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-----L + V(X)yIE

2m a!x2 = Ev,

- - - - - -

x

198 PH 413





200 PH 413



. PY+ = Y+ 1  pyl..  = -ye

w% alIl~~Z&il v/+(-x)  = Y+(X)

y-(-x>  = -y-(x>

L

P* =
1+p

2

Pi = Pt

P, P- = p- p, = 0
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P(HV)  = H(-e4-4

= fmY(-xl
.

=HPy/

’ IAl lowed

d2v - 2mE
z= fi2  y

wamn”&Jw&  do

y(x)  = A cos  kx

t

30x  boundary

FWblddS2”
reg,on
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lim Wll = 0x-m
66sl2.z

lim [Vbll=  0x+-a0

m&i 2 nv~wonwquifl~  V(x)=&  81  E<V,

d2y _  24’0 -E)W(x>
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box A2n2
E, c-z

(197eV mn)2~2

2mL2  (2)(5.11x105eV~0.2nm)

= 9.4eV

1 A

B=&gzJ

197eV ‘nm=
~(2~5.11x105eV~1000eV-9.4eV)

= 0.006 19nm

(9.4eVX0.20nm)2

= [0.20nm  + (2)(0.0062nm)]

= 8.3eV

(197MeV . fm>z7r2
= (2x3730 MeV x3  fm)

= 5.7MeV
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= 197MeV.  fm
,/(2)(373OMeVx4OMeV  -5.7MeV)

= 0.39fm

E, = A2X2 2
2m(L+;]2  =Ef”” (LL).

(5.7MeV  xfm)

= [3+h + (2)(0.39fm)p

= 3.6MeV
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20I-- Particle in a box

n=4

1 5

Finite  square-well ,,
0

4,

h2  lo
&IL2

n=3

n=3

n = 2
n = 2

,I = 1 II  = 1
---____----------------------

qx> =

{

,“”  3 -a<x<a
, I4 ’ a
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d2y f 2mE__-
CL2  h2

!U=Q

y,  = Asinax+  Bcosox &I a= 2mE
JA2

1lrlhJ 1x1 > a

$+F(E-V&=0

.Y = aa

.y2  +z2 =

.y2 fZ2’  =

LLA:: .Z=pa
2mVOa2  8

h2
&I van’  =!?!I

m
12

Y =CZLl = J2mEa2  =ft* 1.2

El O.l2V,

E, = mJv =
12 a

0.48 V,
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(3.4T  vE,  = -
12 CT

E, =
n2A272
8maz

E,  = h2R2
8ma’
A2n2

E, = -
2ma2
9ii2rr2E, = -
8ma2

= 0.935  y,

15

= gvo = 0.2 V”

= gvo = 0.82 V,

= 9n= v
7” .= 1.85 V,
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VI

PI

w 2

w 2

Iv3

v 3

o<x<a

x>a

o<x<a

2.5cPX  I x>a

o<x<a

x>a

v=o Ldo x<o
v = v, da x>o

m
a----+

f - i - - -

0

x=0

A2  d2y/- - -
2m ak2

+Vy=Ey
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xc0

x>o

d2v---+ay*=o  ,
dx2

y,  =Aelm  +Be-‘”

d2y  2m
-&‘+til(E-VO)w,,=~

y,,  =Ce’@ +De-@

y(x) LLX y’(x) i%hiOLdBJ~ x=0

A+B=C
a(A-B)=pC

= fl 2a 2
( 1

- -
a a+p

R

T

= a-P  2

c-1
=

a+P

= W
(a+/3)’  =

R + T = 1
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A+B

P(A-B)  1

hl5tGlh o<E<V,

B- =
A

B2I I2 =

=

Ae@  + Be-‘@

Ce’”

c

Ca

2a

a+P

P+  iP
a-$
a + ip

a* -kp*
a2 +p’

1

0

I I I

-vo

0 a
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YI =

VII =

fll?t~allLli~~ x = a

p=. =

sin aa =
acosaa

ik(Be”C”  -e-‘k)tanaa  =
(iktanm-a)e’k”B  =

0 =

0 =

97n

0 *

Asinax

0

y = Be’” + e-‘h

Belh  -I- e-”

p=,

Belk”  + e-“l”

ik(Be”l”  -i-“)

a( Beth  + e-“)

(ik tanm  + a)e-lb

(iktanm+a)e-2,b
iktanm-a
- (a + ik tan aaj e-2,ko
a-iktanaa

x+yi,  = ( )X,,dix2  +y2

B  = -a2+k2tan2m,  2.e

(a2+k2tan2aa  2Y ,,,,-it-4



lFlUlJfY¶l y,, = C sin&x + 6)

6 . 7  ny-mnlu?&~n~ma6%

v ( x ) =  -g26(x)

d2y  2 m
-+7FEV/  =dx2
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=a -aB-aA

= 0

= Aem,x  < 0

Be-(Ic,x  > 0

&‘)= v(o-)

- 2 m= - 2A
h2 g

m2g4

A4

E

= $lEl
mg4=
2A2

P - A2eZma!x  + 6: A’e-‘“&  = 1m
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1
-mw2x2
2

i i  d2q/ mw2----&y
mw  dx2 tt

- 2 E= -Y
Rw

Ad2 =--
mw  i3x’

d2yl--Jpy/  =
dy2

=

. .
faJy?i WE(Y)  =

x2 = A
-Y2
mw

dy2  =yh2

a2
+=

- 2 E

e-Y’h 2E
LWmAl y2 >>---&

U(y)e-y2’2

d2v d-= _
dy2  . dy

= -&Jye-y1:2  4-y’12

dr
+ uy2e-Y’12 +d2Ue-Y’ dU  -g/2

dy2 -Ydye

I
e-y”’  ~0

0
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~2s(2s-l)a,y2"-2-~  2(2s)u,y*”  + g-1  c a,y2’ =
( - 1.

0

taw7c~woukrnlw’ s=s+l

~[(2s+2X2s+l)u,+,  -4sq  +(g+ly’. = ~ 0

lldarlYlsultilliu~u6  :. i%.laJnlrr’m~%aJ y lv4ln”u~\a6

4s-  g-1

a ,+I  =
i 1

(2s+2)(2s+lf+

LlGi

a
S-+00

t+l- -

a<

Y4 Z(\+l)
ey’ = l+y2  +T+  . . . . . . .. . . . . . . . . . . . . . . . +$+  (‘s+l)!

aA+, (s:  1)! 1 1_=~ =~ z -
a, 1 s+l s

s!
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. va
ey2,-y’12 + eY’12

51

E=$(4r+l),r=0,1,2  ,....,........

2 = (2s :g:+ 2)

E
hw  5Aw  9Aw

= - - -2’ 2 ’ 2 ).........................

r=O

r = l

r=2

YE0
= a”e-Y=  12

yE,  =ao(l-2y2)e-y”2

yEz  = a ,
(
1-4~~  +++J~

)
e-y”2

U(Y) = -6 Y)

U(y)= ta,yzs+'
S=O

d2U
---2yz+
dy2
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5a,(2S+lX24y’“-l-2$a,(2s+lp+~  +(g-$ay”’  = o
sdl

qa,+,(2s+3XZs+2)-2a,(2S+I)+(~-I)a,]v’”~  =o
s

as+,(2s+3)(2s+2) = a.(2,s+q&l))

E9(4r+3)  ,

r=O E, =+

r:l E; =;Ao

r=2 E- = ‘lh,
2 7

r=012, ) ) . . . . . . . . . . . . .
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V”(X)  =

E,  =

ho(y)  = 11

h,(y) = 2~

h,(Y)=4Y*  -2

$h.  (y)e+‘*‘*

1
( 1n + -  Aw

2

h3(y)=8y3  -12~

h,(y) = 16y4  -48y* + 12

h,(y) = 32y5  - 160~~ + 120~
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8-
n=8

6-
n=6

5-
n=5

E” 4 ,‘,
h-0) n=4

3-
n=3

Z-
n=2

I-
n=l

0’
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MJflivdds  *
-A2  1 a*@@)  =A aT(t)  1- -

2MR’  Q a+*
= ,*

i at T

&&T

p’@(4)  =
Q, a42

2MR* (y2
Ml:

A2 *
LdTo = - - ai  2

T at A
IX 4 = Ae2(

Aa*e””  =
-i&

T=e *

a*  =E

id0 m = +l,f2,+3 ,....



1 I( ,x>a

v ( x ) =  0 ,O<x<a

v,  ,x<o

I I I  IVY,

“OJ
0 a

$+$(E-V&  = 0 ¶J%afu I

a2  y + 2mE- -
&2  h2 y = 0 ¶J%atu  I I

3 -$“I  - E),u  - = 0 ah~%-m  I I I
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= AerK,x + Be-‘hX

Yrrr  = F~-K,,,~

(8 II (0) = VII (0)
(ii) sj.,  = %j;,

(iii) V,,  (a) = VIII (a)

(iv) !p!
=

~ = f$!=o

A+B=C+D
&lTX! ( i i )  OEl&;

(A- B)K, = (c- D)K,,

&TX  (iii) O:ln”

iK,, (CelKrl’  -De- “~0) = iK,,,  Fe-‘K1lr”
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l&E
dp ’

R” - d2R
dp2

&IL  WWI~RUO~Hl%AQlfl

R = p”C%(p) Id0 a(p)  = F(- n+s+1,2s+2,p)

. . R = pse-P’2F(-n+s+1,2s+2,p)

Wfl ~+@+l)=s(s+l)

IN’ n - s - l = p

-B’mE, =-
2AZn2

Id0 n=012) , ,. . . . . . .

‘%I? n

n-s-l=p , :.n=s+l+p

s(s + 1)

(-4
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v=o
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l&J v=-u

&JhlJ  III

2ma2!hI +-Ey,,  = 0
ax2  h2

a+
a + k:Y,, =

ax2
0

do v=o

Ae-‘ho  + Be%0 = Ce-‘b  + De”‘”
Ce’b’  + De-k’” = Fe’@

k,(Ae-*I”  + Be4”) = k,  (Ce-‘l’  - &‘z”)

k,  (Cercp - De-‘z”) = &Fe”‘”

2xk,  + k2(Ce”‘”  + De-**“)=  k,Fe*”

(1)
(2)
(3)

(4)

(2’)
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= (k, + k,  )Fe’@

= F(k,  + 6 ) erk,o
2kze’kza

= F(k,  + k,)  er(k,-k,)a

2k,

wanIJsw%~  2' tin, 4

2k, De-rkz“ = (k, - k,)Fe”‘”

D

D = F(k,  - k,)e’(*,+‘&
24

Ae-lk,ll  +  Belk,a  = F(k,  + k2)e,(k,-k,)oe-,k,.  +  F(k2  - k,) er(k,+k,)oerk,

2k, 2k,

Ae-lkP  + Beha = F(k, +k,)e~(k,-2k2b +  F(k,  - kde’(k,+2k’).
(1’)

% 2k,

k, ( Ae-‘klo  -
F(k,  + k,)e&zk,la  _ F(k,  - k,)e’(k,+“k,)”  ]

Be’kl”))  = k2[  2k (3’)
2k,

k,  (Aemrkxa  + Be’kl”:)  =
%(k,  +k:)e,(*,-2k.b  + Fk,(k,  -k~)~,(k,+w)” (1”)2k

2 24

2k,Ae-‘kl”  = F(k,  + k2)2  e,(k,-2k,)a + F(k,  - k, Xk,  - k2)  et(kt+2k&

% 24

A = F(k, +  k,)Z et2(k,-k,)a + F(kz  - 4 x4 - k) er2(k,+k,)o

4k,k, 4%

k; + k; + 2k,k,  e-2,kzo  + 2k,k,  - k: - k:  eislo

-2,Q  +se-2,k,o  +  2e-21klo  +  2e2rk,a  -!%e2ik+’  -;e2tk’a

k, 1

-2,k,o)+  +(e-2”xo  _ e2rk,o )+ ;;e’2JkF  - e2’k9 i]

I

2 I
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fhlWl1X
ep  + eep en - eep

2
=cosx  ) =sinx

2 i

2 k, 2i I

2Bk,elkP  = F(‘6 +k&,  -k~)~i(k,-~k~)”  + J’(kz  -k&, -k,)et(k,+u,).

2k2 2k2

B = F (k,  +k$,  -kde-w,a  + k -4x4  +k2)e2ti,o

W, 4’6

= ~{($-~)e-2’kza  +(-2+2)e2Jk2a}

= :F  -$sin2k2a+ksin2k,a
. i 2 I

= LF &K-R,  sin2k2a[ 12 4 4

242 PH 413



. .

k%iu 1
r

= 1+1 4
4 E(E+u,)

sin* 2k,a

1
r

= 1+1 d =
. . 4 E(E+u,)

sin* 2k,a 1

1 *UO

TE(E+u,)
sin* 2k,a  = 0

sin* 2k,a = 0

2k,a  = n7t
nx=

J2& = g
tt 2 a

24E+4  = n27r2
A2 4a2

n*;rr*A*
2mE = -4a2 2mu,

f%~u d1hflu E =
nzw2h2
8ma* -u0
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WI1
= F h,  - k2 )ei(kl-k,)oeik,x  +  b2  - & )e,(k,+k,)oe-tik,r

2k2 2k2 1
V/III =  Fe”,”

n3Gi  2 E<V:.E<-u,  <0
.

d2y,  2m
a!x2 +sW,

‘-2”(-E,k,d2v
ak2 A2

- sin 2k,a . e-‘klx

= 0 IdO v = o

= 0

= 0

J-n2mE= 0 Id0 K, =
h

= A~&” + B~-KI”



d2v,1-i-+$qE-(-u)~,,  = 0ak

~+qE+u,)y,  = 0d2v
dx2 A2

ikiu VII  =

d2vIII  2m- + - E vnrdx2 h2

Tlac.4 Ym =

ikid C2 =D2

= 0

= 0 &I K, =
n

Eeb” + Fe+’

VIII  = EeK1’

:. C = D

$1 C = D

k,a  = n7r

na-
a

na-
a

n2n2A2

2ma2
-u I n=1237  7 Ye’.*
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-a(  0anwi hml'%X  u ( x ) =  u.
cash * (EC)

r&J U, > E

ff&mosh(m)~+yla’(s*  +k’):  =  o

%M’ y = sinh2(ax)

n(z) = ~‘-‘?‘(a  + 1 - c, b + 1 - c,2  - w)
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c=1/2,a+b+l=l-2s,ab=S2+h2

. . c=1/2 a = - s + i k  , b=-s-ih

wn6nnuuo~nunls  (3) do

z(y)  " = y'-"2 F -s+ih-i,-s-ik+l-+,a-i,y
(

=. y”‘F  -s-i+ik,-s+i-ik,ai,y
( 1

y =  (coshm)-*”  z  = (coshax)-*”  y”2
(

1. 1.1-s--+zk,-s+T-zh,a?,y
2

= (coshax)-*“(sinhax)F -s-i+ik,-s+i-ik,-a$,sinh2ax
2

y(x)  o
r(i2dc)r(l-  i2ak) lY(-  i2uk)lY(l-  i2ak)

e-r2ok  r(-  2s)Ql+  2s)  + ‘12*  r(-  i2ak  - 2s)JY(-i2ak  + 2s + 1)

y(x)  = e-‘2my,  +e’**y,,

Yl =
r(i2ak)Ijl-  i2ak)
r(-2~$(l+2~)

YII  =
r(- i2ak$(l-  i2ak)

r(-  i2ak  - 2s)r(- i2ak  + 2s + 1)

D = sinh*  (2d)

sinh* (27&)+  cosh2

81 8mu,<
a%’

1

ml%  D = sinh2  (27nt)

sinh * (2dc)  + cash 2

PH413

8mu,  > ,
a2h2
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=

2mw
1

= -- 3ih33h  I(  - 1mo2

= 3E,
mu2
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