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12AFrames of Reference

The word “relativity” refers to the idea that what you experience depends on the relative motion of your
frame of reference. This Investigation is about frames of reference and it will give you a window into the
meaning of relativity.

A Demonstrating two frames of reference

1. Put the 2 sections of the straight track together and make it level on the rolling table.
2. Adjust the launcher to propel the car at an approximately constant speed of 1 m/sec.
3. Mark a distance of 3 - 4 meters on the floor with tape.
4. Use the stopwatch mode of the timer to calibrate your pace so you can push the rolling table in the 

opposite direction of the car at a constant speed of 1 m/sec. Don’t worry about getting things exact, 
it is only a demonstration of an idea.

5. The person pushing the rolling table should look only at the car on the track. The rest of the group 
should stand to the side and watch the car from their perspective.

Question for this Investigation:
How does your frame of reference affect what you observe?

Materials
• Car and track • Timer and photogates • An AV car or table with wheels
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B Thinking about what you observed
  a. Imagine the person pushing the table was in a box, able only to see the car and track and nothing 

outside the box. What motion of the car do they see relative to themselves?

  b. What motion of the car do the outside observers see relative to themselves?

  c. There are two important frames of reference in this demonstration. What are they?

  d. One frame of reference is in motion relative to the other. What is this motion?

  e. Suppose the table was rolling at exactly 1 m/sec relative to the room and the car was rolling in the same 
direction at 1 m/sec relative to the track. What is the speed of the car relative to the room? How do you 
arrive at this answer?

C A thought experiment
Imagine you are watching a train from a distance. You see two bolts of lightning hit the train at the same time.
To you, the two events (lightning strikes) are simultaneous because it takes the same amount of time for light
from either event to reach you.

If you were sitting on the train however, it is a different situation. Suppose you are in the center of the train. If
the train were at rest, you would see two simultaneous lightning strikes. But, the train is moving. The train
moves between the time the lightning hits and when light from the lightning reaches you.

  a. When you are on the moving train, do you observe the lightning hit the front of the train first, the back 
first, or does light from both lightning strikes reach you at the exact same time?

  b. (Discussion question) Explain the reasoning behind your answer of question (a) above.

According to Einstein, two events happen at the same time (for you) if the light from each reaches you at the
same time. This is a different meaning for “at the same time”.  This is a clue that time itself is dependent on
your frame of reference! Many people find this idea very strange, but it is true. Time passes at different rates
in reference frames that are moving relative to each other.
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