Q26-0

A light 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 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 ___________ (fill in the blank) the light strikes the front of the train.

B) before 

C) after

D) at the same time as


[image: image9.bmp]


Answer: B), before.  In the ground frame, like in all frames, the light moves with speed c.  The back of the train car moves forward to meet the light moving backwards and so the light reaches the back of the train first and then reaches the front of the train second.  
Q26-1

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..

B) 1sec 
C) 1/2 sec

D) 2 sec


[image: image3]




Answer: 1/2 second.  In the Albert's frame, Albert is at rest and Bert is moving.  "Moving clocks run slow" so in Albert's frame, while Albert's clock is going "tick tick tick tick",  while Bert's clock is going "tick ...............tick..................tick...........".   When Albert's clock ticks once (1 sec), Bert's clock has only gone through 1/2 a tick (1/2 sec).

Q26-2

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 

B)  1m

C) 1/2 m
D) 2 m

E) None of these.


[image: image5]


Answer: 1/2 m.  "Moving sticks are shorter"  In Marvin's frame, Marvin is at rest, and stick L is moving.

Q26-3

Hydrogen and oxygen react explosively producing water, according to the reation:

2H2 + O2 ( 2H​2O + energy

True (B) or False (C): 

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.  The formula (E = (m c2 applies to all energy changes, not just nuclear reactions.  So, when energy leaves the system, its mass must decrease.  The mass of the products is very slightly less than the mass of the reactants.
Q26-4

We will learn in Chapter 28, that a 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 (the first excited) state has an energy of -3.4eV.  A hydrogen atom in the first excited state can drop down to its ground state energy by emitting a photon.

When a hydrogen atom undergoes a transition from the 1st excited state to the ground state, the mass of the hydrogen atom...
[image: image1]
B) remains unchanged.


C) decreases by about 1 part in 107

D) decreases by about 1 part in 108
E) decreases by about 1 part in 109



Answer: D), decreases by about 1 part in 108.
The rest energy of the hydrogen atom is about E = 1000 MeV = 109 eV  (due mostly to the mass of the proton).  The energy change of the H atom is about (E = 10 eV.    Energy is equivalent to mass through E = mc2, so mass decreases by about 1 part in 108.
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Q26-5

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?

B) v=0.75c

C)v=0.87c

D) v=0.94c

E) None of these (to two 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: C), v=0.87c
Relativistically, KE = ((-1)mc2, so if ( = 2, then KE = mc2.

Q26-6. 

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....

B) energy

C) momentum


D)  charge

E) trees





Answer: C)
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