33 D The eigenfunctions of the bound sias
Using [3.47] we see that [3.50] becomes mm‘
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It is shown in Appendix 3 that the integral over p can be evaluated by using thc ‘
generating function [3.45]. The result is (see [A3.26]) .
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 so that the normalised radial functions for the bound states of one-electron
; atoms may be written as [2] oy
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As an illustration of the above formulae, we shall consider the case of an
‘infinitely heavy’ nucleus, so that a,, reduces to ay = 4meoh?/me?, the first Bolr
radius. The first few radial eigenfunctions are then given explicitly by

Ryo(r) = 2(Z/ao)*’* exp(—Zr/ao)
Rao(P) = 2Z/2a0)>*(1 — Zr/2a,) exp(—Zr/2aq)

R = —= (Z/2a0"Zr/as) exp(—Zr/2a5)

7

Rso(r) = 2Z/3a)>*(1 — 2Zr/3ay + 2Z%?/27a3) exp(—Zr/3a,)
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Ra(n) = =5~ (Z/3a0)"*(1 — Zr/6ao)(Zr/ao) exp(—Zr/3ap)

4
R3r) = 27/10 (Z/3a0)*'*(Zr/ao)* exp(~Zr/3a0) : [3.54)
In order to express these functions in atomic units (a.u.) one just sets ¢ = 1 in
[3.54]. To take into account the reduced mass effect, we should replace a, by
a, = aom/ ).

Using the radial wave functions [3.53] together with the explicit expressions
of the spherical harmonics given in Table 2.1, we display in Table 3.1 the com-
plete normalised bound state hydrogenic eigenfunctions ,,,(r, 8, ¢) for the
first three shells (i.e. the K, L and M shells corresponding respectively to the
values n = 1, 2 and 3 of the principal quantum number) for the case of an

[2] In writing [3.53] we have used the fact that the radial eigenfunctions R,(r) may be taken to be
real without loss of generality.
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