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Latin: flux = ”to flow”

Graphically:        Electric flux ΦE represents the number of E-field lines crossing a surface.

The number of lines per unit area (the line density) is proportional to the magnitude

of the electric field.

Field lines representing a uniform 

electric field penetrating a plane of 

area A perpendicular to the field. The

electric flux ΦE through this area is

equal to EA.

Electric flux 

is the product of the magnitude of the 

electric field E and the surface area, A, 

perpendicular to the field.

Units:  N · m2 / C

Electric flux ΦE is proportional to 
the number of electric field
lines penetrating some surface.
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Mathematically:

Reminder: Vector of the area Ԧ𝐴 is perpendicular to the area A.
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If the surface is not perpendicular to the field

The normal to the surface of area A is 

at an angle θ to the uniform electric field. 

ΦE = EA cos θ

❑ Flux through a surface of fixed area A has a maximum

value EA when the surface is perpendicular to the field (when 

the normal to the surface is parallel to the field, that is, θ= 0°

❑ Flux is zero when the surface is parallel to the field (when the 

normal to the surface is perpendicular to the field, that is, θ= 90°.
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A small element of surface area ΔAi. 

The electric field makes an angle θi

with the vector ΔAi, defined as being

normal to the surface element

More general situations, the electric field may vary over a surface

That means, this equation is only valid over a small 

element of area ΔAi
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The electric flux  ΔΦ𝐸 through element i is

❖ The surface integral (integral must be 

evaluated over the surface) 

❖ In general, the value of the flux Φ𝐸 will 

depend both on the field pattern and on the 

surface.
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(Closed Surface)

A closed surface in an electric field. 

The area vectors ΔAi point in different 

directions and are normal to the 

surface and point outward. 

Flux through a closed surface, is

defined as one that divides space into 

an inside and an outside region.

The flux through an area element can 

be positive (element 1), 

zero (element 2), 

or negative (element 3).

Element (1), the field lines are crossing the surface 

from the inside to the outside and ) θ < 90° , 

Φ is positive

Element (2), the field lines are perpendicular to the 

vector ΔA1 and ) θ = 90° , 

Φ is zero

Element (3), the field lines are crossing the surface 

from outside to inside, 180° > θ > 90°

Φ is negative because cos θ is negative 

This net flux through surface is the number 

of lines leaving the surface minus the 

number entering the surface.
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Electric flux example (24.2)
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Electric flux problem (24.4)
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Shows the relationship between the net electric flux through a closed surface

(often called a gaussian surface) and the charge enclosed by the surface.

A spherical gaussian surface of radius 

r surrounding a point charge q. 

When the charge is at the center of 

the sphere, the electric field is 

everywhere normal to the surface and 

constant in magnitude.

E is parallel to the vector ΔA1

A positive point charge q case

The net flux through the gaussian surface is

E outside of the integral because, by symmetry, E is constant over the surface.
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Closed surfaces of various 

shapes surrounding a charge q. 

The net electric flux is the 

same through all surfaces.

The gaussian surface is spherical

The net flux through the gaussian surface is

A point charge located outside a closed surface. The number of 

lines entering the surface equals the number leaving the surface
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The net flux through any closed surface surrounding a point charge q is given by q/ε0 and is 
independent of the shape of that surface.

The net electric flux through a closed surface that surrounds no charge is zero. 

The net electric flux through any 

closed surface depends only on the

charge inside that surface. The net

flux through surface S is q1/ ε0,

the net flux through surface S’ is

(q2 + q3)/ ε0, and the net flux

through surface S’’ is zero. Charge

q4 does not contribute to the flux

through any surface because it is

outside all surfaces. 

where qin represents the net charge inside the 

surface and E represents the electric field at 

any point on the surface. 

Gauss’s law states that the electric flux is 

proportional to the enclosed charge,

not the electric field. 

several closed surfaces surrounding a charge q
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Starting with Gauss’s law, calculate the electric field due to an isolated point charge q

The point charge q is at the

center of the spherical gaussian 

surface, and E is parallel to d A

at every point on the surface

E is // to dA at each point. Therefore, E.dA = E dA

Gauss’s law gives
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An insulating solid sphere of radius a has a uniform volume charge 

density ρ and carries a total positive charge Q .

A uniformly charged insulating

sphere of radius a and total charge Q. 

The electric field inside the sphere

(r < a) varies linearly with r. The field outside 

the sphere (r > a) is the same as that of a point 

charge Q located at r = 0.
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(a) The electric field inside a uniformly charged spherical shell is zero. The field outside

is the same as that due to a point charge Q located at the center of the shell. 

(b) Gaussian surface for r > a. (c) Gaussian surface for r < a.
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Cylindrical gaussian surface of radius r and length l that is

coaxial with the line charge.

The flux through the ends of the gaussian cylinder is zero 

because E is parallel to these surfaces.

(a) An infinite line of charge surrounded

by a cylindrical gaussian surface concentric 

with the line. (b) An end view shows that the 

electric field at the cylindrical surface is 

constant in magnitude and perpendicular

to the surface.
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A cylindrical gaussian surface penetrating 

an infinite plane of charge. The flux is EA 

through each end of the gaussian surface

and zero through its curved surface
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❖ Conductor is in electrostatic equilibrium when there is no net motion of charge 

within a conductor, . Charge is not moving

❖ Good electrical conductor contains charges (electrons) that are not bound to any 

atom and therefore are free to move about within the material. 

➢ If the field were not zero, free electrons in the conductor would 

experience an electric force(F = q E) and would accelerate due to this 

force. This motion of electrons, however, would mean that the 

conductor is not in electrostatic equilibrium. 

A conducting slab in

an external electric field E. 

The charges induced on the 

two surfaces of the slab produce 

an electric field that opposes the 

external field, giving a resultant

field of zero inside the slab.

➢ Before the external field is applied, free electrons are uniformly 

distributed throughout the conductor. When the external field is 

applied, the free electrons accelerate to the left, causing a plane of 

negative charge to be present on the left surface. The movement of 

electrons to the left results in a plane of positive charge on the 

right surface. These planes of charge create an additional electric 

field inside the conductor that opposes the external field. As the 

electrons move, the surface charge densities on the left and right

surfaces increase until the magnitude of the internal field equals 

that of the external field, resulting in a net field of zero inside the 

conductor. 
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▪ Choose a gaussian surface inside but close to the actual 

surface.

▪ In electrostatic equilibrium. Therefore, the electric field must be 

zero at every point on the gaussian surface.

▪ The net flux through this gaussian surface is zero.

▪ Conclude that the net charge inside the gaussian surface is zero. 

▪ Any net charge on the conductor must reside on its surface.
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A gaussian surface in the shape of a 

small cylinder is used to calculate the 

electric field just outside a charged 

conductor. The flux through the 

gaussian surface is EA. Remember that 

E is zero inside the conductor
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Selected Solved Problems (Chapter # 24)
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Selected Solved Problems (Chapter # 24)
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Selected Solved Problems (Chapter # 24)
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