DJICKTPOHBI B KpUCTAJLJIAX.
§7 KBaHTOBAasI TEOpUSI CBOOOTHBIX
IJICKTPOHOB B METalax.

Ilnawu:
Onucanue K8aAHMOBbIX CUCNIEM.

JHepzemuyeckue  YpoGHU U NJIOMHOCMDb
COCMOSAHUU 8 OOHOMEPHOM CIydae.

Inepeus Pepmu u pyuxyus Pepmu-upaxa.

C80000HbBIU IIEKMPOHHBIU 243 8 MPEXMEPHOM
cayuae.

Xapaxmepucmuku (hepmuescKux 271eKmpoHO8.



1. Onucanue K8aHmMoB8wvIX cucmem
(565 Us 25 T)

dW = lyl2dV, = yy*dV, (1)

dW
dV,

Xy(x) =xy(x) (2)

%,
P, =—ih—
: ox

oy
Py(x)=—-ih— o (3)
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1. Onucanue keanmogwvlx cucmem

n2 (0% | 0% |, 02 h?
T == + + —

2m ( ox?  oy? 022 j om  (4)

2
H=T+U=-12v21U(x) (5)
2m
Ly = oy (6)
i %\: Hvy (7) ( 277; V2 1 U)\|/ =il aﬁ\lt]
9 2
h* OV +Uy =ih— - (9)

- 9m Ox2 ot

(8)



1. Onucanue xeanmogwvlx cucmem

U(t) = const y(x, t) = y(x)o(t)

.. 00(1)
Eo(t)=1ih 10
o(t)=in——= (10)
82\|1(x) 2m

Ox?

o(t) = Cexp(—i% t) (12)

~(E-U)y(x)=0 (11)

(x, )2 =p(x, )  (13)



2. DHepzemuyeckue yposHu U Ni10OmMHOCMb
COCMOAHULU 8 0OHOMEPHOM CIyyae

5JIEKTPOH MAacChl m mauael L \(X)
Hy(x)=Ey(x) (14)
% o, i
- oY =
2m . dx
h2 d?y
Hy = g v Ey (15)

w(0)=wy(L)=0 (16)

e 24
v, (x)=A smk—nx (17)

n



2. DHepzemuyeckue yposHu U Ni10OmMHOCMb
COCMOSAHUU 8 OOHOMEPHOM CIydae

Lyn=1, o, =2L (i3)

2 n

v, (x)= Asm%nx (19)

n2 d?y,  h? X . mn
S g Zm{A(T) sme = E,Asin 7 X (20)




3. Duepeus Pepmu u pynxyus Depmu-

Jlupaxa
N \Iln(x) En ~ n2 ﬂ
B 2 2 .
_ h* me (N
E”‘szz(z) (23)

np \llnF(x) EF



3. Duepeus Pepmu u pynxyus Depmu-

Jlupaxa
1. E< Eyps,
f(E):{o, E>El;. (24)
f(E)| [, E<E, E<Ey; E>LEyg
P f(B)=—" (25)
........ T =0 exp( _“)+1
l’%—T<< 1 T
0,5 F 1
| f(E)=§
0 E, E p=Eg

Dynruusa Pepmu—Jupara
ona T =0 u darsa Hekomopoul
docmamouHo HU3KOU
memnepamypul



4. C80000HbBIU S1€KMPOHHBIU 243 8
mpexmepHoM ciyyae

B H2 02 n 02 + 02

2n\ 6%  Oys 0z°

r O x O r O
lh@x’ lhay, lh&z

v, (—%) =Y (%) =0 (27)

w(r)= Asin| Mk jsin(n_nf/ jsin(nnz j
1) = Asin 2 Jsin 0y Jsin( T2 ) (as)

jw(f):Ew(f) (26)

v(x+L,y,2)=wy(x,y, z)=
=y(x,y+L,2)=vy(x,y,2z+ L) (29)



4. C80000HbBIU 21€KMPOHHDBIU 243 8
MpexmepHOM Caydae

y(r)=Aexp(ikr) (30)

2
Zl\lxl =ik, Aexpi(k.x+k,y+kz)=ik,y, %:—kﬁ\p (3 1)

Oy Oy 0’
St t kK R =y (32)

R2=R2+k2+k2 p2-2mp (33)

hz
h2 B}
exp(ik, L) = exp(ik,L) = exp(ik.L) =1 (37)
b 21N, B _ 2nn,, L amn, (38)

E "% g ° "¢ 5



5. Xapakmepucmuku hepmuescrux

INEKMPOHO6
2
Er dz (E,E+dE) E:g; p=+2mE
m
dp = [Tt g
P=\2E
4T 4T m
dz = 2dp = 2mE, |- dE =
ey L P T ey 2F (39)
3
~ 2% _(am)2JEdE = o/EdE,
(27th)?

L 2n(2m)%
(2mh)?




5. Xapakmepucmuxu gepmuescrux

ANEKMPOHO6
dn (E, E+dE) d:= dn = 2fdz.

(T=0) (f=1) L<Ef

IlnomHocmov cocmoaHull
D(E ) kax pyHKuus
dn = za‘/EdE (40) snepeuu E 0na zasa

CB80000HBLLX IJIEKMPOHOB

_dn _ D(E)
D(E)_dE_Zoc\/E
oT 0 1o E
I'=0k




5. Xapaxmepucmuxu gepmuescKux

INEKMPOHO6
3

Eg Ez 3
n= [ DE)E= | 2ocx/EdE:%ocE§ (41)
0 0

2
(2nh)? (3n )5 n2h2 2
Er = ~ 3 42

# 8m T 2m = ( )

Eg Eg 9 5
E,,= [Edn= | Eza\/EdEzzagE; (43)
0 0

5
E, E;i 3 3

B === 5 50F (44)




3. Xapaxmepucmuxu gpepmuescKux

IJNEKMPOHO6
n~10%3cm3 EF=53B (E)= 3 5B
2h3 4
fplo =Lp, To=5 b (45)

n’h? 132 ~-10° K (46)

1023 cm 2 = o
b

E=EF

E = E;B k-uau(p)-mpocTpaHCTBE



