
PH 312 153



Y(x,t) = AGCkx-  W (6.1)

LdO A  =  o’u~‘rq”uoJ”tU”?7uittQJyll w = 2xv  LLCM&U  (wave number) k = 2n/l

UYlUfil  w UA: k ~UtYlQW~JW~JJlU  E ttR~~W.JU6.J  p Il~J~~I-llfl P:bfi-

E  =  hv=&.Znv=hw

p=h=h  277 =t,k
1 2n ‘Z

Wvltv4otsuihmw-m  (6.1) tfiuufh x dk

(6.2)
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gmY + VY = EY

U?'lUfil  E = hw LLR:  p = hk RJbUWll5~lJ&

h2 k22mY+vY = hOlY

-= ;i- WXJ) + v WJ) = mqx  t)
at ’ (6.4)

AUnl5 (6.4) %lWJWlT~~M~l&MWl~~  1 %%%JL?Wl  (time dependent s&ruedinger

wave equation)

a+A?t+a Y( x,y,z,t)  + VY(x,y,z,t)  = iRxay  (X,Y,Zd)
ax2  aJ at (6.5)
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ah Y = a + ib

Y’* = (a + ib)* = a - ib

bbR  t

v&l

Y*Y = (a - ib)(a  + ib)

= a2 + b2 (L$Q i2 = -1)

Y = Ae-  i(kx  - wt) LdQ A Lheil~f~

\y* = Aei(kx o,t)
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-h2 1 V’Y(x,y,z)  + V(x,y,z) = ih-ldT(t)
2m I~(x,Y,z) T(t) dt

h2--2m v2 V(X,Y,Z)  + V(X,Y,Z)~(X,YA  =  c ~(X,Y,Z)

ihd_T
dt

= CT(t)

(6.10)

(6.11)
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F)lTlfU.I’fll3  (6.11)!;

(6.12)
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Y (x, t) = A sin ( 71x)  e-‘Eot/h 0Qxda-
a

do E, LLFC  A LilWil”Jft

n) ~JMlhlJ~  A

-II) 1JH1filfll@lMUlUYOJ  xLLREllOJ E
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<x>  = j Y* x Y dx

= 3 ($)xsin’(%)dx
a

= 21 x(1  - cos&)dx
a 2 a

<E>  = s ‘I’*  ED,, Y dx
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=F’ a
E, sin’  (2)  dx

dZ
i2

v w + 2mE v co = 0
Ii2

dZ  v(X) + k2 ,y (x) = o
2

(6.21)

(6.22)
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d” V (x) + k2  V, (x)
dx2  ’

= 0

(2) 1 uu%anb x>o,  v = v, m.mi~lt&i~6oo%~

a2 d2
-2m 2

‘4’2  lx)  + V, V2  W = E v2 (xl

#iOd’ V/ tx) _ 2m  PO-  E) y2 (x)
dx’  ’

= o

h2

(6.24)

d2
ii?

V2(x) - a2 V,(X)  = 0
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'V,(O) = V'2  (0)  ,

LLW-  d”‘,
- ;i;; X30I = $2 I x;o

~lflL=f%J?ll5 (6.26) L31!6

A + B = c

LbRtWflWJfll-3  (6.27) 1;

i k ( A - B )  =  -cxC

Mleil BUtA:  ChlOUY~~  A 3lln61%Jnl5 (6.28) LbRt (6.29) X!ei

(6.26)

(6.27)

(6.28)

(6.29)

B = (ik + a) A
(ik - a)

(6.30)

2ikLbRt c = __
(ik - (Y)  A

(6.31)
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(2) 1w4aam  x>o, v=v, fwn7rb&RsawGi8

-5’ d*
2 m  X2

v’,(x) + V,‘!‘,  (x) =  E  W , ( x )

VI940 d2
dx2

W,(X) + 2m$-vo,  ‘v, (x) = 0
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l$;(ky = Zmf-vd

&&4 $ v/,  (x) + (k ‘)’ ‘Y, (x) = 0

+iimuuo~nuni~~i~~~  tie
W,(x) = c eik’X

A+B = c

ML k (A-B) = k’C

PlfIRUfll~  (6.34) LLA:: (6.35) HlCil BLLAZ CbUnMl~J  Ad;

168

B = (k-k’)A
(k+k’ )

c = 2k
-iGA

&&4 I Y(x) =  A  [  eikx +  (  kFi,)dikx  ]

= _ _  A&k’X2k
k + k ’

(6.33)

(6.34)

(6.35)

(6.36)

(6.37)

x<o

x20



8lfltT.3Jnl4  (6.36) XI&?

pi

tG.da:Svbdni2ejiu~GlId  (transmission coefficient)

(6.40)

- V’IW
v I A 1’

LWlUdl C,v Lb@“,  V’ 9lfltQJfl1%  (6.37),(6.38)  ‘JR”  (6.39) R9%PaWl15~19&  ‘X!Jfi

(6.41)
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- gd$ v,(x) = E V,(x)

I& W,(X)  = p, eikx  + B e-ikx

- g $1 v/,(x)  + V, W,(x) = E W,(x)

nio  -$ u/,(x) - 2m ‘,“; - E, w,(x)  = 0

l%T a~  = 2m  W,-W

?l2

” d’ V3(x)  = E W,(x)
- % dx*

M V,(x) = F eikx

(6.42)

(6.43)

(6.44)
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W,(X)  =  A  elk’  +  B  emikx x < o

W,(x)  zz  C eik’x +  D e-‘k’x O<x<a
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(6.45)

(6.46)
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WUdl  ‘Y (X) UR: k*  ENbWJnl~  (6.46) ?:j‘lk

@‘Y(x)+  k”Y(x)  =  0

/3 = +ik

= C (cos kx + i sin kx) + D (cos kx - i sin kx)

= (C + D) cos kx + i (C-D) sin kx

= B cos kx + A sin kx (6.47)

w(o)=oUAZ  V(L)=0

unwii x=ObUwJn?l  (6.40) dK

W(0) = B

O = B

UYlUtil B=0hWJnl5 (6.47)

sin kL = 0

UUcl\lil kL = nn td6  n= I,  2.  3,

k =!!E
L

6&i
2 2

kz =- =nn2mE
il2 L2

E n2nh2=-
2mL2

(6.48)
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nxi  n=2  E, = 4nw

2mLL
= 4E,

9nwn=3 E, = -
2mL’

= 9E,

(6.49)

E ,  =  9E, II==3

E: =  ?E, II=?

n=2 w,  6) = A sin?
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(6.50)
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-h* d*
2m ;i;;’

‘4 + V (x) W (x) = E v/(x)

WlUfil  V (X) = + kx’ = $n,2x2  i%l’l~~~n+l~  (6.44) Tl:!$

-71’ d2
2m 27

w ( x )  +  +mo~*x* w(x) =  E  W  (x)

vlio  $* u / ( x )  +  [F - qq*x*]  W ( X )  =  0

d2
2

v (x) + (&cy2x2)  w = 0

(6.52)

(6.53)
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I(/ (q)  = e~qz’z H (q) (6.56)
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d2
Jq’

H(q)-2qdH(q)-(F-1)H(q)  _ 0
dcl

(6.57)

M~OLQfJPa~@Y~“aoU  eq’ = b, + b, qz + b,qJ + _....__..  + brq’  + br+,  q”’  + ,__,,,

b r+2 (:I!= -_

-7 “z+  l)!
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&l.h  2E = 2n+l
hw

aAT n=O,  1, 2, 3 . . . . . (6.59)

n L%fhRU~~QPb~~  (quantum mumber) r(~JJlU21QJ~l~~~nQQR~R~R~~Q~~~lt~~dl  9
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i
I

\’ = :w’wX J

= e’*&  (-2q eeq2)
dq

= eqz[(-2q)  (-2q) emq2  + eeq2 (-2) ]

= 4q2-2

a r+*  =
2r+ 1-E
(r+l)(r+2)  a’

lid E = 2n+I

a , . ,  = 2(r-n)
(r+l)(r+2)

a, = 0 Lib n LhLA’U~

a, = 0 l&l  n LOULRllT;u
s.

LJU  n=2,a,=O&ijii

(6.60)

(6.61)

a3=a,=a,  = . . . . . . . . . = 0
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a - 2 (O-2)
z - (0+1)(0+2)ao  -

~ -2a,

a -
4 -

2 (2-2)

(2+1)(2+2)
a, = 0

v”(X)  = e-mwx2’2R  H,, ( TX)

W,,(x) = N,> e-mwx2’2h  H,  ( $%)

.i,rw;,(x)  w,,(x)  d x  = 1

4 = [A (Jg-)“z]“2
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,“=;,A,

-3 -2 -I 0 I 2 3 4

I
(1’11 n=2

-3 -2 -I 0 I 2 3

-3 -2 -1 0 , 2 3
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H%l -EV'Y + V(x,y,z,t)Y  = ihg

AW = a!u

!a, = 1 Y* A Y dxdydz
j Y* Y dxdydz

W”(X)  = (&)I” sin?

E n = n2nzhz
2mL’
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