The potential wells

Physics 4330, Lecture 12

The time-independent
Schrodinger Equation

IE U v (u(x) = Eu(x),
Hu(x)=Eu(x),

T 2D v ()u(x) =0

The potential barrier
V(x)=0, x<-a
=V,, —a<x<a,
=0, x>a
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Solution of the Schrodinger
Equation

soe0000
ece0e

X<-a,
u(x)=A(e" +Re™),
—a<x<a,

u(x)= A(Be”‘X +Ce"x),
a<x,

u(x)=ATe™

R=1e

—(K‘Z + kz)sinh 2xa

2k & cosh 2xa —i (—Kz + kz)sinh 2xa’

_ ia—2ika

__2ika 2kx
2k cosh 2xa —i (—KZ n kz)sinh 2ka

(2k/c)2
(2Kkk)’ + (% +k2) sinh? 2xca
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Special cases

Ka>>1,
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The WKB Approximation
E>V(x),

u(x)= R(x)exp(ijxt dy\/Zm(E—V (y))/#* )

E <V (x),

u(x)= R(x)exp(—.[xj dy\/Zm(V (y)-E)/n? )

Tff=C exp(—zj‘barrier dy\/2m(V (y)-E)/# )

Examples

e Cold emission ) _4, /M
2
[T|"=Ce * V7

e Nuclear physics




Bound States in a Potential
Well

V(x)=0, x<-a
=-V,, —a<Xx<a,
=0, a<X
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Solution of the Schrodinger
Equation

X<-a,

u(x)=Ce”,

—a<x<a,
u(x)=Acosqgx+Bsingx,
a<Xx,

u(x)=C,e™

e Boundary conditions

e Even a =(Qqtanqga
e Odd a:—qcotqa
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) yz(m%}r, n=012..

odd -coty= , Y=nz,n=123.

o If wells are very far apart

U (X) = =0 (%) 0, (X))




Solution of the Schrodinger
Equation

X <0,
u(x)=_Ce",
x>0,
u(x)=Ce™
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Double Delta Function
Potential

V()= [ 5(x-a)+o(x+a)

Solution of the Schrodinger

Equation
even

u(x)=Ce™,x>a
u(x)=CAcoshxx,—a<x<a
u(x)=Ce"™ x<-a,

odd

u(x)=Ce™,x>a
u(x)=CAsinhxx,—a<x<a

u(x)

—Ce"™, x<—a,




