the essential oil. ' ' 

[ repeated and varied vviih great care the experiments on 
tfie essence of turpentine and muriatic .-icid, made l)y Kind, 
Troni'dorff, he., and above all bv Gehien. I obtained the 
followurg results: loO grammes of essence of tiujjentine 
purified by disiillatioii, aiu! plungal into a freezintr mix¬ 
ture of ice and salt, absorbed 30 grammes of mui‘l..tic 
acid gas; no gas but muriatic escapes, which perhaps 
was not entirely absorbed at first, or passed throiivrh the 
liquid when the operation was nearly finish.ed. The’ es¬ 
sential oil is converted into a soft and crystalline mass, from 
which, during its desiccation for tliree daysymav be sepa¬ 
rated 20 grammes of a liquid iliat contains man v crvstals'and 
nearly lOO grammes of a vvliite sui)stance,^grannlar, crySlal- 
line, volatile, and having a strong smell of Ciinijilior. 71iis 
substance quickly loses, by exposure to the air, the [iroperly 
which it at first has of rtdeieniug turnsole paper, and aftcr- 
y/ards only very minute quaniities of acid can be sepeuated 

• Joiipinl (!e Gelden, tome vi. p. 453, 
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from it, even by warm alkaline solutions. Yet when it is 
s^nblimed, the vessels in which the operation is made be¬ 
come strongly acid ; and when, instead of subliming it, it 
is passed through a red-hot iron tube, a greater quantity of 
acid is still abstracted from it. Lastly, when decomposed 
both by concentrated and weak nitric acid, a large quantity 
of oxy-muriatic acid is produced in the first instance, and 
in the second much muriatic acid. Relative to that por¬ 
tion oF liqhid derived from the crystalline mass, the weight 
of which was 20 grammes, it was white, and diffused acid 
Vapours, but ceased after an exposure of some days to the 
atmosphere, and was no longer acid ; it crystallized in mass 
'^ome degrees below zero, and preserved an intimate union 
with much muriatic acid. 

Thus all ray observations, except ;Dne only, agree vvith 
those of Gehlen. That in which we do not coincide is re¬ 
lative to the liquid product of the operation. 'Gehlen ob¬ 
tained it of a brownish-black, and I always'obtained it 
white. This difference, 1 think, depends on Gehlen having 
used the essence known in commerce, which contains, un- 
less distilled with great care, a resin, and has then the 
•property of blac-kening and forming a large uncrystallizable 
residue. Neither do I draw from my observations the same 
theoretical inferences as this chemist does from his. 1 
think that the essential oil of lurpejitine is not decomposed 
by muriatic .acid, and consequently that these two bodies ■ 
combined together in eerlaiit proportions form concret*e 
camphor j probably the small portion of liquid product ob¬ 
tained by him is of the same formation : besides, it is not 
improbable that the difference existing between the cam¬ 
phoric concretion and the liquid product, depends on a 
^mall quantity of an ethereal oil mixed with the essence, 
and capable of forming with muriatic aci^ a liquid product. 
Lastly, what induces me to believe-that the imhiatic acid 
floes not decompose the essence, but, on the contrarv, 
<x:>mhines with it, is, that this acid evidently cornbines v\’ith 
ail the principles of alcohol without affording rnaiiv diffe¬ 
rent products, and that alcoh-ol is a hydrogenous body as 
well as the essential oil of turpentine. Yet whatever it mav 
be, nothing is more certain than that this cornbination has 
the greatest resemblance to native camphor. 

Perhaps the camphor which is extracted from the essen¬ 
tial oils of plants, particularly from that of lavender, is a 
Combination of essence and acivi alone; perhaps too the 
camphor oFcommerce, or the camphor of the laurel, which 
does not appear to contain any mineral acid, (for iione can 
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be obtained from it by destructive distillation,) is forme4 
of an essential oil and vegetable acid alone. These views, 
as they are founded on facts, at least deserve some atten-r 
ticn, and, if confirmed by experience, may probably be of 
great advantage. 

I bave likewise formed the combinations of the essence 
of lemon and of lavender with muriatic acid. 32 grammes 
of the essence of lavender require 22 of acid ; tlie rcsniiino- 
compound is blackish, acid and liquid. 26 grammes of 
essence ot Iciiion absorb 22 grammes of acid ; the essence 
is of a brownish hue and solid. Neither of these essences 
had been purified ; but botli were used in the state they are 
generally found in commerce. 

The essential are not the only oils capable of combining 
with acids. It hats long been remarked that the fat oils 
form with different acids peculiar kinds of Soap. The sul¬ 
phuric acid when concentrated has this effect upon all of 
them ; it produces with the oilot olives in particular a soapy 
matter, of a thick and gieciiish appearance, which gradu¬ 
ally acquires consistence ; when vyashed with water it be¬ 
comes white ; it is acid, hut Jess so than if the acid was 
uncombined, and it may be brought into the neutral state 
by a proper quantity of potash. 

Tannin besides, which is a vegetable matter, contracts, 
as is well known, a strong union with acids; for the con¬ 
centrated sulphuric acid suddenly precipitates it from its 
solution in water, and I am convinced that, however often 
the precipitate may be washed, it is alwavs acid. Nature 
itself has offered us a compound of this species. Jn fact, I 
have treated 10 grammes of gallnuts with 2 litres of boil!- 
mg w’aier, and although the residue had been v ashed with 
two litres more of very'vvann water, it still stronglv reddened 
tincture'of turnsole : in the gallnuts therefore the oaihe acid 
is retained by a true affinity. But as the quantity of gallic 
acid abstracted by a spontaneous decomposition far ex¬ 
ceeds the quantity of free acid existing in its natural state, 
we must conclude that the greatest part of the acid is cer¬ 
tainly neutralized by the tannin. It is observed too, that 
if a decoction of gallnuts be allowed to follow its own 
course, as the tannin is destroyed, the liquor becomes more 
and more acid. One may, indeed, atiriliute this pheeno- 
menon to the transformation of the tannin itself into gallic 
acid ; hut numberless observations authorize us to believe 
that this is not the case. 

1. That vegetable substances during their dccomposiiieu 
form no other acid but the acetic. 

2. That 
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' 2. That gallnnfs evidently contain abundance of gallic 
acid, and that, tins acid having a strong affinitv for tannin, 
the lwo bodies should nccesarily'neutralize each other in 
part. 

3, Because there are many remarkable instances of the 
power of some vegetable substances to neutralize acids. 

4. I.astly, that tannin precipitated from a decoction of 
gallnnt'S by an alkali or carbonate of ammonia, containiSj' 
according to my experiments, a good deal of gallic acid as 
well as a small portion of saline base. 'Fhe proof I have of 
this is, that it produces with almost all the'metallic solu¬ 
tions the same effects as gallic acid, or gallate of potash. 
Thus it gives red precipitates with solutions of the per¬ 
oxides of mercury, blackish gray with solutions of per¬ 
oxides of iron, a blue one to those less oxidized, the colour 
of wine lees [lie .de vin) to those least oxidized. It follows, 
then that we’ are not yet acquainted with the pure tantiiu of 
galinuts, and of most other substances, and cotisequently 
that we know iiot how to act with them on metallic solu-* 
tions, &c. Inquiries which have this object in view can¬ 
not but be interesting; and T propose to pursue them, in 
as much as they will on some future day allow me to bring 
forward the question I am now' treating of. 

If, after having examined the vegetable substances w hich 
readily combine with acids, a search is made among ani¬ 
mal substances endov\^d with the sanic properties, five will 
evidently occur: curdy matter, albumen, picromely gelatin, 
and urea. , This property is generally found in the curdy 
matter, as it is known that acids coagulate milk; that the 
coagulum contains an acid, and that this acid is even sen¬ 
sible to turnsole paper. Of course the affinity between 
those two bodies is well marked ; yet it is not sufficient!v 
strong to destroy all doubts to the contrary ; for I am sa¬ 
tisfied that the excess, and perhaps also the wdiole, of the 
acid may be abstracted by means of a large quantity of 
water. 

If water alone be sufficient to take the acid from the 
curdy matter, it fails to produce the same effect when the 
acid is united to albumen ; for the washings may be con¬ 
tinued to an unlimited extent, and there w'ill be always 
found acid imdissolved. 
V We must conclude therefore, that this aniimi] substance 
exerts,on acids a more powerful altraction than t)ie curdy 
matter; but this action varies in itself accordino-to the 
concentrated state of the acid. As the acid is saturated 
tiilij water, the results are combinations more or less in- 

lioluble. 



with Anbnal and VtgelaUe Suhla7ices. 445 

soluble, and which again dissolve, the acid being saturated 
with ammonia, or with either of the other alkalis, and in 
which albumen is nowise altered. If on the contrary the 
acid is very strong and concentrated, the precipitates formed 
will always be acid, but will contain albumen in the state 
in which it exists when concreted by lire: this has appeared 
in treating the precipitates with a weak solution of am¬ 
monia. In the first instance, the solution will be gradu¬ 
ally formed and complete; in the second, the acid alone 
will be taken up, and the albumen will remain uudissolved 
in the form of a thick magma. 

7'he combination of picromel with the acids took place 
with the same facility as witli the preceding. Almost as 
soon as these substances come in contact, an acid precipi¬ 
tate is formed, which redissolvts when neutralized. It is 
principally with the sulpluiric, nitric, and muriatic acids 
that picromel forms slightly soluble compounds. 

I he concentrated nitric acid is the only one, according to 
-Messrs. Fourcroy and and Vauquelin, that precipitates urea 
from its solution in w'aler ; yet it is probable tliat the other 
acids arc capable of combining with it; and if they do not 
precipitate it, it is because tlie compounds are soluble in 
water. I have observed that these combinations never form 
when the temperatiure is below 40 or 50, particularly with 
the sulphuric and muriatic acids; and that otherwise there 
is a disengagement of caibonic acid, and^ a production of 
a large quantity of ammonia. 

Lastly, gelatin itself may unite with some acids, and 
principally with the oxy-muriailc acid. 7'o eHect this 
combination it is necessary to pass thegaseous acid throui>,b 
a solution of gelatin. In this operahou the solution gradu¬ 
ally becomes turbid and precipitates flakes, W'hlch unite to¬ 
gether in the form of pearly‘filaments very elastic and flex¬ 
ible. 7'hese flakes have been considered by M. Bouiilun- 
Lagrange, in a memoir upon the gizzards of birds, as the 
oxygenated gelatin * : l)ut it is a mistake ; thev are reaiiv 
furaned of gelatin slightly altered, and of the niuriatic and 
oxy-miirjatic acids, ddieir striking characteristics are, that 
they are insipid, in.solubie both in water and alcohol, not 
liable to putrefy, slightly acid ; though a sufliciently large por- 
ii(ni oi’ acid enters their composition to emit spontaneously 
lor se^'cral days the oxy-munatic acid gas, much more ihav 
be disengaged by means of iieat: lastly, they contain so 

y i '' -i’ 

/fyihuLfs (.U Chinif. tpine Ivi. p. 24. ^ , 
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much acid as to be soluble in alkalis, and to farm with 
them muriates. 

1 hus we have examined five vegetable matters, and six 
animal matters, capable of an intimate union with acids, 
1 hree of the former, viz. alcohol, essential oil of turpen¬ 
tine, and a substance abounding in carbon, and produced 
from alcohol decomposed by oxy*muriatic acid, neutralize 
acids equally as well as the strongest alkalis. The last seven 
form with these acids combinations, wdiich are themselves- 
ackl, like the.metallic and most of the earthy salts. 

Without douU we shall in time be able to combine all 
other vegetable and animal substances with acids, and the 
experiments related «^.llow even at present the inference to 
be (Iravvn; for, if the comhination cannot be made directly, 
no proof appears in this against what I advance. Does noi 
alcohol, which in its ordinary state has not the property of 
neutralizing the vegetable acids, acquire it by the pre¬ 
sence of a mineral acid ? When these substances are placed 
in different circumstances, probably, the one best adapted 
to unite them with the acids will be found. These 
searches are laborious indeed ,* but they are useful and im- 
poriant, as tending to introduce us to the knowledge of a 
long compound scries of a particular order; a knowledge 
which in itself must throw great light upon the analysis of 
vegetable and anioiai substances. In fact, is it not possible 
that ’.ve may find da organic bodies compounds of this 
kino? Are not gailnuis an example? Is it not possible that 
acetic acid, which we pmciire by thp distillation of animal 
and vegetable substances, may be contained ready formed 
in sornt*? Amber in particular, from which we gel by distil¬ 
lation succinic acid, is it formed of an oily matter com*- 
hined with succinic acid ? The fatty substances whicii af¬ 
ford us .sel)acic acid, may they not also be in similar cir¬ 
cumstances ? Lastly, the bitter principle foriiied by treat¬ 
ing animal sidrstauces with nitric acid, which acts as a very 
oxygenated body, although not acid; and the yellow acid, 
wbieh, according [o MxVL Fourcroy and Vauquelin, is. 
formed in the same operation, mav they not be, imimate. 
combinations of an acid and of another matter? But it is 
above all things necessary, in the explanation of phaeno- 
inen^.which pass beibre us, in the decomposition of vcf-. 
getable and animal subsTances by acids, that a strict ac¬ 
count should be kept of theiT tendency to unite with these 
bodies. 

Thu^ vve perceive that this genera! piluciple is susceptible 
of 
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of a great nrany applications. we should endeavour there¬ 
fore more and more to establish it, and it is my intention 
to aUemO’b'this iiv subsequent memoirsL. 

• ’0. V. . : . r. 
.--i. _> 1 

.I ' •-» r 

LXVr. E.Tpethnents (m Ammonia^ avd an A (xouvi of a 7Uit> 
Method of analysing it, by Combiistmrwitfi Oxygen and .. 
other Gases; in a Letter to liitMPHRY Davy, Esq.^ 
Sec, R,S. ^c., from William Henry, M.D., E'.R.S. 
V, P. of the Lit, and Phil. Society, and Physician to 
the Infirmary, at Manchester, 

[Concliidedfromp. 375.] 

|I. Experiments, in which Ammonia was fired with a de¬ 
ficient Proportion of Oxygen Gas, 

SiXTY-THHRE measures of ammonia were exploded over 
mercury with 33 of oxygen gas containing one of nitrogen. 
The total, «J6, when fired by an electric spark, were di- 
minished to .5 7 measures, which were not contracted any 
further by suGCessiTC agitation with water and with sul- 
pHuret of lime. The whole of the ammonia, therefore, vva& 
decomposed; and all the oxygen had entered into conibina-^ ' 
tion with the hydrogen of the alkali. The residuary 57 
measures were mingled with 40 measures of tlie same oxy-T 
gen gas, and^defonated by an electric spark ; after whicfi< 
4he total, 97, were reduced to 60. The diminution, there-)i 
fore, was 3/ measures ; and as uvo-thirds of tb.is numbef- 
may be ascribed to the condensation of hydroge?i gas, tKce 
residuary 57 must have been composed of 24‘66 bydrogenj 
and 32*34 nitrogen. The oxygen expended also was 3;.'2' 
in the first combustion, 4- 12'‘33 in the second, ^ 44‘33 j- 
and this number, being doubled, gives 83-66 for the whole 
hvdrogen saturated, supposing it to be in the state of hv- 
drbgen gas. But from the above quantity of iutiogen 
(32-34 liieasures) we are to deduct one measure, with .uhich 
the‘33 measures of bxygen were contaminated; and 
remainder 31-34 shows the munber of measures <>f nitro¬ 
gen reiulting from 6.3 mea.snres! of ammonia. The tatal 
-ariioimt of gas^s obtained is 31*34 -f 88*66 = and 
Ihe pn)pdrtion of the- hydrogen by volume lo ihaL. ih<? 
iritrogeti, as -73‘8S to 26‘12. ^ o 

4'o avoid fho'tediousne.s^ of similar details, I shall - s.tat« 
in the form of a tal>le, tin* resi;l(s of a lew experiment? out 

;;bf d irumbev df others, all of which had, as. neably 
be 
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be expectetV the same tendencv. The sixih experiment hi 
the tabic is the one vvhtch has been just desenbed. 

I 

. I .Meas, 
NcKof faf Am*; , of 

Mci^aorcM 
, , , ofHv- 

ITxp. I inor.fa 'OxJ d r’og-en 
'oceotH. 
pOhCcL ted. 

Mea.". 
• of* ISi i- 
tmgeu 

sa ui ra lest i matea {a !■> r a i u 

ed. 

72 I 47*5 95 

95 5C»4 

iA '■'T! , 
3 , 100 1 7^-" 

12.8 

2 ^ 144^4 

37 

40 

Henv cl 10<) Meah';' ^ " . v 
of Ammoiiia. j Permanent .Ga'? 

(--'—j: GOi)tains in !00 

j' Measures. 
r\.. Vrive ! . . 
VjXV- . A,—   

Gas, '* 
een. 

66 

67*5 

183 

'■ I' Hydr. 

72 

Nitr 

28 

103-4 

^9, 

6 
~-~r- 

63 

J-/ 

54 '72-2 

37 

.^83-3 73-5 26-5 

198*5 I 72:8 28*2 

69* & 

67*4 

44*3 I 88*6 

23-3 

31*3 

68*7 

70*3 

189 ’73*6 

180*2 72*7 

193*5 4 73*9 

. sitCntivc .eXianiinaiK)n of the ffiregoing* tablCj it 
«riil appear that theresuhs are not perfectly Umforni, thoiiitb 
perhaps as inuch as can be expected from ibe nature .of the 
esperimdntsr 1 bus.the proportion of permanent gases 
the anOiKinia decomposed (the nitrogen bemg aciualiy 
measared, 'and the hydrogen estimated bv donblimr the^' 
oxygen c^'p^^dedj inay be. observed to difler cousiderltblv ; 
the highest product being 198:, and the lowest 180* 2/froiir 
100 of tnonieiiia. 1 Iteie can scai'cely he a douhij how'ever^ 
that this want of coincidence is owing to ihp same cause; 
as that which I have aiready asslgned'for the- variable pro- 
.pordioirs of permanent gas/which are obtained, from equal 
quantities ol amnutnta by electrization# Andj,acccirdintdy^ 
1 have found tnat the evolved gases, as ascertained by eom- 
]^ustion> bear the smallest proportion to ^''46. ammonia., 
vihen niost pains Have been taken to obviate the presence 
t)f moisture. Hie low est nuitfner, ibtr.riore, is no be as¬ 
sumed aS rH)st correct; but other ciremustances bein^: con-, 
sidered, 1 believe the second experiment furnishes liie most 
accurate data for determining the coinj>o'sltion of ammonia/ 
I hcAdt'^e e.XjdanaUon will apply to the .ddierent propor¬ 
tions oi/jxygen gas required iar'the saturation of ii)o mea¬ 
sures of ammonia- the variation no doubt arising fnfhi the 
nnaevlanvty 01 die (piantity of alkaline gas which is actually: 
bmneth ihe proponion of oxygen to ammonKi, which 

bvbevc 
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Ldlcve to be nearest the truth, and most precisely necessary 
for mutual saturation^ is that resulting from the second 
experiment, viz. G7| measures of oxygen gas to 100 of am¬ 
monia, or 100 of the former to 148 of the latter. 

It may be observed, also, by comparing the numbers in 
the two last columns of the table, that the hydrogen and 
nitrogen gases do not uniformly bear the same proportions 
to each other. Notwithstanding all the labour 1 have be¬ 
stowed on the subject, I have not been able to obtain a 
nearer corresponrlence, owing most probably to the imper¬ 
fection of the mode of analysing a mixture of hydrogen 
and nitrogen gases. In the mixture of permanent gases, 
determined in this way, the hydrogen, it may be remarked, 
bears generally rather a less ratio than that of 74 to 26. I 
do not, however, consider this fact as contradicting the ac¬ 
curacy of'the proportions which you have assigned ; and it 
appears to me that a sufficient reason may be given for the 
want of a more perfect coincidence between results ob¬ 
tained by such different methods of investigafioti. In the 
products of the electrization of ammonia, the hydrogen 
composes nearly three-fourths of the mixture : and hence 
its combustion by oxygen gas is likely to be completely 
effected, and the whole of the hydrogen condensed into 
water. But after the partial combustion of ammonia bv 
oxygen gas, a residuum is left of hydrogen and nitrogen 
gases, of which the hydrogen usually composes less, and 
sometimes considerably less, than dne-half the bulk. In 
this case, it may be suspected that a small quantity of hy¬ 
drogen occasionally escapes being burned ; and whenever 
this happens, its proportion to the nitrogen will appear to 
be less than the true one*. 

From the inflammability of a mixture of ammonia with 
oxygen gas, it was natural to expect that this alkali would 
prove susceptible of slow combustion. By means of a pe- 
culrar apparatus (on a plan which I have described in the 
Philosophical 'IVansactions for J808, Part II., but on a 
smaller scale, and with the substitution of mercury for 
water), I have found that ammonia, ejcpelled from the 
orifice of a small steel burner, may be kindled by eleciricity 
in a vessel of oxygen gas; and that it is slowly consumed 

• This coni^ideration suggests the propriety of using no more oxygen lA 
the first conibustiou of ammonia, than is; barely sufficient to jnfi<ime it; or 
if a larger quantity has been used than is required for this purpose, and a 
residue consequently obtained, of which the hydrogen forms only a smalt 
proportion, it is proper to add a further quantity of hydrogen, before the 
fcccond combustion. An allowance may afterwards he made for this ad- 

dirioju 
Vol. 34. No. 140. Dec, 1809. F f with 
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with a pale yellow flanie. The combustion, however, rs 
not sufficiently vivid to render the process oF any use in the 
analysis of ammonia. 

With nitrous oxide (containing ordy 5 per cent, impu¬ 
rity) ammonia forms a mixture which is extremely com¬ 
bustible. If the nitrous oxide be in excess, the proporlioirs 
have a considerable range; for any mixture may be fired by 
electricity, of which the ammonia is not less than one-sixth 
of the whole. The combustion is followed by a dense 
cloud, sometimes of an orange-colour. When the nitrous 
oxide greatly exceeds the ammonia, (as in the proportion, 
for extimple, of 100 to 30) there is little or no diminution 
after firing: and the residuum is composed of a small por¬ 
tion of undecomposed oxide, some oxygen gas, and a con¬ 
siderable quantity of nitrogen, the last of which, however, 
is not in its full proportion. When the nitrous oxide is 
further increased, still more oxygen is found in the resi¬ 
duum. 

When, on -the contrary, the alkaline gas is redundant, 
combustion does not take place, unless the nitrous oxide 
forms one-third of the mixture. A little diminution takes 
•place on firing, but no cloudiness is observed; and the re¬ 
sidue is composed ^of hydrogen and nitrogen gases, with 
occasionally a small portion of undecomposed ammonia. 
As an example of what takes place, 1 select, the following 
experiment from several others. 

A mixture of 41 measures of ammonia, with 40 of ni¬ 
trous oxide 38 pure), in all 81 measures, were reduced 
by combustion to 75, which were found to consist of 16 
hydrogen and 59 nitrogen gases. To explain this experi¬ 
ment, we may assume (as is consistent with your owii 
analysis that 100 measures of nitrous oxide are equiva¬ 
lent to 52 measures of oxygen gas and 103 of nitrogen. 
The oxygen in 38 measures of nitrous oxide will, therefore, 
be 19-7, to which, when ilie oxygen spent in burning the 
residuum (viz. 8 m.) is added, we~obtain 27*7 for the ^otal 
oxygen-conGumed ; ai-id multiplying by 2, we have 55*4 for 
the hydrogen saturated. From the residuary nitrogen (59) 
deduct-39 irreasures arising, from the decomposition of the 
tiitrous oxide + 2 m., mingled with it as an impurity = 41, 
and tlie remainder, 18 measures, is the nitrogen resulting from 
the volatile alkali; and as 41 measures of ammonia give 55*4 
4.18 = 73*4 measures of permanent gas, 100 vvonld give 179 

measures, in which the hydrogen and nitrogen would exist 

* Researches, Res. il. Div. 1, or Thomson’s System of Chemistry, 3d 
edit. li. 14S. . . ' ^ 

in 
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in the proportion oF 75*4 to 24’.6. J^rpm th^ saine facts it 
may be tlcdnced, that 100 measures of ainnionia re(|uirefor 
saturation 150 of nitrous oxide = OJl oxween iras. The 
comcidenpe then, between tlie results of the comnustion of 
nnnnonia with nitrons oxide, and those with oxveren gas, 
confirms the accuracy of both methods of analvsiti, 

ISliirous gas, which, it ,appears from youi testimony*, 
docs not compose an inflammable mixture wirl) hydrogen, 
(nor, as t am assured by Mr. Dalton, with any of the va¬ 
rieties of carburetted livdrogeii) may be employed, 1 find, 
for the combustion of ammonia, 'fhe proportions required 
for mutual saturatitm are abinit 120 measures of nitrous tras 

. . , , - O' 

to lOi) of ammonia. An excess oi’the former ^’:as does not 
give accurate, results ; since not only the h\ dro2,cn of the 
ammonia, but some of its nitrogen is^al30 condensed ; and 
the mixture, after being fired, exhibits the cloudy ap¬ 
pearance usual in that case. 

luiriy-ciglit mea-iires id’ ammonia, being fired with 60 
nitrous gas, (= 53 pure) both gases were completely de¬ 
composed ; and a residue left consisting of 6l nitrogen and 
0 hydrogen. Sixty measures of ammonia and 4 1 nitrous 
gas (= 36*1 pure) gave, after firing, a mixture composed 
of JO ammonia, 53} nitrogen, and 30} hydrogen. But 
taking for granted that 100 measures (rf nitrous gas, ac¬ 
cording to your analysis, hold in combination,a quantity 
of oxygen eijual to 57} measures of oxygen gas, and of 
nitrogen eijual to 48} measures, and assuming the propor¬ 
tions of ilic nitrogen and hydrogeji in ammonia to i)e those 
established by your experiments and my own : it will ap-* 
pear from an easy calculation, that the proportion of ni¬ 
trogen, in tlie above residua, a little' exceeds, and that of 
the hydrogen rather I’alls short of what might have been, 
expected. I have not yet been able to reconcile these dif¬ 
ferences, by the numerous trials required in a process of so‘ 
irmch delicacy ; and ] reserve the inquiry fur a season of 
more leisure, 'flic foregoing siatcinent I wish to be cou- 
sidereri as merely announcing the general fact of the com- 
buslibilily of a miN turc of ammonia and nitrous gas, a pro¬ 
perly wlncli chiefly derives importance from its being ca« 
jiabjc of application to a new method of analysing the latter. 

Before concluding this letter, I shall briefly state the re¬ 
sults of some c;«tperiments, which I have lately made in con- 
jonctiou with j\Jr. Dalton, on a subject that formerly oc-*' 

* Researclies, p. 13G, 

f 2 cupied 
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chpled miich oF my attention; viz. the effect oP electricity 
on the aeriform compounds of carbon and hydrogen. Sub¬ 
sequent reflection, as well as the cand'id and judicious cri¬ 
ticisms of various writers^, have influenced me to doubt 
of the accuracy of a few of the conclusions drawn from my 
former inquiries f. The knowledge of this cfass of bodies^ 
has, also, been so materially advanced during the last 
twelve years, that the examination of their properties may 
novV be undertaken with much greater confidence and suc¬ 
cess than formerly. It is to belamented, indeed, that ex- 
periiiientalists do not oftener retrace their labours, with the 
dombrned advantages of acquired skill, and of a more im¬ 
proved vState of the science which they investio-ate. 

The gases, submitted by Mr. Dalton and myself to the 
action of long-continued electrization, were carburetled 
hydrogeir from pit-coal of the specific gravity of about 650, 
(air being 1000) olefiant gas, and carbonic oxide. Each 
gas was used in as pure a state as possible; muriate of lime 
being first introduced into the same tubes in which the 
gases Were electrified, and beingwithdrawn when it had 
exerted its full action. Platina wires were used to convey 
the electric discharges. 

When the electrization of carburetled hydrogen or ole- 
■"fiatU gases ivas continued sufficiently long, they were each 
found to expand, notwithstanding their extreme dryness, 
No carbonic acid could be discovered in the electrified gas 
by the nicest tests. Wheii fired with oxygen, it gave leas 
carbonic acid than the imexpanded gas, and required lesa 
oxygen for saturation. Calculating, from the diminished 
product of carbonic acid, how much gas had been decom¬ 
posed by electrization, it appeared that the decomposed 
part, in all cases, was about doubled. The smaller product 
of carbonic acid from the electrified gas, was sufficlentlv 
explimed !)y a deposition of charcoal on the inner surface 
of the glass tube, too distinct to be at all equivocal, and 
most abundant from the olefiant gas. No addition what¬ 
soever of nitrogen was made by the electrization. It ap¬ 
pears, therefore, that the hydro-carburetted gases, like am¬ 
monia, are separated by electrization into tiielr elemenW, 

* See BertluiTlet’s Chemical Statics, Eng. trans. vol. it. p, 45't5 Mon-avs 
Elejricuts of .Ctiemistry, vo.!. ii. note G; a letter from au anonynuniH pv>r- 
respondeut in Nicholson’:,' Journal, 8vo. ii.p. 185; and Aikiu’s Dictiouary 
of Ghentj’Stry, i. p. 251. ~ ‘ 

t “ Evpci'imcnus on Carbonated Hydrogen Gas, \v/; h a View to deter- 
Tmne whsthci Caibon be a simple or a compound Body,*^ Philosophical 
'IVansactions, vol. Ixxvii. ^ 

the. 
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llic carbon being precipitated, aud.the hydrogen evolved in 
a aeparaie Ibnn, and acquiring a state .of grearex expansion. 
This change, however, is eflected jnuch more, slowly than 

the disunion of ihe elements of ammonia^ 

From a portion of carbonic acid.ga^, careruHvvdricd, by 
muriate of lane, and electrized with platina cpnductors, we 
obtained, after removing the undecomposVd gas by caustic 
potash, a residuum equal to about one ha.lf the whole gas 
which had been employed. It was found on analysis to 
consist of oxygen and carbonic oxide gases, in such.pro¬ 
portions as to inflame on passing an electric spark through 
it without any addition, and to be thus convertible again 
into carbonic aelri. In the experiments of M. Saussure, 
jun.*, that ingenious pbilosop>her obtained only car¬ 
bonic oxide by the same operation, owing doubtles’s to 
the electricity having been conveyed by conductors of cop- 
|icr, which would become oxidized, and prevent the oxygen 
from being evolved in a separate form. 

Carboinc oxide, electrified with similar precautions^ did 
not appear to undergo any change. Fleven.hundred dis¬ 
charges from a Leyden jar had no effect on a quantity of 
the gas, equal to about one-tenth of a cubic iucli. Its 
bulk, after this process, .vvas unaltered ; no carbonic acid 
could be discovered in it; and there was no decided trace 
of oxygen gas in the residuum. 'Idle carbon, it appears, 
therefore, which exists in carbonic oxide, must be held 
combined by an extremely strong affinity^. 

With sincere esteem and respect, I am, dear sir, 

, ' your faithful and obliged friend, 

Wm. Hknrv. 

LX VII. Pvopcsal for an Inst itution for oltaining an equal 
Temperature in I louses,^ 

Geor'^e Street, Manover-Squarff, 
. Ike, 25, ISOJI. 

To Mr, Tllhch, 
DEAX{ srit, 

VV iTM your approbation and in yonr presence I, some 
time ago, wtoic hastily, and without any particular care in 
the composition, anonvmou&lv, an account of a project of 
an institution which I had long entertained, consisimo- (?f 
an extensive building, so constructed as to afford. in every 
part an etjual and ;>unimer temperature f. Of the great 

* J<ntr>inl (le P}ii/si-/rie, tome liv. p. 450. 
i See I'jnl. Mag vol xxxi. p. 3X1, 

F f 3 advantages 
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advantages to be expected from such an institution for many 
disorders, particularly loi’ that 61: pulmonary tubercles, I 
am assured, in consequence ol the benefit jirocnred by the 
comparatively rude contrivances 1 have employed lor warm¬ 
ing the rooms of our ill-adapted houses duiiiig the last 15 

years : such as by means of large stone bottles filled with 
boilmg-hot water, properly disposed, and assisted by double 
doors, double windows, &c. This plan 1 have not only 
constantly recommended to many hundi-ed pupils, in my 
Lectures, but communicated to a number of persons, with 
the hope of exciting some of them to attempt to erect a fit 
establishment. No one more leelimdy embraced the pro¬ 
posal than that great encourager of works of public utility. 
Sir John Sinclair, t put into his hands the plan of a hnild- 
ihg \vinch, at his desire, had been drawn at my request, by 
the late Mr. Holland of Sloane Square, for the purpose 
now spoken ol. Sir John incnlions this project in his first 
tract OnHeahh and'Longevity, published, I think, in 1801. 
For a reason more interesting to niyseif than to the public, 
I beg leave to mention that I particularly recommended 
warm air as tlie most effectual means known of impedinn; 
the progress' of pulmonary cohsimiption, in a little co*mimi- 
nication to Dr. Duncan ^6 I believe, too, that the practice 
or warming rooms and regulating their temperature by the 
ihermomeier has been more frequent in this metropolis du¬ 
ring the last four or five years than formerly. 

In the proposed iimiitution, so far li'om claiming any 
discovery of a new practice, it is not even pretended to be 
a revival ; but it is judg(?d from experience, that it has been 
employed only veiy limnedly and inadequately, in place of 
the very extensive and much more beneficial mode now 
intended. 

I have much pleasure in acquainting you at this time, 
that a few days ago an architect of great celebrity, and to 
whom ihc British public owes many of its most usesul 
works, assured me that he would sliortlv produce a grand 
plan for executing my design for the purposes of health, 
and conjoin a variety of comforts, and even some of the 
luxuries, of tiie hot climates. 

Ltake this opportunity to offer mv tribute of that respect 
wdiich is (luc to you from every cultivator of science, for 
the very liberal and public-spirited conduct of your excel¬ 
lent periodical work, and to assure you that I aui 

your obliged'’friendj 
George Pearson. 

** See the Edinburgh Medical and Surgical Journal, voh i. p. 126, 1805. 
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7.xVnr. On Crystallography, M. Hauv. Translated 
from the last Paris Edition of his Traite de Mineralogie. 

[Continued from p. 358.] 

OF THE REPRESENTATIVE SIGNS OF CRYSTALS. 
^ \ 

J_ HE relations which scrv^e to connect the different ori¬ 
ginary crystals of one and the same substance with oive 
‘common primitive form, are founded, as we have seen, on 
laws of structure whose effect is to determine the number 
‘and arrangement of the planes which compose the surface 
of each crystal. By a necessary consequence the. naturalist, 
W'ho is familiar with the progress of these laws, frequently' 
finds it merely requisite to have before his eyes the primi¬ 
tive form, and the explanation of the decrements which it's 
angles or its ridges undergo, in order to represent the poly¬ 
hedron resulting from it, and to see in what manner, in 
idea, we may effect the metamorphosis of the nucleus from 
which this polyhedron is derived. . 

These considerations gave rise to an idea of translating 
into a very concise language, similar to that userl in Algebra, 
the various laws which determine the secondary crystal^;, 
and thus to compose species of formulae representative of 
these same crystals. It is sufficient, in order to attain this, 
to desitrocite by letters the angles and ridges of the primitive 
form, and to accompany these letters by cyphers, which in¬ 
dicate the laws of decrements underoone bv such angles 
and such ridges, and the result of which is a certain 
secondary form. I have endeavoured to confine the arrange¬ 
ment of"the letters within a regular order, corresponding 
with that of the alphabet, so that this arrangement natu¬ 

rally presents itself to every one. 
By attention to this point and some others concerning 

the manner of placing the cyphers, it requires, in my opi¬ 
nion, hut a very few seconds to acquire the key of the me¬ 
thod, and the principles which ought to serve as a rule for 
applying them will always remain impressed on the me¬ 

mory. 
When we have traced and brought into a very parrow 

compass the different formulae, which will be like the theo¬ 
retical images of the crystals relative to one and the same 
substance, it will be equally easy to compare them, cither 
with each other, or with the primitive form, vvliich will 
also have its expression, to follow the transitions of the 
simpler to.the more compound forms, to distinguish what 
they possess iu common, and whatever is.pcculiartoeach j-r- 

Ff-i * in 
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sei^e^^s if at one glance, the^diyerslty of tiie 
details and the unity of the whole. 

i^et us suj^pose that fig, 4B represents an oblique-angled 
P^jf^helopipedon^ the angles of which have different inea« 
Sipenients^ and which is the primitive form of a particular 
species of mineral, such as feldspar 

Having adopted the vowels to designate solid an^'les in 
generab place the first four A, E, O, to the four angles 
or the upper base, following the order of the alphabet, and 
at the same time that of common writing, which is to be^ 
gin at top and go from left to right. Vide fig. 49, in which 

the letters is rendered perceptible to 
the%e. 

Having adopted the consonants to distinguish the ridges , 
in general, place, according to the same rule, the first six 

^H, on the nuddle of the sides of the upper 
base (fig. 48), and on the two longitudinal ridges of the 
lateral face which is first presented from right to left. 

f^he ipiddle of the superior base, and of 
thejateral faces situated in front, the three letters P, M, 
which are the initials of the syllables composing the word 
primitive:^ [, 

Each of the four solidj tangles, or of the six edges de¬ 
signated by letters, is susceptible in the present case, on 

account of the irregular forffi. of the paralielopipedon, of un¬ 
dergoing particular laws off decrements : let ApL (fig, 50) 
be the sarne parallelppipedoq. If we coippare the two solid 
angles diametrically opposite to 0, r, it is easy to see that 
there IS an equality between the plane angles which coin- .. 
pose them, taken by pairs, viz. : 1st, between E Ql and ^ 
s r II; 2d, between E OjD and r A; 3d, between I O p and 

f ^ VI lesults, that among the plane angleswhich are i 
joined by threes round solid angles A, O, there are only 

two which are equal, viz. EOT, I AE, as being opposite 
on one and the same parallelogram ; but the angle .E O p is 
the supplement of the angle I A r, and the angle I Op is 
that ofE^Ar. In the same way the solid angles I, ^ are 
composed of equal plane angles two and twoj but . 
^ong the plane angles formed by the solid angles 
E, I, there are only A 10 and AEO which are equal. 

• that the solid angle O being in a situa¬ 
tion different from that in wfiich tlie solid angle A is, and 

the same difference taking place with respect ""to the solid • 

t fieln^ represented i*n such a. man- '' 
B aC, which IS the furthest from-the Observei-; is 6ne t>f ' 

a.]ie vbtns^ angles of the upper base. 

angles 
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angles E, each oF t}>ese angles is, rciatire to ctystalUz^- 
tion, as it were, indepencleiu of timt which correspohifs 
with it diagonally. Finally, the ridees C and li), B and F, 
G and H, (fig. 48) compared vviTh each otHfcr, are no 
longer in the same situation, because the two planes vvliich 
unite upon one do not form between tKem the same anale 
with those which have the other for the lihe^ of jiinctioia. 
It is between these same ridges and those winch afe drame- 
trically opposite to them ; for instance, between A I and p s, 
(fig. 50) between A E and p &c., that there is a perfect' 
equality. " 

By this we see why the four solid angles round the upper 
base, as well as the four edges of this base and the two lon¬ 
gitudinal edges which are presented in from, are each of 
them marked with a particular letter. But as tlie laws of 
decrement act with the greatest possible symmetry, at I^ast 
in general, every thing which takes place on one of the 
solid angles or of the edges dcsignaicd, is repeated on the 
angle or the edge diametrically opposite, among those which, 
have remained in vacuo. According to this, it was only- 
necessary to designate the number of solid ahgrles, or of 
ridges which undergo decrements really distinct, because 
these decrements contain implicitly those whidi take place 
on the angles or the analoo;ous edffcs. 

We arc nevertheless someiinies obliged to indicate also 
these last angles or these last edges. Then we shall make use' 
of small letters which bear the same names with the capi tal 
letters employed in fig. 48: for example, p ff>g. 50) will be .. 
designated by a, ipby c, pnhy'b, he. "But it will be ^ 
rarely necessary to make these small letters ^on the.figure • ! 
it will be sufficient to make them enter into live sign of the 
crystal, because in imagination we can easily refer each to 
its proper place. 

To indicate the effects of decrements by one, two, three, 
or more ranges, in breadth, we shall esnph.iy tfie' cyphers 
1,2, 3, 4, fee., in the way to be immediately explained; ^ 
and in order to indicate the effects of decren^ents by two 
and three ranges in height, we shall use tlie fractions 

Tr 

The three letters P, M, T, will serve to designate,either 
the form of the nucleus without any niodificafibn, when 
they will compose of themselves the sign of the crystal, or 
the faces which would be parallel to those oT\hc nucleus, 
in the case of the decrements not attaining llfur-hmits^ and- 

* then these lettteirs Aviil be combined, iu the of the '''" 

'’crystal. 
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crystal^ with those which wllhhave a relation to the angles or 
edges on which the decrements will act. 

Let us suppose in the first place, for greater simplicity, 
that one of the solid angles, such as O, is intercepted by a 
single additional facet. ‘'The decrement to which we refer 
the^production of this facet may take place either on the 
base P, or on the pane T which is to the right of the ob¬ 
server, or upon the pane M situated on his left. 

In the first case, we shall place the index cypher above 
-the letter^ in the second we shall give to the cypher the 
place of a common exponent to the right and tow^.ards the 
top of the letter ; and we shall indicate the third case by 
placing the cypher on the left, and even towards the top of 

the letter. 
2 ^ - 

Thus O will express the eflTectof a decrement by two ranges 
in breadth, parallel to the diagonal of thebase P, which passes 
by the ancrle E ; the effect of a decrement by three ranges 
in breadth, parallel to the diagonal of the face T, which 
passes by the angle !, and tlie effect of a decrement by 
four ranges, parallel to the diagonal of the iace M, vvhich 

passes bv the angle E. ^ 
When the decrement has a reference to any c« the three 

solid angles I, A, E, the observer is considered as turning 
round the crystal iintilTie finds himself placed opposite this 
angle, as it was naturally opposite the angle O, in the case 
which vve have described ; or, what comes to the same thing, 
he is considered as turning the crystal, until the solid angle 
under consideration faces him, and it is with respect to this 
position that such a decrement is said to be towards the 

right or the left. _ . 
For example : if the solid angle A is in question, the 

sign A" will represent the effect of a decrement by two 
ranges on the face A ii ^^ upon that which is 
opposite to (dgo sod ^A will repicsent the effect of 
a decrement by three ranges on the face A 1 ur (fig. 50), 
or upon that which is opposite to M (Hg. 48). We shail 
subsequently see tl’iC advantage of this manner of proceed¬ 
ing, relative to the uniformity of the method. 

^,s to the decrements on thc/ridges, we shall express 
those which are formed towards the contour B CFD ofthe 
base, by a number placed above or below the letter, ac- 
cortling as their effect shall lake place iii ascending oi de- 
scendim’', setting out from the ridge to w hicb they wall be 
refened^; and those wdiich are relative to the longitudinal 
ridges G, PI, will be indicated by a sign placed either to 



459 On Crystallography, 

the riglit or to the left of the letter, according as they shall 
take place, in one direction or another. 

•I 

Thus D will express a decrement hy two ranges, 
■> 

from D towards C; C a decrement by three ranges, going 
I'rom C towards D; D a decrement by two ranges, descend- 

.> 

ing on the face M ; Ti a decrement by three ranges, going 
from Id towards G ; ‘G a decrement bv four ranges, going 
from G towards the ridge opposite to H, &c. 

intli^^ case in which we sjtould be obliged to designate by 
means of a small letter sucli as d, a decrement on the lidge 
2i r (fig. 50), opposite to that which bears the large letter 
D (fig. 4 8), we should suppose the crystal to be turned 

upside down. Thus d would express a decrement hy two 

ranges ascending above the inferior base /), as D would 
express one which is ascending on the upper base \\ For 
the same reason c would express a decrement by three ranges 

proceeding from sp (fig. 50) towards LO. 
If the saR)e solid angle or the same ridge undergoes se¬ 

veral successive decrements on the same side, or several 
decrements winch take place on different sides, we shall 
repeat the same number of .times the index letter, varying 
the cyphers conformably to the diversity of the decrements. 

' ‘2 . ‘ 
Thus D D will designate two decrements on the ridge D, 

the one by two ranges ascending on the base P, the other 
f/v’ three ranges descending on the face M. Td, will 
dcsiginate tw'c) decrements, the one by two ranges, the other 
by four, to the left of the ridge If, 8:c. 

* If there are mixed decrements, we shall indicate tliem on 
the same principles, by employing the fractions f, a, &c., 
which represent them, and the numerator of which refers 
to the decrement in breadth, and the denominator to the 

decrement in height. ^ 
It now remains to find a method of representing the in^ 

termediate decrements. An example will >ho>v that which 
we have adopted. Let A E O I (fig, 51) be the ^amc face 
with fifr. 4 8. Let suppose a decrement by one range of 
double^molecnles, loliowing parallel lines xy, so that O 3^ 
measures double lines by one ridge ot molecules, and O x 
lines simply equal to this ridge. We shall tlms indicat? 

I 

this decrement (OD'F^). The parenthesis shows in the 
I 

first place that tlic decrement is intermediate ;• O indicates 
that 

« 
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that it takea place by one range on the angle marked by 
the same letter, and that it refers to the base A E 0 1 
(fig, 48.), indicate that for one single ridge of mole¬ 
cules subtracted from the length of the side there are 
two ridges sub trap ted along the side F. 

It is useful to have a language for pointing out these 
difierent signs, so that they can easily be written to dicta¬ 
tion. We can announce the .-signs 0% by saying, 
O two 071 the rights O three on the Left: in order to an¬ 

nounce Q O, we shall say O under two^ 0 above four: 
4 

lastly, the sign (O D* F") will be thus announced, within 
parenthesis^ O under one, T) one^ Y two. . 

We shall give an example of the combination of these 
diiferent signs, in the expression of a compound crystalline 
form. But we must previously determine the order ac¬ 
cording to which the letters ought to be arranged which 
concur in one and the same expression. Now if we adopt¬ 
ed the order of the alphabet, a kind of confusion would 
result in the table presented by the formula. It seems 
more natural to conform to the order which would direct 
an observer even in the description of the crystal, i. e, 
to commence by the prism or by the middle 4>art, and in¬ 
dicate its different faces as they are successively presented 
to the eye,, then passing to the faces of the summit or of 
the pyramid. This will be elucidated by the various ex¬ 
amples to be cited in the course of this article. 

Let us now suppose that fig. 52 represents the variety of 
feldspar, called hibmary, the primitive form of w-hich is 
seen in fig. 48. In this variety, the pane I (fig. 52.) results 
from a decrement by two ranges on the ridge G (fig. 48.) 
going towards H 5 the pane M. (fig. 52.) answers to that 
which is marked wdth the same letter (fig. 48.), and which 
is only, partly concealed by the effect of the decrement. 
The pane T (fig. 52.) is parallel to T (fig. 48.) ^ the penta¬ 
gon a: (fig. 52) proceeds from a decrement by two ranges 
on the angle I (fig. 48.) parallel to the diagonal which 
goes from A to O : lastly, as this decrement no longer at¬ 
tains its limit, the summit bears a second pentagon F 
(fig. 52.) parallel to the base P (fig. 48). All this desorip- 

tioiv may be thus translated into five letters M T I P. 
I confined myself in the first place to give the pure and 

simple expressions of the indicative signs, similar fo those 
which vve have seen. But I afterw^ards perceived that 1 
could not take loo many precautions, in order 10 free this 

language; 
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hnguage, already extremely concise, from every thino* enig¬ 
matical, anti because in the case particularly when the form 
was composed of a great number of' facets, which would 
necessarily irnply a proportional complication in the cxpres-^ 
Sion of the sign, beginners would be embarrassed to make 
the relation between one and the other. 

To obviate this difficulty, I thought it right to place un¬ 
der the different letters, which compose the sio-n, those 
which correspond with them on the figure. By^mcans of 
this addition the sign^ of the bibinary feldspar is presented 

as follows s G* M T I P. This is the method which I shall 
I M T .V P 

use in the course t>f this work, with respect to all the cry- 
stalline forms, adding to each sign a kind of guide, which 
will serve for recovering its form, however complicated it 
may he. 

We shall pass to the parallelopipedons of a more res^ular 
form, and in the first place consider the cases in wlilch'^thcy 
differ from the rhomboid. We shall suppose that each of 
them is nothing else than that of fig. 48 ; the form of 
which has varied so as to become more symmetrical. As^ 
a const'quence of this variation, certain solid or salient an¬ 
gles, which were different on the first parallelopipcdon, have 
become equal. All tliat takes place on one is repealed on 
the other, and they consequently ought to he marked with 
the same letter. It is thus that, in alijebra, certain general 
solutions arc simplified in the particular cases where a 
quantity, which we had at first supposed different from.an¬ 
other law, becomes equal. 

Let us conceive, for example, that the primitive form is 
a straight prism, which has for bases obhque-ani^led pa- 

lid ^ a 111 V, one side of which is longer than the other 
We shall have (fig. 48.) 0=A, I = E, &c. We shall 
substitute, therefore, on both occasions, the second letter 
for the first, as we see on fig. 53, 

• By conriiuiing to run over the various modifications of 
the parallelqpipedou, we shall see them pass by different 
degrees'of simplicity, which will determine new'equalities 
between the letters, indicative of their angles and of their 
edges ; and we shall have successively. 

Tor the olilique prism with rhombic bases, the expres¬ 
sion represented in fig, 54. ^ 

lor ibe straight piisiii with rectangular bases, that which 
we see in fig. 55. 

For the straight prism with rhombic bases, that of 
fig., jfi. 

For 
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For the straight prism with square bases^ that of fjq;, 57y 
Pl.VU. 

Finally, for the cube, tliat of fig. Here we have only 
designated the superior base by letters, because we may 
apply to the one any of the other faces, which takes place 
with respect to that base. 

We shall follow, with respect to all these different pri¬ 
mitive forms, a method of cyphering analogous with that 
which we have adopted for the oblique-angled parallelo¬ 
gram of fig. 48, by dispensing with a repetition of the let¬ 
ters of the same word cyplrered in the same manner. 

An example will show this method. Fig. 59. represents 
the most common variety of thi^ cymophane, the nucleus 
of which is arectangled parallelopipedon as we see it in fig. 
55. The sign of the secondary crystal will be M T G- 

\ ^ M -1 s 

B A”A. I have named this variety annular cyrnopfume, 
i 0 

That we mav better seize the course which has led us to 
the foregoing expression, we shall indicate all the angles by 
as many particular letters, as if the parallelojfipedon was 
an oblique angle. See fig. 60. The sign will become MT 

1 i "i 3 

^GITBFE^^O. But on comparing fig. 60. with fig. 55. 
w'e find that H = G, F = B, O^A, &c. By thus substitut¬ 
ing, instead of the first letters, their values, we shall have 
^.11^3 

MT G“ BB A^^A, which returns to the expression 

indicated above, suppressing the useless repetition of B. 
ft results from the above, that we must avoid confound¬ 

ing, for instance -GG- with G^ ^G. The first sign indi¬ 
cates decrements which take place on the face T (fig. 55) 
and upon that which is opposite to it, going from the 
ridges G towards those corresponding with them behind 
the parallelopipedon ; the second designates decrements 
\yhich take place on the face M going to the meeting of 
both. If the two decrements took place siniultaneouslv^ 
their reprcseiUanve sign wculd he ^Gh 

In the foregoing signs, every letter, such as or Gh can 
only be applied to a single ridge, situated like this letter it¬ 
self, to the right or the left. But *G" is applied indifferently 
to both ridges ; it is therefore of no use to repeat this letter. 

We shall give a new example drawn from the distich to¬ 
paz (fig. 61). If vve suppose that fig. 50. represents the 
pritnitive form, which is a straight prism with rhombic 
bases, we shall have for the sign of the variety in question 

^G’MBBEFP. 
o M r j !S « P 

In 
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' -Ih this sign quantity indicates two distinct faces, 
whlcli are funned un both sides of each rid(z:e G (fiir. ^6), 
But it is not necessary to place two letters under this sign, 
because, all the faces situated in the same manner beino- de- 
signaled by the same letter on the,figure, it is sufficient that 
the sign ^G^ refers to the marked faces of the letter o, which 
requires only that this letter should be written once under 
the sign. 

Wt* shall easily conelude from the same principles, that 
the dodecahedron with rhombic planes originating from 

the cube (fig. 58) is expressed by this single letter B B, that 
1 

the octahedron originating from the 'same nucleus has for 
1 

its sign A 'A', &c, 
ll'iC rhond)oid, by supposing it placed under the most 

natural a'pect, i. t\ in such a manner that the two solid 
angles, composed of three equal plane angles, are on one and 
the same vertical axis, has not properly bases, but merely’ 
two summits, which are the extremities of the axis. We 
shall designate its aitgles and ridges as in fig. 62. The. let¬ 
ter e makes known that the angle which bears it is similar to 
that marked v\'ith the larger letter3 so that if all the lateral 
angles had their indications expressed, the three nearest the 
upper summits would bear the letter K; and the three which 
adjoin the lower summits, and which are diametrically op¬ 
posite to ihe first, would have 6* as their indicative letter. 

As.the rhomboid has its six faces equal and similar, it is 
cnly necessary to consider the dccrente4,its relative to one 
of ihe faces, as that which on the figure bears the letter P, 
because all the rest are merely the returns of this. 'J'his 
.being done: 1st, the decrements which set out from the 
upiHT angle A or from the upper edge B will have their in¬ 
dicating cypher placed below the letter A or B ; 2d, those 
which set out Irom the lateral angles E will h.ave their cy¬ 
pher situated on one side, towards the top of the same let¬ 
ter; 3d, with regard to those which set out from the lower 
angle c, or froiTi the lower edge 13, the cypher destined to 
express them will be placed above the letter cor D. 

Let us suppose, for example, that fig. 63. represents ana- 
loo’ical carbonated lime already mentioned : we shall have 

the following sign e D B, the interpretation of which is 

easy, from combining the letters wliich indicate the faces 
with those which express the decrements of w'hich these 

same faces are the result. 
What 
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WFiat has beeii said relative to the parallelopipedon is ol 
itself applicable to the other primitive forms. We shall go 
over them successive!v. _ j 

Fig. 64. represents the expression of the octahedron with 
Scalene triangles ; fig. 63. that of the octahedron with isosceles 
triangles, and fig. 66. that of the regular octahedron. 

In order to place the cyphers which accompany the letters, 
we shall conform to what has been said relative to the 
rhomboid. Thus in fig. 65. w^e shall place the cvpher below, 
for the decrements which set out from the angle A or from 
the ridge B ; above, for those which set out from the ridge Dj 
and on one side for those which set Out from the angle E. 

If we wfished to designate the result of a decrement by 
one range on all the angles of the regular octahedron 
(fig. 66 ), wc should write A *A‘ j and in order to indicate-, 

1 < 

the result of a decrement by one range on all the edges, wd 

should write BB. The first of these decrements produces 

a cube, and the second a dodecahedron with rliombic planes.- 
. In some species, such as nitrated potash, the primitive oc¬ 

tahedron, the surface of which is composed of eight isoscele 
triangles four and lour similar to each other^ ought to have 
the position represented in fig. 67., in order that the secon¬ 
dary crystals may be in the most natural attitude, e, that 
the ridges at the junction of the two pyramids which com¬ 
pose the octahedron ought to be partly in the vertical di¬ 
rection like F, and partly in the horizontal direction like B. 
On comparing fig. 67. with fig. 68., in which we have acted 
by placing the letters as if all the angles and all the ridges- 
had particular biuctions, we shall easily*conceive the distri-^ 
bution adopted in fig. 67., and reduced to the symmetry of 
the true primitive form : for in the present ease we have 
E=A,D = C, G = F. 

We shall place the index cypher below the letter, with 
respect to decrements which set out from B ; on one side 
or below with respect to such as set out from A, according 
as their efiect shall be referred to the triangle A 1 A or to 
the triangle A I F; aboVe or below with respect to those 
which set out from C, according as their effect shall take 
place in the same way on the first or on the second triangle; 
oil one side with respect to the decrements w'hich set out 
fVom F; above and below, or on both, sides, for the dccre- 
nients which st t out from 1, according as their efiect shall 
be directed towards B or towards F. 

The tetrahedron being always regular, when it becoiiics 
the primitive form, its expression will be represented fig. 69. 

In 
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In (irder to indicate, for example, a decrement by three 
3 

tanges on all the edges, we shwall take B B; and in order to 
2 

designate one by two ranges on all the angles, we shall take 
A^A% as in the case of the regular octahedron. 
* A sinole sflance at fi<r. 70. will be sufficient to give an idea 
of the designation of the regular hexahedral prism in or¬ 
dinary cases ; and as to the manner of placing the cyphers, 
we shall not detain our readers a moment, liecauseit'is easily 
deduced from that which we have adopted with respect to 
qiiadrangular prisnis. 

But it sometimes happens that three of the solid angles 
taken alternately are replaced by facets, while the interme¬ 
diate angles remain untouched. In this case the expres¬ 
sion of the prism will be that which we see in fig. 7^* 

In the rhomhftidal dodecahedron (fig. 72, Plate VIII.) 
e'ach Solid angle composed of three planes may be assimi¬ 
lated to an obtuse rhomboidal tjummit ; and thus we shall 
confine ourselves to decyphering a single face, as the figure 
fepresents. 

Hitherto vve have not been in the habit of employing ^he 
sign of the dodecahedron with isosc«2les triangular planes 
beoauso it is mCre uaturai to substitute in its stead, as a 
priiiiitive form, the rhomboid from which it is derived, and 
which gives still rnor^e simple laws of decrement. 

It remains to make known the method of representing a 
particular circumstance which occurs in some crystals, in 
which the parts opposite to those which undergo certain 
laws of (lecrenient remain untouched, or 'are modified by 
difTcrent laws. This circumstance particularly applies to 
tourmalines, and it is then easy to indicate the difference by 
means of zeros. For example, in the eqnidifferent topr- 
maline represented imfig. 74., add of which we seethe 
rhomboidal nucleus (fig. 73.), the prism which is enneago- 
nons has six of its panes, viz. 5, s (fig. 74.) produced by 
subtractions of one range on the ridges D,D (fig. 73.) ; and 
(he three others, such as /, by subtractions of two ranges 
solely on the three angles e. AJorcover, the lower summit 
has simply three'faces parallel to those of tlie nucleus, 
while on the upper suTtimir I he three ridges B are replaced 
each by a facet w, n (fig. 74.) in virtue of a decrement 
which does not attain its limit. The Ibllowing is the re- 

.1 2 ?.‘0 

presentative sign of this farm. DeFPBZ'. I'he quiuti- 

lies K, b make known, the one of them, that angles 
1-0 . - - 

Vol. 34. No. 140. Bee, leO'j. 
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E (fig. 73.) opposk'e toe undergo no decrement;’ the olher, 
that the ridges opposite to B remain in a similar man.ner 
urraker'ed. 
' [To be coatiiiued.] - 

LXIX. Notices respecting New Boohs^ 

Mk. T. Leybourn, of the Royal Military College, has 
jus-t published the ninth number of his periodical work, 
entitled The Mathematical Repository: it contains, be¬ 
sides various articles, solutions of mathematical questions 
proposed in the seventh number, and a series of new ques¬ 
tions, to which he solicits answers from his correspond¬ 
ents, with a view to their being inserted in the eleventh 
number. In publishing this work the edkor bas in view 
to promote the study of the various branches of the ma¬ 
thematics, by affording to the student an opportunity of 
cultivating his powers of invention in resolving problems 
which depend on its different theories; and also to collect 
together and preserve the fruits of the studies of his in¬ 
genious correspondents, among whom he includes some of 
the paost skilful mathematicians in this country. The 
number here announced completes the second volume of 
the work; and as some account of the contents of both 
volumes may not be unacceptable to such of our readers as 
cultivate the science of which they treat, we shall briefly 
enumerate them. 

Vol. I. part 1 St,''consists of one hundred and twenty 
questions, both in pure and mixt mathematics, almost all 
of which are entirely new, and, in general, each is accom¬ 
panied with several solutions by different mathematicians. 
Part ^d, consisting of original' essays, comprehends 
the foiiowing articles :-—]. Demonstrations of some pro- 
pasition^ relating to such portions of the ^surface and so- 

. hdity of a sphere as may be exactly squared and cubed, by. 
Mr. Ivory.t—0. DcinonBiration of a theorem, respecting 
prirn.e numbers,-by Mr. Ivory,—^3. Tagnani’T theorem re- 
iipecting elliptic arcbes, rendered more general,'by Mr. 
Ivory.—^4. A geometrioal porism, with two examples of 
its application to the solmion of problems, by Scotiens.—• 
5. Qepnietrical propositions, bp Mr. Ivory.—6. Solutiqn 

Jof a dynamieaf qucBtion^ by Mr. Ivory7. Of thee qui- 
librium of a very long and slender cylinder flkatriig in 'a 
fluid, by Jac. Rube.—8. Of the Icusth of an arc of a 
xtp’ck. ip .tetos of tbestangciit^ by Mr, benjamin Oompertz* 
, ' —-p. Geo - 
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•—9. Geoinc^trical porisms, by Mr. Nohle.^—10. Diophan- 
line pr<)l)lcms, by Mr. Cui>Hft'c.—11. Problems relating to 
tlie twilight of shortest tluntion, bv Astronomicus.—12. 
Certain flaents expressible bv an elliptic arch, by Mr. Cim- 
liffe.—Part 3(1 is composed of mathematical memoirs 

extracted from works of eminence, and contains, 1. So¬ 
lutions of some problems relative to spherical triangles, 
together with a complete analysis of these triangles, by^La 
Grange.' From Journal de V Ecole Poly technique.—'2. An 
Kssay on numerical analysis and the translormation'of 
fractions, by the same author, and from the same >vork.— 
3. On the inverse method of central forces^ by Mr. John 
Dawson. From the Manchester Memoirs 

Vol. If. part 1st, consists of a hundred* and twenty 
questions, each with several answers. Part 2d contains 
the following original articles :—1. Demonstration of a 
proposition in mechanics, by A. B.—t-2. On the motion of 
pendulums whose points of suspension are moveable, by 
Mr. Gough.—3. An ocular demonstration of the forty- 
scveiub proposition of the first book of Euclid, by Mr. 
Douglas.—4 and 3, On the sums of certain infinite'' series, 
by Mr. Cunlifle.—6. Solution of a dynamical .question, by 
Mr. Barry.—7* Some properties of parallelograms, with 
the application of them to the moments of forces, by Mr. 

, Gongh.—8, Solutions of some mechanical problems, by 
I A. B,.—9. A diophantine pr(')blem, by Mr. Cuniiffe.— 

JO. T he theory of amicable numbers, by Mr. Gough.— 
11. A new solution of a problem in insurance of money 
on lives, by Philalethes Cantabrigiensis.—12. To find the 
sums,of certain infinite series, by Mr. CmilifFe.—13. Gn 
tliii attraction of an infinite solid elliptic cylinder,ibv Mr. 
Knight.—14. Two indeterminate problems, by Mr. Cun- 
liffe,—13. On the proportionality of the force to the velo¬ 
city, and on the-composition of forces, by Mr. Knight.— 
,16’. On the composition of rotatory motions, by Mr. 
Knight.—‘17. On the expansion of certain■ functions,' bv 
Mr. Knight.— IS. On the expansion of any function of 3 
’multinomial, by Mr. Kmght,—19. Demonstration of a' 
theorem, in the diophantine analysis, by Mr. Barlow.— 

,20. Mr. Knight on the binomial theorem.—21. A. dy¬ 
namical principlp, with some examples, by Mr. Barley. 
Part 3d contains a memoir on elliptic transcendentals, by 
Le Gpudre. Read to the ei ckvant Academy of Sciences 
sn April 1792. 

Wc imders^land that the first volume of the Transactions 
G g 3 
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of the Wernerian Natural History Society is in the presSy 
and will appear early in the ensuing year ; and also that 
Dr. Charles Anderson of Leith, the learned translator of 
Werner’s classical work on Veins, has now in the press a 
translation of the celebrated Von Buch’s miiieralogical 
description of the county of Landeck in Silesia. Dan- 
buisson, a distinguished pupil of the illustrious Werner, 
sometime ago published an excellent description of the 
Floetz-trap formation of Bohemia; and it gives us pleasure 
to announce that 9. translation of that work, by a member 
of the Wernerian Society, is nearly finished, and will Ap¬ 
pear early in the ensuing spring. 

LXX. Proceedings of Learned Societies, 
► 

TtOVAL SOCIETY. 

^ ov. 30i*—This being St. Andrew’s Day, the Society 
held their anniversary meeting at their apartments in So¬ 
merset place, when the President, the right hon. Sir Joseph 
Banks, Bart.-K. B. in the name of the society, presented 
the gold medal (called Sir Godfrey Copley’s) to Mr. Ed¬ 
ward Troughton, for the account of his method of divid¬ 
ing astronomical instruments, printed in the last volume 
of the Philosophical Transactions. In the president’s address 
oi) delivering the medal, he took occasion to observe, that 
since the last anniversary a new Society had been instituted 
for the ^purpose of improving animal chemistry that 
this Society considered itself as a child of the Royal Socie¬ 
ty, to which it looked up as a patjon and protector; that 
all the papers communicated by its members, or others,,,were 
to be submitted to the council of the Royal Society, and if 
approved of to be read and published in the Philosophical 
Transactions 55 and finally, that whilst the Royal Society 
continued to be the channel by which Such papers were 
widely circulated, the ad'vantage of forming select bodies 
for the investigation of particular subiects must contribute 
to extend our knowledge in all the various branches of 
science, and carry them rapidly to a state of perfection to 
which the.ib’olated labours of individuals could hot hope to 
attain. " 

Afterwards the Society proceeded to the choice of the 
council and officers for the ensuing year; whien, on ex¬ 
amining the ballots, it appeared that the following gentle¬ 
men were elected of Uic council 

Of 



Royal Sodefy, 459 

Of the old Council.—The right hon. vSir Joseph Banks, 
bait. K. B. Edward Ash, M. D. Sir Charles Blagden, 
knt. Saniael Goodenotigh, lord bishop of Carlisle, Henry 
Cavendish, esq. Humphry Davy? esq. William Marsden, 
esq. Rev. Nevil Maskelync, D.D. George carl of Morton, 
Sir John Thomas Stanley, hart. William Hyde Wollas¬ 
ton, M. D. 

OJ the new Council.—Jame Brodie, esq. Robert Lord 
Carrington, Richard Chcnevdx, esq., Thomas Lord Dun- 
das, Rev. Henry Fly, D. D. Mr. Stephen Lee, William 
George Maton, M. t). George Shaw, M.D. James Smith- 
son, esq., George Holme Sumner, esq. 

And the officers were the right hon. Sir Joseph Banks, 
bart. K. B. president; William Marsden, esq. treasurer ; 
William Hyde Wollaston, M. D. Humphry Da vy, esq. 
secretaries. 

The members of the Society dined together, as usual, 
after the ckction»at the Crown and AnchorI'avern, Strand. 

Dec. 7} 14, and 21.—In the third section of the Bake- 
rian lecture, Mr. Davy detailed a number of laborious and 
minute experiments on the circumstances under which ni¬ 
trous acid and ammonia arc produced. He showed that ni¬ 
trogen is not formed by the electrization of pure water, 
and that in most of those cases in which it appears it pre¬ 
exists in some compound employed in the process :—tL) 
facts in favour of the composition of nitrogen are those 
derived from the electrical experiments upon the amalga¬ 
mation of ammonia, and those derived from the action of 
potassium upon the same alkali. Mr. Davy brought for¬ 
ward various new facts and reasonings in support of the 
opinion that ammonia is an oxide. 

Jn the fourth section several experiments upon the earths 
are detailed; Mr. Davy has succeeded in decomposing si- 
Icx, alumlne, and glucine, by means of potassium and 
iron, and has obtained amalgams of the metals of magne¬ 
sia and lime by mere chemical aiTcncy. Potassium is sent 
in vapour through the earths iginred to whiteness, and mer¬ 
cury is passed into the tube,which unites to tlie new metals. 

In the ni’th section Mr. Davy compares the antipblogio- 
tic hypothesis of the nature of metallic bodies, with a 
modified phlogistic hypothesis, that they may be compounds 
of imknow'n bases with hydrogen ; and he slates that the 
decision upon these important points of doctrine cannot 
be made, till perfectly correct notions upon the nature of 
ammonia, nitrogen, and hydrogen are acquired. 

Amongst other conihinations before unknown, which- 
G g 3 Mr, 
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Mr. Davy describes in this lecture, is a new inflammablG 
gas composed of the boracic basis and hydrogen. 

WERNERIAN NATURAL HISTORY SOCIETY. 

The first meetinj:; of the third session of this Society 
was held in the College Museuni at Edinburgh on the 4th 
of November last. There was then read a learned botanical 
paper, by Mr. K. Brown, of London, proposing a subdi¬ 
vision of the Apocincce of Jussieu, to be called Asclepia- 
deae ; the first part of a paper on meteoric stones, by Mr. 
G. S. Elamilton 5 and the concluding part of an account 
of the fishes found in the Frith of Forth,by Mr. Neill. 

The next meeting was on the pth of December, when 
professor Jameson read an account of a considerable num¬ 
ber of animals of the class Vermes, which he had ob¬ 
served on the shores of the Frith of Forth, and the coasts 
of the Orkney and Shetland Islands ; and also a series of 
observations on the difi'erent precious stones found in Scot¬ 
land ; particularly the topaz, of which he exhibited a scries 
of interesting specimens from Aberdeenshire, and among 
these was a crystal weighing nearly eiglit ounces, which is 
probably the largest crystallized specimen hitherto disco¬ 
vered in any country. Idle secretary laid before this meet¬ 
ing a communication from the rev. Mr. Fleming; of Bres- 
uiy. describing several rare Vermes lately discovered by him 
in Shetland ; anrl a catalogue of rare Plants to be found 
within a day’s excursion from Edinburgh, by Air. R. 
Maughan, sen. At this meeting the I'ollowing gentlemen 
were chosen office-bearers for 1810: Professor Jameson, 
president; Drs. Wright, Macknight, Barclay and T. ITom- 
son, vice-presidents : P. Walker, esq. treasurer: P. Neill, 
esq. secretary : P. Sime, painter. 

LXXI. Inteilioence and Miscellaneous Articles. 
O . 

"Werner has had the distinguished honour conferred on 
him of being elected one of the honorary fellows of the 
!Royal Society of Edinburgh ; and also honorary member 
of the Royal Aledical, Royal Physical, and Natural History 
and Chemical Societies of Edinburgh, and of the Literary 
and Philosophical Society of Alanchester. 

Tuesday, Dec. 26, died at his house in Wells Street, 
Oxford Street, Tiberius Cavallo, esq. F.R.S, &c., and au¬ 
thor of several valuable scientific works. 

LEG- 
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LECTURES. 
< 

Mr. Tauntoa will coiTimcnce his spring course of lec¬ 
tures on anatoinv, physiology, pathology, and surgerv, on. 
Saturday, Jauuarv ^27, IBIO, at eight o’clock in the evening 
prcciselv. The lectures will he continued every succeeding 
Tuesday, d'hursday, and vSalurday, at the same hour, until 
the completion of the course. 

'Fhe struct lire and ceconomy of the living body, with the 
causes, symptom'^, nature, and treatment of surgical dis¬ 
eases, and the modes of perForming surgical operations, 
will be successively described in the course of the above 
lectures ; besides which an ample field for professional ac¬ 
quirements will he opened, hv the opportunities afibrded to 
the student of attending the clinical and other practice of 
the City and Finsbury Dispensaries, lo which Mr. Taunton 
is surgeon. 

Particulars may be had on applying to Mr. Taunton, 
Greville Street, Ilatton Garden. 

LIST OF PATENTS FOR NEW INVENTIONS. 

To John Brown, of Mile End New I'own, Middlesex, 
stationer, for certain improvements on a machine or press 
for letter-press printing; and also for printing various or¬ 
naments aild figures; part of which improvements may be 
applied to })resses now in use.—Nov. 98, I8O9. 

To William Cornelius English, of Twickenham, Mid¬ 
dlesex, esq., for his method whereby heated water,. steam, 
and air, can be rendered serviceable; and more serviceable 
for new purposes, and every purpose for which they have 
ever been applied, ith less expense of fuel than is now 
used, especially for the purpose of working the steani-en- 
fi:ine, and of warming and heating buildings and stoves; 
and also vessels and coppers for all purposes, and by which 
water, steam, and air (heated) may be applied to many pur¬ 
poses.—Nov. 98. 

To Thomas Herbert, officer of the customs, at Malden, 
in Ese^'x, forarotatl\e pump, or engine for raising and 
forcing air, water, and other fluids.—Nov. 98. 

To James Barrow, of Wells Street, Middlesex, brass- 
. founder, for an improvement on the apparatus used for 

rollers for window blinds, maps, and other similar ob¬ 
jects.—Dec. 5. 

'fo (ieorge Ware, of the royal military academy, Wool- 
^vvieh, geiU., for his apparatus and machiniry for the sup- 

port 
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port and exercise of the human frame, and for the preven* 
tion of bodily deforniity.—Dec. 5. 

io Samuel^ Felton, ot Berwick Street, Soho, botanist, 
fcff bis botanical or medicinal preparation ; being a remedy 
for gravel and stony concretions, which he denominates 

Mucilage of Marshmallows.’'—Dec. 9. 
To John Jones, of Manchester, cotton-spinner, for his 

iievv sort of instrument, or machine for preparing and cut¬ 
ting cotton and lin candlewicks.—Dec. 9. - 

To John Manton, of Dover Street, Middlesex, gun- 
maker, for an improved lock for guns and pistols.—DecT 11. 

lo John Murray, of Nicholson’s Street, Edinburgh, 
esq., and Adam Anderson, of South Bridge Street, Edin¬ 
burgh, tin-plate workers, for a portable stove, or furnace, 
which may be ibade of cast-iron, forged or plate iron, or 
of other metals or materials, by which a current of air is 
heated, and discharged so as to distribute the heat more 
equally than by stoves such as are in common use, and 
avoid the unpleasant smell which they produce; and which 
air, if necessary, may be brought from the external atmo¬ 
sphere, so as to produce ventilation as well as warmth. 
Ihat a stove of this construction may be usefully applied in 
wanning and ventilating churches, public rooms, halls, 
stair-cases; and by means of tubes connected w’ith it the 
apartments of houses ; and will also be useful to ventilating 
and heating ships and manufactories, drying different ar-» 
tides of manufacture, ventilating mines, and for other 
purposes.—Dec. 14. 

To John Didf, of Great Pulteney Street, cutler, for an 
invention of snuffers on a new and improved construction, 
communicated to him by a foreigner.—Dec, 14. 

To Mai:k Noble, of the parish of Battersea, Surrey, en¬ 
gine-maker, for an improvemau on chain and band pumps, 
and a new invented fire-extmgmshiug engine and steam 
endne.—Dec. 14. 

To Charles Fred. Dayis, of the parish of ftchcombe, in 
the county of Gloucester, clothier, for his improvemeni 
in the manufacture of woollen stocking pieces, by raising 
and producing on his improved manufacture a nap or pile 
in resemblance of kersymere and broad cloths. And also 
an improvement on the manufacture of kersymere and 
broad cloths, by means of irunsver.'-e elasticity given to ins 
ynanufaciurc, equal in use from its case to the woollen stock¬ 
ing manufactures.—Dec. 20, 

METEORO- 
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METEOROLOGICAL TABLE, 

Bt Mr. Carey, op the Strand, 

For*December I8O9. 

Thermometer. 1 Cfl 
V r-« . 

' { y« j » * j , . ' 

Days of the 
Month. 

^.S E c 
:>-> 0. 

• 

0 0 
^ A 

x: 
Height of 

the Barom. 
Inches. 

f 
t 

S 
'c J 2 

■u ^ i- 
^ w: ir. >s 

O' C '—I 

Weather. 
i. 

Nor. 27I 32° 41° 3f)° 29'.75 5 Cloudy 

2 si 35 39 35 •87 0 Small rahi 

29I t 1 35 40 36 •84 0 Small rain 
/-'•f 1 

30 32 42 39 •75 5 Cloudy 
Dec. 1 41 43 36 *31 21 Fair 

2 32 41 33 •72 IS Fair' 

3 37 43 43 •56 15 Fair 
4 43 58 37 •41 20 Fair » ^ N 

• t 33 43 37 •95 '26 Fair>^ 

6 46 49 47 *92 6 Cloudy^ •* 

7 47 49 40 *95 10 StohBy 

■ 81 40 44 41 30-02 24 • Fair t ’ 

o’ 46 49 46 29*40 ' 7 ‘ ̂ Sbr6^very 

10 46 48 44 •19 16 Fair ‘ ■ 
!1 40 43 39 •45 24 Fair 

> 

12 42 47 39 28*95 10 Stormy 

13 38 42 39 29-18 7'^ Stornhv 

. j.,' J4 33 39 41 ‘41 to ' Fair. Violent 
storm at night 

15 40 42 36 28-80 5 Showery " 

16 33 38 38 •80 5 Fair 

17 38 39 40 1 -31 0 Small .rain ‘ 

18 40 40 40 •50 0 Rain ^ 

10 40 44 40 29*30 15 Cloudy "iy 

39 44 38 •70 18 hair 

21 38 43 38 *78 18 Fair • ■-‘•'W.. 

• / .. 25 1 38 43 40 •90 , 5 Fair , 

22 1 35 39 36 *89 6 Foggry ' 

2-1 35 39 39 
. 4 

•79 0 Small fall of 
snow'* 

2i > 35 41 40' .90 5 Cloudy . ' 

2( ) 39 40 40 *8‘2 0 Rain 
"di/v 

u ■ ' 
T i 

« 

\ > ' “ 

N. B. The Barometer’s height Is taken atone o’clock. 

’V . 
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TO VOL. XXXIV. 

yj GADFjMY (if Sciences', Copeaha- 
gea " 76 

Acetate of Lead. New raediainal pro¬ 
perties of 129 

Acetic acid from wood 2t55 
Acetic ether. . Qi\ 153 
jdricls, Boracic, Davy on, U3; Fluoric, 

Pavy on, 120; Muriatic, Davy on, 
18\, 409 { Acetic, obtained from 
woods, 235; difference between mu¬ 
riatic apd oxymuriaticj ,409; action 
of vegetable, acids on alcohol, 431; 
combination of, with animal and 
veo-etable substances, 439 

Aerolites. On, 151 
Aer/islnlion, 76, 78 
Agriculture, .313 
Alcohol analysed, 152 
Allen and Pevys, On respiration, 379, 

415 
American Indians, Cosmogony of, 261 ; 
Ammonia. Davy on, 6, 339, 393,* 

Henry on, 369, 447 
Amphibious reptiles, 147 
Analysis, of sulphur, 12, 405 ; Meca- 

nique Celeste, 36 ; phosphorus, 108, 
405; plumbago, charcoal, and dia-> 
mond, 110; boracic acid, 113; 
fluoric acid, 120 ; milt of fishes, 151 ; 
human bones, 151 ; alcohol, 152; 
ether, 152; malleable Iron, 153; 
new means of, 236; of ammonia, 

339 
Anatomy,. 43, 143, 303 
Andreolis aerial voyage, 78 
Anemometer, Kirwan’s, 247 , 
Animal Chemistry, 151, 302, 468 
Animal remains, fossil, 309 
Animal substances, combined with acids, 

439 
Astronomy, 36, 70, 202,227, 229,241, 

252 
Atmosphere. A prize question, 76' 
Bakerian lecture. Davy's, 6, 108, 181 
Banks's ' {S\r J.) circular respccLii;g 

Merino sbeep, . , 155. 
Beet-root, a substitute for coffee, 316 
Euit, on sounds in vapours, 277 
BioVs analysis of Mecauique Celeste, 

. . ' 36, .202, 2'52 
Blanehard^s rain-table, 158- 
Bleeding, internal, remedy for, 129 
Books,'New, 146, 303, 391,466 
Boryicic acid. Davy on, 113; decom¬ 

position of, 113 
Borachtvt, the metallic base of boracic 

acid, 120 
Botany, 31, 149, 306, 313, 394 

Breams, to breed, 270 
Brewster's new instruments, 77' 
flriosc/a’i aerial voyage, 78 
Br.odie's dissection of a singular his- 

man foetus, 43’ 
Brogniart on fossils, 310 
Broom. Flax from, 378 
Caisson,' floating, made of iron, 378 
Carey'’s meteorological tables, 80, 16'0, 

' 240, 320, 398, 473 
Caips, to breed, 271 
Carr on geology, 19, 137, F.eply 

to, 49; on eels, 272; on salmbn- 
Icaps, 321 

Carrots a cure for ulcers, 281 
Cat. Singular fact respecting, 347 
Champignons. Poisonous effects of, 

395 
Charcoal. Davy on, 110 
Children on Voltaic electricity, 26 
Children. On marks on, 347 
Chladni's clavi-cylinder, 315 
City philosophical society, 2371 
Claries meteorological table, 159 
Clavi-cylinder. A new musical in¬ 

strument, 31A 
Cffgg’s steam-engine, 40l 
Clocks. E. Walker on pendulums of, 3 
Cochrane on sea currents, 156 
Coffee. Substitute for, ' 316 
Colours found in Pompeia, 411 
Coloured rings. On Herschers, 359 
Cosmogony of the Can,f'’^a Indians, 261 
Crny-Jish. To breed, 332 
Crocodile. On the varieties of, 147 
Cronnian lecture. Wollaston's, 392 
Cryslallcgraphy, 64, 96,, 210, 289, 349 

455 
Currents, sea. Course of, 156 
Cuvier on fossil bones, 309 
Davy's Bakerian lecture: action of po¬ 

tassium upon ammonia, 6, 339 ; ana¬ 
lytical exper. on sulphur; 12, 405; 
on phosphorus, 108, 4o5; on plum-^ 
bago, charcoal, and diailiOnd, 110 ; 
on boracic aCid, 113; on fluriric acid, 
120; on muriatic acid, 181, 409} 
experiments, 187; analysis of am¬ 
monia, 3.39; on metallic bodies, hy¬ 
drogen, and animdnia, 393 ; on car¬ 
bonaceous' natter, 408; on nitrogen, 
alumine, gluci'ile, magnesia and lime, 

Davy (J.) Exper. on sulphur and 
charcoal, 407 

Deal pendulums. Walker on, 3 
Diamond. Davy on, HO 
Diarrhcea, remedy for,. 1.30’ 
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Dickin^oji's floating iron dockj 387 j 
method of towing ships, 389, 426; 
system of ship building, 428; iron 
masts, 427 

Dividing instruments. Trotighton on, 
81, 163 

Diving machine. New, 78 
Dock, fluadng, made of iron, 378 
Dropsy. On, 312 
Karthen-ware. On ancient, 413 
Ed. Natrual history of the common, 

273 

El^ five attractions. Young on, 53 
Electrical action in thunder-storms, 

161, 201 
Ether analysed, 152: on formation 

of, ' 431 
Ewell on med. uses of acetate of lead, 

129 

Farev on valleys, 49 
FeDers, inlermiHvig, remedies for, 312 
Fish, on breeding, 268, 324 ; on eels, 

273; salmon-leaps, 321 
Floating d'yYk made of iron, 378 
Fluoric acid. Davy on, 120 
F’yrng. Machine for, 78 
Fossil bones, _ 309 
French Naticynal InslitUte, 70,143, 227, 

302 
Fitmigations, medical, 132, 395 
(}atl'i> theory of the structure of the 

brain, 503 
(jciU anic appdratus. The best, 26 
C'dk, a new one, 394,470 
(Geology, 19, 49, 137, 190, 31 1 
G'ltu-jnnbdc.r. Txper. on, 154 
Uo'rr'hrrhagc, in'hnnal. NTw remedy 

for, 129 
hull on telegraph, 124; on broom 

flax, 378 ; on refraction, 397 
Jlavifs crystallography, 64, 96, 210, 

289, 349, 455 
Henry on ammonift, 369, 447 
flerschd. Notice by, 237; his re-^ 

viewer reviewed, 359 
ffisinry, a pr^ question, 76 
hnofC'cr’s expedition to Iceland, 315 
Ifyjra'ulir ram, a prize question, 76 
IJ.ndiaulic telescope, a prize question, 

Jacobi on breeding fish, 324 
Imagination, oj' mothers. On, 347 
Indians^ Cosmogony of, 261 
1 i^lanimalion, remedy for, 130 

Ins’iU'.lion, new, proposed, 453 
Inst'^uincnls, phiiosopliical. New, 77 
A'tVu.'ai/s,.aiJ,^m<-Hqet(;^, 247 
A'ik/t/is. ‘singularly marTced, , 347 

Knight on origin and formation of 
roots, 31 

Langedorff's expedition, 79 
Laplace's M^canique Celeste, 36, 202, 

252. Supplement to, 233 
Learnedsocieftes, 70,143, 227,302,468 
Lectures, 6, 108, 157, 181, 238, 471 
Leech-worm. On the,, 37S 
Z,cjttere’5 artificial puzzolano, 178 
Light. Particulars concerning, 359 
Longchamp on formation of nitre, 334 
Mammoth. On'the, 810 
Masts, sliding tubular, made of iron, 

428 
M^caniqxie Celeste. Ijaplace’s, 36, 
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