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Electron rest mass : m
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Energy in a mode/oscillator :   E f = nhf    ;   probability  P(E)"e#E / kBT  
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Stefan's law :R ="T 4
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Wien's displacement law :  "
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Photons :      E = pc   ;   E = hf    ;     p = h/!      ;      f = c /!     
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Photoelectric effect :   eV0 = (
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2
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Rutherford scattering:     
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Constants :  hc =12,400 eV A ; hc =1,973 eV A ;   k
B

=1/11,600   eV/K ;  ke
2

=14.4eVA 

Electrostatics :  F =
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   (potential)
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Hydrogen spectrum :  
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Bohr atom: En = "
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 hf = Ei " E f   ;  rn = r0n
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Z
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X - ray spectra :   f
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= An (Z " b)   ;   K :  b =1, L :  b = 7.4  
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de Broglie :    " =
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group and phase velocity :    vg =
d"

dk
     ;    vp =
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k
     ;      Heisenberg    :    #x#p ~ h     ;      #t#E ~ h  
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Wave function           "(x,t) =|"(x,t) | ei# (x,t )    ;        P(x, t) dx =|"(x, t) |2 dx =  probability 
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Schrodinger equation :   -
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Time " independent  Schrodinger equation :   -
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Eigenvalues and eigenfunctions :  Aop " = a " (a is a constant)  ;  uncertainty :     #A = < A
2

> $ < A >
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Harmonic oscillator :   "n (x) = CnHn (x)e
#
m$

2h
x

2

; En = (n +
1

2
)h$  ; E =

p
2

2m
+

1

2
m$ 2

 x
2

=
1

2
m$ 2

A
2
   ;  %n = ±1 

  

! 

Step potential :    R =
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(k1 + k2)2
  ,      T =1" R       ;    k =
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Tunneling :       "(x) ~ e-#x    ;    T ~ e-2#$x   ;     T ~ e
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3D square well :    "(x,y,z) = "1(x)"2(y)"3(z)  ;  E =
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Spherically symmetric potential :   "n,l,m (r,#,$) = Rnl (r)Y
lm (#,$)    ;   Y

lm (#,$) = f lm (#)eim$  
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Angular momentum :    
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Radial probability density :    P(r) = r
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Ground state of hydrogen and hydrogen - like ions :    "1,0,0 =
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Orbital magnetic moment :   µ
"

=
#e

2m
e

L

"

   ;   µz = #µ
B
m

l
   ;   µB =

eh

2m
e

= 5.79 $10#5
eV /T  

  

! 

Spin 1/2 :    s =
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Total angular momentum: 
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Orbital +spin mag moment :       
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Two particles   :     "(x1,x2) = + /#"(x2,x1)    ;     symmetric/antisymmetric  
Screening in multielectron atoms :      Z ! Z eff     ,    1 < Zeff < Z  
Orbital ordering: 
1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 6s < 4f < 5d < 6p < 7s < 6d ~ 5f  
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Rotation :   E
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g(E) = [2" (2m)3/2
V /h3]E1/2 (translation, per spin) ; Equipartition :  < E >= k

B
T /2 per degree of freedom 

Lasers: 
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