ASTR121
Homework 5 — Solutions

Ch. 26, Prob. 32.
The di st ance nodul us equation: m-M=510g (d) -5.

a. m-M=29.2 =5log (d) -5 = >d=6.9x10%pc = 6.9 Mc
b. m-M=29.6 = 5log (d) -5 = > d=8.3x10%pc = 8.3 Mc
c. Ad=8.3-6.9=1.4Mc = 1.9 ds

Ch. 26, Prob. 36.

Viec = 7500km/s = Hy d

Vi ec 7500 km/ s

Ch. 26, Prob. 38.
G ven: z =5. 34.

a. Sincezisnmuchgreater thanl, wewll needtousetherelativiticformof thevelocity
equationtocal cul ate Viec. Fromtext :
Viec _ (Z+1)2—1 3 (5.34+l)2—l

5 = . -=0.95. Therefore, Viec =0.95¢c =2.9x 10° km/s
C (z+1)°+1 (5.34+1)° +1

b. If wehadusedthenon-relativisticformof theequation, wewould' vefoundthe

velocitytobe Ve =Ccz =5. 34c-1.6x10% Theerror isverylarge, aswe would’ vefound
that t he vel ocity of t he gal axy exceeds t he speed of Iight !

5
c. d- V;EC _ fo’lfml/os '/‘rl\'/‘p/cs _ 4084 Mpc = 1. 3x 10%° | i ght year s

Ch. 26, Prob. 39.
G ven: Mas = 10" Msyn; spherical volumew thR= 3 Mc

a. W knowt hat t he hydrogen at omwei ghs 1. 67 x 10727 kg. Knowi ngt he mass of the cl ust er gas,
we canfindthetotal nunber of hydrogenatonsinthegas:

No Mas _ (103 (2 x 10% kg)

=1.2x 107° hydr ogen at ons

Mi  1.67x10? kg
b. Wefirst needtofindthevoluneandthenfindthenunber density of thecluster:
70
n:g: 4N = 1.2x10 + = 3.6x10° Hat oms cm®

7 7R 4 5 (3x10° x 3. 086 x 10'8)

c. Fromthe above val ue, wefindthat the nunber denity of the Comacl uster | GMi s about 10%°

ti mes | ess dense t han our at nosphere, 108 tinmes|essthanthel SMof the M| ky Way, and 10%?
ti mes | ess densethanthe coronaof the Sun.

Ch. 27, Prob. 28.
For thisproblem wewll assumeHy =71km/s /M. Accordingto Table27.1of thetext, a

redshi ft of 0.75gives adi stanceof 6.57 x 10° | i ghtyears. Thisinpliesthat it takes|ight

6.57 x 10° years totravel fromthat quasar tous. |f |ight coul dget hereinstantaneously,
we woul d pr obabl y see t he quasar as a gal axy t hat i s not very active. Thecentral engi ne

of the quasar wi |l nost |ikely have consunednost, if not all, of itsfuel. This neansthat
theaccretionrateof thecentral black holeisl|ow, whichreducestheanount of synchrotron
radiationit canproduce. W woul d see aradi o-quiet quasar or sonmethingthat’ ssimlarto
t he near by Seyfert gal axi es.



Ch. 27, Prob. 36.
Gven: M=3.7x10°% Myn

a. The maxi muml uni nosity an AGNcan producei sthe Eddingtonlimt. G venthenmass:
Leag = 30, 000 (Nbl) Lsun = 30, 000 (3.7 x 10°) Lagn = 1. 1x 10* Layn = 4. 4 Lyt 1 1y vay
un

b. If theblack hol e at the center of the M| ky Way were t o be produci ngthis | argeanount of
luminosity, it must beaccretingmassandisanAGN. Fromour vi ewpoi nt, wenm ght haveto

| ook t hrough adusty torus of material toseethecentral bl ack hole. Qur viewtothecenter

wi || nost |ikelybeobscured. The spectral of the central engi ne woul d have nmany narrowl i nes
simliar toaSeyfert 2 gal axy. The center woul d be very bri ght i n X- Ray fromt he heat
produced fromt he accreti on. W m ght al soseejetseninatingfromthecenter towardthe
north and south Gal acti c pol es. W may al so seeradi ol obes abovethenorthandsouthGal actic
polesduetothejetsof material hittingtheintergal actic medi um

Ch. 27, Prob. 37.

RZ  (16x3.086x 10%) (2x 10%)°

5 - s 6751011 =3x10%® kg = 1. 5 x 10% Muun
. X

M=

Ch. 27, Prob. 38.
2GM  2G(10° Myyn) 2 (6.67x10°*) (10%) (1.989x10%)
cz c? ) (3x108)°

= 20AU=0.5Sun - Pl uto Di stance

-3x102 m

Rsch =

ExtraCredit :
Gven: z=1, fluctuationsontinescal eof 1week (168 hours)

a. FromTabl e 27. 1, aredshift of 1gives Viec =0.6Cc =1.8x 10° km/s

b. t R Sincewe’ retryingtofindthetimeinthenovingfrane, wewant tosolve

2
for theproper tinme, to. Therefore: to=t [1-(—) = (168hr) 1- (0.6)2 =134.4hours

o|<

c. Intheframe of the gal axy, theflucuationsvaryonatinescal eof 134. 4 hours. This nmeans
that theemttingregionis134.41ight -hours across (seeFigure27 -17). Sointerns of AU
we find:

d=134.41ight -hour = (134. 4 hours) (3x 108 m/s) (3600s /hour) = 1.4 x 10 m=970 AU



