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div ~E = 0⇒ ~k · ~E(~k, t) = 0 ,

FG>EZ'X=; ~E []<E^d@g[]<E9
:
8�T�Z'P?;IK�AC8�T�Z'PhTi<EM�@C8�AC<�PRj.[]<E^d@g[]<E9
: K?kl8�XLK�ABZ'>EK�Fm[dK `
5nkl<EAB;L8�9�Z�FG>�:'Z�F�foTVK�AB_
: M�p�T4q
AC>�<E6�8�T�Z�F�fJ9�XIK?M-TrK�9
ACK�@B_o8U97Ns_
6�8�DCFG;

L
8�@CAB>EZ-Pt_�[]W

ω =
2πc

L
n n ∈ Z .
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Ω
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N(Ω) = πΩ2/

(
2πc

L

)2

=
Ω2L2

4πc2
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g(ω) =
dN(ω)

dω
=

L2

2πc2
ω .
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e(ω) =
ω

2πc2
h̄ω

eβh̄ω − 1
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u =

∫ ∞

0

dω
ω

2πc2
ω

h̄ω

eβh̄ω − 1
=

1

2πc2β3h̄2

∫ ∞

0

dx
x2

ex − 1
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u =
1

2πc2β3h̄2 2ζ(3) =
k3T 3ζ(3)

πc2h̄2 .
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L
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ω =
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L
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g(ω) =
dN(ω)

dω
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u =
U

V
=

∫ ω0

0

dωg(ω)
h̄ω

eβh̄ω − 1
=

h̄

4π2A3

∫ ω0

0

dω
ω3/2

eβh̄ω − 1

=
h̄

4π2A3

(
kT

h̄

) 5
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∫ h̄ω0

kT

0

dx
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u ∝ T 5
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(
∂u

∂T

)

V

∝ T 3/2 .
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eω =
h̄ω3

π2c3
1

eβh̄ω − 1
.
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e′ω = (Acdt cos θ)
dΩ

4π
eω .
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du =

∫ 2π

0

dϕ

∫ π/2

0

sin θdθ

∫
dω e′ω = Acdt

1

2

∫ π/2

0

dθ sin θ cos θ

∫
dωeω
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A

du

dt
=
c

4

k4π2

15c3h̄3T
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2k4π5

15c2h3
T 4 .
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F = β−1

∫ ∞

0

dωg(ω) log
(
1− e−βh̄ω

)

U =

∫ ∞

0

dωg(ω)
h̄ω

eβh̄ω − 1
,
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g(ω) =
ω2V
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p = −
(
∂F

∂V

)

T

= −β−1

∫ ∞

0

dω
ω2

π2c3
log
(
1− e−βh̄ω

)

= −β−1

[
ω3

3π2c3
log
(
1− e−βh̄ω

)]∞

0

+ β−1

∫ ∞

0

dω
ω3

3π2c3
βh̄e−βh̄ω

1− e−βh̄ω

=
1

3

∫ ∞

0

dω
ω2

π2c3
h̄ω

eβh̄ω − 1
=

1

3V

∫ ∞

0

dωg(ω)
h̄ω

eβh̄ω − 1
=

U

3V
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pV =
1

3
U
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