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Specific Heat of Solids

E =3N,k;T =3RT
internal energy of 1kilomole of soild
N, : Avogadro's number

_(d_Ej
v aT ),
d (3RT) |
C, :d—T:BR Dulong-Petit law
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@@ Einstein’s Theory of Specific Heat of Solids

= hv
e ikeT _q
E=3N,¢
) ] e
dT ), kT (ehvlkBT _1)2

R Center for Active Plasmonics
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% Debye’s Theory of Specific Heat of Solids

Coupled harmonic oscillators

Phonons

Center for Active Plasmonics
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Phonons
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Fs = C(us-i-l = us) * C(us—l 2 us)

d’u, C. Kittel, Introduction to
= de Clttgsy + oy — 2u,) Solid State Physics, 8t" ed.,

5 John Wiley & Sons, 2005.
—Mw*u, = Clugy, +u,_y — 2u,)
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% Phonons

u,+) = u exp(isKa) exp(* iKa)
—*Mu expl(isKa) = Culexpli(s + 1)Ka] + expli(s — 1)Ka] — 2 exp(isKa)}
w’M = —Clexp(iKa) + exp(—iKa) — 2]
w® = (2C/M)(1 — cos Ka)
w® = (4C/M) sin® ; Ka ; w = (4C/M)"?|sin 3 Ka/|
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b5 I Phonons

el

Ugyy _ U expli(s + 1)Ka]
Us u exp(isKa)

= exp(iKa)

Us41/u; = exp(iKa) = exp(i2mn) expli(Ka — 27mn)] = exp(iK'a)

[UAAVAVAVAVAVA
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Us—) Us—1 Ug

I s

Phonons — Two Atoms per Primitive Basis

Ug+] Us+1

@ —

M, M,

d?u,

M, 72 = C(v, + v,—; — 2u,) ;
d*v,

M, g =Cu,py +u, —20,) .

s = u exp(isKa) exp(—iwt) ;

1) Seoul National University

Pl

vy = v explisKa) exp(—iwt)
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% Phonons — Two Atoms per Primitive Basis

1 1y*2| Optical phonon branch
[2C(M, it |

K 1

1
 (2C/M,)"

M, > M, :
| (2C/M,)"

:

:

—= :

Acoustical )

Acoustical mode phonon branch E
: K

L

a
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f(E)
T=0K
1.0
0
Eg

(a)

® 2005 Brooks/Cole - Thomson

f20 Seoul National University

Fermi-Dirac Distribution

J(E)

1.0 _

7 5 O SO
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77 Density of States in 3D Structure (Metal)

g(E)dE = DVEdE

8\/§7Z'm3/2
D —
h3
n(E)dE = DEdE

a(E-Er)/keT 1

—_j n(E)dE = Dj VEdE

EE/kT
FB_I_l
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Fermi Energy in Metal

- AtT =0K
1200 K N DJ- \/_dE B E3/2

n(e)

= (0)= 2hm (837:/ j
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H 92 H=u o yHA eV

a2 ml=al o=l ay
Lithium L1 4.72

Sodium Na 3.12
Aluminum Al 11.8
Potassium K 2.14

Cesium Cs 1.53

Copper Cu 7.04

Zinc /n 11.0

Silver Ag 5.51

Gold Au 5.54
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