
Engineering L2 – Fundamental Electrical Principles
1 of 19 – Introduction
Welcome to this session on fundamental electrical principles.
By the end of this session, you will be able to:
· Explain what Ohm’s law is and how it works​
· Calculate resistance using Ohm’s law​
· Explain what electromagnetism is​
· Understand what current, charge and power are​
2 of 19 – Electrical principles in engineering​
Whether you are specifically interested in a career in electrical engineering or if your interests lie elsewhere, engineers of all types need to have a basic understanding of electrical principles. This is because electrical components are found within so many types of products and processes, and as time goes on this trend is only increasing.
Knowing what to expect from a range of basic electrical principles such electromagnetism, charge and power will allow you to excel in other areas of engineering.
3 of 19 – Electrical current and charge
When electrons move around a circuit, this is known as electric current. Current is measured in amps (A).
Electrical current can be either alternating current (AC) or direct current (DC).
Direct current is when the electrons flow in a constant direction around the circuit.
Alternating current is when the electron flow in the circuit continuously changes direction.
Current can also be described as the amount of electrical work happening in the circuit. The amount of current flowing every second is known as electrical charge, which is measured in coulombs (C).
This relationship is defined by the following equation:
Charge (Q) equals Current (I) multiplied by Time (t)
4 of 19 – Resistance
All electrical components, even wires, offer resistance to the electricity that flows through it. Some things offer so much resistance that electricity cannot flow through it at all – these are known as insulators. Sometimes a component will have variable resistance, meaning that its resistance can be intentionally changed by altering some other factor, such as the temperature or light it is exposed to.

The resistance of wiring will vary depending on many factors. Some of the most common to consider will include:
· Length of the wire
· Diameter of the wire
· Material the wire is made of
Resistance is measured in ohms (Ω). A good conductor of electricity will have a low resistance. Insulators have a high resistance.
6 of 19 – Potential difference
Potential difference is a measure of the difference in energy of the charge carriers between two points in a circuit. 
It is also known as voltage, and it is measured in volts (V). 
Potential difference is measured with a voltmeter.
When using a voltmeter, you connect the two terminals to the two points you want to measure the difference between. 
Normally this means placing one terminal either side of a single component within a circuit.
7 of 19 – Ohm’s law
Current (I), potential difference (V) and resistance (R) are all connected by a relationship known as Ohm’s law. This states that in any situation, the current is equal to the voltage divided by the resistance. 
You will often see this relationship represented in an Ohm’s law triangle. To calculate any of the related values, you can cover that one in the triangle and see which calculations you need to perform with the other two. 
Read on to see the related formula:
Voltage
Looking at the Ohm’s Law triangle; covering up voltage leaves current times resistance:
Voltage equals current times resistance,
or,
V equals I times R
Current
Looking at the Ohm’s Law triangle; covering up current leaves voltage over resistance:
Current equals voltage divided by resistance,
or,
I equals V divided by R
Resistance
Looking at the Ohm’s Law triangle; covering up resistance leaves voltage over current:
Resistance equals voltage divided by current,
or,
R equals V divided by I
8 of 19 – Calculating resistance
As long as you know the potential difference and current associated with a component, you can calculate the resistance it gives to the circuit using Ohm’s law. 
To do this, use the version of the equation:
R equals V divided by I
The bulb in this circuit has a potential difference of 3V.
There is a current of 2A going through it.
Therefore:
R equals V divided by I
R equals 3 divided by 2
R equals 1.5 ohms
9 of 19 – Electrical power 
When electrons move around a circuit, they are moving electrical energy around. How much energy is transferred every second can be described as power, measured in watts (W). One watt is equal to one joule per second. 
The equation that shows the connection between power, current and potential difference is:
[bookmark: _Hlk83896714][bookmark: _Hlk83896773]power equals current multiplied by potential difference
P equals I multiplied by V
We can also show the relationship between power, current and resistance as:
power equals current squared multiplied by resistance
P equals I squared multiplied by R
Power is usually seen as heat in a wire or component. Sometimes this is intentional, such as higher wattage bulbs being hotter and giving off more light. Other times this is an unwanted side effect.
10 of 19 – Transmitting electrical power efficiently
Unless the desired effect of a circuit is to product heat or light, it is usually the intention to keep the power within a circuit as low as possible so that energy is not being wasted. 
This keeps circuits more efficient. 
Because of the relationship P equals I squared multiplied by R, 
the current has the most effect on the amount of power being generated. 
This means that in order for energy to be transmitted more efficiently it should be transmitted at a high voltage and low current. 
This keeps the wires cooler, wasting less energy as heat.
11 of 19 – Electromagnetism
Electrical current and magnetic fields are linked concepts - when current flows in a wire, it creates a magnetic field. This magnetic field is strongest closest to the wire and can be increased by increasing the current in the wire. 
Another way to increase the field is to coil the wire up in a spiral shape. This is known as a solenoid. The field created by a solenoid is similar to that of a bar magnet. Each loop of wire creates a small magnetic field, and these stack together to create the larger overall magnetic field.
12 of 19 – Creating an electromagnet
When a solenoid is wrapped around an iron core this creates an electromagnet. 
The iron core increases the magnetic field further. 
Switching on the current within the circuit creates a magnetic field and turning it off will make the field disappear. 
Any iron core will create an electromagnet. 
13 of 19 – Use of electromagnetics
Electromagnets have many uses. Anywhere where magnetic fields are needed some of the time but not all of the time are perfect applications for electromagnets. 
Examples of places that use electromagnets include:
· Electric bells
· Recycling plants
· Theme park rides
· Door locks
Electromagnets can also create movement when different fields interact with one another. This is known as the motor effect. The motor effect is used in lots of places, including to make sound in headphones and speakers. ​
14 of 19 - Question 1
What is one watt is equal to?
Choose one 
· One amp per second
· One joule per second
· One volt per second
· One ohm per second
Answer:
One joule per second
15 of 19 - Question 2
Which of the following are correct equations to calculate power?
Choose all that apply: 
· P equals I multiplied by V
· P equals I squared multiplied by R
· P equals I multiplied by R
· P equals I divided by V
Answers:
· P equals I multiplied by V
· P equals I squared multiplied by R
16 of 19 - Question 3
A coil of wire in a spiral shape is known as a…?
Choose one:
· Protocoil
· Solenoid
· Solonid
· Core
Answer:
Solenoid
17 of 19 - Question 4
Which of the following is NOT a correct version of Ohm’s law?
Choose one:
· V equals I multiplied by R
· I equals V divided by R
· R equals V divided by I
· V equals I divided by R
Answer:
V equals I divided by R
18 of 19 - Question 5
Calculate the resistance of the bulb in a circuit if the voltage across it is 12V and the current through it is 4A.
Remember R equals V divided by I
· 2Ω
· 3Ω
· 4Ω
· 6Ω
Answer:
3Ω
19 of 19 - End
Well done. You have completed this session on fundamental electrical engineering principles. ​
You should now be able to: ​
· Explain what Ohm’s law is and how it works​
· Calculate resistance using Ohm’s law​
· Explain what electromagnetism is​
· Understand what current, charge, and power are​
If you have any questions about anything covered in this session, speak to your tutor for more help. ​

