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PHY 712 Electrodynamics
9-9:50 AM  MWF  Olin 105

Plan for Lecture 9:

Continue reading Chapter 4

Dipolar fields and dielectrics

A. Electric field due to a dipole

B. Electric polarization  P

C. Electric displacement  D and 
dielectric functions
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Two colloquia this week:

02/04/2019 PHY 712  Spring 2019 -- Lecture 9 3



2/4/2019

2

02/04/2019 PHY 712  Spring 2019 -- Lecture 9 4

Review:  General results for a multipole analysis of the 
electrostatic potential due to an isolated charge distribution:
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General form of electrostatic potential with boundary value 

for confined charge density : 
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Notion of multipole moment:
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General form of electrostatic potential in terms of 
multipole moments:
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Focus on dipolar contributions:

Poorly defined for 0 r  Correct value for 0r
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“Justification” of surprizing δ-function term in dipole electric 
field -- Assuming dipole is located at r=0, we need to need to 
evaluate the electrostatic field near r=0: 
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More details
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More details continued --
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Electrostatic dipolar field for dipole moment  at =0:
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Summary of key argument:
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Coarse grain representation of macroscopic distribution 
of dipoles:
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Coarse grain representation of macroscopic distribution 
of dipoles -- continued:



2/4/2019

6

02/04/2019 PHY 712  Spring 2019 -- Lecture 9 16

     

        

      
     

   rrD

rPrErD

rrPrE

rPrrEr

rr

rP

rr

r
r

p

mono

mono

mono

mono

i

i

rdrd

q




































 

   :law sGauss' of form cMacroscopi

    :fieldnt Displaceme Define

                 

1

'

''
'

'

'
'

4

1
  

: dipoles and        

  charges monopole  of scollectionfor  potential ticElectrosta

0

0

0

2

33

0

Coarse grain representation of macroscopic distribution 
of dipoles -- continued:
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Coarse grain representation of macroscopic distribution 
of dipoles -- continued:
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Boundary value problems in the presence of dielectrics 
– example:
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Boundary value problems in the presence of dielectrics 
– example:
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Boundary value problems in the presence of dielectrics 
– example -- continued:
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Boundary value problems in the presence of dielectrics 
– example  -- continued:
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