Spacetime Diagrams 





Name _______________

1) In your own words what are the two postulates of Special Relativity?

Light always travels at the 3 x 108 m/s in a vacuum..

All non-accelerating frames are the same. You can’t tell if you are motionless or at constant velocity.
2) Draw lines representing an object: 



at rest 

moving fast
moving slowly moving at c 
impossibly fast.

3) Draw the t’ and x’ axes for frames moving at relative speeds of







½ c

1/4 c

3/4 c

c

0

4) You are going past Earth in a spaceship at 3/5 c. You send 1-second time signals to the Earth. The Earth space controllers say that they are receiving them every 1.25 seconds and that your clock must be slow. They send you signals at 1-second intervals to help you calibrate your clock. How often do you receive these signals? Justify your answer with words and a spacetime diagram.

You will receive the signals every 1.25 seconds. Each frame is equivalent. They see you moving at 3/5 c and you see the Earth moving at –3/5 c. If you use these signals to calibrate your clock, you will end up sending signals at 1.25 x 1.25 = 1.56 seconds.

5) A rocket moving at 3/5 c past the Earth fires a pod at ½ c in the rocket frame. How fast does it travel in the Earth frame? Show your steps on a spacetime diagram.

Draw one unit in the moving frame for the 

space interval and two units for the time 

interval. The sum of these is the pod’s worldline.


On the diagram you can see that in the Earth’s

frame, it went 1.6 units of space for 2 units of 

time or about 4/5 c.

6) A rocket moving at ½ c, fires a pod relative to itself at –1/2 c. How fast does the pod go relative to the Earth?

In the rocket’s frame, you add two units of time 

to one negative unit of space, and you find that 

the pod is going nowhere in the Earth frame, 

which makes sense.


7) A friend of yours says that all frames are equivalent. Ali sees Brenda’s time slowed and vice versa, so when they meet up on Earth after Brenda’s trip they should be the same age. Explain clearly to your friend why they are wrong.

Only non-accelerating frames are the same. Brenda turns around and she will be able to tell that she is the one accelerating not Ali. Therefore it is possible for them to have different ages. She ends up younger because Ali gains a lot of time in the turn around. If this were a space-space diagram, then Brenda would be the one who walked farther. Her time looks greater because the spacetime diagram is distorted.

8) How do astronomers know that almost all the galaxies are moving away from us? Why are they moving away? 

The lines in the spectra of almost all galaxies are Doppler-shifted to lower frequencies, redder colours. The galaxies aren’t moving away through space, space is expanding and talking the galaxies with them. All galaxies are moving away from each other, not just away from the Earth.
9) You are travelling in a spaceship at 95% of the speed of light. What is different?

Your time, space and mass all feel normal. It’s people in other frames that view yours differently. There is nothing in this frame that lets you know that you are moving at a high constant speed. However, if you look out the window it will look very strange. The stars in front will be blue-shifted and the stars at the side and even behind will appear in front. The sly ahead will be very bright and the sky behind very dark.
10) Your grandfather thinks that studying relativity is a waste of time – almost like studying science fiction. What arguments could you use to convince him that relativity is useful?

It is true that relativistic physics is not as useful as Newtonian physics. However, the GPS would not work unless we knew how to account for the slowing of time. Relativity is also extremely important understanding the universe (relativistic Doppler shift) and in studying elementary particles (time dilation). These two fields are also not very practical but they may become so. Elementary particle physics is starting to find applications in medicine in Positron Emission Tomography and synchrotron radiation. Finally, nuclear bombs and nuclear power are a result of E = mc, the one part of relativity that can’t be developed easily on a spacetime diagram. 

