ASTR121
Homework 6 — Solutions

Ch. 26, Prob. 41.

Fromt he pl ot, wefindthat thegal axyis about 20 kpcinradius. At thisdistance, the
orbital velocityis approxi mately 275km/s.

a ~d  27R 2 (20x 3.086 x 10'® km)
CPEY T 275

=1.4x10% s =4.5x 108 yr.

b. Theencl osednmassi s givenby:
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M= - =7.0x10* kg =3.5x 10
G 6.67 x10 g Moun

Ch. 28, Prob. 30.

G ven: di =0.2; theOsubscript denotes present - day val ues.
0

a. The cosnol ogi cal redshift of anobject islinearlyrelatedtotheexpansionof spacein
bet ween gal axi es. So:
d B )L_o 1

P S =0.2 --> solvingfor z, weget z=4

d 1 1
b. W = 1 7 Z = g = 0. 11
Mass Mass Mass Mass
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c. The conol ogi cal constant i sthesanmethroughout tinme. Sop, 7.5 = pPa, 722 = Pa, z-0

Ch. 28, Prob. 32.

1 1 1 10
a. Top=-—" = = =2.0x10 r
" H ~ 50km/s/MC ~ 50, (3.086x 10°%) s Y
1 1 1 10
b To - - _ - =1.3x10 r
°" H ~ 75km/s/Mpc ~ 75, (3.086 x 10%%) s Y
e To- L 1 - 1 - 9.8x10° yr

Ho ~ 100km/s /M ~ 100/ (3.086 x 10™%) s

d. The age of gl obul ar cl usters can pl ace constrai nts onthe Hubbl e const ant because t hey
are one of the ol dest obj ectsintheUniverse. Sincetheyarew thintheUniverse, they
cannot be ol der thanthe Uni verseitself.

Ch. 28, Prob. 35.
Gven: T=2.725K

0.0029  0.0029

o 1 _ _ _ *3 _
FromWen’ s Law, 2= T = 5755 =1.06x10° m=1.06 nm
Ch. 28, Prob. 37.

4
Gven: prad - %; T-272.5

a. Thetenperatureof 272. 5isafactor of 100ti mes greater thanwhat it i snow. Sincethe
radiationdensityisproportional toT*, prad 1-272.5 = 100% prag, 7-2.725 = 4. 6 x 10723 %



b. If thematter density staysthesanme, thenprag 1-272.5 1 S greater than oy, sothe Universe
woul d be radi ati on dom nat ed.

Ch. 28, Prob. 42.
Gven: @, =0.73

1 3 0.73
a GQros =+ - > - 0. 167
Gz-0.5 = 3 2[0.73+<0.27> (1.5)3}
1 3 0.73
b. Qg - = - 3 - 0.121
21 = 3 2[0.73+(o.27> (2)3]

c. Thedefinitionof qinpliesthat apositivesignneans decel eration, andanegativesign
means t he opposite, accel eration. Fromthe cal cul ati ons above, it appearsthat the
Uni versewas decel eratingat z=1, but at z=0.5, it accel erates.

Ch. 29, Prob. 27.
Gven: T=3000K pm=10kg/n?; assumem=my=1.67x 10 %" kg

Lo_ kT 7 (1.38x10°2%) (3000)
77/ mGom "\ (1.67x1027) (6.67x 10 ) (10 1B

= 1.08x10¥ m= 1141y

18 2
M=oV = om (%nr") _ 10718 (%n) (W ~6.6x10% kg - 3.3 x 10° Msun
Ch. 29, Prob. 30.
Fol | owi ngt he nmet hod used i n Chapt er 28, probl em30, we knowt hat aqw =0. 168
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ExtraCredit :
The Ant hropi ¢ Princi pl estatesthat any validtheory of the Universe nmust be consi st ent
withour exi stenceat thisparticular timeandplaceintheUniverse. Inother words" I f
somet hi ng nust betruefor us, as humans, toexist, thenitistruesinplybecausewe exist."



