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1.The electric charge
• Empirically it was known since ancient times that if amber is rubbed 

on fur, it acquires the property of attracting light objects such as 
feathers.

• This phenomenon was attributed to a new property of matter called 
“electric charge”.

• electron is the Greek name for amber because of its electrostatic 
properties and whilst analyzing elementary charge for the first time.

• More experiments show that they are two distinct type of electric 
charge: positive (color code: red), and negative (color code: black). 
The names “positive” and “negative” were given by Benjamin 
Franklin. 
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The electric charge on
(1)  a glass rod rubbed with silk is positive.
(2)  an amber (plastic) rod rubbed with fur is 

negative. 

((Note))
Rubber rubbed with cat fur: rubber becomes negative, while the fur becomes 

positive. 

Amber rod (-) 
Plastic rod (-) 
Rubber (-) 
Glass rod (+)



Further experiments on charged objects showed that as :

1. Charges of the same type (either both positive or both 
negative) repel each other as in fig a.

2. Charges of opposite type on the other hand attract 
each other as in fig b. 

3. The force direction allows us to determine the sign of 
an unknown electric charge 

Edit by
Assist .Lac. Yasameen Kamil 



2.Charge is quantized
• The experiments strongly suggested that the electric charge, q, is said to be 

quantized. q is the standard symbol used for charge as a variable. Electric 
charge exists as discrete packets The SI Unit of charge is the coulomb (c). 

• The charge of the electron:
• q= n e
• where n is an integer(no. of electron or proton),  and e is the fundamental 

unit of charge. 
• e = 1.602176487 x ିଵଽ

• For electron q = -e 
• For proton q = +e 
• For neutron q = 0
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• How many electrons are there to form 1 C?

n=௤

௘

ଵ ௖

௘

ଵ

ଵ.଺଴ଶ∗ଵ଴షభవ
ଵ଼

• 1 C = ି଺ C ( : micro) 
• 1 nC = ିଽ C (n: nano) 
• 1 pC = ିଵଶ C (p: pico)
• 1 fC = ିଵହ C (f: femto) 
• 1 aC = ିଵ଼ C (a: atto) 

• ((Note)) Relation between 1 C (SI units) and 1 esu (cgs gaussian unit of charge, 
electrostatic unit) 
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We consider a force between two charges with q = 
1c, The separation between two charges is r = 1 m. 
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3. Charge is conserved
• Consider a glass rod and a piece of silk cloth (both 

uncharged) shown in the upper figure.
• If we rub the glass rod with the silk cloth we know that 

positive charge appears on the rod (see the figure).
• At the same time an equal amount of negative charge 

appears on the silk cloth
• so that the net rod-cloth charge is actually zero. This 

suggests that rubbing does not create charge but only 
transfers it from one body to the other.

• Charge conservation can be summarized as follows: In 
any process the charge at the beginning equals the 
charge at the end of the process. 

• The total electric charge in an isolated system, that is, 
the algebraic sum of the positive and negative charge 
present at any time, never change.
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Some concepts
Due to the movement of electrons, 
charge is transferred from one object to 
another.
Positive ion: the atom that loses an 

electron is said to be a positive ion;
Negative ion: the atom that receives an 

extra electron is said to be a negative 
ion.
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4.Coulomb’s law
• Charles-Augustin de Coulomb  was a French physicist. He is best known for 

developing Coulomb's law

• Coulomb's law which is  the definition of the electrostatic force of attraction and 
repulsion. 

• coulomb’s law state that :”Two stationary electric charges repel or attract one 
another with a force proportional to the product of the magnitude of the charges 
and inversely proportional to the square of the distance between them”. 
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𝑓ଵ,ଶ =
𝑘௘ 𝑞ଵ 𝑞ଶ

𝑟ଶ
𝑒ଵ,ଶ Coulomb’s law

The constant of proportionality (ke) is written as
𝑘௘ =

ଵ

ଶగఌబ
=𝑐ଶ × 10ି଻=8.98755*10ଽ N 𝑚ଶ / 𝑐ଶ  ( or Vm/c) 

Here q1 and q2 are numbers (scalars) giving the magnitude and sign 
of the respective charges, e is the unit vector in the direction from 
charge 1 to charge 2, and F12 is the force acting on charge 2. 

Note that 

F 21= - F12
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5.Bohr model 
• consider the Bohr model shown in this figure. 
• The system consists of a proton and an electron. 
• These two particles are coupled with an attractive 

Coulomb interaction. 
• The electrical force between the electron (charge q1 

= -e) and proton (charge q2 = +e) is found from 
Coulomb’s law, 

• ௘
௞೐ ௤భ ௤మ

௥ಳ
మ =8.19 ି଼N
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((Note)) 
An important difference between the electric force and the gravitational force 
is that the gravitational force is always attractive, while the electric force can be 
repulsive, or attractive, depending on the charges of the particles.
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6.Conductors and insulators
(a) Conductors
A conductor is a material that permits the motion of electric charge through its 
volume. Examples of conductors are copper, aluminum and iron. An electric 
charge placed on the end of a conductor will spread out over the entire 
conductor until an equilibrium distribution is established.
(b) Insulators
Electric charge placed on an insulator stays in place: an insulator (like glass, 

rubber and mylar) does not permit the motion of electric charge. 
(c) Superconductors
Superconductors are materials that are perfect conductors, allowing charge to 
move without any hindrance
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7. Principle superposition

• When there are more than two charges present we must supplement the Coulomb’s 
law with one other fact of nature. This fact is called “the principle of superposition.”

• . 

• principle of superposition state that The force on any charge is the vector sum of the 
Coulomb forces(electrostatic force) from each of the other charges. This fact is called 
“the principle of superposition.”

• If we combine the Coulomb’s law and the principle of superposition, That is all there is 
to electrostatics.
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Suppose we have some arrangement of charges q1, q2, q3, …, qN, fixed in space. From the 
principle of superposition, the resultant force on the charge q0 is expressed by

The resultant force F0 on the charge q0 is given by 

F0 = F10 + F20 + F30 + F40
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Example :1
Four point charge at the corners of a square of side (a) shown in fig . Determine 
the magnitude and direction of the resultant electric force on q in symbolic form 
q, ke, a ?

+

FBA

FDA

FCA

𝜃

Free body diagram  (F.B.D) for force on charge A



D

1- The force FBA is the force acting from charge B to charge  A 
and the direction of this force upward because the charge(+ A)  
move away from charge (+B) because of the repel.

2- The force FDA is the force acting from charge D to charge  A 
and the direction of this force  to the right  because the 
charge(+ A)  move away from charge (+D) because of the repel.

3- The force FcA is the force acting from charge c to charge  A 
and the direction of this force  diagonal component  in the 
north east because the charge(+ A)  move away from charge 
(+c) because of the repel. And this force make an angle 45 deg. 
Because of the symmetry as shown below  

Fig 1.1 

As shown in fig 1.1.
Solution
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• By applying Coulombe's law to find the net electrostatic force

𝑓ଵ,ଶ =
𝑘௘ 𝑞ଵ 𝑞ଶ

𝑟ଶ

Y- direction x – direction Forces 

𝑘(2𝑞)(𝑞)

𝑎ଶ

0FBA

0𝑘(2𝑞)(𝑞)

𝑎ଶ

FDA 

௞(ଷ௤)(௤)

(௔√ଶ)మ cos 45௞(ଷ௤)(௤)

(௔√ଶ)మ cos 45FCA

The resultant electrostatic force in x-direction  (FNX )= ௞(ଶ௤)(௤)

௔మ + 
௞(ଷ௤)(௤)

(௔√ଶ)మ cos 45

The resultant electrostatic force in Y-direction  (FNY )= ௞(ଶ௤)(௤)

௔మ + 
௞(ଷ௤)(௤)

(௔√ଶ)మ cos 45

Then find the resultant  electrostatic force in q is  FN= 𝐹ே௑
ଶ + 𝐹ே௒

ଶ
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The Electric Field
• An 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. As an example, consider Figure 23.11, 
which shows a small positive test charge q0 placed near a second object carrying 
a much greater positive charge Q. We define the electric field due to the source 
charge at the location of the test charge to be the electric force

on the test charge per unit charge, or to be more specific 
the electric field vector E at a point in space is defined as
the electric force Fe acting on a positive test charge q0 placed 
at that point divided by the test charge:

௘ =q E ( 23.8)



• Notice the similarity between Equation 23.8 and the 
corresponding equation for a particle with mass placed in a 
gravitational field, Fg=mg

• The vector E has the SI units of newtons per coulomb (N/C).
• The direction of E, as shown in Figure 23.11

Figure (23.11)

. For a positive point charge the lines  of 
electric field are directed outward 

. For a negative charge the lines of electric 
field are directed inward



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

• where rˆ is a unit vector directed from q toward q0. This force in 
Figure 23.13a is directed away from the source charge q. Because the 
electric field at P, the position of the test charge, is defined by 
E=Fe/q0, we find that at P, the electric field created by q is



.To calculate the electric field at a point P due to a group of point 
charges, we first calculate the electric field vectors at P individually 
using Equation 23.9 and then add them vectorially. In other words, 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 ri is the distance from the i th source charge qi to the point P and 
rˆi is a unit vector directed from qi toward P.







Electric Field of a Continuous Charge Distribution
The electric field at P due to one charge element carrying charge Δq is

where r is the distance from the charge element to point P and rˆ 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 i th element in the distribution. Because the charge 
distribution is modeled as continuous, the total field at P in the limit                is

where the integration is over the entire charge distribution. This is a vector 
operation and must be treated appropriately. When performing such calculations, 
it is convenient to use the concept of a charge density along with the following 
notations:
If a charge Q is uniformly distributed throughout a volume V, the volume charge
density ρ is defined by  
where ρ has units of coulombs per cubic meter (C/m3).



• If a charge Q is uniformly distributed on a surface of area A, the 
surface charge density σ (lowercase Greek sigma) is defined by

• where σ has units of coulombs per square meter (C/m2).
• If a charge Q is uniformly distributed along a line of length ℓ, the linear 

charge density λ is defined by

• where 3 has units of coulombs per meter (C/m).
• If the charge is nonuniformly distributed over a volume, surface, or 

line, the amounts of charge dq in a small volume, surface, or length 
element are





• components of all the various charge segments sum to zero. That is, the 
perpendicular component of the field created by any charge element is 
canceled by the perpendicular component created by an element on the 
opposite side of the ring. Because                        and                     , we find 
that:

• we can integrate to obtain the total field at P:

• This result shows that the field is zero at x = 0. Does this finding surprise 
you?

• What If? Suppose a negative charge is placed at the center of the ring in 
Figure 23.18 and displaced slightly by a distance x !! a along the x axis. 
When released, what type of motion does it exhibit? (it will be a harmonic 
motion due to the different  type of charges ) 





A convenient way of visualizing electric field patterns is to draw curved lines that are 
parallel to the electric field vector at any point in space. These lines, called electric field 
lines and first introduced by Faraday, 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. Thus, the field lines are 
close together where the electric field is strong and far apart where the field is weak.







• The rules for drawing electric field lines are as follows:
• The lines must begin on a positive charge and terminate on 
a negative charge. In the case of an excess of one type of 
charge, some lines will begin or end infinitely far away.
• The number of lines drawn leaving a positive charge or 
approaching a negative charge is proportional to the 
magnitude of the charge.
• No two field lines can cross.
• We choose the number of field lines starting from any 
Positively charged object to be Cq and the number of lines ending 
on any negatively charged object to be C lql where C is an arbitrary 
proportionality constant. Once C is chosen, the number of lines is fixed. For 
example, if object 1 has charge Q1 and object 2 has charge Q2, then the ratio 
of number of lines is N2/N1 =Q2/Q1. The electric field lines for two point 
charges of equal magnitude but opposite signs (an electric dipole)



Motion of Charged Particles 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 q E according to Equation 23.8. If this 
is the only force exerted on the particle, it must be the net force and causes 
the particle to accelerate according to Newton’s second law. Thus,

• The acceleration of the particle is therefore

• If E is uniform (that is, constant in magnitude and direction), then the 
acceleration is constant. 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.





• The electric field in the region between two oppositely charged flat metallic 
plates is approximately uniform (Fig. 23.26). Suppose an electron of charge -e is 
projected horizontally into this field from the origin with an initial velocity         at 
time t = 0. Because the electric field E in Figure 23.26 is in the positive y direction, 
the acceleration of the electron is in the negative y direction. That is,

Because the acceleration is constant, we can apply the equations of kinematics in 
two dimensions with                                              . After the electron has been in the



• electric field for a time interval, the components of its velocity at time t are

• Its position coordinates at time t are

• Substituting the value t = xf /vi from Equation 23.16 into Equation 23.17, we see that yf is 
proportional to xf

2. Hence, the trajectory is a parabola. This should not be a surprise—
consider the analogous situation of throwing a ball horizontally in a uniform gravitational 
field. After the electron leaves the field, the electric force vanishes and the electron continues 
to move in a straight line in the direction of v in Figure 23.26 with a speed v ˃ vi .

• Note that we have neglected the gravitational force acting on the electron. This is a good 
approximation when we are dealing with atomic particles. For an electric field of 104 N/C, the 
ratio of the magnitude of the electric force e E to the magnitude of the gravitational force mg 
is on the order of 1014 for an electron and on the order of 1011 for a proton.
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1.Electric dipole moment 
• An electric dipole is a pair of point charges with equal magnitude and 

opposite sign (a positive charge q and a negative charge –q) separated 
by a distance (d = 2a) which is the dipole axis as shown in figure (3-1) .

• Definition of electric moment:-
In physics, the electric dipole moment
(or electric dipole for short) is a measure of
the polarity of a system of electric charges.

In figure(3-2) r =2a =d,  In the simple case of two point charges,
one with charge +q and one with charge −q

Figure (3-2)

Figure (3-1)



• the electric dipole moment is: 
• p =r X q     …………..       (3-1)      (the magnitude of dipole moment)
• The unite of  dipole moment is Coulomb. meter (C. m)
• where r is the displacement vector pointing from the negative charge to the 

positive charge (r = 2a = d). This implies that the electric dipole moment 
vector points from the negative charge to the positive charge. 

• What happen if we put a dipole in electric field? 
• If the dipole is parallel to the electric field as shown in figure (3-3 (a),(b) 
• The +ve charge produces a force accelerated in the direction of E, while the 

–ve charge produces a force accelerated opposite to  the direction of E.
• In this case there are two forces having the same magnitude but opposite 

in their direction, then the resultant force  acting on dipole=0  



the electric field parallel to the 
dipole axis, the forces having the 
same magnitude but opposite 
direction , The resultant force 
acting on dipole =0 

the electric field parallel to the dipole 
axis, the forces having the same 
magnitude but opposite direction , 
The resultant force acting on dipole 
=0 

the electric field perpendicular to the 
dipole axis, the forces having the same 
magnitude but opposite direction , The 
resultant force acting on dipole generate 
a torque  

figure 3-3(a) Figure 3-3(b) Figure 3-3 (c)



• Figure 3-3c represent the  dipole axis vertical to the electric field (E )   . In this case there is a torque 
will be produces  

•
• Where  represent the torque and l the arm of the acting force 

• ௡௘௧ = ଵ ଶ becuse the two force in clock wise (C.W) direction

• = l + l

• = ௗ

ଶ
+ ௗ

ଶ

• ௡௘௧

• = q
• ௡௘௧

* 



2. Torque 
• We consider the behavior of the electric dipole moment in the presence of an electric field 
• An electric dipole is a pair of point charges with 
equal magnitude and opposite sign 
(a positive charge q and a negative charge –q) 
separated by a distance d (= 2a) as in figure (3-4). 
• The electric dipole moment is defined by   

• P=2aq            ………….. (3-4)

• The unit of p is C m. The magnitude of 
the torque exerted by the field E is according to equation (3-3): 
• = ………….(3-5) 

where is the angle between E and the dipole axis 
The torque directed to clock –wise
Figure (3-5) represent the vector form of the torque ( ) 

Figure (3-4)

Figure (3-5)



3-Potential energy of electric dipole
• The work done on the electric dipole moment (p) by the electric field (E) is given 

by 3-6)
•

• d ,
• Not that This torque (- ) is the counterclockwise direction and in the direction of 

increasing as shown in
figure (3-6)(a),(b). 

 𝑎) (𝑝) 𝑖𝑛  𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑑𝑖𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐸 
,      ∅=0
𝜏 = 𝑝 𝐸 𝑠𝑖𝑛∅=0,  The minimum value 

  𝑏)(𝑝) 𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑒𝑟 𝑡𝑜 𝐸 
,      ∅=90
𝜏 = 𝑝 𝐸 𝑠𝑖𝑛∅ = maximum value , 

Figure (3-6)



• When is increases from 0 to 90 then the torque will be negative sign (-
• =- =-  d  

W=
W=-U=

• Since U=- W , we have the expression for the potential energy (U) (in units of 
J) 

• U =- p E 
• Note-1 Work-energy theorem; K= W =- U,

Where K is the kinetic energy 
• note-2) The kinetic energy work theorem; W= 
• Note-3)) The potential energy has its minimum value where p and E are parallel 

( = 0). The potential energy has its maximum value where p and E are 
antiparallel ( = )
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Summary

• Electric Flux
• Gauss’s Law
• Examples of using Gauss’s Law
• Properties of Conductors



Flux of an electric field

• Is the measure of electric field line passing through the surface area “S”
Electric flux 

ф = 𝐸 × 𝐴 unite : N.𝑚ଶ/𝐶
Where: 
A: is a vector perpendicular to the surface area , 
E : is the electric field 

(A) parallel to the (E ) (A) perpendicular to the( E)



• Electric flux depend on the strength of the E 
on the surface area , and depend on 
the relative orientation of the field and the surface ( ∅

ф = 𝐸 × 𝐴 cos ∅  

Where ∅ is the angle between E and A 



Gauss’s Law

• Gauss’ law is an expression of the general relationship between the 
net electric flux through a closed surface and the charge enclosed by 
the surface. The closed surface is often called a Gaussian surface.



Gaussian surface : The closed surface is often 
called a Gaussian surface. If the Gaussian surface 
has a net electric charge within it, then the 
electric flux through the surface is  , that is

௜௡

଴

d A E

Small 
reign 



Flux through a sphere from a point charge

2
10 ||4

1
||

r
E

Q




The electric field around a point charge

2
12

10

||4
||4

1
r

r





Q

Thus the flux on a sphere 
is E × Area r1

0
Q

Cancelling we get 



Now we change the radius of sphere

r2
2

20 ||4

1
||

r
E

Q




2
22

20
2 ||4

||4

1
r

r





Q

0
2 

Q


The flux is 
the same as 
before 0

12 
Q





Since the flux is related to the number of field lines 
passing through a surface the total flux is the total from 
each charge

Q2

Q1

s

0

2

0

1


QQ

S 


0
i

S

Q

Gauss’s Law

For any 
surface



Quiz:-

+3𝜇 c

-3𝜇 c

-5𝜇 c
S1

S2
S3

S4

Quiz)
Calculate the electric flux in each closed surface 

ф௦ଵ=
ф௦ଶ=
ф௦ଷ=
ф௦ସ=



Example 



Conductors in Electric Fields

• E = 0 everywhere inside the conductor. 
• 2. There is no net charge inside the conductor. 
• 3. E is everywhere perpendicular to the bounding surface of the 

conductor.
• 4. The electric potential V is constant insider the conductor. 
• 5. Any net charge must reside on the surface of conductor. 
• 6. The tangential component of the electric field E is zero on the 

surface of conductor. 



1-E is zero within conductor

If there is a field in the conductor, then the free electrons would feel a 
force and be accelerated.  They would then move and since there are 
charges moving the conductor would not be in electrostatic equilibrium

Thus E=0
2. There is no net charge inside the conductor. 
Because of the repulsive force inside  the conductor the charge would 

reside on the surface of conductor
3-E is everywhere perpendicular to the bounding surface of the 

conductor. 
If the tangential component of the E|| >0 , it would cause surface charge q 

to move thus it would not be in electrostatic equilibrium, thus E|| =0 , for 
this reason only the vertical component of E bounded the surface of 
conductor 
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Application of the Gauss’ law:

1.Electric field due to infinite point of charge
೔೙

బ
 

೔೙

బ

 ೔೙

బ

 ೔೙
మ

బ
= ೔೙

మ

R

+

Gaussian surface 



Application of the Gauss’ law:

2.Electric field due to infinite line of charge

∮ 𝐸. 𝑑𝐴 =
ொ೔೙

ఌబ
 

= ∮ 𝐸. 𝑑𝐴
ଵ

+ ∮ 𝐸. 𝑑𝐴
ଶ

+ ∮ 𝐸. 𝑑𝐴
ଷ

=        
ொ೔೙

ఌబ

E∮ 𝑑𝐴 𝑐𝑜𝑠0 =
஛௟

ఌబ

E . 2𝜋𝑟 𝑙  =஛௟

ఌబ
where the area of cylindrical surface is 2𝜋𝑟 𝑙

E= 
஛

ଶగ௥ఌబ

A3

A1

A2

λ =
ொ

௟
 

Linear charge density



Application of the Gauss’ law:

ொ೔೙

ఌబ
 

= 
ଵ ଶ ଷ

=        
ொ೔೙

ఌబ

E.A + E.A = 
ఙ஺

ఌబ

2A.E= 
ఙ஺

ఌబ

E= 
ఙ

ଶఌబ

𝜎 =
ொ

஺
   ( C/𝑚ଶ    ) the surface 

charge density)

3.Nonconducting sheet ( surface of charge) 



Application of the Gauss’ law:

4.Solid nonconducting sphere 
a)The electric field outside the sphere

೔೙

బ

 ೔೙

బ

 ೔೙
మ

బ

 

r

++++++
++++++

Gaussian surface 

𝜌 =
ொ

௏
(c/𝑚ଷ   )( the volume charge density) 



Application of the Gauss’ law:

Solid nonconducting sphere 
b)The electric field inside the sphere(r<R)

೔೙

బ

 ೔೙

బ

 
ᇲ

మ
బ

 
ᇲ

మ
బ

 య

r

Gaussian surface 

R

ொ

௏
= ொᇲ

௏
ொ

ర
య⁄ గோయ= ொᇲ

ర
య⁄ గ௥య

ᇱ = ொ௥య

ோయ



Application of the Gauss’ law:

c)The electric field on the surface of the sphere( the radius is R)

 ொ ோ

ସగோయఌబ
 

ொ 

ସగோమఌబ

R

Gaussian surface 



Application of the Gauss’ law:

• 5) conducting sphere  and thin shell 
• A) r>R

బ
 

బ

 
బ

 ೔೙
మ

బ
= మ

b) r<R 

 
బ
=0          (there is no charge in side the conductor)

r

Gaussian surface 

R



Application of the Gauss’ law:
6)Thick conducting shell
• E outside  

బ
 

 
బ

 
షల

బ

E=
షల

మ
బ

.E inside

 
షల

బ

-5mc

Gaussian surface 

+10 mc

R=10cm



Application of the Gauss’ law:

• Find E  when r>5?

 
షల

బ

• Find E when 5<r<3?
E=0

• Find E when r<3?
E=0  (there is no charge inside the shell)

r=3cm

Gaussian surface 

-5mc

5cm
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Potential difference and electric potential 





Work and Potential (V)
The work done by the electric force in moving a test 
charge from point a to point b is given by

 

b

a

b

a
ba ldEqldFW


0

Dividing through by the test charge q0 we have

 
b

a
ba ldEVV



 
b

a
ab ldEVV



Rearranging so the order of the subscripts is the same 
on both sides



Electric Potential

 
b

a
ab ldEVV

From this last result

We see that the electric field points in the direction of 
decreasing potential
Work (W) = Ua – Ub = q (Va - Vb)

We get E
dx

dV
ldEdV  or  


We are often more interested in potential differences 
as this relates directly to the work done in moving a 
charge from one point to another



Units for Energy

There is an additional unit that is used for energy in 
addition to that of joules

A particle having the charge of e (1.6 x 10-19 C) that is 
moved through a potential difference of 1 Volt has an 
increase in energy that is given by

eVjoulesVqW 1106.1 19  



General Points for either positive or negative charges
The Potential increases if you move in the direction 
opposite to the electric field

and
The Potential decreases if you move in the same
direction as the electric field

Electric Potential

∆𝑉 = −𝐸 𝑑 cos 180
   ∆𝑉 = +𝐸 𝑑

∆𝑉 = −𝐸 𝑑 cos 0
     ∆𝑉 = −𝐸 𝑑



What is the potential difference between points A and B?
ΔVAB = VB - VA

a) ΔVAB > 0 b) ΔVAB = 0 c) ΔVAB < 0

E
A

B
C

Example 1

Points A, B, and C lie in 
a uniform electric field.

Since points A and B are in the same relative horizontal 
location in the electric field there is no potential 
difference between them

The electric field, E, points in the direction of decreasing 
potential



E

A

B
C

Point C is at a higher potential than point A.

True                         False

Example 2
Points A, B, and C lie in 
a uniform electric field.

As stated previously the electric field points in the direction of 
decreasing potential

Since point C is further to the right in the electric field and the 
electric field is pointing to the right, point C is at a lower potential

The statement is therefore FALSE



If a negative charge is moved from point A to point B, its electric 
potential energy

a) Increases. b) decreases. c) doesn’t change.

E

A

B
C

Example 3
Points A, B, and C lie in a 
uniform electric field.

The potential energy of a charge at a location in an electric 
field is given by the product of the charge and the potential at 
the location (pE=q 

As shown in Example 1, the potential at points A and B are 
the same

Therefore the electric potential energy also doesn’t change



Units for Energy

There is an additional unit that is used for energy in 
addition to that of joules

A particle having the charge of e (1.6 x 10-19 C) that is 
moved through a potential difference of 1 Volt has an 
increase in energy that is given by

eVjoulesVqW 1106.1 19  



Electric Potential (V) due to point of charge
We define the term to the right of the summation as 
the electric potential at point a


i i

i
a r

q
PotentialElectric

04

1
_



Like energy, potential is a SCALAR

We define the potential of a given point charge as being

r

q
VPotential

04

1




This equation has the convention that the potential is 
zero at infinite distance

V     ೔

೔



The net potential V at the origin is simply the algebraic sum of the potentials due 
to each charge taken in isolation. Thus,

The work W which we must perform in order to slowly moving a charge q3 from 
infinity to the origin is simply the product of the charge and the potential 
difference. Thus, 

Example



Electric Potential(v) due to dipole 

Line BA is on the z axis. The positive charge is at (0, 0, a) 
and the negative charge is at (0, 0, -a)
We consider an electrical potential at the point P, due to 
the electric dipole moment

𝑣஺௉ =
𝑘𝑞

𝑟ଵ

𝑣஻௉ =
௞௤

௥మ
 

𝑣௧௢௧௔௟ = 𝑘𝑞
1

𝑟ଵ
−

1

𝑟ଶ



Equipotential Surfaces

• It is possible to move a test charge from one 
point to another without having any net work 
done on the charge.

• This occurs when the beginning and end points 
have the same potential

• It is possible to map out such points and a given 
set of points at the same potential form an 
equipotential surface



Equipotential Surfaces

• The electric field does no work as a charge is moved 
along an equipotential surface

• Since no work is done, there is no force, qE, along the 
direction of motion

• The electric field is perpendicular to the equipotential 
surface



•Capacitor 



Capacitance and Dielectrics







Types of capacitors 
• 1- parallel plate capacitor

ொ

௩

ఌ°஺

ௗ
…….(26-3)        due to the geometry      

parallel plate capacitor

2- cylindrical capacitor
ொ

௩

ଶగఌ°௟

௟௡
ೌ

್

due to the geometry    

Where a= the small radios, b= the bigger radios and = 
the length of the cylinder 



Types of capacitors 

3- Spherical capacitor 
° due to the geometry 

• Where a= the small radios, b= the bigger 
radios



Connection of Capacitors
1- parallel combination  
. The individual potential differences across capacitors 
connected in parallel are the same and are equal to the 
potential difference applied across the combination. 
V= ଵ ଶ ଷ

. The total charge on capacitors connected in parallel is 
the sum of the charges on the individual capacitor 
Q= ଵ ଶ ଷ

The equivalent capacitance of parallel connected is the 
algebraic sum of individual capacitance 

௘௤ = ଵ ଶ ଷ parallel connection 

Q1 = 𝑐ଵ 𝑣
Q2 = 𝑐ଶ 𝑣
Q3 = 𝑐ଷ 𝑣

𝐶௘௤ 𝑣 = 𝑐ଵ 𝑣 + 𝑐ଶ 𝑣 + 𝑐ଷ 𝑣

Q= 𝑄ଵ  + 𝑄ଶ  + 𝑄ଷ 
𝐶௘௤  = 𝑐ଵ  + 𝑐ଶ  + 𝑐ଷ 



Series combination
• The charges on capacitors connected in series are  

the same
• = 
• The total potential differences across any number 

of capacitors connected in series is  the sum of the 
potential difference across the individual capacitors 

• v= 
• The inverse of the equivalent capacitance of series 

connection is the algebraic sum of  inverse of the 
individual capacitances 

•
೐೜

= 
భ మ య

𝑄= 𝑐ଵ 𝑣ଵ = 𝑐ଶ 𝑣ଶ = 𝑐ଷ 𝑣ଷ

v= 𝑣ଵ  + 𝑣ଶ  + 𝑣ଷ

ொ

௖೐೜
= ொ

௖భ
+

ொ

௖మ
 +

ொ

௖య

ଵ

௖೐೜
= ଵ

௖భ
+

ଵ

௖మ
 +

ଵ

௖య



Example 



• The work done in charging the capacitor appears as electric potential 
energy  U stored in the capacitor as in the following forms 

• ………1 

•

•
మ

…………3

• The unite of energy is joule (J)



Energy density 

• The energy per unite volume known as the energy density 

•

•
భ

మ  
మ

=
భ

మ °
మ

•  

The energy density in any electric field is proportional to the square of 
magnitude of the electric field at a given point.



Dielectric 
• The capacitance of a set of charged parallel plates is 

increased by the insertion of a dielectric material.

• °

• Also °

°

• if we put the dielectric between two plates of the 
capacitors, then the capacitance is increased as in the 
following form   

• c ° where k = the dielectric constant 

• K= 
°

The dielectric is the free space (air)
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Basic concepts

Electricity: Physical phenomenon arising from 
the existence and interactions of electric charge
✴ Charge

✴ Current

✴ Voltage

✴ Power and Energy



Electric current

An ampere (A) is the number of electrons having a total charge of 
1 C moving through a given cross section in 1 sec.

As defined, current flows in direction of positive charge flow



Current density 

• It is the amount of current flowing in a unit area and its 
symbol (J). 

•

• The unite of current density is ( మ



Electric circuit

An electric circuit is an interconnection of electrical elements 
linked together in a closed path so that electric current may 
flow continuously

Circuit diagrams are the standard for electrical engineers



Voltage

The voltage across an element is the work (energy) required to 

move a unit of positive charge from the “-” terminal to the “+” 
terminal

A volt is the potential difference (voltage) 
between two points when 1 joule of energy 
is used to move 1 coulomb of charge from 
one point to the other



Power
The rate at which energy is converted or work is performed

A watt results when 1 joule of energy is converted or used in 1 second

Power Dissipated in Resistor



Resistors

Resistivity (ρ) is the ability of a 
material to resist current flow. The 
units of resistivity are Ohm-meters 
(Ω-m)

Resistance (R) is the physical 
property of an element that impedes 
the flow of current . The units of 
resistance are Ohms (Ω)

1.68×10−8 Ω·m

Example:

Resistivity of copper

Resistivity of glass 1010 to 1014 Ω·m



Resistors



Resistors



Ohm’s Law

(remember, R is in Ω 
and ρ is in Ω.m) 



• The resistor consume energy this energy is consumed as  a heat

If the temperature increase the resistivity )also increase  du to the 
following formula 

° °

Where is the temperature coefficient of resistivity and its unite (𝟏

𝒄°

And ) measured in kelvin or centigrade
Can find the resistance from the above formula above 

° °



Electrical sources

An electrical source is a voltage 
or current generator capable of 
supplying energy to a circuit

Examples:

-AA batteries
-12-Volt car battery
-Wall plug



Ideal voltage source

An ideal voltage source is a circuit element where the voltage 
across the source is independent of the current through it.

Recall Ohm’s Law: V=IR

The internal resistance of an ideal voltage source is zero.

If the current through an ideal voltage source is
completely determined by the external circuit, it 
is considered an independent voltage source



Ideal current source

An ideal current source is a circuit element where the current 
through the source is independent of the voltage across it.

Recall Ohm’s Law: I = V/R

The internal resistance of an ideal current source is infinite.

If the voltage across an ideal current source is
completely determined by the external circuit, it 
is considered an independent current source



Dependent Sources

A dependent or controlled source depends upon a different 
voltage or current in the circuit



Resistors in series
The resistors in a series circuit are 680 Ω, 1.5 kΩ, and 2.2 kΩ. What is 
the total resistance?

Electric Circuit Design Principles



Series circuits
A series circuit has only one current path

Current through each component is the same

In a series circuit, all elements must 
function for the circuit to be complete



Multiple elements in a series circuit



Example: Resistors in series
The resistors in a series circuit are 680 Ω, 1.5 kΩ, and 2.2 kΩ. What is

the total resistance?

The current through each resistor?



Example: Voltage sources in series

Find the total voltage of the sources shown



Example: Resistors in parallel
The resistors in a parallel circuit are 680 Ω, 1.5 kΩ, and 2.2 kΩ. 

What is the total resistance?



Parallel circuits

A parallel circuit has more than 
one current path branching from 
the energy source

Voltage across each pathway is 
the same

In a parallel circuit, separate current 
paths function independently of one 
another



Multiple elements in a parallel circuit

For parallel voltage sources, the voltage 
is the same across all batteries, but the 
current supplied by each element is
a fraction of the total current



Example: Resistors in parallel
The resistors in a parallel circuit are 680 Ω, 1.5 kΩ, and 2.2 kΩ. What is 
the total resistance?

Voltage across each resistor?
Dissipated power?

Current through each resistor?



Circuit Definitions

• Node – any point where 2 or more circuit elements 
are connected together

• Wires usually have negligible resistance
• Each node has one voltage (w.r.t. ground)

• Branch – a circuit element between two nodes
• Loop – a collection of branches that form a closed 

path returning to the same node without going 
through any other nodes or branches twice



Example

• How many nodes, branches & loops?

+
-

Vs Is

R1

R2 R3

+

Vo

-



Example

• Three nodes

+
-

Vs Is

R1

R2 R3

+

Vo

-



Example

• 5 Branches

+
-

Vs Is

R1

R2 R3

+

Vo

-



Example

• Three Loops, if starting at node A

+
-

Vs Is

R1

R2 R3

+

Vo

-

A B

C



Kirchoff’s Voltage Law (KVL)

• The algebraic sum of voltages around each 
loop is zero

• Beginning with one node, add voltages across 
each branch in the loop (if you encounter a + 
sign first) and subtract voltages (if you 
encounter a – sign first)

• Σ voltage drops - Σ voltage rises = 0
• Or  Σ voltage drops = Σ voltage rises 



Example

• Kirchoff’s Voltage Law around 1st Loop

+
-

Vs Is

R1

R2 R3

+

Vo

-

A B

C

I2

I1

+

I2R2

-

+    I1R1       -

Assign current variables and directions

Use Ohm’s law to assign voltages and polarities consistent with
passive devices (current enters at the + side)



Example

• Kirchoff’s Voltage Law around 1st Loop

+
-

Vs Is

R1

R2 R3

+

Vo

-

A B

C

I2

I1

+

I2R2

-

+    I1R1       -

- I1R1 - I2R2 + Vs = 0



Circuit Analysis

• When given a circuit with sources and resistors having fixed values, 
you can use Kirchhoff's two laws and Ohm’s law to determine all 
branch voltages and currents

+
12 v

-

I

7Ω

3Ω

A
B

C

+    VAB -

+

VBC

-



Series Resistors

• KVL:  +I·10Ω – 12 v = 0,     So I = 1.2 A
• From the viewpoint of the source, the 7 and 3 ohm resistors in series 

are equivalent to the 10 ohms

+
12 v

-

I

10Ω

+

I·10Ω

-



Circuit Analysis
• By Ohm’s law: VAB = I·7Ω and VBC = I·3Ω
• By KVL:   VAB + VBC – 12 v = 0
• Substituting: I·7Ω + I·3Ω -12 v = 0
• Solving: I = 1.2 A

+
12 v

-

I

7Ω

3Ω

A
B

C

+    VAB -

+

VBC

-

Since VAB = I·7Ω and VBC = I·3Ω
And I = 1.2 A
So VAB = 8.4 v and VBC = 3.6 v



Kirchoff’s Current Law (KCL)

• The algebraic sum of currents entering a node is zero
• Add each branch current entering the node and subtract each branch current 

leaving the node

• Σ currents in - Σ currents out = 0
• Or  Σ currents in = Σ currents out 



Example

• Kirchoff’s Current Law at B

+
-

Vs Is

R1

R2 R3

+

Vo

-

A
B

C

I2

I1

Assign current variables and directions

Add currents in, subtract currents out:  I1 – I2 – I3 + Is = 0

I3



Example: Find VAB for the Figure 
below

10 A 8Ω 4Ω

A

B

+    

VAB

-

By KVL:                                - I1∙ 8Ω + I2∙ 4Ω = 0                  I2 = 2 ∙ I1

By KCL:                                  10A = I1 + I2

Substituting:                        10A = I1 + 2 ∙ I1 = 3 ∙ I1

So                                           I1  = 3.33 A                     I2 = 6.67 A

And VAB = I2∙ 4 = 26.33 volts

I1 I2
+                       +

- -



Another Way

10 A 2.667Ω

A

B

+    

VAB

-

By Ohm’s Law:   VAB = 10 A ∙ 2.667 Ω
So VAB = 26.67 volts

Replacing two parallel resistors (8 and 4 Ω)
by one equivalent one produces the same
result from the viewpoint of the rest of the 
circuit.
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Alternating current circuits (A.C) circuits 

• Electrical appliances in the house use alternating current (AC) circuit 
• If an AC sources applies an alternating voltage to a series circuit 

containing resistor , inductor, and capacitor , what are the amplitude 
and time characteristics of the alternating current.

• An AC circuit consist of combination of circuit element and power 
source 

• The power source provides an alternating voltage,



Alternating voltage (A.C voltage) 

• The output from an AC power source is sinusoidal and varies with 
time according to the equation 

• sin
• Where:
• : instantaneous voltage 
• :   maximum output voltage of source also called the voltage 

amplitude 
•



The angular frequency is
𝜔 = 2𝜋𝑓 =

ଶగ

்

F is the frequency of the source
T  is the period of source 
The voltage is positive during one half of the cycle and negative during 
the other half



Resisters in an AC circuit
Consider a circuit consisting of an AC source and a 
resistor 
The AC source is  symbolized by 



Resisters in an AC circuit
• The graph shows the current through and the voltage across the 

resistor 
• The current and the voltage reach their maximum value at the same 

time
• The current and the voltage are said to be in phase 
• For a sinusoidal applied voltage , the current in a resistor is always in 

phase with the voltage 

• The direction of the current  has no effect on the behavior of the 
resistor 

•



Phaser diagram



RMS current and voltage 



Note about RMS value 
• RMS values are used when discussing alternating current and voltage 

because 
• AC ammeter and voltmeter are designed to read RMS value  



Example 

∆𝑣 = 200sin𝜔𝑡 

𝑣௥௠௦ = 0.707 ∗ 200 = 141.4   𝑣

𝐼௥௠௦ =
௩ೝ೘ೞ

ோ
= ଵସଵ.ସ

ଵ଴଴
= 1.414  𝐴



Inductors in an AC circuit 



  phase relationship of inductors in an AC circuit



Phasor diagram for an inductor 



Inductive reactance



Inductive reactance

The voltage across inductive 



example

= 3*

ೝ೘ೞ

ಽ
=3 య =15.92 mA 



Capacitors in an AC circuit 



Capacitors in an AC circuit 

• The current reach its maximum value before the 
voltage reach's its maximum value 

• The current lead the voltage by 90

• The phaser diagram shows that for a sinusoidally 
applied voltage the current always leads the 
voltage across a capacitor by 90

Phaser diagram for capacitor



Capacitive reactance 
• The maximum current in the circuit occurs at  

cos

• The impeding effect of capacitor on the current in an AC circuit 
is called the capacitive reactance and given by 



Voltage across capacitor 



example

షల= ohm

ೝ೘ೞ

೎
= భ

ഏ
య
= 0.47 A 

1- To find the capacitive reactance

2-To find the rms current


