
Phys 311, 1st third term paper 
 
your name          36  points in total 
 
your SS# 
 
1. What does the Michelson-Morley experiment prove directly: 
 
that there is time dilation parallel and perpendicular to the direction of motion ü 
 
that there must be mass dilation 
 
that one can’t transform mass into potential energy 
 
that there is length contraction perpendicular to the direction of motion  
 
that the Galilean transformations go over into the Lorentz transformations for small speeds 
 
that one prediction of Maxwell’s electrodynamics, i.e. c = 

00

1
εµ

is correct for all observers ü 

that the rest of Maxwell’s electrodynamics must necessarily be incorrect 
 
that all of Newton’s mechanics must necessarily be correct as it is invariant with respect to a 
Galilean transformation 
 
that there cannot be any ether 
 
that there is no need for an ether ü 
 
inertial reference frames do not exist in nature  
 
non of the above as the experiment proved: ……………… 
 
3 points 
 
be careful there is more than one correct answer, marking wrong answers in addition to correct 
answers leads to the subtraction of points, so ponder carefully, the key is here “directly” 
 
 
2. If it was not intended as a proof of principle, what was the Mickelson-Morley experiment 
actually set up to measure originally?   4 points 
 
from the viewpoint that special relativity is correct, the experiment is proof that the relative 
motion of the earth with respect to the frame of reference in which the ether was assumed to be at 
rest   2 points 



it was indented to prove the principle that one can prove with electrodynamics that the earth is 
moving relative to something else,          2 points    
 
3. Do the Lorentz transformations imply that there is 4 dimensional space time? If so make 
a qualitative statement on the basis of one of these equations?  1 point 
 
 
yes, simply by having space coordinates and “time coordinates” mixed in the transformations 
 
 
 
 
4. Are the rest mass and the electric charge of any object invariant with respect to a 
Lorentz transformation, i.e. the same for all observers regardless of the state of the motion?  
 
3 points 
 
yes, rest energy is the same for all observers, rest mass is just rest energy divided by c2, since c is 
a constant in all frames of references, rest mass must be as well   1 point 
 
electric charge is a fundamental concept, if it is moving with respect to us, we see magnetism if it 
is at rest with respect to us, we see electrostatics, both magnetism and electrostatics are two 
“different sides of the same coin”   2 points 
 
 
5. Prove algebraically that simultaneous events in one frame of reference are not 
simultaneous in anther frame of reference.  4 points 
 
Hint. Lorentz transformation, ∆t = ∆t’? 
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=    and also if I define a time interval in the frame at test ∆t = t2-t1  
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now if my time interval ∆t = 0 because two things happened simultaneous to me, i.e. at the same time, so 
that t1 = t2  if follows  
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=∆=−              is not zero ! so in the frame that is moving with respect to me the 

interval is not zero, so it must be true t1’ ≠ t2‘ , so the same two events as observed from the moving frame 
are not simultaneously  
 
 
6a. Can a physical theory that requires the simultaneity of two events at different locations 
be valid?  
 
No, all physical theories have to be the same regardless of the frame of reference of the observer, 
as different observes don’t agree on simultaneous events, no theory can be valid that required 
simultaneity at two different locations 
   
 see Beiser, p. 45    3 points 
 
 
6b. Can a physical theory that requires the simultaneity of two events at the same locations 
be valid? Explain your reasoning clearly  
 
yes, now the situation is different so x1 = x2 and t1 = t2 are required, so this makes ∆x = 0 and ∆t 
= 0  
 
putting this in the Lorentz transformation 
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so that a theory will be OK, see Beiser p. 45    3 points 
 
 
 
7. Prove algebraically that for speeds small compared to the speed of light, the relativistic 
formula for kinetic energy reduces to                   (4 points) 
 

KE ˜  ½ mov2 = 
0

2

2m
p                         Hint: Binomial expansion 

 
Beiser p. 29 
 
KErela = m c2 - m0 c2 = (
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for small velocities we can use binomial expansion 
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p = m0v  so   p2 = m0 v2  
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8. What speed measurement will well trained husband and wife physicists agree upon (if 
they can’t agree about much else)?  2 points 
 
 
 
speed of light regardless of their relative motion with respect to each other 
 
 
 
9. A rocket traveling at speed 0.8 c relative to the earth shoots forward a beam of particles 
with speed 0.9 c relative to the rocket. (9a) What is the particle’s speed relative to the 
rocket?  3 points     
(9b) What is the particles speed relative to the earth?    3 points 
(9c) The same rocket shoots forward a signal, i.e. pulse of light, with speed c relative to the 
rocket. What is the signal’s speed relative to the earth?  3 points 
 
Taylor, Zafiratos, Dubson, text, p. 33-34 
 



 
 
 
 


