
Phys104 ( General Phys. 2 )
Electricity and Magnetism

Physics for Scientists and Engineers
( 6th edition )- R. A. Serway & Jewett

Text book 

 The laws of electricity and magnetism play a central role in the operation of many 
modern devices (TV, computers, electric motors, etc.).

 The interatomic and intermolecular forces responsible for the formation of solids and 
liquids are electric in nature (origin).
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International System of Units (SI)

MKS System (meters-kilograms-seconds):

also Amperes, Volts, Ohms, Watts

Force: F = ma Newtons = kg m / s2 = 1 N

Work:        W = Fd Joule = Nm = kg m2 / s2 = 1 J

Electric Charge:            Q               Coulomb = 1 C  

F = K q1q2/r2              K = 8.99x109 Nm2/C2 (in MKS system)

CGS System (centimeter-grams-

seconds):
Force: F = ma 1 dyne = g cm / s2

Work:        W = Fd 1 erg = dyne-cm = g cm2 / s2

Electric Charge:            Q               esu (electrostatic unit) 

( statC)

F = K q1q2/r2              K = 1 (in CGS system)

Units
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Figure 23.1 (a) A negatively charged rubber rod suspended by a thread is

attracted to a positively charged glass rod. (b) A negatively charged rubber rod

is repelled by another negatively charged rubber rod.

 Existence of electric forces and charges 

Become electrified
(electrically 

charged)
Inflated balloon rubbed with wool               balloon then adheres to a wall

Running a comb through your hair on a dry day  attracts bits of paper

Two kinds of electric charges in nature:

 Negative charges (possessed by electrons)
 Positive charges   (possessed by protons)

Charges of the same sign repel one another

Charges with opposite signs attract one another.

o Electric charge in an isolated system 

is always conserved.

o Electric charge, q, is quantized.

exists as discrete packets (q = Ne)
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Ability of electrons to move through the material if possible 

1- Electrical conductors: are materials which have some free electrons that can 

move relatively freely through the material. Ex. copper, aluminum and silver.

2- Electrical insulators: are materials in which all of the electrons are bound to 

atoms and can not move relatively freely through the material. 

Ex.  glass, rubber and wood.

3- Semiconductors: electrical properties of semiconductors are somewhere 

between those of insulators and conductors. Ex silicon and germanium.
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Induction process in conductors and insulators

Charging an conducting object 

A neutral metallic sphere, 

with

equal numbers of positive 

and negative charges.

Electrons on

the neutral sphere are 

redistributed when a 

charged rubber rod is 

near.

Sphere is grounded, some of its

electrons leave through the 

ground

wire.

Sphere has excess positive 

charge

that is nonuniformly distributed

Charges Realignment in insulator 

To induces a charge distribution 

on the surface of an insulator due 

to 

realignment of charges in the 

molecules.

Charging by induction requires no 
contact with the object 
inducing the charge. 
In contrast to charging by rubbing
(that is, by conduction) does require 

contact between the two objects.
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Coulomb measured the magnitudes of electric forces between charged objects using the torsion balance. 

confirmed that the electric force between two small charged spheres is proportional to the inverse 

square of their separation distance r, (𝐹𝑒 𝛼
1

𝑟2
).

The electric force properties between two stationary charged particles

• is inversely proportional to the square of the separation r between the particles 

• is proportional to the product of the charges q1 and q2 on the two particles; 

• is attractive if the charges are of opposite sign and repulsive if the charges have 

the same sign;

• is a conservative force.

Point charge :   a particle of zero size that carries an electric charge.

The smallest unit of charge (e) known in nature is the charge on an electron (- e) or a proton (+ e) 

and has a magnitude e = 1.6 × 10−19 𝐶, 

1 C of charge ≈ the charge of 6.2 × 1018 electrons or protons.
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Coulomb’s law States the magnitude of the electric force (the Coulomb force) 

between two point charges is:

𝐹𝑒 = 𝑘𝑒
|𝑞1||𝑞2|

𝑟2

𝑘𝑒 is  Coulomb constant. In SI unit (𝑘𝑒 = 8.9 × 109N.𝑚2/𝐶2)
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The electric force exerted by a charge q1 on a second charge q2 , written F12, is

𝐹12 = 𝑘𝑒
𝑞1𝑞2
𝑟2

Ƹ𝑟

The electric force exerted by q2 on q1 is equal in magnitude to the force exerted by q1 on q2and in 

the opposite direction. i.e. 
𝐹12 = −𝐹21

 product q1q2 is positive; the force is repulsive

 product q1q2 is negative; the force is attractive

several point charges q1, q2, q3,… exert 

Electric forces on a charge Q is

Ԧ𝐹 = 𝐹1 + Ԧ𝐹2 + Ԧ𝐹3 +⋯
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Problem 1: 

A +15 µC charge is located 40 cm from a +3.0 µC charge. What is the magnitude 

of the electrostatic force on the larger charge and on the smaller charge (in N)?

Problem 2: 

Two point particles have charges q1 and q2 and are separated by a distance d. Particle 

q2 experiences an electrostatic force of 12 N due to particle q1. If the charges of both 

particles are doubled and if the distance between them is doubled, what is the 

magnitude of the electrostatic force between them (in N)?
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The charge Q produces 

an electric field which 

in turn produces a force 

on the charge q

 Field forces can act through space, producing an effect even when 

no physical contact occurs between interacting objects. 

 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, electric force acts on it.

Electric Field – Definition 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.

Equation 23.7 can be rearranged as

 The test charge serves as a detector of the electric 

field.
When using Equation 15.3, we assume that the test charge q0 is small 

enough that it does not disturb the charge distribution responsible for 

the electric field
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The vector E has the SI units of newtons per coulomb (N/C).

Electric field directions :

Because the electric field at P, the position 

of the test charge, is defined by E= Fe/q0, 
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 A way of visualizing electric field patterns 

 The electric field vector E is tangent to the 

electric field line at each point.

 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.

Field lines are close together where

the electric field is strong and 

far apart where the field is weak.

 The electric field lines for a point charge.

(a) Positive point charge, 

the lines are directed 

radially outward. 

(b) For a negative point charge, 

the lines are directed

radially inward.
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Electric field lines for two point charges

Field lines starting from any positively charged 

object and ending on any negatively charged object

The number of lines leaving the positive charge 

equals the number terminating at the negative charge. 

electric field lines for two

positive point charges. 
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Electric field lines associated with multiple charges

The electric field lines for a point charge 

+2q and a second point charge -q. 

Note that two lines leave +2q for 

every one that terminates on  -q.
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 When a charged particle is placed in an electric field, it experiences an electrical force.

 If this is the only force exerted on the particle, it must be the net force and cause the 

particle to accelerate according to Newton’s second law

The acceleration of the particle

 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.
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Motion of charged particle in 2-D

 The electron is projected horizontally into a uniform 

electric field from origin with initial velocity Vi.

The electron (negatively charged):

The motion is parabolic while between the plates.

The acceleration undergoes downward
with opposite the direction of the field.
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Conceptual questions (page 729 & 730)
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Selected Solved Problems (page 730 - 734)
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