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PRADO 

MICROPROJECTOR 

The extreme brilliance, clarity and defini- 

tion in screen images from the well-known 

PRADO make it readily convertible from 

standard 2x2” (Model 500) or 234"x23%4" 

(Model 66) slide projector to microprojector. 

This portable unit may be carried easily 

from room to room and used wherever 

there is an electrical outlet. Light from the 

500-watt lamp, projected through as- 

pheric condensers in the blower-cooled 

PRADO, gives an image quality ideal for 

use in classroom or conference room. 

For microprojection, the special micro- 
attachment simply slides onto the power- 

condenser housing. The attachment 

provides an object stage and adjustable 

condenser lens with helical focusing. A 

similar attachment is available which 

allows the stage to be placed in a horizon- 

tal position to accommodate wet mounts. 

The revolving nosepiece holds three objec- 

tives: 3.5x, 10x, and 25x. The high power 

objective is equipped with a spring- 

loaded mount. 

A reputation for integrity and a tradition of service have led thousands of scientific 

workers to bring their optical problems to Leitz. If you have problems in this field, 

why not let us help you with them? 

See your Leitz dealer and examine these 

Leitz instruments soon. Write for infor- 

mation, 

E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
D ist ¢ i-b-7e rs o f the 
Ernst Leitz G.m.b.H.,Wetzlar, Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS: LENSES: PROJECTORS. MICROSCOPES : BINOCULARS 

| Seite first in precision optics 

PRADO, as standard slide projector acer? 

E. LEITZ, INC., Dept. SC-520 

A6é8 Park Avenue South, New York 16, N.Y. 

Please send me the Leitz brochure. 

NAME. 

STREET. 

world-famous 6.1. 4.6246. oF 



For Your Fall College Classes— 

Teacher-Endorsed Saunders Texts 

Frobisher— 

FUNDAMENTALS OF 

MICROBIOLOGY 

“I use this text because it is by far the most complete and 
yet easiest to use for an introductory year course. The 
students like it, too, which is a good recommendation in 
itself.”"—Assistant Professor of Biology, Virginia 

“The incorporation of excellent photomicrographs, discus- 
sion of new techniques, such as the Millipore filters, and 
the enlargement and modernization of the latter chapters 
on special taxonomic groups of bacteria make it extremely 
suitable for other advanced courses beyond introductory 
bacteriology.”—Assistant Professor of Biology, Penna. 

“Frobisher has always been my favorite microbiology text.” 
Associate Professor of Bacteriology, Washington, D.C. 

By MARTIN FROBISHER, JR., Sc.D., Special Consultant, Laboratory Branch, 
Communicable Disease Center, Uz 'S. Public Health Service; formerly Asso- 
ciate Professor of Bacteriology, Emory University Medical School; formerly 
Associate Professor of Bacteriology, Johns Hopkins en 617 pages, 
6” x 914”, with 224 illustrations, some in color. $6.50 Sixth Edition! 

Luder, Vernon & Zuffanti— 

GENERAL CHEMISTRY 

“The development of the concept of atoms from the be- 
havior of substances is quite good. We find that our entering 
students are not prepared to start with atomic structure as 
most of the other modern textbooks require.” 

Head, Chemistry Department, North Carolina 

“The chapter on acids and bases remains the best in any 
elementary text.’ 

Associate Professor of Chemistry, Wisconsin 

“The presentation of such topics as polymerization (includ- 
ing silicones) and carbodydrates further recommends the 
book.”—Professor of Chemistry, Indiana 

By WILLIAM F. Luper, Ph.D., Professor of Chemistry; ARTHUR A. VERNON, 
Ph.D., Professor of Chemistry; and SAVERIO ZUFFANTI, Professor of Chem- 
istry, Department of Chemistry, Northeastern University, Boston, Mass. 
582 pages, 6” x 914”, with 149 illustrations. $6.7 Second Edition! 
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W. B. SAUNDERS Company, West Washington Square, Philadelphia a 

Maximow & Bloom— 

TEXTBOOK 

OF HISTOLOGY 

“So far as this department is concerned there is no other 
textbook in histology. Maximow and Bloom so far outranks 
the others in description, clarity, illustrations and readability 
that I feel it will be the No. 1 book in this field for a long 
time to come.”—Professor of Biology, Oklahoma 

“The inclusion of much physiological material along with 
the strictly descriptive histologic detail is very valuable to 
the students.”—Associate Professor of Biology, New York 

“Splendid in all respects. It is the authority on normal 
histology which I have found most ‘usable’ from the stand- 
point of histopathology.” 

Chairman, Department of Pathology, Pennsylvania 

By ALEXANDER A. MAxiImMow, Late Professor of Anatomy, University of 
Chicago; and WILLIAM BLoomM, Professor of Anatomy, University of Chi- 
cago. 628 pages, 7” x 10”, with 1082 illustrations on 631 figures, 265 in 
color. $11.00. Seventh Edition! 

Estok— 

ORGANIC CHEMISTRY 

“An excellent book for a one semester course in organic 
chemistry. The illustrations and diagrams are particuiarly 
good.”’—Associate Professor of Chemistry, Massachusetts 

“The section on polymers is well done. Most students are 
curious as to what such terms as dynel, orlon, teflon, etc. 
encompass. Estok makes good use of the space allotted to 
this subject.”—Head, Department of Biochemistry, Maine 

“A feature missing in some books is Estok’s strong adherence 
to balanced equations, an essential for the beginning student 
in organic chemistry. 

Associate Professor of Biological Chemistry, Michigan 

By Georce K. Estox, Ph.D., Associate Professor of Chemistry, Texas 
Technological College, Lubbock, Texas. 275 pages, 6” x 9%”. $5.50. 

Names available on request 

Sia 
‘BOOKS GLADLY SENT TO COLLEGE TEACHERS FOR CONSIDERATION AS TEXTS 

SCIENCE is published vey by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 
additional mailing office. Annual subscriptions: foreign postage, $1.50; Canadian postage, ¢. 



You'll find Perkin-Elmer’s new 
Model 221-G Prism/Grating Spectro- 
photometer unequalled in accuracy, 
speed, convenience, reliability. 

Whether your laboratory is respon- 
sible for identifying unknowns, deline- 
ating structures, making quantitative 
determinations — whether checking the 
progress of syntheses or performing 
quality control—the Model 221-G lets 
you do the job with unsurpassed speed 
and accuracy. 
Work with the Model 221-G will give 

you continuing assurance you have pur- 
chased the finest infrared instrument 
available...with an unmatched combi- 
nation of features: 

automatic gain control—for accurate 
measurements in regions of reference 
beam solvent absorption 
programmed sc ing and sup- 
pression—essential to accuracy at high 
scanning speeds 

a 

high resolution throughout range —with 
largest choice of prism interchanges, 
plus the unique Coates prism-grating 
interchange 

unbroken spectral data presentation — 
continuous spectrum over entire range 

wi . aman 

This advanced instrument gives more usable information 

...faster...than any other infrared instrument or method 

selected, without gaps or overlaps. 
wide wavelength range— unlimited free- 
dom to work from .5 to 40 microns 

In addition, you have available the 
widest range of sampling accessories; 
P-E’s Applications Engineering backup; 
fast, expert service. 

Complete details have appeared in re- 
cent issues of P-E’s quarterly INSTRU- 
MENT NEWS. For your copies of these 
articles, write us at 910 Main Avenue, 
Norwalk, Connecticut. 

INSTRUMENT DIVISION 

Perkin-Elmer 
CONNECTICUT NORWALK, 

Corpoviition.. 

This spectrum of Indene, 99% pure, was run on the standard NaCl prism 
infrared spectrophotometer. The thickness of the sampling cell was 
.025 mm. Spectral presentation is linear in wavenumbers. 

Linear wavenumber spectrum of the same sample, same cell thickness, run 
on a new Perkin-Elmer Model 221-G. prism/grating spectrophotometer. 
Note improvement in resolution over that obtained in other run. 
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Seismograms give clues to possible mechanisms that convert potential 
into kinetic energy at the source. 
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In a finite world, population growth, before it is finally halted, 
entails diverse costs. 
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another Burroughs computer 

is helping build one of the 

worlds largest steam boilers... 

History has already earmarked July 21, 1959, 

in remembrance of launching the N. S. 

Savannah—the world’s first nuclear merchant 

ship. This graceful queen of the seas may 

well be the precursor of a vast atomic mer- 

chant fleet—ships operating quietly and effi- 

ciently on nuclear engines. 

Yet months before touching water, the 

Savannah’s nuclear propulsion system was 

obtaining hundreds of “trial runs” on a 

Burroughs 205 computer at The Babcock & 

Wilcox Company’s Atomic Energy Division 

in Lynchburg, Virginia. 

Long before the vessel was launched these 

computer runs predicted changes that were 

to take place in the heart of the nuclear reac- 

tor. With the aid of these data, decisions were 

made as to the optimum size of the reactor, 

the lifetime of the fuel elements, amount of 

fuel needed, approximate costs and myriad 

other specifications. 
Of course, a simulated run could have been 

made with a desk calculator—but it would 
have taken one year to complete a single run. 

The 205 has completed the same job in just 
a few hours. 

This is the latest installment in a success 

story that started in November, 1955 —the 
installation date of the Burroughs 205 at the 

Atomic Energy Division. Aside from the 
N. S. Savannah project, the same computer 

contributed immeasurably to other reactor 
designs, and other engineering work involv- 
ing stress and thermal calculations, plus cost 

Burroughs Corporation 

accounting data processing. 

A recognized pioneer in the application of 
electronic data processing equipment, B&W 

was one of the first companies to develop its 
own automatic programming system. The 

effect of this powerful programming aid— 
called DUMBO—is to extend the capabilities 

of the 205 to hundreds of engineers without 

special knowledge of computer characteris- 

tics and techniques. 

B&W engineers at Lynchburg are now able 
to write a plan for the computer to follow; 

DUMBO then automatically translates the 
plan into 205 language for electronic data 
processing. 

With valuable 205 experience on design 
problems of a different nature, B& W’s Boiler 

division (at Barberton, Ohio) has now 

installed a larger Burroughs 220 computer 
system to handle its increasing activities. 

Now in the design stage, with the aid of the 
220, is one of the largest steam boilers ever 

conceived. When finally erected, the new 
steam boiler will stand as high as a 22-story 

skyscraper, produce 4,900,000 pounds of 
steam per hour, and generate sufficient power 

to light a city of 5,000,000 population. 

Whether designing mammoth power equip- 
meént or a small industrial boiler, the 

Burroughs 220 has become a vital tool from 
initial bid through final design. The Burroughs 

220 is helping to win orders with fast-but- 
realistic proposals, slashing costs and lead 

time at every possible opportunity. 

and still another is speed- 

ing a vast research and 

development program 

B&W, whose product range includes tubular 
products, refractories, and marine boilers, as 

well as stationary steam generators, is also 

spearheading the development and construc- 

tion of nuclear stationary and marine pro- 

pulsion power plants. In all these programs, 

B&W depends upon the most modern ana- 
lytical processing equipment. 

At the company’s Research and Develop- 

ment Center based in Alliance, Ohio, a third 

Burroughs computer has recently gone “on 

the air.” This Burroughs 205 was purchased 
to process data for a variety of research ex- 

periments in the fields of heat transfer, fluid 

flow, stress analysis, and thermodynamics. Its 

immediate impact has been to free creative 
engineering talent from routine calculations 

and to reapply valuable human resources to 

the pursuit of new sources of economical 

energy. This 205 has already developed 

research data otherwise inaccessible. 
All three Burroughs computers are helping 

B&W to meet a wide range of the nation’s 
power requirements in the most efficient and 

economical way possible. Hundreds of other 

industrial and commercial users are confirm- 
ing similar experiences. 

Burroughs’ complete line of electronic data 
processing equipment is backed by a coast- 

to-coast team of computer specialists, able to 
advise on how Burroughs can help you in 

your business. For additional information, 

write General Manager, Data Processing Sys- 

tems Group, Detroit, Michigan. 

“NEW DIMENSIONS/in electronics and data processing systems” 
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More than 400 models are covered... plus important technical selection and 
application data. Write for your copy of the new Sorensen catalog today. Sorensen 
& Company Inc., Richards Avenue, South Norwalk, Connecticut. 0.12 

A SUBSIDIARY 

---the widest line lets you make the wisest choice 

CONTROLLED 

Mode! QM6.3-.32. Miniature Transistorized Regula- 
ted D-C Supply features regulation to +0.05% for 
combined line and load variations. This is one of more 
than 180 miniature component-type power packs 
offered by Sorensen. They include, in addition to 
highly regulated d-c supplies, dc-to-ac inverters and 
dce-to-dc converters. 

Model Q12-15A. One of the 15 Sorensen Q Series 
high-precision transistorized low-voltage supplies, 
features voltage regulation to +0.05% for combined 
line or load variations. Models for 6, 12, 28 vdc out, 
with power capacities up to approximately 240 watts. 
Similar QR Series features precision regulation with 
wide output voltage adjustment range. Two models: 
0-75vdc at 2 amps max and 0-36vde at 4 amps max. 

Model 2150-5 (Control Section). This is just one of a 
tremendous variety of Sorensen high-voltage d-c sup- 
plies, high-voltage a-c and a-c/d-c testers, and elec- 
trostatic -generators. Models completely cover the 
voltage range from 1000 to 600,000 volts. Power out- 
puts range up to 60 kilowatts. 

power supplies 

listed in the BIG, NEW SORENSEN “Power Supply Handbook and Catalog” 

32-pages of important specifying data on... 

e Regulated d-c supplies e Frequency changers (variable frequency power sources) 
e High-voltage products—to 600 kv e Miniature transistorized inverters and con- 
verters e Line-voltage regulators. 

POWER Bo Segacpipmenr om 

PRODUCTS : 

SCIENCE, VOL. 131 



Cooke laboratory microscopes . . . superior optical 

performance . . . clean design . . . precision construction .. . 

for maximum operator convenience and efficiency . . . for long-term, trouble-free service. 

Manufactured at York in England . . . specifications on all models available on request. 

Brotocicat BY2L (illustrated upper left), 30X to 1000X, $435. 

METALLURGICAL BT2 (illustrated upper right), 100X to 1000X, $489. 

Srerzoscoric B1683, 20X fixed magnification, built-in focusable illuminator, $165. 

91 WAITE STREET, MALDEN 48, MASSACHUSETTS * IN CANADA: 77 GRENVILLE STREET, TORONTO 



now, at lbw cost, the new 

ASCO ‘'50” enables you 

to compare your present 

processing costs | 

with those of | | 

MOLECULAR 

DISTILLATION 

With this simple-to-operate still you may... 

FEATURES 

Fields of investigation heretofore made ~_ a a: 
prohibitive through use of highly expen- ane we 
sive investigative techniques can now —— 
be explored with this simple-to-operate Pe 
molecular still. Since the “50” still is the be 

ASCO “50” 

ROTA-FILM 

STILL 

explore falling agitated film evaporation 
and distillation, 
distill materials with molecular weights 
ranging from 200 to 1250 weight (hydro- 
carbons) and some materials to 4000 mo- 
lecular weight (silicones and halocorbons), 
deglycerinate and distill mixtures of mono-, \. % 

2 » 
Hundreds 

now rn use! 

di- and tri-glycerides 
distill tall oil 
distill paraffin from slack wax or petroleum 
residue 
deodorize oils, 
remove color bodies from materials of high 
molecular weights. 

Batches from 10 ml to 20 liters Write for foider 

for more details 
Vacuum range from atmospheric to 
1 micron Hg. 
Temperature range to 450°C, 
Teflon or carbon rotor-wiper blades 
Stainless-steel (18-8 type 304) wiper- 
holders (Available with Hastelloy B) 
Continuous or batch feed 

and description 

All parts made of glass except 
wiper-holders and top plate 
UNITS MAY BE COUPLED FOR 
FRACTION ATION, 

laboratory counterpart of the large com- 
mercial Rota-Film Still, results obtained 
may be duplicated on a commercial scale S @) oO 
aay selena. COMPLETE FOR ONLY 391 

Write: Dept. S-520 

als 
ARTHUR F. SMITH CO. e 311 ALEXANDER ST., ROCHESTER 4, N. Y. 

C 
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Dual tool for botanical-physiological research...the Beckman Model 15-A Infrared Analyzer is a 

versatile instrument of high accuracy, quick response. In photosynthesis studies for sensitive measure- 

ments of minute quantities of CO2 or H2O...in clinical medicine for measurements of CO and acetylene 

in pulmonary diffusion capacity studies...the 15-A has established itself as the standard instrument, 

because of these important advantages: Response speed of 0.5 sec. to 90%... usable with a galvanometer 

data recorder...accuracy is +1% of scale...sensitivity up to 0.1 ppm with full scale ranges from ppm to 

100%...choice of window materials and sample cell lengths to suit any analysis...simplified design for 

continuous operation with minimum maintenance. % For information on specific applications, contact 

your Beckman sales office. Or write today for Data File 38-21-10. Beckman . tea 

Scientific and Process / Instruments Division %s.0® 
Beckman Instrumente, Inc. 
2500 Fullerton Road, Fullerton, California 



Todays most efficient still 

is todays most compact still... 

me 

(Caria STERIL-AQUA 

Write, too, for de- 
tails on Castle’s new 
Orthomatic Steam 
and (shown above) 
Sterox - O - Matic 
Ethylene Oxide Gas 
Sterilizers. 

1472 

Here’s a new water distillation process for industry that offers you greater 

efficiency in 4 the space of conventional units! 

The Castle STERIL-AQUA produces pyrogen-free water direct from boiler 

steam ... and at less cost than any other still. It requires less steam, radi- 

ates less heat, and needs far less maintenance. 

Most important, STERIL-AQUA operates consistently at or above rated 

capacity and produces distillate of purity equal to or surpassing USP XV 

standards. Models from 5 to 500 gph. Call your Castle dealer or write 

for full details. 

Cart t_e— LIGHTS AND STERILIZERS 

WILMOT CASTLE CO., 1713-5 E. HENRIETTA RD., ROCHESTER 18, N.Y. 

SCIENCE, VOL. 131 
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MALLINCKRODT 

WHAT’S IN 
AR IODIDES 

MALLINCKRODT | - Faeries | Hl 

POTASSIUM ° allinckrodt 120. 

integrity which 

IODIDE AR eee goes into every HIO3 

Analytical Reagent! NH4I 

BESIDES KI? Through nine dec- Cdl 

ades, Mallinckrodt e 

“has built a reputation Cols! 

for delivering depend- 

able chemicals that meet 

the exacting standards re- Hgla 

quired for analytical pro- CH5! 

cedures. If it’s a Mallinckrodt 

AR® ... you know it’s right! 

Three factors behind Mallinckrodt’s Kt 

USE AR’s AS reputation are: a high degree of 

technical skill... ability to put this 

Rte CENA skill into practice ... and the determi- ald, 

TOO... AVOID nation to reach predetermined goals 

PRODUCTION AND without compromise—three reasons why 

QUALITY PROBLEMS more chemists specify Mallinckrodt AR’s. 
, . . 
dy fo give you 

ay star 

“Tae ae 

20 MAY 1960 
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CUTS WEIGHING TIME 6O”% 

Torsion’s dial — 

makes 

the difference 

With Torsion’s new 500 gram capacity balance you can make 

three times as many weighings per hour as before. Here’s why: 

Conventional laboratory balances use a graduated beam and 

slide weight for “‘fine’’ weighing after the weight has been 

determined to within 10 grams. Under the old procedure the 
balance is arrested, slide weight positioned, balance released, 

balance comes to rest, position of indicator noted, balance 

arrested again, slide weight repositioned and so on until the 
weight is determined within 0.1 gram. 

All this time consuming “‘cut-and-try”’ procedure is replaced 

with a simple graduated dial which can be turned without 

arresting the oil-damped balance. This means that the time 

consuming part of the weighing (below ten grams) can be 

“dialed-in’’—and in 4 the time. 

UNCONDITIONAL GUARANTEE 

In keeping with Torsion’s Million-Plus construction, the new 

Dial mechanism retains its original accuracy after more than 

a million weighings. That’s why Torsion Balance has uncondi- 

tionally guaranteed the accuracy of the entire Dial mechanism, 

+ Torsion Laboratory Balance DLTS 
Capacity: 500 grams 

Readability of Dial: .O2 grams 

Other Torsion Dial Balances 

Model DLT2 
Capacity: 120 grams 

Readability of Dial: 2 mg: 

Model DLT2-1 
Same specifications 

as DLT2 but has scoop 
for seeds or other 
bulky material. 

Yho Torsion Balance © bom frany 

Main Office and Factor} Clifton, New Jersey @ Sales Offices: Chicago, San Francisco 
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eliminates torsion wire and | ' IC INSTRUMENTS 
mechanical spring problems y j 

«x Rapid, simple changing of I Please send me specifications and data on: | 
shear rates 1 © Model AT-2A Automatic Recording Titrator 

q (1) Model RV-2 Rotating Cylinder Viscometer | 

I My application is j 

ats cat aaa daa he ea a i Name. Title Dept ] 
SCIENTIFIC INSTRUI | 

Company. i 
A Division of Polarad Electronics Corporation > | eatin 
43-20 34th Street, Long Island City 1, N. Y. ] l + ghee City. Zone. State. I 

© P.E.C. 1 
im coms esses ib ns cnn Cnn Gene) ens ses coms ces ees ee GD GE GG ee We ee eee 
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SCIENTIFIC INSTRUMENTS MODEL AT-2A 

now — RECORD all potentiometric titrations AUTOMATICALLY! 

No longer is it necessary to expend valuable man- 
hours on tedious, point-by-point potentiometric titra- 
tions. Here is a single instrument that both performs 
and records variable and constant pH titrations — all 
automatically! 

Speeds time-consuming measurements to free chem- 
ists for more productive efforts. And it’s accurate to 
+£0.02 pH units or £1.2 millivolts. 

CAPABILITIES 

x Automatic recording pH stat for reaction rate studies 
* Records variation in pH or EMF as a function of 

titrant added 
x Titrates to any pre-set end point 
* Records first and second derivative titration curve 
* Performs automatic titrations in aqueous or 
non-aqueous media: Acid-base reactions — Oxidation- 
reduction reactions — Precipitation reactions — 
Complex-ion reactions 

*x Automatic process control, lab or industry 

FEATURES 

* Internal calibrator to check titrator’s response 
* Titrant addition rate adjusts automatically as 
end-point approaches 

x Variable titrant delivery rate and chart speed 
*x Automatic cutoff for unattended operation 
* Interchangeable burets for micro and macro titrations 
* With plug-in differentiator, pH or EMF is displayed on 
meter as recorder plots first or second derivative curve 

«x Adjustable recorder span; maximum sensitivity 
2 pH or 120 mv full scale 
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records 
of typical 

functions —- 

by model 

AT-2A 

TIME 

w 
> 3 ° > r z < « = ra TITRANT VOLUME TITRANT VOLUME 

eH TITRANT VOLUME epH/av 
Typical Variable pH Titration Typical Constant pH Titration Typical First Derivative Titration Typical Precipitation Titration 

la re nee t . t F 4 * 

for true intrinsic viscosity measurements at extremely low shear rates... 

SCIENTIFIC INSTRUMENTS MODEL RV-2 Here is a Couette viscometer so sensitive, it 
measures viscosity on the plateau approach- 

* Coaxial rotating cylinders ing zero shear rate, virtually eliminating the 
distribute shear rate evenly need to extrapolate to zero. 

= Convenient sample changing MAIL THIS CARD FOR MORE INFORMATION... 
x Electrostatic restoring torque fee Se See eee sees 
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... TIME SAVING... VERSATILE 

with built-in SAFETY FEATURES 

<_* _... =” 

Preparations for electron microscopy, plant tissue studies, more. stable 
emulsions) ting difficult substances into solution... the toughest homog- 
enizing jobs can be expedited with the VirTis ‘45’ Hi-Speed Homogenizer 
(45,000 rpmjeor the VirTis '23' Economy Model (23,000 rpm). These 
fast operating, trouble shooters have wide application industrially, as 
well as in the clinical laboratory. 

Interchangeable micro and macro shafts and flasks are an economy . 
permit the accomplishment of a wide range of tasks with samples from 
0.2 mi. to 400 ni. 

A patented Teflon and Stainless Steel Aerosol-Free assembly keeps the 
operator safe from dangerous aerosols during processing and irre- 
placeable samples are safe too! A friction-free top drive design eliminates 
heat hazard, and troublesome leaky gaskets. 

Adjustment. knobs, easy to position clamps, and base alignment are 
simple t6 reach, fast to set up and speaking of speed .. . the 
shaft and precision ground, razor sharp blades of 18-8 ‘stainless steel are 
powered by motors designed to deliver high torque under load. 

The heavy-wulf Lu¢ite cooling cup provides clear visibility during oper- 
ation. 

Blades, shaft, flask, and aerosol-free assembly can be sterilized as a unit 
in the autoclave. 

The VirTis '45’’ Homogenizer... 
time tested, versatile instrument now 
standard equipment in the research lab- 
orotory. Its 1/5 hp motor has variable 
speed control from 100 to 45,000 rpm 
The homogenizing assembly consists of 
18-8 stainless steel blades and shaft, 
Pyrex brand glass flask, and inert Teflon 
cap. Assembly can be steam sterilized and 
cannot impart toxic impurities to valuable 
samples. Available as the Micro Model 
"45'' for 0.2 - 1.0 ml. samples or the 
Macro Model ‘'45" for 20 - 400 mi. 
samples. Either model will handle all vol- 
ume levels between 0.2 - 400 mi., using 
appropriate interchangeable accessories. 
The VirTis '23’’ Homogenizer... 
economy model hi-speed homogenizer. Its 
1/20 hp motor has,.variable speed control 
from 100 to 23,000 rpm. Produces excellent 
results in the volume range of 0.2 - 200 
ml. Available as the Micro Model ‘'23" for 
0.2 - 1.0 ml. samples or the Macro Model 
"23" for 20 - 200 ml. .somples. Ether 
model will handle all volume levels between 
0.2 - 200 mi. using appropriate inter- 
changeable accessories. 

For full details and name of nearest distributor, write: 

The VirTis Company, Inc., Gardiner, New York 



... and now there are 

7 BECKMAN pH METERS 

—all stocked by “SGA” 

POCKET pH METER 
H-3600—$99.50 

ZEROMATIC 
H-4900—$310.00 

NEW MODEL 

72 

MODEL N-1 
H-4600—$310.00 

FAST .. ACCURATE .. LINE-OPERATED . . 

COVERS FULL 0-14 pH RANGE! 

i laboratory requiring fast, accurate measurement of acidity 

MODEL N-2 or alkalinity will be pleased with the Model 72—a reliable, line- 
H-4600-5 operated instrument for rapid, accurate pH measurements of liquids, 
$360.00 pastes, and semi-solids. 

Model 72 permits direct reading over the full 0 to 14 pH range, 
as well as millivolt measurements from 0 to +500 (+1000 mv by displacing 

MODEL G zero). Accuracy is +0.1 pH; repeatability +0.05 pH. Easy to operate. Three 
pens conveniently located controls govern asymmetry, temperature and function. 

Ruggedly constructed. A broad selection of electrodes is available. Write for 
bulletin 776. In fact, why not send for literature on the entire line? 

H-4800X Model 72 pH Meter—complete with combination electrode, electrode holder assembly, 
electrode rod, electrode holder stop, and 1-pint of pH 7 buffer, for 115 volts, 50/60 cycles A.C. 

Size: 5” high x 6” wide x 9” deep. Weight 5 ibs. = Ee EE GRTRT IC Sg PROS RSEAR OB se $175.00 

An 8th Beckman pH Meter, similar in appearance to the Zeromatic, will be available soon. 
Called the MODEL 76 EXPANDED SCALE, it's a highly stable, direct-reading, line-operated, 
push-button instrument for making extremely precise pH and millivolt measurements. Cat. No. 

MODEL GS H-4875X. Price $445.00. Write for bulletin 777. 

H-3747—~$625.00 

LABORATORY... 

* APPARATUS 

*INSTRUMENTS 
*CHEMICALS 

*GLASSWARE 

a. * Silver Spring, Md. 
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RADIOMETER Model TTT-1 

Accessories Available: 

ELS12: A master switch unit permitting the use of several 
titration stands for large volume routine titrations. 

PHA622: External meter expanding to full scale the biological 
range of 6-8 pH. 

PHA630T: External Scale Expander providing reading accuracy 
of .003 pH over the entire range 0-14 pH. 

SBR2/SBU1: Recorder for use as a Titrigraph and pH Stat. 

TTA1: Titration stands for automatic or manual titrations. 

trodes for all applications, 

For hospital clinical use most of the signifi- 
cant routine determinations are detailed for 
automatic performance in pamphlet form — 
for use with the TTT-1 Titrator. Blood Sugar 
Determinations, Blood Chlorides, Nitrogen 
(KJELDAHL), Acidity in Gastric Juices, Titra- 
table Acid in Urine, and many others are 
available. Both the determination of Acetyl- 
choline Esterase in Serum, and the automatic 
recording of Choline Esterase activities are 
fully detailed. 

SOLD AND SERVICED IN U.S.A. BY 

WELWYN INTERNATIONAL INC. 
3355 Edgecliff Terrace CLEVELAND 11, OHIO 

" eee sae ae canon panten 

@ A pH Meter of high accuracy and zero drift. 

@ A Titrator for performing routine clinical or industriat 

Eiectrodes: A complete catalogue of standard and special elec- 

“Che most | 

wersatile 

pEI instrument 

& 

a ee ja oe. 
2) f MCS TI aT re wrstine melon ees Saas tan Cacao Recmns had weitere renter Qo hed 

“y om dis ix . m= es lt came en ae 
| ene ran FO) ee ee 

titrations automatically. 

When used with the Radiometer Recorder —a pH 

Stat for recording long term titrations. 

When coupled to the Radiometer Recorder —a re- 

cording Titrigraph. 

As a highly stable pH Meter — the Radiometer TTT-l 
features a large 160 mm. mirror scale with reading 

accuracies down to + .02 pH; and a high degree of 

zero and amplifier stability. As an Automatic Titrator, 

complete and automatic control of the end point 

is assured for either up or down scale titrations, with 

control over the rate at which the end point is 

approached and shut off delay after the last addition 

of titrant. 

With its complete freedom from zero drift, and its 

long term stability, it serves admirably — with the 

Radiometer SBR2/SBU1 Recording Microburette — | 

as both a pH Stat for the study of the kinetics of 

reaction solutions, and as a Titrigraph for auto- 

matically drawing titration curves. 

Special output terminals provide for the use of 

recorders, relays for process control, and a wide 

variety of useful accessories. 

RADIOMETER 
72 Emdrupvej COPENHAGEN, DENMARK 

tn “Canada: Contact any Branch of Canadian Laboratory Supplies Limited 
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Readers’ Sorwice 

Information Requisition 

TEAR OUT THIS CARD oe cement 

to keep up to date on new equipment and materials. Keep it handy 
while reading the advertising and New Products section. When you 
see an item that interests you, circle the corresponding number on 
the card. All inquiries received will be promptly forwarded to the 
appropriate manufacturer. This card is good until 20 July 1960. 

Advertisements. Circle the number of the page on which ad ap- 
pears. U, upper ad; M, middle ad; L, lower ad; I, inside ad; O, 
outside ad. If more than one item appears in an ad, indicate at 
the bottom of the card which item is of interest; otherwise the 
request cannot be processed. 

New Products. Circle the number corresponding to the department 
number given at the end of each paragraph in the New Products 
columns, (pages 1547—1558). 

Additional Card on page 1553 

ss ss PD Ul FSO0jUL JO WOs] 
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This card is good until 20 July 1960. 
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TTT CIRCLE 1480, for additional information 

® Gas Excitation 

for photochemistry, 

free-radical production, 

and spectroscopy @AfiiTPA 

with Raytheon’s GD 
Excellence in Electronics 

FIRST CLASS 
PERMIT NO. 12711 NEW YORK, N.Y. 

New York 

completely packaged 

microwave power 

generator systems 

If you have requirements for high-power breakdown of gas- 
eous molecules and excitation of electrodeless discharge 
lamps you will want to investigate the unusual advantages 
represented in this new Raytheon equipment. 

— Postage will be paid by — 
SCIENCE MAGAZINE Room 740 11 West 42 Street New York 36, 
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Now available 

nenrree to the research worker... 

a chromatography paper 
i oe Feet ars bd > et * %aetye 

combining the advantages 

of ion exchange 

resin columns 

with the techniques 

of paper chromatography. 

Four paper grades provide a versatile working range: 

SA 2 strong acid 
mE cation exchange paper 

q weak acid 
( WA-2 cation exchange paper 

SB 2 strong base 
ry anion exchange paper 

WB ? weak base 
= anion exchange paper 

Available in sheet and circle sizes. 

A special trial package for preliminary evaluation 

may be ordered from your regular laboratory supply dealer. 

Request Technical Bulletin 3031 for bibliography, price and order information. 

reeve angel 

9 Bridewell Place, Clifton, New Jersey 
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IT HAPPENED THIS MONTH... 

a glance at yesterday in relation to today 

IN MAY—(1878) —W. Kiihne, of Heidelberg, discusses the recently discovered 
photosensitive pigments of the retina. “If one considers the extremely wide- 
spread occurrence in the animal kingdom of the black pigment of the eye, and 
other similarly stable pigments, it is scarcely possible to repress the idea that 
these, in addition to visual purple, also represent visual excitants. ... Now as I 
have convinced myself by prolonged observations, partly on myself, and partly 
on animals...that even after thé disappearance of the visual purple acute vision 
is still perfectly possible, I have come to the hypothesis that the visual purple, 
which is the most unstable visual excitant known at the present time, serves for 
the perception of feeble light, while the other pigments whose occurrence has 
been observed in the eye serve for that of more intense light.”? 

It was almost 80 years before Kiihne’s hypothesis of multiple visual pigments 
was verified. DPN was shown to occur in the retina and to play an important role 
in the metabolic processes activated by the bleaching of visual pigment. To help 
shed strong light on this and related processes, Schwarz BioResearch supplies 
DPN and other important metabolic cofactors, such as adenylic acid, ATP, 
cocarboxylase, and flavin adenine dinucleotide. 

IN MAY—(1943)—Rose and his associates at Urbana, Illinois continue their 
important experiments on the role of amino acids in human nutrition. Threo- 
nine, leucine, isoleucine, and phenylalanine are reported to be necessary con- 
stituents of the diet of man. Although histidine was previously shown to be 
essential for rats and dogs, it is apparently not required for maintenance of 
nitrogen equilibrium in humans.” 

If you are doing nutritional work involving amino acids, Schwarz BioResearch 
can supply you with large quantities at low cost. We are also ready to fill your 
research, instructional and analytical needs with these optically standardized, 
highly purified amino acids — plain or labeled with N**, S*5, or C14. 

IN MAY—(1954)—Healy, Fisher and Parker® of the University of Toronto 
describe a chemical method for estimating cell multiplication in tissue cultures. 
The procedure is based upon the determination of desoxyribonucleic acid phos- 
phorus (DNAP). It involves a modified Schmidt and Thannhauser separation 
of DNA from RNA, followed by the spectrophotometric estimation of the ortho- 
phosphate. Good correlation is found between nuclear counts and DNAP values 
in natural and synthetic media. 

Nucleic acids and nucleoproteins are assuming a central role in current cyto- 
logical and cytochemical research. A full line of nucleic acid compounds is avail- 
able from Schwarz: DNA, RNA, nucleate salts, nucleotides, nucleosides, purines 
and pyrimidines. Many of these have been radiolabeled, and are listed in our 
1960 catalog and price list. Write for your copy. 

1. Kiihne, W.: Addition to the article ‘On the stable colours of the retina.”” J. Physiol. 1:189, 1878-1879, 2. Rose, 
W. C.; Haines, W. J.; Johnson, J. E., and Warner, D. T.: Further experiments on the role of the amino acids in 
human nutrition. J. Biol. Chem. 148:457 (May) 1943. 3. Healy, G. M.; Fisher, D. C., and Parker, R. C.: Nutri- 
tion of animal cells in tissue culture. VIII. Desoxyribonucleic acid phosphorus as a measure of cell multiplica- 
tion in replicate cultures. Can. J. Biochem, Physiol. 32:319 (May) 1954. 

SCHWARZ BIORESEARCH, INC. - Dept. 5B * Mount Vernon, New York 
BIOCHEMICALS * RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 
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Metrion 

New—Extended Range, direct-reading 
duplex scales, graduated at 0.1 pH, covering 
0-10.0 and 4.0 to 14.0 pH. 

New—Unlimited Electrode Selection. 
Uses the famous Coleman Screw Base Elec- 
trodes—or any other pH electrodes of 
modern design and manufacture. 

New—Unique Calibration Control that 
insures continuous precision at any pH. 

COLEMAN INSTRUMENTS, 

2% MAY 1960 

COLEMAN 

INC., MAYWOOD, 

pH Meter 

precision pH at a practical price 

New—Ultra-convenient electrode 
mounting— adapts perfectly to titrations and 
to wide ranges of sample volumes. 

New—Clean, compact, modern design 
that matches its modern performance. 

New—Practical Price . . 5139°° 

For full details write for Bulletin S 

| @ eB Ree E- 
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PRECISION 

often referred to 

as reproducibility... 

IS THE FOUNDATION 

on which rests the 

accuracy of any 

balance::: 

This is the case because no result can 

be more accurate than the dispersion of 

the readings. Since success and value 

of scientific work depend not only on oe m4 Rs J 

rofessional competence, but also on ; 
P P : of all makes. Anyone responsible for 

the reliability of the measuring equip- 
y orm the performance of balances should 

ment, it is imperative to ; 
have a copy of it. 

TEST YOUR BALANCES Write to us today for this informative leaflet. 

A new leaflet “TEST” gives a clear and It will be mailed to you together with full 

‘ ines ‘ information on 
concise description of the testing pro- f 

cedures suitable for analytical balances METTLER BALANCES AND SCALES 

METTLER INSTRUMENT CORPORATION 

HIGHTSTOWN, NEW JERSEY 
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The New SARGENT Model XV 

This new Sargent Polarograph gives you a 
large 250 mm (10 inches) chart and the highest 
accuracy and current sensitivity at the lowest 
price of any pen writing polarographic instru- 
ment on the market. 

It offers you optimum specifications based on 
over twenty years of leadership in design, manu- 
facture and service in this specialized field of 
analysis. 

The polarographic method is capable of repro- 
ducibility to 1/10% and analytical accuracy to 

instrument using miniature (5 inch) charts and 
low gain balancing systems in the 1% order of 

Current Ranges: 
Current Sensitivity: 
Polarizing Ranges, 

volts: 
Balancing Speed: 
Bridge Drive: 

Chart Scale: 

Current Accuracy: 
Voltage Accuracy: 
Chart Drive: 

Writing Plate: 

Potentiometric Range: 

RECORDING POLAROGRAPH ® 

offers you— 

® FULL 10 INCH 

CHART 

® 1/10% ACCURACY 

OF 

MEASUREMENT 

-@ TEN STANDARDIZED 

POLARIZING RANGES 

19, from .003 to 1.0 uA/mm. 
standard specifications, 10“uA/mm. 
0 to —1; —1 to —2; —2 to —3; —3 to —4; +.5to —5; 
0 to —2; —2to —4; +1 to —1;0 to —3; +1.5 to —1.5. 
standard, 10 seconds; 1 second or 4 seconds optional. 
synchronous, continuous repeating, reversible; rotation 
time, 10 minutes. 
current axis, 250 mm; voltage axis, 10 inches equals one 
bridge revolution. 
1/10% 
%N% 
synchronous, 1 inch per minute standard; other speeds 
optional. 
10% x 12% inches; angle of slope, 30°. 

| %%. To make use of this facility, the instru- Standardization: manual against internal cadmium sulfate standard cell 
ment must be accurate to 1/10% and chart for both current and voltage. 
space must be provided for recording large Damping: RC, four stage. : 
steps to achieve measuring precision. We strongly , ball point; Leroy type optional. , 
advise against the purchase of any polarographic uppression: zero displacement control, mercury cell powered, 6 times 

chart width, upscale or downscale. 
2.5 millivolts, usable as general potentiometric recorder. 

ga Finish: case, enameled steel; panels, anodized aluminum; writing 
precision. plate, polished stainless steel; knobs and dials, chromium 

; ; lated and buffed. 
This Model XV is adaptable to 10° M deter- Dimensions: Bee 17 x 10. 
minations with the S-29315 Micro Range Net Weight: 65 pounds. 
Extender. 

®Registered Trade Mark, Patents Pending 
Catalog number $-29310 with accessories and supplies. . . .$1585.00 

For complete information write for Sargent Bulletin P 

ise. SAI g G E N SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 

E.H. SARGENT & CO., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 

DETROIT 4, MICH.+ DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. SPRINGFIELD, N. J. 
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INTRODUCES THE FOLLOWING LINE FOR GREATER 

ANALYSIS COVERAGE... 

A. Model 40 Linear Tem- 
perature Programmer fea- 
turing 13 heating rates 
from 0.8 to 44.3°C. for 
linearly increasing the tem- 
perature of heating equip- 
ment. Write for Brochure 
40. 

C. Revolutionary Model 
202 Linear Programmed 
Temperature Gas Chroma- 
tograph for analyzing wide 
boiling mixture. Write for 
15 page report. 

E. Gas Chromatographic 
Accessories maintained in 
stock include Disc Integra- 
tors, Hamilton Syringes, 
M-H and L & N Record- 
ers, Flow-meters, Collec- 
tion Systems, etc. 

B. Model 141 Safety Ignition 
Unit — Schodniger Oxygen 
Flask for decomposing or- 
ganic halides, sulfur, phos- 
phorus and various metals 
prior to analysis. Write for 
brochures. 

D. Specialized Gas Chroma- 
tographic Packings, solid sup- 
ports and liquid phases for 
determination of water, acids, 
and other polar materials. 

%* Write for Free Subscription 
to F & M's new Technical Bul- 
letin, “Facts & Methods for 
Scientific Research”’. 

F & M SCIENTIFIC CORPORATION 

1202 ARNOLD AVENUE, N, C. COUNTY AIR BASE 
NEW CASTLE, DELAWARE °* PHONE EA 8-6606 
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Eljeet of Rochester... Presents: 

oooai new Slant 

on Student-Teaching 

Tilka gestae) of 

Science means progress, and to help 
both teachers and students meet the 

challenge of a changing world, Elgeet 
presents a superb new microscope 

with research instrument features 
never before offered in student-teach- 
ing models! 

The inclined eyepiece is typical of 
the many new features, extending to 

students the benefits of unsurpassed 
convenience, ease of operation, and ef- 

ficiency combined with working com- 
fort, resulting in maximum learning 

possibilities even over prolonged pe- 
riods of close concentration. 

Rugged and versatile, the Elgeet- 

Olympus is precision engineered and 
designed for years of trouble-free serv- 
ice and priced for educators seeking 
the very best .. . on a budget. 

Elgeet-owvmpus Model S-2 MAIL COUPON NOW 
eS ees Oe or ee ee Oe 

\ Pictured standard model S-2 with { Dept. SM-13 i 
} double revolving nosepiece with 1 Elgeet Optical Co., Inc., Scientific i 

hard-coated parfocal, achromatic | Instrument and Apparatus Div., 838 i 
interchangeable 10 X (N.A. .25) and ; Smith Street, Rochester 6, New York. 

$ 45 Se cece aes te pith i [-] Please send me complete litera- j 
° eee oe, . | ture on the New Elgeet-Olympus | 

9& illumination. 10 Huygenian coated | Microscopes. | 
lens eyepiece. Choice of concave | j 

Se Bids of five mirror or interchangeable 20 watt | ([] Please send name of Elgeet Dealer i 
illuminator (Model LSK) as shown. | nearest me for free demonstration. ! 

list price $110.50 each Semeeaien eet ob es { 
complete microscope line. 1 Address ! 

| 
City SRBC ce cicacesats 

SCIENTIFIC INSTRUMENT AND APPARATUS DIVISION V Eljeet OPTICAL Ga IG... : 
4 838 SMITH STREET e ROCHESTER 6, NEW YORK 

ay Quatily & cur watchword... Prieciston & ngeneeitng ow constant goad. = 

20 MAY 1960 1487 
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‘COBALT 60 

SERVICE and SOURCE RANGE 
/ 

Another 1#7,000 curies 
of AECL cobalt 60 
for petroleum research. 

by AECL, in the hot cell at SINCLAIR 
RESEARCH LABORATORIES INC., Harvey, 

A “Weldcaps” Cobalt 60 source supplied 

Illinois. 

For your Gamma Irradiation requirements 

choose A.E.C.L. COBALT 60 | 

se Can be supplied in kilocurie Cobalt 60 is 

quantities. @ Penetrating — (excellent uniformity of 

Versatile PELLET and SLUG aici 
forms enable you to choose any @ Reliable — (no complicated electrical 

source configuration you desire. oa to break down at critical 

i : wy ” ; 
AECL’s highly acclaimed eldcaps @ Constant — (calibrate once, then forget, 

(stainless steel, welded capsules) about it), 

a in "S & ine a . @ Simple — (no induced activity in irra- 
standard sizes. Special sizes can diated materials; Monochromatic 
made up as required. radiation). 

IRRADIATOR DESIGN and FABRICATION SERVICE 

Take advantage of AECL’s years of experi- 
ence and knowhow for assistance regarding 
any aspect of your research or production 
irradiator requirements, 

For further information, please write to— 

ATOMIC ENERGY OF CANADA LIMITED 

Commercial Products Division « P.O. Box 93 *« Ottawa « Canada 

1488 SCIENCE, VOL. 131 20 A 
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prompt delivery of Carbon!4 

and Tritium labeled compounds 

Your local Picker office (see ’phone book) is a dependable 
_ source for any or all of the 200-odd compounds 
~ Classified below. In this, as in all other matters 
having to do with nuclear equipment and/or supplies, 
your local Picker man stands ready 
to serve you promptly and efficiently. 

2 

Carbon" labeled compounds 

Simple Carbon Co of 

Acetylene and Ethyle 

Alcohols and Theiy 

Acids and Their Dies 
Amino Acids Ate 

Benzene Ring Lak : 
Amines and Their 

vojon’ WMAaMOId 

SUE SB 

Mallicurie or 
wm are also 

SRUDUUIMIZD eeceeeeeeeeeoeeeaees eeeeeeeeoeeeoceeeeeeseeese 

f =e which of these informative brochures 
may we send you? 

Simply check those wanted—and mail to 
Picker X-Ray Corp., 25 So. Broadway, White Plains, N.Y 

20 MAY 1960 1489 



energy. 

for 

radiation 

| 
| 

from 

HIGH VOLTAGE 

ENGINEERING 

Write for literature. 

HIGH VOLTAGE ENGINEERING 
oS CORPORATION 

BURLINGTON, MASSACHUSETTS © U.S.A. 
cn alata adi a ance NR a au epee eeatenueeare ts 
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NEW KNOWLEDGE about the fundamental 

nature of matter. The 12-Mev Tandem 

Van de Graaff is helping scientists explore 

this dynamic research area. At the Chalk 

River Laboratory, Atomic Energy of 

Canada, Ltd., it is providing new, more 

accurate information in the binding ener- 

gy range of heavy nuclei. Eleven more 

tandems are being readied for service in 

leading nuclear physics laboratories in the 

United States, Europe and Australia. 

NEW PROCESSES — The first full-scale 

commercial application of atomic radia- 
tion in industry utilizes a High Voltage 

engineering 7-Mev microwave linear elec- 

tron accelerator. At Ethicon, Inc., a divi- 

sion of Johnson and Johnson, this ‘“Linac” 

regularly sterilizes with ionizing electron- 

beam radiation more than 80% of the 
total output of the world’s largest produc- 

er of surgical sutures. 

A KEY WEAPON in the fight against cancer 

— a 6-million volt microwave linear 
accelerator for x-ray therapy. The unit, 

scheduled for the Elizabeth Steel Magee 

Hospital, Pittsburgh, will be the first of 

its type in a U. S. Hospital. More than 
35 High Voltage Engineering 2-Mev 

Van de Graaff x-ray machines are now in 

use for supervoltage therapy in hospitals 

and clinics throughout the world. 

New particle accelerators from High Volt- 

age Engineering are designed to provide 
controlled radiation energy for Industrial 

Radiography, Electron-Beam Processing, 

Physics Research, Cancer Therapy, Radio- 

biological Research, Radiation Chemistry, 

and Neutron Activation Analysis. 

SCIENCE, VOL. 131 
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Popularization of Science 

The aims of the popularization of science are numerous and of con- 
siderable significance. It continues, corrects and fills the gaps in school 
education which inevitably lags behind the march of progress; it arouses 
the desire to take up research and is thus of direct benefit to creative 
science; it likewise benefits creative science by acquainting the public at 
large with its power and efficiency, thus providing science with a hearing 
and with the support of public opinion; it creates a link between special- 
ists in different disciplines, since it is popularization which ensures that 
the physicist is not altogether unaware of what is happening in biology 
nor the biologist of what is going on in the realm of physics; it keeps— 
or could keep—politicians informed—and politicians have an ever greater 
need to be familiar with scientific developments. 

But indeed it is undeniable that these various functions, however 
important, do not take into account the true and specific function of 
popularization which is purely and simply to introduce the greatest 
number of people into the sovereign dignity of knowledge; to ensure 
that the great mass of people should receive something of that which 
is the glory of the human mind and not be kept apart from the momen- 
tous adventure of our kind; to bring man closer to man by striving to 
reduce the terrible if invisible gulf of ignorance; to struggle against 
mental starvation and the resulting under-development by providing 
every individual with a minimum ration of spiritual calories. . . . 

In a word, the ideal of the popularization of science (and here lies 
its moral value) is to develop and assist a community of thought. It is 
the reverse of Renan’s aristocratic concept whereby an uncultivated 
multitude should become the ward of a handful of the “informed”. . . . 

Its mission is still more exacting and we must be that much more de- 
manding with regard to the way in which it is carried out. We are 
entitled to expect a rigorous impartiality, an unfailing objectivity, an ab- 
solute philosophic honesty. There is no question of using the mantle of 
science to indoctrinate minds or force them to conform to a pattern; 
there is no question of implanting in them any cramping and constrict- 
ing dogmas; it is a question of “converting them to unquestionable 
truths,” as the philosopher Guyau so admirably put it, so that, using 
the basic materials honestly provided, each individual may freely build 
his own small universe. 

Any distinction between the man of science and the ordinary man is 
no longer admissible, any more than a form of segregation based on an 
inequality of knowledge. Whether we like it or not, the laboratory hence- 
forward opens right onto the street. Science not only affects us at any 
given moment of our day-to-day existence, it dogs us, it pursues us. 
Have we not, all of us, been transformed into involuntary guinea pigs 
ever since atomic fission, without asking our opinion, began to plant 
harmful particles in our bones? 

The obligation to endure gives us the right to know. 
The time is clearly coming when the man in the street will have his 

say with regard to the great social, national, international and moral 
issues latterly raised by certain applications of science; and it may be 
that the specialist himself, weary of bearing on his own the weight of 
his too-heavy responsibilities, will rejoice at finding understanding and 
support in public awareness.—JEAN ROSTAND 

[Excerpt from M. Rostand’s address on the occasion of his accepting 
the 1959 Kalinga Prize for “outstanding contributions to the dissemina- 
tion of scientific knowledge to the general public,” 21 April 1960) 
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CURRENT PROBLEMS IN RESEARCH 

Earthquake Mechanisms 

Seismograms give clues to possible mechanisms that 

convert potential into kinetic energy at the source. 

The seismographic record of an earth- 
quake consists of a succession of vibra- 
tions divided into groups of varying 
appearance. Seismologists began care- 
ful study of seismograms about 1880 
and throughout the years have suc- 
ceeded in explaining many of these 
wave groups. The first waves to arrive 
are of the longitudinal type: the earth 
particles vibrate back and forth along 
the rays perpendicular to the wave 
front. The wave is one of compression 
and rarefaction. A later group is a 
transverse or shear wave. The particles 
vibrate at right angles to their paths. 
The longitudinal waves were early 
named P (primary); the transverse 
waves, S (secondary). It has been 
shown that these waves penetrate into 
the earth’s interior, returning to the 
surface by refraction, since their speeds 
generally increase with depth in the 
earth. 

That P waves are strictly longitudinal 
as they record at the earth’s surface or 
that S waves are strictly transverse is 
not borne out by observation. Theoret- 
ically, in an “ideal” medium they should 
be, but the earth is not “ideal,” particu- 
larly in the outer crust. However, the 
direction of the first motion in P is quite 
consistently either toward or away from 
the epicenter, depending on whether the 

The author is director of seismographic stations, 
University of California, Berkeley. 

20 MAY 1960 

Perry Byerly 

first crest is a rarefaction or a compres- 
sion. 

The problem of identifying the first 
impulse in the S group is more difficult 
than the problem for P, since S begins 
while P motion is still in progress. Also 
the motion in § is rarely strictly trans- 
verse. 

Seismography is a new science. In 
1905 Omori and Imamura in Japan 
were studying the direction of earth 
motion during the passage of the vari- 
ous groups of seismic waves and be- 
coming convinced that P waves were 
longitudinal waves. In 1909 Prince Ga- 
litzin in Russia was able to establish 
definitely that this was the case and that 
sometimes P began with a compression 
and sometimes with a _ rarefaction. 
Omori (/) noted that the P waves from 
certain regions always began with a 
first compression at Tokyo, whereas for 
other regions the P waves began with 
a rarefaction. 

Labozetta (2), studying an Italian 
earthquake with seismograms from 
Italian stations, found that he could 
draw a straight line through the epi- 
center separating the region where the 
first P was a compression from that 
where it was a rarefaction. Shida in 
1917 (3), working with Japanese seis- 
mograms, found that in some cases he 
could separate the regions of first com- 
pressions from those of first rarefac- 
tions by drawing two straight lines 
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(nodal lines) through the epicenter at 
right angles to each other. This quad- 
rant distribution is now known to be 
quite common. 

Somville (4) plotted on a map of 
the world many epicenters of earth- 
quakes recorded at the Uccle Observa- 
tory. He plotted them as black or red 
depending on whether P began, on the 
Uccle seismograms, as a rarefaction or 
a compression. There was a definite 
geographic correlation; for example, 
shocks in the western United States 
always send rarefactions first to Bel- 
gium. It was clear that similar tectonic 
processes are going on throughout fair- 
ly large regions of the earth’s surface. 

The Elastic Rebound Theory 

After the California earthquake of 
1906, Harry Fielding Reid, in 1909 
(see 5), proposed the elastic rebound 
theory of the cause of earthquakes. This 
great earthquake was accompanied by 
a fracture of the earth’s crust for a 
length of 270 miles along what has 
since been called the San Andreas 
fault. The displacement was almost 
purely horizontal. The westerly, coastal 
side moved northerly relative to the in- 
land side. The maximum relative dis- 
placement was 21 feet at the head of 
Tomales Bay; the displacement died off 
toward either end of the break, which 
extended from Upper Mattole, in Hum- 
boldt County on the north, to San Juan 
Bautista in San Benito County to the 
south. Comparing results of triangula- 
tion surveys across the San Andreas 
fault made by the United States Coast 
and Geodetic Survey during a long pe- 
riod of years before 1906 and just after 
1906, Reid concluded that the coastal 
part of California had been slowly 
drifting northward relative to the in- 
land part, causing a slow accumula- 
tion of strain across the fault. This 
strain finally became so great that the 
fault broke to relieve it. The surveys 
indicated that the large strains were 
highly localized near the fault, being 
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Fig. 1. Elastic rebound theory. AB, a line 
across a fault trace before strain; A’B’, 
same line after strain has accumulated; 
A'C and B'D, position of the line after 
the fault breaks. 

appreciable only in a zone about 10 
miles wide. A straight line drawn across 
the fault before strain is a curved line 
after strain but is reduced to two 
straight segments by the fault break 
(Fig. 1). 

This earthquake has been consid- 
ered the “type earthquake” by Ameri- 
can geologists, and we have presumed 
that practically all earthquakes have a 
similar mechanism even though it is 
rare that the fault breaks through to 
the surface. On the other hand, many 
of our foreign colleagues consider the 
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1906 earthquake a freak, to be disre- 
garded in the formation of causal mech- 
anism theories. Faulting is considered, 
by many of them, to be the result of 
shaking. 

Source of Seismic Waves 

In considering the faulting phenome- 
non (Fig. 2) we think of it in two parts: 
the fling or mass movement of a whole 
strained region at the time of release 
of strain and the grating along the fault 
surface. Reid was very careful to say 
that the seismic waves came from the 
fault surface and not from the mass 
movement of the filing, which he says 
could not give rise to vibrations. Surely 
the multitudinous waves of varying 
frequency call for the interruption of 
the fling by fault friction. Housner (6) 
has elaborated on the effects of friction 
at the fault surface which breaks first 
at one point, developing increased 
stresses at a neighboring point which 
then breaks. 

Knopoff and Gilbert (7) have de- 
veloped the theory for first motions by 
allowing a fault to break as a step func- 
tion which begins at one point on the 
fault and tears to either end. The re- 
sults at a distance are step functions. 

Fig. 2. Faulting in Nevada in 1954 (Fairview Peak earthquake). [Karl Steinbrugge] 

They speak of theirs as the “result due 
to release of strain.” They show their 
results to be the same as for a double 
couple applied at the origin. 

The early theories all took for the 
source suddenly applied forces at a 
point or small cavity or area. The ques- 
tion arises as to whether the release of 
strain would send out waves without 
recourse to friction at the fault; wheth- 
er mass fling is important as a wave 
source; whether the general uniformity 
of the direction of first motion in P as 
a function of azimuth from the source 
is aS consistent with frictional effects 
along the fault as it is with fling as a 
source. 

Many Japanese seismologists have 
proposed for the seismic source an im- 
pulsive movement of magma at depth. 
Why such a movement should occur is 
not clear, except perhaps in regions of 
volcanic activity. (With only a few ex- 
ceptions, the earthquakes which have 
accompanied volcanic activity have been 
small—have been felt over only a tiny 
area and have not been recorded on 
distant seismographs. ) 

Most of the theory developed con- 
siders various systems of forces applied 
suddenly to a limited portion of an in- 
finite homogeneous isotropic elastic 
body and the effect of these forces at 
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Fig. 3. A transform. The seismographic 
station at S is plotted at S’. S’ is then pro- 
jected onto the “equatorial plane” at S$”. 

distances that are large compared to the 
dimensions of the source (see 8). Types 
of sources considered have been uni- 
form pressure, single force, couple with 
moment, two couples at right angles 
without resultant moment, double 
forces without moment, and so on. 

If the source is a single couple with 
moment corresponding to the fling on 

_ two sides of a fault, one of these planes 
will include the fault plane. It will be 
a nodal plane because at large distances 
from the source the contributions to P 
of the two sides of the couple will can- 
cel each other by destructive interfer- 
ence. The other nodal plane, called the 
auxiliary plane, will be perpendicular 
to the fault and to the two arms of the 
couple. It will be nodal because the 
forces at the source have no longitudi- 
nal component in this plane. 

From the radii and the positions of 
the two circles on the stereographic 
projection, the dip and strike of the 
two nodal planes can be determined. 

Which of the nodal planes corre- 
sponds to the fault remains ambiguous, 
for the quadrant distribution of com- 
pressions and rarefactions is symmetri- 
cal. 

point on the sphere where the down- 
ward-pointing member of the couple 
extended cuts the surface of the sphere. 

SH has as a second node the vertical 
plane passing through the source and 
the pole of motion. The second node 
of SV is an elliptic cone with vertex 
at the source. It passes through the 
anticenter and the pole of motion and 
cuts the earth’s surface in a circle. 
Since both of these auxiliary S nodes 
cut the surface of the sphere in circles 
through the anticenter (the pole of 
projection), they project as_ straight 
lines on the plane of projection (equa- 
torial to the epicenter). 

So if one can determine from seis- 
mograms the first crest of S motion and 
separate it into SV and SH components, 
he can add to the station projection on 
the equatorial plane the directions of 
SH and SV motions and then attempt 
the construction of nodal lines for each. 

The theories indicate and observation To remove this ambiguity, recourse This will resolve the ambiguity left by 

een sCO eee 
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nN confirms that the direction of first mo- to the S-wave motion is necessary, but P, in which either of the two nodal 
ly tion is preserved in the travel of the this is difficult. The S wave is consid- planes might be the fault. This is for the 
on waves. ered in two parts: SV is the compo-_ source a single couple. 

For each of the theoretical force sys- | nent of S which is in the vertical plane, If the source is a double couple with- 
n- tems there is computed the direction of and SH, the component in the hori- out moment the situation is altered. 
od the first pulse at a distance for P and § zontal plane. While the fault plane is The pattern of S distribution is also 
n- waves as a function of the direction of a nodal plane for both SV and SH ambiguous, as is that of P. 
Hic the observer from the source. Since the (because of interference at large dis- If the matter of observation of the 
at speeds of these body waves increase tances), SV and SH have different aux- first S$ motion were clear-cut, the dis- 

with depth in the earth, a transform is _ iliary nodes. tinction between a double couple and 

necessary to apply the theory to the ob- We now define the pole of motion of a single couple could be made. 

servation. Such a transform was devel- As it stands, we have two groups, 
oped by Byerly (9). In it the curved 
seismic rays are straightened, and the 
transform effectively replaces the earth D 
by a uniform sphere. Each recording 
seismographic station is plotted at the ° 
point on the globe where a straight ray 
which left the origin at the same angle 
as that of the curved ray recorded at 
the station would have emerged (see 
Fig 3). 

The stereographic projection of the 
new station position is then plotted, 
the pole of projection being the anti- 
center (180 degrees from the epicen- 
ter). On this projection each station is 
marked to indicate whether the first 
motion of P is a compression or a rare- 
faction. One then seeks to draw on the 
projection two circles through the epi- 
center such that they separate regions 
of compressions from regions of rare- 
factions. Such circles represent circles 
on the surface of the sphere. The circles 
on the sphere define nodal planes 
through the source along which no B 
longitudinal waves should be observ- 
able; on one side the first P would be 
compression, on the other, rarefaction. 

20 MAY 1960 - 

the couple acting along the fault as that 
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Fig. 4. The stereographic projection. AD and DA, two possible fault plane projections; 
BB, the auxiliary plane [earthquake of 6 July 1934 on the San Andreas fault off the 
coast of northern California (the first fault plane solution)]. 
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one which finds a single couple (with 
moment) most satisfactory and one 
which finds the double couple (with- 
out moment) most satisfactory. The 
first group is ably represented by Key- 
lis-Borok (J0) in the U.S.S.R. He has 
made use of S observations not only in 
relation to first motion but also in study- 
ing the ratios of the amplitudes of P, 
SV, and SH, which are also diagnostic. 
Keylis-Borok is quite critical of those 
who maintain that the nature of stress 
precludes a single couple with moment. 
He points out that the static stress field 
may have been produced by a number 
of different force systems and that its 
release will not necessarily produce a 
double couple in which the forces are 
of equal magnitude or act at the same 
time. In North America in the past the 
single couple has generally been fa- 
vored by those working with seismo- 
grams, although Knopoff et al. have 
deemed the double couple required by 
theory. In Japan Honda (J/) has found 
that the double couple fits his observa- 
tions better. 

The double couple without moment 
is equivalent to a compression in one 
direction and an extension of like mag- 
nitude at right angles to it. Honda in- 
deed concludes from his studies the di- 
rections of these strains, not using the 
fault concept. For even S does not dis- 
tinguish between the fault and auxiliary 
planes if the source is a double couple. 

Ritsema (/2), studying many earth- 
quakes in southeast Asia, found the 
single couple with moment slightly 
more satisfactory than the double 
couple. He points out the difficulty fac- 
ing seismologists in mass studies of this 
sort. The investigator cannot ask for 
copies of seismograms of 100 earth- 
quakes from 100 stations. He asks for 
directions of first motions and is de- 
pendent on the identifications made by 
a wide variety of seismologists and 
technicians. Some hesitate to make 
identifications at all unless the record 
is crystal clear. Others pick the wave 
almost at random. Again, seismographs 
operate all the time, frequently with 
non-technical supervision. Seismologists 
well know of the gremlins who delight 
in switching the wires on the poles of 
the galvanometer, thus reversing the 
earlier interpretation of first motion. 

A more simple source is a single 
force acting at the origin, although 
from a geophysical point of view it 
may be more difficult to understand. 
All of the theory starts with such a 
force and then combines it with others. 
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Stauder (13) studied three Kamchatka 
aftershocks whose focal depths were 
between 40 and 60 kilometers. He used 
the directions of first motion of P and 
S as well as the angle of polarization of 
S (the angle between S and the vertical 
plane of propagation). He found that 
a force represented by a single arrow 
best explained the distribution. These 
arrows were nearly vertical, pointing 
down. Stauder had copies of the orig- 
inal records and picked his own begin- 
nings. Studying four other earthquakes, 
Stauder found that for three of them 
the evidence supported a single couple. 
The fourth would perhaps allow a 
double couple. 

One difficulty in the past has been 
that often many P-wave observations 
have been used to get two nodal 
planes and then very few S waves have 
been used to distinguish the two planes. 
More seismograms need to be studied 
for the nature of S. 

Press et al. (14) have made some per- 
tinent model studies. They applied a 
couple to a Plexiglas plate. The pat- 
tern recorded was that predicted by the 
theory for a single couple. But when 
they cut a slit in the plate and applied 
the same couple across the slit, the 
nodes of S were displaced 25 to 30 de- 
grees to the right and left from the ends 
of the “fault.” They suggest that this 
anomalous behavior of S may be due 
to the setting up of S at the ends of the 
slit by Rayleigh waves propagating on 
the slit’s surface. 

The earliest method of stereo- 
graphic projection used to determine 
nodal surfaces is that described above. 
Other methods have been developed. 
In the U.S.S.R. the pole of projection is 
either the top or the bottom of a “focal 
sphere” drawn with the focus of the 
earthquake as its center (Fig. 4). The 
Wulff net is used. Scheidegger (75) has 
described the projections used and has 
suggested others, 

Nature of Faulting from 

Fault Plane Analyses 

Scheidegger (16) has analyzed the na- 
ture of the faulting deduced from fault 
plane studies from 179 earthquakes. 
These analyses were made by. many in- 
vestigators. The strike of a fault is its 
direction measured in a_ horizontal 
plane—if it breaks to the surface, the 
direction of its surface trace. Its dip is 
the angle the plane makes with the 
horizontal plane. If the motion on the 

fault is primarily in the direction of the 
strike, the faulting is called transcur- 
rent or strike-slip. If the motion is pri- 
marily in the direction of the dip, the 
faulting is called dip-slip. 

Of the 179 shocks listed by Scheideg- 
ger, about three-quarters were nearer 
strike-slip than dip-slip. This greater 
frequency of transcurrent faulting had 
been pointed out much earlier by 
Hodgson (17). 

This has been surprising to many 
structural geologists. In reconstructing 
geologic history it is dip-slip faulting, 
it is vertical movement, which must be 
called upon to explain the varying 
physiography of the past. Horizontal 
movements of considerable magnitude 
would not leave so definite a geologic 
record. One is led to wonder if hori- 
zontal movements were as common in 
the past as today. 

Summary 

Theory going back to Stokes and 
Love indicates that a sudden force ap- 
plied to a part of an infinite homo- 
geneous elastic medium sends out waves 
of longitudinal and transverse types. The 
directional character of at least the be- 
ginnings of these waves is preserved at 
a distance. This character depends on 
the nature of the force system applied 
at the source. It is widely agreed that 
the energy released as seismic waves 
was gradually stored as potential energy 
of strain before the shock. The moot 
question is just how this strain energy 
is transformed into the kinetic energy 
of wave motion. 
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Population and World 

Economic Development 

In a finite world, population growth, before 

it is finally halted, entails diverse costs. 

“In the long run, the lack of adequate 
space and resources is logically certain 
—unless fertility is reduced—to impose 
a ceiling on rising consumption, then to 
lower the availability of food per con- 
sumer, and ultimately to cause a rise in 
death rates. These conclusions all fol- 
low from the mathematics of geometric 
increase. . . . At current growth rates, 
the population of the United States 
would outweigh the earth in 2500 
years” (J, pp. 330-31). 

The economic development of any 
particular society is envisaged as entail- 
ing changes both in its aggregative eco- 
nomic magnitudes and in its economic 
composition. Of these changes there 
are various indicators, not all of which 
move in wholly parallel paths. For the 
sake of convenience in exposition, how- 
ever, use may be made primarily of a 
single indicator, per capita real income, 
since the movement of this indicator is 
highly correlated with the movement of 
other welfare-oriented indicators, and 
since changes in it provide a great deal 
of information respecting the extent to 
which a community of people has be- 
come better or worse off. It is assumed, 
therefore, that economic development 
is reflected in the movement of per 
capita income, and that the role played 
by population growth in economic de- 
velopment is ultimately expressible in 
terms of its incidence upon the move- 
ment of per capita income. 

This article is composed of two main 
parts: in the first the underlying theory 
is set down and in the second the pro- 
spective incidence of population growth 
upon the movement of per capita in- 
come is examined for each of the main 
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demographic regions of the world. 
Analysis is restricted to quantitative 
aspects of the subject under discussion; 
genetical and most euthenic issues are 
disregarded. In a final section some 
implications of the population question 
are touched upon. 

Economico-Demographic Theory 

A complete economico-demographic 
theory would have to account ade- 
quately both for the response of aggre- 
gate income to population growth and 
for the response of population to in- 
come growth. In this article, however, 
major attention is devoted to the former 
response. The latter response is ex- 
amined only in so far as it bears on one 
question: Does population growth re- 
spond to slight output changes in the 
same manner as it responds to large 
output changes? Relevant theory may 
therefore be expressed in terms of four 
principles: (i) changing age composi- 
tion; (ii) changing factor complemen- 
tarity; (iii) changing economic homo- 
sphere; and (iv) critical minimum 
economico-demographic stimulus. These 
principles are described below. 

The per capita income in terms of 
which the course of economic develop- 
ment is plotted is a collection of goods 
and services, the enjoyment of many of 
which is contingent upon the availability 
of sufficient leisure. Increases in the 
size of this collection tend to be accom- 
panied by increases in its variety and 
its quality, presumably because the 
eudemonic property of income depends 
upon variety as well as upon quantity. 
This fact is overlooked in much of the 
popular literature relating to population, 
in which it is suggested that so long as 

the food supply, irrespective of its com- 
position, can be made to keep pace with 
numbers, there is no population prob- 
lem. Unfortunately, man has taste buds 
and hence is not disposed to live on 
algae, or on a 21-cent daily mess of 
lard, beef liver, orange juice, and soy- 
bean meal, or on similar unpalatable 
minimum-cost diets (2). Nor is he 
content to live on mimimum-cost, non- 
food allowances. It is not very relevant, 
therefore, to ask how many people a 
given country can support. It is more 
relevant to ask why population con- 
tinues to increase in a country after 
population growth has ceased to confer 
a net advantage upon the country’s 
inhabitants. 

Changing Age Composition 

Potential productivity per capita de- 
pends, ceteris paribus, upon the size of 
the fraction of a country’s population 
that is in the labor force. The size 
of this fraction, though subject to the 
influence of socioeconomic conditions, 
depends upon the age composition of a 
country’s population. Furthermore, 
though this fraction may be only some 
5 to 10 percent higher in developed 
than in underdeveloped countries, the 
margin of productivity enjoyed by de- 
veloped countries will be greater; for 
around 10 or more percent of the labor 
force of underdeveloped countries is 
made up of children under 15, whereas 
the labor force of advanced countries 
includes almost no children (3). 

When a population is growing, its 
age composition is less favorable than 
when it is stationary, and when a 
population’s natural rate of growth in- 
creases (or decreases), its age compo- 
sition becomes less (or more) favor- 
able, within limits. More generally, 
under ceteris paribus conditions, the 
proportion of the population of work- 
ing age (say 15 to 59 or 20 to 64 
years) increases greatly as the gross 
reproduction rate falls and declines 
somewhat as life expectancy at birth 
increases. Model stable populations 
serve to illustrate this tendency (see 
Table 1). Suppose we postulate a set 
of age-specific fertility rates which give 
us a gross reproduction rate of 3, or a 
crude birth rate of 43 to 46; then the 
percentage of the population falling 
within the age group 15 to 59 will 
range, in the associated stable popula- 
tions, between 48.4, if life expectancy 
at birth is 70.2 years, and 52.5, if life 
expectancy is only 40 years. Should 
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this set of age-specific fertility rates be 
replaced by another set yielding a gross 
reproduction rate of 1.5 and a crude 
birth rate of 22 to 23, the percentage 
of persons aged 15 to 59 would rise 
one-sixth or more, to between 58 and 
62. In short, if fertility declined from 
levels such as are found in much of 
Asia, Africa, and Latin America to 
those found in Europe, the fraction of 
the population of working age would 
be something like one-sixth higher 
under stable-population conditions. This 
amounts to an increase of one-sixth or 
more in potential productivity per cap- 
ita. This theoretical finding is borne 
out, of course, in the real world; for 
example, 66.28 percent of the Swedish 
population but only 56.69 percent of 
the Brazilian population is aged 15 to 
64 years. 

High-fertility, underdeveloped coun- 
tries would derive two advantages from 
the improvement in age composition 
that would result if fertility should de- 
cline until their populations had become 
approximately stationary. First, their 
potential per capita productivity would 
rise 10 to 15 or more percent; some 
of this potential productivity would 
assume the form of income and some the 
form of leisure. Second, the disposition 
of parents to put children to work and 
deny them education would be greatly 
reduced, and the capacity of the popu- 
lation to educate the children and so 
make them much more productive 
would be greatly augmented. Of this 
we have some evidence in the fact that 
in the slowly growing populations of 
developed European countries the ratio 
of children under, say, 15 to persons 
of an age (say 15 to 64) to be teachers 
is only about half as high as in the 
rapidly growing populations of under- 
developed countries. 

Changing Factor Complementarity 

Population growth would not affect 
productivity per capita adversely if out- 
put were entirely the product of labor 
and hence imputable solely to labor. 
Productivity partly depends, however, 
upon the number of complementary 
agents or factors of production (4) 
at the disposal of a population. This 
number governs the amount of equip- 
ment the average worker has to assist 
him in his occupational assignments. It 
also governs the rapidity with which 
technological advances can be given 
concrete form and the degree to which 
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individuals can he trained and enabled 
to carry on that basic and applied re- 
search which underlies technological 
progress. Such progress is very im- 
portant; it seems to have been responsi- 
ble for some four-fifths of the increase 
in output per man-hour recently ex- 
perienced in the United States (5). It 
is because population growth reduces 
when it does not altogether prevent 
increase in the number of productive 
factors available per capita that it tends 
to depress the rate at which output per 
capita increases. Population growth has 
this effect because it entails transforma- 
tion of a given population, together 
with its replaceable and irreplaceable 
environment, into a successor popula- 
tion and environment, with the double 
result that increases in numbers are 
achieved at the expense of physical 
environment and that a portion of this 
physical environment is permanently 
dissipated (6). 

These factors or agents of production 
are of two sorts: (i) those which are 
reproducible and augmentable and (ii) 
those which are nonaugmentable be- 
cause their aggregate stock is either 
roughly fixed (for example, potential 
supply of water power) or depletable 
(for. example, proved and potential oil 
reserves) and hence subject to the 
relentless march of economic entropy 
consequent upon their use (7). While 
the rate at which the stock of agents 
(i) is increased depends immediately 
upon the level of income and the aver- 
age propensity of the community to 
save, it is affected, as may be the 
marginal productivity of this stock of 
capital, by the scarcity of agents (ii). 
For in so far as agents (ii) are in 
short supply, this shortage must be 
made up by agents (i), with the result 
that average income is somewhat lower 
than it otherwise would be. 

Population growth slows down the 
rate at which the number of agents (i) 
available per capita can be increased. 
Inasmuch as a nation’s stock of utilized 
wealth usually amounts to something 
like five times its national income (8), 
saving rates of 5 and 10 percent, re- 
spectively, are required to keep the 
wealth-population ratio constant when 
the population is growing | or 2 percent 
per year. Close association of this ratio 
and per capita income is prevented by 
various circumstances, however, among 
them variation in the composition of 
wealth, in the wealth-income ratio, in 
the extent to which increase in wealth is 
accompanied by technical progress, and 

in the manner in which wealth and in- 
come are measured (9). The wealth- 
income ratio does, however, provide a 
rough, internationally comparable index 
of the extent to which population 
growth absorbs output which might 
otherwise have been consumed or 
utilized to increase wealth or capital 
per head. It may be inferred that, even 
though the capital output ratio in in- 
dustry or agriculture is sometimes as 
low as 3:1 or lower, savings of 8 to 10 
or more percent are required in the 
longer run to offset the population 
growth rates of 2 or more percent found 
in many underdeveloped countries. For 
assets are normally accumulated not 
only to equip and house people but also 
for various other reasons which in the 
longer run bring the ratio of total 
physical assets to income up to 4 or 
> 10,1. 

Up to now the nonaugmentable fac- 
tors have not seriously retarded the 
growth of output per head, because 
unused reserves remained, because sub- 
stitutes were available, because technical 
progress has reduced the input of these 
factors per unit of output, and because 
the use of materials other than minerals 
and water has grown little more 
rapidly than population. Furthermore, 
technical improvements have increased 
the output of minerals per composite 
unit input of labor and capital. It is 
shortage of water and space that bids 
to restrict expansion here and there. 
In time, however, population growth, 
together with rising per capita con- 
sumption, will greatly increase the over- 
all use of minerals and water and 
may even increase the marginal cost 
of produce, particularly if considerable 
amounts of cultivable land are diverted 
to nonagricultural purposes. Consump- 
tion of materials originating in non- 
augmentable sources has been increas- 
ing markedly only since the late 19th 
century; this increase may not make 
itself felt in terms of rising costs for 
some decades, however, and even then 
the initial impact of such cost increases 
will be minor. Dearth of suitably 
situated space is likely to make itself 
felt, however (0). 

Changing Homosphere 

Man’s earthly habitat, or homo- 
sphere, is a component of the compara- 
tively invariant biosphere in which 
living matter flourishes (//). The ca- 
pacity of this homosphere to sustain 
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human life at a given level is con- 
ditioned in some measure by the growth 
process as such, independently of the - 

Table 1. Gross reproduction and percentage of population aged 15 to 59 in model stable popula- 
tions (23). 

ii Life expectancy at birth (yr) 

operation of the principle of changing __ reproduction 40 60.4 70.2 

complementarity touched upon in the (%) Percent aged Birth rate Percent aged Birth rate Percent aged Birth rate 
preceding section. The effects of growth 15-59 (No. /1000) 15-59 (No. /1000) 15-59 (No. /1000) 

J , may be adverse or favorable. They are 3.0 52.5 46.0 49.6 43.8 48.4 ne 
} adverse when growth permanently dis- 2.0 58.8 31.7 55.8 30.6 54.7 30.1 

1 sipates a portion of the environment sr == bs py oa a 22.3 
3 capable of subserving human life with- y 3 : 5 ; 3 = 
s out at the same time replacing it with 
0 a suitable substitute. 
C Illustrative perhaps is erosion conse- as satisfactory as those currently relied sustained period of time—investment 
n quent upon population pressure, or the upon. Under these circumstances, also, that is oriented not so much toward 
d dissipation of potential utility associ- it is relatively easy for labor and other providing traditional support for a 
or ated with increase in economic entropy, factors, whether newly employed or growing population as toward augment- 
at noted above. Illustrative also would be situated in nonexpanding industries, to ing the stock of income-producing 
0 the covering of much land by water move into expanding industrial sectors. equipment, toward educating and ur- 
1€ should continuing population growth These various potential advantages of banizing the population and rendering 
al so step up man’s production of carbon population growth, though realizable it productive and forward-looking, and 
or dioxide that the oceans failed to absorb in a developed country, are not likely toward replacing wants that foster pop- 

all of it, with the result that the carbon- to be realized in a heavily populated, ulation growth by different aspirations 
C= dioxide content, and hence the tempera- underdeveloped country where divers (J3). 
he ture, of the atmosphere rose sufficiently other preconditions for development are What alone is in dispute is the extent 
ise to melt the polar icecaps. lacking. Their role in a developed to which a people, even when its 
ib- Illustrative of the favorable effects country may be exaggerated, since in government is strong and well en- 
cal are reductions in composite inputs per such a country, even if the population trenched, can be induced to extend 
se unit of output made possible, within _ is stationary, death and retirement alone _ its time horizon, sacrifice today’s simple 
ise limits, by economies consequent upon permit considerable and rapid readjust- material pleasures for tomorrow’s un- 
als increase in the size of a population and ment of the labor force, while deprecia- certain returns, and substitute ideals of 
ore in the apparatus of production. Of tion and obsolescence permit rapid the sort found among advanced Euro- 
re, minor importance is the resulting fuller modification of the composition of pean peoples for those regnant in 
sed use of such indivisible agents as a capital. Such flexibility is particularly tradition-bound societies. Puerto Rico’s 
site railroad bed. Of major importance is marked when, as in advanced societies, | experience demonstrates how very diffi- 
t is the increase in organizational, and governments are economically power- cult it is to introduce effective family 
vids (| other, specialization made possible by ful enough to support aggregate demand _ planning. 
ere. population growth, together with the at a level favorable to needed readjust- The significance of the above argu- 
vth, tendency of large economies to be more ment. ment, subscribed to in part already by 
>on- competitive and hence more inclined J. S. Mill, derives from the fact that 
ver- to make optimum use of factors than population growth has been revolu- 
and are small economies. Much of the re- Critical Minimum tionized in underdeveloped countries 
cost ; straint to which specialization and com- Economico-Demographic Stimulus by the introduction of modern health 
able petition are subject is attributable, of measures that increase life expectancy. 
rted {| course, not to smailness of population Much of Asia, Africa, and Latin As a result, numbers increase, or soon 
imp- but to smallness of country or economy. America—perhaps two-thirds of the will increase, two or three or more 
non- | This condition, usually inherited from world’s population—is caught in a Mal- times as fast in these countries as they 
reas- || the 18th century or from earlier cen- thusian trap, in “a quasi-stable equi- increased in Western Europe when that 
19th turies, when the optimum-size state was __ librium system” in which forces making part of the world was undergoing 
nake smaller than today, is now being par- for increase in income evoke counter- modernization. The low rate of popu- 

s for tially rectified through the creation of balancing income-depressing forces, lation growth characteristic of Western 
then metastates (/2). among them a high rate of population Europe (it was generally near or below 
eases Population growth, when accom-_ growth. 1 percent per year) permitted initially 

itably panied by corresponding growth in Escape from this trap or system low rates of saving to set self-sustaining 

itself employment and income, may stimulate presupposes a stimulus, or set of con- economic development in motion. Sim- 
both the growth of firms which have _ tinuing stimuli, sufficient to make the _ ilarly, in Japan, the only non-European 
not yet expanded to the greatest extent income-increasing and the population- country to undergo substantial modern- 
that seems economically desirable and growth-retarding effects dominant. This _ ization in the late 19th century, the rate 
the introduction of equipment and stimulus must operate both to increase of natural increase long remained close 
methods superior to those in use. For, income faster than population and to to 1 percent, and savings were relatively 

10mM0- so long as an economy is growing and__ reduce the rate of population growth high and were put to good use. Even 

ipara- expected to grow, stimulus is given to so that per capita income and expecta- so the agricultural population has re- 

which the disposition to plan and invest for tions respecting the future course of per mained at the Meiji-era level; moreover, 

he ca- the morrow and to suppose that en- capita income rise sufficiently. What is despite considerable modernization and 

sustain hanced output will find market outlets called for is heavy investment over a the early adoption of family-limitation 
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Table 2. Demographic and economic characteristics, by region, about 1950-55 (see 24). The density and population estimates for a.D. 2000 are based 
on United Nations ‘tmedium” forecasts. 

Demographic and economic characteristics 

Per capita Population (%) 
Region Population (in millions) Persons per km? Birth rate income Labor force (7%) 

(No./1000) (dollars) _ We In cities 
In 1955 In 2000 In 1955 In 2000 in 1950 about —— as he over 

1955 ry 100,000 

World 2690 6267 20 46 39 50-1864 59 18 56 13 
Asia 1490 3870 55 143 46 50-487 73 10 55 8 
Africa 216 517 7 17 47 50-284 75 11 54 5 
South America 125 394 7 22 25-45 107-391 55 18 54 18 
Central America and Caribbean 58 198 21 72 35-50 80-426 62 16 53 12 
Rest of world 801 1288 14 23 20-26 150-1864 13-45 30-37 59-62 18-41 

practices, Japan’s birth rate did not fall 
sharply until after legal barriers to such 
limitation were relaxed, in and after 
1949 (14). The demographic history 
of Japan suggests that, without strong 
governmental efforts to augment the 
rate of capital formation markedly and 
to stimulate effective control of fertility, 
underdeveloped countries, especially 
those which are already heavily popu- 
lated and less productive of income 
than was early 19th-century England, 
are unlikely to escape their Malthusian 
trap, low incomes and excessive fertility. 

Empirical Findings 

Having noted ways in which popula- 
tion growth may affect the movement 
of per capita income and (if we may 
ignore Pope’s dictum: “Fixed to no spot 
is happiness sincere”) “welfare,” we 
may turn to the current demographic 
situation, a conspectus of which is pre- 
sented in Table 2. Prospective rates of 
growth for Asia (exclusive of Japan), 
Africa, Middle America, and South 
America (exclusive of its temperate- 
zone countries) are much higher than 
for other areas. In these four areas 
fertility is uncontrolled, natality is high, 
and the diffusion of effective family 
limitation practices is retarded by a 
predominance of rural conditions, often 
accompanied by a high degree of illit- 
eracy, elimination of which is difficult. 
While age composition is unfavorable 
to productivity in all these rapidly 
growing regions and per capita incomes 
are generally much lower than in the 
remainder of the world (that is, in 
Europe, northern North America, the 
Soviet Union, Japan, and most of 
Oceania), where fertility is subject to 
quite effective control (though this is 
not always exercised), population den- 
sity appears to be a powerful depressant 
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of income only in the Far East (where 
about half the world’s population lives) 
and in Middle America. The low level 
of income in most of Africa and much 
of South America is primarily attribut- 
able, as are low income levels to some 
extent in the Far East, to conditions 
associated with economic underdevelop- 
ment as such rather than with popula- 
tion density, a considerable amount of 
which is compatible with relatively high 
per capita incomes (for example, popu- 
lation density is approximately 200 
individuals per square mile in the 
northeastern United States and exceeds 
300 in much of Europe and 500 in 
Japan). 

Lowness of income is almost invari- 
ably associated with a heavy concen- 
tration of the labor force in agriculture, 
a condition found in Asia and Africa 
and in much of Middle and South 
America. There results a heavy pres- 
sure of agricultural population on the 
land under cultivation, especially when 
arable land per head of agricultural 
population amounts to less than | acre, 
as in Asia, or to about 2, as in Middle 
America, instead of more than 3, as in 
Europe and much of Africa and Latin 
America, or about 20, as in North 
America (1/5, pp. 474-477). Hence, 
agricultural income is very low in Asia 
and is augmentable principally through 
the reduction of the agricultural popu- 
lation by half or more and the augmen- 
tation of the frequently low yields per 
acre and per man; for, as the data in 
Table 3 indicate, pasture land is scarce 
and there is little utilizable forest or 
potentially productive land to bring into 
use. In the Near East, to some degree in 
Middle America, and in South Ameri- 
ca and much of Africa, the amount of 
land under cultivation apparently is still 
significantly augmentable. In all these 
areas, moreover, as in much of the Far 
East, output per acre could be greatly 

increased, given scientific methods of 
cultivation and a sufficiency of plant 
nutrients and moisture (/5, p. 531; 16). 
There is little prospect, however, with 
current population trends, that the 
peoples of Asia, the Middle East, or 
Middle America can greatly reduce 
their excessive dependence on cereals 
and tubers (/5, chap. 9). 

While the easing of population pres- 
sure in agriculture depends in part upon 
greatly increased investment in agri- 
culture, together with modernization of 
techniques, it depends largely upon the 
provision of relatively productive non- 
agricultural employment for both the 
excess agricultural population and 
additions to the labor force resulting 
from natural increase. Such provision 
requires not only considerable invest- 
ment in suitable forms of education but 
also the formation of capital and the 
availability of the requisite mineral and 
other natural resources. Let us con- 
sider investment in education and capi- 
tal formation first. In most under- 
developed countries investment in suit- 
able facilities for education at the 
secondary and advanced levels is too 
low, and in many not even a full 
primary education is provided. In 
many, savings are barely adequate (if 
that) to offset population growth, prob- 
ably averaging less than 10 percent of 
the national income in the whole of the 
semi- and nonindustrialized world (17). 
In Asia, with the exception of China, 
Israel, Japan, and possibly one or two 
small communities, the rate of capital 
formation is around 10 percent or less 
of income, and even in thrifty Japan 
gross fixed capital formation per capita 
is only one-ninth of that in the United 
States and one-third of that in Western 
Europe (/8). In Latin America gross 
investment in fixed capital (some of 
foreign origin) has been in the neigh- 
borhood of 17 percent of the gross 
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national product, and net investment, 
around 11 percent of the net national 
product (19). In Africa capital forma- 
tion has varied greatly, ranging from 
levels of below 10 percent of national 
income, through perhaps close to 10 
percent in Egypt, to much higher rates 
in Rhodesia, the Union of South Africa, 
and other countries (20). Much higher 
rates of savings are required in most 
of the underdeveloped world, given 
current population growth, than are 
presently manifest. 

While a number of underdeveloped 
countries are equipped with the natural 
resources requisite for economic de- 
velopment, in others the amounts of 
such resources are small or are offset 
by heavy population. China’s iron-ore 
reserves (6.7 tons per capita), com- 
parable to Mexico’s, are greatly inferior 
to India’s (54.2 tons per capita), which 
are superior to those of the United 
States; but India’s coal reserves, roughly 
comparable in per capita terms to those 
of France, are greatly inferior to 
China’s. Japan, with some coal, lacks 
iron ore as well as many other minerals. 
With the exception of these three coun- 
tries and the partial exception of Korea, 
no Asian country is able to develop a 
considerable iron and steel industry 
and related industries; nor is a com- 
parable industrial base now being pro- 
vided by other minerals, or, in the long 
run, by petroleum (most heavily pro- 
duced in the Near East). In South and 
Middle America, Brazil, Venezuela, and 
Cuba are well equipped with iron ore 
but are short of coal. Most of the coal 
and iron ore in Africa is in Southern 
Rhodesia and the Union of South 

in relation to population is likely to 
limit industrial development and the 
increase of per capita income in Asia, 
even in the absence of further popula- 
tion growth, and analogous limitation 
is likely eventually to become operative 
in much of Latin America and in parts 
of subsaharan Africa. Only a detailed 
inventory and study of available re- 
sources could disclose when and to 
what degree such limitation would be- 
come evident. Were such a_ study 
undertaken now and something like an 
optimum population determined for 
subsaharan Africa and South America, 
policy might be oriented toward reduc- 
ing the actual and the potential rate 
of growth (2/). 

Implications 

It was suggested above that if a 
population were stationary instead of 
growing 2 or 3 percent per year it 
would have at its disposal, for improv- 
ing the state of the existing population, 
current productive power and income 
amounting, in per capita income terms, 
to something like 20 to 25 percent of 
national income under ceteris paribus 
conditions. The precise magnitude of 
this figure depends upon the economic 
significance of differences in age com- 
position and upon the relevant wealth- 
population ratio. It affords a rough 
measure of the current cost of a 2 to 3 
percent yearly rate of population 
growth. The magnitude of this cost, 
together with the disadvantages, from 
the standpoint of education, of an un- 
favorable age composition, suggests that 

Africa. In sum, a shortage of minerals countries like Brazil which require 

Table 3. Amount of land, per capita and by use, 1955 (25). 

Agricultural area 
: cs rt aia ae but Arable land andland Permanent meadows Forest ee 
under tree crops and pastures land productive 

Region ——— (millions land 

Pcl Per Gailtioas aeolian (millions of of capita t capita hectares) 

hectares) (hectares) hectares) (hectares) 

U.S.S.R. 220 1.10 267 15393 743 161 
Europe 150 0.37 85 0.21 136 8 
Northern North America* 228 1.26 278 1.54 668 79 
Rest of North Americat 27 0.47 78 1.34 71 17 
South America 69 0.56 313 2.52 887 53 
Oceania 24 bets 376 24.00 87 6 
Far East 355 0.25 271 0.19 475 60 
Near East 78 0.56 295 2.11 145 116 
Africa 219 1.29 502 2:95 652 76 

*“Northern North “America” includes Alaska, Canada, and the U.S.; } “Rest of North America” includes the 
balance of North and Central America. 
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larger populations for the optimum ex- 
ploitation of their resources can pro- 
gress more rapidly if they reduce their 
annual rates of population growth from 
the present 2 or 3 percent to, say, 1 
percent. 

The adverse effects of population 
growth in heavily populated under- 
developed countries have been well 
summarized by Coale and Hoover in 
their study of India. Assuming two 
postulates, that expectation of life at 
birth would rise from 32 years in 1951 
to 52 years in 1986 and that fertility 
might either remain unchanged or de- 
cline 50 percent by 1986, the decline 
beginning in 1956 or not until 1966, 
they examined the economic implica- 
tions of the population changes that 
would take place. They found that, if 
fertility began to decline at once, to be 
halved by 1986, income per consumer 
by the 1980’s would be rising nearly 
four times as fast as would have been 
the case had fertility not declined at all. 
Moreover, the population, though still 
increasing 0.9 percent per year, would 
be approaching a_ stationary state, 
whereas, if fertility had not declined, 
the population would be increasing 2.6 
percent per year and escape from the 
Malthusian trap would be even more 
difficult than it had been 30 years 
earlier (J, pp. 38, 273, 280). Analo- 
gous results were yielded by a similar 
inquiry in Mexico, where population 
has been growing faster than in India 
and where per capita income is two or 
three times that in India. Given a 
50-percent decline in fertility, income 
per consumer would, as in India, be 
about 41 percent higher at the end of 
30 years than it would have been in 
the absence of any decline in fertility 
(J, pp. 280, 305-306). Reduction in 
fertility, in short, makes possible higher 

and much more rapidly growing average 

incomes. 
Because of the geometrical character 

of population growth and the fact that 
numbers rarely decline, the problem 
now confronting India or Mexico may 
eventually confront Europe or the 
United States or any other region where 
population is not yet so dense as it is 
in Europe, or where it is growing less 
rapidly than in, say, Latin America. It 
is sometimes supposed that maintenance 
(as in the United States) of two- to 
four-child families—that is, of a three- 
child-family average—would constitute 
a sufficient degree of control. Yet, 
under the conditions that exist in the 
United States, maintenance of a level 
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of three children per family would 
result in an increase of population of 
about 1.3 percent per year, and this 
rate could easily be raised to 1.5 per- 
cent, approximately the rate at which 
the American population has _ been 
growing since 1950 (22). With an 
annual rate of increase of 1.5 percent, 
a population doubles every 47 years. 
In a mere 200 years, therefore, at this 
rate of increase the population of the 
United States would rise from a current 
179 million to about 3.5 billion, or 
nearly 1200 persons per square mile, 
a density roughly double that presently 
found in Massachusetts and New Jersey. 

In most of the world, persisting 
population growth constitutes the most 
serious of the long-run threats to the 
continuing improvement of man’s ma- 
terial lot. Because of the existence of 
limitational factors, if only that of suit- 
ably situated space, there is a limit to 
the extent to which populations can 
grow, in any country or in the world as 
a whole. It is sometimes argued that 
fertility will never endanger man’s 
standard of life, since men, having 
acquired a standard, are unwilling to 
surrender it, whether to population 
growth or to other income depressants. 
This argument overlooks a more funda- 
mental ethical and eudemonic issue 
posed by population growth, however. 
It ignores the fact that resources cur- 
rently used to support the costs of pepu- 
lation growth might otherwise serve to 
augment welfare per capita. It fails to 
ask to what degree maximum welfare 
per capita would be more nearly real- 
ized if those preferring population 
growth, whether in the United States or 
elsewhere, were required to support 
more of its costs than at present. It 
neglects the fact that in much of the 
world living standards already are 
desperately low and will prove hard to 
raise even if the stork’s wings are 
clipped. 
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Biologic Synthesis of 

Deoxyribonucleic Acid 

An isolated enzyme catalyzes synthesis of this nucleic 

acid in response to directions from pre-existing DNA. 

The knowledge drawn in recent years 
from studies of bacterial transformation 
(1) and viral infection of bacterial 
cells (2), combined with other evidence 
(3), has just about convinced most of 
us that deoxyribonucleic acid (DNA) 
is the genetic substance. We shall as- 
sume then that it is DNA which not 
only directs the synthesis of the proteins 
and the development of the cell but 
which must also be the substance which 
is copied so as to provide for a similar 
development of the progeny of that cell 
for many generations. Deoxyribonucleic 
acid, like a tape recording, carries a 
message in which there are specific in- 
structions for a job to be done. Also, 
exact copies can be made from it, as 
from a tape recording, so that this in- 
formation can be used again and else- 
where in time and space. 

Are these two functions, the expres- 
sion of the code (protein synthesis) and 
the copying of the code (preservation 
of the race), closely integrated or are 
they separable? What we have learned 
from our studies over the past 5 years 
is that the replication of DNA can be 
examined and at least partially under- 
stood at the enzymatic level even 
though the secret of how DNA directs 
protein synthesis is still locked in the 
cell. 

Structure 

First I should like to review very 
briefly some aspects of DNA structure 
which are essential for this discussion. 
Analysis of the composition of samples 
of DNA from a great variety of sources, 
and by many investigators (4), has 
revealed the remarkable fact that the 
purine content always equals the pyri- 

20 MAY 1960 

Arthur Kornberg 

midine content. Among the purines, the 
adenine content may differ considerably 
from the guanine, and among the pyri- 
midines, the thymine from the cytosine. 
However, there is an equivalence of the 
bases with an amino group in the 
6-position of the ring to the bases with 
a keto group in the 6-position. These 
facts were interpreted by Watson and 
Crick (5) in their masterful hypothesis 
of the structure of DNA. As shown in 
Fig. 1, they proposed in connection 
with their double-stranded model for 
DNA, discussed below, that the 6- 
amino group of adenine is linked by 
hydrogen bonds to the 6-keto group of 
thymine and that in a like manner 
guanine is hydrogen-bonded to cytosine, 
thus accounting for the equivalence of 
the purines to the pyrimidines. 

On the basis of these considerations 
and the results of x-ray crystallographic 
measurements by Wilkins and his asso- 
ciates (6), Watson and Crick proposed 
a structure for DNA in which two long 
strands are wound about each other in 
a helical manner. Figure 2 is a diagram- 
matic representation of a fragment of 
a DNA chain about 10 nucleotide units 
long. According to physical measure- 
ments, DNA chains are, on the average, 
10,000 units long. We see here the 
deoxypentose rings linked by phosphate 
residues to form the backbone of the 
chain; the purine and pyrimidine rings 
are the planar structures emerging at 
right angles from the main axis of the 
chain. Figure 3 is a more detailed mo- 
lecular model (7) and gives a better 
idea of the packing of the atoms in the 
structure. The purine and pyrimidine 
bases of one chain are bonded to the 
pyrimidine and purine bases of the 
complementary chain by the hydrogen 
bonds described in Fig. 1. 

The x-ray measurements have indi- 
cated that the space between the op- 
posing chains in the model agrees with 
the calculated value for the hydrogen- 
bond linkage of a purine to a pyrimi- 
dine; it is too small for two purines and 
too large for two pyrimidines. Most 
rewarding from the biological point of 
view, the structure provides a useful 
model to explain how cellular replica- 
tion of DNA may come about. For, if 
you imagine that these two chains sepa- 
rate and that a new chain is formed 
complementary to each of them, the 
result will be two pairs of strands, each 
pair identical to the original parent 
dupiex and each member of the pair 
identical to the other. 

Enzymatic Approach to Replication 

Although we have in the Watson and 
Crick proposal a mechanical model of 
replication, we may at this point pose 
the question: What is the chemical 
mechanism by which this super mole- 
cule is built up in the cell? Some 60 
years ago the alcoholic fermentation of 
sugar by a yeast cell was a “vital” proc- 
ess inseparable from the living cell, but 
through the Buchner discovery of fer- 
mentation in extracts and the march of 
enzymology during the first half of this 
century, we understand fermentation by 
yeast as a (now familiar) sequence of 
integrated chemical reactions. 

Five years ago the synthesis of DNA 
was also regarded as a “vital” process. 
Some people considered it useful for 
biochemists to examine the combustion 
chambers of the cell, but tampering 
with the very genetic apparatus itself 
would surely produce nothing but dis- 
order. These gloomy predictions were 
not justified then, nor are similar pessi- 
mistic attitudes justified now with re- 
gard to the problems of cellular struc- 
ture and specialized function which 
face us. High adventures in enzymology 
lie ahead, and many of the explorers 
will come from the training fields of 
carbohydrate, fat, amino acid, and nu- 
cleic acid enzymology. 

I feel now, as we did then, that for 
an effective approach to the problem of 
nucleic acid biosynthesis it is essential 
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Fig. 1. Hydrogen bonding of bases. 

to understand the biosynthesis of the 
simple nucleotides and the coenzymes 
and to have these concepts and method- 
ology well in hand. It was from these 
studies that we developed the convic- 
tion that an activated nucleoside 5’- 
phosphate is the basic biosynthetic 
building block of the nucleic acids (8). 
You will recall that the main pathways 
of purine and pyrimidine biosynthesis 
all lead to the nucleoside 5’-phosphate 
(8); they do not usually include the 
free bases or nucleosides, except as 
salvage mechanisms. While the 2’ and 
3’ isomers of the nucleotides are known, 
they probably arise mainly from certain 
types of enzymatic degradation of the 
nucleic acids. You will also recall from 
the biosynthesis of coenzymes (9), the 
simplest of the nucleotide condensation 
products, that it is adenosine triphos- 
phate (ATP) which condenses with 
nicotinamide mononucleotide to form 

Fig. 2. Double helical structure of DN 
(Watson and Crick model). 
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diphosphopyridine nucleotide, with ri- 
bofiavin phosphate to form flavine ade- 
nine dinucleotide (FAD), with pan- 
tetheine phosphate to form the pre- 
cursor of coenzyme A, and so forth. 
This pattern has been amplified by the 
discovery of identical mechanisms for 
the activation of fatty acids and amino 
acids, and it has been demonstrated 
further that uridine, cytidine, and guan- 
osine coenzymes are likewise formed 
from the respective triphosphates of 
these nucleosides. 

This mechanism (Fig. 4), in which 
a nucleophilic attack (70) on the pyro- 
phosphate-activated adenyl group by a 
nucleoside monophosphate leads to the 
formation of a coenzyme, was adopted 
as a working hypothesis for studying 
the synthesis of a DNA chain. As illus- 
trated in Fig. 5, it was postulated that 
the basic building block is a deoxynu- 
cleoside 5/-triphosphate which is at- 
tacked by the 3’-hydroxyl group at the 
growing end of a polydeoxynucleotide 
chain; inorganic pyrophosphate is elimi- 
nated, and the chain is lengthened by 
one unit. The results of our studies of 
DNA synthesis, as is shown below, are 
in keeping with this type of reaction. 

Properties of the Enzyme 

First let us consider the enzyme and 
comment on the way in which it was 
discovered (8, //). Mixing the triphos- 
phates of the four deoxynucleosides 
which commonly occur in DNA with 
an extract of thymus or of bone 
marrow or of Escherichia coli would 
not be expected to lead to the net syn- 
thesis of DNA. Instead, as might be 
expected, the destruction of DNA by 
the extracts of such cells and tissues 
was by far the predominant process, 
and one had to resort to more subtle 
devices to detect such a_ biosynthetic 
reaction. We used a C'!-labeled sub- 
strate of high specific radioactivity and 
incubated it with adenosine triphos- 

phate and extracts of Escherichia coli, 
an organism which reproduces itself 
every 20 minutes. The first positive re- 
sults represented the conversion of only 
a very small fraction of the acid-soluble 
substrate into an acid-insoluble fraction 
(50 or so counts out of a million 
added). While this represented only a 
few micromicromoles of reaction, it 
was something. Through this tiny crack 
we tried to drive a wedge, and the 
hammer was enzyme purification (J2). 

This has been and still is a major 
preoccupation. Our best preparations 
are several thousand-fold enriched with 
respect to protein over the crude ex- 
tracts, but there are still contaminating 
quantities of one or more of the many 
varieties of nuclease and _ diesterase 
present in the E. coli cell. The occur- 
rence of what appears to be a similar 
DNA-synthesizing system in animal 
cells as well as in other bacterial species 
has been observed (/3). We must wait 

Fig. 3. Molecular model of DNA [After 
M. Feughelman et al. (7)] 
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for purification of the enzymes from 
these sources in order to make valid. 
comparisons with the E. coli system. 

The requirements for net synthesis of 
DNA with the purified E. coli enzyme 
(14) are shown in the equation in 
Fig. 6. All four of the deoxynucleotides 
which form the adenine-thymine and 
guanine-cytosine couples must be pres- 
ent. The substrates must be the tri- and 
not the diphosphates, and only the 
deoxy sugar compounds are active. 
Deoxyribonucleic acid, which must be 
present, may be obtained from animal, 
plant, bacterial, or viral sources, and 
the best indications are that all these 
DNA samples serve equally well in 
DNA synthesis provided their molecu- 
lar weight is high. The product, which 
I discuss below in further detail, accu- 
mulates until one of the substrates is 
exhausted and may be 20 or more times 
greater in amount than the DNA added. 
and thus is composed to the extent of 
95 percent or more of the substrates 
added to the reaction mixture. Inor- 
ganic pyrophosphate is released in 
quantities equimolar to the deoxynu- 
cleotides converted to DNA. 

Should one of these substrates be 
omitted, the extent of the reaction is 
diminished by a factor of more than 10*, 
and special methods are then required 
to detect it. It turns out that when one 
of the deoxynucleotide substrates is 
lacking, an extremely small yet signifi- 
cant quantity of nucleotide is linked to 
the DNA primer. My co-workers and I 
have described this so-called “limited 
reaction” (75) and have shown that 
under these circumstances a few deoxy- 
nucleotides are added to the nucleoside 
ends of some of the DNA chains but 
that further synthesis is blocked for 
lack of the missing nucleotide. Current 
studies suggest that this limited reaction 
represents the repair of the shorter 
strand of a double helix in which the 
strands are of unequal length, and that 
the reaction is governed by the hydro- 
gen-bonding of adenine to thymine and 
of guanine to cytosine. 
When all four triphosphates are pres- 

ent, but when DNA is omitted, no reac- 
tion takes place at all. What is the basis 
for this requirement? Does the DNA 
function as a primer in the manner of 
glycogen, or does it function as a tem- 
plate in directing the synthesis of exact 
copies of itself? We have good reason 
to believe that it is the latter, and as 
the central and restricted theme of this 
article, I should like to emphasize that 

20 MAY 1960 

° ° ° 
i oil II 

Adenosine - O- P SOP —-O-P-—-O 
/ | | 
o o o 

ee 
° 

Nucleoside — O —- P—- O 
ll 
°o 

Fig. 4. Nucleophilic attack of a nucleoside 
monophosphate on ATP. 

ae 

ead 
HoC eo , 

Z  Poly-. 
nucleotide 

> OR 

O-Pe0 
HoG O 

Ow y 

HO 4H 

ie 4 

o*pio-B-o-B-o" 
‘ o o 
oO: O 0 HC : 

0 x 

/XTP 

HO H 

Fig. 5. Postulated mechanism for extend- 
ing a DNA chain. 

n TPPP TP 

n dGPPP aGP 
+ DNAS—DNA - 

n dAPPP d AP 

n dCPPP adcP 
n 

+ 

4(n) PP 

Fig. 6. Equation for enzymatic synthesis 
of DNA. 

it is the capacity for base pairing by 
hydrogen-bonding between the pre- 
existing DNA and the nucleotides added 
as substrates that accounts for the re- 
quirement for DNA. 

The enzyme we are studying is thus 
unique in our experience to date in that 
it takes directions from a template—it 
adds the particular purine or pyrimidine 
substrate which will form a hydrogen- 
bonded pair with a base on the tem- 
plate (Fig. 7). There are five major 
lines of evidence that support this 
thesis. 

Physical Properties of 

Enzymaticaily Synthesized DNA 

The first line of evidence is derived 
from studies of the physical nature of 
the DNA produced by the enzyme. I 
might mention again that in these de- 
scriptions as in those of the chemical 
nature of DNA, discussed below, 90 
to 95 percent of the DNA sample 
comes from the substrates used in the 
reaction. From collaborative studies 
with Howard K. Schachman, to whom 
we are greatly indebted, it can be said 
that the enzymatic product is indistin- 
guishable from high-molecular-weight, 
double-stranded DNA isolated from 
natural sources (/6). It has sedimenta- 
tion coefficients in the neighborhood of 
25 and reduced viscosities of 40 deci- 
liters per gram, and on the basis of 
these measurements we believe it to 
be a long, stiff rod with a molecular 
weight of about 6 million. When the 
DNA is heated, the rod collapses and 
the molecule becomes a compact, ran- 
domly coiled structure; it may be in- 
ferred that the hydrogen bonds holding 
the strands together have melted, and 
this is borne out by characteristic 
changes in the viscometric and optical 
properties of the molecule. Similar re- 
sults are found upon cleavage of the 
molecule by pancreatic deoxyribonu- 
clease. In all these respects the enzy- 
matically synthesized DNA is indistin- 
guishable from the material isolated 
from natural sources and may thus be 
presumed to have a hydrogen-bonded 
structure similar to that possessed by 
natural DNA. 

Would one imagine that the col- 
lapsed, jumbled strands of heated DNA 
would serve as a primer for DNA syn- 
thesis? Very likely one would think not. 
Guided by everyday experience with a 
jumbled strand of twine, one might 
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regard this as a hopeless template for 
replication. It turns out that the col- 
lapsed DNA is an excellent primer and 
that the nonviscous, randomly coiled, 
single-stranded DNA leads to the syn- 
thesis of highly viscous, double-stranded 
DNA (/7). Sinsheimer has isolated 
from the tiny ®X174 virus a DNA 
which appears to be single-stranded 
(18). Like heated DNA, it has proved 
to be an excellent primer (77) and a 
useful material in current studies (/9) 
for demonstrating in density-gradient 
sedimentations its progressive conver- 
sion to a double-stranded condition dur- 
ing the course of enzymatic synthesis. 

While a detailed discussion of the 
physical aspects of replication is not 
feasible in this article, it should be men- 
tioned that the DNA in the single- 
stranded condition is not only a suitable 
primer but is the only active form when 
the most purified enzyme preparations 
are used. With such preparations of 
E. coli, the native, double-stranded 
DNA is inert unless it is heated or 
pretreated very slightly with deoxyribo- 
nuclease. Bollum has made similar ob- 
servations with the enzyme that he has 
purified from calf thymus (20). 

Substitution of Analogs 

The second line of evidence is de- 
rived from studies of the activity of the 
substrates when substitutions are made 
in the purine and pyrimidine bases. 
From the many interesting reports on 
the incorporation of bromouracil (2/), 
azaguanine (22), and other analogs 
into bacterial and viral DNA, it might 
be surmised that some latitude in the 
structure of the bases can be tolerated 
provided there is no interference with 
their hydrogen bondings. When experi- 
ments were carried out with deoxyuri- 
dine triphosphate or 5-bromodeoxyuri- 
dine triphosphate, it was found that 
these compounds supported DNA syn- 
thesis when used in place of thymidine 
triphosphate but not when substituted 
for the triphosphates of deoxyadeno- 
sine, deoxyguanosine, or deoxycytidine. 
As already described (23), 5-methyl- 
and 5-bromocytosine specifically re- 
placed cytosine; hypoxanthine substi- 
tuted only for guanine; and, as just 
mentioned, uracil and 5-bromouracil 
specifically replaced thymine. These 
findings are best interpreted on the basis 
of hydrogen bonding of the adenine- 
thymine and guanine-cytosine type. 

Along these lines it is relevant to 
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Fig. 7. Mechanism for enzymatic DNA 
replication. 

mention the existence of a naturally 
occurring “analog” of cytosine, hy- 
droxymethyl cytosine (HMC), which 
is found in place of cytosine in the 
DNA of the E. coli bacteriophages of 
the T-even series (24). In this case the 
DNA contains equivalent amounts of 
HMC and guanine and, as usual, equiv- 
alent amounts of adenine and thymine. 
Of additional interest is the fact that 
the DNA’s of T2, T4, and T6 bacterio- 
phages contain glucose linked to the 
hydroxymethyl groups of the HMC in 
characteristic ratios (25, 26), although 
it is clear that in T2 and T6 some of 
the HMC groups contain no glucose 
(26). 

These characteristics have posed two 
problems regarding the synthesis of 
these DNA’s which might appear to be 
incompatible with the simple base-pair- 
ing hypothesis. First, what mechanism 
is there for preventing the inclusion of 
cytosine in a cell which under normal 
conditions has deoxycytidine triphos- 

SYNTHESIS 
(by polymerase) 

DEGRADATION 
(by micrococcal 
DNase and splenic 

diesterase) 

Fig. 8. Method for determining sequences 
in DNA. 

phate and incorporates it into its DNA? 
Second, how does one conceive of the 
origin of the constant ratios of glucose 
to HMC in DNA if the incorporation 
occurs via glucosylated and nongluco- 
sylated HMC nucleotides? Our recent 
experiments have shown that the poly- 
merase reaction in the virus-infected 
cell is governed by the usual hydrogen- 
bonding restrictions but with the aux- 
iliary action of several new enzymes 
developed specifically in response to 
infection with a given virus (27, 28). 
Among the new enzymes is one which 
splits deoxycytidine triphosphate and 
thus removes it from the sites of poly- 
merase action (28). Another is a type 
of glucosylating enzyme that transfers 
glucose from uridine diphosphate glu- 
cose directly and specifically to certain 
HMC residues in the DNA (28). 

Chemical Composition 

The third line of evidence is supplied 
by an analysis of the purine and pyrimi- 
dine base composition of the enzy- 
matically synthesized DNA. We may 
ask two questions. First, will the prod- 
uct have the equivalence of adenine to 
thymine and of guanine to cytosine that 
characterize natural DNA? Second, will 
the composition of the natural DNA 
used as primer influence and determine 
the composition of the product? In 
Table 1 are the results which answer 
these two questions (29). The experi- 
ments are identical except that in each 
case a different DNA primer was used: 
Mycobacterium phlei, Escherichia coli, 
calf thymus, and phage T2 DNA, re- 
spectively. 

In answer to the first question, it is 
clear that in the enzymatically synthe- 
sized DNA, adenine equals thymine and 
guanine equals cytosine, so the purine 
content is in every case identical to the 
pyrimidine. In answer to the second 
question, it is again apparent that the 
characteristic ratio of adenine-thymine 
pairs to guanine-cytosine pairs of a 
given DNA primer is imposed rather 
faithfully on the product that is syn- 
thesized. Whether the net DNA in- 
crease is only 1 percent, as measured 
with isotopic tracers, or 1000 percent, 
the results are the same. 

It can be said further that it has not 
been possible to distort these base ratios 
by using widely differing molar concen- 
trations of substrates or by any other 
means. In the last line of Table 1 is a 
rather novel “DNA” which is synthe- 
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sized under conditions that I will not 
describe here (17, 30). Suffice it to say 
that after very 
copolymer of deoxyadenylate and thy- 
midylate (A-T) develops which has the 
physical size and properties of natural 
DNA and in which the adenine and 
thymine are in a perfectly alternating 
sequence. When this rare form of 
DNA-like polymer is used as a primer, 
new A-T polymer synthesis starts im- 
mediately, and even though all four 
triphosphates are present, no trace of 
guanine or cytosine can be detected in 
the product. The conclusion thus seems 
inescapable that the base composition 
is replicated in the enzymatic synthesis 
and that hydrogen-bonding of adenine 
to thymine and of guanine to cytosine 
is the guiding mechanism. 

Enzymatic Replication of 

Nucleotide Sequences 

The fourth line of evidence which I 
should like to cite is drawn from cur- 
rent studies of base sequences in DNA 
and their replication. As I have sug- 
gested already, we believe that DNA 
is the genetic code; the four kinds of 
nucleotides make up a four-letter alpha- 
bet, and their sequence spells out the 
message. At present we do not know 
the sequence; what Sanger has done for 
peptide sequence in protein remains to 
be done for nucleic acids. The problem 
is more difficult, but not insoluble. 

Our present attempts at determining 
the nucleotide sequences (3/) will be 
described in detail elsewhere, and I will 
only summarize them here. Deoxyribo- 
nucleic acid is enzymatically synthe- 
sized, with phosphorus-32 as label, in 
one of the deoxynucleoside triphos- 
phates; the other three substrates are 

long lag periods, a. 

unlabeled. This radioactive phosphorus, 
attached to the 5-carbon of the deoxyri- 
bose, now becomes the bridge between 
that substrate molecule and the nucleo- 
tide at the growing end of the chain 
with which it has reacted (Fig. 8). At 
the end of the synthetic reaction (after 
some 10'® diester bonds have been 
formed), the DNA is isolated and di- 
gested enzymatically to yield the 3’-de- 
oxynucleotides quantitatively. It is ap- 
parent (Fig. 8) that the phosphorus 
atom formerly attached to the 5-carbon 
of the deoxynucleoside triphosphate 
substrate is now attached to the 3-car- 
bon of the nucleotide with which it 
reacted during the course of synthesis 
of the DNA chains. The phosphorus-32 
content of each of the 3’-deoxynucleo- 
tides, isolated by paper electrophoresis, 
is a measure of the relative frequency 
with which a particular substrate re- 
acted with each of the four available 
nucleotides in the course of synthesis 
of the DNA chains. This procedure, 
when carried out four times with a 
different labeled substrate in each case, 
yields the relative frequencies of all the 
16 possible kinds of dinucleotide (near- 
est neighbor) sequences. 

Such studies have, to date, been car- 
ried out with DNA primer samples 
from six different natural sources. The 
conclusions are as follows: (i) All 16 
possible dinucleotide sequences are 
found in each case; (ii) the pattern of 
relative frequencies of the sequences is 
unique and reproducible in each case 
and is not predicted from the base com- 
position of the DNA; (iii) enzymatic 
replication involves base pairing of 
adenine to thymine and of guanine to 
cytosine; and, most significantly (iv) 
the frequencies also indicate clearly that 
the enzymatic replication produces two 
strands of opposite direction, as pre- 

Table 1. Chemical composition of enzymatically synthesized DNA, synthesized with different 
primers. A, adenine; 7, thymine; G, guanine; C, cytosine. 

DNA A T G Cc =< as 
T+C G+C 

Mycobacterium phlei ry 
Primer 0.65 0.66 | 1.34 1.01 0.49 
Product 0.66 0.65 1.34 1.37 0.99 0.48 

Escherichia coli 
Primer 1.00 0.97 0.98 1.05 0.98 0.97 
Product 1.04 1.00 0.97 0.98 1.01 1.02 

Calf thymus 
Primer 1.14 1.05 0.90 0.85 1.05 1.25 
Product 1.12 1.08 0.85 0.85 1.02 1.29 

Bacteriophage T2 
Primer 1.31 1.32 0.67 0.70 0.98 1.92 
Product 1,33 1.29 0.69 0.70 1.02 1.90 

A-T copolymer 1.99 1.93 <0.05 <0.05 1.03 40 
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dicted by the Watson and Crick model. 
These studies and anticipated exten- 

sions of them should yield the dinucleo- 
tide frequencies of any DNA sample 
which can serve as an effective primer 
for enzymatic replication and thus pro- 
vide some clues for deciphering the 
DNA code. Unfortunately, this method 
does not provide information about tri- 
nucleotide frequencies, but we are 
hopeful that, with the improvement of 
enzymatic tools for analysis and chro- 
matographic techniques for isolation, 
some start can be made in this direc- 
tion. 

Requirement for Four Triphosphates 

and DNA for DNA Synthesis 

Returning to the earlier-stated re- 
quirement for all four deoxynucleoside 
triphosphates and DNA for DNA syn- 
thesis, we can now regard and under- 
stand this requirement as another and 
final line of evidence for hydrogen 
bonding. Without added DNA there is 
no template for hydrogen bonding, and 
without all four triphosphates, synthesis 
stops early and abruptly for lack of a 
hydrogen-bonding mate for one of the 
bases in the template. 

Summary 

I have sketched the enzymatic ap- 
proaches to the problem of DNA repli- 
cation and the properties of the DNA- 
synthesizing enzyme _ purified from 
Escherichia coli. The unifying and basic 
generalization about the action of this 
enzyme is that it catalyzes the synthesis 
of a new DNA chain in response to 
directions from a DNA template; these 
directions are dictated by the hydrogen- 
bonding relationship of adenine to thy- 
mine and of guanine to cytosine. The 
experimental basis for this conclusion 
is derived from the observations of: 
(i) the double-stranded character of the 
enzymatically synthesized DNA and its 
origin from a single-stranded molecule, 
(ii) the pattern of substitution of 
analogs for the naturally occurring 
bases, (iii) the replication of the chemi- 
cal composition, (iv) the replication of 
the nucleotide (nearest neighbor) se- 
quences and the antiparallel direction 
of the strands, and (v) the requirement 
for all four deoxynucleoside triphos- 
phates (adenine, thymine, guanine, and 
cytosine) and for DNA for DNA syn- 
thesis (32). 
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Scientists in Government: 

Growing Concern Over 

Conflicts of Interest 

There is considerable and growing 
concern over the position of scientists 
with regard to the conflict of interest 
laws. The subject is talked of a good 
deal in private but only rarely in public, 
a situation which reflects the delicacy 
with which it is felt this potentially 
explosive issue must be handled. 

The relevant laws are a group of 
seven poorly defined, vaguely inter- 
preted statutes which, in their broadest 
interpretation, prohibit anyone work- 
ing for the government from having 
a financial interest in any group hav- 
ing dealings with the government. They 
tend to put almost anyone working for 
the government on less than a career 
civil service basis in an extremely awk- 
ward position. The situation is difficult 
for administrative and legal personnel, 
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often preventing the government from 
obtaining the services of an outstanding 
man because of the unreasonable finan- 
cial sacrifices he would have to make 
in order to protect himself from a 
possible accusation of violating the 
law. But nowhere is the situation more 
touchy than in the case of scientific 
personnel. 

The government today relies on an 
intricate web of consultancies, con- 
tracts, and part-time and temporary 
employees to provide itself with the 
scientific and technical assistance it 
must have. It underwrites more than 
half the scientific research done in this 
country. It “employs” in some fashion 
a very large fraction of the leading 
scientists in the country, and a question 
of conflicts of interest could be raised 
in almost every case. The institution or 
corporation with which the scientist is 
associated very probably is receiving a 
share of the more than $5 billion the 
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government spends annually on scien- 
tific work. Quite often it is doing work 
for the government in precisely the 
area in which the scientist is being 
asked to advise the government. 

Conflicts Unavoidable 

The situation is awkward, but it is 
also absolutely unavoidable. The gov- 
ernment cleirly needs the best scientif- 
ic advice it can get, and it can get this 
advice only from men with the perti- 
nent experience—that is, in most cases, 
precisely from the men who will find 
themselves in a conflict-of-interest situ- 
ation. The problem is complicated 
further because many of these men will 
not only be associated with a group do- 
ing business with the government in the 
area in which they are to serve, but they 
will also be serving, in addition, as con- 
sultants to one or more other corpora- 
tions or institutions which, again, are 
doing business with the government in 
the area in which the scientist is asked 
to advise the government. And to com- 
plicate the picture still further, a signif- 
icant and growing fraction of these 
scientists own stock, and sometimes 
large blocks of stock, in the “space | 

” age” research corporations that have 
sprung up in_ intellectual centers 
throughout the country. 

New York Bar Study 

The entire conflict-of-interest prob- 
lem has been studied by a committee 
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of the Bar Association of New York, 
whose detailed report, together with © 
draft legislation for clarifying and up- 
dating the statutes, will be published 
next month by the Harvard University 
Press. This article reflects the feelings 
of that committee, confirmed by talks 
here in Washington, that the touchiest 
part of this problem relates to the po- 
sition of scientists. This concern stems 
from the feeling that not only are sci- 
entists caught with other personnel in a 
badly outdated system of laws, but that, 
in the case of scientists, to a danger- 
ous extent the laws have simply been 
ignored and no effort to comply with 
them has been made. The reason for 
this is clear: it is simply that in the 
area of executive or legal talent there 
are usually enough men qualified for a 
position that it is possible to find one 
who is reasonably free of conflict-of-in- 
terest problems; in the area of science 
the talent and experience the govern- 
ment needs tend to be so specialized 
that the number of men qualified to fill 
a post is limited to a very few, all of 
whom will commonly have quite in- 
volved conflict-of-interest problems. 
But the dilemma does not disappear 
simply because it is recognized as un- 
avoidable. 

There has been no real concern over 
scientists as a class behaving improper- 
ly. Indeed the general feeling seems to 
be that the scientists have done an ad- 
mirable job of seeing that their conflicts 
of interest do not effect their decisions. 
There is a good deal of concern, on the 
other hand, over the possible Congres- 
sional and public reaction to a scandal 
in this area. There is a fear that among 
the several thousand scientists advising 
the government there must be some 
who not only have made no effort to 
clear up a clear conflict-of-interests, but 
have allowed this conflict to influence 
their decisions. But aside from the con- 
cern over the possibility of outright 
scandal, there is the feeling that even 
the appearance of scandal, where no 
wrong-doing had actually taken place, 
could have extremely unfortunate re- 
percussions. There is concern over the 
effect that a sensationalist Congres- 
sional investigation could have on such 
matters as the recruitment of scientists 
for government service, on the system 
of contracting with government-sup- 
ported corporations for work which 
the government cannot handle effec- 
tively within its departments, and on 
the prestige of scientists in general. 
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Possible Repercussions 
No one knows how much the gov- 

ernment, and the nation, would suffer 
if it were cut off from the services of 
scientists who were unable to comply 
strictly with the present conflict-of-in- 
terest regulations; or how many sci- 
entists would avoid government service 
if it involved the risk of exposure to 
scandal mongers, no matter how honor- 
ably they served, because of an un- 
avoidable conflicts-of-interest. Nor does 
anyone know what the effect of a series 
of scandals, real or imagined, would 
have on the use of corporate devices 
like the Air Force supported, non- 
profit Rand Corporation, or the Space 
Technology Labs Inc., which handles 
a major share of the work on this 
country’s space program. The use of 
such corporations for work that might 
normally be done within the govern- 
ment is usually a device for paying 
higher salaries than the present civil 
service scale allows, and sometimes for 
avoiding close control of projects by 
the Congressional appropriations com- 
mittees. It is not hard to find Congress- 
men who are suspicious of the whole 
business, nor is it hard to imagine the 
effect on these suspicions of even a hint 
of scandal. 

The question of scientific prestige is 
a special one, resting on the fact that 
although the scientist is an increasingly 
admired person, he is also sufficiently 
exotic in the public mind that there is 
a strong tendency to stereotype him. If 
a lawyer or business executive is caught 
with his hand in someone else’s pocket, 
no one is led to question the ethics of 
lawyers or executives as a class. Wheth- 
er the same will hold for scientists is 
open to question, particularly in view 
of the sharp contrast it will present to 
the current stereotype of the scientist 
as a man so engrossed with dissecting 
atoms that he never concerns himself 
with such gross things as personal ad- 
vancement and money. 

No one knows the answers to these 
questions, and perhaps the concern of 
those who fear the worst is unwar- 
ranted. But no one seems to feel that 
even the New York Bar group’s pro- 
posal for revising the conflict-of-inter- 
est statutes, helpful though these pro- 
posals undoubtedly would be, is capa- 
ble of really solving the dilemma of 
the scientists. It appears to be unavoida- 
ble that risks must be run, and under 
the present circumstances, when the 
mere mention of the phrase “conflict 

of interests” suggests to the public not 
merely a questionable situation but a 
full-blown scandal, it is understandable 
that there are a good many nervous 
people in Washington. 

The problem is one that cannot be 
legislated out of existence. Some sort 
of rules governing conflicts of interest 
are necessary, and no matter how care- 
fully they are framed there will still be 
a great many difficult situations, par- 
ticularly in the case of scientists. The 
Bar group’s draft legislation hopes to 
help matters by giving the President 
broad powers to grant exemptions “in 
the national interest.” But an exemption 
can only make a conflict of interest 
allowable; it does not make it disappear. 
What everyone seems to agree is need- 
ed, if and when sensational revelations, 
justified or not, begin to appear, is a 
clear understanding among the public 
and on Capitol Hill that the risk of 
an occasional scientist acting indis- 
creetly is trivial compared to the risks 
to the national security if, in order to 
strictly enforce the conflict of interest 
laws, the government were forced to 
cut itself off from the soundest scien- 
tific assistance it can get. 

U.S. and U.S.S.R. Begin Exchange 
Visits of Nuclear Scientists: Polio 
Group Encounters Difficulties 

The U.S. Atomic Energy Commis- 
sion has announced that the United 
States and the U.S.S.R. have started an 
exchange of visiting teams of nuclear 
scientists. Five U.S. scientists left on 
12 May for the U.S.S.R., where they 
will see high-energy physics establish- 
ments; five Soviet experts are coming 
to the U.S. to visit controlled thermo- 
nuclear research installations. These 
visits implement some provisions of the 
Memorandum on Cooperation in the 
Peaceful Uses of Atomic Energy, which 
was signed last November. 

A second exchange is scheduled to 
begin in June, with a U.S. thermonu- 
clear research team visiting Soviet 
laboratories and a Soviet team visiting 
high-energy physics installations in the 
United States. Other reciprocal ex- 
changes in the area of peaceful uses 
of atomic energy are also being con- 
sidered. 

The U.S. scientists who are touring 
Russian establishments are Robert F. 
Bacher, chairman, division of physics, 
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mathematics, and astronomy, Califor- 
nia Institute to Technology; George A. 
Kolstad, chief, physics and mathematics 
branch, U.S. Atomic Energy Commis- 
sion; Edward J. Lofgren, Lawrence 
Radiation Laboratory, University of 
California, Berkeley; Robert E. Mar- 
shak, chairman, department of physics 
and astronomy, University of Rochest- 
er; and Robert R. Wilson, director, 
Laboratory of Nuclear Studies, Cornell 
University. 

The Russian scientists who will tour 
U.S.-controlled thermonuclear research 
installations are Boris I. Gavrilov, 
member, Institute of Atomic Energy; 
Il’ya F. Kvartskhava, member, Physi- 
cal-Technical Institute; Yevgeniy V. 
Piskarev, member, Institute of Atomic 
Energy; Vladimir T. Tolok, member, 
Ukrainian Physico-Technical Institute; 
and Natan A. Yavlinskiy, member, In- 
stitute of Atomic Energy. 

Poliomyelitis Group Embarrassed 

While the cooperative program in nu- 
clear science is proceeding smoothly, 
an American exchange group  con- 
cerned with public health has en- 
countered difficulties. A six-member 
delegation went to Moscow under 
the United States-Soviet cultural ex- 
change agreement to attend an inter- 
national symposium on_ poliomyelitis, 
13-16 May. Another international poli- 
omyelitis conference, outside the cul- 
tural exchange framework, is now be- 
ing held (17-21 May). The State De- 
partment “requested” the three mem- 
bers of the U.S. team who are federal 
employees not to attend the second 
conference because Communist Chi- 
nese and East German delegations are 
participating. 

The second meeting is devoted in 
great part to Soviet experience with a 
live-virus vaccine developed by Alfred 
Sabin of Cincinnati. The vaccine is 
virtually untested in this country, but 
it has been. administered to some 50 
million people in the U.S.S.R. Sabin, a 
nongovernment member of the U.S. 
delegation, is attending the conference, 
as is Victor Cabasco of Lederle Labo- 
ratories Company and Theodore Boyd 
of the National Foundation. The three 
federal employees forbidden to partici- 
pate are David E. Price, assistant sur- 
geon general of the Public Health Serv- 
ice, Roderick Murray of the National 
Institutes of Health, and Alexander 
Langmuir of the Public Health Service 
Communicable Disease Center in At- 
lanta, Ga. 
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First Meteorological Rocket 

Firing Network Established 

Heretofore, meteorologists have been 
limited by their inability to probe more 
than the first 100,000 feet of the atmos- 
phere with their radiosonde balloons; 
now, however, they have the promise 
of simultaneous and routine rocket ob- 
servations of the atmosphere to altitudes 
more than twice as high. The develop- 
ment of this important aid to under- 
standing the weather was revealed in 
the recent announcement of the be- 
ginning of regular meterological rocket- 
firing periods. A governmental working 
group has reported details of the un- 
usual system to the Space Science Board 
of the National Academy of Sciences 
for transmittal to the international Com- 
mittee on Space Research (COSPAR). 

Rocket Schedule Announced 

From 18 January to 19 February 
1960, low-cost Loki and Arcas rockets 
carrying instruments to gather mete- 
orological data in the upper atmosphere 
were simultaneously fired on a daily 
basis from Wallops Island, Va., and 
Point Mugu, Calif. There will be simi- 
lar monthly firing periods in the spring, 
summer, and fall of this year. In future 
launchings meteorological stations at 
Tonepah, Nev., Eglin Air Force Base, 
Fla., and Cape Canaveral, Fla., will 
also participate, forming, with the Vir- 
ginia and California stations, a meteor- 
ological rocket firing network. 

The seasonal daily firings will be 
part of this country’s contribution to a 
series of international Rocket Weeks, 
which will commence in September 
1960. Beginning in 1961, the Weeks 
will be observed quarterly. It is hoped 
that other countries will join, during 
these weeks, in extending this network 
to other parts of the world. Interna- 
tional Rocket Weeks are sponsored by 
COSPAR;; the first was observed from 
16 to 22 November 1959. 

The present network is a joint under- 
taking of the Air Force, the Army Sig- 
nal Corps, the Atomic Energy Commis- 
sion, the National Aeronautics and 
Space Administration, the Navy, and 
the U.S. Weather Bureau. The US. 
Army Signal Missile Support Agency at 
White Sands, N.M., provided rocket 
vehicles and launched the initial test 
rockets. 

Firings Make New Data Available 

The simultaneous firings from widely 
separated points afford a means of 

gathering precise and extensive mete- 
orological data that cannot be obtained 
by any other existing method. For more 
than 20 years, weather balloons 
launched from an increasingly dense 
network of stations throughout the 
world have provided wind, pressure, 
temperature, and humidity data, but 
their altitude is limited to about 100,000 
feet. The rockets employed in the new 
meterological network reach altitudes of 
over 40 miles; primarily, they gather 
data on winds, obtained by radar track- 
ing of the paths of parachutes or 
clumps of falling “chaff.” 

It is expected that improvements in 
the rocket system will lead to routine 
observations of temperatures and pres- 
sures as well as winds. These data, 
coupled with observations from balloons 
and meteorological satellites such as 
Tiros I, will be of great value to mete- 
orologists in helping them achieve more 
accurate knowledge of the atmosphere. 
The rocket measurements are of im- 
mediate importance for the information 
they give about the winds that large 
rockets and space vehicles will en- 
counter during their flight. 

These measurements have revealed 
that winds in the region of the atmos- 
phere which is being explored by the 
rocket system may exceed 250 miles per 
hour, and that remarkable changes in 
this wind velocity sometimes occur. 
Exactly how these changes affect the 
weather lower down in the atmosphere ‘ 
is not yet known, but meteorologists will 
be able to study this problem with the | 
aid of the new data that will become 
available. 

U.S.S.R. Launches Experimental 

Space Ship 

The U.S.S.R. launched a 9988-pound 
satellite into a nearly circular orbit of 
the earth on 15 May. The vehicle is 
described as a “space ship” in the offi- 
cial Soviet announcement, for it carries 
a pressurized cabin that contains a 
dummy human figure and equipment 
for a future manned space flight. On 
command, the 5510-pound cabin is to 
be separated from the ship for descent 
to earth. However, no attempt will be 
made to retrieve the cabin, which is 
expected to burn up in the denser layers 
of the atmosphere. 

The satellite circles the earth every 
91 minutes at an angle of 65 degrees 
to the equatorial plane. It is traveling in 
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an orbit that has a perigee of 195 miles 
and an apogee of 230 miles. Radio sig- 
nals, described as a series of quivering 
long and short “beeps,” can be heard 
clearly at 19.995 megacycles. 

Spokesmen for the national space 
surveillance control center at Bedford, 
Mass., say that the residents of every 
major city in the United States even- 
tually will be able to see the satellite 
(and its carrier rocket) with the unaided 
eye. It is said to be of the second mag- 
nitude, or about the brightness of a 
star in the Big Dipper. 

Pacific Science Information 

Center Established in Honolulu 

A Pacific Scientific Information Cen- 
ter has been established at the Bishop 
Museum, Honolulu, with the aid of a 
grant from the National Science Foun- 
dation. The purpose of the center is to 
further the interchange of information 
concerning the geography and natural 
history of Pacific islands, especially in- 
formation dealing with the land flora 
and fauna and with man in his rela- 
tionship to his environment 

An initial project is the compilation 
of a card catalog of persons working 
on or actively interested in these areas, 
with addresses and specific interests. 
Existing bibliographies, published and 
in manuscript, are being explored in 
preparation for the compilation of rec- 
ords concerning pertinent publications. 
Files of maps, air photographs, and 
geographical data that have been as- 
sembled at the Bishop Museum also 
will be reorganized and expanded. 

The center is being directed by E. H. 
Bryan, Jr., of the Bishop Museum staff, 
who is a consultant in Pacific geography 
and bibliography for the Pacific Science 
Board, National Academy of Sciences— 
National Research Council. Work will 
be done in cooperation with the Pacific 
Science Association, which will hold its 
tenth Pacific Science Congress in Hono- 
lulu in August 1961. 

Age of Peking Man : 

The date of Peking Man, Sinan- 
thropus (= Pithecanthropus) pekinen- 
sis, like that of most Pleistocene 
hominids, has been a matter of con- 
siderable uncertainty. Apparently, the 
earliest dating has been “first” (Giinz- 
Mindel or Cromerian) interglacial and 
the latest, “second” (Mindel-Riss or 
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Holsteinian) interglacial, the latter as- 
signment being the most favored one. 
A recent paper by B. Kurtén [Verte- 
brata Palasiatica 3, 173 (Dec. 1959)] 
presents the results of a rew study of 
the age of Peking Man, based on a 
combination of floral and faunal analy- 
sis of the Choukoutien deposit in which 
the remains of this fossil man were 
found. The pollen spectrum indicates a 
climate that was glacial, rather than 
interglacial. The ratio between living 
and extinct species of mammals is simi- 
lar to that found in later “second” 
(Mindel II or Elster II) glacial deposits 
of Europe but differs significantly from 
that occurring in European “third” 
(Riss or Saale) glacial deposits. Kurtén 
thus assigns Sinanthropus to the time of 
the latter part of the Mindel (Elster) 
glaciation. Since a potassium-argon dat- 
ing by Evernden, Curtis, and Kistler 
(1958) places the Mindel glaciation at 
about 360,000 B.p., Kurtén regards this 
as the approximate age of Peking 
Man.—W.L.S., Jr. 

American Academy Elects 

Fellows and Foreign Members 

The American Academy of Arts and 
Sciences, at its 180th annual meeting 
on 11 May, elected 116 new fellows; 
32 of these were in the mathematical 
and physical sciences and 28 were in 
the biological sciences. The academy 
also elected 37 foreign honorary mem- 
bers, of whom 16 are in the mathe- 
matical and physical sciences and five 
are in the biological sciences. 

Re-elected to the presidency of the 
academy for the fourth year was Kirtley 
F. Mather, professor of geology, emeri- 
tus, of Harvard University. 

Fellows 

Mathematics. Alonzo Church, Prince- 
ton University; Nathan Jacobson, Yale 
University; Atle Selberg, Institute for 
Advanced Study, Princeton. 

Physics. Robert B. Brode, Univer- 
sity of California, Berkeley; Peter T. 
Demos, Massachusetts Institute of Tech- 
nology; Herbert Friedman, Naval Re- 
search Laboratory, Washington; Roger 
W. Hickman, Harvard University; Wil- 
liam L. Kraushaar, Massachusetts Insti- 
tute of Technology; Conrad L. Long- 
mire, University of California, Los Ala- 
mos, N. Mex.; Alvin M. Weinberg, Oak 
Ridge National Laboratory, Oak Ridge, 
Tenn. 

Chemistry. Ralph .A. Beebe, Am- 

herst College; Elias J. Corey, Harvard 
University; Raymond M. Fuoss, Yale 
University; Izaac M. Kolthoff, Uni- 
versity of Minnesota; William N. Lips- 
comb, Harvard University; Carl S. 
Marvel, University of [Illinois, Ur- 
bana. 

Astronomy. Walter O. Roberts, High 
Altitude Observatory, Boulder, Colo. 

Earth sciences. Jacob A. Bjerknes, 
University of California, Los Angeles; 
Perry Byerly, University of California, 
Berkeley; Gustav A. Cooper, National 
Museum, Washington; Richard F. Flint, 
Yale University; George C. Kennedy, 
University of California, Los Angeles; 
Francis J. Pettijohn, Johns Hopkins 
University. 

Engineering sciences. Arthur E. Bry- 
son, Jr., Harvard University; Samuel 
H. Caldwell, Massachusetts Institute of 
Technology; Barnett F. Dodge, Yale 
University; Robert C. Gunness, Stand- 
ard Oil Company (Indiana), Chicago: 
Irving Kaplan, Massachusetts Institute 
of Technology; Hans W. Liepmann, 
California Institute of Technology; 
William R. Marshall, University of 
Wisconsin; Louis D. Smullin, Massa- 
chusetts Institute of Technology; Theos 
J. Thompson, Massachusetts Institute 
of Technology. 

Biophysics and biochemistry. David E. 
Green, University of Wisconsin; Boris 
Magasanik, Massachusetts Institute of 
Technology; Stanford Moore, Rocke- 
feller Institute, New York; Hans Neu- 
rath, University of Washington, Seattle; 
Alexander Rich, Massachusetts Insti- 
tute of Technology; William H. Stein, 
Rockefeller Institute. 

Botany and bacteriology. James F. 
Bonner, California Institute of Tech- 
nology; Royal A. Brink, University of 
Wisconsin; Mary I. Bunting, Radcliffe 
Coliege; René J. Dubos, Rockefeller 
Institute; Norman H. Giles, Yale Uni- 
versity; Carl P. Swanson, Johns Hop- 
kins University. 

Zoology. Robert W. Briggs, Indiana 
University; Clifford Grobstein, Stanford 
University; Libbie H. Hyman, Ameri- 
can Museum of Natural History, New 
York; Arthur R. Kellogg, United States 
National Museum, Washington; John A. 
Moore, Columbia University; Francis 
J. Ryan, Columbia University. 

Physiology and experimental psychol- 
ogy. Harry Eagle, National Institutes of 
Health, Bethesda, Md.; Alexander Hol- 
laender, Oak Ridge National Labora- 
tory; Stephen W. Kuffler, Harvard Medi- 
cal School; Horace W. Magoun, Uni- 
versity of California, Los Angeles; 
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Claude A. Villee, Jr., Harvard Medi- 
cal School. 

Medicine. Douglas D. Bond, Western 
Reserve University School of Medicine, 
Cleveland; Benjamin Castleman, Har- 
vard Medical School; Thomas Francis, 
Jr., University of Michigan; Seymour 
S. Kety, National Institutes of Health; 
Robert S. Morison, Rockefeller Founda- 
tion, New York. 

Foreign Honorary Members 

Mathematics. Nikolai N. Bogolyubov, 
Kiev University, Kiev, U.S.S.R.; Jean 
P. Serré, Collége de France, Paris. 

Physics. Otto Hahn, Max-Planck-Ge- 
sellschaft, G6ttingen, Germany; Lev 
Landau, Academy of Sciences, Lenin- 
grad, U.S.S.R.; Lise Meitner, University 
of Stockholm, Stockholm, Sweden; Paul 
Scherrer, Swiss Federal Institute of 
Technology, Ziirich, Switzerland. 

Chemistry. Derek H. R. Barton, Uni- 
versity of London, London, England; 
Rolf Huisgen, Institut fiir Organische 
Chemie, Munich, Germany; Alexander 
N. Nesmeyanov, Academy of Sciences, 
Moscow, U.S.S.R.; Vladimir Prelog, 
Eidgendssische Technische Hochschule, 
Ziirich, Switzerland; Ilya Prigogine, Free 
University of Brussels, Brussels, Bel- 
gium. 

Astronomy. Hendryk C. van de Hulst, 
University of Leiden, Leiden, Nether- 
lands. 

Earth sciences. Keith E. Bullen, Uni- 
versity of Sydney, Sydney, Australia. 

Engineering sciences. Alan H. Cot- 
trell, University of Cambridge, Cam- 
bridge, England; Pierre A. Jacquet, 
Directions des Services Techniques de 
Constructions et Armes Navales, Paris, 
France; L. I. Sedov, Academy of Sci- 
ences, Moscow, U.S.S.R. 

Biophysics and biochemistry. Jacques 
Monod, Pasteur Institute, Paris, France. 

Zoology. Alfred Kiihn, Max-Planck 
Biological Institute, Tiibingen, Ger- 
many; Conrad Hal Waddington, Univer- 
sity of Edinburgh, Edinburgh, Scotland; 
Vincent B. Wigglesworth, University of 
Cambridge, Cambridge, England. 

Physiology and experimental psychol- 
ogy. Daniel Bovet, Istituto Superiore 
de Sanita, Rome, Italy. 

Nuclear Weapons Protest Meetings 

Held in Three European Countries 

This month Scotland experienced 
its biggest demonstration against nu- 
clear arms when 300 people marched 
through the streets of Glasgow to a 
protest meeting. 

1512 

The march followed a demonstration 
in London on Easter Sunday that drew 
a crowd of 75,000 to Trafalgar Square. 
About 20,000 of the London demon- 
strators had participated in a weekend 
protest walk from the Atomic Energy 
Authority’s laboratories in  Alder- 
maston, 54 miles away. The column 
grew as it entered the city and at one 
point extended for 6 miles. 

The meeting, sponsored by the 3- 
year-old Campaign for Nuclear Dis- 
armament, was described as London’s 
largest popular rally in the past 100 
years. The participants represented a 
cross section of the British public, 
ranging politically from the extreme 
left to right. 

A simultaneous Easter rally was held 
in West Germany. About 1000 demon- 
strators from a number of distant towns 
and cities converged on Bergen-Hohne, 
a missile training center, after a 3-day 
march. 

AAAS Science Teaching 

Improvement Program Offers 

Research Grants 

The Science Teaching Improvement 
Program of the AAAS will have funds 
available to make small grants for scien- 
tific research during the school year 
1960-61. These grants will be a con- 
tinuation of a program of research 
grants to small colleges started during 
the current academic year. Grants aver- 
aging about $900 each were made to 
scientists in the following colleges: Alma 
College, Austin Peay State College, 
Bucknell University, College of Woos- 
ter, Marshall College, Mississippi South- 
ern College, Morgan State College, 
Newark State College, and the State 
University of South Dakota. 

In order to qualify for such a 
research grant, the proposed project 
(i) must be scientific research and 
(ii) must involve as assistants or partici- 
pants undergraduate students preparing 
to teach science in secondary schools. 
The proposal must contain a clear state- 
ment of the problem to be investigated, 
the historical background of the prob- 
lem, and the hoped-for contribution to 
science of the research and must state 
what the participating prospective teach- 
ers should gain from the project. Pro- 
posals will be referred to a panel of 
scientists who will make their decision 
on or about 15 July. Six copies of a 
research proposal should reach the of- 
fice of the Science Teaching Improve- 
ment Program no later than 20 June 

1960. The address is: STIP, American 
Association for the Advancement of 
Science, 1515 Massachusetts Ave., NW, 
Washington 5, D.C. 

This program is made possible by a 
grant to the AAAS from the Carnegie 
Corporation of New York. 

News Briefs 

Federal research sponsors indexed. 
Extramural research activities of the 
federal government are indexed and 
summarized in a special pamphlet pre- 
pared by the Social Legislation In- 
formation Service, a nonprofit associa- 
tion reporting on Washington activities. 
The publication, which is designed to 
guide the investigator directly to the 
federal bureau or agency that may best 
utilize his special competences, de- 
scribes the research programs of 39 
federal agencies sponsoring research 
in more than 100 scientific fields, sum- 
marizes each agency’s program, and 
supplies the title and address of the 
specific official administering extra- 
mural research grants and contracts. 

Copies of Federal Agencies Financ- 
ing Research are available at $1 each 
from the Social Legislation Informa- 
tion Service, 1346 Connecticut Ave., 
NW, Washington 6, D.c. 

% Be * 

Error reported. American Men of Sci- 
ence reports an unfortunate error in 
the A-E volume of the Physical and 
Biological Sciences of the 10th edition. 
Darwin E. Baderstcher of the Socony 
Mobil Oil Company, Inc., is listed as 
deceased, when in fact it is his father, 
Jacob A. Baderstcher, who is no longer | 
living. Information on Darwin E. 
Baderstcher may be found in the 9th 
edition. A full biography will be sent 
out with the F-K volume. 

a * * 

Italian nuclear engineers. Some 17 
Italian engineering staff members who 
will hold posts in the British-designed 
nuclear power plant at Latina, south of 
Rome, are being given an_ intensive 
training course at Calder Hall Nuclear 
Power Station in England. Latina is 
to be a 200-megawatt single-reactor sta- 
tion and is being built by the Nuclear 
Power Plant Company of Britain in 
conjunction with the Italian concern 
Agip Nucleare. 

* * cy 

“The Argonne Semester.” An experi- 
ment in science education, the “Argonne 
Semester,” has been announced by 
Blair Stewart, president of the Asso- 
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ciated Colleges of the Midwest, and 
Norman Hilberry, director of Argonne 
National Laboratory, Argonne, Ill. The 
new program, which will provide school 
away from school for ten undergrad- 
uate students from midwestern colleges, 
will combine classroom instruction with 
half-time assignment to one of three 
major research divisions at Argonne. 
The first group of students will report 
to Argonne in September. They will 
receive their classroom instruction from 
three ACM faculty members who will 
have begun, during the summer, a 12- 
to 15-month period of training in one 
of the scientific divisions of the Ar- 
gonne National Laboratory. 

ws % it 

Mongolism. The U.S. Public Health 
Service reports the establishment of a 
program of medical research on 
mongolism, which afflicts more than 
35,000 infants born in the United States 
every year. Mongolism—Hope through 
Research, a new PHS leaflet, describes 
the research efforts under way at the 
service’s National Institutes of Health. 

The National Association for Re- 
tarded Children, Inc., has also issued 
a publication on the subject. Copies 
of Etiology of Mongolism, a report of 
a conference held in Cincinnati last 
October, are available from the associa- 
tion’s headquarters, 386 Park Avenue 
South, New York 16, N.Y. 

% * o* 

New ACS silicone prize. Establish- 
ment of a $1000 prize in silicone re- 
search has been announced by the 
American Chemical Society. To be 
known as the F. S. Kipping Award in 
Organosilicon Chemistry, the prize will 
be sponsored by the Dow Corning Cor- 
poration, Midland, Mich. The award 
is a memorial to Professor Frederic 
Stanley Kipping of Nottingham Uni- 
versity, England, who is credited with 
laying the groundwork, in 30 years of 
original research, for the flourishing 
silicone industry. 

* * * 

Visiting astronomers. The American 
Astronomical Society, under a grant 
from the National Science Foundation, 
will continue its Visiting Professors Pro- 
gram. Institutions desiring to have a 
prominent astronomer visit them for a 
2-day period should contact: (in the 
East and Middle West) Dr. Franklyn 
M. Branley, American Museum-Hayden 
Planetarium, 81st St. at Central Park 
West, New York 24, N.Y.; (in the 
West) Dr. Gibson Reaves, University 
of Southern California, University 
Park, Los Angeles 7, Calif. 
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Scientists in the News 

Recipients of the 1960 College Chem- 
istry Teacher Awards have been an- 
nounced by the Manufacturing Chem- 
ists’ Association. Presentation will be 
made on 9 June at the Greenbrier 
Hotel in White Sulphur Springs, W. Va., 
during the association’s 88th annual 
meeting. Each award includes a medal, 
a citation, and $1000. The six award 
winners were chosen from a record 
total of 189 nominations submitted by 
college and university presidents. 

Those to be honored are Reynold C. 
Fuson, University of Illinois, Urbana; 
Ben H. Peterson, Coe College, Cedar 
Rapids, Iowa; Francis O. Rice, George- 
town University, Washington, D.C.; 
Walter H. Stockmayer, Massachusetts 
Institute of Technology; Moddie D. 
Taylor, Howard University, Washing- 
ton, D.C.; and John De Vries, Calvin 
College, Grand Rapids, Mich. 

Harold Zirin of the University of 
Colorado’s High Altitude Observatory 
expects to leave in September for a 
6-month stay in Russia to study solar 
physics at a Crimean observatory. 

The Institute of Radio Engineers has 
presented awards to the following sci- 
entists. 

Haraden Pratt, secretary of the IRE 
and consulting engineer, received the 
Founders Award for administrative con- 
tributions to the profession and to the 
institute. 

Harry Nyquist, consulting engineer, 
received the Medal of Honor, the IRE’s 
highest technical award, for his studies 
of thermal noise, data transmission, 
and negative feedback. 

J. A. Rajchman, of RCA Labora- 
tories, Princton, N.J., received the Mor- 
ris Liebman Memorial Prize Award for 
development of magnetic devices for 
information processing. 

K. A. Norton, of the National Bureau 
of Standards, Boulder, Colo., received 
the Harry Diamond Memorial Award 
for studies of radio wave propagation. 

E. J. Nalos, of the General Electric 
Co., Palo Alto, Calif., received the 1960 
W. R. G. Baker Award for a paper on 
a hybrid type traveling-wave tube for 
high-power, pulsed amplification. 

J. W. Gewartowski, of Bell Tele- 
phone Laboratories, Murray Hill, N.J., 
received the 1960 Browder J. Thomp- 
son Memorial Prize for his paper on 
velocity and current distributions in the 
spent beam of the backward-wave os- 
cillator. 

Sir Macfarlane Burnet, director of 
the Walter and Eliza Hall Institute of 
Medical Research, Melbourne, Austral- 
ia, will deliver the 17th course of Herz- 
stein Medical Lectures, 24, 26, and 27 
May, at 8:15 P.M. in the auditorium of 
the San Francisco County Medical So- 
ciety, San Francisco, Calif. 

L. Essen, senior principal scientific 
officer, National Physical Laboratory, 
Teddington, England, will attend the 
Frequency Control Symposium at the 
Shelburne Hotel, Atlantic City, 31 
May-2 June. Before the symposium, 
beginning 19 May, he will visit Ottawa, 
Canada; Boulder, Colo.; and Washing- 
ton, D.C. (25-29 May). 

Felix Zandman of the Budd Com- 
pany’s Instruments Division, Phoenix- 
ville, Pa., recently received the French 
honorary appointment of Officer of the 
Order of Merit for Research and In- 
vention. The award is given by the So- 
ciety of Encouragement of Research 
and Invention, which is under the pat- 
ronage of the French Government’s 
Ministry of National Education and 
Ministry of Industry and Commerce. 
Zandman was honored for his research 
in stress analysis which resulted, among 
other achievements, in the development 
of PhotoStress, a photoelastic stress 
analysis technique. 

The New York University Alumni 
Federation has named John E. Ricci of 
the department of chemistry at the Uni- 
versity College of Arts and Science a 
winner of one of the three 1960 Great 
Teachers Awards. 

Henry W. Dodge, Jr., former assist- 
ant professor of neurological surgery 
at the Mayo Foundation for Medical 
Education and Research, Rochester, 
Minn., has moved to Los Angeles and 
has been appointed consultant in neu- 
rological surgery for the Beverly Hills 
Medical Clinic. 

H. E. King, associate professor of 
psychiatry at Tulane University Medi- 
cal School, has been appointed profes- 
sor of psychology in psychiatry at the 
University of Pittsburgh Medical 
School and chief of psychological serv- 
ices at the Western Psychiatric Institute. 
K. M. Young, associate professor of 
psychiatry at Tulane, has been named 
associate professor of psychology in 
psychiatry at Pittsburgh, and will direct 
the clinical psychological services at 
the institute. 
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A. Starker Leopold, of the Museum 
of Vertebrate Zoology of the Univer- 
sity of California, has received the 
Wildlife Society’s award for the best 
publication in 1959 for his book, 
Wildlife of Mexico. Frank Belrose, of 
the Illinois Natural History Survey, re- 
ceived an honorable mention award 
for his work on lead poisoning of 
waterfowl. 

Theodore P. Wright, vice president 
in charge of administering sponsored 
research of Cornell University, will 
retire on 1 July. Wright joined the 
Cornell faculty in 1948 after 4 years 
as head of the Civil Aeronautics Ad- 
ministration. 

In 1921 Wright was executive engi- 
neer of the Curtiss Aeroplane and 
Motor Co. He became a vice president 
of Curtiss-Wright, chairman of the 
engineering planning and policy com- 
mittee, and general manager of the 
airplane division. 

After retirement, Wright will con- 
tinue to be a trustee and member of 
the safety committee of the Power 
Reactor Development Corp. and a con- 
sultant to the reaction motors division 
of the Thiokol Chemical Corp. 

C. Olin Ball has been named chair- 
man of the department of food science 
at the Agricultural Experiment Station, 
Rutgers University. Ball, member of the 
staff since 1949, has been acting chair- 
man since the resignation of Roy Morse 
late last year. Morse resigned to join 
the Lipton Tea Company. 

Edward J. Albert, chairman of the 
board, Thwing-Albert Instrument Co., 
Philadelphia, Pa., has received the 
Scientific Apparatus Makers Associa- 
tion Award, the industry’s highest 
honor. 

The National Bureau of Standards 
has reorganized the atomic and radia- 
tion physics division into two new di- 
visions. The radiation physics division 
is headed by L. S. Taylor, chief of the 
former division; the atomic physics di- 
vision is headed by Lewis M. Brancomb, 
chief of the atomic physics section of 
the former division. 

The Association of American Geog- 
raphers has announced that Richard J. 
Russell and Richard Hartshorne have 
received Outstanding Achievement Cita- 
tions and William L. Garrison and David 
Lowenthal, 
Citations. 

Meritorious Contribution 
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L. N. Recktenwald of the psychology 
department of Villanova University has 
been elected a life fellow of the Inter- 
national Institute of Arts and Letters. 

Robert E. Connick has been named 
dean of the College of Chemistry at 
the University of California, Berkeley, 
effective 1 July, when he leaves his 
post as chairman of the department of 
chemistry at Berkeley. Connick will 
succeed Kenneth S. Pitzer, who has 
served on the Berkeley faculty since 
1937. Pitzer asked to be relieved of 
the deanship in order to devote more 
time to teaching and research activities, 
as well as to his duties as chairman of 
the university’s Atomic Energy Projects 
Coordinating Council. 

Robert W. Wilkins, professor of 
medicine at Boston University’s School 
of Medicine, has been appointed chair- 
man of the school’s department of 
medicine and physician-in-chief and di- 
rector of the Evans Memorial Depart- 
ment of Clinical Research at the 
Massachusetts Memorial Hospitals. 

C. Sharp Cook has been selected as 
head of the Nucleonics Division of the 
U.S. Naval Radiological Defense Lab- 
oratory in San Francisco. Since 1953 
he has been head of the Nuclear 
Radiation Branch. 

Frederick D. Braddon, chief engi- 
neer of the marine division of the 
Sperry Gyroscope Company and crea- 
tor of the gyro-compass that guided 
the atomic submarines Nautilus and 
Skate under the north-polar icecap, has 
received the Elmer A. Sperry Award 
for outstanding contributions to the 
field of transportation. The award, 
which was presented during a recent 
joint meeting of the Franklin Institute 
and the Philadelphia Science Teachers 
Association, is sponsored by four lead- 
ing engineering societies—the Ameri- 
can Society of Mechanical Engineers, 
the American Institute of Electrical 
Engineers, the Society of Automotive 
Engineers, and the Society of Naval 
Architects and Marine Engineers. 

Reidar F. Sognnaes, associate dean 
of the Harvard School of Dental Medi- 
cine, has been appointed dean of the 
new School of Dentistry at the Univer- 
sity of California, Los Angeles. Sogn- 
naes, who will also have the title of 
professor of oral biology, is expected to 
assume his new duties at UCLA in 
July. 

Two honors have been announced 
for H. Orin Halvorson, well-known 
microbiologist and director of the Uni- 
versity of Illinois School of Life Sci- 
ences. He will receive the 13th annual 
Pasteur Award of the Society of Illinois 
Bacteriologists at a dinner meeting on 
21 May in the Morrison Hotel, Chi- 
cago, and on 25 June he will receive a 
University of Minnesota Outstanding 
Alumni Achievement Award during a 
luncheon in Minneapolis. 

Recent Deaths 

Robert A. Cooke, New York, N.Y.; 
79; pioneer allergist and founder of 
the Institute of Allergy at Roosevelt 
Hospital; taught applied immunology 
and clinical medicine at the Cornell 
University Medical College for 20 years 
until 1940; founded the Society for 
the Study of Asthma and Allied Condi- 
tions (now the American Academy of 
Allergy) and in 1938 established the | 
Association of Allergy Clinics of Great- 
er New York; 9 May. 

Edward J. Finan, Washington, D.C.; 
professor of mathematics at Catholic 
University and a former dean of the 
Graduate School; 9 May. 

Howard M. Mason, New York, N.Y.; 
82; retired clinical professor of pedi- — 
atrics at Babies Hospital; known for his | 
research on glycogen, an animal starch 
that is used in the treatment of anemia; 
8 May. 

Emerson C, H. Morrow, Waterville ' 
Me.; 78; professor emeritus of econom- 
ics and sociology at Colby College; 7 
May. 

Bernard W. Weinberger, New Or- 
leans, La.; 74; an orthodontist and an 
authority on the history and literature 
of dentistry, who practiced in New York 
for almost 50 years; was a lecturer and 
professor of dental history and litera- 
ture at the New York University Col- 
lege of Dentistry, 1923-31, and had 
lectured on the history of orthodontia 
at the University of Pennsylvania’s Den- 
tal School and the Baltimore College 
of Dental Surgery of the University of 7 
Maryland; 8 May. 

J. H. C. Whitehead, Princeton, N.J; 
55; Waynflete professor of pure mathe-— 
matics at Oxford University and a visit- 
ing member of the Institute for Ad- 
vanced Study, Princeton; with Oswald 
Veblen, wrote The Foundations of Dif- 
ferential Geometry published in 1932, 
specialized in topology; fellow of the 
Royal Society and past president of the 
London Mathematical Society; 8 May. 
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LABORATORY SITE AT McMURDO 

CONTINUES POLAR RESEARCH 

Many basic questions about Antarctica were unanswered as 
IGY drew to a close in December 1958. Since then scientific in- 
vestigations have been stepped up, supported by $4,000,000 in 
grants from the National Science Foundation. Greater empha- 
sis is now being placed on biology, geology, oceanography and 
cartography. 

At the Naval Air Facility, McMurdo Sound, scientists are 
now accumulating data on Antarctic marine life and land flora 
and fauna. Center for much of this work is the new Antarctic 
Research Laboratory, built and equipped to handle a -ariety of 
bacteriological and ecological studies. 

ILL CORPORATION ELECTED 10 EQUIP 

ANTARCTIC RESEARCH LABORATORY 

* Yew 

Equipping the Antarctic Research Laboratory at McMurdo Sount 
with all its original scientific instruments, apparatus and other equip 
ment and then supplying additional items after its operation wai 
underway, has called for a new type of exercise in logistics fo 
Will Corporation. 

As a supplier, Will’s subsidiary in Baltimore, Will Corporatio 
of Maryland, worked closely with staff personnel of the Arctic In 
stitute of North America under National Science Foundation grat 
to meet the Navy Department’s detailed transportation schedules 
Will efficiently gathered all this specialized equipment, saw to speci 
packing and crating, and met deadlines for delivery at Navy docks 
The packaging problem was unique: the instruments had to have pro 
tection against equatorial heat and humidity as well as the lo 
temperatures of the Antarctic. 

Naturally, Will has been proud to have been selected for thi 
opportunity to serve Science and demonstrate how Will facilitig 
and teamwork and the know-how of its people make them experts i 
scientific supply. 

If you too wish to benefit from Will experience in scien 
supply, write or call for literature outlining Will services. 
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ON DECK OR ICE... 
Due to heavily taxed supply facilities, much of this precision 
equipment rode top side. Some was even delivered 8 months 
in advance and waited out the polar winter, outside, with only 
Will special packaging and crating for protection. Reports 
came back: “Condition, unpacked—Excellent!" 

WILL CORPORATION 
ROCHESTER 3, N.Y. 

Specialists in Scientific Supply 

SUBSIDIARIES in New York City, Buffalo, N. Y. 
Baltimore, Md., So. Charleston, W. Vo., Atlanto, Ga. 
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Part of the lab facility devoted to microbiological research. Carefu! 
planned in minute detail in advance, the Arctic Institute’s laborato 
layout is outstanding example of efficient use of available space. 

Chemical supplies stored at left. Cabinet at right houses collections 4 
marine invertebrate specimens. Supplies necessarily stored inside tk 
lab itself and variety of projects planned preeeent unique problems i 
laboratory layout. | 
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The Assessment Division of The Applied Physics Laboratory has undertaken Sin 

new responsibilities and is expanding its Senior Analytical Staff. Senior Scientists cial 

and Engineers in such fields as Mathematics, Physics, Physical Chemistry and - 

Engineering have in the past proven very effective in solving the types of problems bie 

involved, which include the evaluation of weapon systems in tactical environments, eve 

the employment of future weapon systems, and the application of the most recent COV 

advances in science and technology to these systems. More specifically, we are | of 

concerned with broad concepts of weapon systems as related to fleet air defense, oS 

naval attack, anti-submarine warfare, as well as all aspects of limited war. xs 

The performance of these assignments requires Scientists and Engineers with pe 

mature minds capable of making original contributions. Though the primary tool q 

used in the studies is war gaming played on digital computers, previous experience ove 

in operations research is not required. You will maintain close association with | of 

high-level scientists of other laboratories. , «(Our 

The results of these studies will provide the guide lines for a significant portion ane 

of the nation’s hardware research of future years. io 

The Laboratory provides an atmosphere of scientific freedom conducive to den 

original and creative work. For information and arrangements for interview write ogi 

in confidence to: dire 
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dat 

Dr. Charles F. Meyer anc 

Assessment Division Supervisor low 
The Applied Physics Laboratory sub 
The Johns Hopkins University Pail 

8615 Georgia Avenue, Silver Spring, Maryland is 
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Evolution after Darwin. vol. 1, The 
Evolution of Life. Its origin, history, 
and future. Sol Tax, Ed. University 
of Chicago Press, Chicago, Ill., 1960. 
629 pp. Illus. $10. 

From 24 to 28 November 1959, the 
University of Chicago celebrated the 
centenary of the publication of Charles 
Darwin’s Origin of Species. Scientists 
and scholars were assembled to partici- 
pate in panel discussions; as a prelimi- 
nary to the discussions, the panelists 
were asked to submit papers bearing 
upon the subject of evolution. These 
papers were circulated in advance to 
the participants. Twenty of these 
papers, revised in the light of the dis- 
cussions, are published in this volume. 
Since each essay is written by a spe- 
cialist in the field, and since each spe- 
cialist had the further advantage of 
expert, critical comments, the essays 
can be described as authoritative. In 
every aspect of evolution that they 
cover, the essays show the present state 
of our knowledge of the subject, and 
a comparison of the essays with Dar- 
win’s original work indicates how much 
our knowledge of evolution has grown 
during the past hundred years. 

The essays, however, have a value 
over and beyond their demonstration 
of how much we have learned during 
our century of progress. Most of them 
are written as review papers, and as 
such, they contain a great deal of well- 
condensed information. Graduate stu- 
dents in biology, as well as those biol- 
ogists whose specialties do not impinge 
directly on the field of evolution, should 
find this volume exceptionally useful; 
reading the essays should be an easy 
and pleasant way for members of both 
groups to bring their information up to 
date. All the papers are clearly written, 
and some of the writers have even al- 
lowed themselves to indulge in a little 
subtle humor. These essays educate 
painlessly. 

In a review of reasonable length, it 
is possible only to indicate the ground 
that is covered, but I would like to 
express the hope that the abstracting 

20 MAY 1960 

Book Reviews 

journals will undertake the task of re- 
cording in more detail the important 
material the papers contain. The first 
paper, by Sir Julian Huxley “The emerg- 
ence of Darwinism,” gives an account of 
the development of the theory of evolu- 
tion during the first part of the 19th 
century. Sir Julian describes not only 
the scientific discoveries made by the 
classical evolutionists but also the limi- 
tations of their data and the consequent 
persistence of unsolved problems. He 
separates the over-all course of evolution 
rather sharply into distinct phases such 
as the inorganic, the biological, and the 
psychosocial phase. Incidentally, he 
commits himself definitely to the view 
that evolution results in progress. 

Harlow Shapley, in “On the evi- 
dences of inorganic evolution,” writes 
with his usual verve. He deals primarily 
with the evolution of the cosmos, with 
the origin of the elements and of the 
stars. Hans Gaffron, in “The origin 
of life,” Earl A. Evans, Jr., in “Viruses 
and evolution,” and C. Ladd Prosser, in 
“Comparative physiology in relation to 
evolution theory,” discuss the recent 
advances in biochemistry which have 
given us our first significant hints about 
how life could have originated on our 
planet. The prevalent view, that life 
came into being when the earth had a 
reducing atmosphere or at just the time 
when a _ reducing atmosphere was 
changing to an oxidizing one, is ex- 
plored in some detail. Here, perhaps, 
we could wish for a closer integration 
of the sciences, and we might even ask 
the astronomers to explain how our 
planet could have originally accumu- 
lated a great quantity of the reducing 
hydrogen that it was unable to hold. 
This request, however, may be pre- 
mature because the hypotheses that 
have been suggested to account for the 
existence of our planetary system have 
shown a very high mortality rate. Sev- 
eral of them have died quite recently. 

During the past few years, however, 
experimental work has shown that the 
carbon in the complex, preliving com- 
pounds that served as the basis for life 
probably came from the hydrocarbons 

IN 

rather than from carbon dioxide. The 
ultimate living compounds would, 
moreover, have had to be formed in an 
aqueous medium. This has led some 
scientists to assume that life originated 
in the oceans which then existed be- 
neath a reducing atmosphere. The 
oceans apparently were chosen (i) be- 
cause they were big, and (ii) because 
they were there. Now the origin of life 
is a subject that I know nothing what- 
ever about; but I have never heard of 
anyone’s refusing to express his ideas 
on the subject because of his ignorance 
or because of incomplete or conflicting 
data, and I do not feel that I should be 
the first one to do so. I admit that I 
like E. T. Wherry’s hypothesis that life 
originated where local conditions of 
heat and pressure could have reduced 
the carbon, where phosphorus was 
abundant, where potassium predomi- 
nated over sodium, where the ammonia 
produced by lightning could collect, 
and where the preliving organic soup 
could be concentrated easily by a little 
evaporation. Thus, I like the notion 
that life started on the surface of quartz 
particles in a pond on the south side 
of a volcano (in the Northern Hemi- 
sphere, of course). But I also believe 
that those who disagree are not, by 
definition, wrong. 

Bernard Rensch, in “The laws of 
evolution,” summarizes in a number of 
generalized statements the course that 
evolution follows. He lists the types of 
changes that species achieve under the 
particular conditions in which they 
evolve. In one of the longer papers, 
“The history of life” (64 pages), 
George Gaylord Simpson covers excel- 
lently the rather large field staked out 
by his title. He gives a critical evalua- 
tion of the fossil record, but he also 
illustrates how much unexpected in- 
formation an intensive study of fossils 
can yield. E. B. Ford, in “Evolution in 
progress,” discusses such topics as mu- 
tation in bacteria, and he describes in 
addition the recent displacement in 
Britain of one form of a moth (Pan- 
axia) by another, perhaps the best 
known example of the effect of selec- 
tion in nature. G. Ledyard Stebbins, in 
“The comparative evolution of genetic 
systems,” is concerned primarily with 
plants, and he discusses in some detail 
such topics as the origin of the alter- 
nation of sexual and asexual genera- 
tions. He also brings into the evolution 
picture the distinction between the 
Procaryota and the Eucaryota and the 
evolutionary problem presented by 
their different cellular structures. 
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Daniel I. Axelrod, in “The evolu- 
tion of flowering plants” (79 pages), 
has the longest essay in the volume; 
it is practically a small book. His treat- 
ment, however, is exceptionally con- 
densed and well worth the extra pages. 
Alfred E. Emerson, in “The evolution 
of adaptation in population systems,” 
shows how, in all gregarious species, 
the group as a whole becomes one of 
the major selective agents and that, in 
all such species, both the separate indi- 
viduals and the groups themselves are 
units of selection. The effects of these 
two selections, taking place concur- 
rently but on two different levels, pro- 
duce results that seem, at first sight, to 
be anomalies. Ernst Mayr, in “The 
emergence of evolutionary novelties,” 
defines an evolutionary novelty as “any 
newly arisen character, structural or 
otherwise, that differs more than quan- 
titatively from the character that gave 
rise to it.” He includes within this 
definition “any newly acquired struc- 
ture or property which permits the 
assumption of a new function.” In this 
essay, Mayr brings together our exist- 
ing knowledge of one aspect of evolu- 
tion which has puzzled biologists since 
the time of Darwin. 

The contributors to the panel who 
have been mentioned thus far all seem 
to agree essentially in their evaluation 
of the factors that have caused evolu- 
tion. On the other hand, C. H. Wad- 
dington, in “Evolutionary adaptation,” 
begins his essay with a major shift both 
in the aspects of evolution that he em- 
phasizes and in its philosophical back- 
ground. His paper starts out as if it 
were to be a defense of what Darling- 
ton has called “the evergreen super- 
stition,” as if he were determined to 
rescue Lamarck from some biological 
hatchet squad. He redescribes La- 
marckism in terms of a rather subtle 
concept, and he gives the term a mean- 
ing that would have been a complete 
anachronism at the time of Lamarck. 
He goes even further and reduces na- 
tural selection to a tautology, in that, 
“It states that the fittest individuals in 
a population (defined as those who 
leave the most offspring) will leave the 
most offspring.” This, of course, is not 
a fair statement of what natural selec- 
tion is or even what it was understood 
to be a century ago. Darwin observed 
that certain variations which he could 
recognize were inherited, that some 
were better adapted to the living con- 
ditions than others, and that a differen- 
tial survival and reproductive rate of 
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the individuals who varied would cause 
their species to change. In toying with 
the meaning of Lamarckism, Wadding- 
ton also points out the well-known fact 
that, in one sense, all characters are 
acquired in that they all developed in 
one environment or another and that 
they do not occur, as such, in the ferti- 
lized egg. Swinging from the same 
stance, he emphasizes the variations 
which can be traced to the environ- 
mental variable, although his choice of 
an illustrative example may be un- 
fortunate, namely, “. . . characters to 
whose variation hereditary differences 
contribute only a small fraction, such 
as the milk yield of cattle.” 

The above comments and quotations 
from Waddington’s paper are highly 
selective and, thus, they are not an ade- 
quate or true sample of the whole. Ac- 
tually his treatment of evolutionary 
adaptation is clearly written, informa- 
tive, and scientifically honest. The point 
in calling attention to such passages, 
even in quoting several of them, is that 
they were published in a contribution of 
real merit and high scientific standards. 
The attitude that they indicate should 
be noted because it also appears in the 
essays of some of the other participants 
in the panel. Thus, Everett C. Olson, 
in “Morphology, paleontology and evo- 
lution,” indicates that he does not find 
the natural selection theory (or syn- 
onymously the synthetic theory) very 
satisfying. In fact, he shows that he 
does not like the theory at all, although 
he acknowledges, very honestly, that it 
serves a real purpose, that it has been 
remarkably productive, and that it fits 
the known facts. Olson calls attention 
to what he calls “a generally silent 
group” of biologists who are in dis- 
agreement with the current theory but 
who feel that it is futile to combat the 
generally accepted view. Even if he 
is at odds with much of the modern 
evolution doctrine, Olson treats it fairly 
and includes in his essay much valuable 
information. 

Marston Bates, in “Ecology and evo- 
lution,” also admits to having an “un- 
easy feeling that some important pieces 
are still missing from the structure of 
our [synthetic] theory,” although he 
states that he does not know what these 
pieces are. Students of evolution, he 
writes, seem to investigate its genetic 
rather than its ecological factors be- 
cause, he suspects, they fear to fall into 
the “Lamarckian heresy,” and he writes 
that he hates to see Lamarck’s name 
used as a dirty word. The greater part 

of Bates’ paper, however, consists of 
a very lucid account of the role of the 
ecological factors in evolution. Only in 
spots do a few simple “either or” propo- 
sitions intrude, for example, “A basic 
issue, I think, is whether to look at the 
biological community as competitive or 
co-operative.” A geneticist would have 
to consider the biological community 
as being both. 

But if some of the contributors have 
reservations concerning natural selec- 
tion others—for example, Th. Dob- 
zhansky, in “Evolution and environ- 
ment,” S. Wright, in “Physiological 
genetics, ecology of populations and 
natural selection,” and A. J. Nicholson, 
in “The role of population genetics in 
natural selection,” scientists whose ex- 
perimental work has added so greatly 
to our modern knowledge of evolution 
—accept natural selection wholeheart- 
edly and are able to treat it quantita- 
tively and, under the conditions of their 
experiments, accurately. Dobzhansky, 
especially, fits natural selection into its 
interacting role with mutation pressure 
and random genic drift and, with his 
usual clarity, puts a great deal of in- 
formation in a few words. Nicholson 
connects natural selection, as Darwin 
understood it, with our present under- 
standing of it, based, as our knowledge 
is, on carefully controlled experiments. 
Because some of the most important 
work in the field is his own, Nicholson 
is in an excellent position to present 
natural selection free from any emo- 
tional overtones. 

N. Tinbergen, in “Behavior, system- 
atics and natural selection,” develops 
the role of selection further and demon- 
strates that not only are morphological 
characters selected for survival but that 
behavior patterns are also. In fact, cer- 
tain behavior, especially in birds when 
they seem to be driven by conflicting 
impulses, makes sense only when evalu- 
ated in terms of its contribution to the 
past survival both of the individual and 
of the species. C. F. Gause, in “Darwin- 
ism, microbiology and cancer,” suggests 
that certain pathological processes may 
be investigated more easily in the lower 
organisms and that what is learned 
from such research may contribute to 
our knowledge of what causes cancer. 

The above comments do not indi- 
cate how much The Evolution of Life 
contains. Each paper is loaded with 
well selected factual information, and 
the collection as a whole is almost en- 
cyclopedic. In fact, I found that only 
one important aspect of evolution was 
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omitted completely: the role of poly- 
ploidy in species formation and the 
part played by species hybridization in 
producing new species in a number of 
plant genera. Our knowledge of the 
course of evolution within such genera 
as Nicotiana, Crepis, Oenothera, Quer- 
cus and so forth, is important, and what 
we have learned from the study of 
such plants has added greatly to our 
understanding of evolution in general. 
But even with these omissions, the book 
contains more useful material than any 
other work on evolution published in 
this centennial year. 
We may close on a triviality. In a 

footnote on the first page of each paper 
is a very brief vita of the author. This 
is very convenient for the reader and, 
as the authors are all distinguished 
scientists, the vitas are impressive, even 
if the tone of their composition re- 
minds us unpleasantly of the blurbs 
that we have to tolerate on dust jackets. 
One of the contributors will probably 
be surprised (and annoyed) to discover 
that he has published “countless” pa- 
pers. 

CONWAY ZIRKLE 
Division of Biology, Botanical 
Laboratory, University of Pennsylvania 

Galathea Report. Scientific results of 
the Danish deep-sea _ expedition 
round the world, 1950-52. vols. 1-3. 
Danish Science Press, Copenhagen. 
Illus. vol. 1, 1957-59. 260 pp. Kr. 
90; vol. 2, 1956. 253 pp. Kr. 75; vol. 
3, 1959. 88 pp. + plates. Kr. 60. 

Deep-sea exploration has never gone 
completely out of fashion since the days 
of the Challenger, but the reports of 
the expeditions have not always lived 
up to the style of the Challenger Re- 
ports. We do not know whether the 
Galathea Reports will go to 50 volumes 
(for one thing, material collected near 
the surface or in shallow water will be 
reported elsewhere); nevertheless, the 
printing and the content of the pub- 
lished parts of the series are in the great 
tradition. Volume 1 includes a list ‘of 
stations, a report on primary oceanic 
production (Steeman Nielsen and Jen- 
sen), reports on bacteria (ZoBell and 
Morita), the bathymetry of the Philip- 
pine trench, and some shorter systemat- 
ic papers. Volume 2 is devoted entirely 
to reports on various invertebrate 
groups, and volume 3 includes the long- 
awaited monograph on the anatomy of 
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Neopilina (by Lemche and Wingstrand), 
followed a paper on its shell structure 
(by Schmidt) and a paper on the eyes of 
Ipnops (by O. Munk). The monograph 
on Neopilina (that fascinating irrelevan- 
cy, as C. M. Yonge calls it) is a model 
of thoroughness and precision of illus- 
tration, and it will be the mainstay of 
textbook compilers for years to come. 
The Danes are to be congratulated for 
making this volume, in particular, avail- 
able at a modest price; the Latimeria 
monograph, published in France, was 
not so reasonably priced. In short, the 
Galathea Reports are off to a fine start. 

J. W. HEDGPETH 
Pacific Marine Statien, 
Dillon Beach, California 

Dictionary of the American Indian. 
John L. Stoutenburgh, Jr. Philosophi- 
cal Library, New York, 1960. 462 
pp. $10. 

This 462-page dictionary averages 
about 6 or 7 entries per page. It is 
somewhat difficult for me to see what 
purpose it is intended to serve. Most 
of the entries are evidently abstracted 
from Bulletin 30 of the Bureau of 
American Ethnology, The Handbook 
of American Indians North of Mexico. 
While this is an authoritative source, it 
was published more than 50 years ago, 
and much of the information it con- 
tains is now obsolete. Apparently no 
effort has been made to bring this 
antiquated material up to date. For 
example, under banner stones it is 
stated that their use is unknown. This 
was the case in 1907. 

Curiously enough, the other source 
most used by the author appears to 
have been Strachey’s Vocabulary of 
the Virginia Indian Language, as pub- 
lished by J. P. Harrington. The diction- 
ary is well larded with words from the 
extinct Powhatan language, such as ac- 
coondews, meaning “large blueberries” 
or asapan, the Powhatan word meaning 
“hasty pudding.” 

Terms in other languages seem 
mainly to have been taken from the 
Handbook. The majority of these are 
old place names of insignificant and 
long forgotten localities or the names 
of personages of no consequence in 
Indian history; stili others are ethnic 
terms that mean little when detached 
from their general ethnic context. For 
example: Jft, a Karok village inhabited 
in 1860, Xagua, a Chumash village 

active in 1542; Xinesi, the name given 
a religious leader by the Hasinai; Ye, 
the former lizard clan of the Pueblos 
of San Ildefonso and San Juan; 
Tetanauoica, the name of an Indian 
who was buried at the San Francisco 
Solano Mission in Texas; Gweundus, a 
low social order of the Eagle clan .of 
the Haida. 

While we also find reference to 
Milky Wash Ruins in Arizona, no men- 
tion is made of the many important 
archeological sites excavated during the 
last 50 years but unknown a half cen- 
tury ago. 

Under Hopewell we find “Hopewell, 
New York, an Indian site, see Ona- 
ghee.” Under Onaghee, we see “A set- 
tlement of the Seneca which had been 
abandoned before the settlement.” 

Occasionally terms such as caliche 
and calcium carbonate are briefly de- 
fined, but without reference to any con- 
nection with Indians. 

There are, of course, many terms 
of general interest, but these are buried 
in such a matrix of trivia that they are 
almost lost. 

The professional anthropologist cer- 
tainly will find no use for this book, 
and the selection of words is such that 
the layman will find little to interest 
him. 

M. W. STIRLING 
3311 Rowland Place, NW, 
Washington, D.C. 

Strahlenbiologie. Grundlagen und Er- 
gebnisse. Hedi Fritz-Niggli. Thieme, 
Stuttgart, 1959 (order from Intercon- 
tinental Medical Book Corp., New 
York). xvi + 379 pp. Illus. $15.50. 

Written by an expert in radiation 
genetics, this book is a valuable con- 
tribution to the contemporary literature 
on radiation biology. An introduction 
to the fundamentals of the field (radi- 
ation physics, radiation chemistry, and 
radiation biochemistry) is followed by 
nine chapters on general and specific 
radiobiological problems and questions. 
The presentation is clear and leads sys- 
tematically to well-established observa- 
tions and facts. The generally accepted 
interpretations of the findings are dis- 
cussed with emphasis on their primarily 
hypothetical character. 

A. T. KREBS 
Biology Department, University of 
Louisville, and U.S. Army 
Medical Research Laboratory 
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Use of Chemicals To Control 

Shellfish Predators 

Abstract. Many enemies of such bivalves 
as oysters and clams can be controlled by 
the use of heavy oils, such as orthodichlo- 
robenzene. These oils are mixed with dry 
sand, or other inert carriers, to anchor 
them in place on shellfish beds. Effects of 
the treatment may be increased by incor- 
porating other chemicals in heavy oils. 
The treated sand can be used to surround 
the shellfish beds, thus preventing the en- 
trance of the enemies, or it may be spread 
over the infested areas, killing the enemies 
and, under certain conditions, stopping 
their larvae from reinvading the beds. 
Snails, starfish, and, in some instances, 
crabs can be controlled in this manner. 

The need for controlling enemies of 
mollusks has been obvious ever since 
people began to harvest them for food 
(1). In this report we describe the 
principle of a new, simple, but effective 
chemical method which may help solve 
the problem, although, because it is 
still in the experimental stage, it is too 
early to recommend its commercial ap- 
plication. 

The method is devised to prevent 
boring gastropods, starfish, crabs, and 
other enemies of bivalves from invading 
shellfish beds, and also to render these 
beds unsuitable for their existence. To 
prevent invasion, beds are surrounded 
with “barriers” or “belts” of sand or 
some other inert carrier treated with 
chemicals which either stop, repel, or 
kill predators, Clearing an area of pred- 
ators and preventing setting of their 
larvae can be accomplished by spread- 
ing chemically treated sand over the 
bottom. 

While testing numerous compounds 

Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words, The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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on marine invertebrates, we found that 
heavy chlorinated oils, such as trichlo- 
roethylene, orthodichlorobenzene, par- 
adichlorobenzene, trichlorobenzene, and 
tetrachlorobenzene will repel, stop, 
cause swelling in, or even kill boring 
gastropods, such as oyster drills, Urosal- 
pinx cinerea and Eupleura caudata, 
and those of the genera Polinices, 
Busycon, Thais, and others. We realize 
the serious danger that may be created 
by indiscriminate use of chemicals, but 
fortunately the oils that we have selected 
are insoluble or only slightly soluble in 
water and, therefore, they should not 
pose a pollution problem. 

Although barriers of heavy oils and 
sand stopped gastropods, their efficiency 
was increased by incorporating some 
other compounds in the oils. One of 
these is Sevin (1-naphthyl-N-methyl- 
carbamate), an insecticide which is rel- 
atively nontoxic to mammals but is 
highly toxic to gastropods and to crabs, 
another important enemy of shellfish. 
Still another enemy, the starfish Asterias 
forbesi, can be stopped by barriers con- 
sisting of sand, heavy oils, and certain 
compounds, such as 2-chloro-1-nitro- 
propane. Eventually, several formulas 
were developed that can stop the 
movements of boring gastropods, star- 
fish, and under certain conditions, 
crabs. One such mixture was ortho- 
dichlorobenzene containing 2-chloro-1- 
nitropropane and Sevin (2). 

There are many conditions that deter- 
mine the effectiveness of our methods. 
In barriers, the width, the proportion 
of sand, the oils and other chemicals, 
and the concentrations of these chemi- 
cals per unit of surface are of import- 
ance. The general condition of the bot- 
tom, silting, and the velocity of currents 
should also be considered. We may give, 
nevertheless, some illustrations of the 
effectiveness of certain formulas. In one 
of our experiments a barrier only 8 in. 
wide, composed of sand and or- 
thodichlorobenzene, remained effective 
against drills from 1 February 1959 
through March 1960. During this time 
not a single drill crossed the barrier, al- 
though new groups of ten drills were 
placed in the experimental trough 
every 2 weeks. 

Virtually no starfish crossed barriers 

only 3 feet wide composed of sand, 
orthodichlorobenzene, and 2-chloro-1- 
nitropropane or similar mixtures. In 
nature, because starfish may be helped 
to move along the bottom by currents, 
barriers should be considerably wider. 

All the heavy oils tested caused ex- 
treme swelling in gastropods. Affected 
in this way they were unable to move, 
and some soon died. The first sign of 
distress shown by starfish upon coming | 
in contact with barriers was usually a | 
curling of the tips of their rays. Dis- 
integration of the lower surfaces soon 
began, and casting of the rays some- 
times followed. 

Affected crabs first lost equilibrium 
and later went into convulsions. Hov- 
ever, orthodichlorobenzene alone usv- 
ally does not seriously affect crabs. To 
stop them, other chemicals, principally 
insecticides, should be added to the oils. 
Thus, narrow barriers composed of 
sand and orthodichlorobenzene are rela- 
tively safe for crabs and can be used 
to control gastropods in areas where 
crabs are commercially important. 

Spreading chemically treated sand 
over oyster beds is another method for 
controlling shellfish enemies. This 
method may kill most oyster drills on 
the infested bottoms. Field experiments 
to test this method further are now in 
progress. The same method may kill 
ready-to-metamorphose larvae of star- 
fish, certain gastropods, and crabs and 
worms, which, being pelagic, can float 
over the barriers. Adult and recently 
set starfish can be attacked by spread- 
ing treated sand over beds. Sand grains 
will imbed in the membrane covering 
the starfish’s body and cause its decom. | 
position. 

Because certain gastropods, such as 
the clam-killing snail Polinices, are 
able to move under several inches of 
bottom soil, they may not be stopped 
by the above-described methods. How- 
ever, by injecting into the bottom soil 
plugs of treated sand, or oil alone, it 
may be possible to create an effective, 
three-dimensional barrier. 

Since the principle of our method is 
rather simple, it may have other ap- 
plications. For example, it might be 
possible to control Dermocystidium, a 
widespread fungus disease of southern 
oysters, by incorporating water-soluble 
fungicides in the oils and surrounding 
oyster beds with belts of these mixtures 
or spreading them over entire areas 
where diseased oysters are found. 

Spreading chemically treated sand 
over oyster-growing bottoms may elimi- 
nate the mud shrimp Upogebia and the 
predaceous flatworm Stylochus. More- 
over, variations of the basic method 
could be tried to reduce the popula- 
tion of fresh-water snails such as 
Oxytrema, intermediate hosts of para- 
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sites causing numerous diseases in fish. 
Finally, the method may be helpful in 
the control of schistosomiasis by de- 
stroying snails which act as intermediate 
hosts of human schistosomes. 
We believe that we have now the 

basic principles of a method by means 
of which the age-old problem of pro- 
tecting sheilfish beds from predators 
can be solved. We realize, nevertheless, 
that our studies represent only the first 
steps toward achieving full control of 
these enemies and that many secondary 
problems have to be solved before the 
method can be recommended for gen- 
eral use. For example, it will be neces- 
sary to determine the effects of the 
chemicals on aquatic communities in 
general and ascertain if some of the 
substances used accumulate in the body 
tissues of mollusks, such as oysters, 
rendering them undesirable or dan- 
gerous as food (3). 

V..L. LoOSANOFF 
C. L. MacKENzZIE, Jr. 

L. W. SHEARER 
U.S. Fish and Wildlife Service, Bureau 
of Commercial Fisheries, Biological 
Laboratory, Milford, Connecticut 
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Sulfur Dioxide Sensitized 

Photochemical Oxidation of 

Hydrocarbons 

Abstract. Near-ultraviolet sunlight is 
absorbed by -sulfur dioxide to produce 
electronically excited molecules, which re- 
act with n-butane in the presence of wet 
or dry air to produce an aerosol and event- 
ually a liquid precipitate. The product is a 
heavily oxidized, sulfur-containing, organic 
strong acid. The possible role of these+re- 
actions in photochemical air pollution is 
discussed. 

The photodissociation of sulfur di- 
oxide to SO and O occurs only at wave- 
lengths below 2100 A; at longer 
wavelengths an electronically excited 
molecule is produced (J), which is 
chemically much more active than 
ordinary sulfur dioxide. Irradiation of 
pure sulfur dioxide with a wavelength 
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Table 1. Formation of aerosol and liquid precipitate upon irradiation of sulfur dioxide and 
other substances in sunlight. 

Partial pressure 
initially present 

“amt = —— 
So. n-bu. Air (dry) 

20 0 0 None None 
20 20 0 Light Clear liquid 
20 0 400 Light None 
0 20 400 None None 

20 20 400 Heavy Yellow liquid 
20 20 400 None in dark in 6 mo None in dark in 6 mo 
50 50 400 (dry) Heavy within 2 min At first yellow, later 

clear (all O, consumed) 
50 50 400 (wet) Heavy within 2 min 

of 3130 A produces sulfur and sulfur 
trioxide, with a quantum yield of about 
10° (2). At similar wavelengths, sulfur 
dioxide and oxygen yield only sulfur 
trioxide, again with a quantum yield of 
about 10° (2). Gaseous solutions of 
sulfur dioxide and hydrocarbons, satu- 
rated or unsaturated, react photochemi- 
cally with sulfur dioxide with a quan- 
tum yield of about 10° to produce 
sulfinic acids, RSO:H (3). 

This more or less constant quantum 
yield for a wide variety of reactions, 
plus spectroscopic considerations, leads 
to the following interpretation: In 
about 99 percent of the cases sulfur 
dioxide absorbs near-ultraviolet radia- 
tion to form an excited singlet elec- 
tronic state, which deactivates itself 
by fluorescence in about 10° sec. In 
about 1 percent of the cases a conver- 
sion to an excited triplet state occurs, 
for which fluorescence to the ground 
state is a forbidden process. The ex- 
cited triplet state may survive for as 
long as 10° sec and thus may undergo 
up to 10° collisions at ordinary pres- 
sures; however, if any of these collisions 
is with sulfur dioxide, or with oxygen, 
or with a hydrocarbon, reaction may 
occur. This study concerns itself with 
a preliminary survey of reactions of 
photoexcited sulfur dioxide molecules 
with oxygen and n-butane. 

Two-liter Pyrex flasks were equipped 
with a small, easily sealed glass tube 
on the top and, on the bottom, with a 
closed-end glass tube which could be 
shielded from sunlight. The flask was 
filled with known amounts of sulfur 
dioxide, n-butane, and air, and it was 
sealed off. The flasks were placed in 
sunlight for various periods of time, 
from 2 minutes to 3 weeks. The bulbs 
were occasionally removed to a dark 
room and examined for aerosol by 
means of a Tyndall beam of light, and 
the nature of the liquid which settled 
out on the walls and into the bottom 
tubes was noted. Eventually these bot- 
tom tubes were broken off, and chemi- 
cal, gas-phase chromatographic, or 

spectroscopic studies were made of the 
liquid product. 

The qualitative nature of the fog 
formation and liquid formation is 
given in Table 1. Whereas light fogs 
were formed with sulfur dioxide and 
butane or with sulfur dioxide and air, 
heavy fogs were formed only when all 
three components, sulfur dioxide, bu- 
tane, and air, were present. No fog or 
liquid precipitate formed when the 
mixtures were kept in the dark, even 
after 6 months. The liquid which set- 
tled out at first was colorless (butane 
and sulfur dioxide, alone) or light 
yellow (with air), but where the liquid 
was struck by sunlight it turned dark 
brown. The half time for settling out 
of fog from the 2-liter flasks was about 
2 hours. 

The liquid products were sent 
through a gas-phase chromatography 
column at 115°C, packed with fire- 
brick coated with p-tolyl cresyl phos- 
phate. The products from a flask orig- 
inally filled with sulfur dioxide, n- 
butane, and dry air at partial pressures 
of 20, 20, and 400 mm-Hg, respectively, 
showed eight major peaks and other 
broad minor ones; two were identified 
as dissolved sulfur dioxide and butane; 
the other peaks were not identified. 
Water was absent and sulfur trioxide 
was absent. The product from 20 mm 
of sulfur dioxide and 20 mm of butane 
showed 11 major peaks, including the 
two reactants. Aside from the reactants 
and two other, minor peaks, the prod- 
ucts from the reaction without air and 
with air were all different. 

The liquid products were pumped 
free of reactants and dissoived in al- 
cohol, and the ultraviolet spectrum was 
taken. The liquid products absorb near- 
ultraviolet radiation much more strong- 
ly than the parent reactants; this spec- 
trum lacks completely the vibrational 
structure shown by sulfur dioxide. 

The liquid product was soluble in 
ethyl alcohol or in acetone to give a 
clear solution, and it was insoluble 
(at least in part) in carbon tetra- 
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Table 2. A comparison of nitrogen dioxide and sulfur dioxide as sensitizers for photooxidation 
of organic compounds (see Leighton and Perkins, /). 

Active wavelengths 
in sunlight 

NO, 
(2900 to 3900 A) 

so. 
(2900 to 3300 A) 

Active species 
Quantum yield for 

producing active 
species 1 

Absorption rate at 
10 pphm (pphm/hr) 

Principal product 

O atoms 

260 

Action on neutral KI 
Secondary light 

absorption 

Ozone and partially 
oxidized organic 
vapors and aerosols 

Oxidation to I, 
Products absorb 

sunlight less strongly 
than do reactants 

SO,* (triplet) 

10-* 

sie 
Nonvolatile, highly 

oxidized organic 
strong acid as aerosol 

No reaction 
Products absorb sunlight 

much more strongly than 
do reactants 

chloride, ethyl ether, or concentrated 
aqueous hydrochloric acid. The liquid 
formed a colloidal suspension in water 
with pH less than 2. The liquid was 
soluble in aqueous sodium bicarbonate 
solution, with strong evolution of gas. 
The mixed liquid products did not 
oxidize neutral potassium iodide so- 
lution to iodine, but it did reduce per- 
manganate with an apparent equivalent 
weight of 1500 to 3000 (probably due 
to dissolved sulfur dioxide). The acid 
equivalent weight of the sample formed 
in the presence of air (wet or dry) was 
between 100 and 120. Elemental anal- 
ysis of the mixed liquid product gave 
an average empirical formula of 
C:HsSOs. Spot tests for organic perox- 
ide were negative. These superficial 
chemical tests indicate that the mixed 
products are highly oxidized, sulfur- 
containing, organic strong acids. 

These studies were made with a 
view toward determining the role of 
sulfur dioxide in air pollution. It is 
well established that the dominant 
chemical system in photochemical air 
pollution is that of nitrogen dioxide, 
sunlight, and hydrocarbons with inter- 
mediates and products including oxygen 
atoms, ozone, and partially oxidized hy- 
drocarbons (4). There are many strong 
differences between the nitrogen di- 
oxide sensitized photooxidation of or- 
ganic materials and the sulfur dioxide 
sensitized photochemical system, as 
pointed out in Table 2. Nitrogen diox- 
ide responds much more rapidly, and 
its photochemical products include 
easily monitored oxidants. As a corol- 
lary, nitrogen dioxide in the atmosphere 
is rapidly depleted by photochemical 
reaction, and its steady-state partial 
pressure is far less than 10 parts per 
hundred million (pphm). Sulfur di- 
oxide responds relatively slowly to sun- 
light, and the principal product is a 
slowly settling aerosol with no easily 
monitored, specific chemical property. 
The slow photochemical reaction con- 
tinues, however, throughout the day, 
and the concentration of sulfur diox- 
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ide may greatly exceed that of nitro- 
gen dioxide. It is proposed that the 
slow, cumulative photoreactions of sul- 
fur dioxide with organic material and 
air may add up to a significant contri- 
bution to air pollution, although its 
nature differs substantially from that 
produced by nitrogen dioxide (5). 

Haro_p S. JOHNSTON 
KAPIL DEV JAIN 

Department of Chemistry, 
University of California, Berkeley 
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Chem. 45, 

Connection between 

Archaeopteris and Callixylon 

Abstract. Characters of two Upper De- 
vonian genera, Archaeopteris, often con- 
sidered to be a fern, and Callixylon, class- 
ified with the gymnosperms, have been 
recognized in a single specimen. 

Archaeopteris Dawson (1) and Cal- 
lixylon Zalessky (2) were among the 
most prominent genera of late Devon- 
ian times, similarly distributed over a 
wide area of the Northern Hemisphere. 
Archaeopteris, which commonly occurs 
as fragments of large, fernlike fronds, is 
known, primarily, from studies of com- 
pressions. Extensive information about 
the external morphology of its leaves 
and details of its fructifications has 
been accumulated. Except for the oc- 
casional observation of tracheid frag- 
ments isolated by maceration, its ana- 
tomical structure has remained, until 

now, a complete blank in paleobotan- 
ical knowledge. Callixylon, on the other 
hand, is characterized, mainly, by the 
gymnospermous internal structure of 
petrified roots, stumps, logs, and branch 
fragments, but no knowledge of its fo- 
liage or fructifications has been previ- 
ously acquired. 

In North America, Archaeopteris is 
a common fossil of the continental beds 
of the East, having been collected in 
several localities from Gaspé Peninsula, 
Quebec, to southwestern Pennsylvania. 
Because of its great abundance, it is 
considered to have been one of the 
predominent elements in the vegetation 
during late Devonian times. It is usually 
thought of as a low, shrubby plant, and 
is so illustrated in restorations. 

Petrifactions of Callixylon are usual- 
ly found in marine beds, well-known 
localities occurring in western New 
York, Kentucky, Indiana, Oklahoma, 
and southwestern Texas. A stump of 
Callixylon with a diameter of 5 feet has 
been discovered in the Woodford chert 
of Oklahoma, and logs 20 and 28 feet 
long have been uncovered in the New 
Albany shale of Kentucky and the Ca- 
ballos chert of southwestern Texas, re- 
spectively. Callixylon was, therefore, a 
large tree, and the Oklahoma specimen 
has been estimated by Arnold (3) to 
be at least 60 feet tall. 

Remains of Callixylon preserved in 
marine sediments are fragments of drift 
wood. The source of the western New 
York specimens was, undoubtedly, a 
land mass to the east, represented to- 
day, in part, by the continental beds of 
the Catskill region and adjacent areas 
of New Jersey and Pennsylvania. The 
discovery of foliage and fructifications 
of Callixylon in the richly fossiliferous 
beds of these areas has long been a 
recognized possibility, and a goal of 
several paleobotanists. Since the hori- 
zontal banding of groups of round- 
bordered pits on the radial walls of the 
secondary tracheids is a unique charac- 
ter of this genus, the recognition of this 
feature in even a small axis fragment 
of an identifiable foliage compression 
would be sufficient evidence for proof 
of common identity. Until now the 
searches of several paleobotanists have 
been fruitless, although Callixylon has 
been found occurring with Archaeop- 
teris in the Oswayo sandstone in Penn- 
sylvania by Arnold (4). However, while 
recently collecting (5) in beds of late De- | 
vonian age in the western part of the 
Catskill region, I had the good fortune 
to discover a large specimen (about 80 
cm long) which consists of a partially 
compressed, pyritized stem with the in- 
ternal primary and secondary structure 
of Callixylon, to which is attached frag- 
ments of several fronds of Archaeop- 
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teris, One of which bears both fertile 
and vegetative pinnae (6). 

The great significance of this speci- 
men becomes apparent when one real- 
izes that the two organ genera, now 
known to represent one plant, have 
been widely accepted as having close 
affinity with members of different classes 
of the plant kingdom, Archaeopteris 
frequently being classified with the 
ferns and Callixylon conceded by most 
to be a gymnosperm. This plant, which 
according to the rule of priority must 
be called Archaeopteris, is unique 
among known vascular plants. It was a 
tall, straight, forest tree, with branches 
bearing large, pinnately-compound 
leaves. In size, excurrent habit, and 
wood anatomy it had the appearance of 
a conifer. Its pycnoxylic secondary 
xylem, containing tracheids with alter- 
nate, round-bordered pits restricted to 
radial walls, and narrow rays contain- 
ing ray tracheids, is of a relatively ad- 
vanced type, and appears to have been 
more highly specialized than that of 
some modern conifers. Its leaves, how- 
ever, were unlike those of any known 
coniferophyte (that is, cordaite, ginkgo, 
taxad, or conifer), and although, in 
gross form, they were fernlike, they 
were no more similar to those of the 
ferns than to those of another gymno- 
sperm group, the pteridosperms. All 
positive evidence indicates that this ex- 
traordinary plant reproduced pterido- 
phytically. Significantly, at least one 
species of Archaeopteris had evolved to 
the level of heterospory (7), and it is 
very probable that the genus is one 
of a group of Devonian and Lower 
Carboniferous plants which was direct- 
ly ancestral to some of the late Paleo- 
zoic seed-bearing plants. 

Archaeopteris, which 300 million 
years ago formed extensive forests of 
tall, graceful, trees over large parts of 
the earth, now becomes one of the best 
known Devonian plants. 

CHARLES B. BECK 
Department of Botany, University 
of Michigan, Ann Arbor 

References and Notes 
1. J. W. Dawson, The Fossil Plants of the De- 

vonian and Upper Silurian Formations of 
Canada (Geological Survey of Canada, Mon- 
treal, 1871). 

-M. D. Zalessky, Mém. Comité Géol. Russe 
N.S. 68, 29 (1911). b 

3. C. A. Arnold, Contrib. Mus. Paleont. 
Mich, 3, 207 (1931). 

, Papers Mich. Acad. Sci. 17, 51 (1933). 
- This work is supported by a grant from the 
Horace H. Rackham School of Graduate 
Studies of the University of Michigan. 

. The identifications of the stem of this speci- 
men as Callixylon and the foliage as Archaeop- 
teris have been verified by Prof. C. A. Arnold. 
His interest and assistance are greatly ap- 
preciated. 

7. C. A. Arnold, Contrib. Mus. Paleont. Univ. 
Mich, 5, 271 (1939). 

8 February 1960 

Nn 

Univ. 

eP 

n 

20 MAY 1960 

Numerical Comparison of 

Geomorphic Samples 

Abstract. The distribution of elevations 
representing a region can be shown as a 
cumulative frequency curve plotted on 
probability paper. Many elevation distri- 
butions are “zig-zag” curves which can be 
represented conveniently by measures of 
skewness and kurtosis. A plot of skewness 
versus kurtosis permits the recognition of 
six major, non-Gaussian forms, with count- 
less gradations. 

Skewness and kurtosis, computed 
from elevation or relief data, can be 
used to characterize various geomorphic 
regions (J). This is true because, for 
most areas, the distribution of elevation 
data is not Gaussian, nor can it be made 
to appear Gaussian by any standard 
transformation. The departure from the 
normal (or log-normal) curve common- 
ly depends on the fact that most such 
relief distributions contain three major 
components: uplands, slopes, and low- 
lands. These three components can be 
combined in various distinctive ways. 
Seven examples, six of which are non- 
Gaussian, are given as insets in Fig. 1. 
The upper right inset, showing much 
upland, little slope, and no lowland, 
can be taken as representative of 
Davisian youth. The upper left inset, 
showing a little slope and much low- 
land, can be taken as Davisian old age. 
The concept of maturity (all slope; a 
Guassian distribution) is shown by the 
middle inset. The other four insets show 
departures from the ideal Davis cycle. 

The insets are not only illustrative. 
They are also plotted, individually, to 
scale. For each inset, the vertical ordi- 
nate is percent of relief (from 0, at 
the bottom, to 100 percent, at the top). 
The horizontal ordinate is the common 
probability scale, ranging from 1 per- 
cent at the right end, to 99 percent at 
the left end. The curve that is shown in 
each inset is a cumulated frequency 
curve. 

It is obvious that the departures of 
the outer six insets from the central 
inset can be represented by moment 
measures, specifically, skewness and 
kurtosis. The “maturity” inset, having a 
true Gaussian distribution, has a skew- 
ness value of 0 and a kurtosis of 3. 

The small circles represent actual 
areas studied. For each area, a sample 
of elevations (generally some multiple 
of 100 measurements) has been taken, 
and converted to percent relief. From 
the classified cumulated data, skewness 
and kurtosis were obtained. Actual 
areas fall in many parts of the chart 
except in the vicinity of “youth.” Abso- 
lute relief, or absolute elevation, does 
not show in any way. 

Two points need to be made clear 

about this diagram. First, the chart, as 
a whole, cannot be taken to indicate 
the relative number of areas which are 
in youth, maturity, old age, or off the 
Davis sequence. The choice of study 
areas has been influenced by the avail- 
ability of detailed maps. Furthermore, 
no effort has been made to randomize 
the choice of study localities (although 
actual sample points have been random- 
ized). On the other hand, a wide variety 
of areas is shown. Oklahoma and Ala- 
bama are represented by eight areas 
each; Arizona and Arkansas, by six 
each; and Kentucky, Tennessee, Penn- 
sylvania, North Dakota, South Dakota, 
California, Minnesota and Maine, by 
one or two each. Ten areas are from 
Asia and Africa. The lack of true 
randomization of study areas does not 
detract from the basic purpose. 

The second problem, a more serious 
matter, involves the definition of a 
sample or study area. It has been sug- 
gested by some that the river basin 
(outlined by divides) is the only natural 
unit of study. This notion ignores large 
portions of the earth’s surface, where 
no good, continuous divides exist. In 
sand hills, karst plains, swamps, deserts, 
tundra, and glaciated regions one may 
find that he must choose his study area 
arbitrarily. His decision may be forced 
by the realities of map availability. 
And if he chooses limits other than the 
edges of the map, he may find that his 
work is not closely reproducible. 

Computation of skewness and kur- 
tosis measures, for a given area, allows 
an investigator to make a reasonably 
objective analysis. Furthermore, exami- 
nation of the probability plot itself (such 
as the insets in Fig. 1), permits an esti- 
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Fig. 1. Plot of skewness (horizontal ordi- 
nate; modified tangent scale) versus kur- 
tosis (vertical ordinate; log scale), for geo- 
morphic relief data for 75 selected areas 
(small circles). Stippled insets are repre- 
sentative cumulative relief plots, made on 
a horizonta! probability scale. The labels 
“young,” “mature,” and “old” refer to 
Davisian concepts. The shaded area shows 
that most samples (about 85 percent) rep- 
resent mature or old regions, some samples 
(about 15 percent) are non-Davisian, and 
few or none represent regions in youth. 
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mation of the relative proportions of 
upland, slope, and lowland. By means 
of studies of this type, one can com- 
pare regions, evaluate various distinc- 
tive land forms, and in some cases even 
determine the extent to which structural 
control has influenced geomorphic de- 
velopment. 

Because the work is fairly quick and 
simple (a typical analysis takes about 
an hour), computation of skewness and 
kurtosis measures does not appreciably 
increase the amount of time and effort 
necessary to study a given area. When 
these measures are coupled with alti- 
tude and relief values (such as means 
and standard deviations), the geologist 
can list absolute, rather than merely 
relative, figures to denote degree and 
kind of geomorphic expression. 

WILLIAM F. TANNER 
Geology Department, Florida 
State University, Tallahassee 
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Role of Olfactory Sense in 

Pregnancy Block by Strange Males 

Abstract. Pregnancy is blocked in a high 
proportion of recently mated female mice 
exposed to strange males. This reaction is 
virtually abolished by the prior removal 
of the olfactory bulbs of the female. The 
smell of the strange male appears to be 
the primary stimulus in the exteroceptive 
block to pregnancy in mice. 

An exteroceptive block to pregnancy 
in mice associated with the presence or 
proximity of strange males has recently 
been described (J, 2). If the newly 
mated females are placed with or near 
strange males, particularly males of a 
different strain from the stud male, 
pregnancy and pseudopregnancy both 
fail in a high proportion of mice. The 
development of the corpora lutea is in- 
adequate, implantation does not take 

Table 1. Effect of the removal of the olfac- 
tory bulbs on the incidence of pregnancy 
block in mice. 

Blocked pregnancies* 
Mated females 

No. Percent 

Anosmic females 
Paroust 10 2 14 
Nonparoust 12 1 

Normal females tested concurrently 
Parous 6 78 
Nonparous 49 39 

* © returns to oestrus within 7 days of 
mating. 
j Stud mating 8 to 17 weeks after operation. 
t Stud mating 2 to 4 weeks after operation. 
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place, and, typically oestrus returns 4 
to 5 days after the stud mating in more 
than 90 percent of the females in which 
pregnancy is blocked. Fertile mating 
takes place at this time if the strange 
male has access to the female. (Atypi- 
cally, oestrus may return on day 6 or 7). 

A high degree of discrimination is 
shown by the female because if she is 
returned to her original stud male 24 
hours after separation from him, her 
pregnancy is carried to term. The pri- 
mary stimulus initiating the reaction is 
almost certainly olfactory, but direct 
proof of this assumption has so far 
been lacking. Experiments have now 
been carried out with female mice in 
which the sense of smell has been de- 
stroyed. 

The operation of removing the olfac- 
tory bulbs was performed under Aver- 
tin anesthesia. A hole was drilled be- 
tween the eyes of the mouse and the 
olfactory bulbs were separated from 
the cribriform plate with a metal probe 
and removed by suction, as described 
by Whitten (3). The mice used were 
of the same strain as those initially ob- 
served. All the females and the stud 
males were albino, from a closed colony 
randomly mated, the P strain, bred in 
this institute. Mice of the G substrain 
of CBA (4) were used as pregnancy 
blocking agents. To induce pregnancy 
block the mated female was removed 
from the stud male when the vaginal 
plug was found, housed alone for 24 
hours after separation from him, her 
inside a stock box containing males, or 
in a basket suspended from the lid of 
the box, for 3 or 4 days. Both situations 
have proved satisfactory for the mani- 
festation of the block to pregnancy. 
Vaginal smears were examined daily. 
Females in which pregnancy was 
blocked and those which became pseu- 
dopregnant were again paired with a 
stud male and allowed another mating. 
Only those which then became pregnant 
have been included in the results. Al- 
together, tests were completed on 22 
anosmic females. The results are sum- 
marized in Table 1. 

In marked contrast to intact females 
the majority of anosmic females re- 
mained pregnant or pseudopregnant in 
the test situation. None of the three 
females in which pregnancy was blocked 
showed the typical response, since oes- 
trus returned only on day 6 (in two 
females) or on day 7 (in one female) 
after the stud mating. An unusually 
high pseudopregnancy rate (five out of 
22) was shown by the anosmic females. 
Among the intact females tested con- 
currently, only one became pseudo- 
pregnant. It is therefore most unlikely 
that the increase in the number of pseu- 
dopregnancies among the anosmic fe- 
males is related to the presence of 

strange males. Removal of the olfactory 
bulbs in female mice leads to regres- 
sion of the ovaries and uteri, to altera- 
tions in mating behavior (3), and to 
disturbances of reproduction often more 
profound than can be explained by 
ablation of the olfactory bulbs alone 
(5). Much variation in reproductive 
behavior is therefore to be expected 
among anosmic females. 

The results of these tests emphasize 
the primary function of olfaction in 
pregnancy block of exteroceptive origin, 
since the recently mated females in 
which the sense of smell had been de- 
stroyed were virtually immune to the 
effects of the presence of strange males. 
In this respect pregnancy block is rem- 
iniscent of other social effects in mice. 
When females are housed together, in- 
stead of singly, oestrus is partially sup- 
pressed. In small groups there is such 
an increase in the number of pseudo- 
pregnancies that the latter may account 
for over 25 percent of the cycles (6). 
In large groups of females, oestrus and 
ovulation occur only infrequently (7). 
But if such females are paired with 
males, oestrus returns promptly, and 
the incidence of mating greatly exceeds 
expectation (on the basis of a 5-day 
cycle) on the third day after pairing 
(8). By contrast, stimulation resulting 
from the presence or proximity of 
strange males inhibits the establishment 
of pregnancy in the recently mated fe- 
male (7). These effects are abolished 
in mice from which the olfactory bulbs 
have been removed (3, 9). 

Other experiments have shown that 
successive pregnancies in the same 
female can be blocked. Whitten (7) has 
suggested that the exteroceptive control 
of the oestrous cycle might to some 
extent regulate cycles of population 
density among colonies of wild mice. 
In the same way the exteroceptive block 
to pregnancy associated with the smell 
of strange males might be held to favor 
exogamy among wild mice. 

H. M. BRUCE 
D. M. V. PaRROTT* 

Division of Experimental Biology, 
National Institute for Medical 
Research, Mill Hill, London, England 
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Selection of Food by Size in 
the Chimpanzee, and Comparison 

with Human Judgments 

Abstract. Adult chimpanzees, given 
access to an array of pieces of banana, 
select the pieces in order of size, larger 
pieces being taken first. Selection is medi- 
ated by perceived sizes, and the responses 
correspond closely to human visual judg- 
ment of size. 

As evidenced by measures of learn- 
ing, work, or simple choice responses, 
animals generally prefer a larger piece 
of the same food to a smaller one. This 
preference has usually been considered 
a motivational problem, and has been 
studied primarily in terms of motiva- 
tional mechanisms. However, in situa- 
tions where an animal has direct ac- 
cess to an array of food pieces, vision 
mediates selection (J), and so in order 
to understand the process of selection 
the perceptual as well as “purely motiva- 
tional” mechanisms must be examined. 
The purpose of this experiment was to 
investigate the role of perceived size in 
the food-size selection of chimpanzees. 

Two adult male chimpanzees (No. 
43, Hal; and No. 71, Jent) were tested 
on a general test apparatus (2). On 
each trial they were presented an array 
of four pieces of banana placed 2.5 
inches apart and about 2.5 inches from 
the cage wire. They were allowed to 
take one piece; then the food tray was 
withdrawn for 5 seconds; then the tray 
with the remaining pieces was presented 
again; and so on until all pieces had 
been taken. The order of selection in- 
dicated the rank order of preference. 

Sixteen stimuli were used, consist- 
ing of all possible combinations of four 
sizes of banana and four orientations of 
a piece of banana. The sizes used 
were 0.7, 0.8, 0.9, or 1.0 inch in one 
dimension, and 0.5 inch in the remain- 
ing dimensions. As judged by samples 
of five pieces, these sizes averaged 2.8, 
3.3, 3.7, and 4.1 gm in weight, respec- 
tively; variation between the pieces of 
any given size was no more than 7 
percent. The orientations employed are 
shown schematically in Fig. 1. They are 
termed height, width, length: near cue, 
and length: far cue, respectively. 

On each trial, only 4 of the total 16 
stimuli were presented. Each of the 
four differed in size and in orientation. 
(Permuted Greco-Latin squares wére 
used for each four trials to determine 
size, orientation, and location.) Twelve 
trials were administered each day for 8 
days, thus presenting each of the 16 
stimuli 24 times to each animal. 

The results are shown in Fig. 2. Indi- 
vidual differences in performance were 
small; the mean ranks assigned by each 
of the animals to the 16 stimuli cor- 
related .92 by Pearson product moment 
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correlation (r). Analyses of variance 
indicated that each animal discrimi- 
nated between the sizes used, and also 
that his performance was affected by 
the orientation of the food pieces 
(p = .001). Height and width facili- 
tated preference to the greatest extent; 
by comparison length was ineffective, 
thus creating some reversals in ranks. 
For example, if a 0.9-inch piece was 
in a vertical orientation (height) and a 
1.0-inch piece was oriented longitu- 
dinally (length), the chimpanzees 
tended to prefer the former, smaller 
piece. Thus a size-position combination 
overrode the size of the piece and led 
to the selection and eating of the ob- 
jectively smaller piece of food (3). 
Selection was linearly related to the 
amount of reward (4), but only if 
visually mediated size errors were elim- 
inated. 

In order to demonstrate the degree 
to which visual factors can account for 

the process of food selection, a second 
experiment was performed. This time 
a direct comparison was made between 
chimpanzee food-size selection and hu- 
man visual size judgments. 

A large collection of pieces of ba- 
nana served as stimuli. The experi- 
menter attempted to make each piece 
unique in size, shape, or texture. They 
were weighed (weights ranged from 
1.7 to 26.0 gm), and then eight pieces 
at a time were taken randomly and 
laid out on the test tray in random 
orientations. Two adult male human be- 
ings, working simultaneously but inde- 
pendently, estimated the rank order of 
size for the eight pieces. Eight such 
trials were conducted. After this, the 
same 64 stimuli in the same arrays 
were presented to a highly sophisticated 
adult female chimpanzee, No. 28, 
Alpha. The apparatus and procedure 
used in testing Alpha were the same 
as those used in experiment 1. 
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Fig. 1. The orientations of food stimuli used in experiment 1. 
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The discriminations involved in this 
test were quite difficult, according to 
the reports of the human subjects, and 
as shown by the fact that all subjects 
including the chimpanzee made a num- 
ber of errors. 

Product moment correlations were 
computed between the ranking of each 
subject and (i) the weight of the stimuli 
(ranked within each trial-array), and 
(ii) the ranks assigned by the other 
subjects. The chimpanzee’s order of 
food selection correlated almost as high- 
ly with the actual size (weight) of the 
stimuli as did the humans’ rank ordering 
(r = .87 for Alpha; .93 and .96 for the 
humans). Furthermore, Alpha’s scores 
had high agreement with the humans’. 
Her scores agreed with the human 
scores as well (r = .89 and .86) as 
these agreed with each other (r = .90). 
Alpha’s correlations with the judgments 
of humans were as high as the correla- 
tion between her own preferences and 
the weight of the food. 

Clearly, then, chimpanzee selection 
of larger sizes of food-pieces in a di- 
rect choice situation is mediated by 
visual size perception. The mechanisms 
of selection appear to be similar to 
human perception of the same stimulus 
objects (5). 

EmIL W. MENZEL, JR. 
Yerkes Laboratories of Primate 
Biology, Orange Park, Florida 
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Synchronous Division in 

Chlamydomonas moewusii 

Abstract. Mass cultures of Chlamydomo- 
nas moewusii have been synchronized by 
means of light-dark shifts. Division of at 
least 91 percent of the population was 
made to occur in 1/24 of the life cycle of 
the cells. The advantages of working with 
synchronized cultures of obligate auto- 
trophs are discussed. 

A great deal of attention has been 
paid to the subject of synchronous di- 
vision of cell populations in recent 
years (/, 2). The principal reason for 
this interest has been to provide the 
investigator with a large amount of 
cellular material with most, if not all, 
of that material existing in the same 
morphological and physiological con- 
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Fig. 1. Growth curve of Chlamydomonas 
moewusii showing synchronous division as 
a function of a light-dark cycle. 

dition. In addition, an often overlooked 
reason for producing such cultures is 
that the endeavor to induce synchrony 
often reveals fundamental information 
about cellular mechanisms (3). This 
paper is concerned primarily with the 
methods used to induce synchronized 
division in Chlamydomonas and with a 
brief discussion of their importance. 

The minus strain of the hetero- 
thallic, obligately photosynthetic protist, 
Chlamydomonas moewusii (Burkholder 
and Provasoli strain) was used. The 
cells were cultured in 2 liters of liquid 
medium (4) buffered at pH 6.8 in 4- 
liter Pyrex bottles. The cultures were 
maintained at 25°C and were aerated 
continuously with a mixture of 95 per- 
cent air and 5 percent carbon dioxide. 
The cells were stirred gently at 10- 
minute intervals for 30 seconds with 
a magnetic stirrer. Illumination was 
provided by six 15-watt, cool white, 
fluorescent lamps. The light intensity 
was approximately 800 ft-ca incident 
on one surface of the growth vessel. 

As a result of previous experiments 
concerned with the investigation of the 
behavior of the cells in constant light 
(3, 5), a regimen of a 12-hour light, 
12-hour dark cycle was chosen in order 
to synchronize the growth and division 
of the culture. All the experiments re- 
ported here were performed with cul- 
tures inoculated with cells previously 
grown on the same light-dark cycle. 
However, other experiments have 
shown that this treatment of the stock 
culture is not a requirement for the in- 
duction of synchrony. The results of 
this choice are plotted in Fig. 1. All 
population curves were prepared by 
counting fixed cells directly in a hemo- 
cytometer. Below 250,000 cells/ml, the 
error of this counting method did not 
exceed 15 percent; the average error 

was 12 percent. Above 250,000 cells/ 
ml, the error did not exceed 8 percent. 
When the population was determined 
in cultures containing fewer than 
50,000 cells/ml, samples were concen- 
trated by centrifugation before counts 
were made. No attempt was made to 
correlate hemocytometer counts with 
viable counts. However, the cytological 
observations, presented below, concern- 
ing the abundance of eight-celled 
mother cells would preclude the pres- 
ence of large numbers of nonviable 
cells. 

The curve indicates an eightfold in- 
crease in the population above the 
initial number of inoculated cells dur- 
ing the first cycle. The smaller increases 
(less than complete doublings) in cell 
number during the second and third 
cycles are due to the limiting condi- 
tions for population growth imposed 
upon the medium by the large number 
of cells produced during the first cycle. 
Optimum growth, as determined by 
eightfold increases of about 90 percent 
of the population during a single cycle, 
ceases after the population has reached 
a density of about 400,000 to 480,000 
cells/ml, which represents an inoculum 
of about 50,000 to 60,000 cells/ml. 
Measurements made on cultures begun 
with very small inocula (10, 25, and 
100 cells/ml) indicated eightfold in- 
creases occurred during each cycle un- 
til the limiting number was reached. 
Twenty experiments performed both 
with cultures begun with small and 
large inocula produced the same re- 
sults reported here. 

True synchronization of growth and 
division is believed to have occurred 
because of the following evidence. (i) 
Examination of the curve reveals no 
increase in cell number between 0 and 
23 hours. The cells were exposed to 
light during the first 12 hours and to 
darkness the second 12 hours. The en- 
tire increase in population then, as re- 
vealed by the curve, occurred during 
the 23rd and 24th hour (that is, the 12th 
hour of darkness). In 2 experiments 
out of 12 in which the inoculum was 
large (about 50,000 cells/ml), an in- 
crease in cell number occurred until 
the 25th rather than the 24th hour. 
Thus, “cytokinesis” usually occupied 
only 1/24 of the entire life cycle. (ii) 
Examination of the cells throughout the 
growth cycle revealed a steady shift in 
cell types from the true flagellated, 
ellipsoid, vegetative cell, through the 
nonflagellated spherical cell, to the 
multinucleated sphere (“mother cell”) 
which gave rise to the eight independ- 
ent, flagellated, vegetative cells. 

Analysis and evaluation of the data 
reveal both the highest percentage and 
the highest degree of synchrony (that 
is, the shortest amount of time during 
which division occurs) yet obtained for 
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any species of cell. In the first case, 
taking into account the percentage 
error of the method of counting, most 
probably no less than 91 percent of the 
population was found to divide syn- 
chronously. This figure is based upon 
a maximal eightfold predicted increase 
in cell number which was then veri- 
fied by cytological examination. In the 
second case, the actual duration oc- 
cupied by the production of new cells 
was Only 1 hour out of 24 hours. 

In similiar attempts to produce syn- 
chronously dividing cultures of Chlo- 
rella pyrenoidosa (6) and C. euga- 
metos (7) by light-dark cycles, frac- 
tional centrifugation was found to be 
necessary to separate the newly re- 
leased daughter cells from those mother 
cells which had not yet completed di- 
vision. On the cycles used, all of the 
cells could not be kept in phase by 
varying the light-dark periods alone. 
Either these two species are more re- 
fractive to synchronization than Chlam- 
ydomonas moewusii, or the period of 
light to which the cells were exposed 
was too long. It appears to be impor- 
tant to provide no more light than is 
necessary for the cells to initiate mi- 
tosis, the latter being a light-dependent 
reaction in these species. Cytokinesis 
and release of the daughter cells are 
light-independent reactions. Provision 
of light beyond the minimum amount 
of time required for mitosis tends to 
initiate a second life cycle for a portion 
of the population, and thus encourages 
asynchrony. 

Recently, Scherbaum reported a new 
parameter, the synchronization index 
(SI) for comparing the degree of syn- 
chrony in different systems (8). The 
originally derived equation was formu- 
lated for cells which divide once to 
form two cells. The system reported 
here for Chlamydomonas divides three 
times to produce eight cells. The equa- 
tion has been modified, so that in 

SI= n’ X (1 — t/gt) 

n’ represents the percentage of cells 
undergoing synchronous division, t rep- 
resents the time during which the new 
cells are being produced, and gt rep- 
resents the calculated time required for 
a single cell to produce eight daughter 
cells during asynchronous exponential 
growth. In order to determine gt, the 
“true” generation time was measured 
first. The latter is an expression of the 
time taken for a population to double 
during the exponentional growth phase. 
It was determined by growing cultures 
in constant light under asynchronous 
conditions (8). The value was found 
to be 4 hours. Since a single cell ac- 
tually gives rise to eight cells during 
exponential growth and not two, the 
“true” generation time is not an indi- 
cation of what is occurring and thus 
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cannot be used in the equation. Theo- 
retically, three times the “true” genera- 
tion time, or 12 hours, would be neces- 
sary for the production of eight cells 
in constant light. This value of 12 hours 
was corroborated experimentally. It 
presents the same type of information 
as that provided by the term genera- 
tion time; that is, it reveals the amount 
of time necessary for an average cell 
to produce progeny under “constant” 
conditions. The synchronization index 
was 0.83. The range of synchronization 
indices as computed by Scherbaum (9) 
for all of those species for which data 
were available was between 0.26 and 
0.69. 

In conclusion, it has been shown that 
a single light-dark shift is sufficient to 
produce a highly synchronized culture 
of C. moewusii, perhaps the highest of 
any species to date. It would appear 
that this species, in spite of its “atypi- 
cal” division pattern, would be an ideal 
one to study the mechanisms under- 
lying artificially induced growth and di- 
Vision. 

EMIL BERNSTEIN 
Department of Zoology, 
University of Connecticut, Storrs 
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Subfractionation of 

Human Serum Enzymes 

Abstract. Evidence is given for the sub- 
fractionation by starch gel electrophoresis 
of human serum cholinesterase, aromatic 
esterase, and acid phosphatase. These sub- 
fractions and unfractionated leucine 
aminopeptidase are localized with respect 
to the protein zones of the Smithies starch 
gel pattern. 

The remarkable heterogeneity of se- 
rum proteins, including enzymes, is be- 
ing increasingly evidenced today. Pro- 
teins, including many that have hitherto 
been considered homogeneous, are be- 
ing separated into distinct subfractions 
by newer and more powerful methods, 
of which starch gel electrophoresis, in- 

troduced by Smithies in 1955, is a lead- 
ing example. The present work has 
employed this method to contribute evi- 
dence for the subfractionation of sev- 
eral serum enzymes that have been long 
studied for their biochemical and clin- 
ical importance. 

The procedure is essentially that 
given in Smithies’ first detailed paper 
(1). Soluble starch (15 gm) (2), sus- 
pended in 0.03M, pH 9.00 + 0.03, 
borate buffer (100 ml), is heated with 
swirling to sudden formation of a 
homogeneous, viscous solution, which 
is quickly evacuated to remove air bub- 
bles, and poured into plastic trays (2.0 
by 25 by 0.65 cm) to cool overnight 
(final gel, pH 8.5 + 0.05). A_ small 
paper rectangle, saturated with the se- 
rum sample, is inserted into a vertical 
slit in the gel and sealed over with a 
glass cover slip. A coat of waterproofing 
plastic is applied over the entire ex- 
posed gel surface from a spray can. A 
paper wick (six thicknesses of blotting 
paper) connects each end of the gel 
with its corresponding electrode cham- 
ber, filled with the same buffer. Electro- 
phoretic conditions are room tempera- 
ture, constant current 2 ma/cm of gel 
width, initial gradient 6 volt/cm for a 
6-hour run, correspondingly less volt- 
age and current for an overnight 18- 
hour run. Each gel is cut horizontally 
into two slices approximately 3 mm 
thick, each of which may be tested 
differently. Subsequent cross compari- 
sons are facilitated by a toothed pat- 
tern cut through one side of the gel 
before slicing [after Grouchy (3) and 
Moretti et al. (4)]. 

Histochemical methods employed are: 
(i) protein (blue-black zones), aniline 
blue black (/); (ii) cholinesterase (pur- 
ple zones), beta-carbonaphthoxycholine 
iodide (or its 2-bromo-6-naphthyl de- 
rivative), PH 7.4 Veronal buffer, cal- 
cium ions, naphthanil diazo blue B (tet- 
razotized o-dianisidine) as coupling 
agent (5); (iii) aromatic esterase, al- 
pha-naphthyl acetate (purple-gray 
zones) or beta-naphthyl acetate (red- 
purple zones), pH 7.0 phosphate buf- 
fer, diazo blue B as coupling agent (6); 
(iv) acid phosphatase (purple-red 
zones), naphthyl AS phosphate, pH 5.4 
acetate buffer, manganese ions, diazot- 
ized o-aminoazotoluene as _ coupling 
agent (7); (v) leucine aminopeptidase 
(orange-red zone), /-leucyl-beta-naph- 
thylamide * HCl, pH 7.1 tris(hydroxy- 
methyl)aminomethane buffer, diazo- 
tized o-aminoazotoluene as coupling 
agent (8). Where applicable, the sub- 
strate solution is made 10M in eserine 
(cholinesterase inhibitor). In most 
cases incubation for 20 minutes at 
room temperature is adequate to de- 
velop zones. (Control incubations ruled 
out the possibility of interference by na- 
tive serum phenols.) After the excess 

1529 



PROTEIN 

ORIGIN Sap @, Y 

CHOLINESTERASE 

Fas 

AROMATIC ESTERASE 

a | ACID PHOSPHATASE 

(Q) 

LEUCINE AMINOPEPTIDASE 

Fig. 1. Starch gel electrophoresis patterns of human serum (schematic). Short bars 
represent protein zones that are usually less reliable for reference purposes. Shaded 
areas represent pale diffuse zones. The small arrows indicate locations of corresponding 
enzyme activities reported by Grouchy (3). 

reagents are rinsed out, the gels are 
saturated in glycerol, which increases 
their transparency, often discloses addi- 
tional protein zones, and apparently 
preserves the gels indefinitely. 

Results are summarized schematic- 
ally in Fig. 1. Our typical protein pat- 
tern for a normal type 2 haptoglobin 
serum reveals at least 17 zones, and is 
distinguished from other published pat- 
terns by the doublet or pair of intense 
zones commonly occurring at the Sa 
position. 

Cholinesterase activity, which is com- 
pletely inhibited by 10M eserine, sep- 
arates into an intense doublet in the 
a8 region. Neither zone can repre- 
sent specific red cell cholinesterase, 
since that enzyme does not act on car- 
bonaphthoxy choline (9). Among can- 
cer sera, subfractionation into the dou- 
blet may occur less readily. 

Using conventional electrophoresis, 
several earlier workers located cholines- 
terase activity over the a:-8 globulin 
region. Using starch gel, Grouchy (3) 
found a single zone of cholinesterase 
activity (acetylthiocholine substrate) at 
the same position as our doublet. Hun- 
ter and Markert (10), who were first to 
demonstrate the value of starch gel 
electrophoresis in enzyme work, found 
at least ten different esterases (alpha- 
naphthyl butyrate substrate) in a wide 
variety of mouse tissues by siarch gel, 
including two eserine-sensitive zones in 
liver, but did not report on subfrac- 
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tionation of serum cholinesterase. 
Kraupp and Werner (//) gave evi- 
dence for the ammonium sulfate sub- 
fractionation of horse serum cholines- 
terase. However, evidence for subfrac- 
tionation of human serum cholinester- 
ase has apparently not been given pre- 
viously. 

Aromatic esterase activity separates 
into four zones. An _ eserine-sensitive 
doublet coincides with the previous 
doublet and probably represents the 
same enzymes (nonspecific cholinester- 
ases). A third broad zone, resistant to 
eserine, migrates between 8 and Fa, 
while a fourth zone, pale and diffuse, 
migrates with the leading half of the 
albumin zone. [The latter two zones 
may be components of the A-esterase 
that Augustinsson (/2) found migra- 
ting with albumin in conventional elec- 
trophoresis.] Marked substrate specific- 
ity is apparent in that, with beta-naph- 
thyl acetate, the third zone is more 
intense than the doublet, whereas the 
reverse is true with alpha-naphthyl ace- 
tate (and the third zone shows evidence 
of further subfractionation). Grouchy, 
using alpha-naphthyl acetate substrate, 
found a single zone corresponding to 
his cholinesterase zone and occasional- 
ly observed two or three additional 
zones, but unlike ours, narrow and 
located in the af region. 

Acid phosphatase activity separates 
into three zones. Two again occur as 
a doublet which, as nearly as can be 

determined, also coincides with the 
cholinesterase doublet. A broader zone 
migrates between Fa: and albumin. In 
contrast, Grouchy, using beta-naphthyl 
phosphate substrate, pH 5 to 6, found 
all activity solely at the 8 zone. 

This subfractionation of unrelated 
activities into coinciding doublets in- 
vites comment, especially since the in- 
tense Sa: protein doublet also is close. 
Offhand, one may suspect that the en- 
zyme doublets arise simply from non- 
specific staining of the Sa: protein 
doublet by dyes that form in the differ- 
ent substrate solutions. However, care- 
ful observations by several methods 
demonstrate that the enzyme doublets 
do not coincide with the protein dou- 
blet, but occur in the «f region, and 
quite independently of the presence or 
absence of protein zones in that region. 
Moreover, the stained enzyme doublets 
develop in substrate solutions that re- 
main pale or have a different color. 

Work proceeds to determine how 
many of the apparent differences be- 
tween Grouchy’s findings and ours may 
be due to different electrophoretic con- 
ditions or substrate specificity, with the 
added possibility that other substrates 
may uncover additional esterase and 
phosphatase subfractions. Also, the au- 
thenticity of the reported subfractions 
is being further examined by appropri- 
ate re-electrophoresis and study of the 
enzymatic properties of each separated 
subfraction. This work is stimulated by 
the probability that the blood level of 
each new subfraction found, by reflect- 
ing the healthy or diseased metabolism 
of its particular source tissue in the 
body, can offer a more penetrating and 
selective means of diagnosis, as has 
proved practical in other cases, notably 
prostatic acid phosphatase in prostate 
cancer (/3). 

CLypE A. Duss 
Veterans Administration Center and 
University of California Medical 
Center, Los Angeles 

CHARLOTTE VIVONIA 
JEAN M. HILBURN 

University of California Medical 
Center, Los Angeles 
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Distortion of the Pyramid 

of Numbers in a Grassland 
Insect Community 

Abstract. An intermediate size class of 
the insect component of a natural com- 
munity contained more individuals than 
did a small size class, altering the ex- 
pected ecological pyramid of numbers. The 
anomaly resulted from the presence of an 
abundant immigrant, species, and it is sug- 
gested that departures from the normal 
pyramid might, in general, imply external 
disturbance. 

Of the various possible ecological 
pyramids, the one based on the num- 
bers of individuals per size class is the 
most easily obtained. However, in it 
the ecological implications are not so 
clear as in pyramids based on biomass 
or energy, or pyramids in which the 
species are grouped according to trophic 
level, and it is accordingly compara- 
tively little used. Nevertheless, the size- 
frequency distribution is probably a 
basic datum which will eventually be 
incorporated in the main theory of com- 
munity structure and organization. 

As part of an ecological investiga- 
tion of a grassland insect community, 
the size-frequency distribution of the 
components was ascertained for a series 
of samples collected 14 July 1958 and 
for a second series taken 21 July 1958 
(Table 1). In each case, eight inde- 
pendent samples of 25 sweeps each 
were secured in the upland herbaceous 
vegetation of an abandoned field (/) 
by sweeping with an 18-in. canvas net; 
each set includes all samples obtained 
on that day. The samples were taken at 
widely separated localities on the field, 
and were calibrated for area by com- 
paring the numbers of adult individuals 
of a key species taken in the net with 
the number determined by direct counts 
within frames of known dimensions. 
The total area covered by each series of 
eight samples was estimated at approx- 
imately 90 m’. 
The sweepings were carefully sorted 

in the laboratory with the aid of a 
microscope (2), so the smaller size 
classes are satisfactorily represented in 
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the samples. Although this sweep 
sampling technique is not adequate for 
large, active insects, these are insig- 
nificant in number as compared to the 
small and sedentary species, and their 
under-representation in our samples 
does not materially affect the con- 
clusions we have drawn. 

The striking fact about the size- 
frequency distribution for both sets of 
samples is the large numbers of indi- 
viduals in the 4.6- to 6.5-mm class 
(Table 1). In every sample, this num- 
ber exceeds that in the next smaller 
(2.6- to 4.5-mm) class. This results in 
a top-heavy pyramid of numbers (Fig. 
la). Since insects from 0.6 to 10.5 mm 
in size made up the overwhelming bulk 
of all the animals that were taken in the 
sweep samples, this anomalous size dis- 
tribution applies as well to the entire 
fauna of the herbaceous stratum of the 
field. 

Examination of the species compo- 
sition of the 4.6- to 6.5-mm class shows 
that it is largely made up of adult in- 
dividuals of the meadow spittle bug, 
Philaenus leucophthalmus (L.) (Table 
1). In fact, exclusion of the Philaenus 
material from consideration in the 
pyramid of numbers restores that size 
class to normal proportions (Fig. 15). 

It is therefore of interest to note that 
the vast majority of adult Philaenus 
leucophthalmus on the field are of exog- 
enous origin. As the cultivated crops 
of clover and alfalfa in the surround- 
ing countryside are cut, these insects 
move into the grassland in such num- 
bers as to dominate the local fauna 
during most of the growing season. In 
both 1958 and 1959, essentially all 
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Fig. 1. Ecological pyramids of numbers 
for the insects of the herbaceous stratum 
in an old-field upland grassland com- 
munity, Edwin S. George Reserve, Living- 
ston County, Mich., based on a series of 
sweep samples collected 21 July 1958. 
(la) Pyramid for total sample; 1b, pyra- 
mid after removal of all specimens of the 
spittlebug, Philaenus leucophthalmus. Size 
classes (in mm): A, 0.6-2.5; B, 2.6—4.5; 
C, 4.6-6.5; D, 6.6-8.5; E, 8.6-10.5. 

adult Philaenus present in mid-July had 
come into the field from the outside, 
the small “native” populations having 
fallen nearly to zero by the end of 
June. So far as we know, no other im- 
portant species taken in the sweep 
samples behaves in this way. 

In 1957 (when samples of the sort 
described here were not taken), Philae- 
nus Was estimated to be approximately 
10 times as abundant on the field as in 
1958, and the pyramid of numbers 
would then presumably have been even 
more distorted than that shown in 
Fig. 15. 

Table 1. Size-frequency distribution of insects taken in two series of sweep samples from an 
old-field upland grassland community, Edwin S. George Reserve, Livingston County, Mich., 
in July 1958. The numbers in parentheses refer to Philaenus leucophthalmus (L.); the other 
numbers refer to all the insects in the class. 

Sample Size class category (mm) 
No. =~ ——- 

0.6-2.5 2.6-4.5 4.6-6.5 6.6-8.5 8.6-10.5 

‘ July 14 —O 
1 25 16 (15) 0 0 
2 100 12 40 (31) 2 1 
3 56 28 134 (127) 3 0 
4 75 16 43 (36) 2 3 
5 70 24 72 (63) 1 1 
6 219 17 102 (95) 4 2 
7 52 12 36 (31) 3 0 
8 81 42 71 (64) 1 0 
Total 678 158 514 (462) 16 7 

July 21 
1 230 104 185 (165) 3 4 
2 102 31 159 (150) 6 2 
3 169 100 147 (139) 5 2 
4 209 89 215 (195) 2 2 
5 242 54 186 (167) 6 1 
6 306 68 186 (173) 2 3 
7 86 66 169 (156) 2 1 
8 131 42 233 (222) 4 0 
Total 1475 554 1480 (1367) 30 15 
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Clearly, the introduction of a “for- 
eign” element in an established com- 
munity can disturb its structure suf- 
ficiently to have a noticeable effect 
upon the pyramid of numbers. We 
suggest that communities showing 
marked deviations from the expected 
size-frequency distribution (in which 
the number of individuals tends to 
vary inversely with size) have probably 
been subject to some external disturb- 
ance, the nature of which might be 
revealed through study of the anoma- 
lous size class or classes (3). 

F. C. Evans 
U. N. LANHAM 

Department of Zoology, 
University of Michigan, Ann Arbor, 
and Monteith College, Wayne State 
University, Detroit, Michigan 
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Uptake of Glucose from Solution 

by the Solitary Coral, Fungia 

Abstract. The removal of glucose from 
solution in sea water by the coral, Fungia, 
has been followed with p-glucose-C™. 
From 15 to 37 percent of the sugar in 
200 ml of solution is taken up per hour 
from concentrations of 1 to 40 mg/liter. 
This rate of uptake provides sufficient 
material to account for the maintenance 
metabolism of the coral at sugar con- 
centrations of 3.75 to 7.25 mg/liter. 

The observations to be reported were 
made using D-glucose-C“ added to the 
sea water in which individual corals 
were maintained. The concentration of 
labeled material was estimated at suit- 
able intervals by evaporating 0.5 ml 
samples on planchets and counting with 
a thin-window Geiger tube. Each deter- 
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Fig. 1. Disappearance of sugar. 
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mination was made in quintuplicate. 
Although self-absorption in dried sea 
water samples is considerable, dilution 
curves indicated a linear relation be- 
tween the counting rate and the con- 
centration of labeled glucose. 

Fig. 1 illustrates the disappearance 
of added sugar in a typical set of ob- 
servations. The volume of the solution 
was 200 ml. Uptake occurred in the 
same fashion in the presence of strep- 
tomycin (50 mg/liter). The rate of 
disappearance in darkness was com- 
parable to that observed in diffuse sun- 
light. The radioactivity in 200 ml of 
solution maintained as a blank did not 
change over a 24 hour period. 

The radioactive carbon which disap- 
pears from solution during a 4 hour 
period can be recovered in a sodium 
hydroxide digest of the animal. After 
24 hours, a portion of the C* remain- 
ing in the sea water diffuses from an 
acid to a base medium in a diffusion 
chamber, suggesting the presence of 
C“O:. Thus Fungia is apparently capa- 
ble of removing glucose from solution 
at low concentrations and using it as a 
source of energy. 

Table 1 lists the observed rate of 
uptake at various initial concentrations 
of glucose. The volume in each case is 
200 ml of solution. A concentration 
of 1 mg/liter probably does not repre- 
sent a lower limit for effective uptake 
but is rather a limit imposed by the 
specific activity of the labeled sugar. At 
this concentration, the observed rate 
was 5.3 + 0.68 count/min. 

It is of interest to consider whether 
this process is potentially significant 
as a source of nutrients for the animal. 
Animals were kept in darkness, and 
oxygen consumption was determined 
by the Winkler method. Individuals 
ranged in wet weight from 21.4 to 48.0 
gm, and oxygen consumption ranged 
from 0.11 to 0.22 ml per individual per 
hour at a temperature of 26°C (0.047 
+ 0.015 ml/gm hr). These figures 
imply that the equivalent of 0.15 to 
0.29 mg of carbohydrate per hour 
must be acquired by an individual to 
support maintenance metabolism. 

From the observations presented in 
Table 1, we may assume a rate of re- 
moval of 20 percent per hour for the 
carbohydrate present in 200 ml of sea 
water. An ambient concentration of 
3.75 to 7.25 mg/liter is thus sufficient 
to account for the observed oxygen 
consumption. No figures are available 
for naturally occurring concentrations 
of carbohydrate for waters near Oahu. 
Lewis and Rakestraw (/) -reported 
concentrations of an unidentified car- 
bohydrate as high as 7.9 mg/liter in 
filtered sea water samples from coastal 
lagoons near San Diego. Their deter- 
minations for more open waters are 
considerably lower. 

= 

Table 1. Removal of glucose from sea water 
by Fungia. 

Initial concn. Amount Amount 
of glucose F removed removed : in first hour 
(mg/liter) (%) (mg) 

1.0 15* 0.03 
1.0 28* .06 
1.0 25* .05 
1.0 20* .04 
4.0 29 .23 
4.0 31 ae 
4.0 37 30 
4.0 25 .20 
10.0 30 .60 
10.0 16 A. 
10.0 23 46 
10.0 22 44 
40.0 16 1.28 
40.0 22 1.46 

* Calculated from determinations after 2 hours. 

Values reported for total dissolved 
organic material (2, 3) are ‘approxi- 
mately 5 mg/liter for open water. Un- 
fortunately, our information concerning 
the character of this dissolved organic 
material is modest (4). However, we 
need not limit our speculations to the 
carbohydrate fraction of this material 
since many invertebrates are capable 
of removing amino acids from dilute 
solution (5, 6). Unpublished observa- 
tions indicate that this is also true of 
Fungia. 

If we assume that the naturally occur- 
ring carbohydrate in sea water is utiliz- 
able and is taken up at the rate ob- 
served for glucose, Fungia can obtain 
sufficient material to account for main- 
tenance metabolism 
tions. If we.make similar assumptions 
concerning all the dissolved organic 
material, a favorable location need not 
be stipulated. Information to support 
these assumptions is not available. 
However, the hypothesis that dissolved 
organic material may provide a sig- 
nificant fraction of the food of aquatic 
animals deserves further irvestigation 
(7). 

GROVER C. STEPHENS 
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Applicability of Hodgkin-Huxley 

Model to Experimental Data from 

the Giant Axon of Lobster 

Abstract. This mathematical model of 
the squid giant axon has been modified 
to duplicate action potentials of lobster 
axons. An increase of the leakage poten- 
tial (Vt) by 22.6 millivolts increases the 
amplitudes of the resting potential, action 
potential and subthreshold response, and 
eliminates the undershoot. 

Although the form and magnitude of 
action potentials computed from the 
Hodgkin-Huxley model agree well with 
experimental data for the squid (/), 
they differ somewhat from action po- 
tentials recorded intracellularly from 
the lobster giant axon (2) or the cray- 
fish giant axon (3). The Hodgkin- 
Huxley model has an action potential 
20 to 25 mv too low to fit the data 
for crustaceans, and both the shape of 
the falling phase of the action potential 
and the magnitude of the subthreshold 
response are different. In the model 
(Fig. 1A) and in experimental data for 
excised squid axon, there is an “under- 
shoot” immediately following the ac- 
tion potential—a transient hyperpolari- 
zation of approximately 12 mv (4). 
Such an undershoot is not normally 
present in the lobster or crayfish action 
potentials. The latter return either di- 
rectly to the resting potential, or, in 
some cases, more slowly, with a “de- 
layed repolarization.” Recent experi- 
ments (5) indicate that the magnitude 
of the subthreshold response which just 
fails to initiate an action potential is 
considerably larger in the lobster axon 
than that shown in the mathematical 
model. Finally, the 60 mv absolute 
testing potential of squid axons (6) is 
10 to 15 mv lower than the values for 
crustaceans. 

Analog computations (7) were made 
with a modified Hodgkin-Huxley model 
in order to duplicate the experimental 
data for crustaceans. The experimental 
action potentials were propagated nor- 
mally, while a space clamp with con- 
trolled current was assumed for the 
theoretical ones. However, the latter 
nonpropagated curves closely resemble 
theoretical propagated action poten- 
tials, which are much more difficult to 
compute (J, 8). 

In the normal MHodgkin-Huxley 
model, in addition to the sodium and 
potassium currents, a third “leakage” 
current is carried by other (unspecified) 
ions, and is represented by a leakage 
potential (Vx) in series with a constant 
leakage conductance. In the standard 
equations, the resting potential is taken 
as zero, Vi is —10.6 mv, and the potas- 
sium potential (Vx) is +12 mv. After 
excitation, during the undershoot, V 
momentarily approaches Vx« before re- 
turning to zero. 
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Figure 1B shows an analog computer 
solution to the equations with V1 
changed so as to equal Vx. In this case 
the new resting potential nearly equals 
Vx (an increase of 12 mv), and after 
the action potential, V returns immedi- 
ately to this value, with no undershoot 
or delayed repolarization. The total ac- 
tion potential relative to the resting 
level is increased by about 20 mv, 8 mv 
of which results from a change in peak 
potential. The dashed lines indicate the 
original levels of resting and peak po- 
tentials. This computed action potential 
agrees very well with experimental data 
from the lobster and crayfish axons 
with respect to the magnitudes of the 
resting potential and action potential, 
and the shape of the falling phase. 

The delayed repolarization, which is 
sometimes seen in the crustacean axons, 
can be mimicked by a further change 
in Vi to +20 mv (Fig. 1C). An even- 

A. 

-100 
Vv =-10.6 mv. 
3 

mv. 

Oo 1 2 3 
msec. 

tual return to the resting potential oc- 
curs, but it is too slow to show in this 
figure. There are also further increases 
in the magnitudes of the action and 
resting potentials. 

A change in V: also produces changes 
in the magnitudes of subthreshold re- 
sponses which more closely agree with 
reported experimental values (5) than 
do those from the original equations. 
In the lobster axon, the reported mean 
value of the maximum subthreshold 
response is 23 mv, a value which closely 
agrees with that computed for Vi = 
+20 mv (Fig. 2B). Experiments with 
the lobster giant axon in low sodium 
show that this treatment produces an 
increase in the magnitude of the sub- 
threshold response and in its rate of 
fall. This effect appears in Fig. 2C, 
where the sodium potential (Vxa) has 
been decreased, to mimic experimental 
reduction of external sodium. 

A. Vv = -10.6 mv. 
| | 

-50 

mv 

fe) 

V = + 20 mv. 
L 

B i VNa 115 mv. 

50 

mv. 

fe) 

Vv. +20 mv 

Cc. Vv =-50 mv 
Na 

50 

mv 

ce) 

.2) " 2 3 msec. 

Fig. 1 (left). Analog computer solutions of the Hodgkin-Huxley equations, with tem- 
perature coefficients set for 12°C. A, Standard equations, with the leakage potential 
(Vx) at its normal value of —10.6 mv. B, Vi equal to the potassium potential (Vk = 
+12 mv). C, Vi = +20 mv. The distance between dashed lines in B and C shows 
the original height of the action potential as computed in A. Fig. 2 (right). Analog 
computer solutions of the Hodgkin-Huxley equations, with stimuli just above and below 
threshold. A, Standard equations, V. = —10.6 mv. B, Vi = +20 mv. Sodium potential 
(Vxa) at normal value of —115 mv. C, Vi = +20 mv; Vxx = —50 mv. The zero milli- 
volt scales in B and C have been shifted to a new resting level, which differs from that 
in A by 18 mv. 
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If instead of changing V1, the leak- 
age conductance is changed to zero, 
the theoretical resting potential changes 
from zero nearly to Vx, as in Fig. 1B. 
Low signal levels in the analog com- 
puter, however, prevented accurate 
computation of this alternative modifi- 
cation. 

We conclude that a change in one 
parameter (Vx) of the Hodgkin-Huxley 
equations is sufficient to describe ex- 
perimental potential curves of lobster 
and crayfish giant axons (8, 9). 

J. C. DALTON 
Department of Biology, University 
of Buffalo, Buffalo, New York 

R. FirzHuGuH 
National Institute of Neurological 
Diseases and Blindness, Bethesda, 
Maryland 

References and Notes 

1. A. L. Hodgkin and A. F. Huxley, J. Physiol. 
(London) 117, 500 (1952). 
J. C. Dalton, J. Gen. Physiol. 41, 529 (1958). 

, ibid. 42, 971 (1959). 
In action potentials recorded in vivo from 
the squid, the undershoot decays very slowly 
and may be entirely absent in the normal 
axon (J. W. Moore and K. S. Cole, J. Gen. 
Physiol., in press). 

5. J. C. Dalton and D. J. Houck, in preparation. 
It should be noted that the experimental re- 
sults have been corrected by a subtraction of 
the passive anodal response, while the com- 
puted results have not been so corrected. 

6. A. L. Hodgkin, Biol. Revs. Cambridge Phil. 
Soc. 26, 339 (1951); A. L. Hodgkin and A. F. 
Huxley, J. Physiol. (London) 116, 449 (1952). 
R. FitzHugh, J. Gen. Physiol., in press. 
R. FitzHugh and H. A. Antosiewicz, J. Soc. 
Ind. Appl. Math., in press. 

9. This study was supported in part by research 
grant B-1748 from the National Institute of 

WN 

en 

Neurological Diseases and _ Blindness, Na- 
tional Institutes of Health, U.S. Public 
Health Service. We thank Dr. W. Knox 
Chandler for his assistance in obtaining some 
of the analog computer solutions. 

21 December 1959 

Prehistoric Copper Objects 

from Western Mexico 

Abstract. A_ series of Pre-Columbian 
copper artifacts from Nayarit, Mexico, is 
analyzed. Evidence of deliberate alloys 
is negative, but the specimens are impor- 
tant as early examples of metal working 
in Mesoamerica. 

Recent excavations in the state of 
Nayarit on the Pacific coast of Mexico 
have yielded a large number of objects 
made of copper. The objects, over 100 
in all, come from three different pre- 
historic sites in the vicinity of Santiago 
Ixcuintla, near the settlements of Amapa, 
Coamiles, and Pefitas. All the arti- 
facts, which include awls, eyed needles, 
bells, small sheets or “slugs” of metal, 
and a finger ring, were recovered in 
controlled excavations made under the 
auspices of the University of California, 
Los Angeles, under permit from the 
Instituto Nacional de Antropologia e 
Historia, Mexico. 
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Table 1. Pre-Columbian copper artifacts from Nayarit, Mexico. Chemical analysis of samples 739, 
342, 455, and 601 was carried out by Dave Ross (U.C.L.A.). The specimens were examined spectro- 
scopically before analysis; Cu was determined electrolytically, Ni by precipitation with dimethyl- 
glyoxime, and As through distillation as the trichloride followed by titration with iodide. These 
pieces were cleaned of surface corrosion products before analysis. Sample 1256 was examined by 
x-ray fluorescence through the courtesy of Larry Knight (U.C.L.A.). Nothing but Cu was recorded. 
Samples 1246, 3120, and 3310 were analyzed by high mass spectrometer through the courtesy of the 
California Research Corporation. These samples were badly corroded, and surface encrustation was 
not removed; hence a high reading for corrosion products was obtained. +, Trace; —, absent. 

Percentage of component by weight 

No. Site Object Size (cm) Dirt and 
Fe Ni As WwW Ag corrosion 

products* 

Chemical analysis 
739 Pefiitas Celt 14.2 x 4.5 X 1.6 98.35 4. + 1.50 - ~ 
342 Penitas Tip of 

awl 0.19 (diam.) 99.42 _ - - a _ 
455 Pefiitas Sheet 

copper <a t T T : All 
601 Coamiles Needle 

with 
eye 11 X 0.2 99.63 _ a = + — 

X-ray fluorescence 
1256 Amapa Oval 

slug 6.4 X 3.6 X 0.3 98+ 
Mass spectrometry 

1246 Amapa Sheet 
copper 4.0 X 3.5 X 0.1 70.33 0.34 - - = 0.10 29.23 

3120 Amapa Bell 1.5 (diam.) 33.94 0.96 - — oe 65.10 
3310 Amapa Bell 1.0 (diam.) 72.20 0.57 _- - - 0.17 27.06 

*Si, O, Na, Mg, Al. + Could not be analyzed. 

Copper artifacts have also been re- 
ported from Sinaloa (/), and as far 
north as Arizona and New Mexico (2), 
where well over 100 objects have been 
found in scattered archeological sites. The 
Arizona—New Mexico finds, formerly 
believed to have been manufactured 
locally, are now generally considered 
to be trade pieces from Mexico since 
they are identical in form and manu- 
facture to Mexican specimens. The 
location of the prehistoric copper mines 
is not known, although they were no 
doubt somewhere in the Sierra Madre 
Occidental, possibly in the state of 
Durango. 

The Nayarit specimens are of interest 
because many of them were found in 
mounds of domestic refuse, showing 
that copper artifacts were in common 
use. The dating also appears to indicate 
that the use of copper is more ancient 
on the west coast than in central 
Mexico, suggesting that knowledge of 
metallurgy may have originated in the 
west coast area. 

The chronology is uncertain, but 
copper; artifacts from Nayarit are 
found .ssociated with pottery that is 
presumably Late Classic and Early Post- 
Classic in date—something to be 
equated with the Mazapan horizon in 
central Mexico. According to the dat- 
ing system based on the Spinden cor- 
relation, the bulk of the copper objects 
were made between a.D. 700 and A.D. 
1100. Copper objects seem -to have 
reached southern Arizona by a.D. 900 
and northern New Mexico by a.D. 1000 
or 1100; it would not be surprising if 
they originated in western Mexico at a 
somewhat earlier time. This system 
yields a consistent if highly speculative 

chronology, since we do not have firm 
dates for the first appearance of copper 
in any of the regions mentioned. 

A couple of broken copper artifacts 
from Nayarit showed a yellowish color, 
suggesting the possibility of alloys with 
other metals. Deliberate alloys are not 
generally found in Mesoamerica, and 
the most important technological alloy, 
bronze, although known in the Andean 
area, has not so far been found in 
Mexico. Accordingly, several examples 
were analyzed; the results (obtained 
at different times by different methods) 
are given in Table 1. All of the objects 
analyzed proved to be essentially pure 
copper. The only exceptional piece is 
a copper celt (No. 739) which contains 
1.5 percent arsenic. This is probably 
too small an amount to permit the 
sample to be considered a deliberate 
alloy, although it may be significant 
that this is the only specimen containing 
arsenic and is also the only “heavy 
duty” tool among the objects examined. 

In addition to the copper objects 
mentioned, both gold and silver arti- 
facts (the latter exceedingly rare in 
Mexico) have been found in Nayarit. 
Traces of gold leaf were found in the 
excavations at Amapa, but no speci- 
mens have been analyzed. 

CLEMENT W. MEIGHAN 
Department of Anthropology and 
Sociology, University of California, 
Los Angeles 
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Meetings 

Near Eastern Prehistory 

A seminar on “The Early Appear- 
ance and Development of Agricultural 
Communities in Iran and Southwestern 
Asia” was held in the Institute of Ar- 
cheology of the University of Tehran, 
15-25 February 1960, under the chair- 
manship of Dean A. A. Siassi, with 
Robert J. Braidwood and Ezat O. 
Negahban as co-chairmen. The session 
was organized to take advantage of the 
presence, in or near Tehran, of a num- 
ber of prehistoric archeologists and 
natural historians, both foreign and 
Iranian, and to consider new evidence 
bearing on Near Eastern prehistory (J). 
Background papers were submitted by 
Pierre Bessaignet (UNESCO), Linda 
and Robert J. Braidwood (Chicago), M. 
L. Dewan (FAO), M. H. Ganji (Teh- 
ran), R. Ghirshman (Delegation Ar- 
chéologique Frangais en Perse), Bruce 
Howe (Harvard), Indu Shekhar (Teh- 
ran), Ezat O. Negahban (Tehran), H. 
Pabot (FAO), Charles A. Reed (Illinois), 
E. H. Rieben (FAO), D. Sheikhnia 
(Tehran), M. L. Smith and L. Aksoy 
(CENTO Institute of Nuclear Science), 
L. Van den Berghe (Ghent), P. J. Wat- 
son (Chicago), and R. A. Watson (Min- 
nesota). 

In the general sessions, beginning 
with the appearance of Acheulean type 
hand-axes (in Iran as well as in south- 
western Asia generally) about 100,000 
years ago, Howe described a trend to- 
wards increasing cultural complexity 
and variety as time went on. Following 
Acheulean types of tools of wide dis- 
tribution and uniform type, there came 
the Mousterian industry, which begins 
to vary regionally. A date might center 
around 60,000 years ago. Next came 
the even greater variance in industries 
of the Upper Paleolithic blade tool tra- 
dition, ending in a flourish of micro- 
lithic tools. This stage covered the re- 
mainder of the last glacial period, from 
about 40,000 to 15,000 or even 12,000 
years ago. Howe then considered the 
archeological traces of the very inter- 
esting transitional range of the next 
2000 years, for which little open sites 
yield traces of intensified food collec- 
tion. In a theoretical sense this transi- 
tional period must contain the incipient 
phases of plant and animal domestica- 
tion. However, the archeological evi- 
dence for this period is so slight that 
its elements of food production cannot 
yet be defined. Indeed, the artifactual 
material appears still to be a part of the 
previous tradition associated with food 
collectors. It is rather by hindsight from 
the next stage that we postulate this in- 
cipient stage. 

In his account of the first bona fide 

traces of the village farming commu- 
nities. Braidwood wondered if a re- 
versal of the trend towards regional in- 
tensification might not now be ob- 
served. In considering archeological 
evidence for the earliest village farming 
communities the following factors must 
be borne in mind. 

1) Increased size and depth of accu- 
mulation, including house structures, 
indicating permanence, stability, and at 
least eventual population increase. Eth- 
nological data suggest that there may 
be a few exceptions to a general rule 
that these features imply food produc- 
tion. 

2) The so-called “neolithic” traits— 
ground stone (for example, celts and 
milling stones), pots, weaving, and so 
on—probably suggest new species and 
genera of tools which attend establish- 
ment of the village farming community. 
Certain of these traits now appear to 
have entered the record at different 
times, either before or after the achieve- 
ment of food production; but, Braid- 
wood asked, “Would a constellation of 
these traits have been possible without 
(i) an assured and surplus food supply, 
(ii) circumstances which allowed the 
rise of specialist craftsmen, (iii) a blur- 
ring of Howe’s regional specialization 
as trade, and even an exchange of ideas 
beginning to be evidenced?” 

3) Obvious proof of the village farm- 
ing community stage depends on the 
contextually certain traces of the plant 
and animal domesticates. 

4) Slightly weaker evidence of the 
village farming community stage would 
be artifacts for which the simplest ex- 
planation suggests techniques of food 
production. 

Along with the immediate conse- 
quences which these four points sug- 
gest, there must have come _ vast 
changes in other realms of human cul- 
ture. Matters of art, religion, politics, 
law, the moral order are at issue, but 
we have much more to learn before sig- 
nificant reconstructions of these can be 
made. 

Next Negahban approached the ques- 
tion of whether the formative and 
earliest stages of the village farming 
community way of life may be identi- 
fied on the Anatolian and Iranian pla- 
teaus. Strong typological suggestions of 
this early stage have been gathered 
from the Iranian plateau, but their seri- 
ous study is impeded by lack of excava- 
tion into deposits of this stage. He next 
explained the archeological evidence 
of the well-formed village farming 
communities known from some eight 
sites in two subdivisions of cultural de- 
velopment, a northern and a southern 
one. He then posed certain questions 
regarding factors in the transition from 
food collecting to food production. He 
asked: (i) What was the effect of cli- 

SCIENCE, VOL. 131 



ymu- me i ¥ 
| Te 4 cal DIFCO} 
al in- 

- hk gical 
Deh drated ming MICROSCOPIC y 

— SLIDE LABELIN 4 
. Culture Media 

accu- | 

ures DIFCO 
nd at 
Eth- 
may The utmost in efficiency and economy in 
rule the bacteriological laboratory is realized 

oduc- through use of Dehydrated Culture Media, 
Difco. 1its— 

3 and Convenience—any medium can be instantly prepared. 
nd a Stability—media can be kept without deterioration. 
S an ere : ae ‘ 
blish- Availability—each medium is instantly available. 
unity. Completeness—no additional ingredients are required. 

sar to Fast—convenient and ac- “tissue - high" _ thickness. Uniformity—successive lots are identical. 
ferent corset Simply pull toh ey a Comparability—dependable, comparative studies are 
hieve- and label _ ear aa aaa possible in widely separated laboratories over long 

at pressure - sensitive abe rking. abels er . — . . . 
Braid- Gre:\disperaed. one ct a Gna aa periods of time when standardized Difco Products 
on of time and are available in 7%" x %" plain or pre- are employed. 
ithout two sizes; standard and printed. 
upply, Specify “DIFCO” 
d the 
. blur- \ Write for detailed information and the 
zation name of your nearest TIME distributor. Dept. RM DIFCO LABORATORIES 

F ideas Ys s+-srcavas DETROIT 1, MICHIGAN 
LABEIS/ eroressionat Tare co., inc. 

farm- winrecoarte/ 355 Burlington Ave. 2 Riverside, Ill. 
yn the 
: plant ys 

ot the | Wherever Material Values Count— 
would WN " 
would | AS IN “OPERATION DEEP FREEZE 

f food - 

you find Foekel products! 
conse- 
ts sug- / ‘ 
aa The following were chosen as part of 
1s ome research equipment for use at 
olitics | McMURDO BASE, ANTARCTICA: 

je, but SOG 

ne sig , @ BOEKEL CONSTANT 
can be 

TEMPERATURE OVENS 

ie ques- For sterilizing, drying, con- #1374 Washer and rack 
re and ditioning and _pre-heating, 

i these ovens supply a con- armin 
identi stant temperature of 35° to BOEKEL PIPETTE 

y 200°C, with a sensitivity of 
an pla- *1°C. Uniformity within WASHER AND DRYER = #1372 Dryer 
ions of the chamber depends on the In the Boekel Washer, a continuous supply 
athered load. Strategically placed of fresh water flows through the fragile 

‘ : coils operate at black heat pipettes cleaning them quickly and safely. 
at for maximum efficiency and In the Boekel Dryer, circulating hot air 
excava- longer life. Sterilizing tem- rn a evaporates moisture from all sur- 

He next peratures attained in ap- a eee aed P 
vidence proximately one hour. A eres an uno atable team—to save ime, 
farmitié choice of 5 models available. saepnaisen Bhi nentanen 

e eight Complete descriptions on request. uf 
ural de- 
outhern ae 
uestions BOEKEL PRODUCTS ARE KNOWN BY THE TRADE MARK sy DISTRIBUTED THROUGH LABORATORY SUPPLY DEALERS 
yn from : ’ 
ion. He 
of cli- Manufactured by WM. BOEKEL & CO., INC. PHILADELPHIA 6, PA. 

VOL. 131 20 MAY 1960 1537 



matic change, if it occurred on the ac- 
tivities of man in developing this new 
way of life? (ii) What was the effect of 
a deterioration of plant and animal re- 
sources, if it occurred, and did it impel 
man towards a new type of food quest? 
Considering these points, one asks: To 
what degree had man as an increasingly 
successful food collector become a de- 
stroyer of the natural environment? 

Shekhar then painted a picture of the 
brilliant achievement of a later, and 
urban, civilization in the Indus Valley. 
Again, lack of information prevents our 
knowing what were the antecedents of 
this civilization. The question of the 

formation of the Indus Valley civiliza- 
tion is one of the great challenges fac- 
ing archeology today, and work in 
India, Pakistan, and Iranian Baluchi- 
stan will be required before it is met. 
The available materials from both 
northern and southern Baluchistan sug- 
gest directions for further research. 

Next, as the seminar turned its at- 
tention to the paleo-environment, P. J. 
Watson took up the artifactual and 
nonartifactual traces of food produc- 
tion in southwestern Asia. This dis- 
cussion was based upon her ethnologi- 
cal investigations into present-day non- 
mechanized agricultural procedures as 
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well as on her knowledge of the arche- 
ological record. Such artifacts as dig. 
ging stick weights, stone sickle blades, 
grindstones, and wheat and barley were 
singled out. The point was made that 
these last two items as domesticates 
were, in fact, artifacts and no longer 
nonartifactual material. Combining her 
impressions of present-day nonmechan- 
ized procedures with the implications to 
be drawn from the artifacts, she ar- 
rived at a reconstruction of early food 
production that shares many elements 
with today’s practices of planting, reap- 
ing, threshing, and winnowing. Such 
items as the animal-drawn plow, the ro- 
tary quern, and the metal sickle, are, of 
course, not present in the earliest stages. 

Further exploration of the paleo- 
environment followed in Reed’s con- 
sideration of the animals of the perti- 
nent area and time range (2). Provoca- 
tively describing man’s place in nature 
from the zoologist’s point of view, Reed 
emphasized the importance of the nat- 
ural habit of social behavior among 
those animals which became domesti- 
cated. The cat appears to be a single 
exception. Reed defined domestic ani- 
mals as those whose reproduction man 
controls. It follows that they also are 
artifacts. Since the social behavior of 
the potential domesticates must be as- 
sumed to be some millions of years old. 
it is striking that, with this preadapta- 
tion, domestication was so long delayed. 
Reed favored the uplands about the 
Fertile Crescent as the locale for early 
domestication and, on the archeological 
record to date, showed that the dog and 
the goat were present in domesticated 
form at both Jarmo in Iraq and Jericho 
in Palestine at a date which he took to 
be about 8500 years ago. On present 
evidence, Reed rejected both the no- 
tion of climatic change and changes in 
human physical type as determinative 
factors in animal domestication. He saw 
the achievement of a necessary but un- 
specified level of cultural evolution as 
the requisite for domestication, thereby 
throwing the problem back upon the 
archeologists. He also concluded that 
animals were domesticated after 
permanent human settlements were 
achieved and that plant domestication 
may well have preceded animal domes- 
tication. 

Next followed a joint consideration 
of the physical factors in the paleo-en- 
vironment by R. A. Watson, Dewan, 
and Ganji. Watson supposed that ar- 
cheologists expect aid of geologists in 
geochronological dating and in the re- 
construction of past climate and physi- 
cal environments. Before adequate geo- 
logical aid can be given, he averred, 
two things would be needed. Much fut- 
ther study and description of the gen 
eral geomorphological features of south 
western Asia will be necessary. This 
will also involve reassessment of the 
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older, simplistic generalizations on such 
features as end-Pleistocene lakes, sand 
dunes, fluvial and marine terraces, and 
glacial and periglacial phenomena. 

Dewan emphasized that, of the whole 
range of soils to be found in south- 
western Asia, those most pertinent to 
early agriculture would be the alluvial 
soils and the brown soils. He described 
their characteristics, properties, and dis- 
tribution. These data he covered in 
much more detail in his very useful 
background paper. 

In elaborating on his own useful 
background paper, Ganji also em- 
phasized the limitations of present cli- 
matic data in arriving at a detailed pic- 
ture of present climate for southwest- 
ern Asia. Thus, the projecting of cli- 
mate into the past is that much more 
difficult. However, it is clear that gross 
climatic change within the last 10,000 
to 15,000 years is not evidenced, al- 
though frequent minor cyclic variations 
can be traced. Ganji urged attention to 
the paleobotany of grains as a clue to 
understanding past climates. He sum- 
marized his observations on Iran in two 
detailed maps, one of rainfall and one 
of his adaptation of the Koeppen sys- 
tem for delineating the climate as ap- 
plied to Iran. 

Although diffident about discussing 
paleobotanical matters, Pabot made 
stimulating contributions to the central 
question of the seminar. He suggested 
that the wild wheats may have a distri- 
bution slightly further to the southeast 
of the Kermanshah area than those 
shown on Helbaek’s map of 1959 (3). 
He also stated that he had never ob- 
served wild wheat throughout the coun- 
try of the Syrian saddle except below 
the latitude of the Beirut-Damascus 
road. Southern Turkey is not under con- 
sideration here. He further stated that 
he would not expect the plant com- 
munities of the lush East Mediterranean 
strip or those of the Caspian or Black 
Sea littorals to have included the wild 
wheats, although he added that, in his 
opinion, the presently suggested proto- 
types of wheat are not yet proved to 
have been the ancestors of the domesti- 
cates. Pabot was firmly convinced that 
the present natural habitat of the wild 
wheats lies above approximately 1000 
meters. He also made stimulating com- 
ments about how the wild grains may 
have been taken into domestication and 
first utilized. He remarked that the 
wheats under primitive conditions may 
have been rather rare grains and are 
adapted to areas of disturbed soil con- 
ditions. Furthermore, the reaping proc- 
ess could have involved plucking plants 
out by the roots. Interestingly, Pabot 
concurred with the notions of Reed and 
of the archeologists that the transition 
to cereal domestication may have taken 
about 2000 years. 
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Sheikhnia then emphasized the im- 
portance of the forest trees and of fruit 
trees and viticulture in the development 
of the village farming community way 
of life. 

Rieben posed a very interesting prob- 
lem which he reziized was not imme- 
diately relevant to the purpose of the 
seminar but which is, nevertheless, of 
potentially great importance. He de- 
scribed nearly horizontal layers of mud 
and gravel just east of Tehran. These 
features might represent either an ex- 
tinct lake beach or the trace of a more 
recent large artificial canal. 

Smith discussed in general terms the 
potential contribution to archeology of 
the physical sciences, considering mat- 
ters of identification, utilization of ma- 
terials, and physical chronologies. He 
clearly described the radioactive carbon 
method of age determination, noting 
the degree of physical and statistical 
error which is necessary in expressing 
the age determination. Even more im- 
portant is the possibility of contamina- 
tion of samples in situ which might re- 
sult in larger degrees of error than 
those expressed by the statistical for- 
mula. The still remote possibilities for 
dating baked-in-place pottery by means 
of the earth’s magnetism were dis- 
cussed. The possibilities for identifica- 
tion of materials by neutron activation 
and beta-ray back scatter were also con- 
sidered. 

Bessaignet introduced the subject of 
the pertinence of social-anthropological 
studies to archeological interpretation, 
noting the cautions necessary in extra- 
polating backwards from present-day 
tribal behavior to a reconstruction of 

| past social organization. 
In originally proposing the seminar 

the co-chairmen had hoped that it 
might clarify understanding of how and 
under what circumstances man, for the 
first time in his history, achieved food 
production and settled community life 
in southwestern Asia. One of the most 
important challenges in any scientific 
research is that of finding how to pose 
the questions properly for further re- 
search, and it was the firm conviction 
of the organizers of this seminar that 
the questions had become more clear. 
The proceedings of the seminar will be 
published by the Institute of Archeol- 
ogy of the University of Tehran. 

RoBERT J. BRAIDWOOD 
University of Chicago, 
Chicago, Illinois 

BRUCE HOWE 
Harvard University, 
Cambridge, Massachusetts 

EzaT O. NEGAHBAN 
University of Tehran, Tehran, Iran 

References 
1. R. J. Braidwood, Science 127, 1419 (1958). 
2.C. A. Reed, ibid. 130, 1629 (1959). 
3, H. Helbaek, ibid. 130, 365 (1959). 

20 MAY 1960 

APPLIED PHYSICS CORPORATION - 

2.62 

OA/second 

FUNDAMENTAL OH STRETCHING 
WATER BANDS 

FUNDAMENTAL OH STRETCHING 

WATER BANDS 

RANGE: 2.50-2.65 microns RESOLUTION: 1 cmi' (GA) 

The above curve illustrates the high resolution that users of 
Cary Model 14 Spectrophotometers are getting for measurements 
in the near-IR region. The Model 14’s ability to resolve such fine 
structure is a feature not ordinarily found in a general purpose 
instrument having a wide wavelength range (1860 A-2.65 microns). 
In most of the ultraviolet-visible region, resolving power of the 
Model 14 is better than 1A. 

High resolving power is just one of many features that make 
the Model 14 so useful. A broad wavelength range, a wide choice 
of scanning and chart speeds, accommodation of a variety of types 
and sizes of sample cells, stray light of less than 1 ppm, photo- 
metric reproducibility better than .004 in absorbance even at high 
absorbance, and many special accessories suit the Model 14 to a 
wide variety of spectrophotometric problems requiring fast, accu- 
rate analyses. These and other performance features have made 
it the preferred recording spectrophotometer of leading research 
laboratories throughout the world. 

Details of these benefits and a 
complete specifications on the 

Model 14 are yours for the 
asking. Write for Data File E12-50 

Ae) RD 

2724 SOUTH PECK ROAD «+ MONROVIA, CALIFORNIA 

1541 



& 
€ 

MORT ON stainless steel 

CULTURE TUBE 

CLOSURE* 

THE PROVEN REPLACEMENT 
FOR COTTON PLUGS 

Grip culture tubes with patented pressure fingers 
@ Assure reduced evaporation of culture media 
@ Provide adequate aeration for culture @ Resist 
corrosion and retain resilience @ Reliably prevent 
contamination. *U., S. Pat. No. 2,287,746 

WRITE TODAY FOR BROCHURE C-3 

“icewves, BELLCO GLASS INC. 
VINELAND, NEW JERSEY 

ELECTRONIC 

CONTROLLED HELLER 

LAB MIXER 

j 4 
li 

» | 

PROVIDES: 

e CONSTANT TORQUE 

e VARIABLE DC SPEEDS 

FROM AC LINES 

e Thyratron tubes on the 
Heller GT-21 controller sup- 
ply demanded current by 
converting power in stepless 
variation to the direct cur- 
rent motor. Assures con- 
stant torque as mixes become 
either viscous or fluid. Vari- 
able, reversible motor has 
direct and gear drive. Arma- 
ture shaft speed, 0-5000 rpm. 
Gear shaft 18:1 ratio. Chuck, 
shafts, 3-step pulley included, 

Complete with $ 
attachments 
F.0.B. Las Vegas 

Order from your Laboratory Supply Dealer or write- 

GERALD K. HELLER CO. 

1819 Industrial Road Las Vegas, Nevada 

Multi-layer 

Interference Films 

for dichroic and achromatic beam splitters and filters. 
High efficiency. Relatively wide band. 

MULTI-LAYER HEAT DEFLECTORS 
XUR-96. Reflects substantial portion of infrared spectrum 
while transmitting nearly all of the visible radiation. 

#6143. Colorless, non-absorbing filter. Completely removes 
the ultra-violet and reflects the infrared. Transmits about 
90% from 425 to 700mu reflecting longer wavelengths. Half 
transmission points at 412mu and 725mu. 

Cold Mirror IRT-211. To reflect visible radiation from 400 
to 700mu and transmit from 725 to 1200mu and longer. 

Ask for Bulletin MI-318 
ry 

LOW REFLECTING COATING 
Double and triple layer with minimum reflection. Increases 
transmission to 9 micron on Germanium and Silicon. 

ELECTRICALLY CONDUCTING COATING 
Colorless, transparent. Resistance of 800 ohms per square 
while maintaining over 95% light transmission. 
ANTI-STATIC FILMS RF SHIELDING FILMS 

Colorless, 97% transmission. 

Write for further information 

Fish-Schurman Corp., 74 Portman Road, New Rochelle, N.Y. 

1542 

Direct Measurement 

of Difference in 

Refractive Index 

The New Brice-Phoenix Differential 

Refractometer uses a split cell to 

measure the difference in refractive 

index between a dilute solution and 

its solvent. 

Limited sensitivity 3 X 10—*. 

PHOENIX PRECISION INSTRUMENT COMPANY 

3805 N. 5th St. Phila. 40, Pa. 

SCIENCE, VOL. 131 



ANY 

Pa. 

———— 
VOL, 131 

Forthcoming Events 
June 

8-10. Canadian Federation of Biological 
Societies (Canadian Physiological Soc., 
Pharmacological Soc. of Canada, Canadian 
Assoc. of Anatomists, Canadian Biochemi- 
cal Soc.), 3rd annual, Winnipeg, Manitoba. 
(E. H. Bensiey, Montreal General Hospital, 
1650 Cedar Ave., Montreal 25, P.Q.) 

8-11. National Soc. of Professional En- 
gineers, annual, Boston, Mass. (P. H. 
Robbins, NSPE, 2029 K St., NW, Wash- 
ington 6) 

8-12. American College of Chest Phy- 
sicians, Miami Beach, Fla. (M. Kornfeld, 
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ogy, 3rd annual conf., Winnipeg, Mani- 
toba. (W. J. Eva, Box 846, Winnipeg. 
Manitoba) 
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9-11. Acoustical Soc. of America, Provi- 
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St., New York 17) 

9-1/1. Endocrine Soc., Miami Beach, 
Fla. (H. H. Turner, 1200 N. Walker, Okla- 
homa City 3, Okla.) 

9-11. National Speleological Soc., an- 
nual, Carlsbad, N.M. (G. W. Moore. U.S. 
Geological Survey, Menlo Park, Calif.) 

9-12. American Medical Women’s 
Assoc., Miami Beach, Fla. (Mrs. L. T. 
Majally, 1790 Broadway, New York 19) 

9-12. American Rheumatism Assoc., an- 
nual, Hollywood-by-the-Sea, Fla. (F. E. 
Demartini, Presbyterian Hospital, 622 W. 
168 St., New York 32) 

9-12. American Therapeutic Soc., Miami 
Beach, Fla. (O. B. Hunter, Jr., 915 19 St.. 
NW, Washington 6) 

10-12. American College of Angiology, 
) Miami Beach, Fla. (A. Halpern, 11 Hamp- 

ton Court, Great Neck, N.Y.) 
10-12. American  Electroencephalo- 

graphic Soc., Boston, Mass. (G. A. Ulett, 
1420 Gratten St., St. Louis 4, Mo.) 

10-12. Society for Biological Psychiatry, 
Miami Beach, Fla. (G. N. Thompson. 2010 
Wilshire Blvd., Los Angeles 57, Calif.) 

Il. American Acad. of Tuberculosis 
Physicians, Miami Beach, Fla. (G. P. 
Bailey, P.O. Box 7011, Denver 6, Colo.) 

1]-12, American Diabetes Assoc., Miami 
Beach, Fla. (J. R. Connelly, 1 E. 45 St., 
New York 17) 

11-16. American Soc. of X-ray Tech- 
nicians, Cincinnati, Ohio. (G. J. Eilert, 16 
Fourteenth St., Fond du Lac, Wis.) 

12. Society for Vascular Surgery, Miami 
Beach, Fla. (G. H. Yeager, 314 Medical 
Arts Bldg., Baltimore 1, Md.) 

12-15. American Nuclear Soc., 6th an- 
nual, Chicago, Ill. (O. Du Temple, ANS, 
c/o John Crerar Library, 86 E. Randolph 
St., Chicago 1) 

12-15. American Soc. of Agricultural 
Engineers, Columbus, Ohio. (J. L. Butt, 
P.O. Box 229, St. Joseph, Mich.) 

12-16. Cancer Research, 4th Canadian 
conf. Honey Harbour Ontario, Canada. 
(R. L. Noble, Collip Research Laboratory, 
Univ. of Western Ontario, London, On- 
tario, Canada) 

20 MAY 1960 

12-17. Association for Research in 
Ophthalmology, Miami Beach, Fla. (L. V. 
Johnson, 10515 Carnegie Ave., Cleveland, 
Ohio) 

_ 13-14, Technical Writing Improvement 
Soc., 5th Southern Calif. Industrial Writ- 
ing Inst., Los Angeles, Calif. (J. L. Kent, 
TWIS, P.O. Box 5453, Pasadena, Calif.) 

13-15. American Neurological Assoc., 
Boston, Mass. (M. D. Yohr, 710 W. 168 
St.,. New York 32) 

13-15. American Soc. of Heating, Re- 
frigerating and Aijr-Conditioning Engi- 
neers, 67th annual, Vancouver, B.C. (E. R. 
Searles, ASHRAE Journal, 234 Fifth Ave., 
New York 1) 

13-15. Chemical Inst. of Canada, 43rd 
conf., Ottawa, Ontario. (CIC, 48 Rideau 
St., Ottawa 2, Ontario) 

13-15. Herpetologists League, Eugene, 
Ore. (A. M. Woodbury, 248 University 
St.. Univ. of Utah, Salt Lake City 2) 

/3-15. International Powder Metallurgy 
Conf., New York, N.Y. (K. H. Roll, Metal 
Powder Industries Federation, 60 E. 42 St., 
New York 17) 

13-15. Microscopy, natl. symp., Chi- 
cago, Ill. (Walter C. McCrone Associates, 
501 E. 32 St., Chicago 16) 

13-15. Society for Investigative Derma- 
tology, 21st annual, Miami Beach, Fla. (H. 
Beerman, SID, 255 S. 17 St., Philadelphia) 

13-17. American Medical Assoc., Miami 
Beach, Fla. (F. J. L. Blasingame, 535 N. 
Dearborn St., Chicago 10, Ill.) 

/3—17. Canadian Medical Assoc., 93rd 
annual, Banff, Alberta. (CMA, 244 George 
St., Toronto, Canada) 

13-17. International Conf. of Physio- 
Pathology of Animal Reproduction and 
Artificial Insemination, Amsterdam, Neth- 
erlands. (J. Edward, Milk Marketing 
Board, Thames, Surrey, England) 

13-17. International Cong. of Clinical 
Pathology, Madrid, Spain. (J. A. Garrido, 
Sandoval 7, Madrid) 

/3-17. Molecular Structure and Spec- 
troscopy, symp., Columbus, Ohio. (R. A. 
Oetjen, Dept. of Physics and Astronomy, 
Ohio State Univ., Columbus 10) 

13-18. AAAS Pacific Div., Eugene, Ore. 
(R. C. Miller, California Acad. of Sciences, 
Golden Gate Park, San Francisco 18) 

13-2 Sept. Gordon Research Confs., 
Meriden and New London, N.H. (W. G. 
Parks; Univ. of Rhode Island, Kingston) 

14-16. American Meteorological Soc., 
Eugene, Ore. (K. C. Spengler, AMS, 45 
Beacon St., Boston 8, Mass.) 

15-17. American Physical Soc., Mont- 
real, Quebec. Canada. (K. Darrow, APS, 
Columbia Univ... 116 St. and Broadway, 
New York, N.Y.) 

15-17. Mechanisms of Peroxide Reac- 
tions, conf., Providence, RI. (J. O. 
Edwards, Metcalf Research Laboratory, 
Brown Univ., Providence 12) 

15-24. International Union for Conser- 
vation of Nature and Natural Resources, 
Warsaw and Cracow, Poland. (H. J. Cool- 
idge, National Research Council, Wash- 
ington 25, D.C.) 

15-25, Large Electric Systems, intern. 
conf., Paris, France. (British National 
Committee, Thorncroft Manor, Dorking 
Rd., Leatherhead, Surrey, England) 

15-29. Nuclear Congress and Exhibition 
on Electronics and Atomic Energy, 7th 
intern., Rome, Italy. (Secretariat, Rassegna 
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Elettronica, Nucleare e della Cinemato- 
grafia, Via della Scrofa 14, Rome, Italy) 

16-17. National Colloid Symp., 34th, 
Bethlehem, Pa. (B. R. Ray, Dept. of Chem- 
istry, Washington State Univ., Pullman) 

16-18. American Scientific Glassblowers 
Soc., Sth annual conf., Pittsburgh, Pa. (W. 
E. Barr, Gulf Research & Development 
Co., P.O. Box 2038, Pittsburgh 30) 

16-18. Growth; Molecule, Cell, and 
Organism, intern. symp., Lafayette, Ind. 
(M. X. Zarrow, Dept. of Biological Sci- 
ences, Life Science Bldg., Purdue Univ., 
Lafayette, Ind.) 

17-19. American Soc. of Icthyologists 
and Herpetologists, Chicago, Ill. (R. 
Conant, Philadelphia Zoological Garden, 
34 St. and Girard Ave., Philadelphia 4) 

19-22. American Inst. of Chemical En- 
gineers, Mexico City, Mexico. (F. J. Van 
Antwerpen, AICE, 25 W. 45 St., New 
York 36) 

19-22. American Soc. of Mammal- 
ogists, annual, Tacoma, Wash. (B. P. 
Glass, Dept. of Zoology, Oklahoma State 
Univ., Stillwater) 

19-24. American Soc. of Medical Tech- 
nologists, Atlantic City, N.J. (Miss M. C. 
Wethington, 4221 Ann St., Saginaw 3, 
Mich.) 

19-25. American Library Assoc., Mont- 
real, Canada. (D. H. Clift, ALA, 50 E. 
Huron St., Chicago 11, III.) 

19-25. American Soc. of Civil Engi- 
neers, Reno, Nevada. (W. H. Wisely, 33 W. 
39 St., New York 18) 

20-22. Medicinal Chemistry, 7th natl. 
symp., Kingston, R. I. (J. J. DeFeo, Dept. 

of Pharmacology, Univ. of Rhode Island, 
Kingston) 

20-July 30. Mathematical Statistics and 
Probability, 4th symp., Berkeley, Calif. 
(Dept. of Statistics, Statistical Laboratory, 
Univ. of California, Berkeley 4) 

20-22. Society for the Study of Develop- 
ment and Growth, 19th symp., Waltham, 
Mass. (L. Jaffe, Biology Dept., Brandeis 
Univ., Waltham 54) 

20-23. Society for Applied Spectroscopy, 
11th annual symp., Chicago, Ill. (H. Wil- 
son, Continental Can Co., Inc., 7622 So. 
Racine Ave., Chicago 20) 

20-24. American Soc. for Engineering 
Education, Lafayette, Ind. (W. L. Collins, 
Univ. of Illinois, Urbana, III.) 

20-24. International Acad. of Pathology, 
London, England. (G. J. Cunningham, 
Royal College of Surgeons of England, 
London, W.C.2, England) 

20-24. National Inventions Exhibition 
and Creativity Conf. (Cleveland Engineer- 
ing Soc.), Cleveland, Ohio. (Cleveland En- 
gineering Soc., 3100 Chester Ave., Cleve- 
land 14) 

20-26. Congress on Nuclear Energy, 
Rome, Italy, (Comitato Nazionale per le 
Richerche Nucleari, Via Belisario 15, 
Rome, Italy) 

20-1. Air Force Missile Development 
Center and Univ. of New Mexico, series of 
seminars, Cloudcroft, N.M. (J. R. Foote, 
P.O. Box 1053, Holloman AFB, N.M.) 

22-24. Standards and Electronic Meas- 
urements, conf., Boulder, Colo. (J. F. 
Brockman, National Bureau of Standards, 
Boulder) 
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“LIGHT DUTY” BUT STRONG 

ENOUGH FOR LARGE po 

STIRRERS 

Here’s a low-priced, rugged, continuous duty stirrer for 
use where sparkless operation is required. Uses a shaded 
pole. Brushless motor with a built-in fan for continuous 
quiet running. Motor is more than strong enough for 
thoroughly agitating a the largest baths as it uses 55 

On-Off switch in line cord 4 feet from the motor. Stirrer 
has a precision, true running, collet type chuck for 1/4’ 
diameter rods, and stainless steel support rod 6’’ long for 
mounting on any standard laboratory stand. If used with 

a good con- 

$24.00 | 
Cat. No. S- 93475 T-Line Stirrer Light yet 

grey 

ALSO in the T-LINE: 
Two other light-duty models and 
two Heavy Duty Stirrers 

ACCESSORIES 
Paddles for narrow-necked ves- 
sels, three-bladed paddles, zig- 
zag paddles, extension sleeves 
and bars, adjustable chucks 

Send for Bulletin SB-169 
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22-25. Society of Nuclear Medicine, 
Estes Park, Colo. (T. P. Sears, V.A. Hos- 
pital, Denver 20, Colo.) 

25-5. First Intern. Cong. on Automatic 
Control, Moscow, U.S.S.R. (R. Olden- 
burger, Mechanical Engineering Dept. 
Purdue Univ., Lafayette, Ind.) 

26-1. American Physical Therapy | 
Assoc., Pittsburgh, Pa. (Miss J. Bailey, 157 
N. 79 St., Milwaukee 13, Wis.) 

26-1. American Soc. for Testing Ma- 
terials, Atlantic City, N.J. (R. J. Painter, 
1916 Race St., Philadelphia 3, Pa.) 

26-1. Mass Spectrometry, 8th annual, 
Atlantic City, N.J. (V. H. Dibeler, National 
Bureau of Standards, Washington 25) 

26-1. National Education Assoc., Los 
Angeles, Calif. (W. G. Carr, 1201 16 St., 
NW, Washington 6) 

26-2. American Physical Therapy 
Assoc., Pittsburgh, Pa. (Miss L. Blair, 1790 
Broadway, New York 19) 

27-29. Military Electronics, 4th natl. 
conv., Washington, D.C. (C. M. Crenshaw, 
Dept. of Army, Office of the Chief Signal 
Officer, R. & D. Division, SIGRD-2, Wash- 
ington 25) 

27-30. Institute of the Aeronautical Sci- 
ences, Los Angeles, Calif. (R. R. Dexter, 
IAS, 2 E. 64 St., New York 21) 

27-30. National Assoc. of Power Engi- 
neers, annual conv., San Francisco, Calif. 
(E. J. Schuetz, NAPE, 176 W. Adams St., 
Chicago 3, Ill.) 

27-1. International Assoc. for Bridge 
and Structural Engineering, 6th cong., 
Stockholm, Sweden. (P. Lardy, IABSE, 
Ecole Polytechnique Fédérale, Zurich, 
Switzerland) 

27-1. Reading Conf., 2nd annual, Syra- 
cuse, N.Y. (R. A. Kress, Reading Center, 
Syracuse Univ., Syracuse 10) 

28-1. American Home _ Economics 
Assoc., Denver, Colo. (Miss M. A. Warren, 

of Home Economics, Univ. of 
Oklahoma, Norman) 

29-1. Health Physics Soc., 5th annual, 
Boston, Mass. (E. E. Anderson, Health 
Physics Div., Oak Ridge National Labora- 
tory, Oak Ridge, Tenn.) 

July 

3-5. American Assoc. of Colleges of 
Pharmacy, Boulder, Colo. (G. L. Webster, 
College of Pharmacy, Univ. of Illinois, 
Chicago 12) 

4-8. Polarization Phenomena of Nucle- 
ons, symp., Basle, Switzerland. (K. P. 
Meyer, Physikalisches Institut der Uni- 

Basel, Klingelbergstr. 82, Basle, 
Switzerland) 

5-9. Goiter Conf., 4th intern., London, 
England. (J. C. McClintock, 149% Wash- 
ington Ave., Albany 10, N.Y.) 

6-15. Entomological Conf., 7th Com- 
monwealth, London, England. (Common- 
wealth Inst. of Entomology, 56 Queen’s 
Gate, London, S.W.7) 

10-14. Pan American Tuberculosis 
Cong., 12th, Bahia, Brazil. (F. D. Gomez, 
26, de Marzo, 1065, Montevideo, Urv- 
guay) 

11-15. British Dental Assoc., annual, 
Edinburgh, Scotland. (Secretary, British 
Dental Assoc., 13 Hill St., Berkeley Sq. 
London, W.1, England) 

11-15. Royal Medico-Physiological As 
soc., annual, London, England. (A. B. 
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Sigma is Pleased to Announce 

the Beginning of work on new 

High-Purity Reagents for 

HISTOCHEMISTRY 

We have much to learn about this tremendously large 

field. With your help, we can ultimately be of con- 

siderable assistance to you. Let us know what you 
need. We probably won't be able to deliver it im- 

mediately (if not already in stock), but we will cer- 

tainly try to prepare it when we can. 

ALREADY AVAILABLE:— 
Carbobenzoxy Chloride 
5-Bromoindoxyl Acetate 
Indoxyl Acetate 
DL-Alanyl-8-Naphthylamide 
L-Leucyl-8-Naphthylamide 
Red Violet LB Salt 
Fast Garnet GBC Salt 
Naphthol AS-BI Phosphate 
5-Bromo-6-Chloroindoxyl Acetate 
5-Bromo-4-Chloroindoxyl Acetate 
o-Benzyl-DL-Serine 
N-Chloroacetyl-DL-Phenylalanine 
N-Carbobenzoxy-L-Alanine 
N-Carbobenzoxy-S-Benzyl-L-Cysteine 
N-Carbobenzoxy Glycine 
N-Carbobenzoxy-L-Methionine 
N-Carbobenzoxy-L-Proline 
N-Carbobenzoxy-DL-Serine 

PLFA FFAS FAFSA FF. 

SSSSSSSSSS OSS SSS SSS SSS SS SSF PFFF FF SF ESS 

Others will be added regularly. Write for our list. _ ~ 4 F FFF FF 

SSSSSSSSSSSSSESS OSS SSO SS SSS SSF FSS % Sigma is the unquestioned leader in the production 
% of highest purity Nucleotides offered at the World's 

X Lowest Prices! 

% B-DPN TPN £-DPNH TPNH 
Adenosine, Cytidine, Guanosine, Uridine Phosphates. 

SSSSSSSSSSSSSS9S99 
Deoxy Adenosine, Cytidine, Guanosine, 

& & Thymidine Mono-, Di-, and Triphosphates. 

& UDP Glucose CDP Ethanolamine ¥ 
g UDP Glucuronic Acid GDP Mannose ¥% 
x UDP Acetyl Glucosamine Nicotinamide Mononucleotide 
% ADP Ribose Ribose-5'—Phosphate Sodium ; 
y 
X CALL US COLLECT AT ANYTIME, JUST TO GET ACQUAINTED % 

Q Day, Station to Station, ¥% 
4 PRospect 1-5750 % 
‘ Night, Person to Person, % 
% Dan Broida, WYdown 3-6418 _ 3 
NI : % 
x The Research Laboratories of % 

‘ > 

SIGMA : 
4, ¥ 
$ ~ 
» 4 
‘CHEMICAL COMPANYS’ 
MY 4 ) » 
%3500 DEKALB ST., ST. LOUIS 18, MO., U.S. A.% 

» 
% % 
%39$$9SSS5555996966: $$$SSSSSS99SS9S9S5 

Speed-up your botanical research 

with the LABLINE 

PLANT GROWTH 

ROOM 

Use precisely controlled climates 

... get reproducible results! 

One of three typical Plant 
Growth Rooms specially constructed 

for the Tennessee Valley Authority, Soils and 
Fertilizers division. Movable canopy has con- 
trolled lighting intensities plus high and low 
temperatures. Working size: 11’ x 5’ x 8’. 

Write for Bulletin 176¢ 

HUMIDITY 

Koh mn Zo) e Mor- Tam Z-1a am ol F-lal ame lcohwadammetelate lh efelats 

at will. Condense months ...years of research 

time with the environmental facilities com- 

bined in the Labline PGR. Available in com- 

pact bench-size chambers or large, walk-in 

models. Built to your exact specifications. 

vay 
LABLINE, Inc. SJ 
3070-82 West Grand Ave., Chicago 22, Illinois 
Subs es: Hudson Bay 
Chicago Surg 
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For Sub-Zero Storage 

The CSI Dry Ice Storage Cabinet 

MODEL GS-34 SPECIAL 

All cabinets are manufactured of welded and polished stainless steel 
which contributes to cleanliness, appearance and serviceability. Effi- 
ciency has been accounted for in such features as high quality insula- 
tion, interchangeable storage inserts and size. The width allows passage 
through a normal door and the length is the only dimension changed 
in the three sizes. The cabinets are built with or without the CO: 
entering the storage compartment. The cabinet on the left is our 
standard model and the unit on the right is specially constructed to the 
customer’s design. 

Folder and Prices Upon Request 

CUSTOM SCIENTIFIC INSTRUMENTS, INC. 

541 Devon St. Kearny, N.J. 

AMINO ACID ANALYZER 

Model K 5000 

FOR SEPARATION, 

IDENTIFICATION, 

AND 

QUANTITATIVE 

ANALYSIS OF 

AMINO 

COMPOUNDS 

For complete details 
write Dept. K for 

Bulletin K 5000 

P P| 

PHOENIX PRECISION INSTRUMENT COMPANY 

3803-05 NORTH FIFTH ST., PHILADELPHIA 40, PENNSYLVANIA 
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Monro, 11 Chandos St., Cavendish Sq., 
London, W.1) 

11-18. Earthquake Engineering, 2nd 
world conf., Tokyo and Kyoto, Japan. 
(K. Muto, Organizing Committee, 2nd 
World Conf. on Earthquake Engineering, 
Science Council of Japan, Ueno Park, 
Taito-ku, Tokyo) 

11-22. Grassland Cong., 8th intern., 
Reading, Berks, England. (British Grass- 
land Soc., Grassland Research Inst., Hur- 
ley, North Maidenhead, Berks) 

15-22. Mycology, 6th Commonwealth 
conf., London, England. (Commonwealth 
Mycological Inst., Ferry Lane, Kew, «Sur- 
rey, England) 

18-22. International Conf. on Congen- 
ital Malformations, London, England. 
(S. E. Henwood, Intern. Medical Congress, 
Ltd., 120 Broadway, New York 5) 

18-23. Endocrinology, Ist intern. cong., 
Copenhagen, Denmark. (G. Pincus, Ist 
Intern. Cong. of Endocrinology, Worcester 
Foundation, Shrewsbury, Mass.) 

18-25. French Assoc. for the Advance- 
ment of Science, 79th cong., Grenoble. 
(Association Francaise pour |l’Avancement 
des Sciences, 28 rue Serpente, Paris 6°) 

19-22. International Conf. on Scien- 
tific Problems of Crop Protection, Buda- 
pest, Hungary. (Z. Kirdly, Research Inst. 
for Plant Protection, Budapest) 

21-27. Medical Electronics, 3rd intern. 
conf., Olympia, London, England. (Secre- 
tary, Institution of Electrical Engineers, 
Savoy Pla., London, W.C.2) 

23-28. Otolaryngology, 7th intern. cong., 
Paris, France. (H. Guillon, 6, avenue Mac- 
Mahon, Paris, 17°) 

24-29. American Assoc. on Mental 
Deficiency (London Conf. on the Scien- 
tific Study of Mental Deficiency), London, 
England. (H. A. Stevens, P.O. Box 3128, 
Madison 4, Wis.) 

25-29. Occupational Health, 13th in- 
tern. cong., New York, N.Y. (I. R. Taber- 
sham, ICOH, 375 Park Ave., New York) 

25-9. Intefnational Union oi Geodesy 
and Geophysics, 12th general assembly, 
Helsinki, Finland. (Organizing Committee, 
c/o Institut Géodésique, Bulevardi 40, 
Helsinki) 

25-6. International Assoc. of Physical 
Oceanography, 13th general assembly, 
Helsinki, Finland. (B. Kullenberg, c/o 
Oceanografiska Institutet, P.O. Box 1038, 
Goteborg 4, Sweden) 

26-28. Poliomyelitis, 5th intern, conf, 
Copenhagen, Denmark. (S. E. Henwood, 
International Poliomyelitis Congress, 120 
Broadway, New York 5) 

27-12. Mathematical Statistics and 
Probability, symp., Berkeley, Calif. (A. P. 
Burroughs, Air Force Office of Scientific 
Research, Presentations Div., Research In- 
formation Office, AFOSR/USAF, Wash- 
ington 25) 

28-29. Computers and Data Processing, 
7th annual symp., Estes Park, Colo. (W. 
H. Eichelberger, Denver Research Inst. 
Univ. of Denver, Denver 10, Colo.) 

31-5. Alchol and Alcholism, 26th 
intern. cong., Stockholm, Sweden. (A. 
Tongue, Bureau International contre VAl- 
coolisme, Case Gare 49, Lausanne, Swit- 
zerland) 

31-5. Photobiology, 3rd intern. cong., 
Copenhagen, Denmark. (A. Hollaender, 
Biology Div., Oak Ridge Natl. Labora- 
tory, Oak Ridge, Tenn.) 
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New Products 
The information reported here is obtained from 

manufacturers and from other sources considered | 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation. A coupon for use in making inquiries 
concerning the items listed is included in the post 
card insert. Circle the department number of the 
items in which you are interested on this coupon. 

™ SHOCK TESTING MACHINE for small 
electronic, electromechanical, and me- 
chanical components accommodates 
specimens weighing up to 20 lb. and 
occupying an 8-in. cube. The machine 
utilizes the free-fall principle. Half-sine, 
saw-tooth, and square-wave pulses are 
produced. Drop heights may be preset 
for both manual and automatic cycling. 
When half-sine pulses are used, the 
specimen table is caught at the peak of 
rebound. (Barry Controls Inc., Dept. 
Sci516, 700 Pleasant St., Watertown 
72, Mass.) 

™ SOLVENT EVAPORATOR combines a 
controlled temperature-vacuum system 
with rotary vibration. Test tubes or 
centrifuge tubes from fraction collec- 
tors are processed in groups of ten in 
the apparatus. Typical evaporation 
rates cited are 0.75 ml/min for water 
and 7.5 ml/min for acetone in each 
tube. Vacuum is furnished by a water 
aspirator and is controlled for each test 
tube by a separate stopcock. The in- 
strument is 15 in. in diameter and 21 
in. high. (Laboratory Glass and Instru- 
ments Corp., Dept. Sci517, 514 W. 147 
St., New York 31) 

™ PUNCHED-TAPE READER and _ com- 
panion spooler mechanism is a com- 
pletely transistorized read-out system 
with output said to be compatible with 
most data-processing systems. Reading 
speeds up to 200 characters per second 
are possible with the spooler, which ac- 
commodates paper or Mylar tape up to 
| in. in width on reels 8 in. in diameter. 
Without the spooler, reading rates up 
to 1000 characters per second are pos- 
sible. (Potter Instrument Co., Inc., 
Dept. SciS21, Plainview, N.Y.) 

" PORTABLE RECORDER is a 6-in. strip- 
chart potentiometer type with select- 
able 9- to 120-mv span. Optional fea- 
tures include ball-point pen, 1-mv span 
preamplifier, and resistance-bulb bridge 
for temperature measurement. Balance 
time is 0.8 sec; sensitivity is +0.25 per-, 
cent of full scale. Gear-shift selection 
of chart speed is provided. (Systron 
Corp., Dept. Sci522, 950 Galindo St., 
Concord, Calif.) 

" FLUORINE ANALYZER employs nuclear- 
magnetic-resonance techniques. Fluo- 
tine can be detected in liquids down to 
3 mg in any sample size from 0.2 to 
40 ml. An integrator accessory provides 
linear response in terms of mass of 
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ACE MINI-LAB 

A SUCCESSFUL DECADE 

IN MINIATURE 

It seems only yesterday that we used the word “new” to launch the first 

especially designed and fully developed line of miniature glassware—Ace 

Mini-Lab. But “yesterday” was 1950, and since then Ace Mini-Lab has been 

enthusiastically accepted in laboratories, in schools—everywhere. 

ACE MINI-LAB IS EFFICIENT. The excellent design, the fact that reduc- 

tion in size has been accomplished without reduction in usefulness will make 

the Ace Mini-Lab the most satisfactory miniature glassware you have ever 

worked with. 

ACE MINI-LAB IS VERSATILE. Ace Mini-Lab comes in $ 14/20 and § 18/9 

joints, features a full line of component parts permitting endless variations. 

ACE MINI-LAB IS TRULY ECONOMICAL. The lower purchase cost, the 

smaller “lebensraum” requirements, the often considerable saving in reagent 

chemicals save money . a true saving, since the good design of Ace 

Mini-Lab will also facilitate your work. 

Select your Mini-Lab items from Ace Catalog 60, or send for brochure. 
Write Dept. S. 

pM og — GLAS> 
INCORPORATED 

yee N. Jd. 

Circle No. 1547 on Readers’ Service Card 

Louisville, Ky., Springfield, Mass. 
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fluorine present. When chemical shift 
is great enough, each peak in an un- 
known mixture can be separately inte- 
grated. Precision of the analyzer is said 
to be +1 percent of the signal. Sweep 
amplitude is 0.1 to 20 gauss in a choice 
of eight settings; sweep time is 0.5 to 4 
min. (Schlumberger Well Surveying 
Corp., Dept. Sci 520, Ridgefield, Conn.) 

™ SILICON CARBIDE HEATING ELEMENTS 
for temperatures up to 1575°C are 
fabricated in one piece with the hot 
zone in the form of a spiral. Elements 
are available with over-all lengths up 
to 63 in. and hot-zone lengths from 7 

to 40 in. A _ double-spiral hot-zone 
model requires connection at one end 
only. (Morganite Incorporated, Dept. 
Sci524, 3302-3320 48th Ave., Long 
Island City, N.Y.) 

™ COUNT-RATE METER is a completely 
transistorized unit with eight scale 
ranges extending to 600,000 count/ min. 
Three time constants, 1, 5, and 10 sec, 
can be selected with a _ front-panel 
switch. Input is sensitive to a 250-mv 
negative pulse; output is provided for 
Q-to-1-ma or 0-to-10-mv recorder. (In- 
terstate Electronics Corp., Dept. Sci525, 
Anaheim, Calif.) 

BOTH POTASSIUM & SODIUM DETERMINATIONS 

IN A SINGLE SOLUTION SAMPLING 

with £8495 N EW FLAME PHOTOMETER 

SALES-SERVICE AND INFORMATION NOW AVAILABLE FROM OUR DISTRIBUTORS: 

BARRY INSTRUMENTS, Miami 
CANADIAN RESEARCH INSTITUTE, Toronto 
A. DAIGGER & CO., Chicago 

Los Angeles, Richmond, Cal. 
DALLAS RADIONICS, Dallas 
A. BRUCE EDWARDS, Philadelphia 
ELECTRIC RESEARCH CORPORATION, 

Atlanta 
INSTRUMENTATION ASSOCIATES, INC., 

New York 
MACALASTER - BICKNELL, Cambridge, 

New Haven, Syracuse 

Write today for Bulletin F701 
with. full technical informa. 
tion on B/A’s NEW Flame 
Photometer Model KY, to: 
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PHYSICIANS & HOSPITALS SUPPLY CO., 
Minneapolis 

SCHAAR & COMPANY, Chicago, 
Indianapolis, Silver Spring, Md., 
Detroit, Olean, N.Y., Augusta, Ga. 

SCIENTIFIC SUPPLIES CO., Seattle, 
Portland, Ore., Spokane 

SOUTHWESTERN SURGICAL SUPPLY CO., 
Albuquerque, El Paso, Phoenix 

WILL CORPORATION, Rochester, _ 
Baltimore, Buffalo, New York, 
Atlanta, South Charleston, W. Va. 

Gira® Baird-Atomic, Inc. 
33 UNIVERSITY RD., 
CAMBRIDGE 38, MASS. 

® TARGET SIMULATOR for radar cali- 
bration furnishes delays continuously 
variable from 100 to 300 ypsec and 
simulates target velocity to 20,000 ft/ 
sec. Bandwidth is 45 percent of center 
frequency of up to 40 Mcy/sec. Rise 
time is 0.1 psec or better. Variation is 
servo controlled. (Andersen Labora- 
tories Inc., Dept. Sci528, 501 New 
Park Ave., West Hartford 10, Conn.) 

® CONSTANT RATE BURETTE consists of 
a ground-glass solution barrel and 
plunger driven by a synchronous motor. 
Neoprene rings held in stainless-steel 
collars are used for sealing. Drive, 
transmitted by a lead screw and nylon 
follower, is self-limiting at both ends. 
A separate motor provides rapid motion 
for refilling and for discharging excess 
titrant and flushing. (E. H. Sargent & 
Co., Dept. Sci526, 4647 W. Foster 
Ave., Chicago 60, Il.) 

® MICRO SYRINGE BURETTE is graduatcd 
in 0.0001-ml units. Capacity of the 
syringe is 0.25 ml. A lock nut permits 
repeated deliveries of identical volumes. 
Replacement of the hypodermic needle 
with a special glass tip converts the 
device into a microburette. The syringe 
can be emptied completely except for 
the volume of the 27-gage needle. (Cali- 
fornia Laboratory Equipment Co., 
Dept. SciS527, 1717 Fifth St., Berkeley 
10, Calif.) 

® LUBRICANT TESTING MACHINE can be 
adapted to testing either dry or liquid 
lubricants, at ambient or high tem- 
peratures, with oscillatory or rotary 
motion and with a range of velocity 
and loads. .Operation with friction 
coefficients of 0.5 at full load can be 
maintained. Instrumentation is mounted 
in a separate cabinet. (Alpha-Molykote 
Corp., Dept. Sci529, 65 Harvard Ave., 
Stamford, Conn.) 

® THERMISTOR 
portable instrument that measures 
moisture content of air by means of 
wet and dry thermistor beads. The in- 
strument has three scales to cover the 
temperature range —10° to +80°C. 
Accuracy is said to be +0.5 percent of 
relative humidity. Reading of both wet- 
bulb and dry-bulb temperatures can be 
accomplished in 10 sec. A spring coil 
motor can be supplied in place of the 
battery-operated motor for hazardous 
locations. (Atkins Technical, Inc., Dept. 
Sci531, 1276 W. Third St., Cleveland 
13, Ohio) 

® SIGNAL GENERATOR furnishes 20 cy/ 
to 20 kcy/sec sine or square waves for 
audio, and 20 kcy/ to 12 Mcy/sec sine 
and 20 kcy/ to 2 Mcy/sec square waves 
for video signal and video sweep, with 
the latter at a 60-cy/sec sinusoidal 
sweep rate. Outputs of a_high-fre- 
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TROUBLE FREE 

STUDENT MICROSCOPES 

GRAB 

APSCO 

CHICAGO, U.S.A. 

NEW DESIGN 
EXCLUSIVE 

SAFETY FEATURES 
MEDICAL QUALITY OPTICS 

10X OCULAR 
OBJECTIVES 

16mm (10X) N.A. 0.27 
4mm (44X) N.A. 0.66 

TRANSPORTATION 
INCLUDED 

Write for catalogue 
listing safety features 

MODEL GB2A 

CE is Ea ews ig aig $117.00 ea. 

Quantities of 5 or more ........ $105.30 ea. 

THE GRAF-APSCO CO. 

5868 BROADWAY CHICAGO 40, ILL. 

LONG RANGE VISIBILITY 

The NEW 

CENCO 

Lecture 

Room 

Meter 

Now—a combination galvanometer, four-range voltmeter 
and four-range ammeter with figures and graduations on a 
large 17” scale that is plainly seen from both sides over any 
distance in the classroom. An accurate, versatile lecture 
meter with a modern, shielded movement. All parts and 
circuits clearly visible. Cenco No. 82140 

complete with shunts 
and multipliers $260.00 

CENTRAL SCIENTIFIC CO. 
A Subsidiary of Cenco Instruments Corporation 
1718-M Irving Park Road + Chicago 13, Ill. 
Branches and Wareh insi wo 
Boston @ Birmingham @ Santa Clara e Los Angeles @ Tuls@ 

Serving education since 1889. Houston e Toronto ® Montreal e Vancouver e Ottawa 
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FACTORIES 
LABORATORIES 

HOSPITALS 

SCHOOLS EXPERIMENT STATIONS 

+150°C +150°C +150° +150°C +150°C +150°C 

orc O°c O° 

ee 
-—.  mecineatietatiatiadiattl were . 

SSIZE 

'x6”x8” 

LO) ©) = eal a 

HAAKE 

rool ali e-lal@mc-lanlel-le-1al le 

ULTRA 

THERMOSTAT 

The ideal circulating thermostat for to- 
day’s crowded laboratories is the Haake 
Model “F”. Due to its light weight and com- 
pact design it can easily be moved around 
and occupies a minimum of space. It is 
ideal for any type of instrumentation or for 
ambulatory use with clinical appliances 
which require temperature control. Some 
typical applications include such liquid 
jacketed instruments as _ spectrophoto- 
meters, refractometers, viscosimeters and 
blood pH equipment. 

SEND FOR COMPLETE DESCRIPTIVE CATALOG 32 

BRINKMANN 

C. A. BRINKMANN & CO., INC. 

115 CUTTER MILL ROAD, GREAT NECK, N.Y. 

Offices in: Phila., Cleveland, Houston, Miami. 
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STAINLESS STEEL 

BEAKERS WITH 

FULLY FORMED 

POURING LIPS 

(Sizes 50 to 4000 ml) 

Exclusive LaPINE Beakers have die 
formed pouring lips; not dented rims. They 
pour like glass beakers, yet their heavy 
gauge stainless steel withstands heat and 
abuse like no other beaker you have ever 
used, 

You’ll appreciate the difference when 
you use genuine LaPINE Beakers—made 
exclusively by Arthur S. LaPine and Com- 
pany. 

ORDER FROM THIS AD! 
Genuine LaPINE Stainless Steel Beakers 

with Pour-out Spout 

Catalog No. $21-43 

Approx. 
wt. (in.) 

1.D. |Depth| Price | Price 
(in.) | (each) |in lots of 1 

1.95 
126 5 
4 

32 5 
446 

6 
691 z: 

ARTHUR S. LaPINE and COMPANY 
6001 So. Knox Ave., Chicago 29, Illinois, U.S.A. 

LEYBOLD 

Gas Ballast 

VACUUM PUMPS 

World Famous Quality, Design 
and Dependability 

The Leybold Gas ballast design actually prevents con- 
densation of vapor in the pump. It prevents oil contami- 
nation from lowering ultimate pressures, cuts oil changes 
and pump maintenance. 
Leybold Pumps can be operated with or without gas 
ballast, so tixat you get the advan- 
tages of both gas ballast and oil 
sealed rotary vane pumps. 

WRITE FOR NEW 

BULLETIN TODAY! 

ARTHUR S. LaPINE and COMPANY 
6001 South Knox Avenue, Chicago 29, Illinois 
LABORATORY SUPPLIES AND REAGENTS 

POWERFUL 

CONE-DRIVE STIRRER 

@ Stepless mechani- 
cal speed regulation 

@ Visual speed 
indicator 

© Torque increases 
as speed decreases 

© Continuous duty 
induction motor 

© Speeds—20 to 
2000 RPM 

Mechanical cone- 
drive transmission gives 
extra power at low 
speeds instead of re- 
duced power as with _.. Saeae Waaeaee 
rheostat-controlled 
stirrers. 

Powerful stirrer is de- 
signed for continuous 
duty without lubrica- 
tion or maintenance. 
Totally enclosed, ball 
bearing, prelubricated, 
fan-cooled induction 
motor has no brushes 
to spark or wear. 

For 115V, 60 cycle AC. With nickel-plated 
mounting rod, 6-foot cord and plug, off-on 
switch and ground lead. Propeller not included. 
No. $383-31 Cone-Drive Stirrer, each. .$95.00 

ARTHUR S. LaPINE and COMPANY 
6001 South Knox Avenue, Chicago 29, Illinois 
LABORATORY SUPPLIES AND REAGENTS 

THE HUMAN INTEGUMENT 

NORMAL AND ABNORMAL 
Editor: Stephen Rothman 1959 

AAAS Symposium Volume No. 54 

A symposium presented on 28-29 De- 
cember 1957, at the Indianapolis 
meeting of the American Association 
for the Advancement of Science and 
cosponsored by the Committee on 
Cosmetics of the American Medical 
Association and the Society for In- 
vestigative Dermatology. The volume 
offers a fair illustration of what has 
been achieved by modern research in 
cutaneous physiology and pathophy- 
siology. 
270 pp., 59 illus., index, cloth. $6.75 
AAAS members’ cash orders $5.75 

Chapters 
1) The Integument as an Organ of 

Protection 
2) Circulation and Vascular Reaction 
3) Sebaceous Gland Secretion 
4) Pathogenetic Factors in Pre-malig- 

nant Conditions and Malignan- 
cies of the Skin 

British Agents: Bailey Bros. & Swinfen, 
Ltd., Hyde House, W. Central Street, 

London, W.C.1 

AAAS 
1515 Massachusetts Ave., NW 

Washington 5, 0.0. 
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quency, 30 to 42 Mcy/sec, variable 
oscillator and a sweep oscillator are 
also available. The sweep oscillator can 
be set to sweep at +6 Mcy/sec at any 
center frequency between 36 and 42 
Mcy/sec. Output levels are 10 volts for 
both sine and square waves. (General 
Radio Co., Dept. Sci532, West Con- 
cord, Mass.) 

™ PLASMA FLAME SPRAY GUN is said to 
be capable of applying coatings of any 
material that can be melted without 
decomposition. An electric arc and 
inert gases are used to produce tem- 
peratures said to be as high as 30,- 
000°F. Nitrogen with 5 to 10 percent 
hydrogen is used to form the plasma. 
Both the gun body and nozzle are water 
cooled. (Metallizing Engineering Co., 
Dept. Sci530, 1101 Prospect Ave., 
Wesibury, N.Y.) 

™ PROJECTOR PROGRAMER is a modified 
slide projector that handles magazines 
of 40 slides each. A 12-bit photoelectric 
pickup device has been installed to read 
holes punched in the cardboard portion 
of standard 35-mm slides, permitting 
selection of 4096 binary codes. The 
magazine can be advanced or reversed 
by remote cable or by the output of a 
switching device controlled by the 
punched-hole reader. The device can 
accommodate programs 80 units in 
length if two magazines are taped to- 
gether. (Davis Scientific Instruments, 
Dept. Sci533, 12137 Cantura St., Studio 
City, Calif.) 

™ PRESSURE SWITCH combines a Ni- 
Span-C pressure capsule and a snap- 
action switch in a housing of less than | 
1 in.’ volume and with total weight 
slightly over 1 oz. Pressure setting is 
adjustable; ranges up to 200 Ib/in.* are 
available. (Bristol Co., Dept. Sci534, 
Waterbury 20, Conn.) 

™ DIFFERENTIAL D-C AMPLIFIER is said 
to provide stability of +0.05 percent. 
The transistorized amplifier operates 
with input and output isolated from 
each other and from ground. Common 
mode rejection is said to be 10° to 1. 
Gain is variable in eight steps from 10 
to 500. (Neff Instrument Corp., Dept. 
Sci540, 2211 E. Foothill Blvd., Pasa- 
dena, Calif.) 

™ ANALOG MULTIPLIER-DIVIDER operates 
on the quarter-square principle in which 
the difference between the squares of 
the sum and difference of two signals 
is proportional to their product. Band- 
width is 350 kcy/sec and solution time 
less than 2 psec. Phase shift is 1 deg 
at 12 kcy/sec. Output range is +50 
volts at +10 ma, and accuracy is said 
to be +0.25 percent of full scale. (GPS 
Instrument Co., Inc., Dept. Sci54l, 
180 Needham St., Newton 64, Mass.) 
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™ COUNTER furnishes both digital and 
analog readout for operating printers 
and chart recorders. The instrument 
includes two counting sections. The 
first, designed for data identification, 
counts to 10° and provides digital out- 
put and two analog outputs, 0 to 100 
volts and 0 to 10 mv positive. The sec- 
ond section for 10° counts, provides 
digital output and one analog output 
0 to 10 mv. A range selector switch 
permits full-scale range selection for 
10°, 10*, or 10° counts. Resolution is 
5 psec for pulse pairs. (Victoreen Instru- 
ment Co., Dept. Sci536, 5806 Hough 
Ave., Cleveland 3, Ohio.) 

® TURNTABLE CONTROL for fraction-col- 
lection turntables permits them to be 
operated on either a time or volume 
basis. The control operates with a con- 
tactor actuated by air pressure from a 
calibrated siphon in which the fraction 
is being caught. The contactor actuates 
the turntable to move an empty test 
tube under the siphon. Siphons in any 
size from 1 to 100 ml can be used. 
Operation on a time base is accom- 
plished by allowing the control siphon | 
to fill from a constant-head Mariotte 
bottle while the fractions are caught 
directly by the receivers. (Organoma- 
tion Associates, Dept. Sci537, P.O. Box 
5, Shrewsbury, Mass.) 

® DENSITOMETER for photographed 
spectra is designed for comparing un- 
known spectra with master spectra and 
for measuring percentage transmission 
or density of spectrum lines. It accom- 
modates both film and plates. Scanning 

and reverse directions at 
four selectable rates is controlled by a 
foot switch. The instrument resolves 
lines 10 » apart and provides horizontal 
and vertical magnifications of 15. Zero 
drift is said to be less than +0.2 per- 
cent, full-scale drift less than +0.5 per- 
cent, repeatability better than +0.5 per- 
cent, and scattered light less than 1 
percent. Readings are recorded on a 
914-in. wide chart moving at 3 in./min. 
Reading speed is up to 6 lines per 
minute. (Applied Research Labora- 
tories, Inc., Dept. Sci538, P.O. Box 
1710, Glendale 5, Calif.) 

®" EMERGENCY OXYGEN UNIT that pro- 
vides approximately 7 gal of gaseous 
oxygen measures 11-in. high by 3-in. in 
diameter and weighs 20 oz. Oxygen can 
be administered by pressing a button 
on the top of the container. A dispos- 
able face mask is included with the unit. 
(Linde Co., Dept. Sci544, 420 Lexing- 
ton Ave., New York 17, N.Y.) 

®" FREQUENCY STANDARD provides fre- 
quency signals stable to 5 xX 10°/wk 
and 3 x 10° over short intervals. Out- 
put includes six sinusoidal signals at 
decade intervals from 10 cy to 1 Mcy/ 
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GZ yoda Paper 

Electrophoresis 

a ra : 

New MISCO Unit Uses Organic Buffers, 

Completes Separations in 1 Hour 

Misco’s advanced multiple-cell electrophoretic techniques feature organic 
buffers for both analytical and clinical investigations. Usually within an 
hour, unknown compounds can be completely characterized or known 
samples separated for quantitative analysis. Just as rapidly, this flexible 
unit will purify up to a few milligrams of any compound that can be 
separated by electrophoresis. 

TECHNICAL DATA 
Dimethylaminoethanol-formic 
acid in 30% Formamide. 

pH: 4.0 tonic strength: 0.18 
Paper: Whatman No. 4 

Gradient: 15 volts/cm. 
Current: 1.5 ma./cm. 

Time: One hour. Cooling: None. 
Sample: 20 y of each amino acid, 

in one 4 volume. 

Buffer: 

Amaranth 

| Brilliant Blue Aspartic 4 

Glutamic 

Alanine 

G-Alanine 

-Aminobutyric 

1825 EASTSHORE HIGHWAY 

The Misco apparatus and special organic 
buffers were developed by Dr. Harold T. 
Gordon of the University of California. 
Particular success has been achieved with 
small organic molecules such as amino 
acids, carbohydrates and peptides.* 

The Gordon-Misco technique offers three 
key innovations — organic buffers in 
formamide, a multi-chamber cell, and 
reference dyes. The buffers minimize 
evaporation, allow much higher voltages. 
The multi-chamber cell is designed for 
running 1 to 5 samples simultaneously 
at 5 different pH values from 3.3 to 9.3. 
Reference dyes (such as Amaranth and 
Apolon) assure reproducible relative 
mobility values, often make possible the 
calculation of the pK and molecular 
weight of the unknown. 

Misco will be happy to send you more 
information about rapid paper electro- 
phoresis and a reprint of the Werum- 
Gordon-Thornburg article. Please ad- 
dress Dept. 98. 

*Rapid Paper lonophoresis Using Organic 
Buffers in Water-Formamide and Water- 
Urea. L. N. Werum, H. T. Gordon, W. 
Thornburg. J. Chromatography (in press). 

MIGROGHEM ICAL 2 SPECIALTIES C0. 

Specialists in Micro Techniques for 22 Years 
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GLASS ABSORPTION 

CELLS = "ty" KLETT 

SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

Klett Manufacturing Co. 
179 East 87 Street, New York, New York 

INFR 

ted 

Crystals are not just a sideline at Isomer. 
Years of research and development have en- 
abled us to produce consistently the highest 
quality crystals obtainable and at attractive 
prices. We go all out to serve you with 

HIGHEST QUALITY 
ATTRACTIVE PRICES + PROMPT DELIVERY 
—three good reasons why leading spectro- 
scopists everywhere are turning to Isomet for 
their crystal needs,. Why don’t you try us on 
your next order. 

NaCl, KBr, KCl, KI, CsBr, Csl, BaF.,, MgO 
Rough blanks, polished windows, prisms, special shapes, 

Standard liquid and gas cells; special cells. 
Repair and polishing service for cells and windows, 

KBr Pellet Powder. 

WRITE TODAY for price list and 
free Technical Bulletin No. 1577. 

1552 

VACUUM 

NEW 

HEATED 

DESICCATOR 

Now... a combination of features to bring you a most versatile 
fob utility . . . dries faster . . . maintains samples at desired 
temperatures . . . evaporates solvent traces rapidly . . . does 
double-duty as a vacuum oven ... plus many more uses. 
Combines . . . thermostatically controlled heater . . . aluminum 
interior . . . enameled steel exterior . . . Offers temperatures up 
to 125°C . . . lets you pull up to 28” of vacuum with complete 
safety . . . Includes hose connection, bleed valve, ground flanges 
and dial thermometer ... won't chip or break like glass desiccators 
. . . eliminates makeshift heating devices. 
Write for Bulletin 608 and the name of your nearest stocking 
distributor. 

SINCE 1920 

3735 West Cortland St. PR ECISION i 
Chicago 47, 1 SCIENTIFIC CO. 

Local Offices in Chicago « Cleveland « Houston 
New York « Philadelphia « San Francisco 

MEASURE MOLECULAR WEIGHT 

AND PARTICLE SIZE 

NEW \BRICE-PHOENIX UNIVERSAL 

LIGHT SCATTERING PHOTOMETER 

Measures: 

1. Absolute Turbidity 

2. Dissymmetry 

3. Depolarization 

This instrument is listed in U.S. Government 
specifications for the evaluation of certain clinical 
materials. 

PHOENIX PRECISION INSTRUMENT COMPANY 
3805 N. 5th St. Philadelphia 40, Pa. 
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sec and four pulse signals from 10 cy 
to 10 kcy/sec. A timing comb is in- 
cluded for calibration and for measure- 
ment of sweeps and time intervals. A 
built-in oscilloscope permits Lissajous 
comparisons. Rated load is 50 ohm at 
1 Mcy/sec and 100 kcy/sec and 5000 
ohm at lower frequencies. (Hewlett 
Packard Co., Dept. Sci539, 275 Page 
Mill Rd., Palo Alto, Calif.) 

™ SAMPLING TOOL for taking pin sam- 
ples from solid materials is essentially 
a drill with a hollow bore that cuts 
into metal, leaving a center core or pin 
standing. A companion device shears 
the pin at its base for removal. The 
drilling chips produced are also avail- 
able for analysis. Pins are nominally 
3/16 in. in diameter and % to 1 in. 
long. (Laboratory Equipment Corp., 
Dept. Sci535, St. Joseph, Mich.) 

™ ATMOSPHERIC CONTAMINATION AN- 
ALYZER measures traces of gases or va- 
pors that will ionize in water. The 
sample is bubbled through demineral- 
ized water, and the conductivity of the 
water is measured before and after the 
bubbler. Purity of the water is restored 
by self-contained ion-exchange columns. 
Alarm and indication are provided. 
(Industrial Instruments Inc., Dept. Sci- 
542, 89 Commerce Rd., Cedar Grove, 
NJ.) 

® CENTRIFUGE for acceleration testing 
of products accommodates two 
matched objects up to 5 lb and larger 
than 3 in.* Acceleration up to 100 grav 
is provided. Accuracy of rate of rota- 
tion is said to be better than +1 per- 

| cent. Eight slip rings are rated at 2 amp 
for continuous duty. (Gyrex Corp., 

| Dept. Sci543, 3003 Pennsylvania Ave., 
Santa Monica, Calif.) 

® CONSTANT CURRENT SUPPLY furnishes 
0.04 to 5.00 amp at 0 to 8.0 volts. 
Regulation is +0.01 percent for 10 per- | 
cent line change or 8 volts load change. | 
Hum is 0.01 percent. Operation is on 
105 to 125 volts a-c. Shorting of out- 
put does not cause damage. An am- 
meter is included. (Industrial Measure- 
ments Laboratory, Dept. Sci545, 40 
Great Jones St., New York 12, N.Y.) 

" ELECTRON SPIN RESONANCE SPECTRO- 
GRAPH records the first derivative of the 
electron-spin-resonance absorption as 
well as direct absorption of the observed 
sample as a function of magnetic field. 
Magnetic field coils are of the air-core 
type in a Helmholz configuration. Coils 
for fields of 0 to 10 and 0 to 100 oer 
are supplied, and a unit for 0 to 1000 
oer is available as an accessory. Operat- 
ing frequencies of the basic instrument 
are 60 and 90 Mcy/sec; 10, 30, and 
1000 Mcy/sec sensors are available. 
Frequency stability and magnetic field 

20 MAY 1960 

For Faster 

Better Mixing 

of Fluids 

In Test Tubes 

73044A—Vortex Mixer 
2 test tube model 

73046A—Vortex Mixer 4 test tube model 

ORTEX MIXERS 

The new Vortex Mixer has applications in 

many operations requiring test tube washings, 

titrations, precipitations, turbidity measure- 

ments, etc. Designed for 10 to 16 mm or 18 

to 25 mm diameter test tubes of various 

heights, the Vortex Mixer will save considerable 

time needed for washing Protein Bound 

Iodine determinations. 

Other features include elimination of stoppers 

and corks; and non-contamination due to 

use of unclean stirring rods or other apparatus. 

Requires only one hand to insert or remove 

test tubes. 

Available in both the 2 and 4 test tube models. 

Write for full detaiis. 

DIVISION OF THE BRUNSWICK-BALKE-COLLENDER COMPANY 
General Offices: 1831 Olive St. ©@ St. Louis 3, Missouri 

FULLY STOCKED DIVISIONS COAST-TO-COAST 
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Now...Read 0-10 mm. Pressure Measurements Easily 
on a Convenient, Accurate 100 mm. Long Scale! 

tions, 

Flame range—hard glass, 3mm g 
to 45mm. Operates on low “iu? 
pressure city gas—natural, tained 
propane, hydrogen. For hard glass 
(Borosilicate), quartz, silver soldering. 

Price 
$35.00 

@ At your laboratory dealer 

or write: 

BETHLEHEM 

CARTESIAN 

" MANOMETER © 

This new Cartesian Manometer simplifies readings in 
the difficult 0-10 mm. region of absolute pressure 
measurement... 
gauge can match, and accuracy far beyond that of 
ordinary coarse manometers. @ By using a 100 mm. 
long scale, the Cartesian Manometer magnifies 0-10 
mm. pressure measurements by a factor of 10, mak- 
ing exact readings far more readily obtainable. m The 
Cartesian Manometer employs a stopcock for easy 

| conversion from differential to absolute readings. The 
| instrument can be read continuously and directly. 
| w Because of its ease of use, the Cartesian Manom- 

eter is particularly valuable for vacuum distilla- 
oven drying, accurate differential pressure 

measurement, flow measurément, and a host of other 
Mir applications. 

710707... 

providing convenience no McLeod 

5 —r 
9 for both absolute 

- and differential readings 

a RANGE: 0-10 mm. Hg. 
+ GRADUATION: 0.1 mm. Hg. 
a) ACCURACY: 1% of full scale 
é CONSTRUCTION: All glass 

x 
W 

>: 
> 
© 

.Cartesian Manometer complete and ready for use, 
but without mercury.. «$29.90 ea. 

The EMI GREL NER Co. 
Dept. 427, ‘ 0-26 N. Moore St., N. Y. C. 13 

' SURFACE-MIXED 
GAS-OXYGEN 

HAND TORCH 
Hotter and lighter than conventional 
hand torches, the surface-mixing SHARP 

FLAME has phenomenal range— 
) from tiny flame to a wide, long 

fire. One tip for all flame sizes-— 
can be rotated—silent burning. 

Won't blow out—can’t even be 
shaken out—and can’t flash 

back. Overall length 
11’ —weight 7% oz. 

Cut-away shows how gas 
and oxygen are separated up 
to burner face, producing 
flame performance impossi- 
ble with premixed fuels. (Not 
illustrated, but also avail- 
able: hand torch holder— 

1556 

Apparatus Company, Inc. 

HELLERTOWN, PENNSYLVANIA 

insert and remove with a 
twist of the wrist.) 

stability are said to be better than 10°, 
The instrument accommodates samples 
12 mm in diameter and 25 mm long: 
larger. volumes and flow designs are 
available. Sensitivities cited as typical 
are 5 X 10” electron spins at 1000 
Mcy/sec and 5 xX 10” electron spins 
at 60 Mcy/sec. Scanning speeds range 
from 0.005 to 10 oer/sec. Oscilloscope 
display and strip-chart recording are 
provided. (Elion Instruments, Inc., 
Dept. Sci548, 430 Buckley St., Bristol, 
Pa.) 

™ SURVEY METER is a self-contained 
gamma-ray responsive instrument us- 
ing an 8-in.-diameter plastic scintillator 
as detector. Sensitivity is 15,000 count/ 
min above 0.15 Mev for natural sea- 
level background of 0.01 mr/hr. Indi- 
cation is provided by a meter with 
choice of full-scale values up 0.4 mr/hr. 
Preamplifier and amplifier are transistor- 
ized. (Franklin Systems, Inc., Dept. 
Sci546, 2734 Hillsboro Rd., West Palm 
Beach, Fla.) 

™ RECORDER provides full-scale voltage 
ranges of 10 and 100 mv and 1, 10, 
and 100 volts with 1 megohm input 
resistance and current ranges 1, 10, 
and 100 ya and 1 and 10 ma. Opera- 
tion can be with zero at left, right, or 
center. Four-times chart width expan- 
sion is provided on all ranges. Record- 
ing is rectilinear by means of a gal- 
vanometer and chopper bar clamped 
every 2 sec on a chart 2.31 in. wide. 
Chart speeds are 1 and 15 in./hr with 
auxiliary gears available for other 
speeds. Accuracy is said to be +2 per- 
cent on aljJ ranges. (Yellow Springs 
Instrument Co., Inc., Dept. 
Yellow Springs, Ohio.) 

™ PLANT GROWTH CHAMBER permits} 
variation of light intensity from 700 to} 
3000 ft-ca and control of temperature 
from 45° to 110°F with full light load. 
An aluminum roof immediately above} 
the fluorescent lamps is cooled by three 
fans to eliminate a large part of the 
heat load. Inside dimensions are 98% 
by 62% by 85% in. high. Fluorescent 
lights, incandescent lights, and tem- 
perature are individually adjustable. 
Filtered air is provided, up to 12 
changes per hour. (Percival Refrigera- 
tion and Manufacturing Co., Dept. 
Sci553, Boone, Iowa) 

™ GAUSSMETER is a rotating coil type 
that develops an a-c voltage propor- 
tional to the magnetic field and com- 
pares this in a null-deflection system 
with a locally generated reference volt- 
age. Range of the instrument is 0 to 
10,000 gauss when null deflection is 
used and 0 to 120,000 gauss with 
meter indication. Accuracy is said to be 
+0.1 percent between 1000 and 10,000 
gauss with use of null technique. Probe 

SCIENCE, VOL. 131 

Sci547, | 

fh & Bn 

SC-92 
Unit. ( 
Comple 
include 

SPEC 
extra 

7300 | 

20 MA) 



OF 
ples 
ng: 
are 
ical 
000 
Dins 
inge 
‘Ope 
are 

inc., 
stol, 

ined 
us- 

ator 
unt/ 
sea- 
indi- 
with 
“/hr. 
stor- 
ept. 
alm 

tage 
10, 
nput 

10, 
pera- 
t, or 
‘pan- 
>ord- 
gal- 

nped 
wide. 
with 
other 
per- | 

rings | 
i547, 

rmits 
00 to} 
ature 
load. 
ibove |) 
three 
f the 
98% 
scent 
tem- 

table. 
o 12 
igera- 
Dept. 

type 
‘opor- 
com- 
ystem 
- volt- 
0 to 

on is 
with 
to be 
0,000 
Probe 

OL. 131 

GILLINGS-BRONWILL 

THIN SECTIONING 

MACHINE 

FOR 

RESEARCH 

AND 

PRODUCTION 

Cut sections of teeth and bone as 
thin as 35 microns, stone and 
crystal to .005” thinness. Speci- 
mens require little or no polish- 
ing. High speed 6500 RPM dia- 
mond wheel, automatic table 
feed. Immediate delivery. 

Write for 

—_— 

BRONWILL SCIENTIFIC 
Division of Will Corporation 

3903 Russell St., Box 3927, Rochester 10, N. Y. 

Specifications 

Nou-Ready For You... 

THE CHROMATOGRAPHY BOOK 

Most complete catalog of Chromatography 
Equipment and Supplies ever published. 

One of Over 400 
Featured Items 

$C-9276 RSCo FRACTION COLLECTOR, basic Volumetric Siphoning 
Unit. Complete with one receiver table and one volumetric siphon. 
Complete interchangeable controls and accessories available but not 
included ..... Frc rccccececerccccccs ccc ceceeceeeeevees $587.50 

SPECIAL — Complete section of Spectrophotometry plus 
extra insert on pH and Electrodes. 

Write for your FREE Copy of 

THE CHROMATOGRAPHY BOOK 

S Cc Hi A A R and Company 

7300 WEST MONTROSE AVENUE e CHICAGO 34, ILLINOIS 

20 MAY 1960 

2E|!} iypes of 

SAFETY ENCLOSURES 

for handling hazardous substances 

VACUUM 

DRY BOX 
for work in con- 
trolled atmosphere 
¢ sloping front « 
round autoclave- 
type air lock. 

Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 
make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
contamination. Write for illustrated folder describing 
22 different kinds of enclosures. S. BLICKMAN, INC., 
6905 GREGORY AVENUE, WEEHAWKEN, N. J. 

UNITIZED 
ENCLOSURES 
Low in cost « 
Stainless steel 
« Modular 
construction 
adapts to many 
uses. 

CALIFORNIA-TYPE 
FUME HOOD 

For handling radioac- 
tive materials « dual- 
sided for double oper- 

MICRO-BIOLOGICAL 
— SAFETY CABINET 

Back or top mount- 
ing of biological fil- 
ter canister ¢ air 
lock if wanted. 

BLICKMAN SAFETY ENCLOSURES 

Look for this symbol of quality [7 



10 MM. EXPANDED TO 100 MM. 

tions, 

Flame range—hard glass, 3mm 4 
to 45mm. Operates on low “7 
pressure city gas—natural, mixed, 
propane, hydrogen. For hard glass 
(Borosilicate), quartz, silver soldering. 

Price 
$35.00 

@ At your laboratory dealer 

or write: 

BETHLEHEM 

Now...Read 0-10 mm. Pressure Measurements Easily 
on a Convenient, Accurate 100 mm. Long Scale! 

CARTESIAN 

iy MANOMETER — 
oe 

gy for both absolute 

a. and differential readings 

RANGE: 0-10 mm. Hg. 
GRADUATION: 0.1 mm. Hg. 
ACCURACY: 1% of full scale 
CONSTRUCTION: All glass 

This new Cartesian Manometer simplifies readings in 
the difficult 0-10 mm. region of absolute pressure 
measurement... 
gauge can match, and accuracy far beyond that of 
ordinary coarse manometers. m@ By using a 100 mm. 
long scale, the Cartesian Manometer magnifies 0-10 
mm. pressure measurements by a factor of 10, mak- 
ing exact readings far more readily obtainable. m The 
Cartesian Manometer employs a stopcock for easy 
conversion from differential to absolute readings. The 

| instrument can be read continuously and directly. 
| m Because of its ease of use, the Cartesian Manom- 

eter is particularly valuable for vacuum distilla- 
oven drying, accurate differential pressure 

1 measurement, flow measurément, and a host of other 
ie applications. 

110707 

providing convenience no McLeod 

...Cartesian Manometer complete and ready for use, 
but without mercury.. 

The EMIL GRE 
Dept. 427, \ 

. $29.90 ea. 

INVER Co. 
20-26 N. Moore St., N. ¥. C. 13 

SURFACE-MIXED 
GAS-OXYGEN 

HAND TORCH 
Hotter and lighter than conventional 
hand terches, the surface-mixing SHARP 

FLAME has phenomenal range— 
“> from tiny flame to a wide, long 

fire. One tip for all flame sizes— 
can be rotated—silent burning. 

Won't blow out—can’t even be 
shaken out—and can’t flash 

back. Overall length 
11’’—weight 72 oz. 

Cut-away shows how gas 
and oxygen are separated up 
to burner face, producing 
flame performance impossi- 
ble with premixed fuels. (Not 
illustrated, but also avail- 
able: hand torch holder— 

1556 

Apparatus Company, Inc. 

HELLERTOWN, PENNSYLVANIA 

insert and remove with a 
twist of the wrist.) 

stability are said to be better than 10°, 
The instrument accommodates samples 
12 mm in diameter and 25 mm long; 
larger volumes and flow designs are 
available. Sensitivities cited as typical 
are 5 X 10” electron spins at 1000 
Mcy/sec and 5 xX 10” electron spins 
at 60 Mcy/sec. Scanning speeds range 
from 0.005 to 10 oer/sec. Oscilloscope 
display and strip-chart recording are 
provided. (Elion Instruments, Inc., 
Dept. Sci548, 430 Buckley St., Bristol, 
Pa.) 

™ SURVEY METER is a self-contained 
gamma-ray responsive instrument us- 
ing an 8-in.-diameter plastic scintillator 
as detector. Sensitivity is 15,000 count/ 
min above 0.15 Mev for natural sea- 
level background of 0.01 mr/hr. Indi- 
cation is provided by a meter with 
choice of full-scale values up 0.4 mr/hr. 
Preamplifier and amplifier are transistor- 
ized. (Franklin Systems, Inc., Dept. 
Sci546, 2734 Hillsboro Rd., West Palm 
Beach, Fla.) 

™ RECORDER provides full-scale voltage 
ranges of 10 and 100 mv and 1, 10, 
and 100 volts with 1 megohm input 
resistance and current ranges 1, 10, 
and 100 ya and 1 and 10 ma. Opera- 
tion can be with zero at left, right, or 
center. Four-times chart width expan- 
sion is provided on all ranges. Record- 
ing is rectilinear by means of a gal- 
vanometer and chopper bar clamped 
every 2 sec on a chart 2.31 in. wide. 
Chart speeds are 1 and 15 in./hr with 
auxiliary gears available for other 
speeds. Accuracy is said to be +2 per-/ 
cent on all ranges. (Yellow Springs 
Instrument Co., Inc., Dept. Sci547, 
Yellow Springs, Ohio.) 

™ PLANT GROWTH CHAMBER permits 
variation of light intensity from 700 to 
3000 ft-ca and control of temperature 
from 45° to 110°F with full light load. 
An aluminum roof immediately above 
the fluorescent lamps is cooled by three 
fans to eliminate a large part of the 
heat load. Inside dimensions are 98% 
by 62% by 85% in. high. Fluorescent 
lights, incandescent lights, and tem- 
perature are individually adjustable. 
Filtered air is provided, up to 12 
changes per hour. (Percival Refrigera- 
tion and Manufacturing Co., Dept. 
Sci553, Boone, Iowa) 

® GAUSSMETER is a rotating coil type 
that develops an a-c voltage propor- 
tional to the magnetic field and com- 
pares this in a null-deflection system 
with a locally generated reference volt 
age. Range of the instrument is 0 to 
10,000 gauss when null deflection is 
used and © to 120,000 gauss with 
meter indication. Accuracy is said to be 
+0.1 percent between 1000 and 10,000 
gauss with use of null technique. Probe 
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GILLINGS-BRONWILL 

THIN SECTIONING 

MACHINE 

FOR 

RESEARCH 

AND 

PRODUCTION 

Cut sections of teeth and bone as 
thin as 35 microns, 
crystal to .005” thinness. Speci- 
mens require little or no polish- 

stone and 

ing. High speed 6500 RPM dia- 
mond wheel, automatic table 
feed. Immediate delivery. 

—_—_ 

BRONWILL SCIENTIFIC 
Division of Will Corporation 

3903 Russell St., Box 3927, Rochester 10, N. Y. 

Uou-Ready For You... 

THE CHROMATOGRAPHY BOOK 

Most complete catalog of Chromatography 
Equipment and Supplies ever published. 

Write for 
Specifications 

One of Over 400 
Featured Items 

SC-9276 RSCo FRACTION COLLECTOR, basic Volumetric Siphoning 
Unit. Complete with one receiver table and one volumetric siphon. 
Complete interchangeable controls and accessories available but not 
SEG: . 5.05 caieOe uid oC Mare ee 4 OME Sin.e obs cee oaks $587.50 

SPECIAL — Complete section of Spectrophotometry plus 
extra insert on pH and Electrodes. 

Write for your FREE Copy of 

THE CHROMATOGRAPHY BOOK 

S Cc Hi A A R and Company 

7300 WEST MONTROSE AVENUE e CHICAGO 34, ILLINOIS 

20 MAY 1960 

2E!} types of 

SAFETY ENCLOSURES 

for handling hazardous substances 

VACUUM 

DRY BOX 
for work in con- 
trolled atmosphere 
¢ sloping front « 
round autoclave- 
type air lock. 

Safety is the first consideration in this newly-designed 
stainless steel laboratory equipment. These enclosures 
make it safer—and easier—for the technician to work 
with contaminants, micro-organisms, live viruses, in- 
fected animals, poisonous and radioactive substances. 
Stainless steel constructed with crevice-free surfaces, 
generously rounded corners, for easy cleaning and de- 
contamination. Write for illustrated folder describing 
22 different kinds of enclosures. S. BLICKMAN, INC., 
6905 GREGORY AVENUE, WEEHAWKEN, N. J. 

UNITIZED 
ENCLOSURES 
Low in cost « 
Stainless steel 
« Modular 
construction 
adapts tomany 
uses. 

CALIFORNIA-TYPE 
FUME HOOD 

For handling radioac- 
tive materials « dual- 
sided for double oper- 

MICRO-BIOLOGICAL 
—, SAFETY CABINET 

Back or top mount- 
ing of biological fil- 
ter canister ¢« air 
lock if wanted. 

BLICKMAN SAFETY ENCLOSURES 

Look for this symbol of quality EEE 

1557 



dimensions are %4 in. in diameter and 
17 in. long. Rotating-coil diameter is 
approximately % in. (Rawson Elec- 
trical Instrument Co., Dept. Sci550, 
101 Potter St., Cambridge, Mass.) 

™ COUNT RATE METER is completely 
transistorized. Eight scale ranges ex- 
tend to 600,000 count/min. Three 
time constants, 1, 5, and 10 sec, can be 
selected with a front-panel switch. In- 
put is sensitive to 250 mv _ negative 
pulse. Outputs are available for 0 to 1 
ma or 0 to 10 mv recorder. (Interstate 
Electronics Corp., Dept. Sci551, 707 E. 
Vermont Ave., Anaheim, Calif.) 

™ PHOTOELECTRIC MICROMETER MICRO- 
SCOPE can be used to read scales and 
circles marked with lines from 0.0001 
to 0.0015 in. wide. Accuracy over the 
total range of 0.05 in. is said to be 
+0.00004 in. The instrument eyepiece 
incorporates a photocell preceded by 
a vibrating slit. A setting is made by 
rotating a micrometer drum until the 
slit oscillates symmetrically about one 
of the engraved lines at which point 
an indicating meter reads null. Settings 
are said to be repeatable to within 
20 pin. (Hilger and Watts, Ltd., Dept. 
Sci554, 98 St. Pancras Way, Camden 
Road, London, N.W.1) 

RAPID, PRECISE PIPETTING 

HAMILTON 

PIPET CONTROLS 

Youcan get smooth control of the meniscus 

with Hamilton Pipet Controls, assuring 

rapid and precise pipetting. The liquid 

meniscus is raised with the free sliding 

plunger almost to the calibration line, then 

the thumbwheel control brings it accu- 

rately to the scribe line. 

@ 1, 2 and 5 ml capacity controls available 

@ Glass and stainless steel construction 

@ Tygon tubing connection provides 

clean, flexible coupling 

Order direct, or write today for literature and prices. 

Also available through your supply house. 

HAMILTON COMPANY, inc. 

P.O. Box 307-K, Whittier, California 

PRECISION MEASURING EQUIPMENT FOR CLINICAL AND MEDICAL RESEARCH 

1558 

™ AUTO COLLIMATOR comprises a sensing 
unit, an amplifier, and an indicator, 
Indicating range of the sensing unit is 
+25 sec with a working distance up to 
30 ft between sensing unit and reflect- 
ing surface. Response time is 20 msec, 
Drift is said to be less than 1 percent 
in 24 hr after initial warmup. An opti- 
cal wedge permits checking of indicator 
calibration. Sensitivity is said to ap- 
proach 0.02 sec. Output is suitable for 
chart-recorder operation. (Keuffel and 
Esser Co., Dept. SciS61, Third and 
Adams Sts., Hoboken, N.J.) 

™ RELAY designed for squib-firing appli- 
cations operates on 28 volts d-c and 
delivers 50 amp for a period of 50 
msec. Pickup time is said to be 4 ysec 
and dropout time 20 psec with no con- 
tact bounce. Open-contact resistance is 
5 megohms, and closed-contract resist- 
ance is 0.04 ohm. All components are 
solid-state types with no moving parts. 
Operating temperature range is —85° 
to +257°F. (Curtiss-Wright Corp., 

| Dept. Sci549, Wood-Ridge, N.J.) 

™ PULSE HEIGHT ANALYZER is an auto- 
matic-scanning, single-channel type that 
presents data in both digital and analog 
form. Scanning capacity is 100 chan- 
nels with capability of being set to re- 
cycle automatically at  10-percent 
points. Counting time for full scan is 
variable between 1.0 and 100,000 min. 
Major components include a linear am- 
plifier, analog and digital readout scaler, 
electronic timer, printer and recorder, 
and power supply. (Victoreen Instru- 
ment Co., Dept. Sci558, 5806 Hough 
Ave., Cleveland 3, Ohio.) 

® DUST HOOD allows full visibility and 
unimpeded movement of arms and 
hands for performing laboratory opera- 
tions under dust-free conditions. A 
blower at the top of the unit forces air 
into the transparent plastic hood 
through a large-area filter maintaining 
a positive pressure that prevents room 
air from entering the open front. Work- 
ing volume is 34 by 24 by 19% in. The 
opening is 34 in. wide by 8% in. high. 
(Air Shields, Inc., Dept. SciS56, Hat: 
boro, Pa.) 

™ VOLTAGE MEASURING SET compares d-c 
voltages with preset limits and displays 
and records results. Input voltages up 
to 1000 volts are handled in four dec- 
ade ranges. Input signals in ten man- 
ually selected channels are converted to 
frequency and compared digitally with 
panel-set values. Over-all accuracy is 
said to be +0.1 percent of input range 
plus 1 count. (Hewlett-Packard Co. 
Dept. Sci557, 395 Page Mill Rd., Palo 
Alto, Calif.) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 

SCIENCE, VOL. 13) 



containing elevated 
concentrations of 
Amylase 
Alkaline Phosphatase 
Bilirubin 

clinical chemistry control serum 
Creatinine 
Non-Protein Nitrogen 
Protein-bound Iodine 

, Phosphorus, inorganic 

clinical chembitiy enh! eae 
containing normal levels of 

__ 160 Lockwood Area mnkers, 

*Transaminase (SGO-T) 
Urea Nitrogen 

PHOTOVOLT 

DENSITOMETRIC EQUIPMENT 

for ELECTROPHORESIS and CHROMATOGRAPHY 

Write for Bulletin 800-S to: 

ad LOM Oh Lo] Bey mete) ite]. 7 wale), 
New York 16,N. Y. 95 Madison Avenue °® 

New building-block sys- 

tem permits adding of 

units as required, from 

manual and semi-auto- 

matic operation to fully- 

automatic recording 

and integrating 

@ For scanning of electro- 
phoresis strips and readings 
on large sheets in chroma- 
tography 

@ For work in visible and 
ultraviolet ranges 

@ For evaluation by color- 
transmission, reflection or 
fluorescence 

@ For readings on filter pa- 
per, agar, starch and other 
gels 



recorder 

$295 

Major Features 

@ Single channel, 10 calibrated ranges with 
continuously variable adjustment between 
ranges: 
© Calibrated volt and ampere ranges: 

10 mv. 1 pa. 
O.1'v. 10 wa. 
1 v. 0.1 ma. 
10 v. 1 ma. 
100 v. 10 ma. 

e 4 times chart width zero suppression in 
either direction. 
@ Chart speed of 1 in/hr and 15 in/hr. 
Eight optional speeds by a simple gear 
change. 
@ Pressure sensitive chart paper. No warm- 
up. Ready to record. 
© Weighs only 11 pounds. Measures 912”x 
514"x7". 

Circle number below 

on reader service 

card for complete 

specifications. 

eee wees YELLOW SPRINGS INSTRUMENT CO., INC. 
if + YELLOW SPRINGS, OHIO 

jaeeel 
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Letters 

| Small High Schools 

James B. Conant concludes from his 
survey of the American public high 
school system that it is burdened with 
far too many small schoois. He says, 
“The country over, something like a 
third of our youth are attending high 
schools that are too small. As a result, 
one of the most precious assets of our 
nation is being squandered—the po- 
tential talent of the next generation. It 
is almost impossible for students gradu- 
ating from many of the small schools 
later to become members of learned 
professions [The Child, the Parent and 
the State (Harvard Univ. Press, Cam- 
bridge, Mass., 1959), p. 37]... . The 
elimination of the small high school 
through district reorganization and con- 
solidation should have top priority” 
(ibid. p. 39). Conant’s studies lead him 
to believe that comprehensive high 
schools with graduating classes of 
fewer than 100 students inevitably pro- 
vide an inferior education. 

Conant’s analyses and arguments, 
which are based upon his observations 
of the curricula, the organization, and 
the staffing of high schools, seem 
reasonable. But considering how little 
we really know of the consequences of 
various educational practices and ar- 
rangements, one wishes for data on how 
students turn out. Some data on this 
point have come to hand in a recent 
issue of Science. 
Harmon [Science 130, 1473 (1959)] 

in connection with another analysis of 
public high school graduates, reports 
data showing that 35 percent of the 
science doctorates awarded in 1957 
and 1958 went to persons who had 
been educated in small high schools 
(schools with fewer than 100 gradu- 
ates each year), and that 6 percent of 
the degrees were earned by the gradu- 
ates of very small high schools (schools 
with fewer than 20 graduates each 
year). Statistics assembled by the U.S. | 
Office of Education (Statistics of Public 
Secondary Day Schools, 1951-52) 
show that when most of these 1957-58 
science doctors were graduating from 
high school, about 36 percent of all 
public high school students attended 
small schools, as defined above, and 
5.5 percent attended very small schools. 

Some estimation is necessary here, 
for Harmon reports class size and the 
Office of Education reports school size, 
and the time of graduation from high 
school of the 1957-58 doctors is not 
known with precision. The figures given 
are based upon 1946, the best estimate 
of the year of graduation for which 
data are available; the estimates would 
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not be appreciably changed if data for 
1938 were used. 

At any rate, it seems clear that the 
number of science doctorates awarded 
the graduates of these small schools is 
in line with the total number of stu- 
dents educated in these schools. How 
can it be that the small high schools of 
1946, that presumably possessed all the 
curricular, instructional, and material 
deficiencies said to go with smallness, 
produced their full quota of scientists 
in 1957 and 1958? 

Is the situation different today? 
ROGER G. BARKER 

University of Kansas, Midwest 
Psychological Field Station, Oskaloosa 

Importance of Chinese 

for Scientific Communication 

During recent years the number of 
scientific journals and the total volume 
of scientific literature published by the 
People’s Republic of China appear to 
have increased considerably. Evidence 
cited by Wilson (/) on the magnitude 
of the effort in scientific education and 
research leads one to expect that the 
increase will continue. According to 
a sampling of journals received by the 
Harvard-Yenching Institute, Cambridge, 
Mass., the vast majority of Chinese 
scientific publications appear only in 
the Chinese language and normally are 

| not translated. However, two journals 
) published in Peking, Scientia Sinica by 

the Academia Sinica and Science Rec- 
ord by the Science Press, consist of pa- 
pers in Western languages, principally 
English. These papers, representing var- 
ious fields of science, often appear 
previously in other Chinese-language 
journals. 

In view of the rapidly increasing 
importance of Chinese scientific litera- 
ture it is desirable that some scientifi- 
cally trained persons now begin learn- 
ing to read scientific Chinese. Only 
when knowledge of the language is 
widespread can Chinese scientific prog- 
ress be evaluated accurately. The task 
may soon be too great for exclusive 
reliance on the few American scientists 
who speak Chinese as their native 
tongue. 

Most of the difficulties associated 
with learning to read scientific Chinese 
are not associated with the language it- 
self and seem to reflect a lack of inter- 
est on the part of Western scientists. 
According to a study that I have made 
the following problems stand out. 

1) Because of present world unrest, 
publications of the People’s Republic 
of China do not circulate freely in the 
United States. 

2) No textbooks and selected read- 
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ing materials specifically prepared as 
aids in learning to read scientific litera- 
ture are yet available. 

3) There appear to be no technical 
Chinese-English dictionaries, such as 
exist for German, French, and Russian. 
The existing specialized dictionaries of 
technical terms, intended mainly for 
those who speak Chinese, are not easily 
used by the Western student. 

4) Class instruction in Chinese for 
the scientist is not currently offered by 
universities in the United States (the 
Massachusetts Institute of Technology 
is planning a course in scientific Chi- 
nese for September 1960). 

Learning Chinese is not as insuper- 
able a problem for the Western scien- 
tist as many tend to believe. The 
grammar of the language is simple; 
words are not inflected as in Western 
languages, and number, tense, case, and 
person are all indicated by the context. 
Furthermore, an active interest in 
teaching Chinese to Western students 
in nonscientific -fields already exists, 
and much of this experience would be 
of value in the teaching of scientific 
Chinese. An increase in interest and 
an organized effort on the part of indi- 
viduals aware of the growing need for 
scientists with a reading knowledge of 
scientific Chinese could overcome most 
of the problems. 

JoHN W. WINCHESTER 
Department of Geology and 
Geophysics, Massachusetts Institute of 
Technology, Cambridge 
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The Scientist and Moral Values 

The two letters concerning animal 
research [Science 131, 263 (29 Jan. 
1960)] by implication ‘aise issues of 
fundamental importance to the role of 
science and to the respect it may claim 
in the world of tomorrow. 

The first is a question one would 
like to see squarely answered: Are there 
any moral limits at all to animal ex- 
perimentation? Or is it the responsible 
and considered opinion of today’s biol- 
ogists and psychologists that any ex- 
periment, no matter how cruel, is 
permissible as long as it is scientifically 
worth while? 

The second is a scientific problem 
that has been surprisingly—and signifi- 
cantly—little investigated: that of the 
psychology of scientists. Who are the 
people who wiil choose lines of research 
leading them to ever more cruel and, to 
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conscious and subconscious satisfactions 
they derive from their work? What else NUCLE AR IN STRUMENT ATION 

would they be capable of doing if given 
the opportunity? 

In the popular view of science, the 
\ scientist too often appears as a kind of 
impersonal superman, investigating with 
cold detachment, and with concern only 
for truth. But surely this is preposterous. 
The scientist as a human being is very 
much a part of the picture of science, 
and science cannot be adequately under- 
stood without an understanding of the 
scientist; this line of research has been 
surprisingly shunned by scientists them- 
selves. 

With respect to animal experiments, 
I venture the hypothesis that, as the in- 
trinsic scientific value of experiments 

an outsider, seemingly barbaric experi- ' = | ‘ 
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R. B. Kelman objects on moral 
grounds to experiments published by 
V. H. Denenberg and G. G. Karas, in 
which animals were starved to death 
to measure their resistance to stress 
under certain conditions. Denenberg 
in his reply gives relevancy, sensitivity, 
and precision as his criteria in selecting 
a dependent variable. “Any variable 
which satisfies these demands is scien- 
tifically valid and may be used to study 
subhuman organisms.” He points out 
that in starving animals to death sur- 
vival time is a relevant dependent varia- 
ble for measuring resistance to stress; 

that it is precise, because the same 
general findings can be obtained on dif- 
ferent occasions; and that it is sensi- 
tive, since it uncovered statistically 
highly significant differences between 
different groups of animals. He con- 
cludes that survival time is a scientif- 
ically valid measure of resistance to 
stress; that it is specific, since “it is 
based upon the preservation of life”; 
and he adds that to him his data are 
most interesting. 

Denenberg’s criteria for scientific 
validity are explicit and sufficient. They 
help one think up other vaild experi- 
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ments to measure resistance to stress, 
such as immersion into chemically 
inert hot liquids. Unlike starvation, an 
all-or-none affair, thermal stress can be 
varied in degree. Survival time in total 
body thermal stress (TBTS) probably 
depends upon the degree of stress and 
the surface area of the animal, or, per- 
haps, a_surface-volume relationship; 
one might get a family of curves for 
animals of different size when plotting 
survival time as a function of tempera- 
ture. Simple refinements of these ex. 
periments might include a_one-lead 
electrocardiogram, to show the con- 
bined effect of nonspecific stress and 
rising temperature on myocardial con- 
ductivity. Or the electrical activity of 
the brain could be recorded during 
these conveniently shortened (as com- 
pared to starvation) tests for resistance 
to stress; a simultaneous temperature 
curve of the cerebrospinal fluid ob- 
tained through a needle thermocouple 
in one of the cerebral ventricles would 
provide convenient arbitrary landmarks 
in the gradual transition from being 
into nonbeing. The brief survival time 
would lead to a greater number of ex- 
periments, improving their reliability 
and increasing efficiency in utilizing 
scientific manpower. 

Such experiments would fully satis- 
fy the stated requirements for scientific 
validity, yet one would not wish to 
maintain that boiling them alive in min- 
eral oil is a proper way of testing 
resistance to stress in mice, rats, of 
other “subhuman” mammals. Our cri- 
teria let us down, for at least two rea 
sons: they have no circumscribed mean- 
ing and they are not pertinent to the 
issue, which is a moral one. Relevancy 
of survival time in indicating resistance 
to stress is assured by definition; nd 
matter what we do to shorten the life 
of our animals, survival time will re 
main relevant in measuring resistance 
to what we are doing to them. The 
same is true of specificity. Sensitivity 
and precision, as used in this context, 
can be interpreted rather broadly to 
fit almost any experiment in biology 
worth reporting; they do not describe 
the experiments as much as the frame 
of mind of the person talking about 
them. In general, applying such terms 
to one’s own results amounts to little 
more than saying, “I like what I am 
doing,” in different words. Admitting 
this in public is proper and may even 
have didactic value, but it is a pity to 
conceal an essentially noble message 
behind inappropriate words. 

The problem of what constitutes 
humane experimentation on animals 
painful and difficult, and most of ws 
are reluctant to think it through. Like 
other moral problems, it probably cat 
not be solved by rules that are simple, 
consistent, and always uniquely appli 
cable. Even if rules were set up they 
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would. have to be interpreted in doubt- 
ful cases; ultimately it must be the 
scientist concerned who _ decides 
whether work he is about to under- 
take is sound intellectually and morally, 
and we had better select our scientists 
so that we can entrust them with such 
decisions. On occasion, a scientist may 
feel the need to show the rest of us his 
work as a source of excitement, delight, 
or inspiration, but the justification of 
what he is doing—its agreement with 
a given set of standards, scientific and 
moral—rests in itself; the record is all 
that is needed, and nothing else will do. 
Calling one’s results relevant, sensitive, 
specific, precise, significant, and scien- 
tifically valid adds nothing to them. 

STEVEN E. Ross 
2210 Jackson Street, 
San Francisco, California 

More about Nomenclature 

I have just read K. E. Boulding’s 
letter in [Science 131, 874 (1960)]. I 
don’t think that it will be necessary 
to waste any space on the proposed 
astronomical classification since, like 
his “Bimbambim” it probably won’t be 
used by anybody. 

But I do wish to protest three state- 
ments: (i) that names like selenium, 
tellurium, or, for that matter, Rhyn- 
chocephalia are “unscientific”; the his- 
tory of science happens to be a science 
too; (ii) that it is “fortunate” that most 
scientists are not acquainted with the 
“dead” languages from which nomen- 
clature is drawn. I, for one, consider 
this most unfortunate, provided it were 
true; (iii) that the letter x cannot be 
used to begin a syllable. Boulding may 
have heard of St. Xavier at one time. 
To be more personal about it, my 
younger daughter is named Xenia, and 
even in grade school her classmates had 
no trouble learning the proper pronun- 
ciation, Ksay-niya. 

WILLY LEY 
37-26 77th Street, 
Jackson Heights, New York 

As an old S-F fan I am flattered by 
Willy Ley’s attention to my excursion 
into the grain-of-truth-among-chaft 
business. But the history of science is 
not science but History, an appalling 
mishmash of unrepeatable accidents, 
quite unfit company for the respectable 
readers of this journal. Selenium has 
nothing to do with the Greeks, the 
moon, or the metal, just as (to cover 
his second point) irony has nothing to 
do with Fe. And in a world in which 
so much information has to be carried 
in such little sculls, there is a real prob- 
lem of Economy in language. 

But I am sorry about x. It has always 
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been my favorite letter (I was practi- 
cally raised on Oxo), and Xenia is a 
lovely name and a nice little town. But 
I did only need 19 consonants, and 
arbitrariness pursues us even across the 
savannahs of the blue; it is History, 
not Science, which gives us 360 degrees, 
from the Babylonians to the Bahai. But 
x has glories more renowned than 
numerology, for what is more splendid 
than the Unknown? And what more 
glorious symbol is there for that in- 
finite pursuit of the unknown which is 
the Being of Science and the End of 
History? 

KENNETH E. BOULDING 
Department of Economics, 
University College of the West Indies, 
Kingston, Jamaica 

Genetical Theory 

Lederberg’s remarks in his Nobel 
address [Science 131, 269 (1960)] 
demonstrate his commitment to the 
deoxyribonucleic acid hypothesis and 
show how a dominant theory enables 
its proponent to ignore other points of 
view. A section on the origin of life 

Origin of Life on the Earth (Academic 
Press, New York, 1957)], Miller [Ann. 
N.Y. Acad. Sci. 69, 260 (1957)], or 
Fox [AAAS General Symposium (26 
Dec. 1959)]. Pirie [Intern. Council Sci. 
Unions Rev. 1, 40 (1959)] is described 
as (of all things!) an “agnostic.” The 
numerous experiments reported from 
this laboratory [Proc. Intern. Genet. 
Symposium No. 42 (1957)], which 
demonstrate that various carbohydrates 
will transform a recessive gene into a 
dominant gene, are disregarded. 

Is it proper to ignore the views and 
the supporting evidence of others in full 
knowledge? It has become the current 
practice of proponents of a genetical 

| theory not to comment on work incom- 
patible with the theory. Sinoto’s [Proc. 
Intern. Congr. Genet. 10th Congr. 
(1958), vol. 2, p. 262] recent confirma- 
tion of Lysenko’s original experiments 
(which have not been considered seri- 
ously by most Western geneticists be- 
cause of their conflict with Mendelism) 
is a case in point. It is now apparent 
that a considerable revision of views 
(both by East and West) must occur 
before a comprehensive genetical theory 
can be achieved. If current reviewers 
of genetics stated the limitations under 
which they were writing, it would ex- 
plain their failure to refute excluded 
items. Otherwise they arbitarily narrow 
the extent of the scientific enterprise. 

Car. C. LINDEGREN 
Biological Research Laboratory, 
Southern Illinois University, 
Carbondale 
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Detailed mass spectra impurity report provided by Bendix Mass Spectrometer 

helps Eastman Kodak's industrial laboratory guard high quality of photographic products. 

EASTMAN KODAK APPLICATION TYPIFIES 

VALUE OF BENDIX’ MASS SPECTROMETER 

BY IDENTIFYING MINOR CONSTITUENTS FOUND IN SOLVENTS, a Bendix Time- 
of-Flight Mass Spectrometer helps maintain tight quality control over East- 
man Kodak film. Similarly, important 
companies in chemicals, petroleum, 
food, drug, missiles, and many other 
fields are using this scientific instru- OTHER FEATURES 
ment to analyze products, mixtures Oe a ee ae ee one . eh . ay P. gt resolution beyon atomic mass 
and reactions in their research and units. 
quality control programs. WT uae a ee 

High Sensitivity—demonstrated better than STUDY OF EXTREMELY FAST CHEMI- Perper og 
CAL REACTIONS is possible because the Easily modified for special problems. 
Bendix Mass Spectrometer can make APPLICATIONS 
10,000 analyses or mass spectra per * . Ch t h tput identification. second. An important feature is our Tacuhan bacie Gadkeda’ aaten Molecular beam analysis using Bendix 
newly developed hot filament sample Knudsen Cell or Bendix Hot Filcment 
s . . 7 Sample Introduction Systems (new Ben- 
inlet system, available for new Bendix dix accessories). 
Spectrometers and those now in use. parm nape Taos 
Together with line-of-sight sampling, lonization potential studies using vari- 
this facilitates ready analysis of solids. gas energy (standard equip- 
Bendix wide mass range and high reso- Pyrolysis, pilot plant, and negative ion 
lution are ideal for study of high studies. 
molecular weight materials. Display 
may be chart recording, oscilloscope 
scanning, or both simultaneously. 

BECAUSE THE ONE INSTRUMENT 
SERVES MANY USES in analyzing gases, 
solids and liquids, it gives greater 
value per-dollar-invested. To learn what & $ § Samu. 
advantages it may have for your busi- Mercury isotopes—actual recording 
ness, write... 

Department E5-20 

Cincinnati Division 
3130 Wasson Rd., CINCINNATI 8, Ohio 

Export Sales: Bendix International Division, 205 East 42nd Street, New York 17, N. Y. 
Canada: Computing Devices of Canada, Ltd., Box 508, Ottawa 4, Ontario. 
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PERSONNEL PLACEMENT 

CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $40 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
= that satisfactory credit is estab- 

Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 

13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 
Science 
1515 Massachusetts Ave., 
Washington 5, D.C. 

NW 

| pharmaceutical experience 

| or commercial appointment. 
| biochemistry minor; 3 years of college teaching; 

| Plant Physiologist, 
) radioisotope, 

(i PosrTions WANTED fill 
Biologist, Ph.D., 35. Desires academic position. 
Research interests; 4 years of college teaching 
experience; general biology background. Box 114, 
SCIENCE. x 
Botanist, Ph.D. Morphology-anatomy major de- 
sires college teaching position. Experienced. fa 
105, SCIENCE. 5/20 

French-Speaking British M.D.; 10 years as clini- 
cian, 10 years in international health (WHO), 
postgraduate medical training France and experi- 
ence French pharmaceutical industry, possessing 
French work permit, offers services to American 
company expanding European operations. Box 
113, SCIENCE. x 
Microbiologist, Ph.D. Chemistry minor; 2 years 
of research; 4 years of college teaching. Male; 
age 36. Desires teaching or research position in 
West. Box 109, SCIENCE. 5/20 
Microbiologist, Ph.D. Desires teaching, research, 
hospital tre Tissue culture experience. 
Box 112, SCIENCE x 
(a) Physiology-Endocrinology Ph.D.; 5 years of 

in neurophysiology, 
tumor, cardiovascular research and use of elec- 
tronic equipment; available for top-level academic 

(b) Zoology Ph.D., 

prefers teaching and research in biology, anatomy, 
i ggg eel and physiology. S5-3 Medical Bureau, 
» inc., Science Division, Burneice Larson, Presi- 

dent, 900 North Michigan Avenue, Chicago. X 
Ph.D. 1955, tissue culture, 

and biochemistry experience, seeks 
research and/or teaching position. J. petites 
berg, Groton, Mass. 

LA} POStT1ONS OPEN ill 

ENDOCRINOLOGIST OR PHYSIOLOGIST 

An expanding midwestern pharmaceutical company 
has an opportunity for a Ph.D. endocrinologist 
or physiologist with interest and experience in 
physiology of reproduction. Prefer 1 to 2 years 
postdoctoral industrial or academic experience. 
Position would involve basic and preclinical 
Studies with sex hormones and related drugs. 

Please send résumé to 
Technical Employment Coordinator 

THE UPJOHN COMPANY 
Kalamazoo, Mich. 

Histologist, Histochemist, Ph.D. or equivalent. 
Research institute, New York. Modern, well 
equipped and staffed, air-conditioned laboratory. 
Oprortunity for training in electron microscopy. 
Box 107, SCIENCE 

Hii POSITIONS OPEN iil 
(a) Biochemist for research in nutrition and 
toxicology areas with expanding research insti- 
tute; California. (b) Zoology Instructor for 
leading technology school; East. (c) Electron 
Microscopy Research Assistant for important pro- 
jects; East. (d) Psychologist with hospital re- 
habilitation experience, $10,000 year; East. (e) 
Chemist for research on strontium-90 content in 
milk and other radiological studies; Midwest. 
(f) Cytology-Genetic Research Associate for im- 
portant studies on compounds interfering with 
neoplastic cell growth at leading medical school; 
East. (g) Research Physiologist for studies on 
burn and hemorrhagic shock; around $11,000 
year; South. (h) Biochemist with imagination to 
plan and supervise fundamental and applied re- 
search in enzymes and other fields; East. (i) 
Plant Physiologist faculty appointment for Sep- 
tember; Midwest. (j) Bacteriologist for expand- 
ing hospital; $8000 year up; Florida. (k) Chemist 
for synthesis of organic medicinals with con- 
sulting firm; Midwest. (1) Representative with 
Ph.D. in bacteriology or chemistry and sales ap- 
preciation to travel extensively to meetings con- 
cerning hospital disinfectant problems; around 
$10,000 year. (Please write for details; also many 
other positions available through our nationwide 
service.) SS-3 Medical Bureau, Inc., Science 
Division, Burneice Larson, President, 900 North 
Michigan Avenue, Chicago. X 
Biostatistician Ph.D., research in child growth 
studies; and to organize the division of bio- 
Statistics for varied consultation and teaching 
at dental school located in large medical center; 
modern computing facilities available. Salary 
from $9000, and academic rank dependent upon 
qualifications. Write to Dr. Bhim Savara, Head 
of Department, Child Study Clinic, Univesrity 
of Oregon Dental School, 611 S.W. Campus 
Drive, Portland 1, Ore. x 
Histology and Histochemical Research Laboratory 
Supervisor; 300-bed general hospital with active 
research, four HT(ASCP) assistants, instruct stu- 
dents, grant management. Prefer H.T. 
(ASCP), or equivalent with special staining and 
histochemistry experience. Salary open. Write 
to Dr. A. G. Foraker, Baptist Memorial Hospital, 
Jacksonville, Fla. 5/27; 6/3, 10 
Applications are invited for the eootee of AS- 
SISTANT PROFESSOR OF PHARMACOLOGY 
at a starting salary of $6000. omieat aoe d 
ties are available for developing an independent 
research program in any field of pharmacology, 
but an interest in anesthesia would be desirable. 
Applicants should submit a curriculum vitae and 
evidence of teaching and research experience 
supported by three letters of reference to Pro- 
fessor J. G. Aldous, Department of Pharmaco- 
logy, Dalhousie University, Halifax, N.S., Canada. 

5/27; 6/3, 10 
PHYSICIST 

Applications are invited from suitably qualified 
persons for appointment to the position of Phy- 
sicist to the Cancer Institute Board. 

Through the Peter MacCallum Clinic, the board 
provides a radiotherapy service for the states of 
Victoria and Tasmania. In addition to conven- 
tional x-ray equipment, one 4-Mev linear ac- 
celerator is installed and another will be installed 
in November 1960. Treatment by isotopes and 
other radioactive substances is also undertaken 
and research is conducted in all aspects of 
radiotherapy. 

The physicist is generally responsible to the 
board through the manager and secretary for the 
activities of the Medical Physics Department, the 
functions of which are: (a) To provide a physical 
service to both clinical and special departments. 
(b) To provide a radiological protection service. 
(c) To instruct medical, nursing, and technical 
trainees in radiotherapeutic physics. (d) To 
conduct such research in physical problems re- 
lating to radiotherapy and radiobiology as is 
approved by the Research Committee. 

Qualifications: Applicants must hold a_university 
degree in science, majoring in physics. Experience 
in medical physics is essential. Administrative 
experience in the control and organization of a 
medical physics department is desirable. 

Salary: Salary will be according to qualifica- 
tions and experience within the range of £A2650— 
£A3580 per annum. Other conditions of ap- 
eet include superannuation and long-service 
eave. 
An overseas appointee will be granted first- 

class fares for himself and family, together with 
an allowance of up to £200 Sterling for the 
transport of furniture and personal effects. 
A schedule of duties and full conditions of 

appointment are obtainable from the manager 
and secretary, with whom applications stating 
age, qualifications and experience and including 
the names of at least two referees close on 
15 June 1960. Write to R. K. Churches, Manager 
and Secretary, Cancer Institute Board, 278 Wil- 
liam Street, Melbourne, Victoria, Australia. X 

| POSITIONS OPEN (iil 

BIOCHEMIST. Experienced (Ph.D. preferred) to 
head laboratory section devoted to applications 
research in enzyme, chromatographic, radiotracer, 
and clinical methods. Well equipped lab, modern 
instrumentation, located New York Metropolitan 
area. Write Box 115, SCIENCE. 

ENDOCRINOLOGIST 
Research 

Challenging opportunity as independent in- 
vestigator in ethical pharmaceutical house to 
conduct and supervise research in general 
endocrinology. Ph.D. in endocrinology or 
related field required. Please send complete 
résumé to 

Mr. D. G. Duncan, Personnel Manager 
THE WM. S. MERRELL COMPANY 

Cincinnati 15, Ohio 

Medical Technologist, biood banking background 
desirable. Interest in research required. Excellent 
opportunity to participate in blood group re- 
search. Salary open. Mail replies to R. F. Ambe- 
—— Milwaukee Blood Center, Inc., Milwaukee, 

ew 
(a) Microbiologist; B.S., M.S., to supervise three- 
man operation, microbiology laboratory serving 
large chronic hospital, affiliated research institute; 
$7000, grant supplementation, superior benefits; 
East. (b) Organic Chemist; Ph.D. with substantial 
medicinal experience; responsible to research di- 
rector outstanding southern company, synthesize 
compounds with pharmacological activity; excel- 
lent potential; to $10,000. (c) Bacteriologist; 
supervise department 350-bed general hospital 
affiliated iarge clinic; three pathologists; North- 
east. (d) Pharmacologist; Ph.D. to direct screen- 
ing program, plan, develop specialized experi- 
ments, new testing methods; to about $10,000; 
eastern company. (e) Biochemist; Ph.D. pre- 
ferred, must have hospital experience to have full 
departmental responsibility, including teaching; 
excellent research possibilities, Federal ge 
very large, fully approved hospital; to $10, 
Midwest. (Please write for an analysis form. _ 
64th year: Founders of the counselling service 
to the medical profession; serving medicine with 
distinction over half a century.) Science Division, 
Woodward Medical Bureau, Ann Woodward, Di- 
rector, 185 North Wabash, Chicago. x 

SEEKING SCIENTIFIC PERSONNEL, 
MR. EMPLOYER? 

Let us help you. Our entire professional staff is 
devoted to serving the best interests of employer 
and employee by properly placing the man for the 
position. Below is a list of position classifications 
representing our Registry of screened top per- 
sonnel. Match and check the appropriate items: 

FOR WANT 
——Industry —Administrator 
— Acad. Institution — Biologist 
— Hospital — Botanist 
——Government —Chemist 
——Management —Mathematician 
——Laboratory —Physicist 
——Other —dZoologist 

SPECIALTY: ——Engineer 
——Other 

Please indicate 
Send this clipping to us, if possible together with 
your organization’s profile and/or job specifica- 
tions. 

NATIONAL SCIENTIFIC PERSONNEL 
BUREAU, 

Box 2707, Washington 13, D. C. ME 8-2567 

TECHNICAL SALES ENGINEER 
We have an opening for a technical sales repre- 
sentative with a scientific or engineering back- 
ground, to sell a diversified product line of re- 
search apparatus. This position requires a bright, 
articulate young man with ambition and initiative. 
He will work in the fields of fermentation, anti- 
biotics, tissue culture and electronics, calling on 
industrial and institutional research laboratories 
in New Jersey and New York. Send résumé to: 

New Brunswick Scientific Co., Inc. 
P. O. Box 606, New Brunswick, N. J. 
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| ASSISTANT 

PHYSICIST 

B.S. in PHYSICS a MUST 

Knowledge of Mathematics and Electronics. 
Must be interested in applying these techniques 
to medicine and biology. Excellent opportunity 
for career advancement. 

PERSONNEL DIRECTOR 

MONTEFIORE 

HOSPITAL 

210 St. & Bainbridge Ave. 
New York 67, N.Y. 

OL 2-7787 

os eae 
Virologist (IVa) Ph.D., to head public health 
virus laboratory engaged in diagnostic and re- 
search activities. State civil service with retirement 
plan, plus social security. Starting salary $8435 
to $10,774 maximum. Write Michigan Civil Serv- 
ice, Recruitment and Placement, Lansing 13, 
Mich., for further information. 5/6, 13, 20 
TEMPORARY LECTURESHIP IN ZOOLOGY. 
Applications are invited for the position of 
temporary lecturer in zoology. Appointee will 
engage in teaching and research. Salary will be 
in the range £500-90-£2100(Aust.) per annum. 
(Current salary scales are at present under 
review.) Appointment will commence as early as 
possible and terminate on 31 December 1960 in 
the first instance but may be renewed on an 
annual basis. Appointee will be required to pay 
own traveling expenses to Sidney. Applications, 
giving full details of qualifications and names of 
two referees, close with the registrar, from whom 
further details may be obtained, on 18 June 1960. 
Write to M. A. Telfer, Registrar, University $ 
Sydney, Sydney, Australia. 

DISPLAY: Insertions must be at least 1 
inch in depth. Monthly invoices will be 
sent on a charge account basis—pro- 
vided that satisfactory credit is es- 
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Single insertion $40.00 per inch 

4 times in 1 year 38.00 per inch 
7 times in 1 year 36.00 per inch 

13 times in 1 year 34.00 per inch 
26 times in 1 year 34.00 per inch 
52 times in 1 year 32.00 per inch 
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reach SCIENCE 4 weeks before date of 
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Your sets and files of 
scientific journals 

are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to re at high mar- 
ket prices. Write Dept. A38, C NER’S, Inc. 

stator ie ph Sd 

SCIENTIFIC JOURNALS WANTED 
Sets, Runs and Volumes bought at top 

our wants supplie 
of over 3, 

N.Y. Magazine Service, 

CORRECTION 
The price of the book—“Attenuated 
Infection: The Germ Theory in Con- 
temporary Perspective” by Harold J. 
Simon which appeared in the 22 April 
advertisement of the J. B. Lippincott 
Co. should have been $10. 

rices, 
from 

Periodicals. 
¥. 

our Back Files 
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DVORINE 
Pseudo-Isochromatic 

Plates * 
Distinguishes the color- 
blind from the color- 
ignorant. 
Classifies the color-blind 
according to type and 
severity of defect. 
Special arrangement 
prevents malingering. 
With Directions 

$15 each, less 5% if 
you send check 

SCIENTIFIC PUBLISHING CO. 
2328 Eutaw Place—Dept. S—Baltimore 17, Md. 

*The most widely 
accepted test in 
the US. Used by 
Medical Examin- 
ers of the CAA, 
VA and Armed 
Forces. 

iil PROFESSIONAL SERVICES il 

HISTOLOGY 
for 

Industry and Research 

GEORGE L. ROZSA, M.D. 
143 Linwood Ave. Buffalo 9, New York 

GRant 7165 

MICROBIOLOGICAL 
RESEARCH & CONSULTING LABORATORY 

virology 
medical — veterinary 

foods — dairy — drugs — sanitary 

618 E. South Street, Orlando, 
GArden 3-7027 

SWISS MICE 

Florida 

TACONIC 

FARMS 
GERMANTOWN NEW YORK 

AMINO ACID ANALYSIS 
. . Of proteins, peptides, tissue extracts, foods, 

and physiological fluids by the Spackman, Moore, 
tein thed, using the latest 
Beckman-Spinco Analyzer 

Inquiries for rates and other details are invited. 

Analytical Division 
xford 961 Woodside Road 
aboratories@® Redwood City 3, Calif. 

THE JUNIOR 
Garceau 

Electroencephalograph 
Price $575.00 complete 

No Batteries 
Requires no Shielding 

hee Delivery 
C. Operated 

lnitiess Writing 
Shipped Ready to Run 

ELECTRO-MEDICAL 
LABORATORY, INC. 

South Woodstock 2, Vermont 

1570 

SS 

YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 
Serums, antiserums and bloods me 
of all kinds for technicians and tissue <4 
culture laboratories. No salesman will call. 

COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo, 

Miniature, All-Purpose CALCULATOR 
A precision instrument that 
will do all the calculations of 
pe er expensive desk models. 

eighs only 8 peed Mas Hand. 
Ye ee accurate, aye co} 
pletely portable. ge for all on- 
the-spot calculating. Fully guar- 
anteed. Write for F'ree literature, 
prices, name of nearest dealer. 
THE CURTA COMPANY Dept. sé 
14435 Cohasset St. Von Nuys, Celif. 

Rats from the Wistar Strain 

Laboratory Animals 
since 1929 

ALBINO FARMS, P.O. BOX 331 
RED BANK, NEW JERSEY 

Swiss Mice — Albino Rabbits —Guinea Pigs— 
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WABASH HYDRAULIC 
LABORATORY PRESSES 
Most complete line, 3 to 50- 
tons capacity. Heated Platens. 
Manual & motorized models. 
Ask for catalog. 

Wabash Metal Products Co. 
1614 Morris St., Wabash, Indiana 

SWISS MICE 

BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 

IN OUR QUALITY CONTROL 

HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 

ANIMAL CAGES 
BUY DIRECT FROM MANUFACTURER 
SHIPMENT OF STANDARD ITEMS 

FROM STOCK 
HOELTGE BROS., Inc. 

1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 

SERVICE SINCE 1856 

ELECTRIC 

[AB 

iMER 

Giant 8” Dial 

GRA LAB INTERVAL TIMER Automatit 
signalling and switching over unusually wide 
range of 3600 possible settings. 
GRA LAB MICRO TIMER 1/10 sec, or 1/100! 
min. stop clock. Remote start stop control 
Write for catalog. 

DIMCO-GRAY 
214 E. SIXTH ST., 

COMPANY 
DAYTON 2, OHI0 

SCIENCE, VOL. 131 
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Handle Corrosive Chemicals Economically 

Chemical, biological and testing labs can now handle cor- 
rosive chemicals at temperatures up to 1000°F—without 
tying up funds in expensive (and often pilfered) equipment. 
At only one-third the cost of solid platinum, Fisher PLATI- 
NUM/CLAD Labware is four times stronger, lasts years! 
A platinum alloy lining, containing rhodium for improved 

hardness, is firmly bonded to the stainless steel vessel by a 
special patented process. The sturdy stainless exterior re- 
sists damage from tongs and other mechanical devices; the 
platinum-clad interior prevents chemical attack. Top edges 
and spouts are platinum clad and rolled over to prevent 
reaction with the exterior metal as chemicals are poured. 

—-with Fisher PLATINUM/CLAD Labware! 

From stock, Fisher offers PLATINUM/CLAD Crucibles 
and Evaporation Dishes. You may return this labware when 
no longer usable for a high scrap refund. (And, since the 
platinum can be reclaimed only by a special technique, pil- 
ferage is reduced.) 

Fisher PLATINUM/CLAD Crucibles are $48 each 
($45.60 each in lots of 6 to 23; $42.70 each in lots of 24 or 
more). They are 42 mm in diameter, 42 mm deep, hold 40 ce. 

Fisher PLATINUM/CLAD Evaporation Dishes are 
$64.80 each ($61.60 in lots of 6 to 23; $57.60 each in lots 
of 24 or more). They are 72 mm in diameter, 33 mm deep, 
hold 100 ce. B-124 

FISHER SCIENTIFIC 
America's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 

Boston Cleveland Philadelphia IN CANADA 
Buffalo Detroit Pittsburgh Edmonton 
Charleston, W.Va. —_ Houston St. Louis Montreal 
Chicago New York Washington Toronto 
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You're looking ata perfect team in action... 
a skilled technician using the famed “820” 
Microtome and the New AO Knife Sharp- 
ener. This combination assures complete 
control over all the factors necessary for cut- 
ting consistently uniform serial sections, 

The AO Knife Sharpener provides on-the- 
spot facilities for honing and polishing knife 
edge and bevel. Operation is automatic; 
place knife in holder...set timer...flip the 

American Optical 

Company 

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 

IN CANADA write — American Optical Company 

e’s Sharpening Knives... 

That’s right...she’s sharpening microtome 
knives with AO’s New Automatic Micro- 
tome Knife Sharpener while she busily cuts 
sections. 

switch. The unit stops automatically when 
sharpening cycle is completed. There’s 
never any need for further hand-honing or 
stropping. 

You always have sharp knives on hand to as- 
sure the optimum sectioning results that the 
820” Microtome is designed to produce, 

Ask your AO Sales Representative to show 
you how little it costs...to put this unex- 
celled sectioning team to work for you... 
to help you reduce expensive knife inven- 
tories and outside servicing. 

For further information or a convincing 
demonstration...write now. 

Dept. E-3 
C) Please send further information on AO’s sectioning team... 

*'820” Microtome and New Model 935 Automatic Knife Sharpener. 
I would be interested in a demonstration. 

Name 

Address 

Zone State_ 

Canada Ltd., Box 40, Terminal A, Toronto, Ontario 




