Homework Solutions 7b (Schroeder chapter 7)
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(a) The power P = ed AT*, so

A = 6.6 x 107> m?

(b) The spectrum has a peak at £ = 2.82kT = 0.73 eV. The wavelength
is A\ = he/E = 1.7 x 107% m, in the infrared.

(c) Plotting, we see that most of of the energy is radiated away in the
infrared.
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(d) Change variables to x = E/ET. At 3000 K, kT = 0.26 eV. The visible
spectrum is between 1.77/0.26 = 6.8 and 3.1/0.26 = 11.9. The energy

in the visible is
11.9 3
x
f dx
6.8 et —1
This needs to be evaluated numerically. All the energy is
0 3 4
J dy 2 =T

Their ratio is the visible energy fraction, which is 0.083. Not very
efficient.

(e) Increasing efficiency requires shifting the spectrum peak toward the
visible, which means a higher temperature.
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(f) The efficiency requires figuring out the integral ratio in (d) as a func-
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(a)

(b)
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(a)

tion of T', and either numerically differentiating it for a maximum, or
plotting it and visually estimating the peak, around 7000 K.

Putting together the equations provided with the spectrum peak being
at £ = 2.82KkT results in A = 8.4 x 10* m.

Total power for a blackbody:
P=cAT*=9x 100 W=6x10"eV/s
This is really low.

The energy lost from the black hole must come from a decrease in mass:
P = —d(Mc?*)/dt. Therefore

AM AT* b4
- _002 = -5 with H=40x 10" kg?/s

This gives M?dM = —Hdt, which we can integrate to get the lifetime

T
M3

T 1 JO )
r=| dt=—— | dM M ="t
L H . 3H

For a solar mass, 7 = 7 x 10™ s; about 10°7 times the age of the
universe.

The age of the universe is about 4 x 107 s. The initial mass of a black
hole with that lifetime would be 1.7 x 10! kg, smaller than the sun by
about a factor of 10'. The peak of its spectrum would be at about
A =7x 1071 m, an extremely energetic gamma ray.

The number of magnons is
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As usual, E = h%k?/2m* = h*n?/8m*L?. Again, as usual, convert the
sum to an integral using spherical coordinates, ending up with

00 2
Nm—ﬂf dn n
2

0 en?h?/8m* L2kT _ q

As usual, change variables to x = E/kT, and after some algebra, you
get

om*kT\ > [ z1/? om*kT\ ¥?
Nm=27ﬂ/< 2 ) Jo dxex_1=27ﬂ/< 2 ) (2.315)

(b) Each magnon reduces the magnetization by 2up. Therefore the frac-
tional reduction in magnetization is

N, [T\ h: (N\?
Dmo_ (2 here  Tp = (0. =

N (T()) where Ty = (0 0839)m*k (V)
For iron, Ty = 4150 K.

(c) The energy is

0 1 h2 2
U ~ z d?’LTL2 212 * 1,2 -
2 0 6nh/8mLkT_18m*L2

2m* LT\ 22 0 3/2
_ 27ﬂ/<m ) (kT)f dz — :

h2 0 er —
2m* kT 3/2 km* 3/2
- 27ﬂ/< = > kT(1.783)=(31.69)k:V< = ) T°?
oU 5 Ekm*T\ 2/
Cy = = (31.69)2kv< = )
Therefore

oy TN\ 32 . B2 N\ 23 9 2/3
V(= th 7= (= 2 ) 06467,
Nk (Tl) VS T e \ v 5(31.69) 0646 7o

For iron, this is 77 = 2680 K, which means the magnon contribution is
small at room temperatures and below. But when the temperature is
low enough, the magnons will contribute more than the phonons, since
the phonon CyocT3.
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(d) The only difference here is that the angular integral is over a quarter-
circle, and the radial integral involves dnn rather than dnn?. Aftr
changing variables to xocn? (since Eocn?), this leaves us with an integral
like

“ 1
Nmocf dx = w0
0 e’ —1
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(a) The ground state has
2

= 8ml?

E, (1P+124+1%) =114 x 1072 J=71x 107" eV

sing equation 7. , k1. = (0. o- In that case,
b) Usi ion 7.126, kT, 0.224)N%3E,. In th
kT.

0

— (0.224)(10000)%® =104 = T.=86x10"°K

(c) At T = 0.97,,

T\ 32
Ny = [1 — <T) ] N =0.146 N = 1460

Then, with equation 7.120, we get Eg — pu = kT /Ny = 4.6 x 1071° eV.
The first excited state have energies of 2F; each. The occupancy of

each is )
M= Tmmmr —1 =87
(d) With 105 atoms, T, will be higher by a factor of (10°/10%)%3 = 21.5,
so T, = 1.85 x 107% K. The fraction in the ground state remains the
same, but the actual number is large by a factor of 100. Therefore
Ey—pu=98x1071% eV, and N; = 1990. It looks like, if T'/T. is kept
the same, Ny/N; increases with N.
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