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The coefficient Cn can be evaluated,
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5.2 The Wave Function of - Hydrogen Atom in Three Dimensions.

It is wellknown that if the total Hamiltonianlof the system 1is
given, one could set up an eigen value equation to derive its energy
spectrum or construct a wave equation: to derive its probability
amplitude. For the hydrogen atom problemg one knows that the wave
function (or eigen function) depends on the quantum number n, {
and m, namely, H%Qﬁ?’ the usual spherical wave function of the

hydrogen atom can _beé writtea in the form (8)
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where % (x) and Ln(x) are the associated Legendre function and
Laguerre function respectively. The principal quantum number n

| H
relates to the enexgy-level.as

E = - — , n =1, 2, 3,... (5.9)

When n | 1is given, Q and' 'm = can be found from the following ruies;
for the restrictive n
J1ENdl B-0, 2-C.1.0.BlA/h, b

m can be -(n-1), - (n-2),...0... (n-2),(n-1) .

. 3
We find that each given value of Q , there are 2Q+1 values of m,
so that the number of the degenerate states can be evaluated from the

formula
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5.3 The Ground State and Excited State Wave Functions of Hydrogen
Atom from Coulomb Green's Function.
Here, we willl determine the wave function of the hydrogen

atom from the exact'Green's function (4 .54)
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Considering the Green's function in (5.7) , its residues

represent the wave functions.of . the quantized system. For the nth

*_\
eigen state, the residue lpn(xvq)n(?“) can be found from the

following formula (17)
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Similarly, the Coulomb Green's function_in (5.11) satisfies

this property,-namely, one can verify that14)n9?m) can be found by

using equation (5472). Because ofllits degeneracy, it is too difficult

to denive the wave function of the ﬁydrogen atom [froms.the residue of

th

- . .
x", E) for the general n efgen state. Here, we will show

G(;(‘" s
how to derive“the wave function of /the hydrogen atom from' the residue
of G(X",x";E) for n = 132, 3 and for general n respectively.
Now we consider the residue of Coulomb Green’s function for general

]
n, the energy level is

(5.13)
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From (5.11) the residue of G(%X", X'; E) becomes
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and Z 4+M .
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(5.21) becomes
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Now we con51der the case for n= 1, at the ground state of the

hydrogen atom, (5.28) thus becomes

:lK('V:;-bT') (5 .29)
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Recognizing that k = .1m§ , then using the formula (19)
: h
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Obviously, ') is the
ground state wave f i the hy gen atom in three

dimensions .
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Again, the forwm (5.30) 1s used to transformm5.32) into the

form,
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and recognizing that k = ﬂl—?— ,» so that (5.33) can be written as
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Considering the terms that contain cosy as a factor
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can be written as
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can be put into the form
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