
Week
Topic Content Text reference [CLO][PLO]

1 Electric Charge
• Electric charge (Section 17.1)
• Conductor and insulators (Section 17.2)

College Physics: Chapter 17

2 Electric Charge
• Conservation and quantization of charge (Section 17.3)
• Coulomb’s Law (Section 17.4) College Physics: Chapter 17

3 & 4 Electric Field

• Electric Fields and Electric Forces (Section 17.5)
• Calculating Electric Fields    (Section 17.6)
• Electric Field Lines (Section 17.7)
• Gauss’s Law and Field Calculations (Section 17.8)

College Physics: Chapter 17

5 & 6 Electric Potential
• Electric Potential Energy      (Section 18.1)
• Potential (Section 18.2)
• Equipotential Surfaces         (Section 18.3)

College Physics: Chapter 18

7 Capacitance
• Vacuum & Dielectric Capacitors (Sections 18.5 and 18.8)
• Capacitors in series and in parallel (Section 18.6)

College Physics: Chapter 18

MIDTERM

8 Current, Resistance, and 
Dielectric Current 
Circuits

• Current, Resistance & Ohm’s Law (sections 19.1 & 2)
• Electromotive force and Circuits (section 19.3)
• Energy and Power in Electric Circuits (section 19.4) 

College Physics: Chapter 19

9 
• Resistors in Series and in Parallel (section 19.5)
• Kirchhoff’s Rules (section 19.6)

10 & 11 

Magnetic Field and 
Magnetic Forces

• Magnetism (Section 20.1)
• Magnetic Field and Magnetic Force (Section 20.2)
• Motion of Charged Particles in a Magnetic Field (Section 20.3)
• Magnetic force on a current-Carrying Conductor (section 20.5)
• Force & Torque on a Current Loop; Direct-Current Motors          (section 20.6) College Physics: Chapter 20

12

• Magnetic Field of a Long, Straight Conductor & forces between Parallel Conductors             
(sections 20.7-8)

• Solenoid Magnetic Field       (section 20.9)
• Biot-Savart and Ampere’s laws (section 20.10)

13 & 14
Electromagnetic 
Induction

• Electromagnetic Induction & Faraday’s Law (sections 21.1-3)
• Lenz’s Law (section 21.4)
• Motional Electromotive Force (section 21.5)

College Physics: Chapter 21

15
Electromagnetic 
Induction

• Mutual Inductance and Self-Inductance (section 21.7-8)
• Transformers (section 21.9)

College Physics: Chapter 21

16 EXAMS







4

17.2 Conductors and Insulators 
( Material classification)

• Materials/substances may be classified according to their 
capacity to carry or conduct electric charge:

• Conductors are material in which electric charges move freely.
– Metals are good conductors: Copper, aluminum, and silver.

• Insulator are materials in which electrical charge do not move 
freely.
– Most nonmetals are insulator: Glass, Rubber are good insulators.

• Semiconductors are a  third class of materials with electrical 
properties somewhere between those of insulators and 
conductors.
– Silicon and germanium are semiconductors used widely in the 

fabrication of electronic devices.



5

What is charge?

Objects that exert electric forces are said to have charge. Charge 
is the source of electrical force. There are two kinds of electrical 
charges, positive and negative. Same charges (+ and +, or - and -) 
repel and opposite charges (+ and -) attract each other. 



Like and unlike charges

Two positive charges or two negative charges repel each other; a

positive and a negative charge attract each other.

In the preceding discussion, the plastic rod and the silk have negative charge; the 

glass rod and the fur have positive charge.



The person in this snapshot was 
amused to find her hair standing 
on end. 
Luckily, she and her companion left 
before the area was hit by 
lightning. 

Just before lightning strikes, strong 
charges build up in the ground and 
in the clouds overhead. If you’re 
standing on charged ground, the 
charge will spread onto your body. 

Because like charges repel, all your 
hairs tend to get as far from each 
other as they can. 







An ion is an atom that has lost or gained one or more 
electrons. 
Ordinarily, when an ion is formed, the structure of the 
nucleus is unchanged. In a solid object such as a carpet or 
a copper wire, the nuclei of the atoms are not free to 
move about, so a net charge is due to an excess or deficit 
of electrons.







A charged plastic comb 
picks up uncharged bits 
of paper.









Schematic depiction of the apparatus Coulomb used to determine the
forces between charged objects that can be treated as point charges.



The forces that two charges exert on 
each other always act along the line
joining the charges. The two forces are 
always equal in magnitude and opposite
in direction, even when the charges are 
not equal. The forces obey Newton’s
third law.



Generators, like the
huge Van de Graaff
generators shown 
here, can accumulate 
either positive or 
negative charges on 
the surface of a metal 
sphere, thus 
generating immense 
electric fields.







𝐹𝑇 = 𝐹2 − 𝐹1

+ve
direction



Vector addition of forces

• Find x & y components of the forces 1 
and 2.

• Add all the x forces to get resultant  x
• Add all the y forces to get resultant  y
• Combine the x and y components 

using vector concepts.



17.5 Electric Field and Electric Forces













Electric field in a hydrogen atom and Van der Graff (1m from centre)

Hydrogen atom is MUCH more

Acts as single 
charge at 
centre



EXAMPLE 17.7 Electric field of an electric dipole



17.7 Electric Field Lines







17.8 Gauss’s Law and Field Calculations

Rather than adding many point charges as in 
coulombs law we can image a Gaussian surface 
where the electric field goes through.
Gauss’s law is a relation between the field at all the 
points on the surface and the total charge enclosed 
within the surface.

First we need to define electric flux.



Electric flux





This can be 
compared to water 
flow.







In terms of calculus (just for 
interest)

Flux       ɸ = .𝐸׬ 𝛿𝐴

Gauss       ɸ = .𝐸ׯ 𝛿𝐴 =
𝑄𝑒𝑛𝑐

𝜀𝑜







(because the situation is still electrostatic – no 
moving charges so no electric field in the conductor 
must be zero)



Faraday Ice Pail

The surface of the ball becomes, in effect, part of the cavity surface. The situation is 
now the same as Figure 17.31b; if Gauss’s law is correct, the net charge on this surface 
must be zero. Thus, the ball must lose all its charge. Finally, we pull the ball out, to find 
that it has indeed lost all its charge.



Faraday cage











18.1 Electric Potential Energy

Remember the equations from mechanics and the 
fact that the work done is change in energy

𝑊𝑎→𝑏 = 𝐹 𝑠 cos ∅ = 𝑈𝑎 − 𝑈𝑏 = 𝑊𝑛𝑒𝑡 = ∆𝐾𝐸



𝑊𝑎→𝑏 = 𝐹 𝑠 cos ∅ = 𝑈𝑎 − 𝑈𝑏 = 𝑊𝑛𝑒𝑡 = ∆𝐾𝐸

Apply this to electric fields

𝑊𝑎→𝑏 = 𝐹 𝑠 = 𝑞′ 𝐸 𝑠

𝑊𝑎→𝑏 = 𝑈𝑎 − 𝑈𝑏
= 𝑞′ 𝐸 (𝑦𝑎 − 𝑦𝑏)

Test charge

Electric potential energy



Comparing 
gravitational and 
electrical  
conservative 
forces









Potential Energy of Point Charges
It’s useful to calculate the work done on a test charge 𝑞′ when it moves in the 
electric field caused by a single stationary point charge q. 

𝑊𝑎→𝑏 =
𝑘 𝑞 𝑞′

𝑥
= 𝑘 𝑞 𝑞′

1

𝑎
−
1

𝑏











Making U = 0 at infinity is a convenient reference level for 
electrostatic problems, but in circuit analysis other 
reference levels are often more convenient.



18.2 Potential





In the context of electric circuits, potential is often 
called voltage. 
For instance, a 9 V battery has a difference in 
electric potential (potential difference) of 9 V 
between its two terminals. A 20,000 V power line 
has a potential difference of 20,000 V between 
itself and the ground.













EXAMPLE 18.3 Potential of two point charges
Two electrons are held in place 10.0 cm apart. Point a is midway 
between the two electrons, and point b is 12.0 cm directly above 
point a. 
Calculate the electric potential at point a and at point b.



Remember that potential 
is simply potential energy 
per unit charge.

Parallel plates

We choose the potential 

V to be zero at y = 0 (point 
b in our sketch).



18.3 Equipotential Surfaces

An equipotential surface is defined as a surface on which
the potential is the same at every point. 

No point can be at two different potentials, so 
equipotential surfaces for different potentials can never 
touch or intersect.

The potential energy for a test charge is the same at every 
point on a given equipotential surface, so the field does no 
work on a test charge when it moves from point to point 
on such a surface. 







E must be perpendicular to the surface at every point. 
Field lines and  equipotential  surfaces  are  always 
mutually  perpendicular. 

We can prove that when all charges are at rest, the 
electric field just outside a  conductor must be 
perpendicular  to  the  surface at  every point. 

It follows that, in an electrostatic situation, a conducting 
surface is always an equipotential surface.





Equipotential 
surfaces within a 
capacitor



18.4 The Millikan Oil-Drop Experiment



Droplet  stationary 
𝑞𝐸 = 𝑚𝑔

So

𝑞 =
𝑚𝑔

𝐸
we can find E from

𝐸 =
𝑉

𝑑
and find m from

𝑚 = 𝜌𝑉 = 𝜌
4𝜋𝑟2

3
and r from terminal velocity



Now we can measure the charge on a droplet.
Each droplet will have a different charge (+ or -).

So with MANY measurements and knowing that

𝑞 = ±𝑛 𝑒

We can determine e.

(Where n is an integer and e is the charge on an 
electron)



An electron has a charge of

1.602 𝑥 10−19 𝐶

Electrovolt

An electrovolt is a unit of energy

If we move an electron through a potential  difference of 
1V

∆𝑈 = 𝑞𝑉 = 1.602 𝑥 10−19 x   1 

1 𝑒𝑉 = 1.602 𝑥 10−19 J



18.5 Capacitors







We can define the surface charge density as

𝜎 =
𝑄

𝐴
Where Q is the charge on the plates and A is the area of the plates

𝐸 =
𝜎

𝜖0
=

𝑄

𝜖0𝐴
=
𝑉

𝑑







a

b

c



18.6 Capacitors in Series and in Parallel















18.7 Electric Field Energy

Many of the most important applications of capacitors 
depend on their ability to store energy. 
The capacitor plates, with opposite charges, separated 
and attracted toward each other, are analogous to a 
stretched spring or an object lifted in the earth’s 
gravitational field. 
The potential energy corresponds to the energy input
required to charge the capacitor and to the work done 
by the electrical forces when it discharges. This work is 
analogous to the work done by a spring or the earth’s 
gravity when the system returns from its displaced 
position to the reference position.



Energy in a capacitor

𝑉 =
∆𝑊

∆𝑞

∆𝑊 = 𝑉 ∆𝑞 =
𝑞

𝐶
∆𝑞

𝑈 = 𝑊𝑡𝑜𝑡𝑎𝑙 =
𝑉

2
𝑄 =

𝑉

2
𝐶𝑉 =

1

2
𝐶𝑉2

Where V/2 is the average potential 
difference during the charging process.



Energy  density in an Electric field

Since          𝐶 =
𝜖𝑜𝐴

𝑑
𝑎𝑛𝑑 𝑉 = 𝐸𝑑

𝑢 = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐸𝑛𝑒𝑟𝑔𝑦

𝑉𝑜𝑙𝑢𝑚𝑒
=

1
2
𝐶𝑉2

𝐴𝑑
=

1

2
𝜖𝑜𝐸

2









18.8 Dielectrics

Placing a solid dielectric between the plates of a capacitor 
serves three functions.

First, it solves the mechanical problem of maintaining two 
large metal sheets at a very small separation without actual 
contact.

Second, many insulating materials can tolerate stronger 
electric fields without breakdown than can air.

Third, the capacitance of a capacitor of given dimensions is 
greater when there is a dielectric material between the 
plates than when there is air or vacuum.





Dielectric constant of the material, K

𝐾 =
𝐶

𝐶𝑜

Where C0 is the capacitance in a vacuum



𝐾 =
𝐶

𝐶𝑜

𝐶 = 𝐾 𝐶𝑜

𝑉 =
𝑉𝑜
𝐾

𝐸 =
𝐸𝑜
𝐾





Dielectric Breakdown

The maximum electric field a material can withstand 
without the occurrence of breakdown is called
its dielectric strength.



18.9 Molecular Model of Induced Charge



Induced negative                                    Induced positive













19.1 Current 
Charges in motion

In this chapter, we shift our emphasis to situations in which non-zero electric
fields exist inside conductors, causing motion of the mobile charges within the
conductors. A current (also called electric current) is any motion of charge from
one region of a conductor to another.







The current at any instant is the 
same at all cross sections.

When you turn on a light switch, 
the light comes on almost 
instantaneously because the 
electric fields in the conductors 
travel with a speed approaching 
the speed of light. You don’t have 
to wait for individual electrons
to travel from the switch to the 
bulb!



EXAMPLE 19.1 How many electrons?
One of the circuits in a small portable CD player operates on a 
current of 2.5 mA. How many electrons enter and leave this part 
of the player in 1.0 s?



19.2 Resistance and Ohm’s Law











𝑅 = 𝜌
𝐿

𝐴







Superconductivity



The Discovery of Superconductivity

H. Kamerlingh Onnes
found that the resistivity 
of mercury suddenly 
dropped to zero at 4.2K, 
a phase transition to a 
zero resistance state. 
This phenomenon was 
called superconductivity, 
and the temperature at 
which it occurred is 
called its critical 
temperature.

http://hyperphysics.phy-astr.gsu.edu/hbase/solids/scond.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/scond.html#c2


𝐼

𝑉
=
1

𝑅



This is a graph for a 
semiconductor diode, a 
device that is decidedly 
non-ohmic. Notice that 
the resistance of a diode 
depends on the
direction of the current. 
Diodes act like one-way 
valves for current; they 
are used to perform a 
wide variety of logic 
functions in computer 
circuitry.

Non-ohmic conductors 





19.3 Electromotive Force and Circuits

The influence that moves charge from lower to higher 
potential (despite the electric-field forces in the opposite 
direction) is called electromotive force (abbreviated emf
and pronounced “ee-em-eff”).

A battery with an emf of 1.5 V does 1.5 J of
work on every coulomb of charge that passes through it. 

We’ll use the symbol 𝜀 for emf.



The nature of this 
additional 
influence depends 
on the source. In a 
battery, it is due to 
chemical 
processes; in an 
electric generator, 
it results from
magnetic forces.



No complete circuit

𝑉𝑎𝑏 = 𝜀

Ideal source

𝑉𝑎𝑏 = 𝜀 = IR

Real source with internal 
resistance

𝑉𝑎𝑏 = 𝜀 − Ir









It’s important to understand how the meters in the 
circuit work. 

The symbol V in a circle represents an ideal voltmeter. 
It measures the potential difference between the two 
points in the circuit where it is connected, but no 
current flows through the volt-meter. 
The symbol A in a circle represents an ideal ammeter. 
It measures the current that flows through it, but 
there is no potential difference between its terminals. 

Thus, the behavior of a circuit doesn’t change when
an ideal ammeter or voltmeter is connected to it.





Take the 
potential 
to be zero 
at the 
negative 
terminal of 
the 
battery.

How the potential changes in a circuit.

Battery or 
cell



19.4 Energy and Power in Electric Circuits

𝑆𝑖𝑛𝑐𝑒 𝐼 =
∆𝑄

∆𝑡
𝑎𝑛𝑑 𝑉 =

∆𝑊

∆𝑄

Then

∆𝑊 = 𝑉∆𝑄 = 𝑉𝐼∆𝑡









Power Output of a Source

Using    𝑉 = 𝜀 − 𝐼𝑟

𝑃 = 𝑉𝐼 = 𝜀𝐼 − 𝐼2𝑟




















































