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Formulas and constants: 
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Photons: 
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Energy in a mode/oscillator :   E f = nhf    ;   probability  P(E)"e#E / kBT  
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Wien's displacement law :  "
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Rutherford scattering:     
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Electrostatics :  F =
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Bohr atom: r
n

= r
0
n

2
; r

0
=
a

0

Z
; E

n
= "E

0

Z
2

n
2

 ;  a
0

=
h

2

mke
2

= 0.529A  ;  E
0

=
ke

2

2a
0

=13.6eV ; L = mvr = nh  

! 

Ek =
1

2
mv

2
  ;   Ep = "

ke
2
Z

r
  ;  E = Ek + Ep   ;  F =

ke
2
Z

r
2

= m
v

2

r
  ; hf = hc/# = En " Em  

! 

Reduced mass :  µ =
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m +M
  ;   X - ray spectra :   f 1/ 2 = An (Z " b)   ;   K :  b =1, L :  b = 7.4  
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group and phase velocity :    vg =
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