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Second, one may seek solution to the equation
(9.52) £+ ou=0

Once having found ¢y, the remaining eigenfunctions of L? and L,, corresponding
to the orbital quantum number |,

(9.53) {Oim} = (ou, Pri-1s.-.5 @ )
are obtained by applying L_ to ¢,,. That is,
(9.54) -1 =L_gy

Pri-2 = L. Pr1-1

In either technique for obtaining the eigenfunctions ¢,,, it proves both con-
venient and practical to work in spherical coordinates (r, 8, ¢) (see Fig. 1.6). These
coordinates are related to the Cartesian coordinates (x, y, z) through the trans-
formation equations

x =rsinfcos ¢
(9.55) y = rsin @sin ¢
z=rcos @

With these equations, the Cartesian components of L, (9.3), are transformed to
(see Problem 9.14)

L, = ih(sin ¢ — + cot 8 cos ¢ Z})

o 0 0
(9.56) L,= zh(—cos é 35 T oot 6 sin ¢ ¢)

Using expressions (9.56) we obtain first the ladder operators

~ ~ ~ 0 0
L+=Lx+iLy=h"’(1cot9 )

(9.57) 56 " 70
L =L —il. =he ”‘lcotei——a—
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and second, the operator [

~ 1 4 J 1 0?
2 _ _h2
(9.58) L* = —h [s in 00 (sm d 39) sin’ @ a¢2]

We are now prepared to seek solutions to (9.51). This is the first technique, as
mentioned above, for finding the eigenstates ¢,,. These solutions are quite common



