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CHAPTER 1 

E LECT R IC CHARGE 
Electrostatics 

• Electrostatics is the physics term for static 
charge.  

• Electro means charge, and of course static 
means stationary or not moving. 
 
 Charge 

2 Types of Charge: 

Positive (+) and Negative (-) 

 Electric Charge 
All matter is made up of atoms 

Atoms contain 

-Protons (+) 

-Neutrons (0)  

  
 
 
 
 
 



-Electrons (-) 

-Law of Electric Charges 

• Charges with the same electrical sign repel 
each other, and charges with the opposite 
electrical signs attract each other.  

• Protons are positively charged and electrons 
are negatively charged, so they are attracted 
to each other.   

• Without this attraction, electrons would not 
be held in atoms. 

• Unlike a gravitational force which always 
attracts, electrostatic force may repel or 
attract depending on the type charge.  
 
Ben's Rule and Paula Abdul - Opposites attract 
and likes repel.  

 
(+) (-) = attract 
(+) (+) = repel 
(-) (-) = repel 

  
 
 
 
 
 



 Conductors and Insulators 

-The properties of conductors and insulators are due 
to the structure and electrical nature of atoms.  

-Atoms consist of positively charged protons, 
negatively charged electrons, and electrically neutral 
neutrons. The protons and neutrons are packed tightly 
together in a central nucleus. 

- When certain types of objects are rubbed together, 
electrons from one object may be transferred to an 
object with a greater affinity for the electrons. When 
this happens, the object that gave up the electrons is 
positive, whereas the object that collected the electrons 
is negative. 

 

 

 

• Conductors are materials through which 
charge can move freely; examples include 

  
 
 
 
 
 



metals (such as copper in common lamp wire), 
the human body, and tap water.  

• Nonconductors also called insulators are 
materials through which charge cannot move 
freely; examples include rubber, plastic, glass, 
and chemically pure water.  
 

• Semiconductors are materials that are 
intermediate between conductors and 
insulators; examples include silicon and 
germanium in computer chips. 
 

• Superconductors are materials that are 
perfect conductors, allowing charge to move 
without any hindrance. 
 
 How Can You Charge Objects? 

There are 3 ways objects can be charged: 

o Friction 
o Conduction 

  
 
 
 
 
 



o Induction 

**In each of these, only the electrons move.  The 
protons stay in the nucleus** 

 Friction 

Charging by friction occurs when electrons are 
“wiped” from one object onto another.  

Example  
If you use a cloth to rub a plastic ruler, electrons 
move from the cloth to the ruler. The ruler gains 
electrons and the cloth loses 
electrons. 
 
 
 
 

 Conduction  

Charging by conduction happens when electrons 
move from one object to another through direct 
contact (touching).  

  
 
 
 
 
 



Example: Suppose you touch an uncharged piece of 
metal with a positively charged glass rod. Electrons 
from the metal will move to the glass rod. The metal 
loses electrons and becomes positively charged.   

 

 Induction  

Charging by induction happens when charges 
in an uncharged object are rearranged 
without direct contact with a charged object.  

Ex. If you charge up a balloon through 
friction and place the balloon near pieces of 
paper, the charges of the paper will be 
rearranged and the paper will be attracted 
to the balloon. 

Coulomb’s Law 
All bodies are able to take a charge of electricity and 
this is termed static electricity.  The charge on a body 
is measure by means of the force between the charges. 
The Coulomb force law, which only applies to charged 
points, is stated below.. 
  
 
 
 
 
 



The force of attraction or repulsion between two charged 
points is directly proportional to the charges and inversely 
proportional to the square of the distance between them. 

In vector form, it is stated thus,  

 

 

Where; 
F = Force between points (N)  
Q1, Q2 = Charges on point 1 and point 2 (Coulomb) 
R = radial separation on points/distance (m) 
      = the unit vector in the direction from Q1 to Q2  
     = Permittivity of the free 
space (vacuum)  
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Note: a negative force results if the 
points have opposite charges and a positive force results if the points 
have the same polarity. 
The above equation can be simplified as follows: 

 

 

The proportional constant, k is: 
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If the space between the charges is another material or air, 
the law may be written: 

 

 

   Where          is the relative permittivity of material.  
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Example 1 
 Find the force on charge Q1, 20 µC, due to charge Q2, -300 µC, where Q1 is 
at (0,1,2)m and Q2 at (2,0,0)m. 
 

 

 

 

 

 

 

 

 

  
 
 
 
 
 



 

Example 2 

 

 

 

 

 
  
 
 
 
 
 



 Charge is Quantized 

 

 
  
 
 
 
 
 



 
 Charge is Conserved 

 

 

 

 

 

 

  
 
 
 
 
 



Homework:  

 

 

 

 

 

  

 

 

 

  
 
 
 
 
 



  

CHAPTER 2 

ELECTRIC FIELDS 
1-The Electric Field 

The electric field E that exists at a point is the electrostatic 
force F experienced by a small test charge q0 placed at that 
point divided by the charge itself: 

 

 

 

• The electric field is a vector, and its direction is the 
same as the direction of the force F on a positive test 
charge.  

• SI Unit of Electric Field: Newton per coulomb (N/C). 

 Important about electric field: 
 It is the surrounding charges that create an electric field 

at a given point. 
 Any charge q placed at the point with the electric field E  

will experiences a force, F=qE. For a positive charge, 
the force points in the same direction as the electric 

  
 
 
 
 
 



field; for a negative charge, the force points in the 
opposite direction as the electric field.  

 At a particular point in space, each of the surrounding 
charges contributes to the net electric field that exists 
there. 
 

2- The Electric Field Lines 

The electric charges create an electric field in the space 
surrounding them. It is useful to have a kind of “map” that 
gives the direction and indicates the strength of the field at 
various places. This can be done by drawing the electric field 
lines. 

 The properties of the electric field lines 

Electric field lines (lines of force) are continuous lines whose 
direction is everywhere that of the electric field 

 

 

 

 

  
 
 
 
 
 



• At any point, the tangent direction of the electric line is 
the direction of electric field. 

• The density of the electric field lines provides 
information about the magnitude of the field. The lines 
are closer together where the electric field is stronger, 
the lines are closer together. The lines are more spread 
out where the electric field is weaker.  

• The electric field lines always begin on a positive charge 
and end on a negative charge and do not start or stop in 
mid space.  

 

  
 
 
 
 
 



 

The electric charges create an electric field in the space 
surrounding them. It is useful to have a kind of “map” that 
gives the direction and indicates the strength of the field at 
various places. This can be done by drawing the electric field 
lines.  

3-The Electric Field Due to a Point Charge 

To find the electric field due to a point charge q (or charged 
particle) at any point a distance r from the point charge, we 
put a positive test charge qo at that point. From Coulomb’s 
law, the electrostatic force acting on qo is: 
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(1) The magnitude of electric field by a point charge is given by:  

 

 

(2) If q is positive, then E is directed away from q, as in Figure b. On 
the other hand, if q is negative, then E is directed toward q.  

 

 

 

 

  
 
 
 
 
 



4-The Electric Field Due to an Electric Dipole 

• Two charged particles of magnitude q but of opposite 
sign, separated by a distance d. We call this 
configuration an electric dipole.  

•  The product qd, which involves the two intrinsic 
properties q and d of the dipole, is the magnitude p of a 
vector quantity known as the electric dipole moment   of 
the dipole. The direction of P is taken to be from the 
negative to the positive end of the dipole.  

The Electric Dipole 

 

 

  
 
 
 
 
 



 

 

 

 

The Electric Field Due to an Electric Dipole  

 

5-The Electric Field Inside a Conductor: Shielding 

(1) At equilibrium under electrostatic conditions, any 
excess charge resides on the surface of a conductor. 

  
 
 
 
 
 



(2) At equilibrium under electrostatic conditions, the electric 
field is zero at any point within a conducting material. 

(3) The electric field just outside the surface of a conductor 
is perpendicular to the surface at equilibrium under 
electrostatic conditions. 

 

 

 

 

 

 

 

5-The Electric Field Due to a Line of Charge 

Up to now we have only considered the electric field of point 
charges. Now let’s look at continuous distributions of charge 
lines - surfaces - volumes of charge and determine the 
resulting electric fields. 

 

 

  
 
 
 
 
 



Name  Symbol  SI Unit  

Charge q  C 

Linear charge density λ C/m 

Surface charge density σ C/m2  

Volume charge density ρ C/m3  

 

 Example: Electric field of a ring of uniform positive 
charge 

Figure 1 shows a thin ring of radius R with a 
uniform positive linear charge density λ around its 
circumference. We may imagine the ring to be 
made of plastic or some other insulator, so that the 
charges can be regarded as fixed in place. What is 
the electric field  𝑬𝑬��⃑  point P, a distance z from the 
plane of the ring along its central axis? 
 

If:   

 

 

 

  
 
 
 
 
 



 

  
 
 
 
 
 



 

 

 

 

 

 

 

 
  
 
 
 
 
 



 

2- The Electric Field Due to a Charged Disk 

 

 

For infinite sheet, R∞, 

 

 

Sample Problem: A Point Charge in an Electric Field 

Figure shows the deflecting plates of an ink-jet printer, with 
superimposed coordinate axes. An ink drop with a mass m of 1.3x10-10 kg and 
a negative charge of magnitude Q=1.5x10-13 C enters the region between the 
plates, initially moving along the x axis with speed  vx=18 m/s. The length L of 
each plate is 1.6 cm. The plates are charged and thus produce an electric field 
at all points between them. Assume that field E is downward directed, is 
uniform, and has a magnitude of  1.4x106 N/C. What is the vertical deflection 
of the drop at the far edge of the plates? (The gravitational force on the drop 
is small relative to the electrostatic force acting on the drop and can be 
neglected.)  

 

 

 

 

  
 
 
 
 
 



 

Fig. 1 An ink drop of mass m and charge magnitude Q is deflected in 
the electric field of an ink-jet printer. 

Calculations: Applying Newton’s second law (F= ma) for 
components along the y axis, we find that 

 

 

 

 

 

 

 

 

 

 

A Dipole in an Electric Field 

 

 

 

  
 
 
 
 
 



 

 

 

 

Sample Problem 

  
 
 
 
 
 



 

 

 

 

 

 

 

 

 

  
 
 
 
 
 



 

 

 

 

 

  

 

 

 

 

 

 

 

 

  
 
 
 
 
 



 

CHAPTER 3 

GAUS S ’ L AW 

1- Gaussian surface 
 Gaussian surface is a hypothetical (any imaginary 

shape) closed surface enclosing the charge 
distribution.  

 Gauss' law relates the electric fields 
at points on a (closed) Gaussian 
surface to the net charge enclosed 
by that surface. 

Let us divide the surface into small 
squares of area ΔA, each square being small enough to 
permit us to neglect any curvature and 
to consider the individual square to be 
flat. We represent each such element of 
area with an area vector   

• Magnitude is the area ΔA.  

  
 
 
 
 
 



• Direction is perpendicular to the Gaussian surface 
and directed away from the interior of the surface.  

 
2- Flux of an Electric Field 

The rate of volume flow through the loop is : 
      

                                                                                    

 The electric field for a surface is: 
 
 

 The electric field for a gaussian surface is:  

 
  
 
 
 
 
 



The electric flux Φ through a Gaussian surface is 
proportional to the net number of electric field lines passing 
through that surface.  
SI Unit of Electric Flux: N·m2/C 

  
 
 
 
 
 



  
  
 
 
 
 
 



3- Gauss’ Law 
Gauss’ law relates the net flux  Φ of an electric field through a 
closed surface (a Gaussian surface) to the net charge qenc that is 
enclosed by that surface. It tells us that: 
 

  
 

From Eq. 1 

…….. (1) 

 Then, we can also write Gauss’ law as: 

 

 

For a point charge:  
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For charge distribution Q:  

The electric flux through a Gaussian surface times by ε0 ( the 
permittivity of free space) is equal to the net charge Q enclosed : 

  

  

• The net charge qenc    is the algebraic sum of all the 
enclosed charges.  

• Charge outside the surface, no matter how large or 
how close it may be, is not included in the term 
qenc. 

 

 

 

 

 

 

 

 

 

 

  
 
 
 
 
 



 

 

4- A Charged Isolated Conductor 

Gauss’ law permits us to prove an important theorem about 
conductors: 

If an excess charge is placed on an isolated conductor that 
amount of charge will move entirely to the surface of the 
conductor. None of the excess charge will be found within the 
body of the conductor.  

Figure 23-9a shows, in cross section, an isolated lump of 
copper hanging from an insulating thread and having an 

  
 
 
 
 
 



excess charge q. We place a Gaussian surface just inside the actual 
surface of the conductor. 

If E is zero everywhere inside our copper conductor, it must be zero 
for all points on the Gaussian surface because that surface, though 
close to the surface of the conductor, is definitely inside the 
conductor. This means that the flux through the Gaussian surface 
must be zero. Gauss’ law then tells us that the net charge inside the 
Gaussian surface must also be zero. 

 Also, for an Isolated Conductor with a Cavity  as shown in fig b, 
there is no net charge on the cavity walls; all the excess charge 
remains on the outer surface of the conductor.  

5- The External Electric Field of a 
Conductor  

If σ is the charge per unit area, 

According to Gauss,  law  

  

 

 

 

7-Applying Gauss' Law: Cylindrical 
Symmetry 

 

  
 
 
 
 
 



8-Applying Gauss' Law: Planar Symmetry 

Nonconducting Sheet 

 
 

  

 

9-Two Conducting Plates 

  

 

 

 

 

 

 

 

  
 
 
 
 
 



10- Applying Gauss' Law: Spherical Symmetry 

• A shell of uniform charge attracts or repels a charged 
particle that is outside the shell as if all the shell's 
charge were concentrated at the center of the shell.  

• If a charged particle is located inside a shell of uniform 
charge, there is no electrostatic force on the particle 
from the shell. 

Any spherically symmetric charge distribution with the 
volume charge density ρ 

• For r>R, the charge produces an electric 
field on the Gaussian surface as if the charge 
were a point charge located at the center,  

For r<R, the electric field is 

  

 

 

 

 

  

 
  
 
 
 
 
 



  

 

 

 

  

 

  
 
 
 
 
 



 

 

 

  

 

 

  
 
 
 
 
 



  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 
 
 
 
 



CHAPTER   4  
E LECT R IC 

 P OT E N T I A L 
1- Electric Potential Energy 

When an electrostatic force acts between two or more charged 
particles within a system of particles, we can assign an electric 
potential energy U to the system. 

If the system changes its configuration from an initial state i to a 
different final state f, the electrostatic force does work W on the 
particles. If the resulting change is ∆U, then   

 

As with other conservative forces, the work done by the electrostatic 
force is path independent.Usually the reference configuration of a 
system of charged particles is taken to be that in which the particles 
are all infinitely separated from one another. The corresponding 
reference potential energy is usually set be zero. Therefore 

 

 

 
  
 
 
 
 
 



Example, Work and potential energy in an electric field: 

 

 

2- Electric Potential 

The potential energy per unit charge at a point in an electric field is called the 
electric potential V (or simply the potential) at that point. This is a scalar 
quantity. Thus,  

 

The electric potential difference V between any two points i and f in an 
electric field is equal to the difference in potential energy per unit charge 
between the two points. Thus, 

  
 
 
 
 
 



The potential difference between two points is thus the negative of the work 
done by the electrostatic force to move a unit charge from one point to the 
other. 

If we set Ui =0 at infinity as our reference potential energy, then the electric 
potential V must also be zero there. Therefore, the electric potential at any 
point in an electric field can be defined to be 

 

 

Here W∞ is the work done by the electric field on a charged particle as that 
particle moves in from infinity to point f. 

The SI unit for potential is the joule per coulomb. This combination is called 
the volt (abbreviated V).  

 

3-Electric Potential: Units 

This unit of volt allows us to adopt a more conventional unit for the 
electric field, E, which is expressed in newtons per coulomb. 

 

 

We can now define an energy unit that is a convenient one for 
energy measurements in the atomic/subatomic domain: One 
electron-volt (eV) is the energy equal to the work required to move a 
single elementary charge e, such as that of the electron or the 
proton, through a potential difference of exactly one volt. The 
magnitude of this work is q∆V, and  
  
 
 
 
 
 



4- Electric Potential: Work done by an Applied Force 

If a particle of charge q is moved from point i to point f in an electric 
field by applying a force to it, the applied force does work Wapp on 
the charge while the electric field does work W on it. The change K 
in the kinetic energy of the particle is: 

 

If the particle is stationary before and after the move,  Then Kf and 
Ki are both zero.  

Relating the work done by our applied force to the change in the 
potential energy of the particle during the move, one has: 

 

We can also relate Wapp to the electric potential difference ∆V 
between the initial and final locations of the particle: 

 

5- Equipotential Surfaces 

Adjacent points that have the same electric 
potential form an equipotential surface, which 
can be either an imaginary surface or a real, 
physical surface.  

No net work W is done on a charged particle by 
an electric field when the particle moves between 
two points i and f on the same equipotential surface.  

  
 
 
 
 
 



 

 

 

 

 

 

 

 

 

6-Calculating the Potential from the Field 

 

 

 

 

 

 

 

 

 

  
 
 
 
 
 



 

  
 
 
 
 
 



 

 

  
 
 
 
 
 


