Quasars and Cosmology, Activity 6



Name ______________________________

Spacetime Diagrams
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When we discussed apparent superluminal velocities in jets of quasars, we encountered the effects of the fact that information is not instantaneously transmitted.  In the case of the quasar, we found out that a blob was leaving the quasar two billion years later, when light from the event reached us on the Earth.  Since there is nothing that travels faster than the speed of light, there is no way for information to travel faster than the speed of light.

The diagram above is an example of a space-time diagram.  Space (one dimension of space) is represented on the horizontal axis.  Time (scaled by a constant factor of the speed of light to give it the same units as space) is represented on the vertical axis.

In the diagram above, the RPI Science Center is located at x=0.   At time t=0 this class began.  The arrows that originate at x=0, t=0 represent the direction in space-time that the photons (which left through the window) from the first instant of class are traveling.

(1) Draw on the diagram the path through space-time of your desk (and label it).

(2) Approximately how fast would you have to travel to get from where you are now to point D on the graph?  Is it half the speed of light, the speed of light, 2.5 times the speed of light, or 5 times the speed of light?  Explain your reasoning.

(2a) Would it be possible for us to get to point D from where we are right now?

(3) We think of each point in space-time as an event.  For example, at the origin of the plot, class started in the RPI Science Center.  Suppose I told you that one of the points (A-G) represented the onset of world peace on the Earth.  Which point do you think represents that event?  Assume the Earth is not traveling at a significant fraction of the speed of light.  (For purposes of this worksheet, each point represents only one event.)

(4) Suppose that previously to this class, life formed on planets in three galaxies in the Universe.  Which events (A-G) in the diagram do these correspond to?

(5) One of the points represents the birth of the first life on Earth.  Which point puts that event in our knowable past?  What is your reasoning?

(6) One of the points represents the destruction, by our civilization, of the civilization which began as a lifeform at point E (let’s call them civilization E).  Which point is that?  We destroyed their civilization by transmitting to them the message “This message is a lie.”

(7) One of the points is the destruction of life form X by creatures from civilization E.  Which point is that?  In this battle, civilization E’s home planet was destroyed and they were forced to flee.

(8) Did we know that civilization X had been destroyed before we sent the message?  Did we send it in order to destroy the civilization?  How do you know?

(9) Which point represents ambassadors from the highly evolved civilization C beginning their transmission, in 47 Earth languages, a digital broadcast of their message of peace, which resulted in peace on Earth?

(10) Shade our “forward light cone” – all of the areas in the diagram which we can hope to affect by our actions.  It is called a cone, since if we had made a three-dimensional diagram with two space dimensions and one time dimension, the portion which we can affect looks like a cone.
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