
UNIT 24 ELECTRICITY 
 
 
ELECTRIC CHARGE 

 
An electric charge is a physical property of matter that causes it to experience a force 

when close to other electrically charged matter. There are two types of electric charges, 

called positive and negative. Positive charge is repelled by other positive charges but 

repelled by negative charges. An object will be negatively charged if it has an excess of 

electrons. The SI unit of electric charge is the coulomb.  

 

Electrically charged matter produces electromagnetic fields. The interaction between a 

moving charge and an electromagnetic field is the source of electromagnetic force, which 

is one of the four fundamental forces. 

 

The conservation of charge tells us that charge can neither be created nor destroyed. 

This is similar to the law of conservation of energy. Conservation of charge states that the 

net charge in the universe is a constant, but like energy, charge can be transferred from 

one place to another, so that a given system experiences a net gain or loss of charge. A 

common example of charge being transferred from one place to another is rubbing a 

rubber rod with a piece of wool. The rod will pull electrons off the wool and end up with a 

negative charge.  

 

 

 
 



ELECTRIC CURRENT  

It is the rate of flow of electric charge through a medium. This flowing electric charge is 

usually carried by moving electrons, in a conductor like a wire. The unit for measuring the 

flow of current is the ampere. Electric current is measured using an ammeter.  

 

 

  



ELECTRIC FORCES, FIELDS AND POTENTIAL 

 

All things are made up of atoms, which have three particles; protons, neutrons and 

electrons. Protons and electrons carry electric charge. (protons have positive charge and 

electrons have negative charge). In most cases, the number of protons and electrons 

balance each other out and the atom has a neutral charge. However, it is possible to 

break electrons free from their orbits, causing an imbalance in charge. The movement of 

free electrons is the source of electricity, whose power we have learned to harness.  

 

ELECTRIC FORCE 

There is a certain force associated with electric charge, so when a net charge is produced, 

a net electric force is also produced. In electric force, the attraction or repulsion between 

two particles is directly proportional to the charge of the two particles and inversely 

proportional to the square of the distance between them. This is called Coulomb’s Law.  

 

ELECTRIC FIELD 

An electric charge can exert its force on other charged particles, even though they are 

some distance away. Every charge has an electric field associated with it (like a magnetic 

field). Within this field, it exerts an electric force over other charges within that field. 

Electric field is the space around a charge in which any other charge experiences a force 

of attraction or repulsion.  

 

  



ELECTRIC POTENTIAL 

Charges also have electrical potential energy. We learned that in work power energy 

chapter, objects have potential energy because of their positions. In this case charge in 

an electric field has also potential energy because of its positions. Because an electric 

field exerts a force on any charge in that field, and because that force causes charges to 

move a certain distance, we can say that an electric field does work on charges, or has 

the potential for work to be done on a charged object. Consequently, the charge of an 

electric field has a certain amount of potential energy. Electric potential energy is a 

scalar quantity and Joule is the unit of it 

 

 

 

Much like gravitational potential energy, there is no absolute objective point of reference 

from which to measure electric potential energy. Rather than needing an absolute value, 

we are most interested in the electric potential (or the potential difference) between two 

points. For example, the voltage reading on a battery tells us the difference in potential 

energy between the positive end and the negative end of the battery. This in turn tells us 

the amount of energy that can be generated by allowing electrons to flow from the 

negative end to the positive end.  

Potential difference is measured in volts and plays an important role in electric circuits. 

 
Electric Potential (voltage) and Potential Energy are two different terms and mean 

different things. Electric potential involves the idea of electric energy. 



CONDUCTOR AND INSULATOR  

A conductor is something that allows electric current to flow through it easily. An insulator does 

not allow electric current to flow through it easily. 

Why?  As we know, atoms have electrons going around in orbitals. With some materials (like 

metals), the outermost electrons are very loosely bound, and are free to leave their atoms and 

float in the space between atoms. These are called free electrons. In other materials like glass, 

the electrons of the atom have very little freedom to more around. 

This relative mobility of electrons of a material, determines how well it allows electric current to 

flow through it (or electric conductivity). Materials with high electron mobility (high free electrons) 

are called conductors. Materials with low electron mobility (few or no free electrons) are called 

insulators. 

 

Example of conductors:  Silver, Gold, Copper, Aluminum, Iron, Steel, Mercury 

Examples of insulators: Glass, Cotton, Rubber, Paper, Oil, Wood, Porcelain, Plastic 

 

SEMICONDUCTOR 

 

A semiconductor is a material which has electrical conductivity between that of a conductor 

(such as copper) and an insulator (such as glass). Silicon and germanium are common 

semiconductors and are used in computer chips. This is where the term Silicon Valley came 

from. Semiconductors act as insulators at low temperatures and as reasonably good conductors 

at high temperatures. 

 

 

 



ALTERNATING CURRENT & DIRECT CURRENT  

Electricity is a type of energy that involves the flow of electrons along a conductor, such as a wire. 

The flow of electrons can occur in one direction, or both directions along the wire. When electricity 

flows in one direction, it is referred to as direct current (DC). Alternating current is when the 

electrons flow in both directions. A battery produces direct current while electrical power grids that 

provide electricity to homes and other building use alternating current. 

Direct Current 

It is a unidirectional flow of electric charge. AC can be converted to DC using a rectifier. Similarly 

DC can be converted to AC using an inverter. The first electric power transmission supply, used 

direct current. Now, electric power distribution uses alternating current, because of the significant 

advantages of AC over DC. Direct current is used to charge batteries and in nearly all electronic 

systems. 

Alternating Current 

 In AC, movement of electric current periodically reverses direction. AC is the form in which power 

is delivered to businesses and residences. 

 
  



ADVANTAGES OF A/C over D/C 

1. Long distance transmission: The A/C electrical distribution systems easily 
allow changes in voltage using transformers. The AC power can be 
changed (by a transformer) to high voltages for transmission, and then 
changed down to lower and safer voltages for people to use. The ability of 
generate higher voltages with AC gives the ability to transmit power over 
long distances.  

2. Conversion: The voltage of AC can be easily changed, it is difficult to do so 
in DC. Also for some operations DC is still preferred. It is easier to convert 
AC to DC using simple transformers. It is much more difficult and costly to 
convert DC to AC. 

3. AC has more heating effect than DC and it is easier and cheaper to 
produce too.  

4. More Power: AC current can generate much more power than DC because 
it is generated from large turbines while DC comes from batteries or solar 
panels. It is impractical to build large batteries with chemicals or enough 
solar panels. But it is easy to build a large turbine powered using steam, 
nuclear or other forms of energy. 

5. Commercial Advantages: AC is more useful in manufacturing and other 
production facilities. Electric motors are used to drive conveyors and other 
equipment. An AC motor can give more horsepower than DC motor and it 
is simpler in function. Also, transformers can be used to step up or step 
down AC where it is needed to drive different size motors.  

 

 

 

 

 

 

 

 

 



CIRCUIT (ELECTRICAL CIRCUIT)  

An electrical circuit is formed by a power source, wires, a fuse, load and a switch. When the switch 

is turned on, the electrical circuit is complete, current flows from the power source, through the 

wire, to the load. Any device that takes the energy flowing through the circuit and converts that 

energy into work, is called a load. A light bulb is an example. It takes electricity from a circuit and 

converts it into work (heat and light)  

CLOSED CIRCUIT 

A circuit is closed when electricity flows from an 

energy source, to the desired end point of the circuit. 

A circuit is one large connection or circle through 

which electricity or current passes. A closed circuit is 

one in which there are no breaks in the path of the 

electricity and the flow is uninterrupted. 

OPEN CIRCUIT 

Any circuit that is not complete is called an open circuit 

for example, a circuit that is connected to a bead 

battery. Other examples can be circuits that are 

manually disconnected (switch is off), circuits that 

have blown fuses, faulty wiring, missing components. 

An open circuit is one in which there is a break in the 

path of electricity, there is a break in the circuit and 

there is no flow of current. 

  



SERIES AND PARALLEL CIRCUITS 

When 2 components are included in the same circuit, there are 2 different ways in which they can 

be wired – in series or parallel. 

1. Series – In a series circuit, the 

components are connected in a row, with 

electricity passing first through one and 

then the other. In a set of Christmas lights, 

they are connected in series and if one 

light bulb malfunctions, the circuit breaks. 

2. Parallel Circuit – In a parallel circuit, 

electricity passes through both 

components at the same time, they are 

arranged in parallel to each other. A major 

advantage of parallel circuits is that if one 

component malfunctions, the other 

continues to function. 

 

 

  



ELECTRIC DISCHARGE 
 
When something has a build-up of charge, getting rid of that charge is called “discharging” it. 

For example, two metal plates near each other but not touching, will build up charge when 

connected to a battery. When the battery is disconnected, the charge in the plates remains. The 

plates can be discharged by placing a conductor (metal object) across the two plates. The 

charges are not destroyed, just allowed to move from plate to another. This way the number of 

positive and negative charges on the plate is equal and there is no charge build up. Sometimes 

the charge build-up is large enough to discharge through air and you see it as sparks. 

 

 

  



SHORT CIRCUIT 

 

For electric current to happen, there must be a circuit is a closed path or loop, around which an 

electric current flows. A circuit is usually made by linking electrical components (like a battery and 

switch) together with wire cable. 

 

A short circuit happens when an electrical circuit, allows a current to travel along an unintended 

path where it was not supposed to go. This is because of very low resistance or low electrical 

impedance in the way. This causes an accidental flow of excessive current, because the current 

tends to flow through the area of low resistance, bypassing the rest of the circuit. This has the 

potential to cause circuit damage, overheating, fire or an explosion. 

 

A common situation, in which a short circuit might happen, would be when a large battery is 

connected with a low resistance conducting wire. Due to this, a high current exists, causing the 

cell to deliver a large amount of energy in a short time. A large current through a battery can 

cause rapid build-up of heat causing an explosion. Short circuits can also be caused when a wire’s 

insulation breaks down or when an electrically driven pump is jammed by debris. This causes 

current to flow in a path through which it is not supposed to go.  

 

 
 

 

  



FUSE 

Every electrical device that is connected to a power supply, is protected by a fuse somewhere 

along the circuit. All fuses are part of the circuit they protect. A fuse is used in an electrical circuit, 

to prevent it from being overloaded and starting a fire. When a fuse is blown, it must be replaced 

before the circuit will work. 

A fuse consists of a thin metal wire with low resistance and low melting point. If there is a fault in 

the circuit and extra heavy current passes, it will cause the fuse to melt and break the circuit. This 

minimizes the danger of a fire, explosion, or danger from short circuiting. 

 

 

  



CIRCUIT BREAKER 

A circuit breaker is an automatically operated electrical switch which is designed to protect an 

electrical circuit from damage caused by overload or a short circuit. Its basic function is to detect 

a fault condition and to discontinue the electrical flow by interrupting continuity. Unlike a fuse 

which operates once and then has to be replaced, a circuit breaker can be reset to resume normal 

operation. 

The circuit breaker is used in an electrical panel that monitors and controls the amount of amperes 

(amps) being sent through the electrical wiring. Circuit breakers come in a variety of sizes e.g. 

10, 15, 20 amps. When this limit is exceeded, the breakers will trip. This means that breaker that 

was in the ‘on’ position will flip to the ‘off’ position and shut down the electrical power. Essentially 

a circuit breaker is a safety device. It can prevent a fire from starting on an overloaded circuit and 

can prevent damage of the appliance that is drawing the electricity. 

 

 

 

 



STATIC ELECTRICITY 

Everything is made up of atoms, they are the basic unit of matter. Atoms have protons, neutrons 

and electrons, Protons have a positive charge. Neutrons have neutral or no charge. Electrons 

have a negative charge. 

Usually atoms have the same number of electrons and protons. (The positive and negative charge 

cancels each other). Therefore the atom has no charge, it is neutral. 

 

But when 2 things are rubbed together, electrons can move from one atom to another.  Some 

atoms get extra electrons and have a negative charge. Other atoms lose electrons and have a 

positive charge. Two things that have the same charge repel or push each other away while 2 

things with dissimilar or opposite charges attract each other. 

When you pull a wool cap off your head, it rubs against your hair. Electrons move from the hair to 

the hat. Now each hair has a positive charge. Since things with the same charge repel each other, 

the hairs try to move away from each other and stand up on end. 

If a balloon is rubbed against your hair, it picks up extra electrons and has a negative charge. It 

can stick to a wall. 

If you walk across a carpet, electrons move from the carpet to you. Sometimes you may get extra 

electrons, and have a negative static charge. You feel a shock when you touch a door knob, 

because it is a conductor and electrons jump to the knob.  

  



BATTERY 

Batteries are found in cars, computers, cell phones and others. A battery is a storage house with 

chemicals that produce electrons. 

 Every battery has 2 terminals. One terminal is marked + (positive) and the other is marked – 

(negative). Inside the battery, a chemical reaction produces electrons. These collect on the 

negative terminal. A wire is connected to the battery and electrons flow into the wire. Electrons 

must travel from the negative to the positive terminal; otherwise the chemical reaction does not 

take place. A load is connected to the battery using a wire. The load can be light bulb, a motor or 

a radio. 

           

 

 

 

  



SWITCH 

A switch is a device for making or breaking the connection in an electric circuit. It is an electrical 

component that can break an electrical circuit, interrupting the current or diverting it from one 

conductor to another. 

A switch can be directly controlled by a human as a control signal to a system like a computer 

keyboard button or a light switch. Or a switch can be automatically operated e.g. to indicate that 

a garage door has reached its full open position. Switches can be operated by variables such as 

pressure, temperature, flow, current, voltage, and force acting as sensors and used to 

automatically control a system. For example air conditioning or heating in the house is controlled 

by a thermostat, a temperature operated switch. 

A switch has 2 pieces of metal called contacts. They touch to make a circuit and separate to break 

the circuit. The most common type of switch is manually operated. It has electrical contacts which 

are connected external circuits. The electrical contacts can be in 2 states. 

1. Closed - Meaning the contacts are touching and electricity can flow between them. 

2. Open – Meaning the contacts are separated and the switch is non-conducting. 

 

 



LIGHT BULB 

It gives off light. They have a very simple structure. 

The base of the bulb has 2 stiff metal wires. These are attached to a metal filament make of 

tungsten. The filament sits in the middle of the bulbs, held by a glass mount. The wires, filament, 

and glass mount are all contained within a glass bulb, that has a gas argon. Argon is an inert gas 

and tempers the heat produced by the filament. 

When the bulb is hooked up to a power supply, a current flows from one contact to the other, 

through the wires and filament. Electric current is the movement of free electrons. When heated 

to very high temperature (as in the case of a light bulb) they will emit light. A light bulb converts 

electrical energy to light energy. 

 

 

  



ELECTROMAGNET - An electromagnet is a type of magnet, whose magnetic field is produced 

because of the flow of electric current through it. The magnetic field disappears when the current 

stops. 

ELECTROMAGNETIC INDUCTION 

As the name “electromagnetism” suggests, electricity and magnetism are closely linked. 

Electromagnetism, the force governing both electricity and magnetism, is a very powerful force. 

The suspension of the maglev train above its track is a striking example of this power.  

Since electricity and magnetism are so closely linked, this relationship allows them to affect each 

other without contact, as in the example of the maglev train, or through electromagnetic induction. 

Electromagnetic induction occurs when a circuit with A/C flowing through it, generates current is 

another circuit placed nearby. To understand why, we need to look at a few principles linking 

electricity and magnetism. 

1. Every electric current has a magnetic field surrounding it. 

2. Alternating currents have fluctuating magnetic fields. 

3. Fluctuating magnetic fields cause currents to flow in conductors placed in them (Faraday’s law) 

 

If these properties are added together, it means that a changing electric current is surrounded by 

a changing magnetic field associated with it. This in turn generates an electrical current in a 

conductor placed within it, which has its own magnetic field, and so on. It is the electromagnetic 

equivalent of nesting Russian dolls. So in the case of electromagnetic induction, placing a 

conductor in a magnetic field surrounding the first current generates the second current. Induction 

is the principle that makes electric motors, generators and transformers possible. 

 

 

 



 
 

  



VOLTAGE 

Voltage is the electric force that causes free electrons to move, and current to flow. Just like water 

needs pressure to force it through a hose, electrical current needs a force to make it flow. Voltage 

is the measure of electric pressure. Voltage is usually supplied by a battery or a generator. Voltage 

is measured in volts. 

Power (watt) = Current X Voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 



CURRENT 

Current is electricity in motion. It measures the amount of electrons that can flow through the 

material/conductor. Electric current is like the amount of water flowing through a hose in a certain 

amount of time or the amount of electricity flowing through a wire. Electric current is measured in 

amperes. 

 

 

 

 

 

 

 

 

 

 

 

 



RESISTANCE 

When a current flows through a circuit or wire, it creates heat because of resistance from the 

circuit (which is like friction). Resistance is how tightly the conducting circuit, is holding back the 

flow of electrons through the circuit. Smaller & shorter wires have more resistance than wider and 

longer wires because the current has tighter space to move through. You may notice that the cord 

of an appliance feels warm after running for a long time. This is called resistance. The 

measurement unit of resistance is called ohms. 

 

 
 
 
 
 
 
 
 
 
  



OHM’S LAW: 

Ohm's Law defines the relationship between power, voltage, current, and resistance. 
The law states that the amount of current passing through a conductor is directly 
proportional to the voltage and inversely proportional to the resistance of the conductor. 
Ohms law can be expressed as the equation V=I*R where V is the potential difference 
in volts, I is the current in amperes and R is the resistance in ohms.  

 

 

 

 

 



The various possible formulas for Ohm's law are as follows. 

Where 
P = power in watts 
V = voltage in volts 
I = current in amps 
R = resistance in ohms 

P = V2/R 
P = I2 * R 
P = V * I    (power = voltage * current) 

V = sqrt (P * R) 
V = P/I     (voltage = power / current) 
V= I * R  (voltage = current * resistance) 

I = V/R 
I = P/V     (current = power / voltage) 
I = sqrt(P/R) 

R = V/I     (resistance = voltage / current) 
R = V2/P 
R = P/I2 

 

  



GENERATOR 

A generator is a machine that provides 

electrical power. It is valuable because 

electricity is the most important thing in our 

society and we need a steady supply of power 

to function. Massive power grids make 

electricity readily available to cities. However 

this primary power supply can fail in bad 

weather, computer malfunctions etc. Some 

businesses depend on an uninterrupted source 

of electricity; like mining or building new 

housing. These may also be outside of a 

normal power grid supply network. In such 

cases, a generator independently provides a 

source of power. 

A generator converts mechanical energy to electrical energy. It operates very similarly to a car. It 

has a battery and a fuel tank, which supplies its engine with the resources to produce mechanical 

power. The engine works with an alternator. The alternator houses electrical conductors which 

react to the engine’s mechanical energy and convert it to electrical power. 

A generator’s output of electrical is measure in kilowatts (kw). It is important when shopping for a 

generator, to choose one that will have a kilo wattage supply to meet needs. Industrial generators 

need to be large. Generators can be a valuable investment as they ensure a reliable source of 

electricity. Power outages can result in substantial losses for businesses because of lost 

production due to no electricity. 

MOTOR 

An electric motor works opposite to a 

generator. A motor is a device that 

converts electrical energy into 

mechanical energy. Electric motors can 

be found in fans, pumps, power tools, 

household appliances. An electric motor 

is all about magnets and magnetism. It 

uses magnets to create motion. In a 

magnet, North attracts South, and North 

repels North. Inside an electric motor, 

these attracting and repelling forces 

create rotational motion. 

  



TRANSFORMER 

A transformer is a device for reducing or increasing the voltage of an alternating current. (voltage 

is the potential energy that makes the electric current flow in a circuit, by pushing electrons 

around) 

A transformer usually consists of 2 wire coils wrapped around a core. When an AC is introduced 

into one coil, it creates a magnetic field in the core. This magnetic field then introduces a different 

AC voltage in the 2nd coil. The change of voltage depends on the number of coils. A transformer 

can decrease the voltage (step down transformer) or increases the voltage (step up transformer). 

 

 

 
 
 
 
 
 



SUPERCONDUCTOR 
 

A superconductor is a material that can conduct electricity, or transport electrons from 

one atom to another with no resistance. This means that no heat, sound, light, or any 

other form of energy would be released from the material when it reaches “critical 

temperature”, or the temperature at which the material becomes superconductive.  

 

Most materials must be in a very low energy state (very cold) in order to become 

superconductive. Because a lot of energy is needed to for the cooling process, it makes 

superconductors inefficient and expensive to make. Research is trying to find ways to 

develop compounds that would become superconductive at higher temperatures.  

 

Superconductors are materials that conduct electricity with no resistance. This means 

that, unlike more familiar conductors like copper or steel, a superconductor can carry a 

current indefinitely without losing any energy. They also have other important 

properties, such as no magnetic field can exist within a superconductor.  

 

Uses of superconductors: Superconductors are used in medicine (in MRI machines 

most commonly), power companies, transportation, military, and more. They are useful 

in certain maglev trains, as well as in proton accelerators, such as the one at Fermilab. 

In the future, researchers hope to use them in emerging power technologies, such as 

energy storage systems or high-efficiency wind turbines. 

 

Rationale for using superconductors: One of the unwritten rules of physics says you 

can't get something for nothing; at best, you can manage a fair exchange rate between 

how much energy you pump into a system and how much you coax out of it. 

 

Consider your car: On average, only 12 percent of the chemical energy you pump in as 

gas translates into motion. The rest goes to overcoming drag, inertia, and engine 

friction. Heat crops up in all sorts of systems. It is an energy thief and takes the 

efficiency off chemical reactions and circuits. Heat is why we can't achieve perpetual 

motion (or movement that never ceases). 

 

It's also the reason power plants must increase current to high voltages when 

transmitting it across country: to overcome energy lost to resistance. Imagine if we 

could find a way to remove resistance, thereby eradicating energy loss. Enter 

superconductors into this picture. Send current through a superconducting wire, and it 

loses no energy to resistance. 

 

 



How superconductors work: As a superconductor cools, it follows a curve of gradually 

dropping resistance until it reaches its particular critical temperature; then, abruptly, all 

resistance disappears. The substance undergoes a phase transition. Like ice melting 

into water, the material assumes a new state, one with zero resistance. 

 

https://www.youtube.com/watch?v=kgvLxlf_O1M 
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https://www.youtube.com/watch?v=kgvLxlf_O1M

