Quasars and Cosmology, Activity 4

Name ____________________________

1000 milliarcseconds = 1 arcsecond

3600 arcseconds = 1 degree

180 degrees = 3.14159 radians

From this figure, astronomers estimated that blob of material in the jet moved away from the host quasar by 2 milliarcseconds between 1977 and 1980.

1. Convert the number of milliarcseconds to radians.

2. Multiply the angular distance, in radians, by the distance to the quasar (2 billion light years), to find the distance that the blob traveled.  (For small angles expressed in radians, tan θ = (opposite/adjacent) becomes θ = (opposite/adjacent), which is why this step works).

3. Divide the distance the blob traveled by the time it took the blob to travel to get the inferred speed of the blob.  Express your answer in terms of the speed of light (for example, you might get 0.5 c).

The answer to question 3 should come out larger than the speed of light, which means we must have done something wrong in this calculation.  On the next page, we will see what we did wrong.

4. Imagine that the jet is coming towards us at an angle of 10 degrees to our line of sight.  Imagine the blob starts out at the quasar.  How long after the light leaves the blob (when it is at the quasar) do we see the light from that event on Earth?

5. Imagine the blob moves at 0.99 times the speed of light for 113 years.  How far does it travel (in light years)?

6. Multiply the distance it traveled by cos(10°) to find out how much closer to us it is (in light years).

7. How long will it take light from the blob to reach us now?

8. To find the angular distance between the blob and the quasar, as seen from Earth, multiply the distance the blob traveled by sin(10°), and then divide by the distance from the Earth to the quasar.  This will give you the answer in radians.  Convert it to arcseconds.  The answer should come out 0.002 arcseconds.

9. How long is it from the time we (on Earth) see the blob at the quasar to the time we see the blob 0.002 arcseconds from the quasar?

10. Why did we calculate a superluminal velocity (speed faster than the speed of light) in question 5?  What did we do wrong?

