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Since a dipole consists of equal amounts of positive and negative
charge, the net force on the dipole is zero in a uniform electric field.
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Since a dipole consists of equal amounts of positive and negative
charge, the net force on the dipole is zero in a uniform electric field.

The forces are along different lines of action so the dipole

experiences a torque.
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Since a dipole consists of equal amounts of positive and negative
charge, the net force on the dipole is zero in a uniform electric field.

The forces are along different lines of action so the dipole

experiences a torque.

~τ− = ~L × ~F1
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Since a dipole consists of equal amounts of positive and negative
charge, the net force on the dipole is zero in a uniform electric field.

The forces are along different lines of action so the dipole

experiences a torque.

~τ− = ~L × q ~E
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Since a dipole consists of equal amounts of positive and negative
charge, the net force on the dipole is zero in a uniform electric field.

The forces are along different lines of action so the dipole

experiences a torque.

~τ− = ~L × q ~E

~τ− = ~p × ~E
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If identical charged particles are placed at points A and 

B in the figure below, what can be said about the 

magnitude of the electric force experienced by the 

charged particles? 

 

 

1). FA = FB

2). FA > FB

3). FA < FB

4). Cannot determine without 

      knowledge of electric field. 
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• Field lines give us a means of representing the electric field

pictorially.
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.

• The number of field lines represents the magnitude of charge.
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.

• The number of field lines represents the magnitude of charge.
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.

• The number of field lines represents the magnitude of charge.

• Gauss’s Law (which is one of four fundamental laws for this

course) is based on counting field lines.
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.

• The number of field lines represents the magnitude of charge.

• Gauss’s Law (which is one of four fundamental laws for this

course) is based on counting field lines.

◦ The concept of electric flux must be introduced.
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.

• The number of field lines represents the magnitude of charge.

• Gauss’s Law (which is one of four fundamental laws for this

course) is based on counting field lines.

◦ The concept of electric flux must be introduced.

◦ Why you ask?
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• Field lines give us a means of representing the electric field

pictorially.

• The number of lines per unit area through a surface

perpendicular to the lines is proportional to the magnitude of the

electric field in that region.

• The number of field lines represents the magnitude of charge.

• Gauss’s Law (which is one of four fundamental laws for this

course) is based on counting field lines.

◦ The concept of electric flux must be introduced.

◦ Why you ask?

◦ So that we may properly count field lines
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• For static charges Gauss’s Law ≡ Coulomb’s Law.
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• For static charges Gauss’s Law ≡ Coulomb’s Law.

• Gauss’s Law relates the electric field on a closed surface to the

net charge enclosed by the surface.
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• For static charges Gauss’s Law ≡ Coulomb’s Law.

• Gauss’s Law relates the electric field on a closed surface to the

net charge enclosed by the surface.
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• For static charges Gauss’s Law ≡ Coulomb’s Law.

• Gauss’s Law relates the electric field on a closed surface to the

net charge enclosed by the surface.

Counting electric field lines:
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• For static charges Gauss’s Law ≡ Coulomb’s Law.

• Gauss’s Law relates the electric field on a closed surface to the

net charge enclosed by the surface.

Counting electric field lines:

• Count the number of lines leaving a surface as positive.
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• For static charges Gauss’s Law ≡ Coulomb’s Law.

• Gauss’s Law relates the electric field on a closed surface to the

net charge enclosed by the surface.

Counting electric field lines:

• Count the number of lines leaving a surface as positive.
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• For static charges Gauss’s Law ≡ Coulomb’s Law.

• Gauss’s Law relates the electric field on a closed surface to the

net charge enclosed by the surface.

Counting electric field lines:

• Count the number of lines leaving a surface as positive.

• Count the number of lines entering a surface as negative.
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• For static charges Gauss’s Law ≡ Coulomb’s Law.

• Gauss’s Law relates the electric field on a closed surface to the

net charge enclosed by the surface.

Counting electric field lines:

• Count the number of lines leaving a surface as positive.

• Count the number of lines entering a surface as negative.
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Electric flux, denoted by Φ, is the mathematical quantity that

corresponds to the number of electric fields crossing a surface.
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Electric flux, denoted by Φ, is the mathematical quantity that

corresponds to the number of electric fields crossing a surface.

For a surface (with surface area A) perpendicular to a uniform

electric field, we define:
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Electric flux, denoted by Φ, is the mathematical quantity that

corresponds to the number of electric fields crossing a surface.

For a surface (with surface area A) perpendicular to a uniform

electric field, we define:

Φ ≡ E A
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Electric flux, denoted by Φ, is the mathematical quantity that

corresponds to the number of electric fields crossing a surface.

For a surface (with surface area A) perpendicular to a uniform

electric field, we define:

Φ ≡ E A (1)

where A is the area of the surface and E = | ~E|
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Electric flux, denoted by Φ, is the mathematical quantity that

corresponds to the number of electric fields crossing a surface.

For a surface (with surface area A) perpendicular to a uniform

electric field, we define:

Φ ≡ E A (1)

where A is the area of the surface and E = | ~E|

⇒ [Φ] = N m2 C−1

This implies Φ ∝ the number of field lines passing through the area.



Electric Flux - Enclosed Charge

PRS Questions

Field Lines - Gauss’s
Law

• Counting Field Lines

• Gauss’s Law
• Electric Flux - Field
Lines
• Electric Flux -
Enclosed Charge

• Electric Flux - Small
Amounts
• Electric Flux - Integral
Form
• Electric Flux -
General Graphical

• Electric Flux - Surface
Integration

• Gauss’s Law -
Quantifying

• Quantification -
Gauss’s Law
• Gauss’s Law - Final
Version
• Gauss’s Law -
General

• Applying Gauss’s Law

Useful Geometries and
Gauss’s Law

PHYS102 Electric Field Lines - Gauss’s Law – slide 8

• The measure of how many electric field lines emerging from a

surface is given by Φ.
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• The measure of how many electric field lines emerging from a

surface is given by Φ.

• We also know that the number of electric field lines is related to

the amount of charge (q).
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• The measure of how many electric field lines emerging from a

surface is given by Φ.

• We also know that the number of electric field lines is related to

the amount of charge (q).
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• The measure of how many electric field lines emerging from a

surface is given by Φ.

• We also know that the number of electric field lines is related to

the amount of charge (q).

• This implies that Φ ∝ q.
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• The measure of how many electric field lines emerging from a

surface is given by Φ.

• We also know that the number of electric field lines is related to

the amount of charge (q).

• This implies that Φ ∝ q.

• From the hoop demonstration, we were able to deduce the
following expression for a uniform electric field through a closed

surface.
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• The measure of how many electric field lines emerging from a

surface is given by Φ.

• We also know that the number of electric field lines is related to

the amount of charge (q).

• This implies that Φ ∝ q.

• From the hoop demonstration, we were able to deduce the
following expression for a uniform electric field through a closed

surface.

◦ Φ = ~E · ~A



Electric Flux - Enclosed Charge

PRS Questions

Field Lines - Gauss’s
Law

• Counting Field Lines

• Gauss’s Law
• Electric Flux - Field
Lines
• Electric Flux -
Enclosed Charge

• Electric Flux - Small
Amounts
• Electric Flux - Integral
Form
• Electric Flux -
General Graphical

• Electric Flux - Surface
Integration

• Gauss’s Law -
Quantifying

• Quantification -
Gauss’s Law
• Gauss’s Law - Final
Version
• Gauss’s Law -
General

• Applying Gauss’s Law

Useful Geometries and
Gauss’s Law

PHYS102 Electric Field Lines - Gauss’s Law – slide 8

• The measure of how many electric field lines emerging from a

surface is given by Φ.

• We also know that the number of electric field lines is related to

the amount of charge (q).

• This implies that Φ ∝ q.

• From the hoop demonstration, we were able to deduce the
following expression for a uniform electric field through a closed

surface.

◦ Φ = ~E · ~A

• What if the electric field varies in space or the surface area which

the electric field penetrates is not constant?
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• Consider the surface on the

right.
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• Consider the surface on the

right.

◦ If we zoom in on a very small

region (∆ ~Ai) of the surface,

the electric field is constant
over the very small region.
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• Consider the surface on the

right.

◦ If we zoom in on a very small

region (∆ ~Ai) of the surface,

the electric field is constant
over the very small region.

• The flux (∆ Φi) through the
small region is given by :
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• Consider the surface on the

right.

◦ If we zoom in on a very small

region (∆ ~Ai) of the surface,

the electric field is constant
over the very small region.

• The flux (∆ Φi) through the
small region is given by :

∆ Φi = ~Ei · ∆ ~Ai
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∆ Φi = ~Ei · ∆ ~Ai

• We need to sum over all ∆ Φi to find the total flux through the
arbitrary surface.
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∆ Φi = ~Ei · ∆ ~Ai

• We need to sum over all ∆ Φi to find the total flux through the
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Φ = lim
∆ Ai→0

∑
i

~Ei · ∆ ~Ai
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∆ Φi = ~Ei · ∆ ~Ai

• We need to sum over all ∆ Φi to find the total flux through the
arbitrary surface.

Φ = lim
∆ Ai→0

∑
i

~Ei · ∆ ~Ai =

∫
S

~E · n̂ dA
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• One would have to sum the

electric flux over all the smaller

pieces shown in the figure to the

right in order to find the net flux

through the surface.
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• One would have to sum the

electric flux over all the smaller

pieces shown in the figure to the

right in order to find the net flux

through the surface.

◦ Notice that on a small region

(∆ ~Ai) of the surface, the ori-

entation of the electric field

varies.
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• One would have to sum the

electric flux over all the smaller

pieces shown in the figure to the

right in order to find the net flux

through the surface.

◦ Notice that on a small region

(∆ ~Ai) of the surface, the ori-

entation of the electric field

varies.

◦ I hope the graphic helps il-

lustrate the surface area in-

tegral. Integrating (from the

last slide) is essentially gluing
all the small patches together

to recreate the surface.
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Φ =
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S

~E · n̂ dA
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Φ =

∫
S

~E · n̂ dA

• The above integral is over the surface in question; therefore, we

are dealing with a surface integral and there is a special symbol
for surface integration.
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Φ =
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• The above integral is over the surface in question; therefore, we

are dealing with a surface integral and there is a special symbol
for surface integration.

Φ =

∮
S

~E · n̂ dA (Outward pointing normal)
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Φ =

∫
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• The above integral is over the surface in question; therefore, we

are dealing with a surface integral and there is a special symbol
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Φ =

∮
S

~E · n̂ dA (Outward pointing normal)

• Remember Φ ∝ q!
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Φ =

∫
S

~E · n̂ dA

• The above integral is over the surface in question; therefore, we

are dealing with a surface integral and there is a special symbol
for surface integration.

Φ =

∮
S

~E · n̂ dA (Outward pointing normal)

• Remember Φ ∝ q! Let’s find the proportionality constant.
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∮
S

~E · n̂ dA ∝ q

• Consider a spherical surface of

radius R with a point charge Q
at its center.
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∮
S

~E · n̂ dA ∝ q

• Consider a spherical surface of

radius R with a point charge Q
at its center.

• The magnitude of the electric
field is everywhere constant over

the surface of the sphere and is

given by:
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∮
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~E · n̂ dA ∝ q

• Consider a spherical surface of

radius R with a point charge Q
at its center.

• The magnitude of the electric
field is everywhere constant over

the surface of the sphere and is

given by:

E =
k Q

R2



Quantification - Gauss’s Law

PRS Questions

Field Lines - Gauss’s
Law

• Counting Field Lines

• Gauss’s Law
• Electric Flux - Field
Lines
• Electric Flux -
Enclosed Charge

• Electric Flux - Small
Amounts
• Electric Flux - Integral
Form
• Electric Flux -
General Graphical

• Electric Flux - Surface
Integration

• Gauss’s Law -
Quantifying

• Quantification -
Gauss’s Law
• Gauss’s Law - Final
Version
• Gauss’s Law -
General

• Applying Gauss’s Law

Useful Geometries and
Gauss’s Law

PHYS102 Electric Field Lines - Gauss’s Law – slide 14

• The net flux of ~E out of the spherical surface is



Quantification - Gauss’s Law

PRS Questions

Field Lines - Gauss’s
Law

• Counting Field Lines

• Gauss’s Law
• Electric Flux - Field
Lines
• Electric Flux -
Enclosed Charge

• Electric Flux - Small
Amounts
• Electric Flux - Integral
Form
• Electric Flux -
General Graphical

• Electric Flux - Surface
Integration

• Gauss’s Law -
Quantifying

• Quantification -
Gauss’s Law
• Gauss’s Law - Final
Version
• Gauss’s Law -
General

• Applying Gauss’s Law

Useful Geometries and
Gauss’s Law

PHYS102 Electric Field Lines - Gauss’s Law – slide 14

• The net flux of ~E out of the spherical surface is

Φ =

∮
S

~E · n̂ dA
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• The net flux of ~E out of the spherical surface is

Φ =

∮
S

~E · n̂ dA = E

∮
S

dA
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• The net flux of ~E out of the spherical surface is

Φ =

∮
S

~E · n̂ dA = E

∮
S

dA

• The integral
∮
S

dA = A where A is the surface area of

a sphere and is given by 4π R2
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kQ/R2 for E we obtain:
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∮
S

~E · n̂ dA = E Asurface

• Using this and substituting

kQ/R2 for E we obtain:

Φ =
k Q

R2
4π R2 =

Q

ε0

• This result was obtained using a

very symmetric surface because

it was the easiest geometry con-

sidering the behavior of the elec-

tric field for a point particle.
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• The above equation is a very general equation and holds true for

any surface.
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• The above equation is a very general equation and holds true for

any surface.

• This is an electric flux law
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any surface.

• This is an electric flux law - NOT AN ELECTRIC FIELD LAW.
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Φ =

∮
S

~E · d ~A =
Qenclosed

ε0

(GAUSS’S LAW)

• The above equation is a very general equation and holds true for

any surface.

• This is an electric flux law - NOT AN ELECTRIC FIELD LAW.

◦ Gauss’s Law is always true, but the law is NOT always useful
in determining electric fields from charge distributions.
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Φ =

∮
S

~E · d ~A =
Qenclosed

ε0

(GAUSS’S LAW)

• The above equation is a very general equation and holds true for

any surface.

• This is an electric flux law - NOT AN ELECTRIC FIELD LAW.

◦ Gauss’s Law is always true, but the law is NOT always useful
in determining electric fields from charge distributions.

◦ We will examine the only THREE cases where the law is

useful in determining the electric field.
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Consider the figure on the right:
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• For the arbitrarily shaped sur-

faces:
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Consider the figure on the right:
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Φ
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Consider the figure on the right:

• For the arbitrarily shaped sur-

faces:

ΦS =
Qenclosed

ε0

=
q1

ε0

Φ
S
′ =

q2 + q3

ε0

Φ
S
′′ = 0

• One CANNOT use Gauss’s Law

to find the electric field due to the

charge configuration.
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1. Spherical Symmetry.

• A charge distribution has spherical symmetry if the

views of it from all points on the spherical surface

are the same.
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1. Spherical Symmetry.

• A charge distribution has spherical symmetry if the

views of it from all points on the spherical surface

are the same.

◦ Choose a spherical surface of radius r, cen-

tered at the charge distribution - such surfaces

are called “Gaussian surfaces”
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1. Spherical Symmetry.
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1. Spherical Symmetry.

• By symmetry, the electric field is directed radially

(inward if charge distribution is negative or outward

if charge distribution is positive).
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1. Spherical Symmetry.
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2. Plane Symmetry.
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2. Plane Symmetry.

• A charge distribution has plane symmetry if the

views of it from all points on an infinite (or very long)

plain surface are the same.
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2. Plane Symmetry.

• A charge distribution has plane symmetry if the

views of it from all points on an infinite (or very long)

plain surface are the same.

◦ Choose a soup-can shaped cylinder, with the

charged plane bisecting the cylinder.
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2. Plane Symmetry.

• A charge distribution has plane symmetry if the

views of it from all points on an infinite (or very long)

plain surface are the same.

◦ Choose a soup-can shaped cylinder, with the

charged plane bisecting the cylinder.

◦ The only contributing flux is that due to the flat

ends.
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2. Plane Symmetry.
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2. Plane Symmetry.

• By symmetry, the electric field is directed perpen-

dicular (away for positive and toward for negative)

to the plane.



Cylindrical Symmetry

PRS Questions

Field Lines - Gauss’s
Law

Useful Geometries and
Gauss’s Law

• Spherical Symmetry

• Spherical Symmetry

• Plane Symmetry

• Plane Symmetry

• Cylindrical Symmetry

• Cylindrical Symmetry

PHYS102 Electric Field Lines - Gauss’s Law – slide 22

3. Cylindrical Symmetry.
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3. Cylindrical Symmetry.

• A charge distribution has cylindrical symmetry if

the views of it from all points on a cylindrical sur-

face of infinite (or very long) length are the same.
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3. Cylindrical Symmetry.

• A charge distribution has cylindrical symmetry if

the views of it from all points on a cylindrical sur-

face of infinite (or very long) length are the same.

◦ Choose a cylindrical Gaussian surface with the

center of the Gaussian cylinder coincident with

the cylindrical charge distribution.
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3. Cylindrical Symmetry.
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3. Cylindrical Symmetry.

• The only contributing flux is along the curved piece

of the cylinder.
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3. Cylindrical Symmetry.

• The only contributing flux is along the curved piece

of the cylinder.

• By symmetry, the electric field is directed (away

for positive or toward for negative) from the line

charge.
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3. Cylindrical Symmetry.

• The only contributing flux is along the curved piece

of the cylinder.

• By symmetry, the electric field is directed (away

for positive or toward for negative) from the line

charge.

• The magnitude of E depends only on the radial dis-

tance from the line charge.
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