ASTR121
Homework 4 — Solutions

Ch. 20, Prob. 29.
At 1 kpc, 15%of thelight getsthrough. At 2kpc, 2.25% (15 %of 15 9% getsthrough. At
3 kpc, 0.34 % (15 %of 2. 25 9% getsthrough.

Ch. 20, Prob. 33.
Fromt he St ef an - Bol t zmann equati on:
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Rihen = 1064 Ryow = 7. 4 x 108 km = 5 AU

Ch. 20, Prob. 39.
Over thel ast 10* years, the supernovaexpandedradiallyfor 751ight -years.

i 751y (3x10% ) (3.16x 107 =
speed = distance _ 754| y y 4 s) . yr) = 2.25x103 km 0.0075¢c
time 10% yr 10% yr (3.16x 10" ) S

Ch. 25, Prob. 33.
Accordingtothetext, theSun’ sorbital periodaroundthecenter of the Gal axyis 2.2 x108

9
years. Sooveritslifetine, the Sunhasconpleted M =20.7orbits.
2.2x10
Ch. 25, Prob. 36.
Gven: v =400 %; r =2x10% pc =6.17x 10*” km Assunecircul ar orbit.
a. time=sdigamwe _ 2x _ 2x6.47x100km o9 7 x 10 s - 3. 1x10° years.
rvZ  (6.17x10%° m) (4x 105 0% _ 42
b. Mg = 6.67x 10 T =1.5 x 107" kg.

Ch. 25, Prob. 39.
. 4 72 g3 . .
Gven: P2- -~ %  assunmecircular orbit.
G (M+ MSun)

Si ncethe mass of the gal axy i s nuch greater thanthat of the Sun, M+ My, =M For a
circular orbit, a=r. Fromtheprevious problem theperiodof anobjectincircular orbit

isP= 2 7 Substitudingall thisintothegi venequation, weget :
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Ch. 25, Prob. 41.
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a Ren - 2c2;|v| B 2G(3.7x210 Msun) _ 2 (6.67x10°*) (3.7x102) (1.989x10%°) | jq10
¢ ¢ (3x108%)
- 1.1x10" km=0.07 AU

b. D=8kpc =2.5x10°m d=2Rgp =2.2x10%m

10
o - 206265 d _ 205265 (2.2 >;010 ) _ 1.8x 10°° arcsec
D 2.5x10




c. D=120AU=1.8x102 m d=2Rgh =2.2x10%m
206265d 205265 (2.2 x 10'7)

D - 1.8x 10"
Yes, it woul dbediscernibletothenakedeye.

=252 arcsec

Suppose you have a space shipthat cantravel at 0.999c. Shoul dyouw shtovisit Canopus
(313 1ight -yearsdistant), hownuchw || youageonthewaythere?

For thisproblem wew Il usethelorentzformulafortinmedilation:

t = tioz, wheret istinmeneasuredintherest frameandtgisthe proper time of

1-(%)
thenmovingfrane. Inthisproblem hownuchyouw Il ageinthenovingfranmeisthe proper
time. So, that’ swhat wewant tosolvefor. Thetinmeit takestoget thereas neasuredby
soneoneintherest frane (inthiscase, thefraneof theEarth)ist. Therefore:
_distance  313ly 313 (c) (lyear)

speed ~ 0.999¢ 0.999 ¢ =313.3years
v 2 2
to =t 17(6—) =313.3+/1- (0.999)° =14 years.
ExtraCredit :

MOND st ands f or Modfi ed Newt oni an Dynamics. It isdifferent thannornmal Newt oniangravity
inthat it introducesatermthat donmi natesthegravity equationat | argedi stances. This
t heory expl ai nsthel evel i ng of f of gal axy rotati oncurves wi thout i nvoki ng dark matter,
t he exi stence of whichisstill questionable. For noreinformati onon MOND, visit
Dr. MGaugh’ s MONDpage at http: // ww. astro. und. edu/ ~ssm/nond /.



