“A relatively fun worksheet”   a.k.a. Time Dilation Problem Set

borrowed from Madison West HS



1. Mr. Dominic is on a bicycle traveling at +5 m/s with respect to the ground.  He throws his calculator away from him at 1m/s to his friend who is waiting to work out some physics calculations.  You are standing on the side of the road watching this take place. 
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a. According to your frame of reference (on the side of the road), how fast is the calculator traveling?

Answer__________________

b. According to Mr. Dominic’s frame of reference, what is the velocity of the calculator?

Answer__________________

2. Al is racing his speedboat at +150,000,000 m/s on Lake Mendota.  He turns on the boat’s headlights and the light emitted from the boat travels at +3.0 ( 108 m/s.  You wave (pun intended) at Al from the shore.

a. According to Al on his speedboat, what is the light’s velocity?   __________________

b. According to your frame of reference on the shore, what is the light’s velocity?_________________

3. At what location in the universe can you be absolutely at rest?  Explain.
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4.  This picture shows your phriend in a vehicle that is moving past you.  On the floor is a flashlight aimed straight up.  When the light is turned on, the dots show the path of the beam of light as seen by your phriend and as seen by you.  

a.  Each dot shows the path of light at successive instants in time.   What does the spacing between dots indicate about the speed of light in your reference frame compared to that in your phriend’s reference frame?

b.  Put numbers next to each dot to indicate each instant in time.  Start with time = 0 at the first dot on the bottom.  How many time intervals does it take for the light to get to the ceiling from your phriend’s frame of reference?  

________________

c.  How many time intervals does it take for the light to get to the ceiling from your frame of reference?  


___________________

d.  What do your answers to b. and c. indicate about the time for an event as observed from two different frames of reference?
[image: image3.wmf]
5.  Match each variable below to its meaning.      

__________Δt0

 

__________Δt

 

__________ v


  __________ c
7.  Mr. Dominic and Ms. Barnard ride in a spaceship past Earth.  If it takes you 1 hour to do your physics homework, how long would these teachers observe you doing your homework if their spaceship was traveling at the following speeds relative to you on Earth?  The speed of light, “c”,  is 300,000,000 m/s (c = 3x108 m/s).   (Use the Time dilation worksheet).

a.  10 percent the speed of light (.10c)
v = _______________

b.  50 percent the speed of light (0.50c) 
v = _______________

c.  90 percent the speed of light (0.90c)
v = _______________

d.  99.999999 percent the speed of light
v = _______________

e.  At the speed of light (c)

v = ______________ 

f.  105 percent the speed of light (1.05c)
v = _______________

g.  Summarize your findings.

8.  Muons are  high-energy subatomic particles that travel towards the Earth at 99.8% the speed of light (0.998c).  These particles have a lifetime of 2.2 ( 10-6 seconds (in their own reference frames).  What is the lifetime of the muon as measured by an observer in the Earth’s frame of reference?  Show your steps.

Answer__________________

9.  Ted travels away from Tracy at a speed 50% that of the speed of light (0.50c).   Ted and Tracy each eat a sandwich in 15 minutes in their own reference frames.  (Use the Time dilation worksheet).

a.  How long does Ted measure for Tracy to eat her sandwich?  Answer__________________

b.  How long does Tracy measure for Ted to eat his sandwich?  Answer__________________

c.  Who’s measurement is correct?  Explain.

10.  One twin is in a spaceship moving away from the earth with a velocity near the speed of light.  The other twin remains on Earth.  According to the earthling, the spaceshipling’s watch is:

A) Running faster
B) Running slower
C) Running the same
D) Running away



11.  If you were in a high-speed spaceship traveling away from the earth at a speed close to that of light, you would measure your heartbeat to be _____ what you would measure it to be on Earth

A) slower than
B) faster than 

C) the same as
D) This is a trick question;

hearts don’t beat in space.

Explain your answer:

13.  You are a sprinter in a track meet running the 200 meter event. The official clock measures that the time it takes you is 25.40 seconds.  If you were to time yourself while running, would your time be shorter than, longer than, or the same as the official clock?  Explain.
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Path YOU see





A vehicle moving past you.





v





Path your phriend sees





A Flashlight on the floor is aimed straight up





A. velocity of moving reference frame


B. time interval for an event to occur as measured by someone who IS in the reference frame where that event occurs


C. speed of light = 300,000,000 m/s = 3 x 108 m/s


D. time interval for an event to occur as measured by someone who is NOT in the reference frame where that event occurs 
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