Ay 20: Basic Astronomy and the Galaxy
Fall Term 2010

Solution Set 3

Kuna Mooley
(based on solutions by Swarnima Manohar, TA 2009)

Reporting an answer to unnecesary number of decimal places should be avoided. CGS units are popular among professional
astronomers. S| system is considered universal, and so | will encourage you to stick to Sl if you are presently using this system
most frequently.

PROBLEM 1 (C&O Problem 8.6)

(a) & = g_be-(Eb—Ea)/kT
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above kT~13.6eV. Thiswi Il al sobedictatedbythereconbinationrate,
dependingonother factorslikethedensity, radiationfield, etc.

PROBLEM 2 (C& O Problem 8.11)

Use Saha equati on,

Nin ) 227 {Zﬂm;kT)B/ze-X”/kT= 2KT Z)y, (ZHFTEKT)S/ZG_XI/I(T
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wherethesubscript ' Il"' referstoHell

and ' 111" referstoHelll i.e. conpletelyionizedHelium

Fromt he data gi venin C&0 Probl em8. 10 we have,
Z||| =l, Z|| =2, X1 =54.4eV. AlSO,

P, = 1000 N - nT2. Thus we get the t enperature correspondingto ~y;, = Ny, as,
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X[T_]:= 3.3x10°% T5/2 @ ((54.4x1.602x10719) /(1.381 x 102 T))

Pl ot [x[T], {T, 10000, 45000}, PlotStyle -» Directive[Thick],
FrameLabel -» {Tenmperature[K], N / N1}, Frane -» True,
GidLines » Automatic, GidLinesStyle » Directive[{Dashed}]]
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PROBLEM 3 (C& O Problem 8.14)

G ants are of spectral type Gor | ater,
and t heref ore have ef fecti ve t enperat ures of | ess than 6000 K. Sowe are essentiallytalking
about hydrogenionizationinthe atnosphere of thesestars. Therel evant Saha equationi s,
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Sinceinthisproblem thenainsequence (M5) star andthegiant (g) star are saidto havethe
sane spectral type (neaningthat & /AN isthesamefor bothstars), wecansaythat,
3/2 3/2
{Le*)ﬂ/kT] _ {Le’Xl/kT]
Ne Ne

x /k =13.6eV/k = 1.6x10°K, and"' ne' for thegiant isless
thanthat for the MSstar duetoitstenuous at nosphere. Therefore,

{Ts/z e—1.6><105 K/ T]g S [T3/2 e L 6x10° K/T]NS'

That i's, for x = Ty /Tys,
x3/2 > exp (- (1-x) 1.6x10° K/ T)
As st at ed above, Tps < 6000 K. Ther ef ore,
x3/2 exp (300 (1-x)) = 1.
Thisrequires xtobeslightlylessthanl,
and thus theinconsi stencyinspectral typeandtenperature.



ay20solutions_hw3.nb |3

a[x_]:= x3/2 (300 (1-x))

Pl ot [a[x], {X, 0.995, 1.01}, PlotStyle » Directive[Thick], FranmeLabel - {x, a},
Frame » True, GridLines - Automatic, GridLinesStyle » Directive[{Dashed}]]

PROBLEM 4 (C&O Problem 9.11)

pe =153 x 10° kg/m*= 153 g /cm?

k=0217mPkg'=2.17cm?g?
(a) Mean Free path is given by:

1
| > — /. {x>2.17cnf g™, p->153g/cn?}
Kp
| - 0.00301196 cm

(b) Displacement, d after size of step | (egn 9.29)

d- | A/~

Radius of Sun is the distance that the photon would have to traverse, d = Ry = 6.96 x 10'° cm and | is the mean free path.
Number of stepstakenin total:

d 2
N - (I—) /. {d>6.96x10"%cm | - 0.00301196 cm}

N = 5.33974 x 10%®

Each step takes I/c time. Average total time taken for photon to escape from the Sun:
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| yr
C 24 x 3600 x365.25s

/. {I - 0.00301196 cm c - 2.9979 x10'%cm/s, N - 5.33974 x10°°}

tiotal » N

tiotal = 1.7 %108 yr

Not much, just about 2 million years.

PROBLEM 5 (C& O Problem 9.16)

(a) Theradiative transfer equation, integrated over wavelength, says

dr;,

=TI, -S,

d]'EA

where 7, is measured along the light path. It is easy to show that dsisrelated to dr by ds = dr/ cos €. (Note that isrelation istrue
differentially, but a statement like s =r/ cos ' does not make sense. As one moves along the light path, the local radial vector
and hence @' are changing.) Finaly, the optical depth is defined by dr) = k0 ds. Putting the pieces together yields

dr,

=Iy-S;

Ky pds
Cos [9' ] drI,

=TI, -S,
Ky P dr

(b) To obtain the pressure gradient we would like to take the first moment. We might as well pick a point to study, place the
origin there, and orient the polar axis along the outward radia vector so that there is no distinction between 6 and ¢'. Multiplying
the result from (@) by cos ' and integrating over the sphere gives

Cos?[e'] dr
j-— —dQ = fIOos[G' ] dQ—jSOos[G' ]1de
xp dr

where the A dependence has been removed by integration over wavelength. (We can take « to be the Rosseland mean opacity «.)
Note that the solid angle element isd = sin 8'd8' d¢ .The first term on the RHS isjust the flux Foy. Since Sis assumed isotropic,
it has no angular dependence and can be taken outside the integral, which then vanishes since

2 7T 't =m/2
J@s[e']dlg:f f Cos[e']Sin[e' ]de' dé¢=0
0 ' =

-n/2

Finally, recalling that

JI Cos?[6' 1dQ = C P, aq
we get that
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