
Electrical Circuits
This guide covers the following:
● What is a circuit?  
● Circuit Symbols
● Series and Parallel Circuits
● Electrical Charge
● Voltage
● Current
● Current and Voltage in Series and 

Parallel circuits
● Resistance
● Ohm’s Law
● Electrical Power



To power an electrical device we need a few things.
1. Power source (cell/battery/wall socket etc.)

2. An electrical circuit for the electricity to travel round.

What is a Circuit?

We know that electricity is the 
flow of electrons. If the electrons 

cannot move there is now 
electricity.

For electrons to move much like 
a scalextric car they need a track 

or wire to move along.

 



Electrical Circuits are the “tracks” that the 
electrons travel round. 

This “track” must start AND end with the power 
source.

Spread around the “track” are the devices you 
want to power such as bulbs and motors etc.

 

What is a Circuit?



It can be difficult to draw a circuit 
that is easy to follow.

Because of this a system has been 
developed to simplify the drawing 
of circuits. These are called Circuit 

Diagrams.

Circuit Diagrams are easy to read 
and easy to draw!

Circuit Diagrams replace 
components in the circuit with 

Circuit Symbols.

Circuit Symbols



Circuit Symbols



Below are the most common circuit symbols.

Circuit Symbols



Electrical Circuits come in three 
forms:
1. Series Circuits
2. Parallel Circuits
3. A combination of Series and 

Parallel Circuits

These relate to how the 
components in the circuit are 
arranged.

Types of Circuit



In Series Circuits the components are joined together in a 
chain. Like a daisy chain!

Series Circuits



In Parallel Circuits the components are joined so that 
each component has its own loop back to the battery.

Each component in this circuit is connected in “parallel” 
with the others.

Parallel Circuits



Some Circuits combine both series and parallel features.

Mixed Circuits

In this circuit bulb D 
and C are connected 
in series. Bulbs A and 
B are in parallel.

You can also say that 
the Red section of the 
circuit is connected 
to the blue section in 
Series!



When beginning to explore the world of electricity 
and electronics, it is vital to start by understanding 

the basics of voltage, current, and resistance.



Electrical 
Charge…

Electricity is the movement of electrons. Electrons create charge, 
which we can get to do work. Your lightbulb, your stereo and your 

phone are all harnessing the movement of the electrons in order to 
do work. They all operate using the same basic power source: the 

movement of electrons.

The three basic principles for this tutorial can be 
explained using electrons, or more specifically, 
the charge they create:
• Voltage is the difference in charge between 

two points.
• Current is the rate at which charge is flowing.
• Resistance is how much a material resists the 

flow of charge (current).



Georg Ohm
Georg Ohm was 

a German physicist and mathematician. 
As a school teacher, Ohm began his 

research with the new electrochemical 
cell, invented by Italian 

scientist Alessandro Volta. Using 
equipment of his own creation, Ohm 

put together a paper describing his 
Ohm’s Law. Ohm starts by describing a 

unit of resistance that is defined by 
current and voltage. So, let’s start with 

voltage and go from there.



Voltage
We define voltage as the amount of potential energy 
between two points on a circuit (one point has more 
charge than another).

Alessandro 
Volta

When describing voltage, current, and 
resistance, a common model used to 
explain these concepts is a water tank. 
In this model, charge is represented by 
the water amount, voltage is 
represented by the water pressure, and 
current is represented by the water flow. 
So for this model, remember:
Water = Charge
Pressure = Voltage
Flow = Current



Voltage
Using the “Water Tank” model for electricity voltage is 
considered to be the pressure at the end of the hose.

The amount of water in the tank is the amount of charge.

Alessandro 
Volta

If the tank has lots of water (charge) 
then the pressure in the hose (Voltage) 

is HIGH

If there is little water (charge) in the tank 
the pressure in the hose (Voltage) is 

LOW

Pressure in hose 
= 

Voltage



Voltage
In this model the water tank acts like a battery in a torch.

Alessandro 
Volta

Water tank (Battery) is full 
of water (charge).

Pressure is HIGH

Voltage is HIGH

Torch is BRIGHT

Water tank (Battery) is low 
on water (charge).

Pressure is LOW

Voltage is LOW

Torch is DIM



Current
Electrical Current is the RATE at which 
charge flows in a circuit.

To picture this consider these two pictures 
of the Mississippi river…

River running normally

River in flood



Current
If you take a point on the river in both 
images.

The AMOUNT of water flowing past this 
point every second in each image would be 
different.

The amount of water flowing per second in 
the first image is small, while the amount of 
water flowing per second in the second 
image is significantly bigger.



Current
Going back to the “water tank” model…

We can say that the AMOUNT of water flowing through 
the hose per Second is equivalent to the current at that 
point.

These two tanks have different amounts of water in them. 
This will affect the voltage or pressure in the hoses 
(More Water = More Pressure = Higher Voltage)

If there is a higher pressure in the hose the water in the 
hose moves quicker…

This leads to more water traveling through the hose per 
second…

HIGH VOLTAGE = LARGE CURRENT



Current
The size of the hose (wires!) can also play 
a role in this…

These two tanks have the same amount of 
water in them (same pressure – same 
voltage), but one has a larger hose than the 
other.

When the water starts to flow more water 
can flow in the larger hose so the current 
would be higher than the smaller hose.

So thicker wires can carry higher currents!



Current
To get both tanks to supply the same 
current (water flowing out of the hose per 
second!) we need to change the voltage 
(pressure) in the hose by removing some 
water from the large hose’s tank. 

This gives a drop of pressure on the tank 
on the left.

A drop in pressure means the water is not 
forced out with as much force and moves 
slower.

This means less water per second is 
leaving the larger hose and the currents 
balance!

Applying this to a circuit means that an almost flat battery connected to a 
circuit with thick wires has the same current flowing as a fully charged battery 
with thin wires.



Voltage in Circuits

● Voltage is “used up” by 
components such as bulbs or 
motors.

● Voltage gets smaller after each 
component in a Series circuit.

● Voltage is the same across each 
component in Parallel circuits.



Voltage and Current 
in circuits
● Current is not “used up” by 

components such as bulbs or 
motors.

● Current is the same at any point in a 
Series circuit.

● Current can change however in 
Parallel circuits.



Measuring 
Voltage
We can measure the voltage in a circuit using an 
Voltmeter.

A Voltmeter is connected in parallel to the 
components as it measures the voltage (difference in 
charge) ACROSS a component.

The unit for Voltage is the Volt (V) named for the 
Italian physicist Alessandro Volta.

Alessandro 
Volta



Measuring 
Current
We can measure the current in a circuit using an 
ammeter.

An Ammeter is connected in series to the components

This measures current in Amps (short for Amperes) 
named for the French physicist André-Marie Ampère.

Current is recorded in Amps which is written as A or 
in milliamps (mA).

1 A = 1000 mA

André-Marie Ampère



Resistance

As water travels down a hose the water rubs against the side of the hose. This 
FRICTION slows the water down.

Wide Hose = Low Friction = fast moving water

Narrow Hose = High Friction = slow moving water

This can be applied to our electricity model…



Resistance
In our “water tank” model of electricity the 
friction from the sides of the hose models 
the concept of resistance in electricity.

Resistance does exactly what it says on 
the tin…. It resists the flow of electricity.

If you use a thick wire (or hose) there is 
plenty of space within the wire for the 
electrons to flow and there is little 
resistance.

If you use a thin wire there is less space 
and therefore higher resistance.



Measuring 
Resistance
The concept of resistance in electricity was 
discovered by Georg Ohm.

The unit we use to measure resistance was 
named for him; the Ohm.

The symbol for Ohms is Ω



Ohm’s Law
In 1827 Georg Ohm put forward the results 
of his work. He proposed, in his complete 
theory of electricity, that Voltage, Current 
and Resistance where all related.

He also published his famous equation; 
later called Ohm’s Law.

V = I * R



Ohm’s Law
V = I * R

In this equation:
V is Voltage in Volts (V)
I is Current in Amps (A)
R is Resistance in Ohms (Ω)

This equation can be put into an 
Equation Triangle like this…

Using an equation triangle is easy. 
Simply cover the letter you need to 
calculate and you are left with the 
formula.

e.g to calculate resistance you are left 
with 
R = V / I or voltage divided by current!

V
I  x  R



Electrical Power
Electrical power is very important! It is defined as the amount of energy per 
second traveling through the circuit.

Some components (bulbs, motors etc) require a lot of energy per second 
(power) while others require very little.

The amount of energy traveling through the circuit is completely dependent 
on the Voltage and current in that circuit.

This gives us another formula…

Power = Voltage * Current
or

P = V * I



Electrical Power
Example: 

Calculate the electrical power that the bulb in these circuits uses.

P = V * I

P = 3V x 5A

Power = 15W

5A

3V

P = V * I

P = 5V x 24A

Power = 120W

24A

5V



Electrical Power
Electrical power has it’s own unit; 
the Watt.

The Watt is named after the Scottish 
inventor James Watt for his 
contributions to the development of 
the steam engine.

Look at any electronic device and it 
will have a power rating in Watts (W), 
milliwatts (mW), kilowatts (kW) etc.

This power rating is found on a 
sticker on the device.

James Watt



Costing Electricity
Knowing the power rating of an electronic device allows you to calculate 
how much it will cost you to run it.

With the cost of electricity steadily rising this is an important skill!

To calculate the cost of the electricity used by a device (In this example a 
computer!) we need the following:

1. The power rating of the device in Watts. E.g 250W

2. The time it is to be run in hours per month. E.g 10 hours every day for a 
month

3. The cost per unit of electricity. E.g 13p per unit



Costing Electricity
Step 1:
We need to calculate how many units of electricity the device will use in a 
month.

This is done by multiplying the Device’s power rating in Watts by the 
number of hours it is running a day and then multiply that by the number of 
days in a month.

For the computer example we will assume the computer is on 10 hours of 
every day.

250W x 10 hours x 30 days = 75,000Wh (Wh is Watt Hours)

Now we need to convert this to Kilowatt hours (kWh). There are 1000 W in a 
kW

75,000Wh  ÷  1000  =   75 kWh



Costing Electricity
Step 2:
Now we have the number of units (kWh - kilowatt hours) we need to multiply 
that by the cost per unit.

75 kWh  x  13p  =  975p

975p   ÷  100   =   £9.75

So we have calculated that it would cost £9.75 to run that computer for 10 
hours a day for a month.



Magnetism
Magnetism is one of the fundamental 
forces.It is a non-contact force.

It is usually grouped with electricity to be 
called electromagnetism.

Most materials are not magnetic, but 
some are. A magnetic material can be 
magnetised (made into a magnet!) or will 
be attracted to a magnet. These metals 
are magnetic:

Iron

Cobolt

Nickel



Magnetism
A bar magnet is a permanent magnet. This 
means that its magnetism is there all the time 
and cannot be turned on or off. A bar magnet 
has two magnetic poles:

North Pole - This is the pole of the magnet that 
points north.

South Pole - This is the pole of the magnet that 
points south.



Magnetism
If you bring two bar magnets together, there are 
two things that can happen, attraction and 
repulsion:

● if you bring a north pole and a south pole 
together, they attract and the magnets stick 
together

● if you bring two north poles together, or two 
south poles together, they repel and the 
magnets push each other away

We say that opposite poles 
attract, and like poles repel.



Magnetism
A magnet creates a magnetic field around it. You 
cannot see a magnetic field, but you can 
observe its effects.

A force is exerted on a magnetic material 
brought into a magnetic field. 

The force is a non-contact force because the 
magnet and the material do not have to touch 
each other.



Magnetism
In the diagram, note that:

● each field line has an arrowhead on it 
● the field lines come out of the north pole 

and go into the south pole
● the field lines are more concentrated at the 

poles

The magnetic field is strongest at the poles, 
where the field lines are most concentrated.

Field lines also show what happens to the 
magnetic fields of two magnets during attraction 
or repulsion.

ATTRACTION

REPULSION



Magnetism
Planet Earth has a liquid iron core. This iron 
moves and creates a magnetic field around the 
planet.

This field has been useful for a couple of 
reasons.

● The planet’s magnetic field funnels 
hazardous charged particles from the sun to 
the poles to make northern and southern 
lights.

● The fields allows us to use a simple 
magnetised needle to find which direction is 
north.



Magnetism
Why would the North pole of a 
compass needle point towards the 
North pole of the planet? 

Surely they should repel each other?!?

Well that is due to badly named poles 
for the planet!

Actually the “North Pole” of the planet 
is the SOUTH POLE  of the planet’s 
magnetic field.

That means it will attract the North pole 
of the magnetised compass needle

S

N

“North Pole”

“South Pole”



Electromagnetism
When an electric 
current flows in a wire, 
it creates a magnetic 
field around the wire. 
This effect can be used 
to make an 
electromagnet. 

A simple electromagnet 
comprises a length of 
wire turned into a coil 
and connected to a 
battery or power 
supply.



Electromagnetism

Electromagnets have some advantages over permanent magnets. For example:

● they can be turned on and off
● the strength of the magnetic field can be varied

These properties make electromagnets useful for picking up scrap iron and 
steel in scrapyards.


