	
	Modern Physics: Relativistic velocities worksheet
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P76#31: A spaceship is moving at a speed of 0.8c away from an observer at rest. A boy in the spaceship shoots a proton gun with protons having a speed of 0.7c. What is the speed of the protons measured by the observer at rest when the gun is shot (a) away from the observer and (b) towards the observer.

P76#32 A proton and an antiproton are moving toward each other in a head-on collision. If each has a speed of 0.8c with respect to the collision point, how fast are they moving with respect to each other?

P76#33: Imagine the speed of light in another universe to be only 100 m/s. Two cars are traveling along an interstate highway in opposite directions. Person 1 is traveling 110 km/hr and person2 is traveling 140 km/hr. How fast does person 1 measure person 2 to be traveling? How fast does person 2 measure person 1 to be traveling?

Consider a system composed of smaller systems, each moving with a speed of 0.5 relative to the previous one. Find the speeds of each system as observed by a fixed observer up to about n=5. Plot the results for n vs ux.

Time Dilation

P76#22:The Apollo astronauts returned from the moon under the Earth’s gravitational force and reached speeds of almost 25,000 mi/hr with respect to the Earth. Assuming (incorrectly) that they had this speed for the entire trip from the moon to the Earth, what was the time difference for the trip between their clocks and clocks on the Earth?

worksheet problems on velocity addition
P76#31: A spaceship is moving at a speed of 0.8c away from an observer at rest. A boy in the spaceship shoots a proton gun with protons having a speed of 0.7c. What is the speed of the protons measured by the observer at rest when the gun is shot (a) away from the observer and (b) towards the observer.

(a)

V of ship as seen by the observer: +0.8c

V of protons as seen by the boy: +0.7c
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(b)

(a)

V of ship as seen by the observer: +0.8c

V of protons as seen by the boy: -0.7c
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P76#32 A proton and an antiproton are moving toward each other in a head-on collision. If each has a speed of 0.8c with respect to the collision point, how fast are they moving with respect to each other?

We can imagine that a fixed observer observes the proton moving with a velocity of 0.8 c (=v) and observes the antiproton moving with a velocity of -0.8c (=ux). Solve for u’:
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P76#33: Imagine the speed of light in another universe to be only 100 m/s. Two cars are traveling along an interstate highway in opposite directions. Person 1 is traveling 110 km/hr and person2 is traveling 140 km/hr. How fast does person 1 measure person 2 to be traveling? How fast does person 2 measure person 1 to be traveling?
Conversion: 
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V1=0.31c:V2=-0.39c
According to person 1: (using the results of problem 1):

v=+.31c, ux=-0.39c
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According to person 2:

v=-.39c,ux=+.31c
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The system is symmetric.

Consider a system composed of smaller systems, each moving with a speed of 0.5 relative to the previous one. Find the speeds of each system as observed by a fixed observer up to about n=5. Plot the results for n vs ux.
n=1: v=0.5,u’=0.5
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n=2:

v=0.8c, u’=0.5c
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n=3:

v=0.938c,u’=0.5c
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n=4:

v=0.9790c,u’=0.5c
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n=5: 
v=0.9918c,u’=0.5c
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Time Dilation

P76#22:The Apollo astronauts returned from the moon under the Earth’s gravitational force and reached speeds of almost 25,000 mi/hr with respect to the Earth. Assuming (incorrectly) that they had this speed for the entire trip from the moon to the Earth, what was the time difference for the trip between their clocks and clocks on the Earth?

Conversion: 25000 mi/hr=11,175 m/s. The distance is 3.84x108m. The time in the Earth’s frame is:
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In the astronaut’s frame:
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The time difference is thus on the order of 1x10-5s

The moral to the story is you’ve got to go lots faster to live forever.
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