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Problem	 4.34 

(a)
 

S_11 0) = (S~I) + S~2») ~(T 1 + 1n = ~ [(S_ I) 1 +(S_ 1) i + i (S_ 1)+ 1 (S_ nJ·
 

1 
But S_ T= Ii L S_ 1= 0 (Eq. 4.14~1), so S_llO) = yi2lli 11 +0 + 0 + Ii 11] = hli 11=V21i11- 1) ../ 

(b) 

S±IO 0) = (S~l) + S~2)) ~(U - 1n = ~ [(S± I) 1 -(S± 1) i + i (S± 1)- 1 (S± nl· 

1 1 
S+IO 0) = yi2(0 -It iT +Ii ii -0) = 0; S_IO 0) = yi2(1i 11 -0 + 0 -Ii 11) = O. ./ 
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(c) 

S211 1) = [(S(1))2 + (S(2))2 + 28(1) . 8(2)] ii 

= (S2 I) i + T (S2 n + 2 [(Sx n(Sx n + (Sy I)(Sy I) + (Sz n(Sz I)] 

3 2 3 2 [Ii Ii iii iii Ii Ii]= -Ii ii +-Ii ii +2 - 1 - 1 +- 1 - 1 +- i - T
4 4 222222 

= ~1i2 ii +2 (~2 ii) = 21i2 ii= 21i211 1) = (1)(1 + 1)1i211 1), as it should be. 

S211 - 1) =	 [(S(1))2 + (S(2))2 + 28(1) . 8(2)] 11
 

31i2 31i2
 
= 4 11 +4 11 +2 [(Sx l)(Sx 1) + (Sy l)(Sy 1) + (Sz l)(Sz 1)] 

2 
= ~ 1i 11 +2 [(~ i) (~ i) + ( - i; i) (-i; i) + ( - ~ 1) ( - ~ 1) ] 

= ~1i2 11 +2~2 11= 21i2 11= 21i211 - 1) . ./ 

~-----------------
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Problem 5.4 

(a)
 

1 = J1"Iji±12d3rld3r2
 

= IAI2 J["ljia(rd"ljib(r2) ± "ljib(rd"ljia(r2)]* ["ljia(rd"ljib(r2) ± "ljib(rd"ljia(r2)] d3rj d3r2 

= IAI2 [J !"ljia(rl)1 2d3rl Jl"ljib(r2)1 2d3r2 ± J"ljia(rd*"ljib(rdd3r l J"ljib(r2)*"ljia(r2) d3r2 

± J"ljib(rd*"ljia(rdd3r l J"ljia(r2)*"ljib(r2) d3r2 + J["ljib(rdI 2d3r l Jl"ljia(r2)12d3r2] 

2 
= IA1 2(1 . 1 ± 0·0 ± 0·0 + 1·1) = 21AI =} IA = 1/v!2·1 

(b)
 

1 = IAI 2 J[2"1jia(rd"ljia(r2)]* [2"1jia(rd"ljia(r2)] d3rld3r2
 

= 4jAI2 J!"ljia(rl)!2d3r l Jl"ljia(r2)1 2d3r2 = 41A1 2 . 1A = 1/2·1 

Problem 5.6 
2(a)	 Use Eq. 5.19 and Problem 2.4, with (x)n = a/2 and (x2 )n = a (~ - 2(";7,-)2 ) .
 

2 _ 2 1 1 2 1. _ 1 _ 2 . !! . !! =
 a2 _ _ _ 1	 (1_ + _ 1 )] .((XI-X2) ) -a (3 - 2(mr)2) +a (3 2(m7f)2) 2 2 I [61 27r2 n2 7112 

(b) (x)mn = ~ I; xsin (";.7f x) sin (n,; x) dx = *loa x [cos ((m~n)7f X) - cos Cm~n)7f X)] dx 

= 1. [(_a_)2 cos (Cm- n)7f x) + (_a_x)sin ((m-n)7f x)
a (m-n)7f a (m-n)7f a 

_(_a_) 2cos ((m+n)7f x) _(-----!!.'L-) sin ((m+n)7f x)] la(m+n)7f a' (m+n)7f a 
o 

= *[Cm~n)rr f (cos[(m - n)7r] -1) - Cm';n)7f f (cos[(m + n)7r] - 1)] . 

But cos[(m ± n)7r] = (_l)m+n, so 

a(-8mn) 'f d I 't'la [( )m+n ] 1	 2( 2_ 2)2' I n1 an n 1ave OppOSl e pan ;y,
(x ) = -	 -1 - 1 - 1) = 7f m n 

mn 7r2 ( (711 - n)2 (nt + n)2 { 0, if 711 and n have same parity. 

2 2 2
2 1 1 (1 1)] 128a m n

So Eq. 5.21 => ((Xl - X2)2) = Ia [ "6 - 27r2 n2 + 7112 - 7r4(m2 _ n2)4'
 

(The last term is present only when 711, n have opposite parity.)
 



Problem 5.12 

(a)	 Hydrogen: (Is); helium: (ls)2; lithium: (ls)2(2s); beryllium: (ls)2(2s)2;
 
boron: (ls)2(2s)2(2p); carbon: (ls)2(2s)2(2p)2; nitrogen: (ls)2(2s)2(2p)3;
 
oxygen: (ls)2(2s)2(2p)4; fluorine: (ls)2(2s)2(2p)5; neon: (ls)2(2s)2(2p)6.
 
These values agree with those in Table 5.1-no surprises so far.
 

(b)	 Hydrogen: 2S1/2; helium: ISO; lithium: 2S1/2; beryllium ISO. (These four are unambiguous, 
because the orbital angular momentum is zero in all cases.) For boron, the spin (1/2) and orbital (1) 

angular momenta could add to give 3/2 or 1/2, so the possibilities are 1 
2P3/ 2 or 2P l / 2 .! For carbon, the 

two p electrons could combine for orbital angular momentum 2, 1, or 0, and the spins could add to 1 or 0: 

ISO, 3SI, 1PI, 3 P2, 3 PI, 3 Po, ID2, 3 D3, 3 D2, 3 Dl . For nitrogen, the 3 p electrons can add to orbital angular 

momentum 3,2,1, or 0, and the spins to 3/2 or 1/2: 

2S1/2, 4S3/2, 2Pl/2, 2 P3/2, 4 Pl/ 21 4, P3/2, 4 P5/2, 2 D3/2, 2 D5/2,
 
4D 4D 4D 4D 2 J:1 2 4P 4 D 4p 4 F.


1/2, 3/2, 5/2, 7/2, £5/2, 3/ 3/2, £5/2, 7/2, 9/2' 

___________L4_-s_k_(pv-_'~....;a'=_e.. 7/J. (Tiec{J, n 
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2	 2 2
2 1 1 (1 1)] 128a m n(c)	 Here Eg. 5.21 =;. ((Xl - X2)2) = Ia [ "6 - 2;:2 ~ + :;;2 + 7r4(m2 _ n2)4' 

(Again, the last term is present only when m, n have opposite parity.) 


