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Chapter 4 Overview



Lecture Coverage

Today's lecture:

Review of Sections 4-1 through 4-6 of the book:
4-1: Maxwell's Equations
4-2: Charge and Current Distributions
4-3: Coulomb's Law
4-4: Gauss's Law
4-5: Voltage (Electric Scalar Potential)
4-6: Conductors

Sections 4-7, 4-8  of the book:
4-7: Dielectrics
4-8: Boundary Conditions



Chapter 4 Review

Empirically derived from 
many measurements

 E: Electric Field
 H: Magnetic Field
 J: Current Density
ρv: Charge Density

Maxwell's Equations:



Chapter 4 Review

Static Conditions:

Electric and Magnetic Fields are decoupled.
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Gauss's Law

or:

where the closed-surface S is the 
boundary of V

Chapter 4 Review



Voltage:

Chapter 4 Review

N Point Charges:



Chapter 4 Review



Chapter 4 Review

Electric Dipole:

(wikipedia.org)



Since:

if ρv=0:

Useful for problems where V is known on boundaries.

Chapter 4 Review



Chapter 4 Review



4-7 Dielectric Materials

• Nature of insulators: electrons in 
the outer-most atomic shells are 
strongly bound to the atom.

 

• Electron "cloud" is uniformly distributed around the 
nucleus

Note: this is a "classical" model of QM: only kinda true...



4-7 Dielectric Materials

• External field E will polarize the 
atoms by moving the center of 
the electron cloud away from 
nucleus.

• Polarized structure is called 
a dipole

• Induced electric field by the 
dipole is called the 
polarization field P.



4-7 Dielectric Materials

• Some molecules already have 
a non-uniform charge 
distribution.

• Called Polar molecules

• They can be re-oriented in the 
presence of an external field.

Electric Field

https://chem-textbook.ucalgary.ca/



4-7 Dielectric Materials

• The Electric Field can even 
change the bond lengths 
between atoms.

Electric Field

No Electric Field



4-7 Dielectric Materials

http://www.youtube.com/watch?v=gSbCSytVvvo


4-7 Dielectric Materials

Depends on Frequency and Temperature

Andryieuski, 2015

Water



4-7 Dielectric Materials

Depends on Frequency and Temperature

Ahmed, 2012

Polyethylene



4-7 Dielectric Materials

Polarized material, showing polarized molecules

Positive 
surface 
charge on 
one side

Negative 
surface 
charge on 
other side



• Polar v.s. Nonpolar molecules
• Nonpolar material: does not possess permanent 

dipole moment, Only generated once an external 
field is applied.

• Polar material (e.g. NaCl) have permanent dipole 
moments, but are randomly oriented without the 
presence of an external field.

4-7 Dielectric Materials



4-7 Polarization Field

P = electric flux density induced by E

In free space:

In a dielectric:



4-7 Electric Breakdown

 
Dielectric Strength:
Magnitude of E such that current arcs through the 
material



4-7 Electric Breakdown

 

(britannica.com)

(nature.com)

Initial State:
High voltage, low current

Runaway Current:
High voltage, high current
occurs in nsec

Voltage Collapse:
voltage discharged
current decays

Discharged:
low voltage, low current

Current

Voltage



4-7 Electric Breakdown: examples

 

Breakdown of air: lightning

(britannica.com)



4-7 Electric Breakdown: examples

 

(britannica.com)

Spark Plugs in cars are designed 
to cause breakdown

The spark ignites the gasoline, 

the expanding gas pushes on the 
pistons,

rotating the drive shaft,

moving the wheels
(amazon.com)



4-7 Electric Breakdown: examples

 

(britannica.com)

Often, plugging into the grid will 
cause an arc between the
receptacle and the plug.

This is due to the breakdown of 
air between the contacts.

Usually not a problem.

Can be a problem if using a relay...

Fanciful arcing 
illustration

(pottselectric.com)



4-7 Electric Breakdown: examples

 

(britannica.com)

High-current relay
contacts

Worn contacts:
little to no current flow:

Can get arc-suppression circuits to put in parallel 
with the contacts to keep them working longer.

(digikey.com)(electronic-components.com.au)



    Because D = 𝜀 E:

    We expect the fields to 
be different in different 
materials.

    We also expect to see an 
abrupt change across a 
boundary between different 
materials.

4-8 Dielectric Boundary Conditions

Example: fields are 
changed after passing 
through a lens



    Scenario: 
    We have a static electric 
field in free space.

4-8 Dielectric Boundary Conditions

(homework.study.com)



    Scenario: 
    We have a static electric 
field in free space.

    Move an object into this 
field.
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    Scenario: 
    We have a static electric 
field in free space.

    Move an object into this 
field.

    What are the fields inside 
the object?

   How do the fields outside 
change?
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    Scenario: 
    We have a static electric 
field in free space.

    Move an object into this 
field.

    What are the fields inside 
the object?

   How do the fields outside 
change?

4-8 Dielectric Boundary Conditions

Possible Resulting Fields

(homework.study.com)



• How do the fields (E, D, J) change across a boundary?

• Boundary defined by:  different materials: ε

• ...and possibly a surface charge

4-8 Dielectric Boundary Conditions



• How do the fields (E, D, J) change across a boundary?

• Boundary defined by:  different materials: ε

• ...and possibly a surface charge

4-8 Dielectric Boundary Conditions

    Assuming neutral objects at the start



    From math we know:

    From Maxwell's equations (electrostatics):

    Plug in:

4-8 Dielectric Boundary Conditions



    Choose the surface to be a box that spans the boundary:

In the limit as 𝚫h⟶ 0, we are left with the two end-caps.
The "vector" surface ds uses the outward normal:
              in medium 2: 
              in medium 1: 

4-8 Dielectric Boundary Conditions



4-8 Dielectric Boundary Conditions

Very small: so nothing changing inside the surface:

where:



    

4-8 Dielectric Boundary Conditions

in words: Tangential E is continuous



     Apply Gauss' Law:

4-8 Dielectric Boundary Conditions

For the cylindrical surface, 

Normal components of D change by the surface charge 
density.



4-8 Dielectric Boundary Conditions

Tangential E is continuous     Normal D is discontinuous 
                                               by the surface charge 
                                               density



Example 4-13

Given: 𝛒s = 0, planar interface between 2 matls: 𝜀1, 𝜀2

Find: (a) E2
         (b) 𝜃1, 𝜃2

Note that this definition of the 
angles is different than usual



Example 4-13

Solution:
 assume E2 has the form:

Enforce boundary conditions:
Tangential E is continuous:



Example 4-13

Solution:
 assume E2 has the form:

Enforce boundary conditions:
Because 𝛒s=0, Normal D is continuous:



Example 4-13

Solution:
Combine the results of the Boundary Conditions:



Example 4-13

Solution:
Now: how about those angles?

We know the magnitude of the tangential components are:



Example 4-13



Example 4-13



Example 2

Given: a dielectric sphere of
           radius = a
           surface charge density 𝛒s

              Interior field: 
           Interior: 𝜀1,    Exterior: 𝜀2
Find: Exterior electric field: E2

Solution: We know: tangential E is continuous:
               



Example 2

Solution: 

We know: normal D is discontinuous:
               

so: 



Example 2

Solution: 
so: 



4-8 Dielectric Boundary Conditions

Tangential E is continuous     Normal D is discontinuous 
                                               by the surface charge 
                                               density



4-8 Dielectric/Perfect Conductor BC's

Net electric field inside a perfect conductor is zero



Tangential E is continuous, so:

4-8 Dielectric/Perfect Conductor BC's



Normal D:

4-8 Dielectric/Perfect Conductor BC's



E is always normal to a 
perfect conductor's surface

4-8 Dielectric/Perfect Conductor BC's



(lumenlearning.com)

E is always normal to a 
perfect conductor's surface

Field lines near a
perfectly-conducting
sphere:

4-8 Dielectric/Perfect Conductor BC's



4-8 Summary of Boundary Conditions

Remember E = 0 in a good conductor









• How do the fields (E, D, J) change across a boundary?

• Boundary defined by:  Different materials: ε, 𝜎
• ... and possible surface charge

4-8 Conductor/Conductor BC's



• How do the fields (E, D, J) change across a boundary?

• Boundary defined by:  Different materials: ε, 𝜎
• ... and possible surface charge

4-8 Conductor/Conductor BC's

NOT PERFECT CONDUCTORS



4-8 Conductor/Conductor BC's

as before:

new:



4-8 Conductor/Conductor BC's



4-8 Conductor/Conductor BC's

If J1n ≠ J2n, a different amount of charge arrives at 
the boundary than leaves it. So 𝛒s would change 
with time. Not allowed in electrostatics.



4-8 Conductor/Conductor BC's

Hence  J1n = J2n:



4-8 Conductor/Conductor BC's

and  𝜎1E1n = 𝜎2E2n

        E1n = (𝜎2/𝜎1)E2n



70

Homework

Homework 15 is due tomorrow at midnight.

submit to gradescope via the canvas site.



Next Time

Sections 4-9, 4-10:

Capacitance
Electrostatic Potential Energy


