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Atomic Polarizability



Atomic Polarizability
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𝒑𝒑 = 𝒒𝒒 𝒅𝒅

Electric Dipole Moment of Water Molecule

Griffiths Introduction to Electrodynamics, 5th Edition



H2O molecules in liquid water 
with random orientations for 
their electric dipole moments 𝑝⃗𝑝

𝒑𝒑 𝑬𝑬 𝑬𝑬

All of this rotation transfers 
energy to the water and heats 
it up.

Microwave electric field 
alternating at 2.45 ×  109 times 
per second

H2O molecules in solid water 
(aka ice) have their electric 
dipoles 𝑝⃗𝑝 locked in place by the 
strong hydrogen bonding.
Little heating!

𝑬𝑬

Microscopic Picture of How a Microwave Oven Works
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Electric Polarization 𝑷𝑷

𝑷𝑷 𝒓𝒓 =
𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆𝒆 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎

𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽

Example of a spatially-
varying electric polarization

𝑷𝑷 𝒓𝒓



𝝈𝝈𝒃𝒃 = 𝑷𝑷 � �𝒏𝒏

�𝒏𝒏�𝒏𝒏
𝑷𝑷

𝝈𝝈𝒃𝒃−𝝈𝝈𝒃𝒃

surface bound charge

𝝆𝝆𝒃𝒃 = 𝛁𝛁 � 𝑷𝑷
volume bound charge

Bound Charge

𝝏𝝏𝑷𝑷𝒙𝒙
𝝏𝝏𝝏𝝏

> 𝟎𝟎  in this case
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