Problem 4.34

(a)

S110) = (89 + 5) (1] + 1) = = (S D L+HS- 1) T +1 (5 D+ L(S- 1.

But S_ 1=h|, S_ |=0 (Eq. 4.143), so S_|10) = —1\/3 W1l 40+ 0+ k1l =V2h ||=V2H]1-1).v
(b)

5:10.0) = (S5 + SE)Z=(11 = 11) = Z (S D1 ~(S D T+1(Ss -1 (52 D).

S, [00) = %(0— 11 +h 11 —0) = 0; S_[0 0) = -\%(h 1L —04+0—K1])=0 v
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(c)
SI1 1) = [(S0)2 + (5?2 428 . 8] 11
=(S®ND1T+H1(S21)+2((Se 1)(Sz 1) + (Sy 1)(Sy 1) + (8= 1)(S: 1]
IR S LU N
_Zh TT+4_1h TT+2[2121+2 ! 5 l+2T2T

2
= ghz 1 +2 (%— TT) =2r% 11=2h%1 1) = (1)(1 4+ 1)A2[1 1), as it should be.

S21 —1) = [(s(1>)2+(s(2>)2+2s(1>-s<2>] 1l

2 2
= 3—2‘ H +% LL42([(Sz D(Se 1)+ (Sy D(Sy 1) +(S: 1)(S. 1]

_ 352 R R _ih _th _k _h

prue|(51) G)+ (5 ) (5 1)+ (51) (-39
32 h? 2 2

= SR 1L 2 Ll=20" ||=2R"1 ~1). v
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Problem 5.4

(a)
1:/|¢i|2d3fld3r2
= |A|2/[¢a(r1)¢b(r2) + Yp(r1)¥a(r2)]” [Wa(r1)¥s(r2) £ ¥p(r1)va(r2)] d®rid’ry
— 1A [ [P [Pt [ v wdn [ i) o)
i/¢'b(rl)*¢a(rl)d3rl/"/}a(r2)*¢b(r2)d3r2+/l'(/)b(rl)|2d3r1/lwa(r2)|2d3r2:|
=|A2%(1-140-0£0-0+1-1) =24 =|A4A=1/V2.

(b)

1= |4 / (20 (1) e (r2)]* [2¥a(r1) ¥ (r2)] Prid’es

— AP [ [oalen)Prs [ lvalea) Pra = 4P,

Problem 5.6
(a) Use Eq. 5.19 and Problem 2.4, with (z), = a/2 and (2?),, = a® (% — 5(—7:;—)5) .

S0 1 /11
_ 1 1 1 1 a _|,2
((rl—-rz)2>—az(a———z(m)z)+‘12(§——fz(m))—2'%'5—‘1 [g—ﬁ(ﬁ+m>]'

(b) (@)mn = 2 [ xsin (22z)sin (22z)de =1 [z [cos (Lﬁ;—"—)lm) ~ cos ((M#EJ')] dx

a

2
= % [(im—an)n) cos ((m;n)"m) + ((mia;z)‘lr) sin ((m;")ﬂl.)

2 a
N ((m-ﬁn)n) Cco8 ((m-zn)ﬂ’x) - ((mizn)w) sin ((mtn)‘lrl_)]

0

=1 l<(7‘a_’7)2 (cos[(m — n)m] — 1) — ((H#n),rf (cos|(m + n)m] — 1)] ,

But cos[(m + n)xw] = (—1)"*", so

(Y = a [(_1)m+,, - 1] ( 1 B 1 _ %?;?})—)7, if m and n have opposite parity,
w2 (m-n)2  (m+n)? 0, if m and n have same parity.

1 1 1 1 128a2m?n?
§ E . 5. = —_ 2 = 2lE — 5 5 T A2 o ova”
So Eq. 5.21 = ((z1 — 22)°) = |a [6 272 (n2 N m2>] mt(m? —n?)!

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



Problem 5.12

(a) Hydrogen: (1s); helium: (1s)?; lithium: (1s)%(2s); beryllium: (1s)2(2s)?;
boron: (1s)%(2s)%(2p); carbon: (1s)2(2s)2(2p)?; nitrogen: (1s)%(2s)%(2p)?;
oxygen: (1s)2(2s)2(2p)%; fluorine: (1s)%(2s)2(2p)®; neon: (1s)%(2s)2(2p)°.
These values agree with those in Table 5.1—no surprises so far.

(b) Hydrogen: 2S;,5;  helium: 'Sp;  lithium: 2S;/5;  beryllium *Sp. (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 2P3/2 or 2P, /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:
l 164,38,,1P,,3P,,3P,,3Py,1D5,3D4,3D,,%D;. ‘ 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:

251/2»433/29 2P1/2s2P3/2,4p1/2y4[)3/2)4P5/292D3/27 213-5/23
4D1/2,4D3/2,4D5/2,4D7/2,2E5/2,2@4P’3/2,4F5/2,4F7/2,4F9/2.
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i Sl

1 1 /1 1 128a2m?n? |
Here Eq. 521 = (21 — 20)2) = |a? [ - — [ 2 1+ = . !
(c) Here Eq ((x1 —22)%) = |a [6 TR (n2 + m2>] o s )T |

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




