140 Chap. 4 Quantum Mechanics in Three Dimensions

Table 4.4: The first few Laguerre polynomials, L, (x).

Lo=1 |
Li=—x+1

Ly=x%—dx +2

Ly=—x3+9x2 —18x +6

Ly =x*—16x% +72x% —96x + 24

Ls = —x> +25x* — 200x% + 600x% — 600x + 120

Le = x% — 36x° 4 450x* — 2400x + 5400x% — 4320x + 720

Table 4.5: Some associated Laguerre polynomials, L;’_ (0

Ly=1 Ll=2

L)=-x+1 L] =—6x+18
L)=x—4x+2 L3 =12x* — 96x + 144
Ly=1 L}=6

Ll=-2x 14 L3 = —24x + 96

Ly =3x"—18x + 18 L3 = 60x* — 600x + 1200

They are not pretty, but don’t complain—this is one of the very few realistic systems
that can be solved at all, in exact closed form. As we will prove later on, they are
mutually orthogonal:

f W Wt #2500 dr dO d = 8,811 S - [4.90]

xProblem 4.10 Work out the radial wave functions Rsg, R3;, and Rz, using the
recursion formula (Equation 4.76). Don’t bother to normalize them.

xProblem 4.11

(a) Normalize Ry (Equation 4.82), and construct the function .
(b) Normalize R, (Equation 4.83), and construct ¥2,1, Y210, and ¥2;_;.

*xProblem 4.12

(a) Using Equation 4.88, work out the first four Laguerre polynomials.
(b) Using Equations 4.86, 4.87, and 4.88, find v(p) for the case n = 5,1 = 2.
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Table 4.6: The first few radial wave functions for hydrogen, R,;(r).
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Figure 4.4: Graphs of the first few hydrogen radial wave functions, R, (r).




