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Week 3 Problem Set 
 
Instructions: Work out the answers to the following problems on paper and then submit your answers 
via a link on the Quizzes page labeled "Week 3 problem set (submit answers)." Click the "Attempt Quiz" 
button and you will find each individual question listed with several possible answers. (Note that there 
are three problems in the problem set but thirteen questions total. Also note that the “submit answers” 
link will not be immediately available, in order to encourage you to work out the answers without 
having the benefit of seeing the possible answers. In real life, of course, we usually don’t get the 
answers, or possible answers, in advance.) Choose the answer you think is correct for each question, 
and then click the "Submit" button at the bottom of the page when you're ready. Each individual 
question is worth 2 points, and there are 24 points total. If you choose to take the quantitative approach 
to the course, your score on this problem set will count toward your overall course score (though your 
lowest problem set score will be dropped). 
 
Important: You are only allowed to submit your answers once, so before you do so, double-check that 
you have answered all the questions and your answers are as you think they should be. The deadline is 
Wednesday, May 1 at 11:59 pm PDT (GMT -0700). 
 
Second important note: It is okay to work together on the problems and/or give tips in the forums, but 
please do not post the answers.  
 
 
Problem 1 (6 points). Answer the following questions related to waves: 
 
(a) A typical FM radio station broadcasts using electromagnetic  waves with a frequency of 90 MHz (90 
million Hertz, or 90 million cycles/second). What is the wavelength of these waves in meters? (Use c = 
300,000,000 meters/second for the speed of light, i.e., the speed of electromagnetic radiation.) 
 
(b) A typical AM radio station broadcasts using electromagnetic  waves with a frequency of 1200 kHz 
(1200 thousand Hertz, or 1.2 million cycles per second). What is the wavelength of these waves in 
meters? (Note: The frequency here has been corrected to 1200 kHz, not the value originally given of 90 
MHz, which is the frequency for the FM station in Problem 1(a).) 
 
(c) Consider a paddle device that creates waves in a tank filled with a certain fluid. The waves travel at 
20 km/hour, as measured by an observer outside the tank. If the paddle device, while generating its 
usual waves, is then put in horizontal motion through the fluid at 12 km/hour, how fast does the 
observer see the waves move (in km/hour)? 
 
 
Problem 2 (16 points). Answer the following questions involving the speed of light. (Assume that the 
speed of light is 300,000,000 meters/second. Also ignore any relativistic effects on time and length, 
because we have not covered those yet. In other words, the calculations below are intended to be 
straightforward time and distance calculations.) 
 
(a) The circumference of the Earth at the equator is 40,075 km. If you could travel at the speed of light, 
how many times could you go around the Earth in one second? 
 



(b) The average distance to the Moon is 384,000 km. How long does it take a radio signal (traveling at 
the speed of electromagnetic radiation, i.e., the speed of light, in a vacuum) to go from the Earth to the 
Moon? 
 
(c) The average distance from the Sun to the Earth is 150 million km. How long does it take light from 
the surface of the Sun to reach the Earth? 
 
(d) The distance from Earth to Mars varies depending on where they are in their orbits. The current 
distance (as of this writing) from the Earth to Mars is about 360 million km. When scientists want to 
send a message via a radio signal to one of the robot explorers currently operating on Mars, how long 
does it take the signal to reach the robot? 
 
(e) If you traveled to Mars in a spaceship that averaged 3.7 km/second (a typical speed), how fast would 
you be going in km/hour? 
 
(f) If you traveled to Mars in a spaceship that averaged 3.7 km/second, how many days would it take 
you, assuming the distance is 360 million km? 
 
(g) The nearest star to our solar system is Proxima Centauri, at a distance of 39,900,000,000,000 km 
(that’s 39.9 million million km). If you could travel there in a spaceship with a speed of 4,000 km/second, 
how many years would it take to get there? (Note that at 4,000 km/second, you would be able to travel 
from New York to Los Angeles in about 1 second, and New York to Paris in about 1.5 seconds.) 
 
(h) If you could travel to Proxima Centauri at the speed of light, how many years would it take to get 
there? 
 
 
Problem 3 (2 points). Imagine that we were able to set up a huge Michelson-Morley experiment by 
putting a special satellite in orbit around the Earth that was at the same distance as the Moon, but 
always located 90 degrees away from where the Moon is located. The satellite would have one mirror, 
and we would put another mirror on the Moon. From Earth, we would then split a laser beam into two 
beams, with one beam aimed at the satellite and bouncing off its mirror and back to us, and the other 
aimed at the Moon, bouncing off its mirror and back to us. Assuming that one of the beams traveled 
crosswind with respect to the presumed ether wind, and the other beam traveled with a headwind and 
then a tailwind with respect to the ether wind, what would be the difference in round-trip travel times 
for the two beams in seconds? (Use 299,792,000 meters/second for the speed of light, 29,800 
meters/second for the speed of Earth through the presumed ether, and 384,000 kilometers for the 
distance from Earth to the Moon, and the same for the distance from Earth to the satellite.) 
 
 


