Giéng thé vuong hiru han

Nhac lai: 2 dang phuong trinh vi phan phé bién

d*y 2mE ) . \2mE
[d?:—hzlp:—klp} VO‘lkZT (E>0)

Nghigm:  P(x) = Ael* + Be~iks




Cac budc giai phuwong trinh Schrodinger voi
thé delta hoac hitu han

= Xét tirng truong hop: trang thai lién két (E < 0)
va trang thdi tdn xa (E > 0)

= Trong moi trwdng hop nhu thé, chia va xét tirng
mién khac nhau cda x (dwa vao diéu kién cla
bai todn dé xét)

= MOoi mién cla x = V(x) = Pt. Schrédinger =
nghiém trong moi mién

= Djéu kién lién tuc tai bién ctia ham séng va dao
ham cGa ham séng = xdac dinh cac hé s, ndng
luvong ...

GIENG THE VUONG HU’U HAN

—Vo,—a<<x<a (V>0
V(x)={ 0 0 |x|>a(0 ) [2.145]
V(x)
—a a X




Xét trang thai liéen két: £ < 0 (E > —V)
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_VO

CA 3 mién cha x can xét: |, Il va lll

Xét tirng mién clia x

®x<—a > V(x)=0

d?y 2mE

PR A
. V—2mE

voi Kk = o [2.146]

Nghiém:y(x) = Ae™** + Be™*
= P(x) = Be™, (x < —a) [2.147]



@—a<x<a - V(x)=-V,

he d*y dy
Tamdx? VTR GE =Y
- V2m(E + V) [2.148]
h

Y(x) = Csin(lx) + Dcos(lx), —a<x <a

[2.149]

() x>a V(@) =0

d?y 2mE

Fra TR
. V—2mE

VOl K = 7

Nghiém:y(x) = Fe™™* + Ge™

= Y(x) = Fe ™™, (x > a) [2.150]



l/J(x) = (C sin(lx)
: P(x) = Fe™™
V) |

a: X

Thé& ndng 1a ham chan nén hoan toan cé thé
chon 1 c6 dang chan hodc Ié (xem bai tap
2.1c). Ta chon dang chan nhu sau:

Fe ™™ x>a
Y(x) =< Dcos(lx), 0<x<a [2.151]

Y(=x), x<0
W(x) = Deos(lx)} h(x) = Fe™
0 4 )
V(x)

E

— VO
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Piéu kién bién

Y (x) = Dcos(Ix) §¢(X) =Fe™ ™
0 a x
V(x) p
_VO
Tinh lién tuc cua ¥ tai bién x = a cho
Fe ™% = D cos(la) [2.152]
Tinh lién tuc cta dy /dx tai x = a cho
—KkFe ™% = —ID sin(la) [2.153]
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Fe ™% = D cos(la) [2.152]
—kFe ™% = —[D sin(la) [2.153]
Chia [2.153] cho [2.152] cho:
k = ltan(la) [2.154]
ditz = la, z, = %m [2.155]
V—2mE J2m(E + V)
K = P , = P
= ka = |z5 — z?

> tanz =./(zy/2)? —1 [2.156]
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tanz = )/(ZO/Z)Z -1 [2.156]
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Zy = —+/2mV,
2) Thé “yéu” (hep va nong): z, cang giam h
—>s6 nghiém z thda[2.156] cang gidm, cho dén khi
z < 1/2 thichicon 1 nghiém duy nhat (duong tim va
xanh 13 luén cat nhau tai it nhat 1 diém) = lubn cé it
nhat 1 trang thdi lién két du thé rat “yéu “

17



Xét trang thaitanxa: £ > 0

Dl @ | @

_VO

Cling c6 3 mién cla x can xét: |, Il va Il
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Cé6 cac nghiém:

D)

P(x) = Ae™ + B~HX x < —q [2.158]
k= VZ;"E [2.159]

Y(x) = Csin(lx) + D cos(lx), —a < x < a [2.160]
| = Y2mEHT,) [2.161]

@ ;

Y(x) = Fe™™  x>a [2.162]
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Piéu kién bién cho:
Ae %@ 4 Bika — _Csin(la) + D cos(la)  [2.163]
ik[Ae~k@ — Betka] = I[ C cos(la) + D sin(la)] [2.164]
C sin(la) + D cos(la) = Fet*@ [2.165]

l[C cos(la) — D sin(la)] = ikFe'ka [2.166]
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Cac hé sb:

B = isin®2 (12 — k2)F [2.167]
2kl—zika
F= i [2.168]

cos(Zla)—ik + sin(2la)

2kl

-1 _ Vs .2 (2a
771 =1+ ot sin (h J2Zm(E + Vo)) (2.169]

Truyén qua hoan toan: T=1 (“trong su6t”) thi

%a\/Zm(En +V,) =nn [2.170]
2 ZhZ
- E, +V, = 2’;1’(‘2(1)2 [2.171]

Twong tu treong hop hat tw do: Can xay dung “b6 séng”
d€é c6 thé chuan héa ...
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GIENG THE VUONG HFU HAN

V0 <x<a (Vy>0)
Vi) =1{"" P M0
(x) { 0, x>aorx<0
V(x)
Vo
_________________ E
0 a X
E < 0 = trang thailién két
V(te) > 0= {E > 0 = trang thaitan xa

Trang thaitanxa: 0 < E <V,
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CS 3 mién cla x can xét: |, [l va Ill
Bai tap: Hay giai PT Schroedinger cho tirng
mién!
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Nghiém:

Ae'kx 4 Be~tkx x <0
YP(x) =1 Ce™ +De ™ 0<x<a
Fe*X 4 Ge~tkx x> a
Vix) Vo E
Aelkx CekX Feikx
: +DeFx| T
Ee_lkx X
a
28
Vix) Vo g
Aelkx Cer* Felkx
ik +De_Kx -
!Ee—l X x
a
|y (x)|°
|
|
I
|
| X
0 a
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Vix) Vo b
Aelkx Cer* Felkx
—ikx +De_Kx
§L X
0 a

Hé s6 truyén qua T = |F|%/|A|?

Néu hé sb truyén qua T I&n 0 thi cd ham séng
di ra khoi thé = Hat chui qua dwgc rao thé
- hiéu &rng duwong ham (tunneling effect) !
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[Bai tap] Chirng minh duoc
-1

2
1(k* + K? o
T = 1+Z o sinh“(ka)| >0

sinh(x) = [e* — e™*]/2

Ton tai “tunneling effect” |
Hiéu &ng duwong ham dac trung thuan tuy
clia QM. Trong co cb dién khéng thé co hiéu
rng nay.
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