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Dao ddng clia mang mot chiéu chira 2 loai nguyén t& cé
knoi lwvgng m va M

Pé don gian ta dat gia i
thuyét mo hinh cac WNOMJQM,W «—
nguyén tir dat xen ké va 20-1 20 2+l 2042
cach déu nhau mot
khoang a

Nghiém cua chung cé dang:

X5, =A expi[ot+(2n+l)qga |

X5, = Ay €Xp 1| ot +(2n)qa |

> Thay cac nghiém nay vao phwong trinh chuyén déng twong
wng dwoc 2 phwong trinh dé xac dinh bién ddé A va A,,
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> T diéu kién dé cho nghiém cta hé 2 phwong trinh khong tam
thwdng, dinh thirc cua cac hé s6 A, va A,, phai bang 0. Do do

4sin”

» qa [

]

2 12
mM ’

> Nhw vay v&i cing mot s song q ¢é hai tan s6 khac nhau o
va o, tuy theo viéc 1ay dau trir hay dau cdng trong biéu thirc
cua o

> Néu biéu dién o theo q ta dwoc hai nhanh tan soé:

> Nhanh am: o (q)
> Nhanh quang: o* (q)

Eymmeamms  Chudi nguyén fu

@ e em@unrreae  Dao dong quang
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4sin’ 44 R

{_‘]2 _ t{{l_l_ L] + [(L_{_ 1 }2 _—EJUE
l m M m M mM ‘

—> Khéac voi chudi nguyén tir mot loai, trong chudi nguyén ti hai loai trng
v&i moi gia tri cua vector s6ng q co hai gia tri tan s6 . Hai gia tri tan sé nay
trng voi hai loai: nhanh am va nhanh quang

Nhanh quang

Nhanh amy

- 1/a

CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

e Nguyén nhan cua sw xuat hién hai nhanh dao ddéng am hoc va
quang hoc trong phd dao ddng cia mang tinh thé la két qua
cla viéc tinh thé co goc, tire 1a trong mét 6 so cap co hai

nguyén tl hodc nhiéu hon

of

’ | 1)
Nhanh quang \;}K'

Nhanh amy

- T/a q
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e Duwa vao hinh vé dwéi day, ta nhan thay:

e Trén phd o(q) cé6 mét khodng gié tri tr o = (2f/M)¥2 dén o* = (2f/m)2/2
khéng rng v&i nghi@m ndo cla phwong trinh séng truyén trong mang
tinh thé. Noi cach khac: trong mang tinh thé khéng cé dao déng (rng Vo
tan s6 trong khoang dé. Bay chinh la d3c diém clia mang tinh thé chira
nhiéu nguyén tir trong mdt 6 so cép.

e Trong trwdng hop nay, bién vung Brillouin cé mot khu vire céim. Song
(Png v&i tan sb trong khu vwe do khéng lan truyén dwoc ma bi hép thuy
manh.

Nhanh quang
21

Y m
Khoang cam tan sé i

| 2T

Z *Jﬁ

Nhanh dm

w/a q
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2 (qa

o = f(i+i)+ [(i+i)2 _E]ﬂz
m M m M mM
f | -
ol = — [(m+M)+/(m+M)”—2mM(l—cosqa)]
m

XeEt cac truong hdp gidi han sau :

l.q=m/a |: c62nghiém

- M T m
- = - - =
-8-4000 @000 © 00~ e E q=/a

Tan s6 thiap : nguyén 17 nhe ddng yén, nguyén ti7 nang dao dong

-8Q60 000-0-806-0-0 E q=n/a

Téan s6 thap : nguyén tif nhe dao dong , nguyén t¥ nang diéng yén

®
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2. Voi q nho > hiéu pha nhd : cdc 6 1an cidn dao dong gan nhu nhau

N f
® =—(m+M)x \/(m +M)* —2mM(l —cosqa)]
m

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

2mM  (qa)?
02 = [1+ |1-—"" (94)
mM (m+ M) 2

> f(m+M), mM  (qa )2
= [+[1-
- @ mM f1=l (m+M )2 2 g

Cting ¢o 2 nghi€m :

Nghiém 1 : dau +, bd qua so6 hang q’a’

= 2 = - em =) =

Cdc nguyén tit trong cling 6 ngugc pha nhung cdc 6 lan cdn thi dong pha
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Nohiém 2 : dau -, ga nhé 2 bod qua sé hang g’a’

2:f(?fl+M)”_”_ mmM (qa)2

Q) ;
mM (m+M) 2

I/

) gd f f
o = - D =qd
2 m+M v qa\/Z(n*HM)

Nghiém tan so thap ¢6 do doc khong doi véiqanhd

= B 5 = m m g = T
000 00 OO0 00 @ q= i

Cac nguyén tr trong 6 don vi chuyén dong dong pha, cdc 6 lan can cling dong pha
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Nhanh am ngang vdéi q nho
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Nhianh quang ngang véiq=n/a (Onhe Qning)

o/ 0o O
$0 05005606, E

Nhanh am ngang vo1 q = n/a

Neéu 2 loai nguyen ti ¢6 dien tich trdi dau, cac séng do
la song phan cuc


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

e Cac hat dao ddng dong pha v&i bién dé bang nhau c6 tan s
thuéc nhanh am véi g nho. Trong trwdng hop nay 6 mang dich
chuyén nhw mot toan bd. Do dé xuat hién cac chd nén va dan
trong tinh thé twong tw nhw sw nén va dan cla tinh thé khi cé
sdng am truyén qua. Vi vay dao doéng trong do ca hai nguyén
t&r trong 6 don vi chuyén ddng dong pha dwoc goi la dao dong
“3m”

e Nhanh quang twong ng véi tredng hop hai nguyén ti trong 6
dao déng ngwoc pha nhau. Bién dé dao dong ty |é ngwoc voi
khdi lwong clia hat. Trong tam clia 6 don vi khong dbi. Néu 2
loai nguyén tr mang dién tich trai dau thi trong 6 xuat hién
moment lwdng cwc dién nhd do cé thé twong tac manh voi
song dién t - loai dao dong “quang”
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— f
Nhanh quan Ve P =
uafis AT

Nhanh Ay \'M

| |
-T/a 0 +1/a q

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Khi m =M : suy bién .

Chuoi chi ¢6 1 loai nguyén t¥ véi chu ky a/2

“y

—
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CAEY
Y
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Dao ddng clia mang tinh thé 3 chiéu
Cac két qua néu trén co thé mé rong cho mang tinh thé 3 chiéu.

- Pé tinh toan dung thé V cla tinh thé 1a ham cula toa do cla tat
cd cac nguyén tr co trong tinh thé

- Khi mang dao déng, cac nguyén ti 1éch ra khai vi tri can
bang.

- Khai trién V thanh chudi quanh vj tri can bang
- Khi d6 dich chuyén cda cac nguyén t&r 1a nhd, cé thé bd qua.

- Khi d6 dich chuyén cta cac nguyén t& da I&én lUc nay trong
mang tinh thé sé& xuat hién cac nhanh dao déng &m va quang
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- Cach lam trén co thé téng quat cho trwérng hop tinh thé cé
nhiéu loai nguyén t& hodc trong 6 ch¥a nhiéu nguyén to

Két qua cho thay:

Néu trong 6 cé p nguyén t& thi néi chung c¢é 3p nhanh dao
doéng

®1(0); ®, (q); ®3(q)..... ©,(q)
Trong do c6 3 nhanh am va 3p-3 nhanh quang

1. Y )
r Cdc nhdanh quang

%J’ Ba nhanh am

=g
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e Cac nhanh nay tuy theo sw dbi xirng ciia mang tinh thé cé thé
tring nhau theo mét so chiéu nao dé (suy bién)

Vi du minh hoa

Vectd song q it gon (q/q,,.,.)
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Vectd song q rit gon (khong thit nguyén)

Si: Tan s6 phonon
(donvi 102 Hz )

T=300K
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vito 25)

Vra(X5)
Ve aolX))
Vro(X,)
vra (Ls)
via(Ly)
VLO(L1)
Vro(Ls)

15.5 102 Hz

4510 Hz

12.3 102 Hz
13.9 10** Hz
3.45 101 Hz
11.3 10*? Hz
12.6 10> Hz
14.7 102 Hz
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Vectd séng q it gon (khong thit nguyén)

Vito 25) 9.02 1012 Hz
N ~’ ~ 12

Ge : Tan s6 phonon vra(Xs) 2.385 1?2 Hz
dO' s 1012 H VLAo(X1) 7.14 1012 Hz
Ldon ) Z) vro(X,) 8.17 102 Hz
1=300K Vi (L) 1.87 1012 Hz
vpa(Ls) 6.63 1012 Hz
Vio(Ly) 7.27 102 Hz

vro(Ly) 8.55 102 Hz
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Tinh thé c6 N nguyén tir cd thé xem nhw 1a mét hé déng hoc.
Chuyén déng ctia né co thé mé ta béi N toa d chuan déc lap
v&i nhau. Méi toa dd chuan mé ta cho mét cau hinh xac dinh
cda rat ca nguyén tir cla tinh thé dao ddng diéu hoa

Dao dong tap thé cla tat ca cac nguyén t& cua tinh thé dworc
goi la dao ddng chuan cia mang

Trong toa d6 chuan, nang Iwong toan phan cta dao déng mang
c6 dang rat don gian.

V&i toa dd chuan, dao dong cla mang twong dwong véi 3N
dao ddng diéu hoa doc lap
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e Ly thuyét lwong tlr cho chuyén ddng cda N hat co twong tac
v&i nhau trong chuoi.

e Giai phuong trinh Schrodinger cho hé N hat twong tac voi
nhau la rat khd. Néu dung toa do suy rédng cé thé dwa hé N hat
twong tac vé&i nhau vé N dao ddng t&r ddc l1ap. Khi d6 phwong
trinh Schrodinger tach thanh N phwong trinh, trong d6 moi
phwong trinh mé ta cho chuyén ddng cla 1 hat.

e Khi cac hat khéng twong tac véi nhau, nang lwong va ham
sdng cua hé la:
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Q. la toa do suy rong, E, va vy, thoa man phuwong trinh

n > 0 w

1
+(E, ——mm Q). =0
2m (Q 2

Phwong trinh nay c6 dang phwong trinh cla dao déng t&r diéu
hoa da dwoc giai trong co hoc lwvong tir. Gia tri riéng cua
nghiém la:
Es=(ns + %2 )noy

trong do: n, - s6 nguyén dwong hodc bang 0
Khac vai ly thuyét co dién, theo ly thuyét lwong t&r néng lwong
chi ¢6 thé lay céac gié tri gian doan
Nang lwgng nw, chi co thé xem la mot lwgng tir cla dao déng
v&i tan so w, = phonon
Nghiém . (Q.) rng v&i nang lwong E. bieu thi cho trang thai
co n. phonon trong dao dong chuéan thir s.
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e Theo co hoc lwong tl, quy tac loc lwa cho sb lwong tir cha dao
dong co dang:

An.= 1

S

e Khi An, = -1 mang dich chuyén vao trang thai cé nang lwong
thap hon: ndng lwong no, dwoc truyén cho cac hat tai dién
hodc vat xung quanh = qua trinh chuyén trang thai 1a qua trinh
blrc xa phonon.

e Qua trinh chuyén trang thai v&i Ang = 1 la qua trinh hap thu
phonon b&i mang
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Phonon dwoc mé ta bdi cac bd séng chuyén ddng trong mang.
Tinh chat cta cac bé soéng d6 rat gidbng tinh chat cla cac hat cb
dién vi co6 thé gan cho né nang lwong, xung lwong va van toc.

Nang lwgng cua phonon la: E, = nao,

Chuén xung lwong cta phonon: P, =nds

Twong tac gitra 2 phonon hoac gilra phonon va electron dwoc
xem nhw sw tan xa gitra hai hat.

Phonon tuan theo phan b Bose-Einstein
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Cau hoi

e N&u nguyé&n nhan cla sy xuat hién hai
nhanh am hoc va quang hoc

e Thé nao la viing cam. Dac diém clia vung
cam

e Trong trwdng hop mang 3 chiéu, cé bao
nhiéu trang thai trong vung Brillouin thty
nhat?
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