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 According to quantum mechanics, the electron cloud for a hydrogen
atom in the ground state has a charge density
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Experiment
Hydrogen atom ~ 0.667e-30
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In a linear dielectric, the polarization is said to be proportional to the filed 0 e=P E
If the material consists of atoms (or nonpolar molecules), the induced dipole moment =p E

?

0
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Clausius-Mossotti formula Lorentz-Lorenz relationWhat about polar substance?
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Energy of a dipole in an external field cosu pE = −  = −p E
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Statistical mechanics says that for a material in equilibrium at absolute temperature, the probability of a given molecule 
having energy is proportional to the Boltzmann factor 
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1. Use Image Dipole to free the boundary as shown in the figure.
2. Try to describe the system with respect to the origin of the image dipole
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Come to rest
when angle = 0 or 90 deg
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0
ˆ
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b P



= −  =
 =  = 

P
P n

Like DipoleL a
Like Parallel Plate Capacitor

Field is nearly uniform inside with fringing field at edges.
L a

Electron + magnet → Electret
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For field in the region of overlap
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were concentrated at
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Key: Consider two cylinders of 
opposite uniform charge density 
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Parallel Plate Method
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Ref: AJP 73, 52 (2005)
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Four charges involved:
(i) 
(ii) polarization charge surrounding 
(iii) surface charge  on top surface of lower dielectric
(iv) surface charge  on lower surface of upper dielectric
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