Phuong trinh Schrodinger
3 chiéu (3D)

Phuong trinh Schrodinger tdng quéat

h i = HY 4.1
i Py [4.1]
Todn t& Hamitonian H (c6 dién)
p2
H=T+V=—+V
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Phuwong trinh Schrodinger 3D

ov¥ h?
ih— = ——2Y 4+ | y [44
ih PR > 74 (r,t) [4.4]

v@i todn tir Laplace trong toa d6 Descartes
0° 0° 0° [4.5]
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0x? * dy? + 0z?
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Phuwong trinh Schrodinger 3D

¥ h?
ih— = ——V2Y 4+ VY
at 2m

Xac suat dé tim thay hat trong mién thé tich
vi phan d3r = dxdydz |1a |¥(r, t)|*d®r

f W2dPr = 1 [4.6]

Phuwong trinh Schrodinger 3D

V=V ->¥=0e@y)

- tap hop day du cac trang thai dirng

W (1, 1) = P (r)e”Ent/h [4.7]
Y, (r) thoa phuong trinh Schrodinger khong
phu thudct
hZ
—— V2 + V) = EP [4.8]

2m

Phuwong trinh Schrodinger 3D

V = V(r): Nghiém téng quat

Y= Z Wn(r,t) = Z Cp Y (r)e~Ent/h

n

[4.9]
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Bai tap “nhd”

Hay xac dinh cac giao hoan tl&r giita toan tu
rvap:
Lo y) [x, 2], ol [xpy] [% 0],

[px' py]' [px» pz]; [py, pz],

Bai tap “nhd”

[ripj] = =[pj.1i] = ihdy,
[ri.75] = [popj] = 0

LI =XY2 1 =X1,=Y,1,=2Z

[4.10]

Bai tap “nhd”

CM: M [4.11]

—(P) = (-7V)

h
OxOp, = 5

> [4.12]

h
O'yO'py = E,

h

2

0,0p, =

Phuong trinh Schrodinger
3 chiéu (3D)

Giai phuong trinh
bang phuong phap tach bién
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Toa d6 Descartes

Phuong trinh Schrédinger tdng quat
‘haqj—Htp— " V2 + V(r, t)¥
ot T  2m (r,t)

Xét thé nang c6 dang V(r) = V(x,y, 2).

PT Schrédinger khong phu thudc thoi gian

hZ
Hy = —%721/) +V(x,y,2) Y
Nghiém: Y (x,y, z)

* Hamiltonian duoc tach nhu sau

Toa d6 Descartes

Phuwong trinh Schrodinger nay kho giai.
Néu V(x,y,z) c6 thé dugc tach thanh
téng ba sé hang doc lap
Vix,y,z) = Ve(x) + ,(v) + V,(2)
thi cé thé giai bang pp tach bién.
hZ
H=—-——V?+V(x,vy,
74V (5,9,2)
= Hy(x) + Hy (y)+H,(2)

Toa d6 Descartes

* Hamiltonian thanh phén:

2 62

H,(x) = oz T Ve (%)
2 62

H,(y) = _%G_yz-l_ )
2 62

H,(z) = BT rh V,(2)

Toa d6 Descartes

Ham sdéng toan phan cé thé duoc bidu dién
dudi dang tach bién:

Y(x,y,z) =X(x)Y(¥)Z(2)
Phuwong trinh Schroedinger HY = E thanh
[Hx (x)+Hy, (y)+H,(2) X(x)Y (¥)Z (2)
= EZX(x)Y(y)Z (2)

2

H,(x) = ~o ezt Ve (x)

h? 92
= Hy(2) = ———~—+V,
Hy ) 2m dy? HO) +(2) 2m0z? 1)

2 2
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Toa d6 Descartes

[Hy () +Hy, (y)+H, (2)]X(x)Y () Z(2)

= EX(WY(0)Z(2)

GED%@”%@”%@”:
262

Hy(x) = = o= + V(x)

2m dx?
= H, )XY W)Z(2)=Y () Z(2) 1. (x)X(x)

Toa d6 Descartes

[ Co)+Hy (v)+H, (2)]X(x)Y (¥)Z (2)
=EX()Y(y)Z(2)

YW Z(2)H, (0)X(x) +X(X)Z(2)H, (7)Y (¥)

+X()Y(W)H,(2) Z(2) = E X(x)Y (y)Z(2)

7 YZHX+XZH,Y + XYH,Z] = E

1HX+1H Y+1HZ E
X Yy 7 Z

Toa d6 Descartes

1
meX(X)=Ex
1
——H,Y(y) =E, Véi:
” Y() Ex+E, +E, =E
70z )H ,Z(z) =E,

Toa d6 Descartes

Phuong phép tach bién chuyén phuong trinh

3D thanh 3 phuwong trinh 1D tach biét nhau.
2

h
=5V + [0 + R0+ (@)] = By

H . X(x) = E, X(x)
D HY®) =E,Y ()
H,Z(z) = E,Z(z)

Vaoi:
Ex+E,+E,=E
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Quantum dot
VA

b a

¢l @ |

y -

Onéux,y,z € (0,a
Vi) =V{x,y,z) = { 0 né'}u khég )

Hat bi “nh&t tu” (confined)=> “nhét tu lvong
t” (quantum confinement)

Quantum dot

b]ZL

=<

Pl © vy ®| V@) @

Quantum dot

Phuong trinh Schrédinger téng quét

hZ
——V? V =E
V2 + V()Y = By
Thé nang c6 dang

V(r) = V(x,y,z) = {O neux,y,z € (0, a)

oo néu khac

Vix,v,z) =V(x)+V(y) +V(z2)

CuuDuongThanCong.com

Quantum dot

V(x) = {0 néux € (0,a)

z
oo néu khac b jL

Onéuy € (0,b)
|74 = : X
2 { oo néu khac ¢ . —————— .

0néuz € (0,c) e
oo néu khac

V(z) = {
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BT: Quantum dot

St dung két qua da co, hay xac dinh
cac trang thai dirng (ham séng Y (x, y, z))
va nang lvgng tuong ing E.

Hay xét trwonghopa =b =c = L.
Xac dinh trang thai nén va ndng lvgng twong
ng.

Quantum dot

St dung két qua d3 cd, hay xac dinh
cac trang thdi dirng (ham séng Y (x, y, z))
va nang lvong tuvong ing E.

Hay xét trwuonghopa =b =c = L.

Xac dinh: i) trang thai nén va nang luong
tuong rng, ii) trang thai kich thich th& nhat
va nang lvgng tuong irng — hay nhan xét
trudng hop nay.
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