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Proportion

Two measursare inproportion to each otherif there is aconnectionbetween
the measures. For example, timeore pieces of paper there are in a pile of
paper, the higher the pile will be. We say that the height of the pile of paper
and the number of pages in the pile are in proportion to each other.

Thetype of proportion depends ontte type of connection between the

measures.
Direct Proportion Inverse Proportion
As one measure increases, the other measure also | As one measure increases, the other measure
increases. decreases.

Example

(a) The distance a car travels is in direct proportion to the amount of petrol it uses.

(b) The average speed of a car on a specific journey is in inverse proportion to the time the ca E
takes to make the journey.

Exercisel

Note which type oproportion (direct proportion or inverse proportion) the following /GD
guestions describe.

(a) The height of a pile of paper and the number of pages in the pile.
(b) The length of a piece of string and the mass of the string.

(c) The time taken to build a Wleand the number of workers used to build
the wall.

(d) The number of tins of soup bought and the total cost of the tins.

(e) The time taken to empty a water tank and the number of water pumps
used to empty the tank.

(f) The number of pages in a book athé time taken to read the book.

(9) The distance a car travels in half an hour and the average speed of the
car.

(h) The age of a car artde monetaryvalueof the car(during the first decade aftehe initial purchase).
(i) The mass of a bar gbld and the monetary value of thzar.
Direct Proportion

With direct proportion, vinenone measure increases (ergiles travelled,
another measure must also increase (e.g. amount of petrol ufedlye can
write thisrelationship aso® « The symbo? meanstin proportion te€¢ The
graph on the right illustrates direct proportion. The gradient of the line (the
multiplier of the proportion,Q can be any positive value

Vv ¢
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Example

A digger can dig a 560 m long ditch in 21 days. How much time would it take
to dig a 240 miongditch?

Answer To begin, we set out the information atable, ensuring that the
guantity we want to find appears in the bottonight of the table.

Length ofthe ditch Time
560 m | 21 days
240 m | ?
Method 1: Multiplier method Method 2: DM method (Divide, Multiply) E o

To change the number 560 to be the number 21, we We imagine an L shape formed using the numbers in-
must multiply by the fractior—. (Starting with 560, we table.
divide by 560 to reach 1, and then multiply by 21 to

Length of the ditch Time

reach 21

) 560 m \ 21 days

We multiply 240 m with the same fraction to obtain the 240m | ?

answerg T m—  wdays We follow the path of the L shapdividingfirst and then
multiplying by the numbers we encounter.
Either240 + 560 x 21 = %gs
or21 + 560 x 240 = Qags

Exercise

Applyind
(a) A train travels 165 metres in 3 seconds.
Howfar would it travel in 8 seconds?

(b) An aeroplane travels 216 miles in 27 minutes.
How far would it travel in 12 minutes?

(c) £50is worth$90.How muchis£175worth?

(d) A7-metre ladder has 28 steps.
How many steps would similar5-metre ladder have?

(e) The mass of a 27 metre long piece of string is 351 grams.
What would be the mass of 15 metres of th@me type of
string?

(f) A rabbit can burrow a 4 metre long tunnel in 26 hours. Ho
long would the rabbit take to burrow a 7 metre long tunnel?

(9) Alandscape gardener can paint 15 fence panels in 6 hours
How long would it take to paint 40 fence panels?

(h) The cost of 12 printer cartridges is £90.
What is the cost of five of thegarinter cartridges?

() The height of 500 pieces of paper is 4.9 cm.
What would be the height of 800 pieces of the same type of §
paper?
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Inverse Proportion

With inverse proportion, when one measure increases (e.g. average spet
a car,0), another measure decreases (e.g. the time taken to complete the

journey, ). We can write this relationship as® —.2 S NB I Rwi§ K A
inversay proportional to a¢ ®he graph on the right illustrates inverse
proportion.

Example

If three diggers can dig a hole in 8 hours, how long would four diggers tal
to dig the same hole?

Method 1: Division method Method 2: DM method (Divide, Multiply)

To begin, we set out the information &table, ensuring To begin, we set out the information &table, ensuring
that the quantity we want to find appears in the bottenthat the quantity we want to find appears in the botten
right of the table. right of the table (Note, because this is an inverse

proportion question, the secahcolumn show%TYgot

Number of diggers Time Time). We then imaine an L shape formed using the
3 | 8hours numbers in the table.
4 | ?
o ] ] Number of diggers -
By multiplying together th@umbers in the first row, we ¢AYS
obtain3 x 8 = 24We can divide the 24 by the number ¢ 3 ‘ =
diggers to obtain the time taken. For 3 diggers, the tirr 4 ’ B
taken is24 + 3 = §ours(verifying the information given e
in the question). For 4 diggers, the time taken is o
24+ 4 = Ghours We follow the path of the L shapdividingfirst and then
multiplying by the numbers we encounter.
Eithert o - -
or- o 1T -

So, the answer is 6 hours, because 6 isdugprocalof
the fraction-.

Exercise3 @

(a) Travelling at a constant speed of 32 kilometres per hour, a
journey takes 18 minutes. Holang would the same journey
take travelling at a constant speed of 48 kilometres per hour?

(b) It takes a team of 8 people 6 weeks to paint a bridge. Ho
long would the painting take if 12 people wesmployed

(c)Usually, a swimming pool is filled usihgvater valves, over a
period of 18 hours. Today however, one of the valves cannot
used. How long will it take to fill the pool using only 3 water
valves?

(d) A journey can be completed in 44 minuiésve travelat an average speed of 50 miles per hot
How long would the same journey talkeve travelledat an average speed of 40 miles per hour?

(e) A supply of hay is sufficient to feed 12 horses fodags.
How long would the same supply of hay feed 20 horses?
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(f) It takes 3 combinéarvesters 6 hows to harvest a crop of
wheat. How long would it take to harvest tkamecrop using
only 2 combine harvesters?

(g) It takes a team of 18 people 21 weeks to dig a canal. How/ ,
long would it take to dig the canal using only 14 people?

(h) A tank can be emptied using 6 pumps in 18 hours. How lo#:
would it take to empty the tank using 8 pumps?

(i) A gang of 9 bricklayers can build a wall in 20 diagsv long
would a gang of 15 bricklayers take to build the same wall?

Exerciset

In thisexercise, you will need to decide what type of proportion each question describes, before using an
appropriate method to find the answer.

(a) The height of a stack of 150 pieces of paper is 9 mm.
What would be the heght of a stack of 350 pieces of simila
paper?

fill the pool in 6 mlnutes?

(C)A car uses 24 litres pktrol to travel 216 km. How many
litres of petrol are requiredo travel 162 km?

(d) A shop sells 8 apples for £1.40. What would be the price of 12 apples?

(e) A ship takes 12 days to complete a journeyydtiing at a speed of 20 knofs knot = 1nautical mile per hoyt
What speed is required to complete thgurney in 10 days?

(f) For a Christmas party, a school arranges th@ahfistmas
puddings are available for every 5 children. How many
Christmas puddings must be purchaskthere are108
children?

(9) A car travels 180 km in 95 minutes. Find the tiadeen to
travel 72 km at the same speed.

(h) Travelling at a speed of 84 km/hour, a train takes 2 hours
complete a journey. How long would the same journey take a ‘
speed of 96 km/hour?

() If 12 pumps, all identical and working together, can empty
water tank in 60 minutes, how long would the tank take to
empty if only 10 of the pumps were working?

() When a bike travels 145 m, each wheel rotates 58 times. How many times will each wheel rotate when
completing a 1,000 m journey?

(k) It costs £1,450 toepair an 87 m long pavement.
Find the cost of repairing a 72langpavement at the same rate.
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() A man owning 2,400 shares in a company recavinal dividend of
£128. A final dividend of £16&om the same company, was received by a
woman How many shares does she own?

(m) An electric fire uses 8 units of electricity in 3 hours. How long would tl
electric fire workwhenusing 20 units of electricity?

(n) A ship takes 45 days to complete a journey travelling at a speed of 16
knots. How log would the same journey take travelling at 18 knots?

(0) It costs £10.20 to feed a cat for 14 days. Find, to the nearent penny, tl
cost of feeding the same cat for 30 days.

(p) A machine can fill 580 bottles in 3 minutes.
How many bottles cathe same mahine fillin 1 hour?

(9) If 14 men can dig a ditch in 11 days, how many days would 22 men ta
to dig the same ditch?

(r) A bricklayer cafay 245 bricks in 3 hours. How many bricks could the bricklayer lay in 7 hours, working at the
same rate?

JohnNapier

John Napier was born in Edinburgh, Scotland in 1550. He was a mathematician
physicist and an astronomer. Napier was the first person to use logarithms (A Lg
work) and was responsible for the popularisation of the decimal point in

mathematicsln 1570 he published a document that contained the following rhy

Multiplication is vexation,
Division is as bad,;
The Rule of Three doth puzzle me,
And practice drives me mad.

Challengé A

Use the internet to investigate thé w dzf S 2iffa miatkeNBtiSat context. What
Ad GKS fAy]l (2 GKS a5a YSUiK2R¢ FTNRY

More than one proportion
Example

A fruit grower knows that it will take 8 hours for 20 workers to
pick420 kg of strawbates. She needs to collect 360 kg of
strawberries in 5 hours. What is the minimum number of
workers she should employ?

Answer In this question, there are three things that can vary,
namely time, the number of workers, and the weight of the
strawberries. We can, usirtge methodsof proportion, change
two of these atany one time whilst keeping the third measure
constant.

To stat, let us keep the number of workers constant (20
workers), and consider how many strawberries they pekin 5 hours. Because time and the weight of the
strawberries are in direct proportion, we can form the following table.
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