
HW#4 Solutions 
 
Q11.  
Since the atom recoils in the process of emission of the photon, it will posses kinetic 
energy after the emission. Conservation of the energy requires that the energy of the 
transition has to be equal to total energy of the system (energy of the photon plus kinetic 
energy of recoiled atom) after the emission. Since the kinetic energy of the atom is 
greater than zero, it is clear that the energy of the photon has to be less than the difference 
between the initial and final energy levels. When the hydrogen atom recoils it has kinetic 
energy KEhydrogen. From the conservation of energy we can write: 
Ef-Ei=Ephoton+KEhydrogen 
Where Ef-Ei is the difference in energy between the two hydrogen energy levels involved 
in the emission process and Ephoton=hν is the energy of the photon. Hence Ephoton is 
smaller than Ef-Ei. 
 
 
Q21.  
No. The fine structure constant involves e, h, c and εo. If we take e, h and c alone then 
they cannot be combined to make a dimensionless number. If we include εo then the only 
way to produce a dimensionless number is to combine them in as they are in the fine 
structure constant (or powers of that). 
 
 
P6.  
a) In a head on collision θ = π 
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P10.  

Putting equations 4-8 and 4-9 together we have, 
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P14.  
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Hence we are justified in ignoring the gravitational force. 
 
 
P24.  
The energy required (! E) to move an electron from energy level i to f is ! E=Ef-Ei, where 

the energy of level n is given by
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      = 3.4x10-20 J = 0.21 eV 
 
 



P30. 

From eqns. 4-22, 
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since Z=1, our atom is hydrogen and M = mp = 938.3 meV/c2 
m = mµ = 105.7 meV/c2  (from table 17-1, p.650)  
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R" (m= me) =109.737 cm-1  (from example 4-9) 

!  

R" (m= mµ ) =
mµ

me

R" (m= me)     ⇒    

!  

" =
mµ + mp

mp

# 

$ 
% % 

& 

'  
( ( 

me

mµ

# 

$ 
% % 

& 

'  
( ( 

1
R) (me)

   

!  

" =
105.7+ 938.3

938.3

# 

$ 
% 

& 

'  
( 
0.511

105.7

# 

$ 
% 

& 

'  
( 
1cm

109,737
= 4.9 ) 10*8 cm= 4.9 A 

 
 
P35.  
Conservation of energy:  
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P37. 

E=4.9 eV = 7.85 x 10-19J 
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P38. 



a) From Eqn. 4-19,    
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For Hα (Balmer)  nf = 2, ni = 3  (and Z=1 of course) 

For He+  (Z=2) 
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If λ (Hα) = λ(He+)      ⇒       
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Most obvious He+ states that satisfy this relation are nf = 4,  ni = 6. 
 
b) Accounting for the reduced mass and using equation 4-22, 
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            (from fig. 4-10) 


