
Chapter 6 
The Hydrogen Atom 
Homework Solutions 

 
 

1. He+:  Z = 2  
2 2

2
0 0

1

2 4n

e Z
E

a n
   

 (a) nU = 6  ,  nL = 3 
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 (b) Ionization:  nU =   ,  nL = 1 
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 (a) Orthogonality 
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 The angular integrals are: 4I I    .  We'll focus on IR 
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 (b) Normalization 
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 (c) Most probable r:  Maximum in the RDF 
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 d[P(r)]/dr = 0 at maximum 
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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 2a9/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)(2ao/Z) = 4 
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 (f) P(ao/Z  r   4a9/Z)   
 

 
0 0

0

0 0

4 / 4 / 2 /2
0 0 / /

( / 4 / ) ( )
a z a z Zr a

a Z a Z
P a Z r a Z P r dr B r e dr      

 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.   
 r = a0/Z corresponds to x = (2Z/ao)(ao/Z) = 2, r = 4a0/Z corresponds to x = (2Z/ao)(4ao/Z) = 8 
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 (h)  Verify Solution of the Radial Equation 
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3. 0
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 (a) rmax (most probably distance from the nucleus) 
  
 d[P(r)]/dr = 0 at maximum 
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 (b) <r2>  (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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4. 2 2sin i
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 Let's work this in parts (A first, followed by B) 
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 Thus, the Eigenvalue is 2 26 ( 1) 2l l l      
 
 (b) LzYl,m(,) 
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 Thus, the Eigenvalue is 2 2m m     
 
 (c) <y2>  (set up integrals)     sin siny r     
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5. 2 2
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 Note:  The real wavefunction could be normalized via division by 2  
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