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1. Electrostatics

Electrostatics involves : 

electric charges, 

the forces between them, 

the aura that surrounds 
them, and 

their behavior in materials.

Electricity is the name given to a 
wide range of electrical 
phenomena, such as

- lightning.

- spark when we strike a match.

- what holds atoms together.



Electric Force and Charges
Fundamental facts about atoms

1. Every atom is composed of a positively charged nucleus surrounded by negatively charged 
electrons.

2. Each of the electrons in any atom has the same quantity of negative charge and the same mass.

Protons
• Positive electric charges

• Repel positives, but attract negatives

Electrons
• Negative electric charges

• Repel negatives, but attract 
positives

Neutrons
• Neutral electric charge



Electric Force and Charges

Fundamental facts about atoms (continued)

3. Protons and neutrons compose the nucleus. 

𝑚𝑝 ≅ 𝑚𝑛 > 1800𝑚𝑒

Neutrons have no net charge.

4. Atoms usually have as many electrons as protons, so 
the stable atom has zero net charge.



Electric Force and Charges

Ion

• Positive ion—atom losing one or more electrons has 
positive net charge.

• Negative ion—atom gaining one or more electrons has 
negative net charge.



Electric Force and Charges

Electrons in an atom
• Innermost—attracted very strongly to oppositely charged 

atomic nucleus

• Outermost—attracted loosely and can be easily dislodged

Examples:
• When rubbing a comb through your hair, electrons transfer from your 

hair to the comb. Your hair has a deficiency of electrons (positively 
charged).

• When rubbing a glass rod with silk, electrons transfer from the rod 
onto the silk and the rod becomes positively charged.



Coulomb’s Law

Coulomb’s law (continued)
• If the charges are alike in sign, the force is repelling; if the 

charges are not alike, the force is attractive.
• In equation form: 

k = 9,000,000,000 Nm2/C2 

=(9x109) Nm2/C2 

• Unit of charge is coulomb, C
• Similar to Newton’s law of gravitation for masses
• Underlies the bonding forces between molecules
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Electric Field

Electric field
• Space surrounding an electric charge (an energetic aura)

• Describes electric force

• Around a charged particle obeys inverse-square law

• Force per unit charge (unit: N/C)



Electric Field

Electric field direction

• Same direction as the force on a small positive test charge

• Opposite direction to the force on an electron





Example 4.1:
Two charges, each with magnitude +6.5 C, are separated by a distance of 0.200 cm. Find the 
force of repulsion between them.

Data:
q1 = q2 = +6.5 x10-6C  
r = 0.200 cm = 0.00200 m 2.00 x 10-3m
F= ?

Basic Equation:

𝑭 =
𝒌q1 q2

𝒓𝟐

Substitution gives:

𝐹 =
9.00𝑥109𝑥6.5𝑥10−6𝑥6.5𝑥10−6

(2.00𝑥10−3𝑚)2

= 9.51 x 104 N



Electric Potential

(a) The spring has more elastic PE 
when compressed. 

(b) The small charge similarly has 
more PE when pushed closer to 
the charged sphere. In both cases, 
the increased PE is the result of 
work input.

Electric potential energy (unit: Joule (J))
• Energy possessed by a charged particle due to  its location in an electric field. 

Work is required to push a charged particle against the electric field of a charged 
body.



Electric Potential

Electric potential (voltage)

• Energy per charge possessed by a charged particle due to 
its location

• May be called voltage—potential energy per charge

• In equation form: 

electric potential energyElectric potential 
amount of charge



Electric Potential

Electric potential (voltage) (continued)

• Unit of measurement: volt,

Example:
• Twice the charge in same location has twice the electric 

potential energy but the same electric potential.

• 3 times the charge in same location has 3 times the electric 
potential energy but the same electric potential (2 E/2 q = 3 E/3 
q = V)

1 volt 
1 coulomb

1 joule



Electric potential energy is measured in joules. Electric potential, on 
the other hand (electric potential energy per charge), is measured

A. in volts.

B. in watts.

C. in amperes.

D. also in joules.

Electric Potential
CHECK YOUR NEIGHBOR



Electric Energy Storage
• Electrical energy can be stored in 

a common device called a 
capacitor.

• The simplest capacitor is a pair of 
conducting plates separated by a 
small distance, but not touching 
each other. 

• When the plates are connected 
to a charging device, such as the 
battery, electrons are transferred 
from one plate to the other.



Electric Energy Storage

• This occurs as the positive battery terminal pulls 
electrons from the plate connected to it.

• These electrons, in effect, are pumped through the 
battery and through the negative terminal to the 
opposite plate.

• The capacitor plates then have equal and opposite 
charges:

– The positive plate connected to the positive battery 
terminal, and

– The negative plate connected to the negative terminal. 



2. Electric Circuits



Electric Current
Rate of electric flow
• Measured in ampere (1 coulomb of charge per second).
• Speed of electrons (drift speed) through a wire is slow 

because of continuous bumping of electrons in wire.



Example 4.2:
Find the resistance of a copper wire 20.0m with cross-sectional area of 
6.56x10-3cm2 at 20°C. (Note: the resistivity of copper at 20°C is 1.72x10-6

cm).

Data:
I = 20.0m = 2.00x103 cm
A = 6.56 x 10-3cm2

 = 1.72 x 10-6 cm
R = ?

Basic Equation:

𝑅 =
𝑙
𝐴

Substitution gives:

𝑅 =
(1.72𝑥10−6𝑐𝑚)(2.00𝑥103𝑐𝑚)

(6.56𝑥10−3𝑐𝑚)

= 0.524 







The rate of consuming energy is called power.
Unit = Watt (W)

= volt • ampere =





EXAMPLE





V (in volts), I (in Amperes), and t (in seconds)



Halala (h) in KSA



Solution:

Cost = 0.55 x 2.50 x 0.18

= SR 0.25 (25 hallala)

Example:

An iron is rated at 550 W. How 

much it cost to operate it for 

2.50 h at SR 0.18/kWh?

Example:

An air-condition draws 15 A 

working at 220 V for 10 hours 

every day. How much the cost 

(in SA) at the end of the month 

if the unit is SR 0.18/kWh?

Solution:

Energy consumed = Power x time

= Voltage x Current x time

= 220 x 15 x 10 x 30

= 99 kWh

Cost = 99 x 0.18

17.8 Riyals

Home Work:
In your home, the electricity meter 
reading at the beginning of 
January was 109420 and at the 
end of March it was 110520. 
Calculate the average payment per 
month. 



Electric Circuits



An electric circuit with only
one path for the current to
flow is called a series circuit.



Example 4.7:
Three resisters 7.0 Ω, 9.0 Ω and 21.0 Ω connected in series. 

Find the total resistance

Solution:
R = R1 + R2 + R3

= 7.0 + 9.0 + 21.0 = 37.0 Ω







An electric circuit with more than one path for the current to
flow is called a parallel circuit.










