
 

 

 
For the following two questions: By comparing the amount of light received from a star with the 
amount of light we receive from the sun you can determine their relative distances from the 
earth, if the star is putting out the same amount of light as the sun. This is obviously a shaky 
assumption, but it is better than nothing. The sun radiates a great deal of power (   
          ) and is 1.5 • 10

11
 m away from the Earth. Recall that the surface area of a sphere is 

        
  
4. [0.5 points] Determine the approximate intensity of light received from the sun on the 

earth. Enter your answer in W/m
2
. 

 

5. [0.5 points] If you look at a star and detect 1 • 10
-14

 W/m
2
 of light (an amount that is 

actually pretty easy to detect with modern CCD detectors) coming from it, and the star 
looks exactly like the sun so it is *probably* putting out the same power, how far away is 
the star? Enter your answer in m. 
  
 
 
 

 For the following three questions: Our eyes use the parallax method to measure the 
distance between us and the objects we are seeing. We can also use this method to measure 
the distance between Earth and stars in the Milky Way. 

 
6. [1 point] Imagine that you are lost on the ocean in 

the middle of the night on a 14 m long boat when 

you see the beacon of a lighthouse off to the side of 

the boat. You carefully measure the angle to the 

light house relative to a perpendicular to the side of 

the boat. From the front of the boat the angle to the 

lighthouse is qF = 0.54 radians, and the angle from 

the back of the boat is qB = 0.5 radians, as shown 

in the diagram at right. How far are you from the  
lighthouse? [Hint: You may wish to use the small angle approximation: tan(q ) ≈ 

sin(q ) ≈ q for small angles measured in radians].  
 

 

7. [1 point] Why is it not practical to use the parallax method to measure the distance to stars 

in other galaxies? 

  

8. [1 point] To measure stars that are really far away (i.e. stars in other galaxies), scientists 

use a method similar to the method you worked through in questions 4 and 5. Obviously, 

assuming that all stars emit the same amount of power as the Sun will give pretty big errors. 

Explain what additional information scientists can use to get a more accurate estimate of 

the power emitted by a star and thus a better measure of the distance between the Earth and 

the star. 
 
 

9. [0.25 points] If I look out into the sky and see one galaxy that is 3.2 • 10
25

 m away and 

moving at 0.25c (one quarter of speed of light), and a second that is 1.92 • 10
25

 m 
away moving away at 0.15c, would the two galaxies have been simultaneously on top 
of my current location at some time?  

a) Yes 



 

 

b) No 
 
10. [1 point] If you answered yes to the previous question, determine how long ago (in years) 

the galaxies overlapped. If you answered no, explain why they did not overlap. 

 

 

  

For the following two questions: You see that a star is giving off light that you are sure is the 

blue hydrogen line. When measured in the lab the blue line has a wavelength of 486 nm, but the 

light you see coming from this star has a wavelength 496 nm. 
 

11. [0.25 points] Is the star moving  
a) Toward you 

b) Away from you 

c) The star is not moving 
 
12. [1 point] How fast is the star moving? [Hint: you may wish to consider the frequencies of 

the two lines rather than their wavelengths]. 

 

13. [1 point]  Explain why Hubble's measurements lead to the idea of the big bang. 

 

14.    [1 point] Assume that astronomers discovered they had made a factor of two mistake in all 

their distance calculations, so all the galaxies on the Hubble plot were actually twice as far away 

as they initially calculated. What effect, if any, would this have on the calculated value of the age 

of the universe? Explain your reasoning. [Note: this is not as far-fetched as it seems! Over the 

years since Hubble in 1929 the distance scale has been hotly debated and has changed by 

something like a factor of 3!]. 
 
 

 

15. [1 points] What evidence is there that there are black holes at the center of galaxies 

(including ours)? Explain these mechanisms and what the evidence shows. 

 

 

 

For the following four questions: Consider an orbiting body in fixed rotation about the earth 

(e.g. a satellite or the moon) – or if you’d like, the earth around the sun, or the Milky Way 

around the center of our Black Hole. 
 

16. [0.5 points] If potential energy is defined to be zero at infinity, what is the sign of the total 

energy of the orbiting body? 

a) Positive 

b) Zero 

c) Negative 

d) It depends 
 
17. [0.5 points] If the magnitude of the total energy of the orbiting body decreases then the 

radius of the orbit: 

a) Increases 

b) Stays the same 



 

 

c) Decreases 

d) It depends 
 
18. [1point] Explain your answers to the previous two questions. 
 

 

19. [1point] In what ways is this situation similar to the Bohr model of the Hydrogen atom? In 

what ways is it different?  

 

20. [1 point] Where do physicists believe the cosmic background radiation came from? 
 

 

21. [1 point] Why does the cosmic background radiation now correspond to thermal radiation 

at such a low temperature? 
 
 
 
 


