SPH4U: Special Relativity Problem Set

1.
(a)
Define proper length.
......................................................................................................................................

......................................................................................................................................

(1)

(b)
A spaceship is travelling to the right at speed 0.75 c, through a tunnel which is open at both ends. Observer A is standing at the centre of one side of the tunnel. Observer A, for whom the tunnel is at rest, measures the length of the tunnel to be 240 m and the length of the spaceship to be 200 m. The diagram below shows this situation from the perspective of observer A.
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Observer B, for whom the spaceship is stationary, is standing at the centre of the spaceship.

(i)
Calculate the Lorentz factor, γ, for this situation.

...........................................................................................................................

...........................................................................................................................

(1)

(ii)
Calculate the length of the tunnel according to observer B.

...........................................................................................................................

...........................................................................................................................

(1)

(iii)
Calculate the length of the spaceship according to observer B.

...........................................................................................................................

...........................................................................................................................

(1)

(iv)
According to observer A, the spaceship is completely inside the tunnel for a short time. State and explain whether or not, according to observer B, the spaceship is ever completely inside the tunnel.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(c)
Two sources of light are located at each end of the tunnel. The diagram below shows this situation from the perspective of observer A.
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According to observer A, at the instant when observer B passes observer A, the two sources of light emit a flash. Observer A sees the two flashes simultaneously. Discuss whether or not observer B sees the two flashes simultaneously.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

2.
Carrie is in a spaceship that is travelling towards a star in a straight-line at constant velocity as observed by Peter. Peter is at rest relative to the star.

(a)
Carrie measures her spaceship to have a length of 100 m. Peter measures Carrie’s spaceship to have a length of 91 m.
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(i)
Explain why Carrie measures the proper length of the spaceship.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(1)
(ii)
Show that Carrie travels at a speed of approximately 0.4 c relative to Peter.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)
(b)
According to Carrie, it takes the star ten years to reach her. Using your answer to (a)(ii), calculate the distance to the star as measured by Peter.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(c)
According to Peter, as Carrie passes the star she sends a radio signal. Determine the time, as measured by Carrie, for the message to reach Peter.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)

(Total 8 marks)

3.
(a)
Define inertial frame of reference.

......................................................................................................................................

......................................................................................................................................

(2)

(b)
Ann and Sue are twins. Sue remains on Earth. Ann travels to the star Sirius in a spaceship moving at a speed of 0.80 c, as measured by Sue. The distance between Earth and Sirius is 8.8 ly, as measured by Sue.

(i)
Calculate the time elapsed, as measured by Sue, between Ann leaving Earth and reaching Sirius.

...........................................................................................................................

(1)

(ii)
State and explain whether Ann or Sue measures the proper time between Ann leaving Earth and arriving at Sirius.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2) 

(iii)
Calculate the time taken for the spaceship to reach Sirius, as measured by Ann.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2) 

(iv)
As Ann approaches Sirius, she sends a radio message back to Sue. The distance between Sirius and Earth, as measured by Ann, is 5.28 ly. Determine the time, as measured by Ann, that it takes for the signal to reach Sue.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(3)

(Total 10 marks)

4.
This question is about relativistic kinematics.

(a)
State what is meant by proper length and proper time interval.

Proper length: ..............................................................................................................

......................................................................................................................................

Proper time interval: ...................................................................................................

......................................................................................................................................

(2)

(b)
A spaceship moves with speed v = 0.600c relative to a space station. Two lasers, A and B, on the space station are 5.00 m apart as measured by the space station observers. The gamma factor for a speed of v = 0.600c is γ =1.25.
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(i)
A radio signal is sent to the spaceship from the space station. The transmission lasts for 6.00 s according to space station clocks. Calculate the duration of the transmission according to the spaceship observers.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(ii)
Calculate the distance between the lasers A and B according to the spaceship observers.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(c)
The lasers in (b) are fired simultaneously according to the space station observers.
Light from each laser makes a mark on the spaceship. The spaceship observers measure the distance between the two marks to be 6.25 m. According to the spaceship observers

(i)
state which laser was fired first.

...........................................................................................................................

(1)

(ii)
determine the difference in time between the firings of the two lasers.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(2)

(Total 9 marks)
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