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Linedris lanc
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Miiy = Dlupt1 — Un + Up—1 — up]

Miip, = —=D[2up — up41 — Up—1]
Keressiik a megoldast
up = Apel@t
alakban. Ekkor

WA, = Wi[2A0 — Ant1 — Ani]
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Linedris lanc
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Periodikus hatarfeltétel

U+l =
A1 2 -1
Az -1 2 -1
w = wg
An -1
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Linedris lanc

An = Agefian

Ww?=wl [2 — e e_jq"]

w? = 2w [1 — cos(qa)] = 4w3 sin? (?)

w = 2wy )sin (%)‘

Periodikus hatarfeltétel miatt
2w

1=¢%N =m—
dm Na
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Linedris lanc
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Mii, = Da % ~ Da ﬁun
M = paAill. E=Da/A
92 9?2
pﬁu(x, t) = Eﬁu(x, t)
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i) = wett#) —s o= () alal = wnala
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Linedris lanc
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Kétatomos linedris lanc
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My iin = —D[2up — vp — Vp—1]
M2\7n = —D[2Vn — Upt1 — Un]
Hatarfeltétel
Un+1 = U
VN+1 = V1

Keressiik a megoldast

up = u(q)e/@ttaan
Vp = v(q)ej(“’t+qa")

alakban
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Kétatomos linedris lanc

—w?Myu(q) = —2Du(q) + D (1 + e_jqa) v(q)

—w?Mav(q) = —2Dv(q) + D (1 + e+j‘7‘3) u(q)

Ekkor
2D — w?My, —2De™493 cos (%) | _ 0
—2De™t95 cos (%), 2D — w2 M, -
Megoldas
¥ {(Nh + M)+ \/(Ml + M2)2 — 4My M, sin? (f)}
My My 2
Bevezetve

1 1 MM
(JJ%:2D(7—‘,—7>7 72:4#_
My M, (M1 + Mp)?
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Kétatomos linedris lanc

1
w_(q—=0)= wovalql

w+(g = 0) =~ wp

Wilg=m/a) = *wo F{a+svi-}
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Kétatomos linedris lanc

> akkor vy =1

1/2
) 2(B) 7 s ()]
wt = p\1/2 4
2() " lsin ()]
ex{if} w(i)
‘*TI'I' a ala =23fa

Ltla
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Altaldnos eset

(R t) = Ry +r, +u¥ (R, t)

p = 1..p ahol p az atomok szdma az elemi cellaban

A rendszer energidja
d=do+ 7D“”(Rm,7n)u“(R Yu5(R,)
m’
a7ﬁ
w,v

ahol o, 3 =1,2,3

Atirhaté
d=dg— > 405’5(,,,,7,")[““(%) ug (R)1[ufg (R,,) — uj(
m,n
a7/3
WV
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Altaldnos eset

Fg(Bm) = Z Dg:g(ﬁm’ﬂn)ug(ﬂn)
nv,B

Ha u = const, akkor F = 0 (merev test szerii eltolas), igy
2 DLG(RyR,) =0
n,v

Mozgasegyenlet a periodikus rendszerre

nv,B
Keressiik a megoldast
1 S
ub(Ry,) = —==e“ P uli(q)

VoA g

alakban
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Altaldnos eset

S y 1 S y
S nuf(a) = D DRy — Ry) =t (@)

oy o, n F

ahonnan
Pubi(a) = 3 B, (a)uf(a)
,/)
ahol
_ 1 .
g _ 1224 qB,,
Innen

det [Dg:’B(ﬂ) — w26aﬁ6uyu] =0, 3px3p
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Altaldnos eset

g a Brilluen zéndban van.

Normal médusok
1

W(Ry) = o D efl(a)e/ T Qg 1)
1% q,\

Qx(a,t) = —w3(9)Qxr(g: 1)

Elemi gerjesztés = fonon
E=hw
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Kristdly fajhéje

<E>= 2 Ene”7En 8= L
S,e Pk ks T

Alla potdsszeg

Z = Ze‘BE"
n

d E,e—BEn
— 9 nz(p) = 2o
dp 3, e P
Harmonikus oszcilldtorra
hw
E, = nhw + —
2
S sty e 7E
_ —B(nhw+22) _
Z—Zoe i m—:
n—=
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Kristdly fajhéje

hw
d e P hw d
_ - - - V==, = _ o Bhw
dﬁ'"(l—e—ﬁﬁw> > +dﬁ|n(1 =)

Innen

efﬁhw

hew
E>=" 4 hw—
<E> 5 + 1_ o—Fhw

Zéruspont energia elhagyasaval

hw

<E>= o1

Bose—Einstein eloszlds oszcillatorra

1

= ehhw _1
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Kristdly fajhéje

atarfeltétel u(R,) = u(R, n)

by by by

v (2n)3 _ (2m)3
Ny’ No' Ns|

N WV

N3q =

3
—Zf(o.»\(q) > [ s flerta)

A

(2w

wx(q) = const feliiletek
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Debye kozelités

Debye feltette, hogy

1
glwr) = 3 WA
CA
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Debye kozelités

ahol

Groma Istvan, ELTE

g(w) =

1|1 N 2| , 3 w?
a2 2 Y
2n2 | cf & 272 ¢}

-n'a 0 n‘a
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Debye fajhé

Wb s 3
<E>=V ————d
/0 efhw — 12723 v

Viltozé cserével x = Bhw

hw
(ksT)* 3 /kﬁ x3
0

<E>= VT 2m2cd eX — ldX
Ha T —0
<E>xT*
gy
Ccy X T3
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Debye fajhé

hwp
y(keT)* 3 /kBT o — kD 1 (hwo)3
0

h 2m2c} B3 2m2c} \ksT
< E>= Vg T— Ve T 3 @0 _ o
8T 5a% = ke Ty 5y =3k
Klasszikus fajhé ( Dulong-Petit)
Cy = 3kBN
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Hétagulas

Ha

akkor < u>=0
Anharmonicitas

Groma Istvan, ELTE

25, ue= AW dy
22 eBe(Wdy

oo

<u>=

D
d(u) = dg + Eu2

Plot of Lennard-Jones potential

0015

0010

0010

D
d(u) =Py + §u2 —yud 4.
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Hétagulas

J22, ue P (14 By du

<u>= =3
2 e Pu (14 pyud)du
Amely
o B'yu4efﬂ2 ¢ du
<u>=
1= e P2 qy
Bevezetve

=+/BD/2u

Uj valtozét

2
By Jo xte ™ dx 4
<u>= = L ckgT
YT BDRR [ ePdx D2 °

d<u>

9T ~Ckg/D? = const
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