Homework #4, Problem 2, 3, 5, 7, 8, 10, 14 in chapter 4

4.2) SURFACE TEMPERATURE OF THE SUN

(a) Let JE denote the radiated energy flux density at the

Sun-to-Earth distance DE from the Sun. Then the total
radiated flux is
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(b) 1If Rg is the radius of the Sun and Jg the flux den-
sity at that radius,

= ¢f4n&§ = cBT4 - 6245 J s tem 2

= {J@,f-:rE}lii - 5761 K .
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4.3) AVERAGE TEMFERATURE OF THE INTERIOR OF THE SUN
(a) Dimensionally,
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U= - iR = - 3.77x10%%zrg = - 4x10%%erg . (51)

If the Sun had a uniform density p = Hgfiangfal. the
exact result would be
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U= - Gp2*/—{4nR3f3}{4nR2}dR = - aﬂméfsga ;
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We continue with the walue (51).

(k) The Sun consists mostly of hydrogen atoms; their
number is

57 .

N = Mg/M, = 1.195x10°7 = 1x10°7

From 3TtN/2 = =U/2:

T = - UkaBH = Q.EEKlDGK lﬂ?K
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4.5) SURFACE TEMPERATURE OF THE EARTH

The solar energy flux density at the Earth's orbit is
Jg = opTax(Rg/Dg)?. The flux intercepted by the earth is

- 2 - 3 2
t = mREJE = noBT@ b {REREXDE}
The flux re-radiated by the Earth is
— 4 2
o= UBTE £ 4HRE
Equating the two fluxes leads to

T, = {RE;2DE1*T® = 280 K

Note that the radius of the Earth drops out.

4.7) FREE ENERGY OF A PHOTON GAS

{a) The partition function for a single mode with fre-
guency w is, from (3),
_ -1
z, = [1 - exp(-pu_/1)] . (51}

The different modes are independent of each other; there-
fore the partition function for the owverall photon gas is
simply the product of all single-mode partition functions:
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Because of (51) this i1s the same as (53).

(b)) F = =1 log 8 = = 1 log zn. With (51) this is the
same as (54). Transformation to an integral:
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with u = (mHc/tL)n ; see Problem 4.1. Integration by

parts:
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The integrated term wvanishes at both u = 0 and u = =, and
the integral is the same as in (19), n4f15. Inserted into
F:

V =t x n(tL/nlic)’ x (-nt/a5) = - nfvet asciy’

4.8) HEAT SHIELDS

We treat the general case of N heat shields (n = 1,
...}, 1n the order TE;TG<T1<...<TN<TN+15TU. The radi-
ative energy flux density between planes n and n-1 is J ., =

4]
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UB{TH - Tn-l}‘ independent of n. Hence

4 _ 4 _ -
Tn = Tn-l *+ JufaB = Tn_2 + EJUKGB = Tn-m + mJufuB
= T4 + nJ (S1)
[ U/oB

Applied to n = N+l and solved for Iyt

- 3 4
Iy = 0plT, = T, )/ (N+1)

Inserted into (S51):

- n 4 4
Tn - Tﬂ * N+1{Tﬁ T

) = [[u+1-n}T3 + nTi]f{N+l}
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For n =N =1 we have J _= GB{Tu Tﬂ}fz, T1

IR N
U = {T£+Tu}f2.

4.10) HEAT CAPACITY OF INTERGALACTIC SFACE

For the atoms, CHI? = [3}2]nkB; For photons, we first
re-gxpress the proporticnality factor in the expression
(20) by inserting the Stefan-Beltzmann constant, Op =
nzkgfﬁﬂhscz:

_ 4 _ 3 .
u/v = QUBT Jfooo, Cradfv = 1EﬂBT Joooo
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4.14) HEAT CAPACITY QOF LIQUID 4He AT LOW TEMFERATURES

(a) We need N/V:

23 -1 3
- 6.02x107 " mol ¥ 0.145 g/Scm” _ 27 3
NV 2 g/mol = 2.18x10" atoms/ cm
with this, and v = 2.383x10%m s, from (44),

0 = (Mv/ky)(6n°N/v)H/? = 19.83K

{b) For 1 gram, N = 5_:}2:-;1023;4 = 1.5*1023. With this

and the above wvalue for 8, from (47b), after dividing by
3, to account for the absence of transverse modes,

4
_ 1 12n 3
Cy,{per gram) = 3 =g “kB{Tf'E']I

= 0.0208 J g k¥ x 7,

which is wvery close to the experimental value.



