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M m
‘=M+m

V(x, Y, 2) = - Ce*  = -C

Jx2 +  y2  +  2 r
(7.3)
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@ = %.plKN  r amww z IU~:UlLl  xy 4LGra7nunu  +x = tan-’ (y/x)

x  =  rsinBcos@  y =  rsinBsin@  z  =  rcos0 (7.4)
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(7.12)
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(7.13)

(7.14)

(7.15)

(7.16)

(7.18)
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2s” A*e-im&@ Aeimt@’ dg = 1
0

2lAl2 si d@ = 1
0

(A(‘2n = 1

A=-&

(7.19)

LLRr P (<)  = 0 (0)

(7.20)

bdO  P = Im,,l,  Im,,l  + 1, Im,,j  + 2 ,........

p ~.cILWWJFIP~~WI~~~~~~  (orbital quantum number)

amwii  Q w%uauma  (7.20) iltI<

5 1 (l-&g-  (0 ] + [ p(p+  ,) - (3) ] p (0 = 0

(7.21)

(7.22)
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(Ia  fi (<)  - 2rdP  (5)  + p(p+ 1) p (5)  = 0
dt* d5

(7.23)

p,  (0 = 1 da P=  0

P, (0 = < = cos e LB0 p= 1

P, (0 = +(3$1)  = $3 cos%-1) do I =  2

P, (0 = + (553-35) = 3 (5 co&I - 3 cos 0) da  p =  3

hlX%!  m,.  # 0 ‘hlWll09RUfllT  (7.22) O~aPl~E)2109LL0~6~~~~~~~~~~~~OJrW~694b~UA

(associated Legendre polynomial)

&it

ptm,.  (5) =  (1-p)  m,‘*  dmWp  (8

dcrnl I
(7.25)

C4ClfhJ &i~Ll  mp  = 21, f =  2

p*+,  cc,  = w5”Y’$  P,(C)
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I

j, N21PLmpK)tZd~  = 1

il:!t N
6 = [

VP+ l)(P-m,)!  1,2

2(P+ m,.)! 1

?lW  (spherical harmonic function) I-iGQA’nwd  Y,,(e,  Q)

yhy  (8,  @)  = N,,,,,  Ppml(cos  8)  2 (7.26)

Bn%l9  7.1 wwil  y$ (8, I$)  ilHY%  P = 0, 1,2

Y 2o = $vm(3  cos%l)

Y711 = +JIs/8;;  sin 8 cos 0 e””

1 d
7 dr

(r’$)  +?$[E-V(r)-y*]  R = 0 (7.27~
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RIO (r) = (5 )“’  2 exp ( -9)

R,, (r) =  (  & y (  2  -5) exp (  -eO  )

R,, (r) = (  6  )  v2  A?!  e x p  (- zf_ )
0 a0 %

R , , ( r )  = ($
0

)“‘2[1-+$  +-$-($)‘]exp(-+)
0 0

R , , ( r )  = (5
0

)3/r4$?$ ( 1  -ff) exp(  .$ )
0 0
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R,,(r)  =  (+-)“‘s  (~)‘w(-~ )
0
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Y - 1
210

=
4vG

lf121k-1  = J-
8J;;

(y ( 2 _ 5 )e-Zr/2ao

(k y* $ e--=‘2ao cos e

(5 ),I* ff e-Zr/2a~ sin 0 e*i$

YMO = & (%)3'2  (U-18: + F)eezr'3ao

Y310
= 8$ (c)3'2  ( fj -E )ffemzr’3a0  cos 0

Y3kl
= & (t ),‘*  ( fj - .&) 5  e-Zr’3a0  sin 6 eki@

= L& (z..&-  ,,a$ &'3ao (3 cos%l) - -Y320 *e  1.  -

Y
32k-1

= & (e ,,i*.$Y  emZr’3a0  sin e cos 0 e+ ‘.

Y
32k2

PH 312 197



rmpx = n2a, (7.33)
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P 0 I 2 3 4 5

&g%kksib s P d f g h

mlpb: 1 s bbWUmllP1'.  n  = 1, P = 0

2s LLYlUbVtllUt  n = 2, P = 0

2pUYlUmllU~  n = 2, Y = I
. . . . qwl.....
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Khfi4  L$ Y”h
I

= R,pcp,,(-~2)[-P(P+l)Opm~]

= P(P+l)h2Yny,thq

F’H  312

(7.35)
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I AP = +I

A mp  = 0, 2 1 (7.39)

-- -0.85 - 4

---I.51 -3

2 2s ---3.40 -2

t
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(7.40)

(7.41)

.
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&A.4  cos e = 2 = %A
W)Tl =&j

cos e, = 1’2 - r = 0.577
$-gZ)- V3

case,  = dZ;;,  = -i  = -0.577

wio 0,  = 125"15'
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/=i+i 1=/-f

(n) UWIW (?I)  hl¶&uriulww
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uWUt-ilYU?~YRJ  J, L LbPt  S nJhWJflWhJd  16,

j(j+l)h*  = P(P+1)A2+s(s+1)hZ+2~h~)hcos  0

(7.47)

(7.48)

&I mj r'iunilr~uc7aoPr~~t~~~~~n~a~  (total magnetrc  quantum number) %I&4

mj  = -j, -(j+l),  . . . . -l,O,  1, . . . . . (j-l), j (7.49)

nii+io mj  tTlXJldkil~$l'(2j  f 1) ti16Th4 j = i, mj =

PH 312 209



I

,_--
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‘c- +j
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S
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(7.50)

I I
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(7.52)

E, = -@if!  [I+'? ($-; ) ] (7.53)

-?I=3 n = 3. "# i 3
---,,n3,n,=Z=

n=3./=2J=f

ll=3,n,=l
n = j, I = I.1  = f and n = 3, I = 2. j = f

-?a=2
n = 3.  I = 0, j = j and n = 3. I = I.  j = j

-"=2,n,=2- n = 2. I = 1.j = f

-s-
-rl=2,n.=1 -"n22.1=0,j=~andn=2,1=I.j=~

>0
a -
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azv  a+  a2\y  2,~
s+f+++---(E-V) I/I  =  0

E, =
- pZ2e4

(4mJ2 2nzhz

S = mh

2 1 4
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<r>  = $0 [l+f [I-y] 1
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