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1.8. MANG PAO (MANG NGUQC)
a. PINH NGHIA

Cho moOt méat thudn cé ba vectd co sG 5 5 5

Ta bi€u dién ho mit mang song song mat (a a.) tdc ho mit
(100) bang mot vects a* vudng gdc mat phang (a,.a,)va

Goi Oa,la hinh chiéu
cua a, trén phdp
tuyén ctia mit (100)
tac Oa,” =d,, ta co:
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T4t cd cac diéu kién trén cho phép ta c6 :
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Mang dudc xay dung trén ba vectd af,az,a3 dugc
goi la mang ngudc cua mang thuan da cho.

C4c nit ciia mang ngudc c6 thé xdc dinh bdi vécto:
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1.9 MOT SO TINH CHAT CUA MANG PAO
(MANG NGUQC)

1. Goi V la thé tich clia 6 mang thuin; V* thé tich
cua 0 mang ngudc, ta co:
V =a .(a,Na,)
V Ta .(a,Na,)
Suy ra: V.V¥ =(2n)3

2.Né’u£ 13 J—a thla I g

2 2 3

— 3k — — 3k
Vaa, //al; a, //212;213 //a3
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3. Ich loi ciia mang ngugc : néu ndi gdc toa do v4i mot niit
(h k 1) cia mang ngugc dugc bi€u di€n bang vectd tic la :

—_—

— 3k

— 4+ % 4+ — 3k
G, ha Tkb *lc

—_—>

= G, phai vudéng géc miat mang (h k 1) cia mang thudn
va c6 do dar:

= 0 thé biéu dién mot ho mang thudn bdng mot
nit cua mang nguoc.

=  moi nit ciia mang nguoc co thé biéu dién cho
mot ho mang thudn (tikc mang tinh thé) vé hudng
va thong sO mdt mang.
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Vung Brillouin

e Cilng glong nhw voi mang thuan, trong mang
dao, co thé xay dwng 6 so cap dang doi xtrng trung
tdm (kiéu 6 WIGNER - SEITZ cUa mang thuan). Trong
mang dao, 6 nay dwoc goi la

e N6 dwoc gidi han boi cac mat phang trung trwc cla
cac vecto mang dao ndi nut dang chon véi cac nut
lan can.

e Khai niém vé va dwoc st
dung rat thuan tién dé nghlen clru cac van dé co lién
quan den cac qua trinh song trong vat ran nhw ly
thuyet vé cung nang lvong, ly thuyet vé dao dong
cua mang tinh thé, hién twong nhiéu xa trong tinh
thé v.v..
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O WIGNER - SEITZ

O Wigner — Seitz 12 mot 6 nguyén t6 dudgc vé sao cho nit mang nim
J tam 0.
e Cach vé 6 Wigner — Seitz 2 chiéu:
Chon mot nit mang bat ki lam goc O.
N01 O v0i cac nat 1an cén gan nhat ta dugec mot sé6 doan
thang biing nhau.

Vé cac mat phang trung tryc cua cac doan thang d6 ta thu
dugc ho mit thir nhat = tao mdét mién khong gian kin bao
quanh 0.

Tudng tu, ti O ndi véi cac nut lan can tlep theo va vé cac
mat phang trung truc cia cic doan thang dé ta thu duge ho
mat thwr hai.

Né&u ho mit thir hai ndm ngoal mién khong gian bao bdi ho
thua nhat tite ho thi nhat xac dinh mién thé tich nhé nhat va
do la 6 ngner — Seitz.

Negugc lai thi 6 ngner — Seitz dugc xac dinh dong thdoi ca hai
loai mat sao cho 6 ¢6 thé tich nhé nhAt.
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CACH VE O WIGNER - SEITZ CHO
MANG 2 CHIEU
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Dao ddéng clia mang mét chiéu

e Trong tinh thé, cac nguyén tr, phan t& khéng nam
cb dinh & cac nat mang hodc & cac vi tri xac dinh,
ma luén thuwc hién cac dao ddbng nho quanh cac vi
tri can bang.

e Bai toan cua mdt hé hat co twong tac véi nhau va
dao ddng v&i bién dd nhd quanh vi tri can bang 1a
mot dang bai todn co ban cia Co hoc co dién


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

e Trong thuc té, thwdng gép cac mang tinh thé
3 chiéu.
- Céu hoi: Trong trwdng hop nao thi mang

tinh thé 3 chiéu dwgc xét nhw mang tinh thé 1
chiéu
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e Trwdrng hop don gidn nhat 1a trwdng hop “mang tinh
thé mot chieéu” gdm cac nguyén tlr gibng nhau, dat
cach déu nhau trén mét dwérng thang.

e Két qua cua bai toan nay cling ap dung dwoc cho tinh
thé ba chiéu néu ta xét trong mét sb trwdrng hop dac
biét, khi song dan hoi Ia thuan tuy doc hodc thuan tuy
ngang.

e Trong sdng doc, cac nguyén t&r dich chuyén song
song v&i phwong truyén song

e Trong sdng ngang, cac nguyén t& dich chuyén vuéng
goc v&i phwong truyén séng.


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

e Trong cac trwdng hop nay, cac nguyén t& nam
trén cing mét mat phang tinh thé vuéng goc véi
phwong truyén séng thi dao déng gidbng nhau

e Vi thé, thay cho nghién ctru chuyén ddng cla
moi nguyén t& trong tinh thé ta chi can xét trén
mo&i méat phang tinh thé mét nguyén tr. Bai toan
dwoc qui vé trwdng hop mang tinh thé mét
chiéu.
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a) Song doc
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b) Song ngang
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Cédc gan ding nao nao da dwoc duwa vao

dé giai bai toan dao déng?

e Chi xét sbng ngang, va coi nhw chi cé twong tac
gitba nguyén tir dang xét voi hai nguyén tir gan
no nhat.

e CAc nguyén tlr cach déu nhau mdt khoadng a nén
0 mang co kich thworce la a.

e Luc twong tac 1a lwc dan hoi, tiee 1a ty 1& véi dd
léch khai vi tri can bang.
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Trwérng hep chubi thang dai vd han
cac nguyén tir c6 cung khoi lwong

Ta co:

-

d™x

11l d "ﬂ :_1[“"11 _};11 E}_{:Xllrl _Kl't ]]
1t°

o \VOi:
X, — 1a do léch khai vi tri can bang cla nguyén ti thr n
f — & lwec dan hoi twong tac gitra hai nguyén to

Nghiém cua phwong trinh trén c6 dang:

X, =Aexp1(ot+gna)

o \VOI:
q — sO song
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Thay nghiém vao phwong trinh chuyén déng:

sin(—qa)
p)

e Phuwong trinh trén cho thay sw phu thudc cla tan s
dao dong o vao sO song g va dwoc goi la

e ® |a ham tuan hoan cla q v&i chu ky 2n/a

Nhw vay ta chi can xét q trong khoang

- khoang nay chira moi gia tri kha di cua o
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A 2, i
a a

e g cb thtr nguyén nghich dao chiéu dai, nén no
chinh la dai lwong dwoc xét trong khong gian
mang dao.
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e [rong trwrong hop dang xét, mang thuan co chu ky a
thi mang dao cé chu ky 2n/a. Mang dao cua mang mét
chiéu clng la mang mot chiéu.
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e Néu xét tai mot thoi diém, thi trang thai dao déng cua tinh
thé 1ap lai mét cach tuan hoan trong khdng gian, v&i chu ky
la buwdc song A.

o Otam vung Brillouin thu nhat, tirc 1a vOi ga<<1, thi

> Van téc )
truyén séng |

e Nhu vay v&i gia tri g nho, tire la vai dao déng c6 budc séng A
rat Ion, van toc truyén nang lwong dao ddng cling 1a hang so.

e Két quéa nay ciling glong nhw doi voi song dan hoi truyén trong
moi treong lien tuc. Piéu nay clng dé hiéu vi khi budc song rat
I&n so v&i hang sd mang, thi chudi nguyén t& cé thé coi gan
dung nhuw mot
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e Khi d6 séng phang don sac |a sdng truyén
v&i van toc khdng déi va khéng phu thudc
vao vector song.

e K&t luadn néu trén dung véi dai tan sod kéo dai
dén 1012 Hz, d6 la dai tan s6 clia s6ng am va
sOng siéu am, vi vay cac dao dong wng voi
trwrong hop nay dwoc goi la dao dong am
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e Xét gia tri g 1&n, lUc nay van toc truyén séng khéng con 13
hang sO

o O gia tri

- Van toc truyén song vy = 0. Piéu nay chirng td khéng cé nang
lwong dworc truyén di, n0| cach khac tai bién ving céc kiéu dao
dong nay khéng dac trwng cho séng chuyén déng ma dac trung
cho song dwng trong mang.

> Nhuw vay & bién vung Brillouin van toc truyén séng bang khéng
trng voi sw tao thanh song dirng.


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

> Hién twong: cac kiéu dao ddng trng v&i bién vung
Brillouin cd bwdc séng A = 2a thod man diéu kién
nhiéu xa Bragg, v&id = a; 6=n/2 va n = 1. Nhw vy
sdng phan xa va séng t&i giao thoa nhau sé tao
thanh song dwng
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o VOI

e Tacoh A :28.

min

> P04 14 gia tri bwdc séng ngan nhat co thé ton tai
trong mang tinh thé. No ng voi tredng hop hai
nguyén t& lan can dao déng ngwoc pha nhau.

e Trong thuc té khdng co6 tinh thé I&n vé han ma chi c6 tinh thé
chira rat nhiéu nguyén t&¢ N >> 1. Néu tinh thé 1a hiru han, thi
cac tinh chat cua tinh thé hiru han, chang han nhw tinh doi
xrng tinh tién khéng con niva. Ta phai xét anh hwdng cla bién
tinh thé. Trong trwéng hop mang mot chiéu dé chinh 1a dau va
cudi clia day nguyén t&. Tuy nhién néu mang tinh thé da 1on,
thi anh hwédng cla bién la rat nhd, va tinh chat cla tinh thé
cling gan gidong nhw khi la mang vé han.
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ATOM

O hinh trén:  g=n/a twong rng v&i A=2a.
g > n/a Khong co y nghia vat ly vi
khéng c6 nguyén tr dao ddng giltra mot chu ky.

Nhuw vay vector song ’ChO dao ddéng mang nam trong
vung Brillouin thtr nhat
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> Do d6, co tat ca N gia tri dworc phép cla vector
sdng (va bwdc song) nam trong khodng:  -n/a <g<
r/a

- M6i gia tri d6 twong vtng mot mode dao déng cla
mang. Mode do duwgc goi la
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e Van toc pha cua séng chudi

e Vbig nho (bwoc song dai) van toc pha v, = a(f/m)¥2 khéng doi
va bang van toc truyén am trong tinh thé ( 3.10° cm/s)

e Khi g tang, van tdc gidm: hién twong tan sac xay ra. Sy tan sac
la do sw &nh hwéng 1an nhau gitra phan nén va dan cda song.
V&i buwéc sdng ngan cac phan dé rat gan nhau.

e Khi A gidm dén 2a cac phan nén va dan bu trt» nhau l1am séng
bién mat > van téc bang 0

e Van tc truyén nang lvong: van tbc nhém B :dﬂ_d\im qa
dq m 2

\ nhdm

> O céc bién q=n/2 > v,,,,,, =0 = khéng truyén nang
lwong
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r . 1
® =12 |—sin(—qa)

- , m 2
V&1 q nho

F

it Baillouin 2oege — i

C6 su phu thuoc tuyén tinh trong mién nay

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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] k " AN el . k b
Diéu kién bién tuan hoan
e Dé bdo toan tinh dbi xirng tinh tién ctia mang tinh thé, ta dwa ra
nhuw sau: dao dong

cua nguyen ter & cu0| day (nut thir N) glong hét nhw dao dong
cua nguyen t&r & dau day (nut thor 1). Bang cach do, ta coi nhw
cac day giong nhau dugc xép ké tiép nhau thanh mot day dai
vo han. Cling co thé two’ng twong la mang mot chleu c6 dau va
CUOI ndi nhau thanh mét vong kin. Gia thiét vé diéu kién bién

tuan hoan glup cho viéc tinh toan dwgc thuan lgi nhwng khong
anh hwédng gi toi két qua vat ly.

%09

n-1 n+l

[, = Na

0999 Qu 040 - k

Diéu kién bién tuan hodn
Born von Karman
https://fb.com/tailieudientucntt

Dicu kién bi€n tuan hoan: x, = X,

CuuDuongThanCong.com
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e T diéu kién bién tuan hoan ta co:

X, =Aexpl(ot+qgna)

exp inga =expi(n+N)qa ==» e€Xp1Nga =1 =expi12nj

Nga =2mj

Vé&i: j - 1a s nguyén
rong mang mdt chiéu ta co:
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Hé qua cua diéu kién bién tuan
hoan
e Nghiém tdng quat thu dworc Ia:

27,
=Y A expi(o,t+——1])

Jrl
S N

e Cac gia tri nay cua n cho ta N gia tri khac nhau cua q.
Nhw vay diéu kién bién tuan hoan da dwa dén su
gian doan cua gia tri vecto séng q.

e Cac gia tri nay cach nhau 2n/N

e Trong phd w(q) chi cd céac gia tri cta w &ng véi N gia
tri d6 cua q.
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Cau hoi

. Trong truong hop ndo thi dao dong ciia mang ba chiéu c6 thé coi nhu dao dong ctia mang mot
chieu?

2. Céc gan ding nao di duoc dwa ra dé giai bai todn dao dong cia mang tinh thé mot chiéu? Ta
sa0 cac gia thiét d6 c6 thé chap nhan duoc?

. He thtrc tan sdc va do th1 mo ta o(q)?

L

4. Cac tinh chat clia © va van toc nhom cta dao dong tai tam va bién vung Briloanh?

. D1eu kién bien tuan hoan va he qua cua dieu kien bién tuan hoan dan den dicu gi?

A
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