
Engineering L2 – Maths for Engineers Area and Volume
1 of 16 – Introduction
Welcome to this session on area and volume.
By the end of this session, you will:
· Know what area and volume of shapes are
· Know how to calculate area of various common shapes
· Know how to calculate volume of various common shapes
· Know what Pythagoras’ theorem is and how to use it
2 of 16 – Quantifying the size of shapes​
Any time engineers are making things they will likely need to know the size and shape of the materials they are working with. Processing materials usually means manipulating their shape in some way, either by increasing or decreasing the total amount of material, or by changing the dimensions to make it a different shape. It is important that engineers know how much of a material they will need to work with and how much will be wasted or lost during manufacture so that they can order the right quantity of material, and ensure their production is as efficient as possible.
The size and shape of a material are defined by the lengths between points on the material, the area of the various flat sides and the total volume of the material. In this session we will look at these different ways of quantifying the size of something, as well as learning how to calculate some common areas and volumes that you will come across.
3 of 16 – Measuring length​
Length is the distance between two fixed points. In engineering, you could be measuring many things, such as the length of a metal bar, the length of a line on a plan drawing or the length a bridge will need to be to span a river. 
Length is measured in metres. If the lengths are small, we might use centimetres, millimetres or micrometres. If the lengths are large, we might use kilometres. 
There are many pieces of equipment you can use to measure length, from callipers and rulers for small distances to click wheels and laser measuring devices for larger lengths.
4 of 16 – What is area?
Area is the total size of a flat, two-dimensional shape. This could be the side or face of a shape that is three-dimensional, such as one of the square sides of a cube. 
To calculate area, you will first need to know the lengths of the sides of the shape that you want to know the area of. You will use these lengths with a formula to calculate the area of the shape.
5 of 16 – 2D shape area equations ​
Different shapes have different formula you can use to calculate their area.
It will also be useful for you to know how to calculate the area of a square, rectangle, circle and a triangle, as these are shapes you will encounter often in the shapes of raw materials, finished products and their applications.
Area of a square/rectangle
The simplest shape to calculate the area of is a square or rectangle. The formula for this is simply to multiply the length of the shape by the width of the shape. This will give you the area.
Consider a rectangle that is 6m long and 4m wide.
Area = length (l) x width (w)
Area = 6 x 4 = 24m2
Area is measured in metres squared (m2).
Area of a triangle
To calculate the area of a triangle, multiply half the base by the perpendicular height.
The perpendicular height is the distance from the base to the top of the triangle. To find half of it, just divide it by two.
Consider a triangle that is 5m high and has 6m wide base.
Area = 1/2(base(b) x height (h))
Area = 1/2(6 x 5)
Area = 30/2 = 15m2
Area of a circle
To calculate the area of a circle, multiply pi by the radius squared.
The radius is half of the diameter, or the distance from the edge of the circle to the centre. If you are given the diameter (the distance from one side of the circle to the other, going through the centre) then you can find the radius by dividing it by two. To square something, we multiply it by itself.
Pi (π) is a mathematical constant. It is roughly equal to 3.142, though its decimal places actually go on forever.
Consider a circle with a diameter of 6m.
First, divide the diameter of 6m by two to find that the radius equals 3m.
Area = π x radius2 = π x radius x radius
Area = π x 3 x3 = 28.28m2
6 of 16 – What is volume? ​
Volume is the total size of a three-dimensional (3D) shape, including all the bits inside that you cannot see. This could be a regular shape such as a cube or cylinder, or a complicated shape with lots of complex curved edges and faces, like a twenty-sided dice.
It is possible to calculate the volume of any shape, but simplest to do so for regular 3D shapes. To calculate volume, you will first need to know the lengths of the sides of the shape that you want to know the volume of. You will use these lengths with a formula to calculate the volume of the shape.
7 of 16 – Calculating the volume of a cuboid ​
The simplest shape to calculate the volume of is a cube or cuboid. 
The formula for this is simply to multiply the width by the height by the depth. 
Consider a cube that is 3m wide, 3m deep and 3m tall.
To calculate its volume, we do the following calculation:
Volume = width x depth x height 
Volume = 3 x 3 x 3 
Volume = 27m3
Volume is measured in metres squared (m3). 
8 of 16 – Calculating the volume of a cylinder ​
After cuboids, the shape you will probably calculate the volume of most frequently is a cylinder. This is because many raw materials, especially metals, are supplied in round bar form, which is basically a very long and thin cylinder. Bars are supplied at fixed diameter sizes and ordered by length, so it is easy to find the required measurements to calculate their volume.
To find the volume of a cylinder, multiply pi by the radius of the base squared by the height, or length of the bar. Remember to make sure both measurements use the same units, or the calculation will be incorrect. This is especially important when working with thin, long bars. Remember that the radius is half the diameter.
Consider a cylinder with a diameter of 3m and a length of 100m.
Volume = π x radius2 x height
Volume = π x (1.5 x 1.5) x 100
Volume = π x 2.25 x 100
Volume = 706.95cm3
9 of 16 – Calculating other volumes ​
There are many other shapes that you may come across that have their own formulae to calculate their volumes.
Cone
To find the volume of a cone, multiply the height by the radius of the circular base squared by pi by one third
= height x radius2 x π x 1/3
Pyramid
To find the volume of a pyramid, multiply the area of the base by the height, then multiply by one third
= (area of base) x height x 1/3
Sphere
To find the volume of a sphere, multiply the radius cubed by pi, multiplied by four thirds
= radius3 x π x 4/3
Triangular prism
To find the volume of a triangular prism, multiply the area of the triangular side by the length of the prism
= (area of triangle side) x length
10 of 16 – Pythagoras’ theorem ​
Sometimes you will know some of the lengths of a shape, but not all of them. If you have access to the material you can measure the missing lengths directly, but if you do not or you have the parts represented in non-scale drawings only, then you can use mathematic principles to work out the missing numbers. 
One of the most useful mathematical tools for doing this is Pythagoras’ theorem. Pythagoras was an Ancient Greek mathematician and philosopher. His most famous work was figuring out the relationship between the three sides of a right-angled triangle, that is a triangle where one of the angles is 90o exactly. 

Pythagoras worked out that in such a triangle, the square of the hypotenuse is equal to the square of the sum of the other two sides. The hypotenuse is always the longest side, directly opposite the right angle in the triangle. As an equation, this is represented as a2 + b2 = c2
A triangle has a width a of 3m, a height b of 4m and a hypotenuse c of 5m:
a2 + b2 = c2
32 + 42 = 52
9 + 16 = 25
Just as with any other equation, Pythagoras’ theorem can be rearranged as required to find a missing value. Using the triangle in the diagram, here is how you could use Pythagoras’ theorem to find the missing length of side c.
A triangle has a width a of 6m, a height b of 8m and an unknown hypotenuse:
a2 + b2 = c2
62 + 82 = c2
36 + 64 = c2
100 = c2
At this point, you need to find the square root of 100 to find out what c is.
The square root of 100 is 10.
c = 10
If you needed to find the value of a or b, you would simply rearrange the formula so that a or b was the subject of the equation, such as a2 = c2 - b2.
11 of 16 - Question 1
Match these sizes:
· 5m
· 100cm2
· 25mm3
To these types of measurement:
· Area
· Volume
· length
Answers:
· 5m - length
· 100cm2 - area
· 25mm3 - volume
12 of 16 - Question 2
[bookmark: _Hlk84234611]Indicate if the following statement is true or false.
Volume is the total size of a two-dimensional (2D) shape.
Answer:
False
Volume is the total size of a three-dimensional (3D) shape, including all the bits inside that you cannot see.
13 of 16 - Question 3
What will the following equation give you?
? = radius2 x π x height
· Volume of a triangle prism
· Volume of a sphere
· Area of a triangle
· Volume of a cylinder
Answer:
Volume of a cylinder
14 of 16 - Question 4
If you have a rectangle with a width of 7m and a height of 5m what would its area be?
· 12m
· 35m2
· 12m2
· 35m  
Answer:
35m2 
The area of this shape would be 35m2. 
To work this out, multiply 7 by 5. Remember that areas are always given in m2.
15 of 16 - Question 5
In a right-angled triangle, which side is the hypotenuse?
· The one to the right of the right angle
· The one opposite the right angle
· The one to the left of the right angle
· Whichever one is the shortest
Answer:
The hypotenuse of a right-angled triangle is always the one opposite the right angle. 
It is also always the longest side.
16 of 16 - End
Well done. You have completed this session on area and volume.
You should now be able to:
· Know what area and volume of shapes are
· Know how to calculate area of various common shapes
· Know how to calculate volume of various common shapes
· Know what Pythagoras’ theorem is and how to use it
If you have any questions about anything covered in this session, speak to your tutor for more help.

