
Lecture 9
Chapter 4 Electrostatics of insulators

Insulator Dielectric
material where charges are

bound to each other in neutral
units atoms molecules

So unlike conductors changes are not free
to move large distances inside the
material but are confined to only
atomic displacements
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More generally in more complex materials
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Now apply to whole material which is a

collection of many atoms molecules
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fine as long as we only ask questions

on length scales large compared to

atomic scales
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all space only to when ff o

Free because they are not bound in the atoms

of an insulating material
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Made integral over all space since Pao
outside of material

It is very illuminating to rewrite the

second term in so that it looks

like the first
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so becomes
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Define boundchargedusity
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These are our key results for
electrostatics of insulators
The rest consists of interpretation
reformulation and approximation

Inteffentatatough
an insulating material is

charge neutral when polarized it

can develop a change density go I P
This is due to a slight mismatch



in the dipole moment of neighboring
atoms so they don't exactly cancel
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Of course overall it must cancel
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Generally g is very small except

right at the edge of the material
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Griffiths sometimes includes on as



a S function contribution to go and

sometimes separates it out

So even if atomic induced dipole
charges cancel average to go o

in the interior they will give
rise to surface charge densities
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Then electrostatics egus become

TxÉ 0 TF

These imply following boundary conditions

at the su faces of insulators
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This reformulation is useful because

it rewrites equations so that only
the free charges appear All
the induced bound charges are

implinitly packaged in terms of the
polarization Peel
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to understand the polarization

of materials The polarization is a

response of the insulator to an electric

field É and if É o then 7 0

If we know enough about the microscopic
quantum physics of a given material we
could compute PCE This is

very difficult though it is the

subject of caused under physics
So we parameterize our ignorance by
Taylor expanding ECE
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ele tri susceptibility tensor property of material

Can measure Yeti Gelijk experimentally

But we will make some approximations

1 Ignore non linear terms linear dielectrics

Assume e ij XeSij isotropic

3 Assume Petit ye constant homogeneous

These are all good approximation for a

large variety of materials

So from now on we will concentrate on
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Te so in almost all materials

Ice E ltte Ect Part Dir

EET
E Eo Hye I electric permitivity

tye dielectric constant dimensionless

inside dielectric
I E test

Sf outside di lentric

go I I 5 Ife 5 É Sf

i If no free charges inside material ft o

which is theusual situation ther

fytoininteriorfmaterial
there will still be surface of o

This is very much like a conductor where

g
o inside and charge is only t on bdry



Remember though that Xe or E is

constant inside the dieleitric but jumps

discontinuously at its surface So

to solve I 5 51,5 8 0 I et

equations you have to impose b c s

B at surfaces of insulators
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Boundary conditions
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Other important topic covered in Griffiths Ch4
4.1.3 forces on dipoles

T pxÉ torque aboutcenter

E G F E U p.É pot'senergy

54.4.3 energy in dielectrics
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54.4.4 forces on dielentrics

Many clonic examples problems


