
 55

12BRelativity

Newton’s laws work very well for ordinary motions. However, when things really get moving Newton’s laws
no longer give the right answer. Einstein’s theory of relativity describes how Newton’s laws are modified at
speeds close to the speed of light. The word “relativity” refers to the idea that what you experience depends
on the relative motion of your frame of reference. Observers whose frames of reference are moving relative
to each other do not always see the same things!

A An imaginary experiment with light - Special relativity
With ordinary speeds, the speed you measure depends on the relative motion of your frame of reference. The
fundamental rule of the theory of relativity is that the speed of light is always the same even if your frame of
reference is moving! This single idea caused Einstein to change all our concepts of space and time.

Einstein imagined having a clock that measures time by counting the trips of a beam of light going up and
down between two mirrors. The clock is on a moving spaceship. A person standing next to the clock sees the
light go back and forth straight up and down. The time it takes to make one trip is the distance between the
mirrors divided by the speed of light.

To someone who is not moving, the path of the light is not straight up and down. The light appears to make a
zigzag because the mirrors move with the spaceship.

This would not be a problem, except that the speed of light must be the same to all observers, regardless of
their motion. How can this be?

Question for this Investigation:
What is the theory of relativity about?

Materials
• None, this is a “thought and discussion” Investigation
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B Thinking about what you imagined
The following are all questions for class discussion. They are challenging!

  a. Describe the two reference frames that are important. Who is in each one? 

  b. What is the relative motion between the two reference frames?

  c. Does the person on the ground see the light travel a distance that is longer, shorter, or the same 
compared to the distance seen by the person watching the light on the space ship? 

  d. Prior to Einstein, speed was always calculated as the distance traveled divided by the time taken. 
Thinking this way, does the person on the ground see the light in the clock move faster, slower, or at the 
same speed compared to what the person in the space ship sees.

  e. The theory of relativity requires that the speed of light be the same for all observers, regardless of 
relative motion. If the speed is the same, but the distance is different, what other variable must also be 
different in the two reference frames?

  f. Do clocks on board the space ship run slower, faster, or at the same rate compared to clocks on the 
ground?

C General relativity
  a. Suppose “straight line” is defined as “the path of motion an object follows when the net force acting on 

it is zero”. Does this definition describe the same thing as your previous mathematical definition of a 
“straight line”?

  b. Suppose you stretch a rubber sheet and place a heavy glass ball in the center. The glass ball depresses 
the sheet a few centimeters. A plastic ball is rolled in a straight line from the edge of the sheet as shown 
in the diagram. Sketch the path of the plastic ball as it passes by the glass ball.

  c. Suppose the rubber sheet was completely transparent, and you could not see the glass ball either. 
Propose an explanation that would explain the observed path of the plastic ball using the idea of force.

D Einstein’s two theories
Einstein’s special theory of relativity (1905) describes how space and time change when objects move at
speeds near the speed of light. Einstein’s general theory of relativity (1915) describes how objects with mass
distort the very shape of space itself. What we describe as gravitational force is really due to the curvature of
space caused by mass!


	55
	56

	Main Menu: 
	Table of Contents: 
	Teacher's Guide: 
	Answer Sheet: 
	Back: 


