PROBLEM SET SOLUTIONS

Chapter 5, Quantum Chemistry, 5" Ed., Levine

5.9 Let A have the components (3, -2, 6) & let B have the
components (-1, 4 ,4). Find DAL, (BLJL,A+B,A-B,A[B,A
X B. Find the angle between A and B.

A=1(3)+] (-2) +k(6) B=i(-1)+] (4 +k(4)

CAO=(A2+AS2+ A= (9+4+36)"*=(49)V*=7
SCALAR

0BO= (B2 + B2+ B,)"?= (1 + 16 + 16)"?= (33) 2= 5.74
SCALAR

A+B=i(31)+j(-2+4) +k (6+4) =i (2) +] (2) + k (10)
VECTOR

A-B=i(3+1)+j (-2-4) +k (6-4) =i (4) +]j (-6) + Kk (2)
VECTOR

AeB= AxBx + AyBy + Asz: (3)('1) + ('2)(4) + (6)(4) =13
SCALAR

AXB= i(-824)+] (-1) (12+6) + k(12-2) = i (-32) +j (-18)
+k(10) VECTOR



CA x BO=DADDBOSin 6 = (DA x BOSOA x BO)Y2
= ((-32)? + (-18) 2+ (-10) )¥2=38.05
sin 6 = 0A x BO/(OAD OBL) = 38.05/(7x5.7) = 0.947

0 = sint(0.947) = 71.26°



5.14(b) The divergence of avector function A is given by
dvA=I[ A
=(i0/lox +j doloy +k 9/oz) « (i A, +j A+ kK A)
= 0A,/0x + 0A,/ dy + 0A,/ 0z.

Find[d r,wherer =ix +]y + kz.

[ff r =0x/OXx+0yldy +02/0z=1+1+1=3



5.24 Calculate the possible angles between L and the z-axisfor |
=2

|=2,m=-2,-1,0,1,2
CLO=SQRT (I (I + 1)) h=SQRT( 2x3) h= SQRT(6) h
L,0=mh

=2, m=2:cos8=2h/SORT(6) h =2/SQRT(6) = 0.816,
0 =235.2°

=2, m=1.cos8=1h/SORT(6) h =1/SQRT(6) = 0.408,
0 =65.9°

| =2, m=0:,08=90.0°
| =2, m=-1: 6 = (180 -65.9)°= 114°

| =2, m=-2:0=(180-35.2)°= 144.8°



5.25 Show that the spherical harmonics are eigenfunctions of the
operator
L
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