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1. DO NOT OPEN THIS EXAM UNTIL INSTRUCTED TO DO SO.

2. Write you name above.

3. Show all of your work, and indicate clearly your final answer! A correct final answer may not

receive credit if no work is shown.

4. Budget your time! Don’t get stalled on any one question.

5. Short answer questions can be answered in 1-2 sentences, unless indicated otherwise. If you are
writing paragraphs, you may have misread or misunderstood the question.

6. For your reference there are constants listed below.

7. The total number of points on the exam is 100.

Possibly Useful Information
Note that a symbol may take different meanings in different equations.

Ax =v X At

P}gr = asAU
F=ma

Qcirc = U?,irc/r
KFE = %mv2

Vesc = V2GM /R
F = L/4TR?

L oc M4

Atops = Atrest/\/ 1- 'U2/C2
E =mc?/\/T—v2]c?

Rgan = 2GM/c?

I_R C. obs
Atobs/Atem = >\obs/>\om = \/M

z = (/\obs - )\om)/)\om
v = Hyr
a=1/(1+2)

G = 6.7 x 101 m3/kg 52
1AU=15x 10" m

1 kpc = 10 pc = ¢ x (3300 yr)
Mg = 2.0 x 103 kg

Lo = 3.8 x 10?6 Watts

Hy =72 km s~ Mpc™!

ty = 1/Hy = 14 billion years

Av=a x At
GM P? = 472%a?
F = Gmlmg/R2

PE = —Gmlmg/R
M = U?ircR/G
d=1 pc/parcsec

7 =10 yr (M/My)~3
Lobs = Lyest V 1-— 2}2/62
KE = E —mc?

RSCh,@ = 2GM®/02 =3 km

v=cz
H = (da/dt)/a = (rate of change in a)/a
z=(1—-a)/a

c=3.0x10% m/s
1pc=31x10%m=2331yr

Mgarth = 6.0 x 10%* kg
To = 10! yr = 10 billion yrs

dpy = ¢/Hy = 4200 Mpc



