2 A Ratio and Proportion

A\

The same thing, different words

Look at thispicture:
[ L 4 @ L 4 L 4 L ]
A B

ThelineAB isdivided intofiveequa parts.
Let'scall thefirst three partstogether asAP.

A P B

What arethe different ways of expressing therelations be-
tween the lengths AP, BP and AB?

. APisgof AB.

° BPisg of AB.

e BP is%of AP.

. APisg of BP.

e Theratioof APtoBPis3:2.
Thereisyet another way of sayingthis:

e If wemeasurelengthsusing é of AB, thenthelength of AP
is3andthelength of BPis2.
(Seethelesson, Relations of Partsin the Class 7 textbook.)

Let’slook at another problem: Ammuand Appu divided 50 rupees
between them. Ammu took 30 rupeesand Appu got 20. Ammu

3

30
took 30 out of 50 and we know that = = -

So, what part of thetotal did Ammu get?

AndAppu?
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Inwhat al ways can we say this?

e Ammugot ... of the total and Appu got
............. of thetotal.

e Ammugot............. timeswhat Appu got.

e Appugot............. of what Ammu got.

e Theratio of what Ammu got to what Appu got is

notes.

Now look at thisproblem.

Chakkochan and Dineshan started abusinesstogether.
Chakkochan invested 5000 rupees and Dineshan
invested 7000 rupees.

What part of the total did Chakkochan invest? And
Dineshan?

How many timestheinvestment of Chakkochan’ sinvestment
isDineshan’ sinvestment?

What fraction of Dineshan’ sinvestment is Chakkochan's
investment?

How many thousands did Chakkochan invest? And
Dlneshan?

What istheratio of thair investments?

L et’'shave one more example: Look at these pictures:

Thelength of thelonger pencil is7.5 centimetersand the
length of the shorter oneis4.5 centimeters.

How many timesthelength of the shorter pencil isthelength
of thelonger pencil?
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75 _ 75 _ 5

45 ~ 45 ~ 3

So, thelength of thelonger pencil isg timesthelength of
the shorter pencil. It a'so meansthe length of the shorter
pencil isg of thelonger pencil.

What if wemeasurethelengthsusinga 1.5 centimeter long

pieceof string?

Thelength of thelonger pencil would be 5 stringsand the

length of the shorter pencil would be 3 strings.
What istheratio of thelengths of the pencils?

If we put the pencilsend to end, then thetota lengthwould
be 12 centimeters. We may say that thelength of thelonger
pencil isij = : of thisand that the length of the shorter
pencil isi'z5 = : of this. But thereishardly any need to

put the pencilstogether likethis.
Now seeif you can say each of thefollowing factsinvarious
ways, using fractionsand ratios:

e 6cupsof riceand 2 cupsof urud weretaken to make

dosa.
e Inaclass, thereare 26 girlsand 24 boys.
e Inaschool, there are 500 studentsand 15 teachers.
e Thelength of apencil wasfoundto be% of astring

and thelength of another pencil wasfoundto be% of

thedtring.
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Using math

We have seen several explanations of theideaof ratios.
They areto be used according to context. Let’slook at
someexamples.

To paint ahouse, blue and white paintsareto be mixed
intheratio 3: 2. Tomake 35 liters of such amixture,
how many liters of blue and how many litersof white
should betaken?

What we aregivenisthetotal amount of the mixture. We
know that blueand white paintsareto bemixedintheratio
3: 2. From thiswe know what fraction of the mixture
should be blue and what fraction should bewhite:

3
— blue.
5

2 .
— white.
5

Weneed 35litersindl

w

Amountof blue = 35" — =21 liters

N Ol

Amount of white = 35 : =14 liters

Wecandsothink dong different lines: snceblueand white
aretobemixedintheratio 3: 2, their actua amountsina
mixture should be 3 timesand 2 timesacommon measure,

If thiscommonmeasureis liter, weget 5litersof mixture.
But weneed 35 liters, and 35is7 times 5. So, theamount
of blue should be 7 times 3 liters and the amount of white
should be 7 times 2 liters.

Another problem now:

Theratio of thenumber of boysto thenumber of girlsin
aschool is12: 13. Thereare 360 boysin the school.
How many girlsaretherein thisschool ?

How should weinterpret theratio given here?

Wewant to find the number of girls. How many timesthe
number of boysisthe number of girls?
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Fromtheratio given, wefind that the number of girlsis g

timesthe number of boys; and the number of boysisgiven
to be 360. So,

the number of girls = 360 ° g = 390.

Heredso, wethink in adifferent way: the actual number of
boysis 360 and it is indicated by the number 12 in the
ratio.

How many times 12is 3607
So how many times 13 isthe number of girls?
Now try your hand at these problems:

¢ Inarectangle, theratio of thelength to breadthis5: 3.
Thelengthis2.5 meters. What isthe breadth?

e Nazir invested 4000 rupees and Narayanan invested
6000 rupeesto set up apartnership. In oneyear, they
got 3000 rupees profit. If they split thisintheratio of
their investments, how much would each get?

¢ Ramahasacollection of 18 red beadsand 12 green
beads. Umaa so has such acollection of red and green
beads, 20 in al. Theratio of the number of beadsin
each color isthe samefor both. How many red beads
doesUmahave? And how many green beads?

Some other questions

Joy and Jayan divided somemoney intheratio 3: 5and
Jayan got 2000 rupees morethan Joy. How much money

did they divide? How much did each get?

Here we don’t know the amount of money divided. But

fromtheratio given, wefind that Joy got g of thisamount

and Jayan got g of it.
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The additiona 2000 rupeesthat Jayan got, isthedifference
of thesefractionsof thetotal.

Whatisthedifferenceofg and 1;’?

5 3_2
8 8 8~

1
4
So, % of thetotal amount is2000 rupees. Now can’t you

find thetotal and the amount each got?

Thereisanother way of looking at the problem: Joy and
Jayan got 3 timesand 5 times a specific amount. So, the
extramoney Jayan got is 2 timesthisamount; and that is
2000 rupees. This means the specific amount is
% “ 2000 = 1000 rupees. Now we can easily seethat Joy
got 3 x 1000 = 3000 rupees and Jayan got 5 x 1000
=5000 rupess.

L ook at another problem:
Therdtio of thenumber of boysto the number of girlsin
aclassis2: 3.If 711 of the boys leave the class, what
would bethisratio?
Here, the number of girlsis 1% timesthe number of boys.
When 711 of theboysleave, 731 of them remain. Now 1% 15
2tim$731. o, theratio becomes1: 2.

Canyouthink of other waysof doingthis?

Onemorequestion:

In DABC, we have AB : BC=1: 2 and BC :
AC=3:5 WhaisAB: AC?

Herewe must find out how many times (or what fraction
of) thelength of the side AC isthelength of the Sde AB.



Ratio and Proportion

What fraction of thelength of BC isthelength of AB?

SinceAB:BC=1:2, wehave
_1
AB = > BC

Now what fraction of thelength of AC isthelength of BC?
BC: AC=3:5.Fromthis

BC= - AC
So, what istherelation between thelengths of AB and AC?

_1.3 o2 3
AB_E c AC = 10AC
Fromthiswefind that
AB:AC=3:10

Seeif you can find out other ways of doing thisproblem
aso.

Now do these problems on your own.

e Theratioof illiterateto literate peopleinalocality is
1: 19. The population of that locality is64000. How
many among these are literate? And how many are
illiterate?

e Inacow farm, theratio of the number of cowswhich
give milk to the number of cowswhichdon'tis8: 3.
The number of cows which don't give milk is 144.
How many cowsdo give milk? And how many cows
arethereinadl?

e Theratioof the number of boysto thenumber of girls
inaschool is14 : 15. There are 27 more girls than
boys. How many girlsaretherein this school ? How

many boys?

e Thelength and breadth of arectangleareintheratio
8: 5. Thelength is 10.5 centimeters more than the
breadth. What are the length and breadth of the rec-

tangle?

e Theratio of the number of men and women who at-
tended amestingis3: 5. After sometime, haf themen
and one-third thewomen left. What istheratio of men
towomen now?
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e Inaschool, theratio of thenumber of childreninlower
primary classesto the number of childreninthe upper
primary classesis?2 : 3; and theratio of the number of
childrenintheupper primary to the number of children
inthe secondary classesis4 : 5. What istheratio of
thenumber of childreninlower primary to the number
of childrenin the secondary?

e Fatima, Ganga and Heera bought two packets of
sweets, 140inal. Theratio of the number of sweets
Fatimatook to the number of sweets Gangatook is
3: 4. Theratio of the number of sweets Ganga and
Heeratook is6: 7. How many sweetsdid each take?

Three measures

Look at thispicture:

A trianglemadewith eerkkil bits. Itssdesare 8 centimeters.
6 centimetersand 4 centimeters.

So, what length of eerkkil was used to makethistriangle?
8 + 4 + 6 = 18 centimeters, right?

What fraction of thisisthe bottom sde?

8 4
18~ 9
What about the other two sides?
4 2
18~ 9
6 _ 3
18~ 9

So, thesidesare g, g and g of the sum of their lengths.

We can put thisdifferently: thesidesof thistrianglearein
theratio4:2: 3.

Tomakethisalittle more precise, we namethetriangle.
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8 cm
Inthistriangle, thelengths of the sdesAB, BC, CAarein
theratio4:2: 3.

We can condder thisin adifferent manner: if we measure

thelengthsusing a2 centimeter long string, then thelengths
of AB, BC, CAwouldbe4, 2, 3.

Now ook at thistriangle:

4 cm

What istheratio of the sides?
What isthe sum of thesides (that is, the perimeter)?

PQ+QR+RP=4+35+25=10

What fraction of thisiseach sde?

35 35 7

10 ~ 100 _ 20

25 25 1

10 T 100 4

The denominators of thesefractionsare not equal; so, how
dowefindtheratio?
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How about making al denominatorsequal to 20?

2_38

5 20

1_5

4~ 20
So. the lengths of PO, OR, RP are —. -~ = of th
, thelengthsof PQ, QR, RPare 5, =, -5 of the

perimeter. Thus
PQ:QR:RP=8:7:5

Wecandothisinadifferent way. If we measurethelengths
using a0.5 centimeter long string, thelengthsof PQ, QR,
RPwould be8, 7, 5.

Let’slook at another example: Ali put up 40000 rupees,
Jose 20000 rupees and John 50000 rupees to start an
agency. What istheratio of their investments?

Thetotal investment is40000 + 20000 + 50000 = 110000,
right?What fraction of did Ali invest?

40000 _ 4
110000 ~ 11
Jose?
20000 _ 2
110000 ~ 11
And John?
50000 _ 5
110000 ~ 11

So, Ali, Joseand Johninvestedintheratio4: 2: 5.

Thiscan beseen adsolikethis: reckoning by ten thousands,
Ali invested 4 ten thousands, Jose 2 ten thousandsand John
5tenthousands.

Now seeif you can do these problems on your own:

e Inacontest, thefirst gets 1000 rupees as prize, the
second 600 rupees and the third 400 rupees. What is
theratio of the prize money?
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e Theperimeter of atriangleis 10 metersand thelengths
of two of itssid&serezé metersand 3% meters. What
istheratio of itssides?

e To make unniyappam, 1 kilogram rice, 250 grams
bananaand 750 gramsjaggery were mixed. What is
theratio of theingredients?

Let’slook at afew more examples.

Theperimeter of atriangleis60 centimetersanditssdes
areintheratio 3: 4: 5. What are the lengths of the
Sdes?

Sincetheratio of thesidesis3: 4: 5, their Iengthsarel—e'z,

11'2, 1—520f the perimeter. So, the actual lengths (in
centimeters)

60" 1—32 =15

60" 1—42 =2

60" 1—52 =2

Canwedoitinadifferent way?

Thesidesare 3, 4, 5timesaspecificlength, aren’t they?
What about the perimeter then?

Now another problem:

Vijayan, Gopan and Mukundan took up some work on
contract. Vijayan worked for 3 days, Gopan for 5 days
and Mukundan 6 days. When they divided the money they
got for thework, Gopan got 500 rupeesmorethan Vijayan.
How much money did they getinal?How much did each
get?
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Thenumber of daysthey workedisintheratio3:5: 6; and
thisistheratioinwhichthey dividethemoney. So, Vijayan
got 3timesaspecificamount, Gopan got 5 timesthisamount

and Mukundan got 6 timesthisamount.

Thismeansthedifferenceinwhat Gopanand Vijayangotis
2 times this specific amount; and we know that it is 500
rupees.

1
So, this specific amount iSE ~ 500 = Rs. 250.

Now we can easily compute how much each got.

Vijayan'sshae =3~ 250 = Rs. 750
Gopan'sshare =5~ 250 = Rs.1250
Mukundan'sshare = 6~ 250 = Rs. 1500

Now can’'t you do these problems on your own?

e Thethreeanglesof atriangleareintheratiol: 3:5.

How muchiseachangle?

e Tomakegunpowder, carbon, sulphur and potassium
nitrate areto bemixedintheratio3: 2: 1. To make
1.2 kilograms of gunpowder, how much of each is
needed?

e Theddesof atriangleareintheratio2: 3: 4andthe
longest sideis 20 centimeterslonger than the shortest
side. Computethelength of each side.

e Canthesidesof atrianglebeintheratiol:2: 3?

e In DABC, we have AB : BC =2 : 3 and
BC : CA=4:5 WhatisAB: BC: CA?
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¢ Mally, Nafeezaand Omanastarted atailoring shop.
Themoney they invested for thisisintheratio5: 7: 8.
They divide the profit dso in this ratio. One year,
Omanagot 1800 rupeesmorethan Molly. How much
did each get that year?

Changing and unchanging

L ook at these photos:

The same photo in different sizes, right?

Thefirst photo is 1 centimeter wide and 1.5 centimeters
high.

What about the second photo?

2 centimeterswide and 3 centimetershigh.

That is, both width and height are doubled.

Here, both width and height are changed.

What remains unchanged?

Inthefirst photo, height isg timesthewidth.

What about the second?
Can't we say thiswithout using fractions?
In both photos, thewidth and height areintheratio 2 : 3.

What about this photo?
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L ook at another piece of math:

Appu’ s mother usually takes 2 cups of riceand 1 cup of
urud for making idlis. One day, when they had guests, she
took 3 cupsof riceand 1% cupsof urud.

Here the amount of rioeisl% timestheusua. What about
theamount of urud?

What istheratio of riceto urud in both occasions?

Thereisanamein mathematicsfor such caseswherethe
individual quantitieschange, but theratio remainsthe same:
proportion.

Thusin the case of the two photographs at the beginning,
thewidth and height are proportiond.

What about the case of idlis?

The amounts of rice and urud in the two occasions are
proportiona.

Three quantities can a so be sometimes proportional . Look
at thesepictures:

8 cm

oS 9%

4cm

What istheratio of thelengthsof the Sdesin eachtriangle?
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For each pair of rectangles shown below, first try to guess
whether the sidesare proportional or not. Then check, by
actualy measuring thesides.

Now dothisfor the pairsof trianglesbelow.

N
/
/\

> oD

41
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Let’s find out

e Mathew invested 30000 rupees and Stephen, 50000
rupeesto start abusiness. In one month they madea

profit of 2400 rupees. Mathew took 900 rupeesand
Stephen took 1500 rupeesastheir sharesof the profit.
Wheat istheratio of their investments? What istheratio
of their shares of the profit? Are the shares propor-
tional totheinvestments?

e Ramuworked 8 hoursand got 400 rupees aswages.
Benny worked 6 hours and got 300 rupees. Arethe
wages proportional to the hours of work?

e 10litresof bluepaint and 15 litres of white paint are
mixedinonecan; 12 litresof blueand 17 litresof white
aremixedin another. Will the shadesof blueinthetwo
cans bethe same? Why?

Constancy in change

What isthe perimeter of asguare of side 3 centimeters?
What about the perimeter of asquare of Sde5 centimeters?

Whatever be the side, the perimeter of a square is four
timesthelength of theside, isn't it? Thiscan be stated in
another manner: inasquare, theratio of thesideto perimeter
isl:4.

Asthelength of the sides of asquare changes, so doesthe
perimeter; but their ratio does not change. So, the earlier
satement can aso be put thisway: inasquare, the perimeter
isproportiona totheside.

Thisistruefor equilaterd trianglesaso, isn'tit?

Let’slook at another situation. The price of apencil isl%

rupees. What isthe cost of 10 such pencils?
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What about the price of 20 pencils?Isthe price proportiona
to the number of pencils?

Let’slook at thealgebraic form of these:
o Ifthelengthof thesdeof asquareisxanditsperimeter
isy, then
y = 4X

e Ifthelength of theside of an equilatera triangleisx
and itsperimeter isy, then

y = 3x
e Ifthenumber of pencilsisx and thetotal priceisy,
then
- §X
=3

Ingenerd, if two quantitiesx andy are proportiona, then
therelation between al their different valuesis

y = kx
wherethe value of k does not changewith thevauesof x

and y. This number k is called the constant of

proportionality.

Inour first example, the constant of proportiondity is4 and
itisthe number of sides; in the second example aso, the
constant of proportionality 3 isthe number of sides. Inthe
third exampl e, the constant of proportionality is g = 1%
anditisthepriceof asingle pencil.

Now work these out on your own:

¢ Rgandeposited 10000 rupeesin abank, which gives
6% smpleinterest. Write an equation connecting the
number of yearsof deposit and thetotal interest. Is
thetotal interest proportiona to the number of years?
What if interest iscompounded?
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e Mary getsanincrement of 200 rupeeson her salary
every year. Write an equation connecting the number
of years sheworks and the total increasein salary
over the years. Is the total increase in salary
proportiona to the number of yearsof work?

e Whenanobject fdlsfromaheight, its speed, vmeters
per second after t seconds of fall, is given by the
equation

v =9.8t
Isthe speed proportional to thetime?

e When an object falls from a height, the distance
s(meters), it travelsintimet (seconds) isgiven by the
equation

S=4.9t?
Isthedistancetravelled proportiona to time?

Inverse change

How many rectangles of area 30 square centimeterscan
wedraw?

We can take the lengths of sidesas 10 centimetersand 3
centimeters; or 6 centimetersand 5 centimeters. We can
also havefractiona lengthssuch as 12.5 centimetersand
2.4 centimeters.

So, we can draw asmany such rectanglesaswewish. Here,
when weincrease thelength of one side, thelength of the
other Sdeisdecreased. So, thelengths of thesidesof various
suchrectanglesare definitely not proportiond. What exactly
istherelation between thelengths of sides?

If wetakethelengths of the sides of such arectangle asx
andy, we have

Xy = 30
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We canwritethisequation as

_§_3o’1
y_ B X

X

1
S0, y isproportional to <

If two quantitiesx and y change accordingto therule

y=;

wherek doesnot changewithxandy, thenthey aresaid to

beininverse proportion.

In this context, the proportional quantities we discussed

earlier are said to beindirect proportion.
Now somequestions:

e Arethelengthsof sdesof variousrectangleswith the

same perimeter ininverse proportion?

e Writean equation connecting the average speed and
thetimeof travel of avehicletraveling 200 kilometers.
Is the time inversely proportional to the average
speed?

e 1000 rupeesisto be equaly divided among some
persons. Istheamount each getsdirectly or inversaly
proportional to the number of persons?

e Comparethe pricesof the same brand of tooth paste
of different weights such as50 grams, 100 grams, 150
gramsand so on. Isthepricedirectly proportional to
theweight?
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Get the world record times of men’'s sprints in
100 meters, 200 meters, 400 metersand 800 meters.
Arethetimesdirectly proportional to thedistances?

Arethe sides of atriangle and the atitudesto them
inversaly proportional ?



