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TINH THE
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. NONG LOC HOC MANG TINH THE

Nhdng tinh chat quan trong cua chat ran neu
lien quan fien dao flong mang tinh the.

Trong tinh the cac nguyen td nay dao fioing
gquanh vo tri can bang cua no (nut mang).

Dao fiong nay N6oc lan truyen trong mang
tinh the tao thanh song trong mang tinh the.

Song nay phu thuoc vao 2 yeu to:
>Loai loc lien ket trong tinh the
»>Cau truc cua mang tinh the.




> oal loc lie

n ket thi lien quan toiI ban chat

cua nguyen td tao nen tinh the va so tdong
tac gid chung.

»Cau truc cua tinh thel thi lien quan toi s6
sap Xep cua cac nguyen to trong mang.

Moii loai tinh the cho mot kieu dao fiong

rieng goi la pho phonon cua no.

Pho pho non

quyet nonh phan I0n cac tinh

chat quan trong cua chat ran nhO: nhiet

dung, no dan

nhiet, he so dan nd nhiet....

— Bai toan dao filong mang tinh the la mot

phan quan tro

ng cua vat ly chat ran.




Xet mau tinh the fidn gian nhat la argon
» Cac nguyen to argon trung hoa xep neu nan voi
cac lop vo fnien t6 bao hoa vong chac.
» Chung lien ket vOi nhau bang lien ket Van der
Waals tac dung chu yeu gida cac nguyen to nam
lan can gan nhat.
» Cac qua trinh vat ly trong tinh the nay lien quan
tdi chuyen fiong nhiet cua cac nguyen to quanh vo
tri can bang cua no.
> Theo mau Einstein: moi nguyen t6 trong tinh the
dao nong Nieu hoa trong mot gieng the tao boi cac
|6c to0ng tac cua no vOi cac nguyen to lan can =
The Lennard - Jones.




»>Gi0i1 han cua mau la xet
trong nieu kien nhiet no
khal cao.

» V0 tri cua nguyen to tho
| trong mang tinh the AdoC
xac fionh bai vecto vo tri:

=R, +U,
.= vec td xac nonh vo tri cua nut mang tho 1.
U. = do doch chuyen cua nguyen t6 tho i.
M. = khai 100ng cua nguyen to thir i.
Pong nang cua mang la: 1 o i
i = MU= Z
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2\




Goi U (
u

) la the nang ctia mang tinh the. Ham nay
coc tieu khi

goc nguyen t0 nam tai VTCB.
Khai trien ham U thanh chuoi Taylor quanh VTCB
val col dao fiong cua nguyen to la dao fnong be.

u
K

ou; |

oU | %
U:UO+Z -Ui+%Z 0°U Uills o
| 0 ]

~| ou;0u;
U, = the nang cua mang tinh the khi cac nguyen t6 6
nut mang = const = chon bang 0.

Va: U |

LG




— Vay the nang cua tinh the Ia the najng dao nong

eu hoa dang: 521
U .. =—
Nieu hoa 2 Z 8u0u

—>U=U,+ U, = U

Phdong trinh dao fiong co dang phodng trinh dao
fong nieu hoa:

Aieu hoa Aleu hoa

= F
Hay:

LOc tac dung gay ra dao nong CuﬂaI nguyen to co dang
l6c hoi phuic:

—oU, o =hang soiloc.




1. DAO NONG MANG CUA MANG MOT
CHIEU GOM MOT LOAI NGUYEN TO

Xet tr6ong hop mang mot chieu gom:

» Cac nguyen to cung loai co khoi 160ng M nam
tren cung mot N6oNng thang

» Chung chz to0ng tac vOiI cac nguyen to gan nhat.

» Khoang cach gida cac nguyen to gan nhat la a.

(n-’2)a (n-.l)a na (n +I)a (n+§)a ’

u(na)




(n-2)a (n-1)a na (n+l)a (n+2)a

u(na)
Xet nguyen to tho 1 0 vo tri nut R = na.

No dich chuyen cua nut nay la u(na).

The nang trong trédng hop nay co dang:

U= LORUOAE F+ i npul 099 ]




= U =-a [2u(na) — u[(n+1)a] —u[(n-1)a] (1)

= Mu”’(na) = -

alng
Do tinh tuan hoan mang va coi tinh the la mot
chuoi dai vo han choa N nguyen t6 = ap dung
nieu kien bien Born- von Karman:

u[(N+1)Ja=u(a) ; u (0) = u (Na)

(o d

Nat :

u (na,t) = u e 'kna-ol (2)

Nieu kien bien dan toi:

| 27 N )
ekNa =1 — k = T \Voine N
a N




To (1) va (2) ta suy ra NOOLC:
M(Dzei(kna - of) = -OL[ 2 e_ika _ eika ] ei (kna - wt)

=-2a (1-coska) e'kna-ob

= Uk =- 2% (1-coska) u, = - m2U,

Trong no: -
2 =2 X1 - coska) = 4% sin2(£2
W- =2 M( coska) v ( > )

—s (k) = z\/&: sin( <)




NHAN XET

Nieu kien phai thoa cua o > 0 va ham sin la ham
tuan hoan coi chu ky 2.

Vay cac dao nong mang neu nhan nooc khi:

T

Tt - :
=-—< k < P \Vung Brillouin
a

No tho bieu dien s6 phu thuoc cua o theo k goi la fivdng
cong tan sac.




» Tan so goc o (k) la mot ham tuan hoan theo k.
Bat ki 1 gia tro nao cua vectd song k nam ngoai vung
Brillouin fieu co the tim thay mot gia tr0 cua o trung trong

vung Brillouin.
— Vi vay chz can khao sat trong vung Brillouin.

k
» Khi ka << 1 thi: ® (k)

f ka = w(k) t2 le tuyen
tlnh VOl

= (k) ~ k = song fnan hoi trong
moi tréong lien tuc

|
|
|
|
|
|
|
T

» Khi Kk :g thi: ham o (K) co tiep t&yean nam n&ang

= o (k) khong con tuyen tinh voi k = S0 tan sac




111. DAO NONG MANG CUA MANG MOT
CHIEU GOM HAI LOAI NGUYEN TO
Xet troong hop mang mot chieu, trong no choda 2 loai
nguyen t0 khoi 160hg M, va M, co hang soi 16 o bang nhau.
Col cac nguyen td chgz toong tac voi cac nguyen td gan nhat.
Khoang cach gida cac nguyen t6 gan nhat la a.

M, [(n-1)a] My[(n-1)a] M (na) My(na) M,[(n+1)a]  M,[(n+1) a]
O o ® ®
(n-1)a (n-1)a (n+l)a (n+l)a




>Noi voi nguyen to thd nhat:

The nang trong trédng hojp nay co dang:
1 1
U =~ aluy(na) ~up(na)]” + — o [ug (na) - up[(n - D2)]}*

Trong fio: u,(na) = uy,e'kna- oy
uz(na) — uozel(kna- wt)

Phdong trinh dao nong co dang:
M, U, = ———
141 au,
= M, U1 = M,®%U; = -2a.U; + 2a cos ka.u,
= (20 - M;®?) u, - 2acoskau, =0 (1)




»>Noi vOi nguyen to tho hai:

The nang trong tr6ong hop nay co dang:

U :% afus (na) — ul(na)]2 +%a{[u2 (na) —uo[(n+ 1)51)]}2

ouU
ou,
= M,uz = M,w2U, = -2a.U, + 2 o cos ka.u,
~ -2acoska u; + (20, - Myw?) u,=0 (2)
Ne tim o ta giai he phddng trinh (1) va (2):
{ (20, -M,®?)u, - 2acoska.u, = 0

- 2acoska.u,+ (2o-M,®?)u, =0

MZUZZ :




—> giai phoong trinh fonh thoc:
20.—M,0° —20coska

—2o.coska  20-M,o°

Phoong trinh co nghiem:

1 1 1 1) 4sinka
+ T a + —
My My My My \YER\ B

1

-Khik=0:sinka=0:0% =2 a[l\/ll + sz; =0

-Khik = -~ : sinka =1
2a




NHAN XET
No thi cua o* va ©™ cho thay:

+ Dol voI nghiem o :

» kK =~ 0: o(k) ~ k = dao
dong am hoc (vi no twong to
nho dao dong song dai tron
moi trvong lien tuic nan hoi)

TU
= Nlzznh am 2a
+ Noi vbi nghiem o*:

Khi k =~ 0: nhanh o* nam xa nhanh o
Khi k tang: nhanh m+ tien gan nhanh -
—> dao dong quang hoc = Nhanh quang




> Neu thay fioi khoi 166ng nguyen td se lam Xxuat
hien cac bien mdi cua vung tai filem + 2£a
» Khi qua cac bien nay tan o (K)
so thay floi mot cach gian | |
noan tao thanh mot khe . :
|

» TOONg t0 neu xet mang
dao fiong mot chieu
gom 3 nguyen to:
M, # M, # M, thi ta se -
co 3 nhanh dao fnong:

TU
a

1 nharia am hoc va 2 nhanh quang hoc.




TONG QUAT
» Troong hop mang mot chieu co

|

se co , trong No:

1 nhanh am hoic va (n-1) nhanh quang hoc
» Troong hop mang 3 chieu co
dao nong mang se co , trong No:

1 nhanh am doc va 2 nhanh am ngang
» Troong hop mang ba chieu co n nguyen to
khac loai se co , trong

no:
3 nhanh am hoc va 3(n-1) nhanh quang hoc




V. CAC PHONON

Tinh chat cua

+ Tinh chat song: song filen td nac trong boi bodc
song A

+ Tinh chat hat: cac 160ng t6 = photon
Moi photon se mang mot nang I60ng va mot nong

|60Nng xac nonh:

Trong No:
® = tan soigoc

K = vec to song cua song fiien to.




Toong to, ta co the coi mang tinh the dao fong
ngoai tinh chat song no con co tinh chat hat, nhéing
hat fio goi la phonon.

Moi phonon se mang mot nang 166ng va mot xung
|60NQ:

hc _

e(Q) = — =hw(q), P =1q

A
Trong no o = tan soi goc
= vec t0 song cua song dao fiong mang.
Trong phep gan fung dao fnong nieu hoa, cac

phonon coi nhd chuyen fiong t6 do tao thanh khi
phonon ly toGng.




Trong mang tinh thei co the co nhieu phonon & cung mot
trang thai 160ng t0 ( cung ( ).

Khi phonon tuan theo phan bo Bose — Einstein, tdc la so
phonon trung binh co nang 166ng trung binh ( 7w ) 0 fAieu
Kien can bang nhiet 0 nhiet o' T la: 1

Nang 166ng cua dao fiong mang Ny = e@

las tong naing 166ng cua cac

phOinOan E — th((—j)n((—j)
N\ T

Voi N(q) = so phonon co vectd song

va nang 166ngZzm ( J ).

Khac voi cac electron va nguyen to la cac phonon khong

ton tai ngoai tinh the ma lien he chat che voi cau truc tinh

the.

e kel _q




