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Chapter 23
Space-time Physics
	
	
	Answer
	Extra information
	Mark

	1
	a
	Speed of light unchanged.

So arrives at speed c
	
	1

	
	b
	There is red shift; i.e. the frequency decreases and the wavelength increases
	 
	2

	Total marks
	3

	2
	
	Formula 1
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Formula 2
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= 1 +0.04/2 = 1.020

So 1 in 1000 or 0.1%


	2 marks

2 marks

1 marks
	5

	Total marks
	5

	3
	a
	Measure any apparent difference in speed of light c in direction of earth’s motion and at right angles using an interferometer.

Measure at different periods of the earth’s orbit around sun.

Null result.

Velocity of light always the same. / No aether  
	1 mark each point
	4

	
	b i
	Distance in earth frame = 25 light years

Speed = 0.85 c

Time = distance/speed = 25/0.85 = 29(.4) years
	1 mark 

1 mark
	2

	
	b ii
	(Similar to muon case see pg 461)

In the moving frame a reduced distance is measured.
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= 1.9
So distance = 25/1.9 = 13.2 light years
	1 mark method

1 mark answer
	2

	
	b iii
	Moving clocks run slow so measure shorter time.

So crew member has aged less.

Time = 25 /1.9 = 13.2  years.

So is 31.2  years old
	1 mark

1 mark

1 mark
	3

	        Total marks
	11

	4
	a
	Relativistic mass = m0
= 
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= 2.29 m0 = 2.1 × 10-30 kg
	1 mark method

1 mark answer
	2

	
	b
	Momentum = m0v = 2.1 × 10-30 × 0.9 × 3 × 108 kg m s-1
    = 5.6 × 10-22 kg m s-1
	1 mark method

1 mark answer
	2

	Total marks
	4


	5
	a
	1. The laws of physics are the same in any inertial (non-accelerating) frame of reference.

2. Constancy of speed of light.

The velocity of light in a vacuum  is always the same, independent of any relative velocity between the observer and the source.
	2 marks

2 marks
	4

	
	b i
	Mass = m0

       = 
[image: image9.wmf]2

2

1

1

c

v

-

m0= 
[image: image10.wmf]2

99

.

0

1

1

-

× 1.88 × 10-28 kg

       = 7.09 × 1.88 × 10-28 kg 

       =1.33 × 10-27 kg
	1 mark method

1 mark working

1 mark answer
	3

	
	b ii
	Distance in muon frame = speed/half life

     = 0.99c/(2.2 ×106) = 135 m

Distance in lab frame =  × 0.99c/(2.2 × 106) m  

          = (7.09 × 0.99 × 3 × 108/(2.2 × 106)m

          = 960 m
	1 mark method

1 mark working

1 mark answer 
	3

	      Total marks
	10

	6
	a
	Time of travel = distance/speed 

         = 2280/3 × 108 s = 7.6 s
	1 mark method

1 mark answer
	2

	
	b
	Number of half lives ~ 5

So would expect 5800/(2 × 2 × 2 × 2 × 2)= 2280/64 

= 90n in 12 minutes
	1 mark method

1 mark answer
	2

	
	c
	The half life of the particles is larger by a factor of .

(we do not know precise speed).

So muon’s decay at slower rate in moving frame (time runs slower in the moving frame, as observed by the detectors) meaning more are measured in stationary frame than expected.
	
	2

	      Total marks
	6

	7
	a
	Need  to be 2.
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4 -4v2/c2 = 1

v2/c2 = ¾

v = (3 × c/2 = 0.866c
	1 mark method

1 mark working

1 mark answer
	3

	
	b i
	1 m
	
	1

	
	b ii
	Observer sees stick contracted to 0.5 m
	
	1

	Total marks
	5


	8
	a
	Ek = m0c2- m0c2
1019 × 1.6 × 10-19 = (× 1.67 × 10-27 × 9 × 1016
 = 1.06 x 1016 ~ 1010
	1 mark method

1 mark working

1 mark answer
	3

	
	b
	1010 = 
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So v must be very close to c: 3 × 108 m s-1
	 
	2

	
	c
	105/1010 light years = 10-5 light years
	1 mark method

1 mark answer
	2

	
	d i
	105 years
	
	1

	
	d ii
	10-5 years
	
	1

	Total marks
	9

	9
	a
	Work done = 25 × 103 × 1.6 10-19  J = 4.0 × 10-15 J

	1 mark method

1 mark answer 
	2

	
	b
	4.0 × 10-15 J
	1 mark 
	1

	
	c
	Ek = m0c2 – m0c2
( – 1)= 4.0 × 10-15/(9.1 × 10-31 × 9 × 1016) = 0.049

= 1.049
0.049 > 0.002 so need to take into account

Adjust coil magnetic strength.
	1 mark method

1 mark working

1 mark answer

1 mark suggestion
	4

	        Total marks
	7

	Total for test paper
	60


Mark Scheme
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