CTRelativity- AUTONUM  \* Arabic  A rocket is moving to the right at speed v = (3/4)c.  On the  front of the rocket is a headlight which emits a flash of light.
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In the reference frame of a person at rest relative to the rocket, the speed of the light flash is

A) c

B) 7/4 c
C) 1/4 c 
D) None of these

According to the person in the rocket, the speed of the light pulse relative to the rocket is.. (same choices)


Answers: the speed of light measured by any observer is c, always!


CTRelativity- AUTONUM  \* Arabic 
A light bulb flashes in the center of a train car that is moving at speed v with respect to the ground.  In the frame of reference of the train car, light waves from the flash strikes the front and back of the train simultaneously.  

In the frame of reference of the ground, the light strikes the back of the train ___________  the light strikes the front of the train.

A) before 

B) after

C) at the same time as
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Answer: before.  The light hits the back of the train first because the back of the train moves forward to meet the light.



CTRelativity- AUTONUM  \* Arabic 
A long row of clocks (all at rest in Frame S) are synchronized.  So, all clocks strike 2 o'clock simultaneously in Frame S.
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The same row of clocks is observed from Frame S' which is moving to the left relative to S with speed v. So in S', the clocks are moving to the right at speed v.  

Are the clocks synchronized in S' ?
A) Yes

B) No


[image: image4]


Answer:  No, the clock's are not synchronized in the frame S'.  Remember: events that are simultaneous in one frame are not simultaneous in other frames (see the previous question).  In frame S, the clock ticks are all simultaneous. In frame S', they are not simultaneous.



CTRelativity- AUTONUM  \* Arabic 
[image: image1]A light clock in its own Clock Frame:

Event 1: a lightbulb flashes

Event 2: the flash hits mirror distance D away.

time interval = to = D / c
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In the "lab frame" the light clock is moving to the right at speed v.  

Is the time interval t between events 1 and 2 in the Lab frame greater than, less than, or equal to the time interval in the Clock frame

A) t > to

t < to

C) t = to


Answer: t > to   In the Lab frame, the light has further to go, at the same speed c.  Longer distance to travel and the same speed c means that it takes longer.



CTRelativity- AUTONUM  \* Arabic  A person on the ground, watching a train go by, observes two simultaneous lightening strikes: one strike hits the front of the train and the other hits the back of the train.  The strikes ignite bright fires on the front and back of the train and scars the tracks.  The ground observer is halfway between the strikes when they occur.  There is a train observer in the center of the train car.
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According to the ground observer, which strike's light rays reach the train observer first?

A) The front strike
B) the back strike


C) Both strikes reach the train observer at the same time


Answer: According to the ground observer, light from the front strike reaches the train observer first, because the train observer in moving to the right, forward to meet the light from the front flash.


Both observers agree on these events: 
· lightening struck the front of the train (event A) 

· lightening struck the back of the train (event B) 
· the forward side only of the train guy was lit up (event C) 
· both sides of the train observer were lit up (event D). 
According to the train observer, which strike occurred first?

A) The front strike

B) the back strike


C) Both strikes reach the train observer at the same time
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Answer: according to the train observer, the front flash happened first because light from the front strike reached him first.



According to the ground observer, the distance between the track scars is equal to the length of the train. According the train observer, the distance between the track scars is ________ the length of the train.
 A) greater than 

B) less than

C) equal to
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Answer: According to the train observer, the front strike happened first, then the earth and the front strike scar on the earth moved left, then the back strike happened.  So the distance between the track scars is less than the length of the train.



CTRelativity- AUTONUM  \* Arabic 
Einstein showed that mass is equivalent to energy according to the formula E= mc2.  The formula applies:

(A) Only to nuclear reactions

(B) To any kind of reaction: chemical, mechanical, gravitational, etc


Answer: E= mc2 applies to any kind of reaction: chemical, mechanical, gravitational, etc



CTRelativity- AUTONUM  \* Arabic 
Two Clocks, labeled A and B, are flying past each other with relative speed v.  The speed is so large that the gamma factor 
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 is ( = 2. .  From the point of view of Bert, the little man who lives in clock B, he is at rest and clock A is moving by at speed v.  According to Albert, the little man who lives inside clock A, when one second passes on his clock A, the number of seconds that pass on Bert's clock, clock B, is..

A) 1sec 
B) 1/2 sec

C) 2 sec
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Answer: ½ second.  No matter which frame of reference you are in, the moving clock runs slow.  Which clock is the moving clock depends on your frame of reference.  According to Albert, he (Albert) is at rest and it is Bert that is moving.
Bert and Albert both claim that the other guy's clock is going slower.  (!!??)  How can they both be right?  Each observer has a lattice of clocks and recorders.  When each observer measures the time on the other guy's clock, they compare two events.  But Albert and Berts do not compare the same two events.
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CTRelativity- AUTONUM  \* Arabic 
Two meter sticks, labeled L (for lab) and M (for moving) are flying by each other at very high relative speed v.  The gamma factor is 
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 = 2.  In the lab frame shown below, stick L is at rest and stick M is moving left at speed v.  According Marvin, the little man who lives on stick M, the length of stick L is 

A)  1m

B) 1/2 m

C) 2 m

D) None of these.


[image: image16.wmf]electron

 

ground 

state

 

1st 

excited

 

state 

 

photon

 


Answer: ½ m .  "Moving stick are shorter".  According to Marvin, he (Marvin) is at rest and the stick L (in the Lab) is moving with speed v.


CTRelativity- AUTONUM  \* Arabic  Hydrogen and oxygen react explosively producing water, according to the reaction:
2H2 + O2 ( 2H​2O + energy

True (A) or False (B):  the mass of two H2O molecules (the product) is exactly equal to the mass of two hydrogen molecules plus the mass of  one oxygen molecule (the reactants).


Answer: False.  Energy is mass according to E = mc2.  In this chemical reaction, some energy is given off, so the reaction products lose energy and mass.



CTRelativity- AUTONUM  \* Arabic  The hydrogen atom (1 proton + 1 electron), can exist only in certain discrete energy states corresponding to different discrete electron orbits.  The lowest energy state (called the ground state) has an energy of Eground= –13.6eV.  The next highest energy state state has an energy of –3.4eV.  The rest mass energy of the H-atom is about 940 MeV. 
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When a hydrogen atom undergoes a transition from the 1st excited state to the ground state, the mass of the hydrogen atom...

A) remains unchanged.


B) decreases by about 1 part in 105 = 1E5
C) decreases by about 1 part in 108 = 1E8
D) decreases by about 1 part in 1011 = 1E11
E) increases



Answer: decreases by about 1 part in 108 = 1E8.  The magnitude of the energy change of the atom is about E = 10 eV.  The rest energy of the atom is about Eo = 1000 MeV = 109 eV.  The ratio is about E/Eo = 10/109 = 10-8.   
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CTRelativity- AUTONUM  \* Arabic 
Below is a table of values of gamma.  At what speed (approximately) is the kinetic energy of a particle equal to its rest mass energy?

A) v = 0.75c

B) v = 0.87c

C) v = 0.94c

D) None of these (to 2- place precision).

	v/c
	gamma

	0.1
	1.0050

	0.5
	1.155

	0.6
	1.250

	0.7
	1.400

	0.8
	1.667

	0.9
	2.29

	0.95
	3.20

	0.99
	7.09

	0.999
	22.4

	0.9999
	70.7

	0.99999
	223




Answer: v = 0.87c   Setting KE = moc2 gives 
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.  Remember, in Special Relativity, KE = (-1)moc2  
 
CTRelativity- AUTONUM  \* Arabic  
The following process cannot occur:  An electron and a positron (an anti-electron) are placed near each other, initially at rest, and are then released.  There are no other particles nearby.  The electron and positron fly toward each other and annihilate, resulting in the production of a single gamma-ray with energy 
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 where mo is the rest mass of an electron.  The process just described cannot occur because it would violate conservation of....  HINT: photons carry energy and momentum, and they have zero electrical charge.
A) energy

B) momentum
C)  charge

D) trees





Answer: Momentum. The total momentum before the annihilation is zero. So the total momentum after the collision must also be zero.  A single photon has momentum. 
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CTRelativity- AUTONUM  \* Arabic   In the Lab frame (in which lab equipment is at rest), a source emits a light flash, and a detector a distance D away, detects the light after a light-travel time of D/c.

In the frame moving to the right at speed v, the light travel time is _______ , compared to the time in the Lab frame.

A) greater 

B) less

C) the same 


Answer:  In the moving frame, the light travel time is less than in the Lab frame.  In the moving frame, the detector is moving to the left to meet the light, so the light travels has to travel a shorter distance before reaching the detector.  Light always travels at speed c, so if the light is moving with the same speed, it takes less time to travel a shorter distance.
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Train observer:  "I'm at rest in the middle of the train and light from the front strike reached me first."





train observer: "I'm at rest, earth is moving left.


Front strike hit a while ago.  Back strike is hitting now."
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Albert compares his clocks A5 and A8 with B5 and finds that B5 is slow.
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Bert compares his clocks B5 and B2 with A5 and finds that A5 is slow.
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