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PIXE Homework #2 - Physics 100    
Union College Fall 2014 
 
 
1.   What are the Kα and Kβ energies for the following elements: Ni(Z=28), Fe(Z=26), 

Au(Z=79), and Pb(Z=82)?   (Please use the equations given in the lecture and not the 
table of x-ray energies to do the calculation.) 

 
 

The x-ray energies are given by 
 
ΔE = −Z 2 me4
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, where for the α-

transition we have nu = 2→ nl = 1and for a β-transition nu = 3→ nl = 1 .  Thus for a 
Kα transition (evaluating the constants) we have 

 

ΔEα = −Z 2 me4
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ΔEα = 1.626 ×10−18 J( )Z 2 = 10.16( )Z 2
 
, while for a Kβ transition 

 

ΔEβ = −Z 2 me4
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ΔEβ = 1.927 ×10−18 J( )Z 2 = 12.04eV( )Z 2
 

 
 
2.   What is the ratio of the Kα energies of uranium(Z=92) to carbon(Z=6)?   
 

Using the formula above:  
UKα

CKα

=
92( )2
6( )2

= 235 . 

 

Element ΔEα (keV) ΔEα (J) ΔEβ (keV) ΔEβ (J) 
Fe (26) 6.90 1.10 ×10−15  8.1 1.30 ×10−15  
Ni (28) 7.96 1.27 ×10−15  9.4 1.51×10−15  
Au (79) 63.4 1.02 ×10−14  74.9 1.20 ×10−14  
Pb (82) 68.3 1.09 ×10−14  80.7 1.30 ×10−14  



 
3.   What is the ratio of the Kβ energies of tungsten(Z=74) to calcium(Z=20)? 
 

Based on the formula above: 
WKβ

CaKβ

=
74( )2
20( )2

= 13.7  

 
4.   Given the PIXE spectrum of a single element standard shown below, what are the 

elements? 

 
 
 
Given the x-ray energies from the graph of 5.4 and 6.0keV, the element is Chromium (Cr) 
along with Calcium (at 3.7 and 4.0 keV) and Phosphorus (at 2.0 keV) using the table of x-
rays.  However, if we use the formula for the Kα transition from the Bohr theory, we find 
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would suggest the element Vanadium.  But, if we use the modified Bohr theory then we 
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or Cr. 
 

0	
  

2000	
  

4000	
  

6000	
  

8000	
  

10000	
  

12000	
  

14000	
  

16000	
  

0	
   1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
  

N
um

be
r 

of
 X

-r
ay

s 

Energy (keV) 



As a check we use the modified Bohr theory for the Kβ transition and we find 
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or Cr. 
 
5.  Given the PIXE spectrum of a single element standard shown below, what are the 

elements? 

 
 
 
Given the x-ray energies from the graph of 6.4 and 7.1keV, the element is Iron (Fe) using 
the table of x-rays.  However, if we use the formula for the Kα transition from the Bohr 
theory, we find 
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would suggest the element Manganese.  But, if we use the modified Bohr theory then we 
find
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or Fe. 
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As a check we use the modified Bohr theory for the Kβ transition and we find 
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or Fe. 


