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CHAPTER

Direct and Inverse
Proportions

13.1 Introduction

Mohan prepares tea for himself and his sister. He uses 300 mL of
water, 2 spoons of sugar, 1 spoon of tealeaves and 50 mL of milk.
How much quantity of each itemwill he need, if he hasto maketea
for five persons?

If two studentstake 20 minutesto arrange chairsfor an assembly,
then how much timewould five studentstaketo do the samejob?

We come across many such situationsin our day-to-day life, wherewe
need to see variation in one quantity bringing in variation in the other
quantity.
For example:

(i) If thenumber of articles purchased increases, thetotal cost alsoincreases.

(i) Morethemoney deposited in abank, moreistheinterest earned.

(i) Asthe speed of avehicleincreases, the time taken to cover the same distance
decreases.

(iv) Foragivenjob, morethenumber of workers, lesswill bethetimetakento complete
thework.

Observethat changein onequantity leadsto changeinthe other quantity.

Write five more such situations where changein one quantity leadsto changein
another quantity.

How do wefind out the quantity of each item needed by Mohan?Or, thetimefive
studentstaketo completethejob?

To answer such questions, we now study some concepts of variation.
13.2 Direct Proportion
If thecost of 1 kg of sugar is Rs 18, thenwhat would bethe cost of 3kg sugar?1tisRs54.
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Similarly, wecanfind the cost of 5 kg or 8 kg of sugar. Study thefollowing table.

............

Weight of sugar (in kg) 1 3 5 6 8 10
Cost (in Rs) 18 | 54 | 90

Observethat asweight of sugar increases, cost also increasesin such amanner that
their ratio remainsconstant.

Take one more example. Suppose acar uses4 litresof petrol totravel adistance of
60 km. How far will it travel using 12 litres? Theanswer is180 km. How did we calculate
it?Sincepetrol consumed inthe secondinstanceis12litres, i.e, threetimesof 4litres, the
distance travelled will also be three times of 60 km. In other words, when the petrol
consumption becomesthree-fold, the distancetravelled isalso threefold the previous
one. Let the consumption of petrol bex litresand the corresponding distancetravel led be
ykm . Now, completethefollowing table:

(Petrol inlires| 4 | 8 | 12 | 15| 20 25]
LDlstanceln km (y)| 60 180 J

Wefind that asthevaueof xincreases, value of y a so increasesin such away that the

ratio = doesnot change; it remainsconstant (say k). Inthiscase, it isl—l5 (checkit!).
y
We say that x and y arein direct proportion, if X k or x =ky.
y

Inthisexample, — , where4 and 12 are the quantities of petrol consumedin

60 180’
litres (X) and 60 and 180 are the distances (y) in km. So when x and y are in dir ect

proportion, wecanwrite == X 2 . [y,,y,arevauesof y corresponding tothevauesx ,

y y
X, of x respectively] v

The consumption of petrol and the distance travelled by acar isacase of direct
proportion. Similarly, thetotal amount spent and the number of articlespurchasedisaso
an exampleof direct proportion.
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Think of afew moreexamplesfor direct proportion. Check whether Mohan [intheinitia example] will

1
take 750 mL of water, 5 spoonsof sugar, 2 > Spoons of tealeavesand 125 mL of milk to prepareteafor
fivepersond Let ustry to understand further the concept of direct proportion throughthefollowing activities.

DO THIS

(i) ® Takeaclockandfixitsminutehandat 12.

® Record theangleturned through by the minute hand fromitsoriginal position
and thetimethat has passed, inthefollowing table:

(TimePassed(T) | (T)) (T) (T T )
(inminutes) 15 30 45 60
Angleturned (A) (A) (A) (A) (A)
(indegree) 90
v

A J

What do you observeabout T and A? Do they increasetogether?
T

Is N sameevery time?

Istheangleturned through by theminute hand directly proportiona
tothetimethat has passed?Yes!

From the abovetable, you can also see
T,:T,=A,:A,, because
T,:T,=15:30 =12
A :A,=90:180 =12
Check if T, T,=A:A,and T,:T, =A_:A,
You can repedt thisactivity by choosing your owntimeinterval.
(i) Ask your friend to fill the following table and find the ratio of his age to the

[N

=

=

corresponding age of hismother.
f Age Pr esent Age R
five years ago age after five years

Friend’ sage (F)
Mother’sage (M)
E

M J

What do you observe?

F
Do Fand M increase (or decrease) together?1s ™M sameevery time? No!
You can repest thisactivity with other friendsand write down your observations.
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Thus, variablesincreasing (or decreasing) together need not always bein direct
proportion. For example:
(1) physical changesin human beingsoccur withtime but not necessarily inapredeter-
minedrétio.
(i) changesinweight and height amongindividualsarenot inany known proportionand
(i) thereisnodirect relationship or ratio between the height of atree and the number
of leavesgrowing onitsbranches. Think of somemoresimilar examples.

TRY THESE

1. Observethefollowingtablesandfindif xandy aredirectly proportional.

@ (x| 20|17 1| 1| 8| 5] 2)

LY 40 | 34 | 28| 22 | 16 | 10 4

J

. 4 N\
Gy [ x| 6 | 10| 14| 18 | 22| 26| 30

LY 4 8 12 | 16 20| 24| 28 )

iy (x| 5| 8|12 15| 18| 20)

Ly | 15| 24| 36| 60| 72 | 100/

2. Principal = Rs1000, Rate = 8% per annum. Fill inthefollowing tableand find
which typeof interest (smple or compound) changesin direct proportion with

timeperiod.
('I’lmeperiod lyear | 2years 3years\

Simplelnterest (inRs)

\Compound Interest (inRs)

HEE THINK, DISCUSS AND WRITE Ul

If wefix time period and therate of interest, smpleinterest changesproportionally
with principal. Would there beasimilar relationship for compound interest? Why?

L et us consider some solved examples where we would use the concept of
direct proportion.

Example 1: Thecost of 5metresof aparticular quaity of clothisRs210. Tabulatethe
cost of 2, 4, 10 and 13 metresof cloth of the sametype.

Solution: Supposethelength of clothisx metresanditscost, inRs, isy.
( X 2 4 5 | 10 | 13 ]
LY Y | Y5 | 200y, | s
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Asthelength of clothincreases, cost of thecloth alsoincreasesinthesameratio. Itis
acaseof direct proportion.

We make use of therelation of type A%

i Y
() Herex =5, y,=210andx,=2
Therefore, A % givesi=£ or By, = 2x 2100r Y, = 2x 210 _
i Ve 210 vy, 2 5
5 _4 4% 210

(i) 1fx,=4, then 557, or5y,=4x2100r ¥3= =168

5
[Canweuse 2= é here?Try!]
3

Y2
> _10 ~10x210 _

(i) 17,= 10, then 575 =",~ o Yo ==—p — =420
V) 1fx =13, then —= = = or y = 2520 _gyg
W) =13 then 5 5=y O %="5 =

{Note that here we can also usei or 4 or 10 in the place of i}
84 168 420 210

Example 2: Anelectric pole, 14 metreshigh, castsashadow of 10 metres. Find the
height of atreethat castsashadow of 15 metresunder similar conditions.

Solution: Let theheight of thetree bex metres. Weform atable as shown bel ow:

(height of the object (in metres) | 14 X ]
Llength of the shadow (in metres)| 10 15 J

Note that more the height of an object, the more would be the length of its shadow.

X
Hence, thisisacaseof direct proportion. That is, A y—2
1 2
Weh B_X Why?
ehave 015 (Why?)
14
—x15 =
or 10 X
14x3
or 5 =X
So 21=x

Thus, height of thetreeis21 metres.

Alternately,wecanwriteﬁ=ﬁ asl_N
i Yo X Y
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S X X%=Y-Y,
or 14:x=10:15
Therefore, 10xx=15x14
_15><14_2
or X = 10 =21

Example 3: If theweight of 12 sheetsof thick paper is40 grams, how many sheets of

the same paper would weigh 2 % kilograms?
Solution:
L et the number of sheetswhichweigh 2 % kg bex. We put theaboveinformationin
theform of atable asshown below:
(Number of sheets 12 X W
LWeight of sheets (in grams) 40 25OOJ

Morethe number of sheets, themorewould their
weight be. So, thenumber of sheetsand their weights
aredirectly proportional to each other.

1kilogram= 1000 grams

1
2 P kilograms= 2500 grams

So Z__x
’ 40 ~ 2500
12x 2500
or — 0
or 750 = X
Thus, the required number of sheets of paper = 750.
Alternatemethod:

X
Two quantitiesx and y which vary indirect proportion havetherelationx=kyor _ = k
number of sheets _12_3 y

~ weight of sheetsingrams _ 40 10

Here,

1
Now x isthe number of sheets of the paper which weigh 2 5 kg [2500(].
3
Using therelation x=ky, x= 0 > 2500=750
1
Thus, 750 sheets of paper would weigh 2 2 Kg.

Example 4: Atrainismoving at auniform speed of 75 km/hour.

(i) How farwillittravel in20 minutes?
(i) Findthetimerequiredto cover adistanceof 250 km.

Solution: Let the distance travelled (in km) in 20 minutes be x and time taken
(in minutes) to cover 250 km bey.

( Distance travelled (in km) | 75 X 250]
1 hour = 60 minutes
LTime taken (in minutes) 60 20 y J
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Since the speed is uniform, therefore, the distance covered would be directly
proportiona totime.

Weh 75 X
() Wehave 55=25

75
—x20 =
or 50 X

oo x=25
So, thetrain will cover adistance of 25 kmin 20 minutes.
75 _ 250
' 60 y
_ 250x 60

75
Therefore, 3 hours20 minuteswill berequired to cover adistance of 250 kilometres.

Alternatively, when xisknown, then one can determiney fromtherelation 2—); = 250 .

y

You know that amap isaminiature representation of avery largeregion. A scaleis
usually given at the bottom of the map. The scal e showsarelationship between
actual length and thelength represented onthe map. The scaleof themapisthusthe
ratio of the distance between two points on the map to the actua distance between
two pointsonthelargeregion.

For example, if 1 cmon themap represents8 km of actual distance(i.e., thescaeis

1cm: 8kmor 1:800,000] then 2 cm on the same map will represent 16 km.
Hence, we can say that scale of amap isbased on the concept of direct proportion.

(i) Also, =

or =200 minutesor 3 hours 20 minutes.

Example 5: Thescaleof amapisgiven as1:30000000. Two citiesare4 cm apart on
themap. Find the actual distance between them.

& MAP
Solution: Letthemap distancebex cmand actual distancebey cm, then |7 " EotTical
1:30000000=x:y b mﬁL..\
1 X ﬁ:}“ 4 'rl- ]
x 3x10°  y ; ':,
T,
| L W‘"
or y=4x3x10"= 12 x 10’ cm = 1200 km. s ““' i
Thus, two cities, which are4 cm apart on the map, are actually 1200 km away from
each other.

DO THIS

Takeamap of your State. Notethe scale used there. Using aruler, measure the“map
distance” between any two cities. Calculatethe actua distance between them.
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B EXERCISE 13.1

1. Following arethe car parking chargesnear arailway station upto

4 hours Rs60

8hours Rs 100
12 hours Rs 140
24 hours Rs 180

Check if the parking chargesarein direct proportion to the parking time.
2. A mixtureof paintisprepared by mixing 1 part of red pigmentswith 8 partsof base.
Inthefollowing table, find the parts of base that need to be added.

( Partsof red pigment | 1 | 4 | 7 | 12 20]
LPartsof base 8 J

3. InQuestion 2 above, if 1 part of ared pigment requires 75 mL of base, how much
red pigment should we mix with 1800 mL of base?

4. A machineinasoft drink factory fills840 bottlesin six hours. How many bottleswill
itfill infivehours?

5. A photograph of abacteriaenlarged 50,000 times
attainsalength of 5cmasshowninthediagram.
What istheactual length of the bacteria?|f the
photograph isenlarged 20,000 timesonly, what
would beitsenlarged length?

6. Inamode of aship, themastis9cmhigh, while
themast of theactud shipis12mbhigh. If thelength
of theshipis28 m, how long isthemodel ship?

7. Suppose2 kg of sugar contains9 x 10° crystals. -
How many sugar crystalsaretherein (i) 5kg of sugar?(ii) 1.2 kg of sugar?

8. Rashmi hasaroad map with ascale of 1 cm representing 18 km. Shedrivesona
road for 72 km. What would be her distance covered in the map?

9. A5m60cmhighvertical polecastsashadow 3 m 20 cmlong. Find at thesametime
(i) thelength of the shadow cast by another pole 10 m50 cm high (ii) theheight of a
polewhich castsashadow 5mlong.

10. Aloadedtruck travels 14 kmin 25 minutes. If the speed remainsthe same, how far
canittravel in5hours?

DO THIS 1. Onasquared paper, draw five squares of different sides.
} Writethefollowinginformationinatabular form.

-

Square-1 | Square-2 | Square-3 | Square-4 Square—5\

Length of a side (L)
Perimeter (P)
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Find whether thelength of asideis indirect proportionto:
(@ theperimeter of thesguare.
(b) theareaof thesquare.
2. Thefollowingingredientsarerequired to make halwafor 5
persons. W (window) W (window)

Suji/Rawa=250g, Sugar = 3004, —I —I

Ghee =200 g, Water =500 mL. T

Using the concept of proportion, estimatethe g )

changes in the quantity of ingredients, to ., [ _§

prepare hadwafor your class. N 2
3. Choose a scale and make a map of your l

classroom, showing windows, doors, — ' .

D
blackboard etc. (An exampleisgiven here). SV ) 5cm (doon) >
Scale <—1.200

HEEE THINK, DISCUSS AND WRITE Ul

Takeafew problemsdiscussed so far under ‘ direct variation’. Do you think that
they can be solved by ‘ unitary method' ?

13.3 Inverse Proportion

Two quantities may changein such amanner that if one quantity increases, the other
quantity decreasesand viceversa. For example, asthe number of workersincreases, time
taken to finish thejob decreases. Similarly, if weincrease the speed, thetimetakento
cover agiven distance decreases.
Tounderstand this, let uslook into thefollowing Situation.

Zaheedacan goto her school infour different ways. Shecanwalk, run, cycleor go by
car. Study thefollowing table.

4 H H
Walking | Running | Cycling By Car
Speed in km/hour 3 6 9 45

Time taken (in minutes) 30 15 10
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Observethat asthe speed increases, timetaken to cover the same distance decreases.

AsZaheedadoublesher speed by running, time
reducesto half. Assheincreasesher speedtothree | Multiplicativeinverseof anumber
times by cycling, time decreases to one third. | = _ 1
Similarly, assheincreases her speedto 15times, | 'S 't reciprocal. Thus, = is the
time decreasesto onefifteenth. (Or, inother words | inverseof 2 andviceversa. (Note
theratio by which timedecreasesisinverse of the
ratio by which the corresponding speed increases).
Can we say that speed and time changeinversely
inproportion?

L et usconsider another example. A school wantsto spend Rs6000 on mathematics
textbooks. How many books could be bought at Rs40 each? Clearly 150 books can be
bought. If the price of atextbook ismorethan Rs40, then the number of bookswhich
could be purchased with the sameamount of money would belessthan 150. Observethe

1 1
2x—=—%x2=1
that 2X = =2 ).

followingtable.

( Price of each book (in Rs) 40 50 60 75 80 100 \
Number of books that 150 120 100 80 75 60
can be bought

What do you observe?You will appreciate that asthe price of the booksincreases,
the number of booksthat can be bought, keeping the fund constant, will decrease.

Ratio by which the price of booksincreaseswhen goingfrom40to50is4: 5, and the
ratio by which the corresponding number of books decreasesfrom 150t0 120is5: 4.
Thismeansthat thetwo ratiosareinversesof each other.

Noticethat the product of the corresponding va ues of thetwo quantitiesis constant;
that is, 40 x 150 = 50 x 120 = 6000.

If werepresent the price of one book asx and the number of booksbought asy, then
as x increasesy decreases and vice-versa. It isimportant to note that the product xy
remainscongtant. We say that x variesinversaly withy and y variesinversely with x. Thus
two quantitiesx and y are said to vary ininverse proportion, if thereexistsarelation
of the type xy = k between them, k being a constant. If y,, y, are the values of y

corresponding to the values x , x, of x respectively thenx y, = Xy, (= k), or A_Yo
2 N

We say that xand y areininver se proportion.

Hence, in thisexample, cost of abook and number of books purchased in afixed
amount areinversely proportional. Similarly, speed of avehicleand thetimetakento
cover afixed distance changesin inverse proportion.

Think of moresuch examplesof pairsof quantitiesthat vary ininverse proportion. You
may now havealook at thefurniture—arranging problem, stated in theintroductory part
of thischapter.

Hereisan activity for better understanding of theinverse proportion.
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DO THIS

Take asquared paper and arrange 48 counterson it in different number of rowsas

shown below.
4 Rows, 12 columns %

6 Rows, 8 columns

Number of R) | R) R) | R) (R)
Rows (R) 2 3 4 6 8
Number of C) | (C) (C) | (C) (C)
Columns (C) 12 8

What do you observe?AsR increases, C decreases.

@) IsR:R,=C,:C? (i) IsR,:R,=C,:C>?
(i) AreRand Cinversely proportional to each other?
Try thisactivity with 36 counters.

TRY THESE

Observethefollowing tablesand find which pair of variables (herexandy) arein

inverse proportion.
0 x | 50| 40| 30| 20) @ ( x |100 |200| 300
vy |[5]|6] 7] 8) Ly |60]30] 20
 ( N\
iy [ x | 90| 60| 45| 30 [ 20| 5
(v |10|15| 20| 25 | 30 | 35

L et usconsider some exampleswherewe use the concept of inverse proportion.

When two quantitiesx andy arein direct proportion (or vary directly) they arealso written asx < .

1
Whentwo quantitiesxandy areininverseproportion (or vary inversaly) they area sowritten asx o< Y-
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Example 7: 6pipesarerequiredtofill atank in 1 hour 20 minutes. How longwill it
takeif only 5 pipesof the sametype are used?

Solution:

Let thedesred timetofill thetank bex minutes. Thus, wehave
thefollowingtable.

(Number of pipes 6 5 )

LTime (in minutes) [ 80 X J

L esser the number of pipes, morewill bethetimerequired by
ittofill thetank. So, thisisacase of inverse proportion.
Hence, 80x6=xx5 [x Yy, =XY)]
80x6
=X

5
or X =96
Thus, timetakentofill thetank by 5 pipes is96 minutesor 1 hour 36 minutes.

Example 8: Thereare 100 studentsin ahostel. Food provision for themisfor 20
days. How long will theseprovisionslast, if 25 more studentsjointhe group?

or

Solution: Supposetheprovisionslast for y dayswhen thenumber of studentsis125.
Wehavethefollowingtable.

(Number of students| 100 | 125)
LNumber of days 20 y J

Notethat morethe number of students, the sooner would
theprovisonsexhaugt. Therefore, thisisacaseof inverse

proportion.
So, 100 x 20=125xy
or 100x20 . or 16=
125 7 -
Thus, the provisionswill last for 16 days, if 25 more studentsjoin the hostel.
Alternately, wecanwritex y, =X,y, as xﬁ = % :
. 2 1
Thatis, X X =Y, Y,
or 100:125=y: 20
100 x 20

= =16

o Y= 125

Example 9: If 15workerscan build awall in 48 hours, how many workerswill be
required to do the samework in 30 hours?

Solution:
L et the number of workersemployed to build thewall in 30 hoursbey.
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Wehavethefollowingtable.
(Number of hours 48 30 )
LNumber of workers 15 y J

Obviously morethe number of workers, faster will they build thewall.

So, thenumber of hoursand number of workersvary ininverse proportion.

So 48x15=30x%xy

48x15
0 7

i.e,, tofinishthework in 30 hours, 24 workersarerequired.

B EXERCISE 13.2

1. Whichof thefollowing areininverse proportion?
(1) Thenumber of workerson ajob and thetimeto completethejob.
(i) Thetimetakenfor ajourney and thedistancetravelled inauniform speed.
(i) Areaof cultivated land and the crop harvested. 2
(iv) Thetimetakenfor afixedjourney and the speed of thevehicle.
(v) Thepopulation of acountry and the areaof land per person.

2. InaTelevision game show, the prize money of Rs1,00,000isto bedivided equaly
amongst thewinners. Completethefollowing tableand find whether the prize money
givento anindividua winner isdirectly or inversely proportional to the number

Therefore, or y=24

of winners?
(Number of winners 1 2 45| 8] 10 20)
LPrize for each winner (in Rs)| 1,00,000( 50,000 J

3. Rehmanismakingawhed using spokes. Hewantstofix equa spokesin suchaway
that the angles between any pair of consecutive spokes are equal. Help him by
completing thefollowingtable.

(Number of spokes 4 6 8 10 12 ]

Angle between
a pair of consecutive | 90° 60°
spokes
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10.

(i) Are the number of spokes and the angles formed between the pairs of

consecutive spokesininverse proportion?

(i) Caculatetheanglebetweenapair of consecutive spokesonawhed with 15
Spokes.

(i) How many spokeswould beneeded, if the angle betweenapair of consecutive
spokesis40°?

If abox of sweetsisdivided among 24 children, they will get 5 sweetseach. How

many would each get, if the number of thechildrenisreduced by 4?

A farmer has enough food to feed 20 animalsin his cattle for 6 days. How long
wouldthefood last if therewere 10 moreanimalsin hiscattle?

A contractor estimatesthat 3 persons could rewire Jasminder’'shousein 4 days. If,
he uses4 personsinstead of three, how long should they take to completethejob?

A batch of bottleswere packed in 25 boxeswith 12 bottlesin each box. If thesame
batchispacked using 20 bottlesin each box, how many boxeswould befilled?

A factory requires 42 machinesto produce agiven number of articlesin 63 days.
How many machineswould be required to produce the same number of articlesin
54 days?
A car takes 2 hoursto reach adestination by travelling at the speed of 60 kmvh. How
long will it takewhen the car travel sat the speed of 80 km/h?
Two persons could fit new windowsinahousein 3 days.

(i) Oneof thepersonsfell ill beforethework started. How long would the job

take now?
(i) How many personswould be needed to fit thewindowsin oneday?

A school has 8 periodsaday each of 45 minutesduration. How long would each
period be, if the school has9 periodsaday, assuming the number of school hoursto
bethe same?
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Takeasheet of paper. Foldit asshowninthefigure. Count the number of partsand

theareaof apart in each case.

nl

Tabulateyour observationsand discusswith your friends. Isit acase of inverse proportion? Why?

( Number of parts 1

2

L Area of each part| areaof the paper

2

1
— theareaof the paper

4 816]

)

Takeafew containersof different szeswith circular bases. Fill the sameamount of
water in each container. Note the diameter of each container and the respective
height at which thewater level stands. Tabulate your observations. Isit acase of

inverse proportion?

————
v

-[r.w

=

L

—d,— | d,

(Diameter of container (in cm)

LHeight of water level (in cm)

—1

1. Twoquantitiesxandyaresaidtobeindirect proportion if they increase (decrease) together in

such amanner that theratio of their corresponding valuesremainsconstant. That isif § =k [Kis
apositivenumber], thenxandy aresaidto vary directly. Insuchacaseify,, y, arethevalues of

y corresponding to thevaluesx, X, of x respectively then A%

Yi ¥
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(

~
2. Twoquantitiesxandyaresaidtobeininver seproportion if anincreasein x causesaproportiona

decreaseiny (and vice-versa) in such amanner that the product of their corresponding values
remainscongtant. That is, if xy =k, thenxandy aresaid tovary inversdly. Inthiscaseif y,, y, are

thevaluesof y corresponding to thevaluesx , X, of X respectively thenx y, =X, y, or X_Y
X N
§

J
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