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Griffiths2.15+Gauss Law (exercise)
Avg. :10.9 Stdev. :6.3
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Griffiths 2.39(Exercise)

Avg. :11.4 Stdev. :5.9
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Avg. :11.6

Stdev. :7.0

Griffiths Ex3.2 

+Prob 3.8
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Stdev. :7.4

Griffiths 3.19, 3.23, 97midterm (Website)
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Stable equilibrium Unstable equilibrium

Picture Credit: B. Danglot et al., Empir. Softw. Eng. 23, 2086 (2018).
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Stable equilibrium: small perturbations ("pushes") on the

particle in any direction should not break the equilibrium.

Particle "falls back" to its previous position

Force field lines around the particle's equilibrium position

should all point inward, toward that position.

Divergence of the field at that point must be negative.

Gauss's law says that the divergence of any

possible electric force field is zero in free space.

NO WAY!



Prob 4.32 in Griffiths
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Source: https://www.youtube.com/watch?v=tT9e_QrrJzM

Optical trapping and manipulation of 
neutral particles using lasers

https://doi.org/10.1073/pnas.94.10.4853

https://www.youtube.com/watch?v=tT9e_QrrJzM
https://doi.org/10.1073/pnas.94.10.4853
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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

Electromagnetism 2022 Fall Chap. 4 Supplement by Tien-Fu Yang (TA) Email: yang168@gapp.nthu.edu.tw



Parallel Plate Method

Electromagnetism 2022 Fall Chap. 4 Supplement by Tien-Fu Yang (TA) Email: yang168@gapp.nthu.edu.tw

( )

0

0 0

, ,

0 0

, ,

, 0 0

1

2 11

21

r

teflon air

measured r

teflon a f d f

measured r

teflon a f d f

measured r eff

A
C

d
D d

C A A

ND d N d

C A A

ND d d

C A A

 

  

  

  

=

 = +

+ −
 = +

−
 = +

Ref: AJP 73, 52 (2005)
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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
e

N
N N





= =  =P p E

If the density of atoms is low, it’s not far off. However, the fields used are from different viewpoints!

Macroscopic

Microscopic

macro self ext= +E E E
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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

ˆ
coth

u pE kT
N N Np Np

E pE kT pE

  
 = =  = − = −  

  

E
P p p E

Langevin equation

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 

( )exp u kT−

The average energy of the dipoles is therefore

( )coth

pE u kTu kT pE kT pE kT
pE

u kT pE pE kT pE kTu kT

pE

ue duue d e e
u kT pE kT pE pE kT

e d e ee du

−− −
−

− −−

−

  +
= = = − = − 

 −  



 

Comment: For large fields/low temperatures, all the

molecules are lined up, and the material is nonlinear.

Linear region
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