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Topics Outline

➢ Electric Fields

➢ Gauss’s Law:

➢ Electric Potential

➢ Capacitance and dielectrics

➢ Sources of the Magnetic Field: 

➢ Faraday's law

➢ Inductance



Chapter 1 :Electric Fields:

• Outlines:

✓Electric charges, 

✓Coulomb's law, 

✓Electric field,

✓ Electric field of a continuous charge distribution,

✓Motion of charged particles in a uniform electric field



Electric charges

• From simple experiments, it was found that there are
two kinds of electric charges: positive and

• negative.
• Charges of the same sign repel one another and

charges with opposite signs attract one another.
• Electric charge is always conserved.
• Electrical conductors are materials in which some of

the electrons are free electrons that are not bound to
atoms and can move relatively freely through the
material; electrical insulators are materials in which all
electrons are bound to atoms and cannot move freely
through the material.



Coulomb’s Law

• Charles Coulomb measured the magnitudes of the electric forces 
between charged objects.

• Coulomb’s law is an equation giving the magnitude of the electric 
force (sometimes called the Coulomb force) between two point 
charges:

where ke is a constant called the Coulomb constant.

This constant is also written in the form

where εo the constant is known as the permittivity of free
space and has the value 









Electric Field

➢ If an arbitrary charge q is placed in an electric field E, it experiences an electric force given by

➢ The electric field is said to exist in the region of space around a charged object (the source charge). When 
another charged object (the test charge) enters this electric field an electric force acts on it. 

➢ We can know the direction of the electric field from the charge q if q is positive, the force is in the same 

direction as the field. If q is negative, the force and the field are in opposite directions. 

Consider a point charge q as a source charge. This charge creates an electric field at all points in 

space surrounding it. A test charge is placed at point P, a distance r from the source charge, as in 

Figure. According to Coulomb’s law, the force exerted by q on the test charge is: 

the electric field created by q is: 



❑ Electric field at point P due to a group of point charges: 

At any point P, the total electric field due to a group of source charges equals the vector sum of the electric fields of all the 

charges. 

Where      is the distance from the i th source charge        to the point P. 



Example 23.5 Electric Field Due to Two Charges 



Example : Electric Field of a Dipole 



Electric Field of a Continuous Charge Distribution

➢ The electric field at P due to one charge element carrying charge ∆q is

where r is the distance from the charge element to point P and ො𝒓 is a unit vector directed from the element 
toward P. The total electric field at P due to all elements in the charge distribution is approximately

where the index i refers to the ith element in the distribution. Because the number of elements is very large 
and the charge distribution is modeled as continuous, the total field at P in the limit ∆q→ 0 is











Electric Field Lines

Convenient way of visualizing electric field patterns is to draw lines, called electric field lines and first introduced 
by Faraday, that are related to the electric field in a region of space in the following manner:

➢ The electric field vector E is tangent to the electric field line at each point.The line has a direction, 

indicated by an arrowhead, that is the same as that of the electric field vector.

➢ 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.



Electric Field Lines



Motion of a Charged Particle in a Uniform
Electric Field

When a particle of charge q and mass m is placed in an electric field 𝐸, the electric force exerted on the charge is 

q𝐸according to Equation റ𝐹 = 𝑞𝐸 in the particle in in the particle in a field model. If that is the only force exerted on 

the particle, it must be the net force, and it causes the particle to accelerate according to the particle under a net force

model. Therefore:

and the acceleration of the particle is

❑ If E is uniform (that is, constant in magnitude and direction), and the particle is free to move, the electric force on the particle is 

constant and we can apply the particle under constant acceleration model to the motion of the particle. Therefore, the particle in 

this situation is described by three analysis models: 

✓ Particle in a field, 

✓ particle under a net force,

✓ and particle under constant acceleration.

❑ If the particle has a positive charge, its acceleration is in the direction of the electric field. 

❑ If the particle has a negative charge,  its acceleration is in the direction opposite the electric field.





Chapter 2 :Gauss’s Law
Outlines:
✓Electric Flux

✓ Gauss’s Law

✓ Application of Gauss’s

✓ Law to Various Charge Distributions

✓ Conductors in Electrostatic Equilibrium



1-Electric Flux



1-Electric Flux

➢ If the surface under consideration is not perpendicular to the field, the flux
through it must be less than that given by Φ = 𝐸𝐴 where the normal to the surface of 
area A is at an angle u to the uniform electric field. Notice that the number of lines that 
cross this area A is equal to the number of lines that cross the area𝐴⊥, 

➢ In more general  situations, the electric field may vary over a large surface

Therefore, the general definition of electric flux is:

(surface integral)



➢ When an area is constructed such that a closed surface is 
formed, we shall adopt the convention that the flux lines 
passing into the interior of the volume are negative and 
those passing out of the interior of the volume are positive.



2-Gauss’s Law

➢ we describe a general relationship between the net electric flux through a closed surface (often called a gaussian

surface) and the charge enclosed by the surface. This relationship, known as Gauss’s law, is of fundamental 

importance in the study of electric fields.

➢ we know that the magnitude of the electric field everywhere on the surface of the sphere is 

E = 𝐾𝑞/𝑟2.

➢ The field lines are  directed radially outward and hence are perpendicular to the surface at 

every point on the surface. That is, at each surface point, E is parallel to the vector ∆Ai 

representing a local element of area ∆Ai surrounding the surface point. 

the net flux through the Gaussian surface is

The surface is spherical

the net flux through the spherical surface is 
proportional to the charge inside the surface







EXAMPLE: Flux Due to a Point Charge

A spherical Gaussian surface surrounds a point charge q. Describe what happens to the total flux through 
the surface if: 

(A) the charge is tripled,

(B) the radius of the sphere is doubled,

(C) the surface is changed to a cube, 

(D) the charge is moved to another location inside the surface.



A Spherically Symmetric Charge Distribution

• An insulating solid sphere of radius a has a uniform volume charge density ρ
and carries a total positive charge Q as in figure below

A. Calculate the magnitude of the electric field at a point outside the sphere.

B.  Find the magnitude of the electric field at a point inside the sphere.



Solution

(A)

(B) In this case the Gaussian surface of volume V` is less than Q.



the electric field approaches a value from the outside given by:

the electric field approaches a value from the inside given by:



Find the electric field a distance r from a line of positive charge of infinite length and constant charge per unit length 
𝜆



A gaussian surface that reflects the symmetry is a small cylinder whose axis is perpendicular to the plane and 
whose ends each have an area A and are equidistant from the plane. Because ES is parallel to the curved 
surface of the cylinder and therefore perpendicular to dA

at all points on this surface 



Conductors in Electrostatic Equilibrium

• A good electrical conductor contains charges (electrons)

are not bound to any atom and therefore are free to move about within the material.

• When there is no net motion of charge within a conductor, the conductor is in electrostatic 
equilibrium.

• A conductor in electrostatic equilibrium has the following properties:

1. The electric field is zero everywhere inside the conductor.

2. If an isolated conductor carries a charge, the charge resides on its surface.

3. 3. The electric field just outside a charged conductor is perpendicular to the surface of the conductor 
and has a magnitude σ/ε0, where σ is the surface charge density at that point.



Chapter 3 :Electric Potential 

Outlines:
✓ Potential energy and electric potential,

✓ Electric potential difference in a uniform electric field,

✓ Electric potential due to point charges, 

✓ Obtaining the value of the electric field from the electric potential, 

✓ Electric potential due to continuous charge distributions, 

✓ Electric potential due to charged conductor, 

✓ Application of electrostatics.



➢ When a test charge 𝑞0 is placed in an electric field created by some source charge distribution, the electric force 

acting on the test charge is F = 𝑞0E. The force is conservative because the force between charges described by 

Coulomb’s law is conservative. 

➢ When the test charge is moved in the field by some external agent, the work done by the field on the charge is equal 

to the negative of the work done by the external agent causing the displacement.

➢ For infinitesimal displacement     𝒅𝒔 of a charge, the work done by the electric field on the charge is: 

Potential energy and electric potential

➢ The potential energy of the charge–field system is changed by an amount :           

➢ For a finite displacement of the charge from point A to point B, the change in potential energy of the 

system  ∆U = UB − UA is:

➢ The potential energy per unit charge U/q0 is independent of the value of q0 and has a value at every point in 

an electric field,  is called the electric potential (or simply the potential) V. 

the unit of electric potential is volt 



Potential energy and electric potential

➢ The potential difference between two points A and B in an electric field is defined as the change in electric 

potential energy of the system when a charge q is moved between the points :

➢ Potential energy is a scalar quantity, and The electric potential also is a scalar quantity.

➢ The potential energy per unit charge U/q0 is independent of the value of q0 and has a value at every point in 

an electric field,  is called the electric potential (or simply the potential) V. Thus, the electric potential at any 

point in an electric field is

➢ The electric field is a measure of the rate of change of the electric potential with respect to position.

➢ Electric field lines always point in the direction of decreasing electric potential. 



A unit of energy commonly used in atomic and nuclear physics is the electron volt (eV), which is defined as the energy 

a charge–field system gains or loses when a charge of magnitude e (that is, an electron or a proton) is moved through a 

potential difference of 1 V.

Potential energy and electric potential

Example :How would you describe the potential difference                          ?

a) It is positive. 

b) It is negative. 

c) It is zero

How would you describe the change in potential energy of the charge–field 

system for this process?



➢The electrostatic force is conservative. As in mechanics, work is

➢Work done on the positive charge by moving it from A to B 

cosW Fd =

cosW Fd qEd= =

Potential Difference in a Uniform Electric Field 

The work done by a conservative force equals the negative of the 

change in potential energy ΔPE

➢ This equation is valid only for the case of a uniform electric field.

PE W qEd = − = −



➢ Now consider the more general case of a charged particle that moves between A and B in a uniform electric 

field such that the vector s is not parallel to the field lines, as shown in the Figure below. 

➢ A uniform electric field directed along the positive x axis. Point B is at a lower 

electric potential than point A. Points B and C are at the same electric 

potential.Then:

The change in potential energy of the charge–field system is

Potential Difference in a Uniform Electric Field 







Electric Potential and Potential Energy Due  to Point Charges

➢ If we have an isolated positive point charge q0 produces an electric field directed 

radially outward from the charge. To find the electric potential at a point located 

a distance r from the charge, let’s begin with the general expression for potential 

difference:

At any point in space, the electric field due to the point charge is 

The expression for the potential difference becomes:

➢ For a group of point charges, the total electric potential at P in the form:

➢ the electric potential due to a point charge at any distance r from the 

charge is: 



Electric Potential and Potential Energy Due  to Point Charges

➢ The potential energy of two particles, separated by a distance r12

➢ the total potential energy of the system of three charges shown in Figure below:

➢ Note that if the charges are of the same sign, U is positive. This is consistent with

the fact that positive work must be done by an external agent on the system to bring

the two charges near one another (because charges of the same sign repel).

➢ If the charges are of opposite sign, U is negative; this means that negative work is

done by an external agent against the attractive force between the charges of

opposite sign as they are brought near each other;a force must be applied opposite

to the displacement to prevent q1 from accelerating toward q2 .







Obtaining the Value of the Electric Field from the Electric 

Potential

➢ In this section, we'll show how to calculate the value of the electric field if the electric potential is known in a 

certain region. As we seen ,The electric field and the electric potential are related as: 

➢ If the electric field has only one component Ex

That is, the x component of the electric field is equal to the negative of the derivative of the electric potential with respect 

to x. Similar statements can be made about the y and z components. 

➢ The electric field components Ex, Ey and Ez can readily be found from V(x, y, z) as the partial derivative 



Electric Potential Due to Continuous Charge Distributions

➢We consider the potential due to a small charge element dq, treating this element as a point 
charge then the electric potential dV at some point P due to the charge element dq is









➢ Electric Potential Due to a Charged Conductor

➢ From Gausses law, we found that when a solid conductor in equilibrium it carries a net 

charge, the charge resides on the outer surface of the conductor, and that the field inside is 

zero.

➢ Consider two points A and B on the surface of a charged conductor, as 
shown in Figure below.

➢ E is always perpendicular to the displacement ds; therefore E• ds = 0.

➢ Therefore, V is constant everywhere on the surface of a charged conductor 

in equilibrium.



Applications of Electrostatics

2-The Van de Graaff Generator

Experimental results show that

when a charged conductor is

placed in contact with the inside

of a hollow conductor, all the

charge on the charged conductor

is transferred to the hollow

conductor. In principle, the

charge on the hollow conductor

and its electric potential can be

increased without limit by

repetition of the process.

1-The Electrostatic Precipitator

One important application of

electrical discharge in gases is the

electrostatic precipitator. This

device removes particulate matter

from combustion gases, thereby

reducing air pollution.

Precipitators are especially useful

in coal-burning power plants and

industrial operations that generate

large quantities of smoke. Current

systems are able to eliminate

more than 99% of the ash from

smoke.



Chapter 4 :Capacitance and Dielectrics

Outlines:
✓ Definition of capacitance, 

✓ Calculating capacitance for parallel plate capacitors,

✓ Combination of capacitors, 

✓ Energy stored in a charged capacitor, 

✓ Capacitors with dielectrics, 

✓ RC circuits.



Definition of capacitance

➢ The capacitance C of a capacitor is defined as the ratio of the magnitude  of 

the charge on either conductor to the magnitude of the potential  difference 

between the conductors: 

➢ The SI unit of capacitance is the farad (F):

Quick Quiz    A capacitor stores charge Q at a potential difference ΔV.

What happens if the voltage applied to the capacitor by a battery is doubled to 2 Δ V ?

a) The capacitance falls to half its initial value, and the charge remains the same.

b) The capacitance and the charge both fall to half their initial values.

c) The capacitance and the charge both double.

d) The capacitance remains the same, and the charge doubles.



Calculating Capacitance

There are some shapes of capacitor:

▪ Parallel plate capacitor ,

▪ Cylindrical capacitor ,

▪ Spherical capacitor.

The capacitance depends on shape of conductor which related to electrical potential.

Spherical capacitor Parallel-Plate Capacitors Cylindrical capacitor 

Example(26.1) 







Combinations of Capacitors

➢ Parallel Combination ➢ Series Combination





Energy stored in a charged capacitor

➢ The potential energy stored in a charged capacitor has the following forms: 

➢ The potential energy stored in a Parallel-Plate Capacitors

➢ and energy density is:

That is, the energy density in any electric field is

proportional to the square of the magnitude of the

electric field at a given point. Regardless of the

source of the electric field.



Capacitors with dielectrics

➢ A dielectric is a non-conducting material such as rubber, glass, or waxed paper. We can perform the following 

experiment to illustrate the effect of a dielectric in a capacitor.

➢Consider an insolated, charged capacitor : 

➢Notice that the potential difference decreases (k = V0/V)

➢Since charge stayed the same (Q=Q0) → capacitance increases

➢Dielectric constant (k) is a material property



➢ Capacitance is multiplied by a factor k when the dielectric fills the region between the plates completely

➢ E.g., for a parallel-plate capacitor

➢ The capacitance is limited from above by the electric discharge that can occur through the dielectric material 
separating the plates.

➢ In other words, there exists a maximum of the electric field, sometimes called dielectric strength, that can be produced 
in the dielectric before it breaks down.

➢ Therefore, a dielectric provides the following advantages:

• An increase in capacitance

• An increase in maximum operating voltage

• Possible mechanical support between the plates, which allows the plates to be close together without touching, thereby 
decreasing d and increasing C

0

A
C

d
=





In DC circuits containing capacitors, the current is always in the same direction 

but may vary in time. A circuit containing a series combination of a resistor and 

a capacitor is called an RC circuit. 

RC Circuits



✓ Charging a capacitor At t= 0 switch S is closed, 



✓ Discharging a capacitor .At t= 0 switch S is open, 





Chapter 5 :Sources of the Magnetic Field

Outlines:
✓ The Biot-Savart’s law, 

✓ the magnetic force between two parallel conductors, 

✓ Ampere's law, 

✓ the magnetic field of a solenoid,

✓ magnetic flux, 

✓ Gauss's law in magnetism



The Biot-Savart’s law,

➢ Oersted’s discovery in 1819 that a compass needle is deflected by a current-carrying conductor. 

➢ From the experimental results for Biot and Savart, they arrived at a mathematical expression that gives the 

magnetic field at some point in space in terms of the current that produces the field. 

The vector 𝑑𝐵 is perpendicular both to d and to the unit vector Ƹ𝑟

➢ Where 𝜇0 permeability of free space, 𝜇0=4π×10-7 T.m/ A

Tesla (T)









The Magnetic Force Between Two Parallel Conductors

➢ Consider two long, straight, parallel wires separated by a distance a and carrying currents I1 and I2 in the same 

direction. 

➢ We can determine the force exerted on one wire due to the magnetic field set up by the other wire. 

➢ If the field set up at wire 2 by wire 1 is calculated, the റ𝐹2 force  acting on wire 2 is 

found to be equal in 

magnitude and opposite in direction to     . റ𝐹1

➢ We can rewrite this magnitude in terms of the force per unit length:

➢ The force between two parallel wires is used to define the ampere as follows:



Ampere's law

The line integral  𝐵. 𝑑𝑠 of around any closed path equals 𝜇0𝐼 where I is the total steady current passing through any 

surface bounded by the closed path 





The Magnetic Field of a Solenoid

A solenoid is a long wire wound in the form of a helix. With this

configuration, a reasonably uniform magnetic field can be

produced in the space surrounded by the turns of wire(which we

shall call the interior of the solenoid) when the solenoid carries a

current. When the turns are closely spaced, each can be

approximated as a circular loop, and the net magnetic field is the

vector sum of the fields resulting from all the turns.

where n = N / l, is the number of turns per unit length.



Gauss's law in magnetism

Consider an element of area dA on an arbitrarily shaped surface. If the magnetic field at this element is 𝐵, the

magnetic flux through the element is𝐵. 𝑑𝐴, where 𝑑𝐴 is a vector that is perpendicular to the surface and has a

magnitude equal to the area dA. Therefore, the total magnetic flux through the surface is:





Gauss’s Law in Magnetism

The net magnetic flux through any closed surface is always zero: 



Comparison:

Electric Field vs. Magnetic Field

Electric Magnetic

Source Charges Moving Charges

Acts on Charges Moving Charges

Force F = Eq F = q v B sin(q)

Direction Parallel E Perpendicular to v,B

Field Lines                                   

Opposites Charges Attract Currents Repel



Chapter 6 :Faraday's law

Outlines:
✓ Faraday's law of induction,

✓ motional emf, 

✓ Lenz's law,

✓ induced emfs and electric fields, 

✓ generators and motors



Faraday's law of induction

✓ Experiments conducted by Faraday in 1831 and by Henry showed that an electric motive

force (emf) can be induced in a circuit by a changing magnetic field.

✓ The results of these experiments led to a very basic and important law of

electromagnetism known as Faraday’s law of induction.

✓ emf (and therefore an induced current) can be induced in various processes that involve a

change in a magnetic flux by : Changig Magnetic field or Conductor moving through a
constant magnetic field (called motional emf).



The current is set up even though no batteries are present in the circuit we call such a current an 

induced current and say that it is produced by an induced emf. 



The experiments shown in Figures ,have one thing in

common: in each case, an emf is induced in a loop when

the magnetic flux through the loop changes with time. In

general, this emf is directly proportional to the time rate

of change of the magnetic flux through the loop. This

statement can be written mathematically as Faraday’s

law of induction:

If a coil consists of N loops ,therefore, the total induced emf

in the coil is given by



From this expression, we see that an emf can be induced in the circuit in several ways:

• The magnitude of B can change with time.

• The area enclosed by the loop can change with time.

• The angle θ between B and the normal to the loop can change with time.

• Any combination of the above can occur.



total resistance of the coil and the circuit is 2Ω





1- A UHF television loop antenna has a diameter of 11 cm. The magnetic field of a TV signal is normal to 

the plane of the loop and, at one instant of time, its magnitude is changing at the rate 0.16 T/s. The 

magnetic field is uniform. What emf is induced in the antenna? 

2- The magnetic flux through the loop shown in Fig. increases according to the relation B = 6.0t 2 + 7.0t, 

where B is in milliwebers and t is in seconds. (a) What is the magnitude of the emf induced in the loop 
when t = 2.0 s? (b) What is the direction of the current through R? 

3- The magnetic field through a single loop of wire, 12 cm in radius and of 8.5  resistance, changes 

with time as shown in the figure. Calculate the emf in the loop as a function of time. Consider the time 

intervals (a) t = 0 to t = 2.0 s, (b) t = 2.0 s to t = 4.0 s, (c) t = 4.0 s to t = 6.0 s. The (uniform) magnetic field 
is perpendicular to the plane of the loop. 



4- A uniform magnetic field is normal to the plane of a circular loop 10 cm in diameter and made of copper 
wire (of diameter 2.5 mm). (a) Calculate the resistance of the wire. (see copper resistivity in table  1.68 x10-8

Ohm.m) (b) At what rate must the magnetic field change with time if an induced current of 10 A is to appear 
in the loop? 



Motional emf

➢ Consider a circuit consisting of a conducting bar of length l sliding along two fixed parallel conducting rails 

An emf induced in a conductor moving through a constant magnetic field. 

➢ We can find the magnitude of the induced current: 

Where, the power ( energy per time): 





Lenz's law,

➢ The induced current in a loop is in the direction that creates a magnetic field that opposes the change in magnetic flux 

through the area enclosed by the loop.



Induced emf and Electric Fields

➢ We have seen that a changing magnetic flux induces an emf and a current in a conducting

loop. In our study of electricity, we related a current to an electric field that applies

electric forces on charged particles. In the same way, we can relate an induced current in

a conducting loop to an electric field.









✓ generators and motors

✓ Electric generators are devices that take in energy by work and transfer it out by electrical transmission. To understand 

how they operate, let us consider the alternating current (AC) generator. In its simplest form, it consists of a loop of 

wire rotated by some external means in a magnetic field

✓ the magnetic flux through the coil at any time t is

✓ The induced emf in the coil is

✓ the maximum emf has the value , which occurs when ωt = 90 or 270.


