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1. Dao dong cua chudi nguyén tu

Trong tinh thé cdc nguyén t& dao ddng quanh cdc nit mang
trong khong gian 3 chiéu.

Bai todn cua mot hé hat c6 tuong tac véi nhau va dao ddng véi
bién do nhd quanh vi tri cAn bang 12 mot trong nhitng bai todn
di€n hinh ctia Co hoc c6 dién.

P¢é thdy mdt s tinh chit quan trong clia cdc dao ddng do ta bit
dau tr mot chudi thang clia cdc nguyén ta.



a. Chudi thang dai vo han ciia cac nguyén ti
c6 cung khoi lvgng m
d’x_

dt?

m = _f[(Xn — Xn_l) — (Xn+1 — Xn)]

x, 12 d6 1éch khoi vi tri cAn bang clia nguyén tif thit n
f1a hiing s6 luc dan hoi tuong tdc giita 2 nguyén tu.

Nghiém c6 dang X, =Aexpi(ot+gna)

q - sO sOng




Thay nghiém vao phudng trinh chuyén ddng dudc

W= J_r2\/E sin(l ga)
m 2

cho thay su phu thudc ctia tan s6 dao dong o vao s6 séng q :

N N A N\ ? Ly ® [N 2
o la ham tudn hoan cua q vé1 chu ky n
d

B chi cin xét q trong khodng _ T <q< n
a a
Vung Brillouin th nhdt mot chi€u

- Chi cin cdc budc séng 16n hon 2a .
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O hinh trén, q = m/a tudng ung v&1 A=2a. q > m/a khong c6 ¥ nghia
vat 1y vi khong c6 nguyén to dao dong gitta mot chu ky. Nhu vay
vectd song dudc phép cho dao dong mang ndm trong vung Brillouin
thit nhat (Igl < m/a).

Do d6 tat cd ¢ N gid tri duge phép cua vectd séng ( va budc séng )
nim trong khodng -m/a < q < m/a. Moi gid tri d6 twong ¢ng v4éi mot
mode dao dong cia mang. Mode d6 dudc goi 12 mode chuin



y - ga
Van toc pha cua séng trong chuoi : o £ ) sm;
’ N ? s - 2 =—=4
( vin toc truyén cua cic mdtdangpha) * ¢ m| qga
2

B V3i g nhd ( bude song dai ) van toc pha v, = a(f/m)"2 khong
ddi va bing van toc truyén Am trong tinh the (~3.10° cm/s).

B Khi q ting, vin toc gidm : hién twong tdn sic. Sy tdn sic 1a do
au Anh hudng 1An nhau gitta cdc phan nén va dan ctia séng. Vi
cic budc séng ngin cdc phan dé rat gan nhau.

® Khi A gidm dén 2a cdc phan nén va din b triy 1an nhau lam
séng bi€n mat --> van toc bang 0.

L < L ) do f qa
Van tdc truyén ning lugng - van toc nhém: V4, = d_ =a,/—|COS—
q m

G cdc bienq=7/2, v =0 : khong truyén ning lugng

nhom
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=22 t sin(lqa)
m 2

Vi q nho

C6 su phu thudc tuy€n tinh trong mién nay



b. Chudi thang dai L hitu han gdom N
nguyén tu c6 cung khoi lugng m

biéu ki€n bién tuan hoan
Born von Karman

Tou x =Aexpi(ot+gna)
expinqa =exp1(n+N)ga == expiNqa =1 =expi12mwj

, 2T .
Nqa =27 —> q=—"1]
, na
j1a cac s6 nguyén ducng hodac am.



A AN

L = Na

‘d
T

biéu ki€én bién tudn hoan: x_ 2 = x

Cac gia tri gidn doan cua q xac dinh N dao ddng ri€ng cua
chudi. Nghiém tong quat thu dudc tir sy td hop tuyén tinh cla tat
ca cac nghi€ém riéng

X, =2 A expi(m,t- 2f\?lj)




c¢. Chudi thang gom 2 loai nguyén tif ¢6 khdilugng m va M

— —f[(in — in—l) — (X2n+1 o X2n)]

Nghiém cua ching c6 dang
X,y =A_ expil[ot+ (2n+l)qa ]
X,, = Ay €xp1[ ot + (2n)qa ]

Thay c4dc nghiém nay vao phuong trinh chuyén dong tuong tng
dugc 2 phuong trinh d€ xdc dinh cdc bién dd A va Ay,



T diéu kién d€ cho nghiém cia hé 2 phuong trinh khong
tam thudng, dinh thitc ctia cdc hé s6 A_ va A,, phdi biang 0.
Tu dé ( )

. 2(a
1 | 1 1 4sin” ——

2 2 2 ql/2
O =f{(—+—)=x + — .
(m M) [(m M) _—y ]

\ J
Nhu vy vdi1 cung m6t s6 sOng q ¢cO 2 tdn sO khac nhau ®_va ®

tly theo viéc 1ay diu trir hay diu + trong bi€u thic clia .

+

--> néu bi€u dién o theo q dugc 2 nhinh tan sd :

* nhanh am : ®.(q)

* nhanh quang : ®,(q)
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Nhanh quan T —
quang _ AT
. |2 —=
Nhanh am_. M K
- Tt/a 0 + 1t/ q




Nhanh am

- /2 . T/a q




2 (a

o e e L T oy
m M m M mM
2 f 2
0’ =——[(m + M) +/(m +M)* - 2mM(l — cosqa)]
mM
Xé€t cac truong hgp gid1 han sau :
l.g=mn/a|. c62nghiém
21 21
ot = 2 o2 =2
M m

- = o - (=
6365 0 805 0 Ded-o [/ a=rh

Tan s6 thap : nguyén tif nhe didng yén, nguyén tif ning dao dong

- 830 806 60 806 G 0 E q="/a

Tan s6 thap : nguyén tif nhe dao dong , nguyén tif ning difng yén



2. V@i g nho, > hiéu pha nhé : cdc 6 1an can dao dong gan nhu nhau

0 = [(m+ M)+ J(m+M)? - 2mM(l - cosqa)]
mM

Khi qa << 1 = cosqa ~ 1-g*a?/2

o2 SmEM) | 2mM (qa)z]
mM - (m+M)°* 2

2
‘ a)Z:f(m+M){]J_r[]— mM 2(6]61) 1)

mM (m+M)~ 2
Ciing ¢6 2 nghi€ém :

Nghiém 1 : diu + , bd qua s6 hang g*a?

men m@a ma mHa Do meE m -0
-0Q 00 060G 0@ 00 O :

C4c nguyén tlf trong ciing 6 ngudc pha nhung c4c 6 1an cin thi dong pha



Nghiém 2 : diu -, ga nhd = bd qua sO hang g%a?

o2 o SmEM) o mM (ga)’

mM (m+M)° 2 I

w22q2a2 / ‘ _ \/ /
2 m+M TN mr M)

Nghiém tan sd thip c6 dd doc khong d6i véiga nhd 3

= ) = m - - e e = 7T
O+ OO QO @O0 0 G @ | E q = 4_a

Céc nguyén ti trong 6 don vi chuyén dong dong pha, cdc 6 1an cin ciing ddng pha



Nhianh am ngang véi q nho



Nhianh quang ngang véig=mn/a (Onhe Qning)

O O O
3900350056 :06 E

Nhanh am ngang véi1 q = n/a

Né€u 2 loai nguyén tf c6 dién tich trdi dau, cdc séng d6
1a song phan cyc



C4c hat dao dong dong pha véi bién do bing nhau ¢6 tin
s6 thudc nhanh 4m véi q nhd. Trong trudng hop nay 6
mang dich chuyén nhu mot toan bo. Do d6 xuit hién cic
chd nén va din trong tinh thé tuong tv nhu s nén va din
clia tinh thé khi c¢6 séng Am truyén qua. Vi vdy dao dong
trong d6 cd 2 nguyén tir trong & don vi chuyén dong dong
pha dugc goi 1a dao dong “ am”.

Nhanh quang ttng véi trudng hgp 2 nguyén tu trong 6 dao
ddng ngudc pha nhau. Bién d6 dao ddong ty 1€ ngudc véi
khoi lugng cia hat. Trong tAm cta 6 don vi khong doi.
Né€u 2 loai nguyén t0 mang dién tich trdi diu thi trong 0
xuat hién mémen ludng cuc dién nhd d6 c6 thé tuong tic
manh v46i song dién tu --> loai dao dong “ quang
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Nhanh quang u

Ta

Nhanh dmy_-

- Tt/a 0 + 1t/




Khi m =M : suy bién .

Chudi chi ¢6 1 loai nguyén t v6i chu ky a/2

wi

/




2. Dao dong ciia mang tinh thé

PE€ tinh todn dung thé V cla tinh thé 12 ham clia toa dd cla tat
cd cdc nguyén tr c6 trong tinh thé.

Khi mang dao d0ng, cdc nguyén tir 1éch khoi vi tri can bing.
Khai trién V thanh chudi quanh vi tri cAn bing

82
V=V +
251(55’6

)o E E + cdc sO hang bac cao hon

Vo 1a th€ ning khi tat cd cdc nguyén ulr § vi tri cAn bing
s, 12 vectd dich chuyén clia nguyén tir thit n khéi vi tri cAn biing

Khi do dich chuyén clia cdc nguyén tif 12 nhd cé thé bd qua céc
s6 hang bac cao



Phuong trinh chuyén dong clia nguyén t& thd m ( khoi lugng M )

a2€ oV 62V
e _aig__Z(aE’aE’ )5,

Gid thir chuyén dong 1a tudn hoan

E =6 expi(ot+ 5. )
K —nf +nk +nk,

Thay nghiém vao phuong trinh chuyén dong

s expif(k, -&,)=0

2.(0)
Mo=s, .~ —

Y
?a&iaéﬁn )



Trong cé4c tinh thé v6i 1 nguyén ti trong 6 nguyén to ta thu dugc
3 phuong trinh twong ¢ng vdi 3 thanh phan cia phudng trinh
chuyén dong.
Né&u bié ( oV )
€u biét
05 a8 °

thi vé nguyén tic c6 thé x4c dinh cdc gi4 tri cla tan sO riéng
cling nhu bién dd ciia cdc dao ddong thanh phan bing cich gidi 3
phudng trinh no1 trén.

Piéu kién d€ cho 3 phuong trinh ¢6 nghiém khong tam thudng 1a
hé thic ctia cdc hé sO phdi bang O :

OV i pp P o |
§(m)o eXp 15(& gm) M®~3;| =0

Dinh thitc nay c6 9 yéu t6. T diy suy dudc phuong trinh bic 3
doi v6i w?. Gidi ra dugc 3 nghiém o,, ®,, ®,.

®,(q) , ®,(q) va m;(q) xac dinh 3 nhanh am.



Cé4ch 1am trén c6 thé tong quit cho trudng hgp tinh thé c6 nhiéu
loai nguyén t&r hoic trong 6 chita nhiéu nguyén ta.

K&t qua cho thay :
Néu trong 6 c6 p nguyén t thi n6i chung cé 3p nhdnh dao dong
®(q) , ®,(qQ), ®3(q) -eeernnnnnnn. ®, (q)
trong d6 ¢6 3 nhanh am va 3p - 3 nhanh quang.
w i
% =} Cédc nhanh quang

} Ba nhanh Am




C4c nhdnh nay tuy theo sy d6i xifng cla mang tinh thé
c¢6 thé trung nhau theo mdt s& chiéu ndo d6 ( suy bié€n )

Vai minh hoa
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0 020406081.01.008060402 0 0 0102030405
Vectd song q rut gon (khong thit nguyén)

Si : Tan s6 phonon
( don vi 1012 Hz )
T=300K

Vito(I'ss)
Vra(X3)
Veao(X1)
Vio(Xy)
vra (L3)
via(Ly)
Vio(Ly)
Vro(Ls)

15.5 102 Hz

4.510'2 Hz

12.3 102 Hz
13.9 10'? Hz
3.45 102 Hz
11.3 102 Hz
12.6 1012 Hz
14.7 102 Hz



[ =]
iy

=2

Tan s6’ v (107 Hz)
S =

L L 1 | |J. L i L ' 1 i I
0 020406081.01.008060402 00 0.102030405

Vectd song q rut gon (khong thit nguyén)

Vi ro(Iss) 9.02 102 Hz
) 4 12

Ge : Tan s6 phonon vra(X3) 2.385 1?2 Hz
( don vi 1012 H ) Viao(X)) 7.14 10'* Hz
% g Vo(Xy ) 8.17 1012 Hz
T=300K Vg (L3) 1.87 102 Hz
VLA(Lz') 663 1012 HZ
vio(Ly) 7.27 1012 Hz

vro(Ly) 8.5510'2 Hz



> Tinh thé c6 N nguyén tlf c6 thé xem 12 mot hé ddong hoc .
Chuyén dong clia né c6 thé mod t3 bdi N toa do chuin ddc lap véi
nhau. Mdi toa dd chudn mé td cho mdt cAu hinh x4c dinh cla tat
cd nguyén ti cla tinh thé dao dong di€u hoa.

2
§g+@qu=0

Dao ddng tap thé d6 clia tit cd cdc nguyén ti cida tinh thé dugc
goi 12 dao ddng chuin clia mang.
> Trong toa dd chuin, ning lu’dng toan phan clia dao ddng mang

c6 dang rat don gidn :
E= Z(ég + o7 0;)

trong d6 o; 12 tan s6 dao dong clia mode chuin th i
Véi toa do chuin, dao ddng cia mang truong dudng véi 3N dao
dong di€u hoa doc 1ap ( tAt nhién, mdi dao dong ti tuong Gng
v3i mot mode chuan khac nhau ).

Mot dao dpng bét ky cé thé biéu dién bang to hop tuyén tinh

ciia cdc dao dong chudn.



Ly thuyét lugng ti cho chuyén dong ctia N hat c6 tuong tic
v3i nhau trong chudi

Giai phuong trinh Schrodinger cho hé N hat tuong tac véi nhau
rat kho.

Né&u dung toa dd suy rong c6 thé dua hé N hat tuong tic vdi
nhau vé N dao dong t& ddc lap. Khi d6 phuong trinh
Schrodinger tdch thanh N phuong trinh trong d6 moi phudng
trinh mo t4 cho chuyén dong clia mot hat.

Khi cac hat khéng tuong tic véi nhau, ning lugng cua hé

N
E=YE_

anl
va ham song v =11y (Q,)
s=1



Q. la toa dd suy rong , E, va ¥, thoa man phuong trinh

2 A2
N oy 1 22
*+(E,. ——mo =0

2m 0Q; &, 2 )V
Phuong trinh nay c6 dang phuong trinh cia dao dong t& diéu
hoa da dudc giai trong Co hoc lugng tir. Tri riéng cua nd la

|
Es — (ns + E)nws
n, - sO nguyén duong hoic bing 0.

Khéc vé6i co dién, theo 1y thuyét lugng t& ning lugng chi cé thé
14y céc gid tri gidn doan.

Ning luong no, c6 thé xem la mot lugng tir ning lugng clia
dao dong véi tin sd w..--> phonon.

Nghi€m ¥ (Q,) ing v61 nang lugng E, bi€u thi cho trang thii c6
n_ phonon trong dao dong chuan thi s.



Theo Cd hoc lugng tir, quy tic loc lya cho sO lugng tit cua dao
ddng tf c6 dang An, = =1

Khi An, = - 1 mang chuy€n vao trang thdi c6 ning lugng thap
hon : ning lugng no, dudc truyén cho cac hat tdi dién hoic
vat xung quanh --> qu4 trinh chuyén trang thdi 13 qu4 trinh
bd'c xa phonon.

Qud trinh chuyén trang thdi véi An, = +1 12 qu4 trinh hap thy
phonon bdi mang.



= Phonon dugc md td bdi cdc bé séng chuyén ddng trong mang.
Tinh chit cda cdc bé séng d6 rat gidng tinh chit cia cdc hat co
di€n vi c6 thé gan cho né ning luong, xung lugng va van tdc.

Néng lugng cua phonon E | =no,
Chuan xung lugng cla phonon P, =nq

* Tudng tac gitta 2 phonon hodc gitra phonon va electron dugc
xem nhu sy tdn xa gitta hai hat.

= Phonon tudn theo phan b6 Bose - Einstein



