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PH 316 Image Charges in Dielectrics   10/6/05   MJM

We will work out the image charges





+q

for the boundary between two semi-

infinite dielectrics of dielectric 

constants (1 and (2 .
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     region II
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For every charge +q in region I, we may

employ image charges to calculate the



    +q

electric field in regions I and II.
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(1
When calculating the fields in region I,



d

we employ the charge q and an image






   region I

charge q' located an equal distance below




 r

the boundary. Both charges are embedded

in the dielelectric of region I, namely (1



d

(1









     q'

We wish to equate the perpendicular components

of D on both sides of the boundary 

(from div D = (free), and the parallel components 

of E (from curl E = 0), so we will calculate

region I (just above the boundary) 


D( = (1 ( - kqd/s3 + kq'd/s3)


E|| = kqr/s3 + kq'r/s3 

( next page for region II and matching E|| and D( on both sides of the boundary)

In region II the field is calculated from an image 



q''

charge q'' located a distance d above the plane in

the same position as the original charge q.
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(2
This charge is considered embedded in the 





      s
material of region II, namely (2. 









region II
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In region II we then have (just below the boundary)


D( = - (2 kq'' d/s3,


E|| = kq''r/s3  


Equating D( gives 
- (2 kq'' d/s3  =  (1 ( - kqd/s3 + kq'd/s3),  or   - (2 q''  =  (1 ( - q+ q')

Equating E|| gives
kq''r/s3          = kqr/s3 + kq'r/s3            , or          q''          = q + q'

Putting q'' = q + q' into the first equation gives


- (2 (q + q')  =  (1 ( - q+ q'),  or    q((1-(2) = q'((1 + (2)


so
q' = q ((1 - (2)/((1 + (2) .

When the diectric constants are equal, q' vanishes (there is only one material and no boundary!)

When (2 is greater than (1, q' is negative.  Notice that when (2 >>> (1, q' approaches -q. What does this suggest to you?

Solving for q'' = q + q' = q+ q ((1 - (2)/((1 + (2) 



q'' = q (2(1/((1 + (2)).

When the boundary disappears ((1 = (2),  q'' = q.  Then the same charge q calculates the fields everywhere, as it should.

When (2 ( infinity,  q'' ( 0.  What does this mean for the fields in region II?


There is a conclusion to be drawn about dielectric constant and conductors. 

Can you see what it is?

