Chapter 6
The Hydrogen Atom
Homework Solutions
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(b) Normalization
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(c) Most probable r: Maximum in the RDF
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Before we can use the above formula, we must calculate the normalization constant, B
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(e) P(0<r <2a¢/Z
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To put it in the form where we can use a dimensionless numerical definite integral
(see given data), let's define: X = 2Zr/ao — r = aox/2Z, dr = aox/2Z , and
r = 2a0/Z corresponds to X = (2Z/ao)(2a0/Z) = 4

2 3
P(OSrSZczo/Z):BI4 R I oy 1 j4xze”‘dx
o\ 27 27 27 ) 90

2 3
_ [4(£j }%ﬁj [1.524] = 0.762~ 0.76
a, 8\ Z

() P(ao/Z<r < 4aolZ)

Play/ Z<r<4a,lZ) = 14/2/ P(r)dr = B 4/2’ F 2,27 g,

To put it in the form where we can use a dimensionless numerical definite integral
(see given data), let's define: x = 2Zr/fao — r = aox/2Z , dr = aox/2Z.
r = ao/Z corresponds to x = (2Z/ao)(a0/Z) = 2, r = 4ao/Z corresponds to x = (2Z/ao)(4a0/Z) = 8

2 3
P &Srﬁ% =BI8 Lo e Go_ dx=B Lo jsxze”‘dx
VA VA 2\ 27 2Z 27 ) 72
3 3
=4 z 1(&j [J‘szexdx}zi[rxzexdx]
a, 8\ Z 2 2172

1 [ [ e fxze—xdx} ~1[1.972-0.647]=0.66
2 do 0 2



0 <V>=<‘ )
< > J‘ P(r)dr—.[ 1[3 2 7zzﬂao}dr_BJ' e 2l g,

e

Ze* zZe* /1 Ze* 7 VAL
R ) N

Are,r 4re, 4rg, a, 4reg, a,

(h) Verify Solution of the Radial Equation
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(@) rmax (most probably distance from the nucleus)
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(b) <r?> (averaged squared distance from the nucleus)

Before we can use the RDF to compute averages we must calculate the
normalization constant, B
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Let's work this in parts (A first, followed by B)
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Note: The real wavefunction could be normalized via division by J2
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