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2  Ratios and percentages

Ratios and percentages are both used to describe relationships between values in a simple 
form. In design and technology, ratios are commonly used for scaling drawings and 
percentages are used to describe changes, profit and waste. In this chapter, you will learn 
how to work with ratios and percentages in a range of contexts.

2.1 Ratios and scaling of 
lengths, area and volume
Ratios
A ratio is a relationship between two values that shows the number of times one value 
contains or is contained within the other. For example, widescreen televisions have a screen 

ratio of 16 : 9. This ratio relates to the width and height of the screen. It means that all 

widescreen televisions have a width that is 16
9

 of the height irrespective of their overall size.

= ×width height  16
9

The width is a fraction of the height and the fraction is the ratio.

In design, the golden ratio of 1.618 is used because humans 
appreciate the aesthetics of this naturally occurring ratio. One side 
of the square in Figure 2.1 is multiplied by 1.618 to create a rectangle 
of harmonious proportions. The ratio of the height of the rectangle 
to the width of the rectangle is the ratio 1 : 1.618 because it has been 
scaled by 1.618. 1 mm on the side of the square scales up to become  
1.618 mm on the rectangle, thus it has been multiplied by 1.618.

Ratios of constituent parts
Ratios are often used to define the quantities of ingredients used. For example, when 
mixing concrete, a ratio is normally used. An example is 1 part cement, 3 parts sand and 
3 parts aggregate. It doesn’t matter what the unit of measurement is in this case; provided 
this ratio is used, when the water is used to bind the materials and the concrete is allowed 
to set, a standard result will be achieved. 

Figure 2.1 The golden ratio

x = 1 x = 1.618

y = 1 y = 1

Worked examples
In each case define the ratio of the parts.

a Water, H2O.
A water molecule comprises two hydrogen atoms for every oxygen atom. Therefore, the ratio of 
hydrogen to oxygen is 2 : 1.

A
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TIP

For the ratio: x : y

If x is greater than y:

x > y, the scale ratio reduces

If x is smaller than y:

x < y, the scale ratio increases

Scale ratios
You may be familiar with scale ratios. The scale ratio of a model, for example, represents 
how much smaller proportionally any linear dimension on the model is than the full-size 
product. A model car that is to a scale of 1 : 72 means that 1 mm on the model is 72 mm on 
the original. In the same way, if size is an issue you may need to make scale models and 
prototypes of your designs during your NEA project.

Similarly, it is normal for plans and working drawings, such as those created by 
architects and engineers, to be drawn to scale in order to enable very large objects to be 
represented on a sheet of paper.

Designers often work at a larger scale than that of the final product, or in other 
words ‘larger than life’. This ‘scaling-up’ allows designers to model and prototype 
small products in order to show detail clearly. Examples are jewellery fittings or the 
components of a ballpoint pen which might be drawn or modelled to a scale of 2 : 1 
or 5 : 1. Microprocessors, such as the Intel Core i7, integrate more than 1 000 000 000 
transistors and so these devices need to be scaled up enormously when they are designed.

Designers and manufacturers use scaling ratios when creating designs of different 
sizes. For example, the pattern for a size small t-shirt should be proportionally scaled 
up to create a pattern for a size medium t-shirt to ensure it increases in both length and 
width in the body as well as the sleeves. In the fashion industry, pattern grading, as 
this scaling is known, is often calculated using sizing charts and computer algorithms to 
more accurately reflect anthropometric data. In this section you will learn how to scale 
both two-dimensional shapes and three-dimensional objects, as well as calculate related 
dimensions from scaling operations.

Scaling ratios are normally written in the following form:

1 : n

where n is the scaler.

However, in the case of decimal scalers, the 
scale ratio may be presented with integers 
(whole numbers), for example:

1 : 1.5 is the same scale ratio as 2 : 3 because 3 
is 1.5 times larger than 2.

 Answer: 2 : 1

b A glue mix of 70% PVA glue, 30% water.
The ratio of PVA to water is 70% : 30%, which is the same as 7 : 3.

 Answer: 7 : 3

c A class comprising 12 girls and 13 boys.
The ratio of girls to boys is 12 : 13.

 Answer: 12 : 13

417069_C02_Ess_Math_Sk_023-032.indd   24 01/06/18   10:57 AM



252  Ratios and percentages

2 R
atios and percentages

Scaling drawings and shapes
For any shape, the application of a scaling ratio will 
affect both width and height. For example, in  
Figure 2.2, the shape on the left has had a scaling ratio 
of 1 : 2 applied to it to create the shape on the right. 
The inclusion of the dimensions of the diagonal line 
shows that it too has been scaled by the same ratio. 
In fact, all linear dimensions have been scaled by this 
ratio. This includes the perimeter of shapes.
This relationship is important as it can enable you to calculate dimensions from scaled shapes 
if you know the scaling ratio or if you can calculate the scaling ratio from the information 
provided. This does not apply only to two-dimensional shapes; it can also be applied to the 
side elevation or plan view of a three-dimensional object. In fact, for a three-dimensional 
object subjected to a scaling ratio, again, all linear dimensions will be scaled proportionally.
Scaling ratios can be represented as fractions in 
mathematical calculations. For example, the jug 
shown in Figure 2.3 has been scaled. The base 
of the jug is circular. To calculate the diameter 
x of the scaled down jug from the information 
provided, the scaling ratio needs to be calculated in 
order for the radius to be calculated.
The scaling ratio for the diameters is the same as 
the height, therefore:
x : 100 mm is the same scaling ratio as 
400 mm : 600 mm.
Therefore the following relationship is true:

=x
100

400
600

which gives x to be:

= × = =x 400
600

100 66.6̇ mm 66.7mm (3 s.f.)

Note: The ˙ symbol above the 6 is called a recurring symbol and shows  
that the answer is a recurring ‘6’, e.g. 66.6666666666666…
The values provided were accurate to 3 significant figures, so the  
value has been rounded to this accuracy.

Scaling area
For any scaling ratio 1 : n, the scaling ratio of the area is 1 : n2.

This is because an area is a two-dimensional shape. If we  
think of this as having a width and a length, the area would  
be width × height. If both width and height have been scaled,  
then the product of the scaling ratios must be the scaling  
ratio multiplied by itself, in other words squared. 

Figure 2.4 helps to prove this point. 

20

40

20

40

14.14

28.28

Figure 2.2 2D scaling

400 mm

x mm

600 mm

100 mm

Figure 2.3 Scaled jug

4

12

3

9

Figure 2.4 Scaling area
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Worked examples
a If the width of the large rectangle in Figure 2.4 is increased to 20 mm, what will the height be?

The scale ratio of the large rectangle is:

width : height

12 mm : 9 mm, which is the same as: 4 : 3.

Or, in other words, the height is three-quarters of the width.

The new ratio will be:  20 mm : new height

As these ratios are equal:

=20
new height

4
3

A

The first rectangle has an area of 3 × 4 = 12. 

The second rectangle has been subjected to a scaling ratio of 1 : 3 and its area is  
9 × 12 = 108.

The scaling ratio of the areas = = =12
108

1
9

1
32

1 : 32 

For ratios written with two integers greater than 1, for example 7 : 3, both numbers are squared.

For any scaling ratio x : y, the scaling ratio of the area is x2 : y2.

Scaling volume
For any scaling ratio 1 : n, the scaling ratio of the volume is 1 : n3.

Volumes are three-dimensional in form, and just like the proof for area, if all three dimensions 
are multiplied by the same scaler, we can say that the scaler has been cubed. Again, this can be 
proven with a figure, as shown in Figure 2.5.
For the first cuboid:

volume = width × length × height 
= 2 mm × 2 mm × 3 mm = 12 mm3

The second cuboid is subjected to a 
scaling ratio of 1 : 2.
For this cuboid:

volume = width × length × height 
= 4 mm × 4 mm × 6 mm = 96 mm3

The scaling ratio of the volumes = = =12
96

1
8

1
23

1 : 23 
As with area, for ratios written with two integers greater than 1, for example 7 : 3, both 
numbers are cubed.
For any scaling ratio x : y, the scaling ratio of the volume is x3 : y3.

4
2

4

3 6

2
4

Figure 2.5 Scaling volume
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Rearranging gives:

=new height
20

3
4

In terms of the new height this is:

new height 3
4

  20 15mm= × =

Answer: 15 mm (2 s.f.)

b What will the new area of the same rectangle be if it is subjected to a scale ratio of 5 : 2?

First notice that the scaling ratio is a reduction because the number on the right-hand side of the 
colon is smaller than the number on the left. This will remind you that you should end up with a 
result smaller than what you should at the current scale.

The current area is:

= × = × =area of rectangle width height 12 mm 9 mm 108 mm2

For any scaling ratio 1 : n, the scaling ratio of the area is 1 : n2.

But remember that for ratios written with two integers greater than 1:

For any scaling ratio x : y, the scaling ratio of the area is x2 : y2.

This means that the area scale ratio is: 

52 : 22

which is: 25 : 4

Therefore, the new area is:

= × = =new area 4
25

108 17.28 mm 17 mm  (2 s.f.)2 2  

You could check this by scaling the dimensions to calculate the area rather than calculating the area 
scale ratio.

Proof: Apply the scale ratio to each of the dimensions.

Applying the ratio 5 : 2 will create dimensions that are 2
5
 of the original, as proven in part (a) above.

new width = 12mm  2
5

 4.8 mm× =

new height = 9mm  2
5

 3.6 mm× =

new area = 4.8 × 3.6 = 17.28 = 17 mm2 (2 s.f.)

which gives the same answer.

Answer: The new area is 17 mm2 (2 s.f.).

c What is the new volume of the large cuboid in Figure 2.5 if it is scaled by a ratio of 2 : 3?

This ratio should increase the volume because 3 > 2.

= × × = × × =volume of original cuboid length width height 4 6 4 96 mm3

For any scaling ratio x : y, the scaling ratio of the volume is x3 : y3.
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Guided questions
1 The area of the large rectangle in Figure 2.4 is scaled up to 200 mm2. Calculate 

the lengths of the new sides.

The scale ratio for the sides can be calculated from the area scale ratio because for 
any scaling ratio x : y, the scaling ratio of the area is x2 : y2.

2 The large cuboid in Figure 2.5 is scaled to a volume of 150 mm3. What is the 
height of the new cuboid?

As shown on p. 26, the original cuboid has a volume of 96 mm3. The height is 4 mm.

Step 1: Use the volume scaling ratio to find the scaling ratio for the height. 

Step 2: Calculate the new height.

3 The large rectangle in Figure 2.4 is made of cotton fabric and costs  
15 pence. A scaled-up version of the rectangle of fabric costs £2.10. What  
are its dimensions?

For the rectangle, cost is proportional to the area. Therefore, the cost scaling ratio is 
the same as the area scaling ratio.

Step 1: Use the cost scaling ratio to calculate the dimension scaling ratio.

Step 2: Calculate the new width and height.

Practice questions 
4 If the large jug in Figure 2.3 is subjected to a scaling ratio of 2 : 3, what will be the 

height of the new jug?

5 Calculate the volume scaling ratio for the jugs shown in Figure 2.3.

6 The mass of the large cuboid in Figure 2.5 is 0.4 kg. A cuboid with the exact 
proportions and of the same material has a mass of 1.4 kg. Calculate the height of the 
cuboid with the larger mass.

Section 2.2 Ratios and mechanisms is available online at  
www.hoddereducation.co.uk/essentialmathsanswers

B

C

Therefore, the volume scaling ratio is: 

23 : 33

which is: 8 : 27

Therefore, the new volume is:

= × = × = =new volume 27
8

  original volume  27
8

  96  324 320 mm ( 2 s.f .)3 

Answer: The new volume is 320 mm (2 s.f. )..3
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