
  
Ay 1 – Final Exam  

  
Due by 5 pm on Friday, June 10 (Seniors: June 3), to your head TA’s 

mailbox (249 Cahill), or hand it directly to your section TA.  
  

You have four hours to complete the exam, but it should take about 3 hours.  
  

The exam is closed notes (anything from the class, including the lecture slides 
and your own notes) and NO internet.  You should either know, or be able to 
derive any formulas that may be needed. You may use a standard calculator. 
The exam has a no collaboration policy. The usual honor code rules apply.  

  
The exam includes a table of all the constants you will need (and more).  

  
There are 12 pages in the exam (including this cover sheet and the tables of 

constants). Make sure you have all the pages before starting.  
 

Breakdown of the exam: 
15 multiple choice questions 

6 short answer questions 
5 computational questions 

 
For the computational questions, please show all of your work. If you use any 
additional paper, attach it and turn it in with your exam.  If you get stuck on a 

problem, write down what you can, and you may receive a partial credit.  
 

Good luck! 
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Ay 1 – Final 
Seniors:  Due by 5pm on Friday, June 3,  

Everyone else:  Due by 5pm on Friday, June 10,  
to your head TA’s mailbox (249 Cahill), or directly to your section TA 

 
Your name: ____________________________________________     Your section:  __________ 

Section I. 

Multiple choice questions have only one correct answer, worth 1 point; circle only one. 

1. Why can't we observe electromagnetic radiation from times prior to the release of the Cosmic 
Microwave Background Radiation (CMBR)? 

 
A. Until the CMBR was released, the Universe was so hot that photons were constantly 

spontaneously producing particle-antiparticle pairs. 
B. Free electrons in the fully ionized plasma easily interacted with the photons by scattering 

them. 
C. The large expansion of the early Universe redshifted the photons to slower speeds. 
D. The photons were so hot that they were radiating at frequencies above what we can observe. 

2. Which is the correct order for the following sequence of events in the early Universe, from earliest 
to latest? 

I Dark energy dominates the energy density of the Universe. 
II Nucleosynthesis 
III Recombination 
IV Inflation 

A. II, III, IV, I 
B. I, IV, III, II 
C. IV, II, III, I 
D. I, IV, II, III 

3. When two galaxies collide, which of the following is unlikely to happen? 

A. Colliding stars form many black holes.  
B. Collisions of the interstellar gas clouds will compress them & trigger formation of new stars. 
C. A long tidal tail or bridge will form of the outskirts of the galaxies  
D. The merged system might become an elliptical galaxy.  

4. At the present time, the most likely place to find stars forming in the Milky Way is: 
A. in globular clusters  
B. in giant molecular clouds in spiral arms  
C. the Galactic halo  
D. the Galactic bulge  
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5. Stars evolve off or leave the main sequence when: 

A. their surface temperatures get too high 
B. their mass gets too large  
C. the He in the core of the star is exhausted  
D. most of the H in the core has been converted to He  

6. Why do sunspots appear darker than their surroundings? 
A. They are cooler than their surroundings.  
B. They do not emit any light at all.  
C. They are the same temperature as their surroundings, but block some light from the 

photosphere. 
D. They are holes in the photosphere that let us view a deeper, darker layer in the Sun.  

7. Which of the following scenarios would produce the largest amplitude Doppler shift in the 
spectrum of a solar-mass star? 
A. Earth-mass planet in a 1 year orbit  
B. Jupiter-mass planet in a 1 year orbit  
C. Earth-mass planet in a 10 year orbit  
D. Jupiter-mass planet in a 10 year orbit  

8. Which option describes the relationship between energy densities in the universe TODAY? (A > B 
means A has greater energy density today than B) 
A. Dark energy > radiation > ALL matter > normal (baryonic) matter  
B. ALL matter > dark energy > normal (baryonic) matter > radiation  
C. Dark energy > ALL matter > normal (baryonic) matter > radiation  
D. Radiation > dark energy > ALL matter > normal (baryonic) matter  

9. The temperature required to overcome the Coulomb barrier and fuse hydrogen is roughly 10 billion 
K, yet the core of the Sun is roughly 10 million K. Why can the Sun fuse hydrogen? 

A. Temperature can be defined as the average kinetic energy of the atoms so some atoms are 
traveling fast enough to overcome the Coulomb barrier  

B. Quantum tunneling allows some atoms to cross through the barrier   
C. Chemical interactions provide the additional energy necessary to fuse the atoms.   
D. Neutrinos collide with the atomic nuclei and induce fusion.   
E. Alpha particle decays interact with atomic nuclei and induce fusion.   

10. What are some of the considerations which must be made when building a GROUND-based 
telescope? 
A. Whether or not Earth's atmosphere is opaque to the wavelength at which the telescope will 

operate.  
B. The elevation of the telescope, and therefore how much of Earth's atmosphere 

electromagnetic radiation will have to pass through before reaching the telescope.  
C. The diameter of the telescope.  
D. All of the above.  
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11. What is the object behind the phenomenon known as pulsars? 

A. A neutron star accreting matter from a companion  
B. A rapidly-spinning neutron star radiating energy from its magnetic poles  
C. A rapidly-spinning white dwarf radiating energy from its magnetic poles  
D. A bright star that expands and contracts, changing its luminosity  

12. Which of the following statements about star formation is FALSE? 
A. It begins with the collapse of a cold molecular cloud.  
B. The spiral arms of galaxies are common sites of star formation.  
C. Circumstellar discs rarely form around protostars.  
D. Protostars glow brightly as they contract and release gravitational energy.  
E. Most stars form in clusters or groups.  

13. An electron in an atom is at an excited energy state, and will soon cascade, emitting one or more 
photons. How did the electron get to this excited state? 
A. It absorbed a photon of energy greater than or equal to the energy difference between ground 

and the excited state  
B. It tunneled to a higher energy state  
C. Another atom of sufficient energy collided with it  
D. Either A or C  
E. EIther A, B or C  

14. Which one of the following has never been used by astronomers to measure distances to other 
galaxies? 

A. Trigonometrix parallax  
B. Cepheid variable stars  
C. Hubble's law  
D. Type Ia supernovae  

15. What kinds of emission do we NOT see from a quasar or active galactic nucleus? 
A. Accretion luminosity  
B. Synchrotron emisson  
C. Narrow and/or broad line emission  
D. All of the above can be seen from a quasar or active galactic nucleus  
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Section II. 

Short answer questions, limit answer to a few sentences, no more than a paragraph. 

16. (2 points) List and explain two "problems" with standard Big Bang cosmology which Inflation 
solves. 

 

 

 

 

 

 

 
17. (2 points) Briefly explain one of the methods with which we can observationally place a lower 

limit on the age of the Universe. 
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18. (2 points) Why is Earth's equilibrium temperature (i.e., the temperature given by setting the 
luminosity absorbed from the Sun equal to Earth's emitted luminosity) different than the actual 
average surface temperature we measure for the Earth?  Explain the physical mechanism behind 
this. 

 

 

 

 

 

 

 
19. (2 points) The formation of all atomic nuclei occured either very quickly after the Big Bang, by 

being fused in stars, or during a supernova explosion. What elements are formed in each 
scenario? If a certain process can create a large range of elements (say, more than 3), you can just 
specify the heaviest element that is created. 
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20. (2 points) How do stars' properties scale with mass on the Main Sequence? Briefly describe how a 
star's temperature, radius, and Main Sequence lifetime change as you look at low-mass stars 
compared to high-mass stars. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
21. (2 points) Explain why the shape of the Milky Way Galaxy's rotation curve implies the presence 

of dark matter, given the distribution of visible matter in the Milky Way.  What would the 
Galactic rotation curve look like if the majority of the matter were concentrated in the central 
regions of the Galaxy? 
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Section III. 

Computational questions: 

22. (4 points) A galaxy is receding away from us with a recession velocity of 100,000 km/s.   
a) What is the distance to this galaxy?   
b) What is the redshift z of this galaxy? 

Show your calculations (intermediate steps) here: 
 

 
 
 
 
 
 
 
 

 
 

Write your answers here: 
 

   a)______________________________ 
 

b)______________________________ 
 
 

23. (4 points) The star Polaris has a surface temperature of roughly 6500 K and a radius of 
approximately 50 R

!
. Find the luminosity of Polaris in terms of the Sun's luminosity. 

Show your calculations (intermediate steps) here: 
 

 
 
 
 
 
 
 
 
 
 

 
 

Write your answer here: 
 

   ______________________________ 
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24. (4 points) Supernovae can eject material at velocities of 0.001c.   
a) Will gas ejected by a supernova which occurs inside a dwarf galaxy with a mass of 108 M

!
 

and a radius of a few kpc be able to escape the galaxy? 
b) What about for a supernova in an elliptical galaxy of 1012 M

!
 and radius of 50 kpc? 

Show your calculations (intermediate steps) here: 
 

 
 
 
 
 
 
 
 

 
 

Write your answers here: 
 

   a)______________________________ 
 

b)______________________________ 
 

25. (4 points) The current peak wavelength of the CMB corresponds to a blackbody of temperature 
2.74K. What was the peak wavelength of the CMB when it was emitted? What region of the 
electromagnetic spectrum is this? The current redshift of the CMB is z=1100. 

Show your calculations (intermediate steps) here: 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Write your answers here: 
 

   ______________________________ 
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25. (4 points) Suppose the energy density of the cosmological constant is equal to the present critical 
density εΛ = εcrit,0 = ρcrit,0*c2 = 0.921×10-29 g/cm3 * c2.   

a) What is the total energy of the cosmological constant within a sphere of 1 AU in radius?   
b) What is the gravitational potential energy between the Sun and the Earth?   
c) Comparing these two numbers, do you expect the cosmological constant to have a significant 

effect on the motion of planets within the Solar System? 

Show your calculations (intermediate steps) here: 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

Write your answers here: 
 

   a)______________________________ 

b)______________________________ 

c)______________________________ 

 
 

The end! 
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Appendix C
Physical and Astronomical Constants and Unit Conversions

Table C.1 Physical constants.

Quantity Symbol Value Units

Speed of light c 2.997 924 58 � 1010 cm�1

Gravitational constant G 6.672 59(85) � 10�8 dyn cm2 g�2

Planck constant h 6.626 075 5(40) � 10�27 erg s�1

Boltzmann constant k 1.380 658(12) � 10�16 erg K�1

Stefan–Boltzmann constant σ 5.670 51(19) � 10�5 erg cm�2 K�4 s�1

Thomson cross-section σT 0.665 246 16 � 10�24 cm2

Electron charge e 4.803 206 8(15) � 10�10 E.S.U.

Electron mass me 9.109 389 7(54) � 10�28 g
Proton mass mp 1.672 623 1(10) � 10�24 g

Neutron mass mn 1.674 928 6 � 10�24 g
Atomic mass unit mu 1.660 540 2 � 10�24 g

Electron volt eV 1.602 173 3 � 10�12 erg
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Table C.2 Astronomical constants.

Quantity Symbol Value Units

Astronomical unit AU 1.496 � 1013 cm

Parsec pc 3.086 � 1018 cm
Solar mass Mˇ 1.989 � 1033 g

Solar radius Rˇ 6.955 � 1010 cm
Solar luminosity Lˇ 3.845 � 1033 erg s�1

Solar absolute bolometric magnitude Mbol,ˇ 4.72 mag

Solar absolute B magnitude MB,ˇ 5.48 mag
Solar absolute V magnitude MV,ˇ 4.83 mag

Solar absolute J magnitude MJ,ˇ 3.71 mag

Solar absolute H magnitude MH,ˇ 3.37 mag
Solar absolute K magnitude MK,ˇ 3.35 mag

Table C.3 Unit conversions.

Quantity Symbol Conversion

Angström Å 1 Å D 10�8 cm

Micron μm 1 μm D 10�4 cm

Parsec pc 1 pc D 3.086 � 1018 cm
Light year ly 9.460 530 � 1017 cm

Kilo-electron volt keV hc/E D 12.398 54 � 10�8 cm

Jansky Jy 10�23 erg cm�2 s�1 Hz�1


