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Foreword

TheNationa Curriculum Framework, 2005, recommendsthat children’slifeat school must belinked
tother lifeoutsidethe school. This principle marksadeparturefrom thelegacy of bookish learning
which continuesto shape our system and causes agap between the school, homeand community. The
syllabi and textbooks devel oped on the basis of NCF signify an attempt to implement thisbasicidea.
They also attempt to discourage rote learning and the maintenance of sharp boundaries between
different subject areas. We hope these measureswill take ussignificantly further inthedirection of a
child-centred system of education outlined in the National Policy on Education (1986).

Thesuccessof thiseffort depends on the stepsthat school principalsand teacherswill taketo
encourage childrentoreflect ontheir own learning and to pursueimaginative activitiesand questions.
Wemust recognisethat, given space, time and freedom, children generate new knowledge by engaging
with theinformation passed on to them by adults. Treating the prescribed textbook asthe sole basis of
examinationisoneof thekey reasonswhy other resourcesand sitesof learning areignored. Incul cating
credtivity andinitiativeispossibleif weperceiveand treat children as participantsinlearning, not as
receiversof afixed body of knowledge.

Theseaimsimply congderablechangein school routinesand mode of functioning. Flexibility in
thedaily time-tableisasnecessary asrigour inimplementing theannua calendar so that therequired
number of teaching daysareactudly devoted to teaching. Themethodsused for teaching and evaluation
will a so determine how effectivethistextbook provesfor making children’slife at school ahappy
experience, rather than asource of stressor boredom. Syllabusdesignershavetried to addressthe
problem of curricular burden by restructuring and reorienting knowledge at different stageswith greater
congderationfor child psychology and thetimeavailablefor teaching. Thetextbook attemptsto enhance
thisendeavour by giving higher priority and spaceto opportunitiesfor contempl ation and wondering,
discussioninsmal groups, and activitiesrequiring hands-on experience.

NCERT appreciatesthe hard work done by the textbook devel opment committeeresponsible
for thisbook. We wish to thank the Chairperson of the advisory group in science and mathematics,
Professor J.V. Narlikar and the Chief Advisor for thisbook, Dr H.K. Dewan for guiding thework of
thiscommittee. Several teachers contributed to the development of thistextbook; wearegrateful to
their principa sfor making thispossible. We areindebted to theinstitutions and organi sationswhich
have generoudy permitted usto draw upon their resources, materiad and personnd. Asan organisation
committed to systemic reform and continuousimprovement in the quality of its products, NCERT
wel comescommentsand suggestionswhichwill enableusto undertakefurther revis onand refinement.

Director
New Ddhi Nationa Council of Educationa
30 November 2007 Researchand Training
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Rationalisation of Content intheTextbooks

Inview of the COVID-19 pandemic, it isimperative to reduce content load on students.
The National Education Policy 2020, also emphasises reducing the content load and
providing opportunitiesfor experiential learning with creative mindset. In thisbackground,
the NCERT has undertaken the exercise to rationalise the textbooks across all classes.
Learning Outcomes already developed by the NCERT across classes have been taken
into considerationin thisexercise.

Contents of the textbooks have been rationalised in view of the following:

e Overlapping with similar content included in other subject areas in the
same class

e Similar content included in the lower or higher classin the same subject
» Difficulty level

e Content, which is easily accessible to students without much interventions from
teachers and can be learned by children through self-learning or peer-learning

e Content, whichisirrelevant in the present context

Thispresent edition, isareformatted version after carrying out the changes given above.
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Preface

Thisisthefind book of theupper primary series. It hasbeen aninterestingjourney to definemathematics
learning in adifferent way. The attempt hasbeen to retain the nature of mathematics, engagewith the
guestion why learn mathemati cswhile making an attempt to create material sthat would addressthe
interest of thelearnersat thisstage and provide sufficient and approachable challengeto them. There
have been many viewson the purpose of school mathematics. Theserangefromthefully utilitarianto
theentirely aesthetic perceptions. Both these end up not engaging with the conceptsand enriching the
gpparatusavailabletothelearner for participatingin life. The NCF emphas sestheneed for developing
the ability to mathematiseideas and perhaps experiencesaswell. An ability to exploretheideasand
framework given by mathematicsin thestruggleto find aricher lifeand amore meaningful relationship
withtheworld around.

Thisisnot even easy to comprehend, far moredifficult to operationalise. But NCF addsto thisan
evenmoredifficult god. Thetask istoinvolve everyoneof that age group intheclassroom or outside
indoing mathematics. Thisistheam we have been attempting to makeinthe series.

We have, therefore, provided spacefor childrento engagein reflection, creating their own rules
and definitionsbased on problems/tasks solved and following their ideas| ogically. Theemphasisisnot
on remembering a gorithms, doing complicated arithmetical problems or remembering proofs, but
understanding how mathematicsworksand being ableto identify theway of moving towardssolving
problems.

Theimportant concernfor ushasaso beento ensurethat all sudentsat thisstagelearn mathemeatics
and begintofed confident in rel ating mathematics. We have attempted to hel p children read the book
and to stop and reflect at each step where anew idea has been presented. In order to make the book
lessformidablewe haveincluded illustrationsand diagrams. These combined with thetext help the
child comprehend theidea. Throughout the seriesand also thereforein thisbook we havetried to
avoidtheuseof technical wordsand complex formulations. Wehaveleft many thingsfor thestudent to
describe and writein her ownwords.

We have made an attempt to use child friendly language. To attract attention to some pointsblurbs
have been used. Theattempt hasbeen to reduce theweight of long explanationsby using theseand the
diagrams. Theillustrationsand fillersa so attempt to break the monotony and provide contexts.

ClassVIlI isthebridgeto Class| X wherechildrenwill deal with moreformal mathematics. The
attempt here hasbeen to introduce someideasinaway that ismoving towardsbecoming formal. The
tasksincluded expect generdisation from the gradual use of such language by thechild.

Theteam that devel oped thistextbook consisted teacherswith experience and appreci ation of
childrenlearning mathemétics. Thisteam a soinduded peoplewith experienceof researchinmathematics
teaching-learning and an experience of producing materiasfor children. Thefeedback onthetextbooks
for Classes VI and VII was kept in mind while developing this textbook. This process of
development a so included discussionswith teachers during review workshop on the manuscript.
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viii

Intheend, | would liketo expressthe grateful thanksof our teamto Professor KrishnaKumar,
Director, NCERT, Professor G. Ravindra, Joint Director, NCERT and Professor Hukum Singh,
Head, DESM, for giving usan opportunity to work on thistask with freedom and with full support. |
am also grateful to Professor J.V. Narlikar, Chairperson of the Advisory Group in Science and
Mathematicsfor hissuggestions. | anaso grateful for the support of theteam membersfrom NCERT,
Professor S.K. Singh Gautam, Dr V.P. Singh and in particular Dr Ashutosh K. Wazalwar who
coordinated thiswork and made arrangements possible. Intheend | must thank the Publication
Department of NCERT for itssupport and advice and thosefrom VidyaBhawan who hel ped produce
the book.

It need not be said but | cannot help mentioning that all the authorsworked asateam and we
accepted ideas and advice from each other. We stretched ourselvesto the fullest and hope that we
have done somejusticeto the challenge posed before us.

The process of developing materialsis, however, a continuous one and we would hope to
make this book better. Suggestions and comments on the book are most welcome.

H.K. DewaN
Chief Advisor
Textbook Devel opment Committee
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A Note for the Teacher

Thisisthethird and thelast book of thisseries. It isacontinuation of the processesinitiated to help the
learnersin abstraction of ideasand principles of mathematics. Our studentsto be ableto deal with
mathematical ideas and use them need to havethelogical foundationsto abstract and use postul ates
and congtruct new formul ations. Themain pointsreflected inthe NCF-2005 suggest rel ating mathematics
to development of wider abilitiesin children, moving awvay from complex cdculationsand adgorithm
following to understanding and congtructing aframework of understanding. Asyou know, mathematical
ideasdo not devel op by telling them. They a so do not reach children by merely giving explanations.
Children need their own framework of conceptsand aclassroom wherethey arediscussing ideas,
looking for solutionsto problems, setting new problemsand finding their own waysof solving problems
andtheir owndefinitions.

Aswehave said before, it isimportant to help children to learn to read the textbook and other
booksre ated to mathematicswith understanding. Thereading of materiasisclearly required to help
thechildlearn further mathematics. In Class V111 pleasetake stock of wherethe studentshavereached
and givethem more opportunitiesto read textsthat uselanguage with symbolsand have brevity and
tersenesswith no redundancy. For thisif you can, please get them to read other textsaswell. You
could aso havethem relatethe physicsthey learn and the equationsthey come acrossin chemistry to
theideasthey havelearnt in mathematics. Thesecross-disciplinary referenceswould helpthem devel op
aframework and purposefor mathematics. They need to be ableto reconstruct logical argumentsand
appreciate the need for keeping certain factorsand constraintswhilethey relatethemto other areasas
well. Class V111 children need to have opportunity for al this.

Aswe havedready emphasi sed, mathematicsat the Upper Primary Stage hasto be closeto the
experience and environment of the child and be abstract at the sametime. From the comfort of context
and/or modelslinked to their experience they need to movetowardsworking withideas. Learning to
abstract helpsformul ate and understand arguments. The capacity to seeinterrelationsamong concepts
helpsusded withideasin other subjectsaswaell. It aso hel psus understand and make better patterns,
mMaps, gppreciate areaand volumeand see similarities between shapesand s zes. Whilethisisregarding
thereationship of other fieldsof knowledgeto mathematics, itsmeaning inlifeand our environment
needsto bere-emphasised.

Children should be ableto identify the principlesto be used in contextua situations, for solving
problemssift through and choosetherd evant information asthefirst important step. Oncestudentsdo
that they need to be ableto find theway to usethe knowledgethey have and reach wherethe problem
requiresthemtogo. They needtoidentify and defineaproblem, select or design possible solutionsand
reviseor redesignthesteps, if required. Asthey go further therewould be moreto of thisto bedone. In
ClassVI11 wehaveto get themto be conscious of thestepsthey follow. Helping childrento developthe
ability to construct appropriate model s by breaking up the problemsand evolving their own strategies
andandyssof problemsisextremdy important. Thisisintheplaceof giving them prescriptivedgorithms
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Cooperativelearning, learning through conversations, desire and capacity to learn from each other
and therecognition that conversationisnot noiseand consultation not cheating isan important part of
changein attitude for you asateacher and for the studentsaswell. They should be asked to make
presentations asagroup with theinclusion of examplesfrom the contextsof their own experiences.
They should beencouraged to read the book in groups and formul ate and expresswhat they understand
fromit. Theassessment pattern hasto recogni se and appreci ate thisand the classroom groups should
besuchthat al children enjoy being with each other and are contributing to thelearning of thegroup.
Asyouwould have seen different groupsuse different Strategies. Some of thesearenot asefficient as
othersasthey reflect the modeling done and reflect the thinking used. All these are appropriate and
need to be analysed with children. The exposureto avariety of strategies degpensthe mathematical
understanding. Each group movesfromwhereit isand needsto be given an opportunity for that.

For conciseness we present the key ideas of mathematicslearning that we would like you to
remember inyour classroom.

1. Enquiry tounderstandisoneof thenatural waysby which studentsacquireand construct knowledge.
The process can use generation of observationsto acquire knowledge. Studentsneed to deal with
different formsof questioning and challenging investigations- explorative, open-ended, contextual
and even error detection from geometry, arithmetic and generalising it to agebraic rel ations etc.

2. Children needtolearnto provideand follow logical arguments, find loopholesin the arguments
presented and understand the requirement of aproof. By now children have entered theformal
stage. They need to be encouraged to exercise creetivity and imagination and to communicatethelr
mathematica reasoning both verbally andinwriting.

3. Themathematicsclassroom should relatelanguagetolearning of mathemeatics. Children shouldtalk
about their ideas using their experiencesand language. They should be encouraged to usetheir
ownwordsand language but a so gradually shift toforma language and use of symbols.

4. Thenumber sysemhasbeentakentotheleve of generdisationof rationa numbersandther properties
and developing aframework that includesall previoussystemsas sub-setsof thegeneraised rational
numbers. Generaisationsareto be presented in mathemetica language and children haveto seethat
agebraanditslanguage hdpsusexpressalot of textin smal symbolicforms.

5. Asbefore children should be required to set and solve alot of problems. We hope that asthe
nature of the problems set up by them becomes varied and more complex, they would become
confident of theideasthey arededing with.

6. ClassVIII book hasattempted to bring together the different agpectsof mathematicsand emphasise
thecommonadlity. Unitary method, Ratio and proportion, Interest and dividendsareall part of one
common logical framework. Theideaof variable and equationsis needed wherever we need to
find an unknown quantity in any branch of mathematics.

We hope that the book will help children learn to enjoy mathematics and be confident in the
conceptsintroduced. We want to recommend the creation of opportunity for thinking individually and
collectively.

Welook forward to your comments and suggestions regarding the book and hope that you will
send interesting exercises, activitiesand tasksthat you devel op during the course of teaching, to be
includedinthefutureeditions. Thiscanonly happenif youwouldfindtimeto listen carefully to children
and identify gapsand onthe other hand a so find the placeswherethey can begiven spaceto articulate
their ideasand verbaisetheir thoughts.
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Constitution of I ndia

Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India—

(@)
(b)

(c)
(d)

(€)

(f)
(9)

(h)
(i)
)

* (k)

Note:

to abide by the Constitution and respect itsideals and institutions, the
National Flag and the National Anthem;

to cherishand follow the nobleideal swhich inspired our national struggle
for freedom;

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon to
do so;

to promote harmony and the spirit of common brotherhood amongst all
the people of India transcending religious, linguistic and regional or
sectional diversities; to renounce practices derogatory to the dignity of
women;

to value and preserve the rich heritage of our composite culture;

to protect and improvethe natural environment including forests, lakes,
rivers, wildlife and to have compassion for living creatures,

to devel op the scientific temper, humanism and the spirit of inquiry and
reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective
activity so that the nation constantly risesto higher levels of endeavour
and achievement;

who is a parent or guardian, to provide opportunities for education to
his child or, as the case may be, ward between the age of six and
fourteen years.

The Article 51A containing Fundamental Duties was inserted by the Constitution
(42nd Amendment) Act, 1976 (with effect from 3 January 1977).

*(k) was inserted by the Constitution (86th Amendment) Act, 2002 (with effect from
1 April 2010).
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Rational Numbers

1.1 Introduction
In Mathematics, wefrequently come across s mple equationsto be solved. For example,
theequation Xx+2=13 @
issolved when x = 11, becausethisvalue of x satisfiesthe given equation. The solution
11isanatural number. Ontheother hand, for the equation

X+5=5 )

the solution givesthewholenumber O (zero). If we consider only natural numbers,
equation (2) cannot be solved. To solveequationslike (2), we added the number zeroto
the collection of natural numbersand obtai ned the whole numbers. Evenwhole numbers
will not be sufficient to solve equations of type

X+18=5 (€)

Do you see‘why’ ?We require the number =13 which isnot awhole number. This
led usto think of integers, (positive and negative). Note that the positive integers
correspond to natural numbers. Onemay think that we have enough numbersto solveadll
smpleequationswiththeavailablelist of integers. Now consider the equations

2x =3 (4)
5x+7=0 (5)
forwhichwecannot findasolutionfromtheintegers (Check this)

3 -7
Weneed thenumbers 5 tosolveequation (4) and 5 tosolve

equation (5). Thisleadsustothecallectionof rational numbers.

We have already seen basic operations on rational
numbers. Wenow try to explore some propertiesof operations
onthedifferent typesof numbersseen sofar.
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2 I MATHEMATICS

1.2 Properties of Rational Numbers
1.2.1 Closure
() Wholenumbers

Let usrevisit theclosure property for all the operationson wholenumbersin brief.

f Operation Numbers Remarks b
Addition 0+5=5, awhole number Wholenumbersareclosed
4+7=...Isitawholenumber?| under addition.
Ingenera,a+bisawhole
number for any twowhole
numbersaand b.
Subtraction 5-7=-2,whichisnota Wholenumbersarenot closed
wholenumber. under subtraction.
Multiplicetion | 0% 3=0, awhole number Wholenumbersareclosed
3x7=....Isitawholenumber? | under multiplication.
Ingenerdl, if aand bareany two
wholenumbers, their product ab
isawholenumber.
L 3] - .
Divison 5+8= 8 whichis nota Whole numbersarenot closed
under division.
wholenumber.
\ J
Check for closure property under al thefour operationsfor natural numbers.
(i) Integers
L et usnow recall the operationsunder which integersare closed.
- B\
Operation Numbers Remarks
Addition —6+5=-1, aninteger Integersare closed under

Is—7+ (-5) aninteger? addition.
Is8+5aninteger?

Ingenerd, a+ bisaninteger
for any two integersa and b.

Subtraction 7-5=2, aninteger Integersare closed under
Is5—7 aninteger? subtraction.
—6—-8=-14, aninteger
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RaTionAL NumBers M 3

—6—(—8) =2, aninteger
Is8—(—6) aninteger?
Ingenerd, for any twointegers
aandb, a—bisagainaninteger.
Check if b—aisalsoaninteger.

Multiplication | 5x 8=40, aninteger Integersare closed under
Is—5x 8aninteger? multiplication.

—5x (—8) =40, aninteger
Ingenerd, for any twointegers
aand b, ax bisasoaninteger.

5
Divison 5+8= 3 whichisnot Integersarenot closed
. under divison.
aninteger.
N J

You have seen that whole numbersare closed under addition and multiplication but
not under subtraction and divison. However, integersare closed under addition, subtraction
and multiplication but not under division.

(i) Rational numbers

Recall that anumber which can bewrittenintheform P ,Wherepand g areintegers

q

2 6 9
and q# Oiscaledarational number. For example, "3'7' 5 aredl rational
numbers. Since the numbers0, —2, 4 can bewrittenintheform P ,they arealso

q
rationa numbers. (Checkit!)

(@ Youknow how to add two rational numbers. Let usadd afew pairs.
3, (-5 _ 21+(-40) _-19

8 7 56 56 (arationa number)
-3 (-4 _ -15+(-32 o

+ = :||| I)

8 5 40 Isitarational number?

ﬂ+£ - Isitarationd ber?

TRETIRES sitarational number?

Wefind that sum of two rational numbersisagainarationa number. Check it
for afew morepairsof rational numbers.
We say that rational numbers are closed under addition. That is, for any
two rational numbersa and b, a+ bisalso arational number.

(b) Will thedifference of tworational numbersbeagain arationa number?
Wehave,

7 3 21 21

-5 2 -5x3-2x7 -29

(arational number)
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4 [ MATHEMATICS

5 4
3 5 = = .. Isit arational number?

Isit arational number?

Try thisfor somemorepairsof rational numbers. Wefind that rational numbers
are closed under subtraction. That is, for any two rational numbersa and
b, a—bisalso arational number.

(c) Letusnow seetheproduct of two rational numbers.

2,4_8.3.2_6 @ thitheorod onal number

3551575735 (both the products arerational numbers)
—EX—_G— Isitarational ber?

5% = sitarationa number”

Takesomemorepairsof rationa numbersand check that their product isagain
arationa number.

We say that rational numbers are closed under multiplication. That
is, for any two rational numbers a and b, a x b is also a rational

number.

(d) Wenotethat %5 + é 3 _TZS (arationa number)
2 5 \ , -3 -2 ] )
7+—= ... . Isitarational number?§+?= ... Isitarational number?

Canyou say that rational numbersare closed under division?
Wefind that for any rational number a, a-+ 0isnot defined.

So rational numbersarenot closed under division.
However, if weexcludezerothenthecollection of, all other rational numbersis
closed under division.

TRY THESE

Fill intheblanksinthefollowingtable.

Numbers Closed under N
addition | subtraction | multiplication divison
Rational numbers Yes Yes No
Integers Yes No
Wholenumbers Yes
N Natural numbers No
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1.2.2 Commutativity
() Wholenumbers
Recall the commutativity of different operationsfor whole numbersby filling the

followingtable.
( Operation Numbers Remarks h
Addition 0+7=7+0=7 Additioniscommutative.
2+3=...+..=..
For any twowhole
numbersaand b,
at+tb=b+a
Subtraction | 0 ... Subtraction isnot commutative.
Multiplicetion [ ... Multiplicationiscommutative.
\Divis'on ......... Divisonisnot commutative. P

Check whether the commutativity of the operationshold for natural numbersalso.
(i) Integers
Fill inthefollowing tableand check the commuitativity of different operationsfor

integers
i Operation Numbers Remarks R
Additon | ... Additioniscommutative.
Subtraction Is5—-(3)=-3-5? Subtractionisnot commutative.
Multiplicgtion [ ... Multiplicationiscommutative.
3 Divison | ... Divisonisnot commutetive. y

(i) Rational numbers
(@ Addition
You know how to add two rational numbers. Let usadd afew pairshere.

-2 5 1 5 (—2} 1
—+—=—and—-+| —

3 7 21 7 3
-2 5 5 (=2
—_—t =] —
w (22
Also, _—6+ -8 :...and_—8+(_—6j:
5 3 3 5
- R
5 3 3 5
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You find that two rational numberscan be added in any order. e say that
additioniscommutativefor rational numbers. That is, for any two rational
numbersaandb,a+ b=b+ a.

(b) Subtraction

2 55 2
Is S==2-9

3 4 4 3

2 55 2

Youwill find that subtraction isnot commutativefor rational numbers.

Note that subtractionisnot commutativefor integersandintegersarea so rational
numbers. So, subtraction will not be commutativefor rationa numberstoo.

(¢) Multiplication

7 6 —42 6 (-7
Wehave,  —Xx—=——=—x|—
ehave 375 15 5 (3)
-8

7))

X|==—x|{—|?

9 7 7 9

Check for some more such products.

You will find that multiplication iscommutative for rational numbers.

Ingeneral,ax b= b x afor any two rational numbersa and b.
(d) Division

Is _—5+§=§+ (_—SJ'?

Youwill find that expressionson both sidesarenot equal.
Sodivisonisnot commutativefor rational numbers.

TRY THESE

Completethefollowingtable:

Is

(" Numbers Commutative for A
addition | subtraction | multiplication | division
Rational numbers Yes
Integers No
Wholenumbers Yes
Naturd numbers No
- J
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1.2.3 Associativity
() Wholenumbers
Recall theassociativity of thefour operationsfor whole numbersthroughthistable:

Operation Numbers Remarks b
Additon | ... Additionisassociative
Subtraction | ... Subtractionisnot associative
Multiplication | 1s7 % (2% 5) = (7 x 2) x 5? Multiplicationisassociative

Is4x(6x0)=(4x6)x0?
For any threewhole
numbersa, band c
ax(bxc) =(axb)xc
Divison | ... Divisonisnot associative )
\_
Fill inthistableand verify theremarksgiveninthelast column.
Check for yourself theassocidtivity of different operationsfor natural numbers.
(i) Integers
Associativity of thefour operationsfor integers can be seenfrom thistable
f Operation Numbers Remarks b
Addition Is(-2) +[3+ (—=4)] Additionisassociative
=[(-2)+3)] +(-4)?
Is(=6) +[(=4) + (-D)]
=[(=6) +(=4)] + (-H)?
For any threeintegersa, band ¢
a+(b+c)=(a+b)+c
Subtraction Is5-(7-3)=(5-7)-3? Subtractionisnot associative
Multiplication | 1S5 % [(—7) % (- 8) Multiplicationisassociative
=[5x (=7)] % (-8)?
Is(=4) x [(=8) x (-D)]
=[(=4) x (=8)] x (-5)?
For any threeintegersa, band ¢
ax(bxc)=(axh)xc
Divison IS[(-10) + 2] = (-5) Divisonisnot asociative
L =(-10) = [2= (-5)]? )
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(i) Rational numbers
(@ Addition

-2 |3 (-5
Wehave —+| =+ — | |=
e 53

-1 |3 (-4

-4
Find - + [7 + (?ﬂ and [7 + 7} + (?).Aretmtwosumsequal?

Take somemorerational numbers, add them asabove and seeif thetwo sums
are equal. We find that addition is associative for rational numbers. That
is, for any threerational numbersa, bandc, a+(b+c)=(a+b) +c.

(b) Subtraction

You already know that subtraction isnot associative for integers, then what
about rationa numbers.

- RN

Check for yoursdlf.
Subtractionisnot associativefor rational numbers.
(c) Multiplication
L et uscheck theassociativity for multiplication.
-7 (5.2 -7_10 -70 -35

—X| =x=|= = =
3(49) 3 36 108 54

(—7 5) 2

—X= |x==

3 4) 9

Wefindthat _—7>< (§XEJ=(_—7X§ ><Z
3 4 9 3 4) 9

Is gx(ﬁxﬂ}:(gxﬁ xﬂ’)
3 7 5 3 7 5

Take somemorerationa numbersand check for yourself.

We observethat multiplication isassociative for rational numbers. Thatis
for any threerational numbersa, bandc,ax (bxc)=(axb) xc.
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(d) Division
Recdll that divisonisnot associativefor integers, then what about rationa numbers?

E_[—_l;Z}_ L(—_lJ .2
Let usseeif > 1375 >\ 3 )5

_1. (1.2 _1;(‘—13) : 2.5
Wehave, LHS = 51375/ 271 372 (reC|procanf5|52)

IsLHS=RHS? Check for yourself. You will find that divisionis
not associativefor rationa numbers.

TRY THESE

Completethefollowingtable:

Numbers Associative for )
addition subtraction | multiplication division
Rationa numbers No
Integers Yes
Wholenumbers Yes
N Natural numbers No )

. §+(—_6J+[—_8J+(3J
Example 1: Find 2 11 51 5>
Solution: 7 >

198 +( 252)
" 462\ 462

+( 416726) ( ) (Notethat 462 isthe LCM of
7,11, 21 and 22)

198-252-176+105 125
B 462 T 462
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Wecan aso solveit as.

ACTAEIE
— | — |+ — |[+—
7 \11) (21) 22
(3 (-8)] [-6 5 | N o
= _7+ IR (by using commutativity and associativity)
[9+(-8)| [-12+5 _ |
=721 || =2 (LCM of 7and 21is21; LCM of 11 and 22 is22)

~ LJ{—_?J _22-147 _-125
21 \22) 462 462
Doyouthink the propertiesof commutativity and associativity madethecalculationsessier?

-4 3 15 (-14
E. le 2: Find —X=X—=X| —
xample ind 5 X7%15 (9)
Solution: We have
-4 3 15 (—14
— X=X—=X|—
5 7 16 9

_[_4x38) (15x(-14)
| 5x7 16x9
—12 ( —35) _-12x(-35 _1

35 24 ) 3Bx24 2
Wecanasodoit as.

-4 15 3 _(-14
3 (— X —) X [7 X [Tﬂ (Using commutativity and associativity)

1.2.4 The role of zero (0)
Look at thefollowing.

2+0=0+2=2 (Addition of 0to awhole number)
-5+0=..+..=-5 (Addition of Oto aninteger)
) -2\ =2 - .
- +..=0+ 7)== (Addition of Otoarationa number)
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You have done such additions earlier also. Do afew more such additions.

What do you observe?You will find that when you add 0 to awhole number, the sum
isagain that whole number. Thishappensfor integersand rational numbersal so.

Ingenerd, a+0=0+a=a, whereaisawholenumber
b+0=0+b=bh, wherebisaninteger
c+0=0+c=c, wherecisarationa number

Zeroiscalled theidentity for the addition of rational numbers. It isthe additive
identity for integers and whole numbers aswell.

1.2.5The role of 1

Wehave,

5x1=5=1x5 (Multiplication of 1withawholenumber)

7 — e — 7
3 3 3
=X ..=1x — = —
8 8 8

What do you find?

Youwill find that when you multiply any rational number with 1, you get back thesame
rational number asthe product. Check thisfor afew morerationa numbers. You will find
that,ax 1=1x a=afor any rational number a.

We say that 1 isthe multiplicative identity for rational numbers.
Is1 themultiplicativeidentity for integers? For wholenumbers?

HEEE THINK, DISCUSS AND WRITE Ul

If aproperty holdsfor rational numbers, will it also hold for integers? For whole
numbers?Whichwill?Whichwill not?

1.2.6 Distributivity of multiplication over addition for
rational numbers
To understand this, consider therationa numbers%?’% and %5

=SB J2 (D)W -8 _[@+(-5)
4X{3+(6)}"ZX{ 6 }

ﬁx(—_l)_i_é
4 6) 24 8

—3x2_-6_ -1

4x3 12 2

Al =.2_
< 473"
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8., 5_>5 Distributivity of
And 4 % 6 8 Multiplication over
Addition and
4 3 4 6 2 8 8 For al rational numbers a, b
and c,
Thus, _—3x{g+_—5}:(_—3xg)+(_—3x_—5) a(b+c=ab+ac
4 3 6 4 3 4 6 a(b_c) = glo=ae

TRY THESE

Find using distributivity. (i) {g x (;—2)} " {g x 1—52} (i) {% x %} . {% v %3}

E 13. Fd gx__B_i_§x§
xample 3: Find —X— - ——X¢
S l t‘ . Zx;e’_i_§x§ _Exﬁ_§x§_i uta 5
olution: X=X T X7 "7 5 1 (ycommutaivity)
2 -3 (—3) g )
=X —+|— | Xx===
577 \7)°5 14

B EXERCISE 1.1
1. Namethe property under multiplication used in each of thefollowing.

-4 ~4 4 . 13 -2 -2 -13
() — X1=1x—=—— (i) ——=X—o=—-X—7=
5 5 5 17 7 7 17
o o192
() Zg > 19~
1 4 1 4
2. TeIIwhatpropertyallowsyoutocomputegx 6><§ as §><6 X§'

3. Theproduct of two rational numbersisawaysa

Reprint 2024-25




RaTionAL Numsers @ 13

— WHAT HAVE WE DISCUSSED? —

Rational numbersare closed under the operations of addition, subtraction and multiplication.
2. Theoperationsaddition and multiplicationare
(i) commutativefor rationa numbers.
(i) associativefor rationa numbers.
3. Therational number Oistheadditiveidentity for rational numbers.
Therationa number 1isthemultiplicativeidentity for rational numbers.
5. Digributivity of rational numbers: For dl rational numbersa, bandc,
ab+c)=ab+ac and a(b-c)=ab-ac
6. Betweenany two givenrationa numbersthereare countlessrational numbers. Theideaof mean

hel psusto find rationa numbersbetween two rational numbers.
4 J

>
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CHAPTER

Linear Equations In
One Variable

0852CHO2

2.1 Introduction

In the earlier classes, you have come across saigeghtaic expressionandequations
Some examples of expressions we have so far worked with are:
5%, 2X— 3, 3x+Yy, Xy + 5,Xyz+X+y+2z X+ 1,y+y>?

5 37
Some examples of equations are=25, 2x-3=9,2y + 5 = PX 6z+ 10=-2

You would remember that equations usethelity(=) sign; it is missing in expressions.

Of these given expressions, many have more than one variable. For exayrpte, 2
has two variable§Ve however, restrict to expressions with only one variable when we
form equations. Moreover, the expressions we use to form equations aréHisgaeans
that the highest power of the variable appearing in the expression is 1.

These are linear expressions:

5
2% X+ 1,3/ -7, 12—5,zz(x—4)+ 10

These areot linear expressions:
X¥+1ly+y, 1+z+2+2 (since highest power ofriable > 1)

Here we will deal with equations with linear expressions in one variable only. Such
equations are known ligear equations in one variable The simple equations which
you studied in the earlier classes were all of this type.

Let us briefly revise what we know:

(@ An algebraic equation is an equality o
. . . . . e equality
involving variableslt has arequality sign variable %

The expression on the left of the equality sign

is theLeft Hand Sid¢LHS). The expression 2x =3 =7 @
on the r.|ght of the equality sign is tReght >%— 3 =LHS
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(b) Inan equation thealues of | x =5 s the solution of the equation
the expessions on the LHS | oy _ 3 =7 Forx =5,

and RHS are equalThis LHS = 2x5—3 = 7 = RHS

happ.ens to beue only for On the other hanxi= 10 is not a solution adlfie

certain values of the variable. equation. Fox = 10, LHS = 2< 10-3 = 17.

These values are the | Thisis not equal to the RHS

solutionsof the equation.
(¢) How to find the solution of an equation?

We assume that the two sides of the equation are balar
We perform the same mathematical operationsonb /
sides of the equation, so that the balance is not disturl /£
A few such steps give the solution.

2.2 Solving Equations having the Variable on
both Sides

An equation is the equality of the values of two expressions. In the equati@=27,
the two expressions arex23 and 7. In most examples that we have come across so
far, the RHS is just a number. But this need not always be so; both sides could have
expressions with variables. For example, the equatien32x + 2 has expressions
with a variable on both sides; the expression on the LHS is32and the expression
on the RHS isX+ 2).

® \We now discuss how to solve such equations which have expressions with the variable

on both sides.

Example 1: Solve X — 3 =x+ 2

Solution: We have

2X=x+2+3
or 2X=x+5
or 2Xx—Xx=x+5-x (subtracting« from both sides)
or x=5 (solution)

Here we subtracted from both sides of the equation, not a number (constant), but a
term involving the variabl&Ve can do this as variables are also numbers. Also, note that
subtracting from both sides amounts to transpositgLHS.

7 3
Example 2: Solve 5x+ §=§X—14

Solution: Multiply both sides of the equation by\®e get

2><(5x+z) = 2><(§x—14)
2 2
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(2x5%+ (ZX%) = (2x§x)—(2x14)

or 10x+ 7 =3x— 28
or 10x— X + 7 =—28 (transposing 8to LHS)
or X+ 7=-28
or IX=—28-7
or 7x=-35
-35 ,
or X=—0" or Xx=-5 (solution)

B EXERCISE 2.1

Solve the following equations and check your results.

1. 3x=2X+18 2. 5t—-3=3t-5 3. 5x+9=5+%
4. 4z2+3=6+2 5. 2x—-1=14 «x 6. 8x+4=3k-1)+7
7. x:i1r (x+ 10) 8. X =3 9. 2y+§=2—6—y

5 3 15 3 3

10. 3m=5 S
. 3m=5m-¢

2.3 Reducing Equations to Simpler Form

6x+1 xX—3
Example 16: Solve +1= —
3 6 Why 62 Because it is the

. o . . . smallest multiple (or LCM)
Solution: Multiplying both sides of the equation by 6, of the given denominators,

6 (6x+ 1)+6><1 _ 6(x—3)
or 2(6x+1)+6=x-3
or 12x+2+6 =x—3 (opening the brackets)
or 12x+ 8 =x—3
or 12x—-x +8 =-3
or 11x+ 8 =-3
or 11x=-3-8
or 1x=-11
or =-1 (required solution)
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-5 3 -5+3 -2
1= —+-—= =
3 3 3 3

6D+l _—6+1

Check: LHS = 3 3

((D-3_-4_-2
6 6 3
LHS =RHS. (asrequired)

RHS =

-
Example 17: Solve X-2 (X -7) = 2 (X-1) + 5

Solution: Let us open the brackets,
LHS =5x 4x+ 14 =x+ 14

7
RHS=&-2+7 = 6x—ﬂ+z=6x+§
2 2 2 2
o 3
The equation i+ 14 =6x + 5
3
or 14 =6x—X+ %
2
14 =5 +§
or =5X+ 3
14 §—5
or —5 =5X
28—3_5
or T, =X
2—5—5
or 5 =5
25 1 55 5
Or = — —_——=— = —
2 5 2x5 2
, R =,
Therefore, required solutionxs >
3 5
Check LHS =5X—=—=2| =x2-7
2 2
25 25 25 25+8 33
=—-25-7)=—-2C2=—+ 4= =—
> 20 1N)=5-262= 5
5 7 15 2y 7 2x13 7
=2 =x3-1|+=-=2|——-<|+=-= +—
RHS(z )2(22)222
26+7 33
= > =7:LHS. (as required)

Reprint 2024-25
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(transposin$ )

Did you observe how we
simplified the form of the given
equation? Here, we had to
multiply both sides of the
equation by the LCM of the
denominators of the terms in the
expressions ofhe equation.

Note, in this example we
brought the equation to a
simpler form by opening
brackets and combining like
terms on both sides dfe
equation.
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B FXERCISE 2.2

Solve the following linear equations.

n 3n 5n
+

Xx 1 x 1
———=—=+— ———+—=21
L 2 5 3 4 2. 2 4 6
X-5 x-3 3tI-2 2+3 2
4, —(—=— 5 —/—————=—-t
3 5 4 3 3

Simplify and solve the following linear equations.
7. 3t-3)=52t+1) 8. 15(—4)—-2(y-9)+5¢+6)=0
9. 3(5z—7) —2(9z 11) = 4(82 13) — 17

10. 0.25(4 - 3) =0.05(16-9)

WHAT HAVE WE DISCUSSED? —

1. Analgebraic equation is an equality involving variables. It says that the value of the expressio
one side of the equality sign is equal to the value of the expression on the other side.

2. The equations we study in Classes VI, VIl and VIl are linear equations in one variable. In s
equations, the expressions which form the equation contain only one variable. Further, the equ
are lineayi.e., the highest power of the variable appearing in the equation is 1.

3. Anequation may have linear expressions on both sides. Equations that we studied in Class
and VIl had just a number on one side of the equation.

4. Justas numbers, variables can, also, be transposed from one side of the equation to the o

5. Occasionallythe expressions forming equations have to be simplified before we can solve th
by usual methods. Some equations may not even be linear to begin with, but they can be br
to a linear form by multiplying both sides of the equation by a suitable expression.

6. Theutility of linear equations is in their diverse applications; different problems on numbers, ag
perimeters, combination of currency notes, and so on can be solved using linear equations.
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CHAPTER

Understanding
Quadrilaterals

S
i

3.1 Introduction

You know that the paper isamodel for aplane surface. When you join anumber of
pointswithout lifting apencil from the paper (and without retracing any portion of the
drawing other than single points), you get aplanecur ve.

5
[=] %

0852CHO3

3.1.1 Convex and concave polygons
A smpleclosed curve made up of only linesegmentsiscalled apolygon.

A el

Curves that are polygons Curves that are not polygons

Hereare some convex polygons and some concave polygons. (Fig 3.1)

050,24

Convex polygons Concave polygons
Fig 3.1

Canyoufind how thesetypesof polygonsdiffer from oneanother? Polygonsthat are
convex haveno portionsof thar diagonasintheir exteriorsor any linesegment joining any
two different points, intheinterior of the polygon, lieswholly intheinterior of it . Isthis
truewith concave polygons? Study thefiguresgiven. Then try to describeinyour own
wordswhat we mean by aconvex polygon and what we mean by aconcave polygon. Give
two rough sketchesof each kind.

Inour work inthisclass, wewill be dealing with convex polygonsonly.

3.1.2 Regular and irregular polygons
Aregular polygonishoth ‘equiangular’ and‘ equilaterd’ . For example, asquarehassides
of equa length and anglesof equa measure. Henceitisaregular polygon. A rectangleis
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equiangular but not equilaterd. Isarectanglearegular polygon?lsan equilaterd trianglea
regular polygon?Why?

HEEE |

N <

Regular polygons Polygons that are not regular

Ao

[Note: Useof "k or ¢ indicatessegmentsof equal length].

Inthe previous classes, have you come acrossany quadrilatera that isequilateral but not
equiangular?Recd| thequadrilatera shapesyou saw inearlier classes—Rectangle, Square,
Rhombusetc.

Isthereatrianglethat isequilateral but not equiangular?

B EXERCISE 3.1

1. Givenherearesomefigures.

(1) 2 3

(4)
©) (6) () ®)
Classify each of them on the basisof thefollowing.
(@ Smplecurve (b) Smpleclosedcurve (c) Polygon
(d) Convexpolygon (e) Concavepolygon

2. Whatisaregular polygon?
Statethe name of aregular polygon of
(1) 3sides () 4sides (i) 6sides
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3.2 Sum of the Measures of the Exterior Angles of a
Polygon

Onmany occasionsaknowledgeof exterior anglesmay throw light onthenature of interior
anglesand sides.

DO THIS

Draw a polygon on the floor, using a piece of chalk. 5
(Inthefigure, apentagon ABCDE isshown) (Fig 3.2). (/q
We want to know the total measure of angles, i.e,
mZ1+ms2 + ms£3+msz4 + ms5. Start at A. Walk along

AB - Onreaching B, you needto turn through an angleof m/1,

to walk along. gc When you reach at C, you need to turn

through an angle of m«£2towalk along cp - You continueto A
movein thismanner, until you returnto sideAB. Youwould

havein fact made one completeturn. M Fig 3.2
Therefore, mzZ1+ms2+ m£3+ msZ4 + ms5 = 360°.

Thisistruewhatever bethe number of sidesof the polygon.

Therefore, the sum of the measures of the external angles of any polygon is 360°.

Example 1: Find measure xin Fig 3.3.
Solution: X+ 90° +50° + 110° = 360°  (Why?)
X+ 250° = 360°
X =110°

TRY THESE /L‘/“’° Fig 3.3

Takearegular hexagon Fig 3.4.
1. What isthe sum of the measuresof itsexterior anglesx, y,z p, g, r?
2. Isx=y=z=p=q=r?Why?
3. What isthemeasure of each?
(i) exteriorangle (i) interiorangle

90

50°,

4. Repeat thisactivity for the casesof 4
(i) aregular octagon (i) aregular 20-gon Fig 3.4

Example 2: Find the number of sidesof aregular polygon whose each exterior angle
hasameasure of 45°.

Solution: Total measure of all exterior angles= 360°
Measure of each exterior angle=45°

360
Therefore, the number of exterior angles= 5 8
The polygon has8 sides.
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B EXERCISE 3.2

1. Findxinthefollowingfigures.

125° 60°

Xx° 70°
s X
@ (b)
2. Findthemeasureof each exterior angle of aregular polygon of
(i) 9ddes (i) 15sides

3. How many sidesdoesaregular polygon haveif themeasureof anexterior angleis24°?

4. How many sides does aregular polygon have if each of itsinterior angles
is165°?

5. (a) Isitposshbletohavearegular polygonwith measureof each exterior angleas22°?
(b) Canitbeaninterior angleof aregular polygon?Why?

6. (@ Whatistheminimuminterior anglepossiblefor aregular polygon?Why?
(b) What isthemaximum exterior angle possblefor aregular polygon?

3.3 Kinds of Quadrilaterals

Based on the nature of the sidesor angles of aquadrilaterd, it gets specia names.
3.3.1 Trapezium

Trapeziumisaquadrilateral withapair of parale sides.

NS
ey, >

These are trapeziums These are not trapeziums

Study theabovefiguresand discusswith your friendswhy someof themaretrapeziums
whilesomearenot. (Note: Thearrow marksindicate parallel lines).

DO THIS

1. Takeidentical cut-outsof congruent trianglesof sides3cm, 4cm, 5cm. Arrange
them asshown (Fig 3.5).
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You get atrapezium. (Check it!) Which are the parallel sides here? Should the
non-paralel sdesbeequal?
You can get two moretrapeziumsusing the same set of triangles. Find them out and
discusstheir shapes.

2. Takefour set-squaresfrom your and your friend' sinstrument boxes. Usedifferent
numbersof themto placesde-by-sdeand obtain different trapeziums.
If the non-parallel sidesof atrapezium are of equal length, we call it anisosceles
trapezium Didyou get anisocd estrapeziuminany of your investigetionsgiven above?

3.3.2 Kite

Kiteisaspecia typeof aquadrilatera. Thesideswith the samemarkingsin eachfigure
areequal. For exampleAB =AD and BC=CD.

05

These are kites These are not kites

Study thesefiguresand try to describewhat akiteis. Observethat
(i) Akitehas4sides(Itisaquadrilaterd).
(i) Thereareexactly twodistinct consecutive pair sof sidesof equal length.
Check whether asquareisakite.

DO THIS

Takeathick white sheet.
Fold the paper once.

Draw two line segmentsof different lengthsasshowninFig 3.6.
Cut adong theline segmentsand open up.

You havethe shape of akite (Fig 3.6).

Hasthekite any linesymmetry? Fig 3.6

Fold both the diagonal s of the kite. Use the set-squareto check if they cut at
right angles. Arethediagonalsequal inlength?

Verify (by paper-folding or measurement) if the diagonal s bisect each other.
By folding anangle of thekiteonitsopposite, check for anglesof equal measure.
Observethediagona folds; dothey indicate any diagona being an angle bisector?

Shareyour findingswith othersand list them. A summary of theseresultsare
given elsawherein the chapter for your reference.
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3.3.3 Parallelogram
A parallelogramisaquadrilateral. Asthe name suggests, it has something to do with

parale lines.
A B ___ ___
/ / AB| DC A B
b ¢ EHB_C m ABJ| CD
P C D
L
PUSR @ R " o O AB||ED
QSIIPR 0 N LoIuN BC || FE
S
These are parallelograms These are not parallelograms

Study these figures and try to describe in your own words what we mean by a
paralelogram. Shareyour observationswith your friends.
Check whether arectangleisalso aparallelogram.

DO THIS

Taketwo different rectangular cardboard stripsof different widths (Fig 3.8).

E N\

Srip1 Fig 3.8 Sirip 2

v

Placeonedtrip horizontally and draw linesaong
itsedgeasdrawninthefigure(Fig3.9).

Now placetheother ripinadant position over
thelinesdrawn and usethisto draw two morelines

v

asshown (Fig 3.10). Al €
Thesefour linesencloseaquadrilateral. Thisismade up of two pairsof parallel lines
(Fig3.11).
Fig 3.10 Fig 3.11
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Itisaparallelogram.

A parallelogramisaquadrilateral whose oppositesidesareparallel.

3.3.4 Elements of a parallelogram D C
Therearefour sdesandfour anglesinaparaleogram. Someof theseare / /
equal. Therearesometermsassociated withtheseelementsthatyouneed B

toremember. . Fig 3.12
GivenaparaleogramnABCD (Fig3.12). '
AB and DC, areoppositesides. AD and BC form another pair of opposite sides.

ZA and ZC areapair of oppositeangles; another pair of opposite angleswould be
/B and £D.

AB and BC areadjacent sides. Thismeans, one of thesidesstartswherethe other

ends.Are BC and CD adjacent sidestoo? Try to find two more pairs of adjacent sides.
ZA and £B areadjacent angles. They areat theendsof thesameside. /B and £LC
areaso adjacent. | dentify other pairsof adjacent anglesof the parallelogram.

DO THIS

Take cut-outs of two identical parallelograms, say ABCD and A’B’C’'D” (Fig 3.13).

7 / C /D /
B EigI™ A L7

Here AB issameas A’B’ except for the name. Similarly the other corresponding
sidesare equal too.

Place A’B” over DC. Dothey coincide?What canyou now say about thelengths

AB and DC? ~
Similarly examinethelengths AD and BC . What doyou find?

A

Youmay alsoarriveat thisresult by measuring AB and DC.

Property: The opposite sides of a parallelogram are of equal length.

TRY THESE

Taketwoidentical set squareswith angles30° —60° —90° A
and placethem adjacently toformapardle ogram asshown
inFig3.14. Doesthishel p youto verify theabove property?

You canfurther srengthenthisidea D = C
throughalogicd argumentdso. /"7 3

Congder apardlelogram A /
ABCD (Fig 3.15). Draw A& B
any one diagonal, say AC. Fig 3.15
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Looking at theangles,
L1=/2 ad 4£3=/4 (Why?)
SinceintrianglesABC andADC, £1=/2, /3=/4

and AC iscommon, so, by ASA congruency condition,
AABC = ACDA (How isASA used here?)

Thisgives AB=DC ad BC=AD.

Example 3: Find the perimeter of the parallelogram PQRS (Fig 3.16).
Solution: Inaparallelogram, the opposite sides have samelength.

Therefore, PQ=SR=12cm ad QR=PS=7cm S R

So, Perimeter=PQ + QR + RS + SP / /7cm
P Q

=12cm+7cm+12cm+7cm=38cm 12 em
Fig 3.16

3.3.5 Angles of a parallelogram

We studied aproperty of parallelograms concerning the (opposite) sides. What canwe
say about theangles?

DO THIS

Let ABCD beaparalelogram (Fig 3.17). Copy iton
atracing sheet. Namethis copy asA’B’C’'D’. Place
A’B’C’'D’ on ABCD. Pin them together at the point
wherethediagonalsmeet. Rotatethetransparent sheet
by 180°. Thepardle ogramsstill concide; but you now
find A’ lying exactly on C and vice-versa; smilarly B’
liesonD andvice-versa

Fig 3.17

Doesthistell you anything about the measures of the anglesA and C? Examinethe
samefor anglesB and D. Stateyour findings.

Property: The opposite angles of a parallelogram are of equal measure.

TRY THESE

Taketwo identical 30°—60° —90° set-squaresand form aparallelogram asbefore.
Doesthefigure obtained help you to confirm the above property?

You canfurther justify thisideathrough logica arguments.

o L D 17 C
If ACand BD arethediagonasofthe /" T 3
paralelogram, (Fig 3.18) you find that PR N
A ot
£1=/2 and £3=2s4 (Why?) A Fig 3.18
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Studying AABC and AADC (Fig 3.19) separately, will help you to seethat by ASA
congruency condition,

I

AABC = ACDA(How?

Fig 3.19

This shows that /B and ZD have same measure. In the same way you can get
mZA = m £C.
Alternatively, £1= /2 and £3= Z4, wehave, mZA = L1+/£4 = /2+/C m«£C

Example 4: InFig 3.20, BEST isaparallelogram. Find the values x, y and z.

T
Solution: Sis opposite to B.

So, x =100° (oppositeanglesproperty)
y =100° (measureof angle corresponding to £X)
z=80° (sinceyy, £zisalinear pair)

We now turn our attention to adjacent anglesof aparallelogram.

InparallelogramABCD, (Fig 3.21).
ZA and /D are supplementary since D

DC||AB and with transversal DA , these
two anglesareinterior opposite.

/A and £B areal so supplementary. Canyou
say ‘why'?

AD || BC and BA isatransversal, making ZA and /B interior opposite.

| dentify two more pairs of supplementary anglesfromthefigure.
Property: The adjacent anglesin a parallelogramare supplementary.

Fig 3.21

Example 5: InaparalldogramRING (Fig 3.22) if m/R =70°, find dl the other angles.

Solution: Given m«ZR =70° G N

Then m«N = 70°

because ZR and 2N are opposite anglesof aparallelogram.

Since ZR and /I are supplementary, R 70° I
m«l = 180° —70° = 110° Fig 3.22

Also, m«G = 110° since £G isoppositeto /I

Thus, mMZR = m«£N = 70° and m«1l = m£G = 110°
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B THINK, DISCUSS AND WRITENUIEIEGE

After showing mZR = m«N = 70°, can you find m«I and m£G by any other
method?

3.3.6 Diagonals of a parallelogram

Thediagonalsof apardleogram, ingeneral, arenot of equal length.
(Didyou check thisinyour earlier activity?) However, thediagonals
of aparallelogram havean interesting property.

Dy- -C
DO THIS \ _______________ \

.~

Takeacut-out of aparallelogram, say,

ABCD (Fig3.23). Letitsdiagonals AC and DB meetatO.  Fig 3.23
Find themid point of AC by afold, placingConA. Isthe
mid-point sameas O? . e
Doesthisshow that diagonal DB bisectsthediagona AC a thepoint O?Discussit
withyour friends. Repest the activity tofindwherethemidpointof DB couldlie.

Property: The diagonals of a parallelogram bisect each other (at the point of their

intersection, of course!) - . — C
Toargueandjustify thisproperty isnotvery ~ \ " ST

difficult. From Fig 3.24, applying ASA criterion, it \ 6 ............ \

iseasy to seethat A —3 g
AAOB = ACOD (HowisASA used here?) Fig 3.24

Thisgives AO=CO ad BO=DO
Example 6: InFig3.25 HELPisaparallelogram. (Lengthsarein cms). Given that

OE=4andHL is5morethan PE?Find OH. P L
Solution : If OE=4thenOPdsois4 Why?) /™. T
So PE=8, Why?) /e 04
Therefore HL=8+5=13 H™ CE
Fig 3.25
1
Hence OH = =X 13 =6.5(cms)
B EXERCISE 3.3 .
1. Givenaparalelogram ABCD. Complete each * """""""""
saementdongwiththedefinitionorproperty used. — \ .~ 0 e
@) AD=... (i) ZDCB=.. A® B
(i) OC=.... (iv), mZDAB+m«£CDA =.......
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2. Congder thefollowing parallelograms. Find the values of theunknownsx, y, z

j 500
M
\Q B X 4

(il ) v)
3. Canaquadrilateral ABCD beaparalelogramif
() «D+«B=180°? (i) AB=DC=8cm,AD=4cmandBC=4.4cm?
(i) £A =70°and £C=65°?
4. Draw aroughfigureof aquadrilatera that isnot aparallel ogram but hasexactly two oppositeangles
of equal measure.

5. Themeasuresof two adjacent anglesof aparalelogramareintheratio 3 : 2. Find the measure of each
of theanglesof theparallelogram.

6. Two adjacent anglesof aparallelogram have equa measure. Findthe
measure of each of theanglesof theparallel ogram.

7. Theadjacent figureHOPE isaparaldogram. Find theanglemeasures
X,y and z. State the propertiesyou useto find them.

8. The following figures GUNS and RUNS are parallelograms.
Findxandy. (Lengthsareincm)

@) (ii)
s 26 N S
3x/ /8
G U

3y-1

U

K E

S
o !
B

|‘x':
(Y3
W

R 0N
I C

Intheabovefigure both RISK and CLUE areparallelograms. Find thevaue of x.
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10. Explainhow thisfigureisatrapezium. Which of itstwo Sdesare pardld? (Fig 3.26)

N M D C
‘095
S R
800 1200
K L A B

Fig 3.26 Fig 3.27 130° o

11. FindmsCinFig3.27if AB| DC.
12. Find the measure of ZPand £Sif SP||RQ inFig 3.28.
(IfyoufindmR, istheremorethan onemethod tofindmsP?) pV” Fig 3.28

3.4 Some Special Parallelograms

3.4.1 Rhombus
We obtain aRhombus (which, you will see, isaparallelogram) asaspecial caseof kite
(whichisnot aaparalelogram).

DO THIS

Recall the paper-cut kite you made earlier.
A A

C = C ||
Kite-cut Rhombus-cut

When you cut along ABC and opened up, you got akite. HerelengthsAB and
BCweredifferent. If youdraw AB =BC, thenthekiteyou obtainiscalled ar hombus.

/
\

Kite Rhombus

Notethat thesdesof rhrombusaredl of samelength;
thisisnot the casewith thekite.

A rhombusisaquedrilaterd withsdesof equd length.

Sincetheoppositesidesof arhombushavethesame
length, itisalso aparallelogram. So, arhombushasall
the properties of a parallelogram and also that of a
kite. Try tolist them out. You can then verify your list
with thecheck list summarised inthe book elsawhere.
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Themost useful property of arhombusisthat of itsdiagonals.
Property: The diagonals of a rhombus are perpendicular bisectors of one another.

DO THIS

Takeacopy of rhombus. By paper-folding verify if the point of intersectionisthe
mid-point of each diagonal. You may a so check if they intersect at right angles, using
the corner of aset-square.

Hereisan outlinejustifying thisproperty using logica steps. D

ABCD isarhombus(Fig 3.29). Thereforeitisaparalelogram too.

Sincediagonalshbisect each other, OA =0C and OB =0D. ) .

We have to show that mZAOD = mZCOD = 90° N /g

It can be seen that by SSS congruency criterion Fig 3.29
AAOD = ACOD Since AO=CO (Why?)

Therefore, m ZAOD =m £COD

Since ZAOD and ZCOD arealinear pair, RO (Why?)

m ZAOD = m £COD = 90° §>= 0D

I

Example 7:
RICEisarhombus(Fig 3.30). Find x, y, z. Justify your findings.

Solution:

x = OE y=0OR z = sdeof therhombus

Ol (diagonalshisect) = OC (diagonashisect) = 13 (al sidesareequd ) R
=5 =12 Fig 3.30

3.4.2 A rectangle

A rectangleisaparallelogram with equal angles(Fig 3.31).

Wheat isthefull meaning of thisdefinition? Discusswith your friends.

If therectangleisto be equiangular, what could be X
the measure of each angle? Fig 3.31

L et themeasure of each anglebe x°.

Then 4x° = 360° (Why)?
Therefore, xX° =90°

Thuseach angleof arectangleisaright angle.

So, arectangleisaparalelograminwhich every angleisaright angle.

Beingapardleogram, therectanglehasoppositesdesof equd lengthanditsdiagonas
bisect each other.
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Inapardleogram, thediagona scan beof different lengths. (Check this); but surprisingly
therectangle (being aspecial case) hasdiagonasof equa length.
Property: The diagonals of arectangle are of equal length.

C

< -
~, e
~ -
~, .
~. .
. -
. -
. -
. .
~, .
. -
-, -
~, -
~ -
. .
. -
hRAe
e

Lo
L
-
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-

N
,
~,
S
~
.
.
.
S
.
.
..
.,
~
o

L
e
-
-
-
-
e
-

i B A t
Fig 3.32 Fig 3.33

C D

B A t B
Fig 3.34

Thisiseasy tojudtify. If ABCD isarectangle (Fig 3.38), thenlooking at triangles
ABC and ABD separately [(Fig 3.33) and (Fig 3.34) respectively], wehave

AABC=AABD
Thisisbecause AB=AB (Common)
BC=AD (Why?)

mZA =m«£B =90° (Why?)

The congruency followsby SAScriterion.

Thus AC=BD

andinarectanglethediagonals, besidesbeing equal inlength bisect each other (Why?)
Example 8: RENT is arectangle (Fig 3.35). Its diagonals meet at O. Find x, if

OR=2x+4and OT =3x + 1.

Solution: OT ishalf of thediagonal TE,

OR ishalf of thediagonal RN .
Diagonasareequa here. (Why?)
So, their halvesarealsoequal .

Therefore 3x+1=2x+4 .

or Xx=3

3.4.3 A square
A sguareisarectanglewith equal sides.

This means a square has al the
propertiesof arectanglewithanadditiond
requirement that all the sideshave equal
length.

The sguare, liketherectangle, has
diagonasof equal length.

Inarectangle, thereisno requirement
for the diagonalsto be perpendicular to
oneanother, (Check this).
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Inasguarethediagonals.
(i) bisect oneanother (sguarebeing apardleogram)
(i) areof equa length (squarebeing arectangle) and
(iif) areperpendicular to oneanother.
Hence, we get thefollowing property.

Property: Thediagonals of a square are perpendicular bisectors of each other.

DO THIS S 1 R

Take asquare sheet, say PQRS (Fig 3.37).

Fold aong both the diagonal s. Are their mid-pointsthe same?
Check if theangleat O is90° by using aset-square.
Thisverifiesthe property stated above.

‘ .
xﬁ 0"
oe
K
0" xﬁ

Wecanjustify thisalso by arguing logicaly: Fig 3.36

ABCD isasguarewhose diagonalsmeet at O (Fig 3.37). Dr e
OA = OC (Sincethesquareisaparallelogram)
By SSS congruency condition, we now seethat 0.
AAOD=ACOD (How?) s
Therefore, m£AOD = m£ZCOD .
Theseanglesbeing alinear pair, eachisright angle. N g
Fig 3.37
H EXERCISE 3.4
1. Statewhether Trueor False.
(@ All rectanglesaresquares (e Allkitesarerhombuses.
(b) All rhombusesareparaleograms () All rhombusesarekites.
(©) All sguaresarerhombusesandasorectangles (g) All pardlelogramsaretrapeziums.
(d) All squaresarenot parallelograms. (h) All squaresaretrapeziums.
2. |dentify dl thequadrilatera sthat have.
(@ foursdesof equd length (b) fourrightangles
3. Explainhow asquareis.
(1) aquadrilateral () apadldogram (i) arhombus (iv) arectangle

4. Namethequadrilateralswhosediagonals.
(i) bisecteachother (i) areperpendicular bisectorsof eachother (i) areequa

5. Explainwhy arectangleisaconvex quadrilatera. B = D
6. ABCisaright-angledtriangleand Oisthemid point of theside Q-
oppositetotheright angle. Explainwhy Oisequidistant fromA,
B and C. (Thedotted linesaredrawn additionally to help you). B c
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B THINK, DISCUSS AND WRITE Wl

1. A mason has made a concrete slab. He needs it to be rectangular. In what
different wayscan hemakesurethat it isrectangular?

2. A squarewasdefined asarectanglewith all sidesequal. Can we defineit as
rhombuswith equal angles? Explorethisidea
3. Canatrapeziumhaveall anglesequal ? Canit haveal sidesequa ? Explain.

— WHAT HAVE WE DISCUSSED? _

Quadrilateral Properties
Parallelogram: (1) Oppositesidesareequal.
A. quadrllat_eral (2) Oppositeanglesareequal.
with each pair of 3 Di Asbi h
opposite sides (3) Diagonalshisect oneanother.
pardld. A
R
Rhombus: (1) All thepropertiesof aparalelogram.
A paralelogramwith sides (2) Diagonasare perpendicular to each other.
of equal length.
Q
Rectangle: N 2 (1) All thepropertiesof aparalelogram.
A parallelogram (2) Eachof theanglesisarightangle.
witharightangle. [0, | (3 Diagonasareequal.
R
Square: A rectangle
with sides of equal All thepropertiesof apardlelogram,
length. rhombusand arectangle.
Q
Kite: A quadrilateral . ,
with exactly two pairs (1) Thediagonasareperpendicular
of equal consecutive to oneanother
sdes A C | (2) Oneof thediagonashisectstheother.
(3) Inthefigurem«B =m«D but
mZA = m«C.
L J
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CHAPTER

Data Handling

4.1 Looking for Information
In your day-to-day life, you might have come across information, such as:
(@ Runs made by a batsman in the last 10 test matches.
(b) Number of wickets taken by a bowler in the last 10 ODlIs.
(c) Marks scored by the students of your class in the Mathematics unit tes
(d) Number of story books read by each of your friends etc.

The information collected in all such cases is calie. Data is usually collec din
the context of a situation that we want to stlay example, a teacher may like to know
the average height of students in her cles8nd this, she will write the heights of all the
students in her class, organise the data in a systematic manner and then interpret it
accordingly

Sometimes, data is represergeaphically to give a clear idea of what it represents.
Do you remember the different types of graphs which we have learnt in earlier classes?

1. APictograph: Pictorial representation of data using symbols.

4 - N
;'-J =100 cars— One symbol stands for 100 cars
P P . . 1
July a9 =3 & =250 g denote% of 100
August i':.::' i':.::' i':.::' =300
L September i:-;r: i:-;r: . ;r.; i':.‘;:' =7 )

() How many cars were produced in the month of July?
@) In which month were maximum number of cars produced?

2. Abar graph: Adisplay of information using bars of uniform width, their heights being proportional to
the respective values.
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A
350 +
300 T
250 T
200 T

Bar heights give thé
guantity for each
category

150 +

Bars are of equal width
with equal gaps in
between.

100 T
50 +

Number of students in Class VIII —

A\ 2

2003-04 2004-05 2005-06 2006-07 2007-08

Academic years —
() Whatis the information given by the bar graph?
@) Inwhichyear is the increase in the number of students maximum?
(i) Inwhich year is the number of students maximum?
(v) State whether true or false:
‘The number of students during 2005-06 is twice that of 2003-04.’

3. Double Bar Graph: A bar graph showing two sets of data simultaneolisty
useful for the comparison of the data.

=}
1

1 2005-06 [ 2006-07

=} =}
1 1
T T

=}
1
T

[ w £ n (=) | =4
=} (=]
L L
T

Marks obtained by a student —
S

—
=
1
T

v

Maths S. Science Science English Hindi
Subjects —

() Whatis the information given by the double bar graph?

@) Inwhich subject has the performance improved the most?
(i) Inwhich subject has the performance deteriorated?
(v) Inwhich subjectis the performance at par?

BEEE THINK, DISCUSS AND WRITE \GlEGEGEGEG

If we change the position of any of the bars of a bar graph, would it change the
information being conveyed? Why?

i
-
-~
'G‘
" -
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TRY THESE

Draw an appropriate graph to represent the given information.

1. (Month July August | September| October | November| Decemben
Number of 1000 1500 1500 2000 2500 150(j
(watches sold
2. (Children who prefer | School A School B School C )
Walking 40 55 15
N Cycling 45 25 35
3. Percentage wins in ODI by 8 top cricket teams.
(" Teams From Champions Last 10 )
Tr ophy to World Cup-06 | ODI in 07
SouthAfrica 75% 78%
Australia 61% 40%
Sri Lanka 54% 38%
New Zealand 47% 50%
England 46% 50%
Pakistan 45% 44%
West Indies 44% 30%
N India 43% 56% )

4.2 Circle Graph or Pie Chart
Have you ever come across data represented in circular form as shown (Fig 4.1)?

The time spent by a child during a day Age groups of people in a town
8 hours

=
5

4 hours §
s
(=3
w

& 6 hours
3 hours
3 hours
() Fig 4.1

These are calledircle graphs. Acircle graph shows the relationship between a
whole and its parts. Here, the whole circle is divided into sectors. The size of each sector
is proportional to the activity or information it represents.
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For example, in the above graph, the proportion of the sector for hours spentin sleeping

_ number of sleeping hours 8 hours 1

whole day " 24 hours ¢

So, this sector is drawn %srd partof the circle. Similarlythe proportion of the sector

number of school hour 6 hours _ 1

, | =
for hours spentin school= whole day ~ 24 hours <

So this sector is drawin thof the circle. Similarlythe size of other sectors can be found

Add up the fractions for all the activiti€3o you get the total as one?
A circle graph is also calledoge chart.

TRY THESE

1. Each of the following pie charts (Fig 4.2) gives you a different piece of information about your class.
Find the fraction of the circle representing each of these information.

0 (i) (i)
Girls
50%
Boys
50%
15%
Hate
Girls or Boys Transport to school Love/Hate Mathematics
Fig 4.2 Informative
2. Answer the following questions based on the pie chart 10%
given (Fig4.3). Tg«v;s

() Which type of programmes are viewed the most?

@) Which two types of programmes have number of
viewers equal to those watching sports channels?

Sports
25%

Entertainment
50%

4.2.1 Drawing pie charts _ ]
Viewers watching diérent types

The favourite fIavogrs pf |c§-creams for of channels on V.
students of a school is given in percentages )
as follows. Fig 4.3
Flavours Percentage of students
Preferring the flavours
Chocolate 50%
Vanilla 25%
Other flavours 25%
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Let us represent this data in a pie chart.

The total angle at the centre of a circle is 360°. The central angle of the sectors will be
a fraction of 360We make a table to find the central angle of the sectabdg#.1).

Table 4.1
/Flavours Sudents in per cent In fractions Fraction of 360° A
preferring the flavours
Chocolat 50% 0 _1 1 f 360° = 180°
ocolate 0 100 2 5 0] =
Vanill 25% oA 1 f 360° =90°
anfia ° 100 4 4 ° -
Other 25% »_1 1 f 360° =90°
L er flavours 0 100 2 2 0 = )
1. Draw a circle with any convenient radius.
Mark its centre (O) and a radius (OA). A

2. Theangleof the sectofor chocolates 180°.
Use the protractor to draxtAOB = 180°.

. X - Chocolate
3. Continue marking the remaining sectors.

OI‘ 59«) >
Q? ,):;?" E ‘)Q\\

&

Example 1: Adjoining pie chart (Fig 4.4) gives the expenditure (in percentage)
on various items and savings of a family during a month.
. .| . - House rent Education for
() Onwhich item, the expenditure was maximum? 10% children
() Expenditure on which item is equal to the total Transport 15%
savings of the family? 5%
(i) 1f the monthly savings of the familydS8000, what
is the monthly expenditure on clothes?

Food

Others 25%

. 20%
Solution:

() Expenditure is maximum on food. Savings
15%

Clothes
(i) Expenditure on Education of children is the same 10%

(i.e., 15%) as the savings of the family Fig 4.4
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(i) 15% represen&s3000

Therefore, 10% represeﬁtsg%) %10 =% 2000

Example 2: On a particular dayhe sales (in rupees) of different items of a baker
shop are given below

ordinary bread: 320
fruitbread : 80

cakes and pastries 160 | Draw a pie chart for this data.
biscuits : 120

others : 40

Total : 720

Solution: We find the central angle of each sector. Here the total SafR8. We

thus have this table.
e A\
Item Sales (in) In Fraction Central Angle
320 4 4
' — = —x 360°= 160
Ordinary Bread 320 720" 9 9
120 1 1
iscui — == =x360° = 60
Biscuits 120 720" 6 6
160 2 2
ies — == —x 360°= 80
Cakes and pastries 160 720" 9 9
80 1 1
' — == =x 360 = 40
Fruit Bread 80 720" 9 9
40 1 1
—=— —x 360°= 20
Others 40 720" 18 18
. J
Now, we make the pie chart (Fig 4.5): 44,
690 s
&
S
Q @*\@

Others Bread
20° Fig 4.5
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TRY THESE

Draw a pie chart of the data given below

The time spent by a child during a day
Sleep —8 hours
School —6 hours
Home work —4 hours
Play —4 hours
Others —2 hours

B THINK, DISCUSS AND WRITEWEEEEN

Which form of graph would be appropriate to display the following data.
1. Production of food grains of a state.

(Year 2001 | 2002 | 2003| 2004 2005 2006
Production 60 50 70 55 80 85
L(in lakh tons) J
2. Choice of food for a group of people.

i Favourite food Number of people\

North Indian 30

South Indian 40

Chinese 25

Others 25
\_Total 120 )

3. The daily income of a group of a factory workers.
Daily Income Number of Workers\
(in Rupees) (in a factory)

75-100 45

100-125 35

125-150 55

150-175 30

175-200 50

200-225 125

225-250 140
\ Total 480 )
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B EXERCISE 4.1
Semi Classical

1. Asurveywas made to find the type of music  20%
that a certain group of young people liked in
a city Adjoining pie chart shows the findings
of this survey Classical
From this pie chart answer the following: ~ 10%
(i) 1f20 people liked classical music, how
many young people were surveyed?
() Which type of music is liked by the Folk
maximum number of people? 30%
(i) If a cassette company were to ma ¥t
1000 CD’s, how many of each typ

Light
40%

No. of vote#

would they make? Summer \\\\\\‘l’/// 90
2. A group of 360 people were asked to vate
for their favourite season from the thregajny g 120

seasons rainpyinter and summer
() Which season got the most votes? L.
(i) Find the central angle of each sectol Winter
(i) Draw a pie chart to show thi u B
information.
3. Draw a pie chart showing the following information. The table shows the colours
preferred by a group of people.

Colours Number of people

150

v)

Find the proportion of each sectBor example,

Blue i . 2 G o=t d U
Blue 18 ue ISSB 3 reen |s§3 4f';1n so onUse
Green 9 this to find the corresponding angles.
Red 6
Yellow 3 x
/ a
Total 36 N 2{2

4. The adjoining pie chart gives the marks scored in an examination by a studentin
Hindi, English, Mathematics, Socfatience and Science. If the total marks obtained
by the students were 540, answer the following questions.

() In which subject did the student score 105
marks? .;é?
(Hint: for 540 marks, the central angle = 360°.
So, for 105 marks, what is the central angle@)
() How many more marks were obtained by the /]

student in Mathematics than in Hindi? /
@iy Examine whether the sum of the mark@
&
%

obtained in Social Science and Mathematic%z;
is more than that in Science and Hindi.
(Hint: Just study the central angles). Hindi
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5. The number of students in a hostel, speakirfgraift languages is given below
Display the data in a pie chart.

(Language Hindi English | Marathi Tamil Bengali Total\
LNumber 40 12 9 7 4 72 J

of students

4.3 Chance and Probability

Sometimes it happens that during rainy season, you carry a raincoat every d
and it does not rain for many days. However, by chance, one daygetidor
take the raincoat and it rains heavily on that day

wellintime itis late!

You face a lot of situations such as these where you take a chance ang
does not go the way you want it to. Can you give some more examples? Th&e\
are examples where the chances of a certain thing happening or not happéenigeg
are not equal. The chances of the train being in time or being late are not the
sameWhen you buy a ticket which is wait listed, you do take a chioce.
hope that it might get confirmed by the time you travel.

We howeverconsider here certain experiments whose results have an equal chance
of occurring.

4.3.1 Getting a result

You might have seen that before a cricket match starts, captains of the two teams go out
to toss a coin to decide which team will bat first.

What are the possible results you get when a coin is tossed? Of course, Fé@ad or

Imagine that you are the captain of one team and your friend is the captain of the other
team.You toss a coin and ask your friend to make the call. Can you control the result of
the toss? Can you get a head if you want one? Or a talil if you want that? No, that is not
possible. Such an experiment is calleadrlom experiment Head oifail are the two
outcomes of this experiment.

TRY THESE

1. Ifyou try to start a scootewvhat are the possible outcomes?
2. When a die ishrown, what are the six possible outcomes?
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3. When you spin the wheel shown, what are the possible outcomes? (Fig 4.6)
List them.

(Outcome here means the sector at which the pointer stops).

2
OO
&>

Fig 4.6 Fig 4.7

4. You have a bag with five identical balls ofeéient colours and you are to pull out
(draw) a ball without looking at it; list the outcomes you would
get (Fig4.7).

HEEE THINK, DISCUSS AND WRITE Ul

Inthrowing a die:
¢ Doesthefirst player have a greater chance of getting a six?
¢ Would the player who played after him have a lesser chance of getting a sjx?

e Suppose the second player got a six. Does it mean that the third player would not
have a chance of getting a six?

4.3.2 Equally likely outcomes:

A coin is tossed several times and the number of times we get head or tail is noted. Let us
look at the result sheet where we keep on increasing the tosses:

/Number of tosses| Tally marks (H) | Number of heads | Tlly mark (T) Number of tails\
50 MNNIT 27 MNNI T 23
NN NN
60 MNP 28 MNNS T 32
MNNIT T NN N
70 33 37
80 38 42
90 44 46
9 100 48 52 )
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Observe that as you increase the number of tosses more and more, the number of
heads and the number of tails come closer and closer to each other

This could also be done with a die, when tossed a large number of times. Number of
each of the six outcomes become almost equal to each other

In such cases, we may say that the different outcomes of the experiment are equally
likely. This means that each of the outcomes has the same chance of occurring.

Do nof Worry ?u;ly‘
" Cases will not be

4.3.3 Linking chances to probability

Consider the experiment of tossing a coin once. What are the outcomes? There are only
two outcomes — Head @ail. Both the outcomes are equally likelikelihood of getting

a head is one out of two outcomes, %e.ln other words, we say that the probability of

1
getting ehead = What is the probability of getting a tail?
Now take the example of throwing a die marked with 1, 2, 3, 4, 5, 6 on its faces (one
number on one face). If you throw it once, what are the outcomes?
The outcomes are: 1, 2, 3, 4, 5, 6. Thus, there are six equally likely outcomes.

What is the probability of getting the outcome ‘2'?
1 < Number of outcomes giving 2
6 < Number of equally likely outcomes.

What is the probability of getting the number 5? What is the probability of getting the
number 7? What is the probability of getting a number 1 through 6?

Itis

4.3.4 Outcomes as events
Each outcome of an experiment or a collection of outcomes makeain

For example in the experiment of tossing a coin, getting a Head is an event and getting a
Tail is also an event.

In case othrowing a diegetting eaclof the outcomes 1, 2, 3, 4, 5 or 6 is an event.
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Isgetting an even number an event? Since an even number could be 2, 4 or 6, getting an
even number iglsoan eventWhat will be the probability of getting an even number?

3 < Number of outcomes that make the event

6 <« Total number of outcomes of the experiment.

Example 3: A bag has 4 red balls and 2 yellow balls. (The balls are identical in all
respects other than colouk)ball is drawn from the bag without looking into the bag.
What is probability of getting a red ball? Is it more or less than getting a yellow ball?

Itis

Solution: There are in all (4 + 2 =) 6 outcomes of the event. Getting a red ball
consists of 4 outcomes. (Why?)

4 2
Therefore, the probability of getting ared balgis 3 In the same way the probability

2 1
of getting a yellow ball % 3 (Why?). Therefore, the probability of getting a red ball is
more than that of getting a yellow ball.

TRY THESE

Suppose you spin the wheel

1. () Listthe number of outcomes of getting a green sector
and not getting a green sector on this wheel
(Fig 4.8).

() Find the probability of getting a green sector
(i)  Find the probability of not getting a green sector

4.3.5 Chance and probability related to real life
We talked about the chance that it rains just on the day when we do not carry a rain coat.

What could you say about the chance in terms of probability? Could it be one in 10

1
days during a rainy season? The probability that it rains iﬁe‘ﬁwe probability that it

does notrain :1—0 (Assuming raining or not raining on a day are equally likely)

The use of probability is made in various cases in real life.

1. Tofind characteristics of a & group by using a small
part of the group.

For example, during elections ‘an exit poll’ is takel
This involves asking the people whom they have vot
for, when they come out after voting at the cen
which are chosen bhand and distributed over the /&
whole area. This gives an idea of chance of winning 4

each candidate and predictions are made based
accordingly
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2. Meteorological Department predicts weather by observing trends from the data
over many years in the past.

B EXERCISE 4.2

1. Listthe outcomes you can see in these experiments.

(@ Spinning awheel 4» (b) Tossing two coins together

ey

2. When adie is thrown, list the outcomes of an event of getting

() (a) aprime number (b) not a prime number
() (a) anumber greater than(b) a number not greater than 5.
3. Findthe.

(@) Probability of the pointer stopping on D in (Question 1-(a))?
(b) Probability of getting an ace from a well shuffled deck of 52 playing cards?
(c) Probability of getting a red apple. (See figure below)

OO®
®O®
©

4. Numbers 1 to 10 are written on ten separate slips (one number on one slip), keptin
a box and mixed well. One slip is chosen from the box without looking into it. What
is the probability of .

() getting a number 67
(i) getting a number less than 6?
(i) getting a number greater than 6?
(v) getting a 1-digit number?
5. Ifyou have a spinning wheel with 3 green sectors, 1 blue sector and 1 red sector

what is the probability of getting a green sector? What is the probability of getting a
non blue sector?

6. Find the probabilities of the events given in Question 2.

—W'H.AT HAVE WE DISCUSSED?—

1. Inorderto draw meaningful inferences from any data, we need to organise the data systemat

2. Data can also be presented usingle graphor pie chart. A circle graph shows the relationship
between a whole and its part.
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3. There are certain experiments whose outcomes have an equal chance of occurring.
4. Arandom experimentis one whose outcome cannot be predicted exactly in advance.
5. Outcomes of an experiment aqually likely if each has the same chance of occurring.

. Number of outcomes that make an evel
6. Probability of an event= — , when the outcome
Total number of outcomes of the expen

are equally likely
7. One or more outcomes of an experiment malevant
8. Chances and probability are related to real life.
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CHAPTER

Squares and Square
Roots

5.1 Introduction E":s
You know that the area of a square = side x side (where ‘side’ means ‘the length of

a side’). Study the following table.

Side of a square (in cm) Area of the square (in ct
1 1x1=1=1
2 2x2=4=2
3 3x3=9=3
5 5x5=25=5%
8 8x8=64=8
a axa=a

What is special about the numbers 4, 9, 25, 64 and other such numbers?

Since, 4 can be expressed as 2 x 2,9 2an be expressed as 3 x 3=all such
numbers can be expressed as the product of the number with itself.

Such numbers like 1, 4,9, 16, 25, ... are knowsgaare numbers

In general, if a natural numbercan be expressed@swheren is also a natural
numbeythenmis asquare number. Is 32 a square number?

We know that 5= 25 and 6= 36. If 32 is a square numbitmust be the square of
a natural number between 5 and 6. But there is no natural number between 5 and 6.

Therefore 32 is not a square number
Consider the following numbers and their squares.

Number
1 1x1=1
2 2x2=4
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3x3=9
4x4=16 Can you
5x5=25 complete it?

B@m\lmmhw

From the above table, can we enlist the square numbers between 1 aAck1007?
there any natural square numbers upto 100 left out?
You will find that the rest of the numbers are not square numbers.

The numbers 1, 4, 9, 16 ... are square numbers. These numbers are afserfsaited
squares

TRY THESE

1. Find the perfect square numbers between (i) 30 and 40 (ii) 50 and 60

5.2 Properties of Square Numbers
Following table shows the squares of numbers from 1 to 20.

Number Square Number Square
1 1 11 121
2 4 12 144
3 9 13 169
4 16 14 196
5 25 15 225
6 36 16 256
7 49 17 289
8 64 18 324
9 81 19 361

10 100 20 400

Study the square numbers in the above table. What are the ending digits (that is, digits in
the units place) of the square numbédsthese numbers end with 0, 1, 4, 5, 6 or 9 at
units place. None of these end with 2, 3, 7 or 8 atplce.

Can we say that if a number ends in 0, 1, 4, 5, 6 or 9, then it must be a square
number? Think about it.

TRY THESE

1. Canwe say whether the following numbers are perfect squares? How do we know?
() 1057 (i) 23453 (i) 7928 (v) 222222
(v) 1069 (vi) 2061
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Write five numbers which you can decide by looking at their units digit that they are
not square numbers.

2. Write five numbers which you cannot decide just by looking at their units digit
(or units place) whether they are square numbers or not.

® Sudy the following table of some numbers and their squares and observeghe one’

place in both.
Table 1
Number Square Number Square Number Square
1 1 11 121 21 441
2 4 12 144 22 484
3 9 13 169 23 529
4 16 14 196 24 576
5 25 15 225 25 625
6 36 16 256 30 900
7 49 17 289 35 1225
8 64 18 324 40 1600
9 81 19 361 45 2025
10 100 20 400 50 2500

The following square numbers end with digit 1.

Which of 123, 77, 82,
81 9 1622, 109 would end with
121 11 dlglt 1?
361 19
441 21

Write the next two square numbers which end in 1 and their corresponding numbers.
You will see that if a number has 1 or 9 in threts placethen its squae ends in 1.

® | etus consider square numbers ending in 6.
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We can see thathen a squa number ends in 6, the number whose sgjités, will
have either 4 or 6 in un#’place
Can you find more such rules by observing the numbers and their squares (Table 1)?

TRY THESE

What will be the “ones digit” in the square of the following numbers?
() 1234 (i) 26387 (i) 52698 (iv) 99880
(v) 21222 (v) 9106

® Consider the following numbers and their squares.
1?=100
We have 20 = 400
80 =6400

10¢*= 10000
20C =40000
70 = 490000
90 =810000
If a number contains 3 zeros at the end, how many zeros will its square have ?
What do you notice about the number of zeros at the end of the number and the
number of zeros at the end of its square?

Can we say that square numbers can only have even number of zeros at the end?

® SeeTable 1 with numbers and their squares.
What can you say about the squares of even numbers and squares of odd numbers?

TRY THESE

1. The square of which of the following numbers would be an odd number/an even

two zeros

We have
two zeros

But we have
four zeros

number? Why?

W 727 (i) 158 (i) 269 (v) 1980
2. What will be the number of zeros in the square of the following numbers?

(i) 60 (i) 400

5.3 Some More Interesting Patterns

1. Adding triangular numbers.
Do you remember triangular numbers (numbers whose dot patterns can be arranged

as triangles)? *
* * *
* * % * k%
* * % * k% * kK%
* * % * %% * kK% * kk k%
1 3 6 10 15
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If we combine two consecutive triangular numbers, we get a square number, like

% %

5 :
1+3=4 3+6=9 6+10=16
:2 :32 :42

2. Numbers between square numbers
Let us now see if we can find some interesting pattern between two consecutive
square numbers.

Two non square number?
between the two square
numbers 1 (33 and 4(=2).

=12
6 non square numbers betwekn 1(=1)
the two square numbers 9&

and 16(=3).

2,3,4(=2)

5.6.7.89 (=93
10, 1,12, 13, 14, 15,16 &) (

17,18,19, 20, 21, 22, 23,24,25 &5
Between 3(=1) and 2(= 4) there are two (i.e., 2 x 1) non square numbers 2, 3.

8 non square
numbers betwee
the two square
numbers 16(=%
and 25(=5).

4 non square numbers
between the two squarg
numbers 4(=3 and 9(3).

Between A= 4) and 3= 9) there are four (i.e., 2 x 2) non square numbers 5, 6, 7, 8.
Now, F=9, 4=16
Therefore, 4-3F=16-9=7

Between 9(=3 and 16(= 4 the numbers are 10, 11, 12, 13, 14, 15 that is, six
non-square numbers which is 1 less than the difference of two squares.

We have 4£2=16 and %25
Therefore, R-£=9

Betweerl6(=4%) and25(= 5) the numberare 17, 18,., 24that is, eight non square
numbers which is 1 less than the difference of two squares.

Consider 7and 8. Can you say how many numbers are there betweaTd6??
If we think of any natural numbarand 6 + 1), then,

(n+1y—rf=Nn?>+2n+1)—-A=2n+ 1.

We find that betweer? and @ + 1Y there are 2 numbers which is 1 less than the
difference of two squares.

Thus, in general we can say ttiare are 2n non perfect square numbers between
the squaes of the numbers n af+ 1). Check fon = 5,n = 6 etc., and verify
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TRY THESE

1. How many natural numbers lie betweéafd 16 ? Between1?and 12?
2. How many non square numbers lie between the following pairs of numbers
() 10¢*and 101 (i) 9C?and 9% (i) 100C and 1001

3. Adding odd numbers
Consider the following

1 [one odd number] =1="r
1+ 3 [sum of first two odd numbers] =4=2
1+3+5 [sum of first three odd numbers} 9 = 3
1+3+5+7 [...] =16=4
1+3+5+7+9 [...] =25=5
1+3+5+7+9+1[..] =36=6

So we can say that tlsem of first n odd natural numbers¥s

Looking at it in a different wayve can say: ‘If the number is a square numnitieas
to be the sum of successodd numbers starting from 1.

Consider those numbers which are not perfect squares, say 2, 3,5, 6, ... . Can you
express these numbers as a sum of successive odd natural numbers beginning from 1?

You will find that these numbers cannot be expressed in this form.
Consider the number 25. Successively subtract 1, 3,5, 7,9, ... fromit
() 256—-1=24 (i) 24-3=21 (i) 21-5=16 vy 16-7=9
v) 9-9=0
This means, 25=1+3+5+ 7 #4s0, 25 is a perfect square.
Now consider another number 38, and again do as above.
() 38—-1=37 (i) 37—-3=34 (i) 34-5=29 (v) 29-7=22
v) 22-9=13 (vi 13-1=2 (i) 2-13=-1
This shows that we are nableto expres88as the

TRY THESE sum of consecutive odd numbers starting witkiso, 38 is

; _nota perfect square.
Flie] BATENCE] EE @ di. . ollor i So we can also say tha natural number cannot be
numbers is a perfect square or not? y

_ expessed as a sum of successive odd natural numbers
M 121 @ 55 (i) 81 starting with 1, then it is not a perfect square

(v) 49 (V) 69 We can use this result to find whether a number is a perfect
square or not.

4. A sum of consecutive natural numbers
Consider the following

3¥=9=4+5=——( Second Number
~ o F+1
?=25=12+13 _

72=49 =24 + 25 2
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9*=81=40+141
112=121 =60 + 61
15 =225=12+ 13

TRY THESE

1. Express the following as the sum of two consecutive integers.
i 212 i 13 (i) 122 (v) 19
2. Doyouthink the reverse is also true, i.e., is the sum of any two consecutive p
integers is perfect square of a number? Give example to support your. ans

ow! we can express the
square of any odd number gs
the sum of two consecutive
positive integers.

5. Product of two consecutive even or odd natural numbers

11x13=143=12-1

Also 11 x13=(12-1) x (12 + 1)

Therefore, 11 x 13=(12-1) x (12+1) =321

Similary, 13 x15=(14—-1)x (14 +1)=241
29x31=(30-1)x(30+1)=301
44 x 46 = (45— 1) x (45 +1) =451

Soin general we can say that{1) x @ —1) =a®— 1.

6. Some more patterns in square numbers

Observe the squares of numbers;11,111 ... etcThey give a beautiful pattern:

12 = 1

112 = 1 2 1

1122 = 12,3 2 1

1117 = 1 2 3 4 3 2 1

11112= 1 2 3 4 5 4 3 2 1

11111114%=2 2 3 4 5 6 7 8 7 6 5 4 3 2 1
Another interesting pattern.

GZ ; 3289 Write the square, making use of the abov:
pattern.
667 = 444889 () 111112 () 111111%

6667 = 44448889

66667 = 4444488889 TRY THESE

666667= 444444888889 , .
. . . Can you find the square of the following
The funisin being able to find out why this happens. May numbers using the above pattern?

be it would be interesting for you to explore and think about
such questions even if the answers come some years Iatel(D 6666667 (i) 66666667
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B EXERCISE 5.1

What will be the unit digit of the squares of the following numbers?

(i 81 (i) 272 @iy 799 (v) 3853
(v) 1234 (vi) 26387 (vi) 52698 (vii) 99880
(x) 12796 (X) 55555
The following numbers are obviously not perfect squares. Give reason.

@) 1057 (i) 23453 (i) 7928 (v) 222222
(v) 64000 (vi) 89722 (vi) 222000 (vi) 505050
The squares of which of the following would be odd numbers?

() 431 i) 2826 i) 7779 (v) 82004
Observe the following pattern and find the missing digits.

112=121
1012 =10201
1007 =1002001
10000k =1 ......... 2. N 1
10Q0000%=s,............¢00. . . 0.
Observe the following pattern and supply the missing numbers.
11?2=121
102=10201
10102 =102030201
101010F = ..o,

Using the given pattern, find the missing numbers.

1P+2+2 =%

2+3+6 =7 To find pattern

F+£+12=1F Third number is related to first and secqnd
L2+BR+ 2 =272 number How?

24+ 24 50": 37 Fourth number is related to third number.
62+ 7_2 + 22 2 How?

Without adding, find the sum.
) 1+3+5+7+9

@M 1+3+5+7+9+1+13+15+17 +19

@ 1+3+5+7+9+1+13+15+17+19+21+23

() Express 49 as the sum of 7 odd numbers.

(i) Express 121 asthe sum of 11 odd numbers.

How many numbers lie between squares of the following numbers?
() 12 and13 (i) 25and 26 @iy 99 and 100
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5.4 Finding the Square of a Number

Squares of small numbers like 3, 4, 5, 6, 7, ... etc. are easy to find. But can we find the
square of 23 so quickly?

The answer is not so easy and we may need to multiply 23 by 23.
There is away to find this without having to multiply 23 x 23.
We know 23=20+3
Therefore 23¥=(20 + 3y =20(20 + 3) + 3(20 + 3)
=20F+20x3+3x20+3
=400 +60 + 60 +9 =529

Example 1: Find the square of the following numbers without actual multiplication.
M 39 @y 42
Solution: (i) 3% =(30+9F=30(30+9)+9(30+09)
=3¢+30x9+9x30+%9
=900 + 270 + 270 + 81 = 1521
(i) 422=(40 + 2% =40(40 + 2) + 2(40 + 2)
=40 +40x2+2x40+2
=1600+80+80+4=1764
5.4.1 Other patterns in squares
Consider the following pattern:

25 =625 = (2 x 3) hundreds + 25

3% = 1225 = (3 x 4) hundreds + 25 Consider a number with unit digit 5, i.a5
(@S5y = (10a + 57

7% =5625 = (7 x 8) hundreds + 25 ~ 10a(10a + 5) + 5(10a+ 5)
125 =15625 = (12 x 13) hundreds + 25 = 10082 + 508 + 508 + 25
Now can you find the square of 95? = 100a(a + 1) + 25

=a(a+ 1) hundred + 25
TRY THESE

Find the squares of the following numbers containing 5 irsipidce.
@i 15 @) 95 (i) 105 (iv) 205

5.4.2 Pythagorean triplets
Consider the following

F+4#£=9+16=25=5
The collection of numbers 3, 4 and 5 is knowRgthagorean triplet. 6, 8, 10 is
also a Pythagorean triplet, since
62+ & =36 +64=100=10
Again, observe that
52+ 12 =25+ 144 =169 = B3The numbers 5, 12, 13 form another such triplet.
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Can you find more such triplets?

For any natural numben > 1, we have (2p+ (m? — 1¥ = (m? + 1%, So, 2n,
n?— 1 andh? + 1 forms a Pythagorean triplet.
Try to find some more Pythagorean triplets using this form.

Example 2: Write a Pythagorean triplet whose smallest member is 8.

Solution: We can get Pythagorean triplets by using general fonm2— 1,m? + 1.

Let us first take n?—1=8

So, nF=8+1=9

which gives m=3

Therefore, 2m=6 and rh+1=10

The tripletis thus 6, 8, 10. But 8 is not the smallest member of this.
So, letus try 2m=38

then m=4

We get nt-—1=16-1=15

and n+1=16+1=17

The tripletis 8, 15, 17 with 8 as the smallest member
Example 3: Find a Pythagorean triplet in which one member is 12.

Solution: If we take n?—1=12

Then, nF=12+1=13

Then the value ahwill not be an integer

So, we try to take¥ + 1 = 12 Againn¥ = 11 will not give an integer value fam.

So, let us take 2m=12
then m=6
Thus, m—-1=36-1385 and nf+1=36+1=37

Therefore, the required tripletis 12, 35, 37.
Note:All Pythagorean triplets may not be obtained using this form. For example another
triplet5, 12, 13 also has 12 as a member.

B EXERCISE 5.2

1. Find the square of the following numbers.

@i 32 @) 35 (i) 86 (v) 93
V) 71 (vi) 46

2. Write a Pythagorean triplet whose one member is.
@i 6 @i 14 @iy 16 (v) 18

5.5 Square Roots

Study the following situations.
(@) Area of asquare is 144 ériVhat could be the side of the square?
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We know that the area of a square =%ide
If we assume the length of the side todigthen 144 =a?
To find the length of side it is necessary to find a number whose square is 144.

(b) Whatis the length of a diagonal of a square of side 8 cm (Fig 5.1)?a D
Can we use Pythagoras theorem to solve this ?
We have, AB2+ BC=AC?
ie., 82+ & =AC?
or 64 + 64 =AC? u
or 128 =AC? B . C
Fig 5.1

Again to get AC we need to think of a number whose square is 128.
(©) In aright triangle the length of the hypotenuse and a side are

respectively 5 cm and 3 cm (Fig 5.2).

Can you find the third side?

) 3
Letx cm be the length of the third side. o
Using Pythagoras theorem 52=x2+3
25-9=x pe.
16 =x* Fig 5.2

Again, to findx we need a number whose square is 16.

In all the above cases, we need to find a number whose square is known. Finding the
number with the known square is known as finding the square root.

5.5.1 Finding square roots

The inverse (opposite) operation of addition is subtraction and the inverse operation
of multiplication is division. Similarlyfinding the square root is the inverse operation
of squaring.

We have, 12 =1, therefore square root of 1is 1
22 = 4, therefore square root of 4 is 2 —
. Since 9? =81,
& =9, therefore square rootof 9is 3| 4. (~9) =81
We say that square

roots of 81 are 9 and —9.
TRY THESE

() 112=121Whatis the square root of 121?
(i) 14?=196. What is the square root of 196?

HEEE THINK, DISCUSS AND WRITE N

(<1¥=1.I1s-1, asquarerootof 1? (-2F= 4.Is-2, a square root of 4?
(97 =81. Is -9 a square root of 81?

Positive square root of a number is denoted by the syghbol
For examplei/4 = 2 (not —2); /9= 3 (not —3) etc.
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Statement Inference

Statement Inference

12=1 =1 62 = 36 J36 =6
22 =4 Ja =2 72 =49 Ja9 =7
3=9 J9 =3 82 = 64 J64 =8
£ =16 J16 = 4 ®=81 J81=9
5 = 25 J25 =5 107 = 100 100 = 10

5.5.2 Finding square root through repeated subtraction

Do you remember that the sum of the firstld natural numbersn&? That is, every square
number can be expressed as a sum of successive odd natural numbers starting from 1.

Consider/81. Then,
) 81-1=80 () 80-3=77 (i) 77-5=72
V) 65-9=56 (v) 56— =45 (i) 45-13=32 (i)

(X 17-17=0
From 81 we have subtracted successive odd
TRY THESE numbers starting from 1 and obtained O"att@p.
By repeated subtraction of odd numbers starting.l.h ereforey81 =9

from 1, find whether the following numbers are

perfect squares or not? If the number is a perfecpan you find the square root&£9 using this method?
square then find its square root. Yes, butitwill be time consuming. Letus try tofind itin

(V) 72-7=65
32 -15=17

0 121 asimpler way

(i) 55 5.5.3 Finding square root through prime factorisation

g:?) Zg Consider the prime factorisation of the following numbers and their squares.

) 90 (" Prime factorisation of a Number Prime factorisation of its Square )
6=2x3 36=2%x2x3x3
8=2x2x2 64=2%x2%X2x2x2x2
12=2x2x3 144 =2%x2x2x2x%x3x3

S 15=3x%x5 225=3%x3x5x5 )

How many times does 2 occur in the prime factorisation of 6? Once. How many times
does 2 occur in the prime factorisation of B&®e. Similarly observe the occurrence of
3in6and 36 of 2in 8 and 64 etc.

You will find that each prime factor in the prime factorisation of th2 iég
square of a number, occurs twice the number of times it occurs in
prime factorisation of the number itself. Let us use this to find the squg 81
root of a given square number, say 324. 3 27
We know that the prime factorisation of 324 is 319
324=2x2x3%x3%x3x3 3
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By pairing the prime factors, we get
324 =2 x2x3x3x3x3=2xFxF=2x3%x3H

So, J324=2x3x3=18

Similarly can you find the square root256? Prime factorisation 866 is 2| 256
256 =2 X2 X2%X2%X2X2x2x2 2| 128
By pairing the prime factors we get, 2| 64
256 =2 X 2X 2 X 2%x2X2X2x2=(2x2x2x2) 2| 32
Therefore, /256 = 2x2x 2 x 2 =16 2| 16
Is 48 a perfect square? 21 8
Weknow  48=2x2x2x2x3 2| 4
Since all the factors are not in pairs so 48 is not a perfect square. 2

Suppose we want to find the smallest multiple of 48 that is a perfect square, how
should we proceed? Making pairs of the prime factors of 48 we see that 3 is the only
factor that does not have a p&o we need to multiply by 3 to complete the.pair
Hence 48 x 3 =144 s a perfect square.

Can you tell by which number should we divide 48 to get a perfect square?

The factor 3 is not in pair, so if we divide 48 by 3we get 88 16 =2 x 2x2 x 2

and this number 16 is a perfect square too.

Example 4: Find the square root of 6400.

O D DN DN DNDNDNDNDDN
NN
o
o

Solution: Write 6400 =2 x 2x2 x 2x2 x 2 x2 x 2 X5 x 5 200

Therefore /6400 =2x2x2x2x5=80 2|1 90 100
3| 45 50

Example 5: Is 90 a perfect square? 3[ 15 o5

Solution: We have 90 =2 x 3x 3 x5 5 5
The prime factors 2 and 5 do not occur in pairs. Therefore, 90 is not a perfect square.
That 90 is not a perfect square can also be seen from the fact that it has only one zero.

Example 6: Is 2352 a perfect square? If not, find the smallest multiple of 2352 which| 2352

is a perfect square. Find the square root of the new number 2| 1176
Solution: We have 2352 2 x 2x2 x 2 x 3 X7 x 7 2| 588
As the prime factor 3 has no pair, 2352 is not a perfect square. 2| 294
If 3 gets a pair then the number will become perfect square. So, we multiply 2352 by 3 topet, 147
2352 x 32 X2 %x2Xx2x3 x3 X7 X7 7| 49

Now each prime factor is in a paiherefore, 2352 x 3 =7056 is a perfect square. | 7
Thus the required smallest multiple of 2352 is 7056 which is a perfect square.

And, J7056 =2%x2x3x7 =284

Example 7: Find the smallest number by which 9408 must be divided so that the
guotient is a perfect square. Find the square root of the quotient.
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6,9, 15

3,9,15

1,35

1,1,5
1,1,1

Solution: We have, 9408 2 x 2X 2 X 2x2 x 2 X 3 X7 x 7

If we divide 9408 by the factor 3, then

9408+ 3=3136 2 x 2x2 x 2x 2 x 2x 7 x 7 which is a perfect square. (Why?)
Therefore, the required smallest number is 3.

And, J3136=2x%x2x 2 x 7 =56.

Example 8: Find the smallest square number which is divisible by each of the numbers
6, 9 and 15.

Solution: This has to be done in two steps. First find the smallest common multiple and
then find the square number needed. The least number divisible by each one of 6, 9 and
15is their LCM. The LCM of 6,9 and 15is 2 x 3 x 3 x 5 =90.
Prime factorisation 090 is 90 =28 x 3x 5.

We see that prime factors 2 and 5 are not in pairs. Therefore 90 is not a perfect
square.

In order to get a perfect square, each factor of 90 must be paired. So we need to
make pairs of 2 and 5. Therefore, 90 should be multiplied by 2 x 5, i.e., 10.
Hence, the required square number is 90 x 10 = 900.

B EXERCISE 5.3

1. What could be the possible ‘os&ligits of the square root of each of the following

numbers?
() 9801 (i) 99856 @iy 998001 (v) 657666025

2. Without doing any calculation, find the numbers which are surely not perfect squares.
() 153 (i) 257 (i) 408 (v) 441

3. Findthe square roots of 100 and 169 by the method of repeated subtraction.
4. Find the square roots of the following numbers by the Prime Factorisation Method.

0 729 () 400 (i) 1764 (v) 4096
() 7744 (i) 9604 (i) 5929 (i) 9216
) 529 (X) 8100

5. Foreach of the following numbers, find the smallest whole number by which it should
be multiplied so as to get a perfect square nurAlser find the square root of the
square number so obtained.

() 252 (i) 180 (i) 1008 (v) 2028
(v) 1458 (v) 768

6. Foreach of the following numbers, find the smallest whole number by which it should

be divided so as to get a perfect squalso find the square root of the square

number so obtained.
() 252 i) 2925 (i) 396 (v) 2645
(v) 2800 (v 1620

7. The students of Class VIl of a school donat2d01 in all, for Prime Ministés
National Relief Fund. Each student donated as many rupees as the number of students
in the class. Find the number of students in the class.
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8. 2025 plants are to be planted in a garden in such a way that each row contains as
many plants as the number of rows. Find the number of rows and the number of
plants in each row

9. Find the smallest square number that is divisible by each of the numbers 4, 9 and 10.

10. Find the smallest square number that is divisible by each of the numbers 8, 15 and 20.

5.5.4 Finding square root by division method

When the numbers are large, even the method of finding square root by prime factorisation
becomes lengthy and filifult. To overcome this problem we use Long Division Method.

For this we need to determine the number of digits in the square root.
See the following table:

(" Number Square )
10 100 which is the smallest 3-digit perfect square
31 961 which is the greatest 3-digit perfect squdre
32 1024 which is the smallest 4-digit perfect square

99 9801 which is the greatest 4-digit perfect squgre

So, what can we say about the number of digits in the square root if a perfect
square is a 3-digit or a 4-digit number® \#an say that, if a perfect square ig a
3-digit or a 4-digit number, then its square root will have 2-digits.

Can you tell the number of digits in the square root of a 5-digit or a 6-gligit
perfect square?

The smallest 3-digit perfect square number is 100 which is the square of 10 and the
greatest 3-digit perfect square number is 961 which is the square of 31. The smallest
4-digit square number is 1024 which is the square of 32 and the greatest 4-digit number is
9801 which is the square of 99.

HEEE THINK, DISCUSS AND WRITE Ul

n
Can we say that if a perfect square is-digits, then its square root will ha

(n+1

digitsifn is even 0|nT) if nis odd?

The use of the number of digits in square root of a number is useful in the following method:
® Consider the following steps to find the square root of 529.
Can you estimate the number of digits in the square root of this number?
Step 1 Place abar over every pair of digits starting from the digit at one’s place. If the
number of digits in it is odd, then the left-most single digit too will have a bar

Thus we haves 29. 2
Step 2 Find the largest number whose square is less than or equal to the number under theg
extreme left bar €x 5 < 3). Take this number as the divisor andgbetient [— 4

with thenumber under thextreme lefbar as the dividenithere 5)Divide and ™ 1
get the remainder (1 in this case).
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2 Sep 3 Bring down the number under the next bar (i.e., 29 in this case) to the right of
2| 529 the remainder. So the new dividend is 129.
-4
129 Sep4 Double the quotient and enter it with a blank on its right.
2 Sep5 Guess alargest possible digit to fill the blank which will also become the new
5 £29 digit in the quotient, such that when the new divisor is multiplied to the new
_4 guotient the product is less than or equal to the dividend.
2 | 129 In this case 42 x 2 = 84.
B As 43 x 3 =129 so we choose the new digit as 3. Get the remainder
23
2 5og Stepb6 Since the remainder is 0 and no digits are left in the given number, therefore,
—4 J529 = 23.
43| 129
-129

0 ® Now consider,/4096
Step 1 Place abar over every pair of digits starting from thesatigit. (40 96).

6 Step 2 Find the largest number whose square is less than or equal to the number under
6| 4096 the left-most bar (& 40 < 7). Take this number as the divisor and the number
_36 under the left-most bar as the dividend. Divide and get the remainder i.e., 4 in
I B this case.
4
6 : : . :
6 | 2096 Step 3  Bring down the number under the next bar (i.e., 96) to the right of the remainder
_36 The new dividend is 496.
| 496
6 Sep 4 Double the quotient and enter it with a blank on its right.
6| 4096 o |
—36 Sep5 Guessalargestpossible digit tofill the blank which also becomes the new digitin the
12 496 quotient such that when the new digit is multiplied to the new quotient the product is
h less than or equal to the dividend. In this case we see that 124 x 4 = 496.
% So the new digit in the quotient is 4. Get the remainder
6| 4096

_36 Step 6 Since the remainder is 0 and no bar left, therefgn@oe = 64.
124 496 Estimating the number
— 496 We use bars to find the number of digits in the square root of a perfect square number

529 =23 and 4096= 64
In both the numbers 529 and 4096 there are two bars and the number of digits in their
square root is 2. Can you tell the number of digits in the square root of 144007

By placing bars we gat44 0C. Since there are 3 bars, the square root will be of 3 digit.
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TRY THESE

Without calculating square roots, find the number of digits in the square root |
following numbers.

() 25600 () 100000000 (i) 36864
Example 9: Find the square root of : (i) 729 (i) 1296

Solution:
0 27 @ 0
2 ?2_9 3 1296
-9
—4 1=y
271 329 Thereforey 72% 2 66| 396 Therefore «/ 1296 3
329 | 396
—— 5

Example 10: Find the least number that must be subtracted from 5607 so asto get 74

a perfect squarélso find the square root of the perfect square. 7

5607
Solution: Let us try to find./5607 by long division methodWe get the —-49
remainder 131. It shows that?f&less than 5607 by 131. 144 | 707
This means if we subtract the remainder from the number, we get a perfect squane=°/6
Therefore, the required perfect square is 5607 — 131 = 5476.. /Bads = 74. 131
Example 11: Find the greatest 4-digit number which is a perfect square. 99
Solution: Greatest number of 4-digits = 9999e\fihd /9999 by long division 9| 9999
method. The remainder is 198. This show&a®9ss than 9999 by 198. -8l
This means if we subtract the remainder from the number, we get a perfect s%re. 1899
Therefore, the required perfect square is 9999 — 198 = 9801. —1701

1

And, /9801=99 %
Example 12: Find the least number that must be added to 1300 so as to get a3_6__
perfect square. Also find the square root of the perfect square. 3 1300
Solution: We find \/1300 by long division method. The remainder is 4. =9
This shows that 36< 1300. 66 ggg
Next perfect square number i$371369. —
Hence, the number to be added i5-31300 = 1369 — 1300 = 69. 4

5.6 Square Roots of Decimals

Consider,/17.64

Sep 1l Tofind the square root ofteecimal number we put bars on the integral part
(i.e., 17) of the number in the usual manfed place bars on the decimal part
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4
17.64

- 16

1

4
17.64

- 16

164

17.64
- 16

164

48

2304

704
| 704

(i.e., 64) on every pair of digits beginning with the first decimal place. Proceed

as usualWe get17.64.

Step 2 Now proceed in a similar mann&he left most baris on 17 antkd17 < 5.
Take this number as the divisor and the number under the left-most bar as the
dividend, i.e., 17. Divide and get the remainder

Step 3 The remainder is Write the number under the next bar (i.e., 64) to the right of

this remainderto get 164.
. - - - - - 4.2
Step 4 Double the divisor and enter it with a blank on its right. 1764 64
Since 64 is the decimal part so put a decimal pointin the 16
guotient.
o 82 164
Step5 We know 82 x 2 = 164, therefore, the new digit is 2. _164
Divide and get the remainder 0

Step 6 Since the remainder is 0 and no bar left, therefare64= 4.

Example 13: Find the square root of 12.25.

Solution: 35
3 12.25
-9
Therefore, v 12.25 3.
65 325
325
0

Which way to move

Consider a number 176.341. Put bars on both integral part and decimal part. In what way
is putting bars on decimal part different from integral part? Notice for 176 we start from

the units place close to the decimal and move towards left. The first bar is over 76 and the
second bar over 1. For .341, we start from the decimal and move towards right. First bar

is over 34 and for the second bar we put 0 after 1 and Bake.
Example 14: Area of a square plot is 2304.riind the side of the square plot.
Solution: Area of square plot = 2304°m

Therefore, side of the square plotF2304m
We find that, J2304 =48

Thus, the side of the square plotis 48 m.

Example 15: There are 2401 students in a schodl. teacher wants them to stand
in rows and columns such that the number of rows is equal to the number of columns. Find
the number of rows.
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Solution: Let the number of rows be 49

So, the number of columns¢= 4 2401

Therefore, number of students = x= ¥ -16

Thus,x2 = 2401 givex = /2401 = 49 89 801

The number of rows = 49. 801
0

B EXERCISE 5.4

1. Find the square root of each of the following numbers by Division method.

() 2304 (i) 4489 (i) 3481 (v) 529
(v) 3249 (v) 1369 (vi) 5776 (vii) 7921
(ixX) 576 (x) 1024 (xi) 3136 (xii) 900
2. Find the number of digits in the square root of each of the following numbers (without
any calculation).
() 64 @)y 144 (i) 4489 (v) 27225
(v) 390625
3. Find the square root of the following decimal numbers.
@ 2.56 @y 7.29 (i) 51.84 (v) 42.25
(v) 31.36

4. Find the least number which must be subtracted from each of the following n
S0 as to get a perfect square. Also find the square root of the perfect sc
obtained.

() 402 (i) 1989 @iy 3250 (v) 825
(v) 4000 _

5. Find the least number which must be added to each of the following numbers so
as to get a perfect square. Also find the square root of the perfect square so
obtained.

() 525 @) 1750 (i) 252 (v) 1825
(v) 6412
6. Find the length of the side of a square whose areais441 m

7. Inarighttriangle ABC«B =90°.
(@ IfAB=6cm,BC=8cm,fincAC (b) IfAC=13cm,BC=5cm,findB

8. Agardener has 1000 plants. He wants to plant these in such a way that the number
of rows and the number of columns remain same. Find the minimum number of
plants he needs more for this.

9. There are 500 children in a school. Forg &ill they have to stand in such a
manner that the number of rows is equal to number of columns. How many children
would be left out in this arrangement.
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— WHAT HAVE WE DISCUSSED? _

If a natural numbem can be expressed a5 wheren is also a natural number, theris a
square number.

All square numbers end with 0, 1, 4, 5, 6 or 9 at units place.
Square numbers can only have even number of zeros at the end.
Square rootis the inverse operation of square.

There are two integral square roots of a perfect square number

o N

Positive square root of a number is denoted by the syghbol

For example,3=9 gives/9=3
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Cubes and Cube Roots

[=]:

6.1 Introduction

This is a story about one of India’s great mathematical geniuses, S. Ramanujan. Once
another famous mathematician P@H. Hardy came to visit him in a taxi whose number
was 1729. While talking to Ramanujan, Hardy described this num

“a dull number”. Ramanujan quickly pointed outthat 1729 wasindgl Hardy - Ramanujan
interesting. He said it is the smallest number that can be expres N”mb_er
as a sum of two cubes in two different ways: 1729 is the smallest Hardy+

Ramanujan NumbeiThere
— —_ 3
1729 =1728 + 1 = 12+ 1 are an infinitely many such

1729 =1000 + 729 = 10+ & numbers. Few are 4104

1729 has since been known as the Hardy — Ramanujan Num| (2, 16; 9, 15), 13832 (18, 20

even though this feature of 1729 was known more than 300yg 2, 24), Check it with the
before Ramanujan. numbers given in the brackety.

How did Ramanujan know thi¥¥ell, he loved numberalll
through his life, he experimented with numbers. He probably found
numbers that were expressed as the sum of two squares and sum of
two cubes also.

There are many other interesting patterns of cubes. Let us learn about cubes, cube
roots and many other interesting facts related to them.

Figures which have
3-dimensions are known ag
solid figures.

6.2 Cubes

You know that the word ‘cubis used in geometi& cube is
a solid figure which has all its sides equal. How many cubesof~ -
side 1 cm will make a cube of side 2 cm?

How many cubes of side 1 cm will make a cube of side 3cm
Consider the numbers 1, 8, 27, ...

These are callegerfect cubes or cube numbersCan you say why
they are named so? Each of them is obtained when a number is multiplied ky
taking it three times.

\
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Wenotethat 1 =1x1x1218=2%x2x2=227=3x3%x3=3
Since 3=5 x5 x 5 =125, therefore 125 is a cube number.

Is 9 a cube number? No, as 9 = 3 x 3 and there is no natural number which multiplied
by taking three times gives\@e can see alsothat2 x 2 x2=8and 3 x 3 x 3HLY.
shows that 9 is not a perfect cube.

The following are the cubes of numbers from 1 to 10.

Table 1
1 1¥=1
2 2=8
3 3P =27 .
The numbers 729, 1000, 1728 4 2= 64
are also perfect cubes.
5 5= /
6 6=_
7 =99\
8 & 5y N\
9 RS
10 =

There are only ten perfect cubes from 1 to 1000. (Check this). How many perfect
cubes are there from 1 to 100?

Observe the cubes of even numbars.they all evenWhat can you say about the
cubes of odd numbers?
Following are the cubes of the numbers frdmal20.

Table 2
are our cubes
11 1331
12 1728

\13 2197
14 2744
\\\\\\\}5 3375
16 4096

We are odd so are —— 17 4913

our cubes 18 5832
19 6859
20 8000
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Consider a few numbers having 1 as thesodigit (or units). Find the cube of each
of themWhat can you say about the one’s digit of the cube of a number having 1 as the
ones digit?
Similarly, explore the ong’digit of cubes of numbers ending in 2, 3, 4, ... , etc.

TRY THESE

Find the one’s digit of the cube of each of the following numbers.
@ 3331 (i) 8888 @iy 149 (v) 1005
(v) 1024 i) 77 (vi) 5022 (vii) 53

6.2.1 Some interesting patterns

1. Adding consecutive odd numbers
Observe the following pattern of sums of odd numbers.

1 = 1 = 13

3 + 5 = 8 = 28

7 + 9 + AN= 27 2 @

13 + 15 + 17 + 19 = 64 = #%

21 + 23 + 25 + 27 + 29 = 125 = 35

Is it not interesting? How many consecutive odd numbers will be needed to obtain
the sum as ¥0

TRY THESE

Express the following numbers as the sum of odd numbers using the above pa &
(@ 6 (b) 8 (c 7
Consider the following pattern.
2-P=1+2x1x3
F-2=1+3%x2x%x3
P-F=1+4%x3x3
Using the above pattern, find the value of the following.
0 7-6 @ 12-13 @iy 20¢°-19 (v) 513-5C

2. Cubes and their prime factors
Consider the following prime factorisation of the numbers and their cubes.

Prime factorisation Prime factorisation each prime facto
of a number of its cube appears three times
4=2x2 B=64=2x2x2x2X2Xx23% B in lts cubes
6=2x3 6°2=216=2%x2x2x3x3x3=23
15=3x5 153=3375=3x3x3x5x5x5=285
12=2x2x3 12=1728=2x2x%x2%x2%x2x2x3x3x%x3
=2x2x 3
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216
108
54
27
9

3

1

Observe that each prime factor of a number appear
three times in the prime factorisation of its cube.

In the prime factorisation of any numjgeach factor
appears three times, then, is the number a perfect cube?
Think aboutit. Is 216 a perfect cube?

By prime factorisation, 216 =2 x2x2x3x3x 3
Each factor appears 3 timel6 =23 x 3* = (2 x 3}
=6* which is a perfect cube!
Is 729 a perfectcube? 729 =3 x3 x3x3 x 3 X
Yes, 729 is a perfect cube.
Now let us check for 500.
Prime factorisation of 500is 2 x 5% 5 x 5
So, 500 is not a perfect cube.

Do you remember that

factors can be

There are three
5's in the product bu
only two 25.

Example 1: Is 243 a perfect cube?

Solution: 243 =3 x3x3x3x3

In the above factorisation 3 x 3 remains after grouping the 3’s in trifiietefore 243 is
not a perfect cube.

TRY THESE

Which of the following are perfect cubes?
1. 400 2. 3375 3. 8000 4. 15625
5. 9000 6. 6859 7. 2025 8. 10648

6.2.2 Smallest multiple that is a perfect cube

Raj made a cuboid of plasticine. Length, breadth and height of the cuboid are 15 cm,
30 cm, 15 cm respectively

Anu asks how many such cuboids will she need to make a perfect cube? Can you tell?

Raj saidolume of cuboidis 15x30x 1§3x5x2x3x5x3 x5
=2x3x3x3x5x5x%x5

Since there is only one 2 in the prime factorisation. Sowe need 2 x 2, i.e., 4 to make
it a perfect cube. Therefore, we need 4 such cuboids to make a cube.
Example 2: |s 392 a perfect cube? If not, find the smallest natural number by which
392 must be multiplied so that the product is a perfect cube.
Solution: 392 =2 X 2 X 2x 7 x 7

The prime factor 7 does not appear in a group of three. Therefore, 392 is not a perfect
cube.To make its a cube, we need one more 7. In that case
392 X7 =2x2%X2x7TX7X7=2744 which is a perfect cube.

Reprint 2024-25



CuBes anp Cuse Roots M 75

Hence the smallesaturahumber by which 392 should be multiplied to make a perfect
cubeis 7.

Example 3: Is 53240 a perfect cube? If not, then by which smallest natural number
should 53240 be divided so that the quotient is a perfect cube?

Solution: 53240 =2 x 2 x 2 x11 x 11 x 11 x5

The prime factor 5 does not appear in a group of three. So, 53240 is not a perfect cube.
In the factorisation 5 appears only one time. If we divide the number by 5, then the prime
factorisation of the quotient will not contain 5.

So, 53240+-5=2x2x2x11x1N x11

Hence the smallest number by which 53240 should be divided to make it a perfect
cubeis 5.

The perfect cube in that case is = 10648.

Example 4: Is 1188 a perfect cube? If not, by which smallest natural number should
1188 be divided so that the quotient is a perfect cube?
Solution: 1188 =2x28x3 x 3x 11

The primes 2 and 11 do not appear in groups of three. So, 1188 is not a perfect cube. In
the factorisation of 1188 the prime 2 appears only two times and the prinapfears

once. So, if we divide1B8 by 2 x 2 x 11 = 44, then the prime factorisation of the
guotient will not contain 2 and.1

Hence the smallest natural number by which 1188 should be divided to make it a
perfect cube is 44.

And the resulting perfect cube 88+ 44 = 27 (=3).

Example 5: Is 68600 a perfect cube? If not, find the smallest number by which 68600
must be multiplied to get a perfect cube.

Solution: We have, 68600 =2 x 2 x 2 x5x5x 7 x 7 x 7. In this factorisation, we
find that there is no triplet of 5.
So, 68600 is not a perfect culbe.make ita perfect cube we multiply it by 5.
Thus, 68600 x5=2x2%x2x5%x5x5%x7x7x%x7
= 343000, whichis a perfect cube.

Observe that 343 is a perfect cube. From Example 5 we know that 343000 is also
perfect cube.

HEEE THINK, DISCUSS AND WRITE WlEEN

Check which of the following are perfect cubes. (i) 2700 (i) 16000 (iii) 64000|
(iv) 900 (v) 125000 (vi) 36000 (vii) 21600 (viii) 10,000 (ix) 27000000 (x) 100
What pattern do you observe in these perfect cubes?
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B EXERCISE 6.1

1. Which of the following numbers are not perfect cubes?

(i 216 (i) 128 @iy 1000 (v) 100
(v) 46656
2. Find the smallest number by which each of the following numbers must be multiplied
to obtain a perfect cube.
() 243 (i) 256 @iy 72 (v) 675
(v) 100

3. Find the smallest number by which each of the following numbers must be divided to
obtain a perfect cube.
(i 81 (i) 128 @iy 135 (v) 192
(v) 704
4. Parikshit makes a cuboid of plasticine of sides 5 cm, 2 cm, 5 cm. How many such
cuboids will he need to form a cube?

6.3 Cube Roots

If the volume of a cube is 125 émvhat would be the length of its sideget the length
of the side of the cube, we need to know a number whose cube is 125.

Finding the square root, as you know, is the inverse operation of squaring. Similarly
finding the cube root is the inverse operation of finding cube.

We know that 2= 8; so we say that the cube root of 8 is 2.
We write 3/g = 2.The symbol 3/ denotes ‘cube-pot.’
Consider the following:

Statement Inference Statement Inference

1°=1 =1 6° =216 3216 =6
=8 Yg =3p3=2 73 =343 3343 =7
¥ =27 Yo7 =33 =3 8 =512 3512 =8
4 =64 Yoa =4 9= 729 3729 =9
5 =125 3125 =5 10° = 1000 31000 =10

6.3.1 Cube root through prime factorisation method
Consider 3378Me find its cube root by prime factorisation:
3375=3x3x3x5x5x5=3x5=(3 x5}

Therefore, cube root of 3375 $/3375=3 x5 =15
Similarly, to find 3/74088, we have,
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74088 =2 x 2 x 2x 3 X IXIX T XTI X T=2xFxP=2%x3%x71
Therefore,3/74088 =2 x 3 x 7 = 42
Example 6: Find the cube root of 8000.
Solution: Prime factorisation of 8000 X% 2 x 2x2 x 2 x 2x5 x5 x 5

So, 3/8000=2%x2x%x5=20
Example 7: Find the cube root of 13824 by prime factorisation method.

Solution:
13824 2 x 2 x2x2 X2 X2x2x2x2x3 X3 x3=Bx Bx Bx 3,

Therefore,313824=2x2x2x3=24

B THINK, DISCUSS AND WRITE Ul
State true or false: for any integam? < m®. Why?

B EXERCISE 6.2

1. Find the cube root of each of the following numbers by prime factorisation n

i) 64 i) 512 (i) 10648 ) 27000
() 15625 () 13824 (vi) 110592 (vii) 46656
(X 175616 (x) 91125

2. State true or false.

() Cube of any odd number is even.

(@) A perfect cube does not end with two zeros.

(i) 1f square of a number ends with 5, then its cube ends with 25.
(v) Thereis no perfect cube which ends with 8.

(v) The cube of a two digit number may be a three digit number
(vi) The cube of a two digit number may have seven or more digits.
(vi) The cube of a single digit number may be a single digit number

— WHAT HAVE WE DISCUSSED? —

Numbers like 1729, 4104, 13832, are known as Hardy — Ramanujan Numbers. They ¢
expressed as sum of two cubes in two different ways.

2. Numbers obtained when a number is multiplied by itself three times are knowtreasimbers
For example 1, 8, 27, ... etc

3. Ifinthe prime factorisation of any number each factor appears three times, then the numb
perfect cube.

4. The symbold/~ denotes cube root. For examgle7 =

Reprint 2024-25



YT NOTES AT

Reprint 2024-25



CHAPTER

Comparing Quantities

7.1 Recalling Ratios and Percentages

We know, ratio means comparing two quantities.
A basket has two types of fruits, say, 20 apples and 5 oranges.
Then, the ratio of the number of oranges to the number of apples =5

5 €1
The comparison can be done by using fraction%s; 2

1
The number of oranges ifth the number of apples. In terms of ratio, this is

1:4,readas, “listo 4”
OR

20 4
Number of apples to number of orangeg==- which means, the number of apples
is 4 times the number of oranges. This comparison can also be done using percentages.

There are 5 oranges out of 25 fruifs. By unitary method:
So percentage of oranges is Out of 25 fruits, number of oranges arg 5.
5 4 20 So out of 100 fruits, number of oranges
—X—=——=20% OR
25 4 100 =ix1oo — 20.
[Denominator made 100]. 25

Since@ contains only apples and oranges,

So, percentage of applespercentage of oranges = 100
or percentage of apples20 = 100

or percentage of apples0 — 20 = 80

Thus the basket has 20% oranges and 80% apples.

Example 1: A picnic is being planned in a school for Class VII. Girls are 60% of the
total number of students and are 18 in number

The picnic site is 55 km from the school and the transport company is charging at the rate
ofz 12 per km. The total cost of refreshments wik B&80.
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Canyoutell.
1. The ratio of the number of girls to the number of boys in the class?
2. The cost per head if two teachers are also going with the class?
3. Iftheir first stop is at a place 22 km from the school, what per cent of the total
distance 065 km is this? What per cent of the distance is left to be covered?

Solution:

1. Tofind the ratio of girls to boys.
Ashima and John came up with the following answers.
They needed to know the number of boys and also the total number of students.

Ashima did this John used the unitary method
Let the total number of students There are 60 girls out of 100 studgnts.
100
bex. 60% ofx is girls. There is one girl out crfg students.
Therefore, 60% of x 18 So, 18 girls are out of how many students?
ﬂ><x—18 OR | Number of stud t-lE)le3
100 = umber of students 50
18x 100 20 _ 30
o, X=""g57 = =
Number of students = 30.

So, the number of boys =30 -282.

=
[ee]

: . . 3
Hence, ratio of the number of girls to the number of boys is 18r. 12 = 5

3
5 iswrittenas 3: 2 andread as 3isto 2.

2. Tofind the cost per person.
Transportation chargeBistance both ways x Rate

=3 (55 x2)x 12
=110 x 12 =< 1320
Total expenses Refreshment charge
+ Transportation chge
=3 4280 + 1320
=% 5600 =
Total number of personsl8 girls + 12 boys + 2 teachers
= 32 persons

Ashima and John then used unitary method to find the cost per head.
For 32 persons, amount spent woul@ B600.

The amount spent for 1 persoR 25%) =% 175.
3. The distance of the place where first stop was made = 22 km.
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To find the percentage of distance:

Ashima used this method: John used the unitary method:
2222, 200 40% Out of 55 km, 22 km are travelled
55" 55 100 uto m, m are travelled.

0 22

She is multiplying OR Out of 1 km,— km are travelled.
100 95

the ratio byﬁ) =1 22

i Out of 100 km:=—= x 100 km are travelled.

and converting to '55

percentage. That is 40% of the total distance is travelled.

Both came out with the same answer that the distance from their school of the place where
they stopped at was 40% of the total distance they had to travel.
Therefore, the percent distance left to be travelled = 100% — 40% = 60%.

TRY THESE

In a primary school, the parents were asked about the number of hours they spend per day

1
in helping their children to do homework. There were 90 parents who helpfdhmrr

1
to 15 hours. The distribution of parents according to the time for which, hdlid ntot“
elp at a
they said they helped is given in the adjoining figure ; 20% helped for ’

1
more tharlE hours per day;

1 1
30% helped fOE hour t01§ hours; 50% did not help at all.
Using this, answer the following: e
lhour to Helped for more

() How many parents were surveyed?
() How many said that they did not help? 1 2 than 1%1.01“

= hou
(i) How many said that they helped for more thanhours? o

HEE EXERCISE 7.1

1. Find the ratio of the following.
(@) Speed of a cycle 15 km per hour to the speed of scooter 30 km per h

(b) 5mto 10 km (c) 50 paiset@ 5

2. Convert the following ratios to percentages.
@ 3:4 (b) 2:3

3. 72% of 25 students are interested in mathematics. How many are not interested
in mathematics?

4. Afootball team won 10 matches out of the total number of matches they played. If
their win percentage was 40, then how many matches did they play in all?

5. If Chameli had 600 left after spending 75% of her money, how much did she have
in the beginning?
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6. If60% people in a city like cricket, 30% like football and the remaining like other
games, then what per cent of the people like other games? If the total number of
people is 50 lakh, find the exact number who like each type of game.

7.2 Finding Discounts

Discountis a reduction given on the Marked Price
(MP) of the article

This is generally given to attract customers to buy,
goods or to promote sales of the go¥dst can find
the discount by subtracting its sale price from i
marked price. :
So, Discount = Marked price — Sale price 7 \

Example 2: An item marked at 840 is sold for 714. What is the discount and
discount %?

Solution: Discount =Marked Price — Sale Price
=3¥840-<714
=3%126

Since discount is on marked price, we will have to use marked price as the base.

On marked price af840, the discount &126.
On MP ofz 100, how much will the discount be?

126
i ——— x100% = 0,
Discount 840 0=15%

&~ You can also find discount when discount % is given.

Example 3: The list price of a frock ig 220.
A discount of 20% is announced on sales. What is the amount
of discount on it and its sale price. 20% off

Solution: Marked price is same as the list price.
20% discount means that @00 (MP), the discount ¥20.

By unitary method, ofll the discount will be 12—50 .

Rs 220

20
¥ 220, di t2—x220=344
On 0, discoun 100

The sale price (220 X 44) orz 176

Rehana found the sale price like this —
A discount of 20% means for a MPRdE0O, discount i 20. Hence the sale price is
? 80. Using unitary method, when MRi$00, sale price &80;
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80
When MP ig 1, sale price i8 —

100° Even though the
80 discount was not
Hence when MP 8220, sale price tl_OO x 220 =37 176. found, I could find
the sale price
directly.

TRY THESE

1. Ashop gives 20% discount. What would the sale price of each of these be?
(@) Adress marked &t120 (b) A pair of shoes markeda¥50
(c) Abagmarked & 250

2. Atable marked &15,000 is available far14,400. Find the discount given and
the discount per cent.

3. Analmirahis sold at5,225 after allowing a discount of 5%. Find its marked price.

7.2.1 Estimation in percentages

Your billin a shop i8 577.80 and the shopkeeper gives a discount of 15%. How would
you estimate the amount to be paid?

() Round off the bill to the nearest teng &f77.80, i.e., t& 580.
() Find 10% of this, i.ez %x 580=% 58,

i) Take half of this, i.e% x58=% 29,

(v) Addthe amountsin (ii) and (iii) to ge87.
You could therefore reduce your bill amount By or by about 85, which will be
¥ 495 approximately

1. Tryestimating 20% of the same billamount. 2. Try finding 15% ok 375.

7.3 Sales Tax/Value Added Tax/Goods and
Services Tax
The teacher showed the class a bill in which the following heads were written.

( Bill No. | Date )
Menu
S.No. Item Quantity [ Rate | Amount
Billamount
+ ST (5%)
S Total )
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Sales tax (ST) is charged by the government on the sale of an item. It is collected by the
shopkeeper from the customer and given to the governiitasts, therefore, always o
the selling price of an item and is added to the value of th@béke is another type of td
which is included in the prices known ¥alue Added Tax (VAT).

X =

From July 1, 2017, Government of India introduced GST which stands for Goods and
Services Tax which is levied on supply of goods or services or both.

Example 4: (Finding SalesTax) The cost of a pair 0"
roller skates at a shop wag50. The sales tax charged w
5%. Find the billamount.

Solution: Onz 100, the tax paid was5.

5
Onz 450, the tax paid would be?:l—oox 450

=3 2250
Bill amount = Cost of item + Sales tax 450 +% 22.50 =% 472.50.

Example 5: (Value Added Tax (VAT)) Waheeda bought an air cooler fa8300
including a tax of 10%. Find the price of the air cooler beféiewas added.
Solution: The price includes the VAT.e., the value added takhus, a 10%/AT
means if the price withoMAT isz 100 then price includingAT isz 110.

Now, when price including/AT isz 110, original price i§ 100.

s : : e . _100
Hence when price including taxi8300, the original price :1—10><3300= ¥ 3000

Example 6: Salim bought an article f@784 which included GST of 12% . What is
the price of the article before GST was added?

Solution: Let original price of the article b2100. GST = 12%.

Price after GSTs included = (100+12) % 112

When the selling price 8112 then original price £100.

When the selling price &784, then original pricez 1_OO>< 784=% 700
12

B THINK, DISCUSS AND WRITE Ul

1. Two times a number is a 100% increase in the number. If we take half the number
what would be the decrease in per cent?

2. By what per cent i82,000 less than2,4007? Is it the same as the per cent by
whichz 2,400 is more than2,000?
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B EXERCISE 7.2

1. During a sale, a shop offered a discount of 10% on the marked pr
of all the items. What would a customer have to pay for a pair
jeans marked &t1450 and two shirts markede850 each?

2. Theprice ofa TV ig 13,000. The sales tax charged on it is at the rate
12%. Find the amount theiinod will have to pay if he buysiit.
3. Arunbought a pair of skates at a sale where the discount given was.
If the amount he paysisl,600, find the marked price. i
4. | purchased a hair-dryer f056,400 including 8%AT . Find the price
beforeVAT was added.

5. An article was purchased 0239 including GST of 18%. Find the price of the
article before GST was added?

7.4 Compound Interest

You might have come across statements like “one year interest for FD (fixed deposit) in
the bank @ 9% per annum” or ‘Savings account with interest @ 5% per annum’.

Interest is the extra money paid by institutions like banks or post offices on r::ti
ne

deposited (kept) with them. Interest is also paid by people when they borrow
We already know how to calculg®@mple Interest

Example 7: A sum ok 10,000 is borrowed at a rate of interest 15% per annum fo
years. Find the simple interest on this sum and the amount to be paid at the end of 2 years.

Solution: Onz 100, interest charged for 1 yeari$b.

15
So, org 10,000, interest chargedﬁa x1000C=z 1500

Interest for 2 years 1500 x 2 % 3000
Amount to be paid at the end of 2 yeaRrincipal + Interest

=% 10000 v 3000=z 13000
TRY THESE

Find interest and amount to be paickdb000 at 5% per annum after 2 years.

My father has kept some money in the post office for 3 years. Every year the
increases as more than the previous year

We have some money in the bank. Every year some interest is added to it, \
shown in the passbook. This interest is not the same, each year itincreases.
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Normally, the interest paid or clggd is never simple. The interest is calculated o the
amount of the previous yedhis is known as interest compounde€ompound
Interest (C.1.).

Let us take an example and find the interest year by year. Each year our sum or
principal changes.

Calculating Compound Interest

A sum ofz 20,000 is borrowed by Heena for 2 years at an interest of 8% compounded
annually Find the Compound Interest (C.1.) and the amount she has to pay at the end of
2 years.

Aslam asked the teacher whether this means that they should find the interest year by
yeat The teacher said ‘yes’, and asked him to use the following steps :
1. Find the Simple Interest (S.l.) for one year
Let the principal for the first year be. Piere, P=% 20,000
20000« 8

= 0, - =
Sl, = Sl at 8% p.a. for 1st year 100 % 1600

2. Then find the amount which will be paid or received. This becomes principal for the
next year
Amount at the end of 1st yeaP-+ Sl =% 20000 + 1600

=% 21600 = P(Principal for 2nd year)
3. Again find the interest on this sum for another year

21600x 8
Sl,= Sl at 8% p.a.for 2nd year=———~—— 100
=31728
4. Find the amount which has to be paid or received at the end of second year
Amount at the end of 2nd yeaP5 + S|,
=% 21600 ®k 1728
=7 23328
Total interest given 2 1600 +z 1728
=7 3328

Reeta asked whether the amount would be different for simple interest. The teacher
told her to find the interest for two years and see for herself.

20000« 8 z
Slfor 2 years 100 =% 3200

Reeta said that when compound interest was used Heena wotllt28ayore.

Let us look at the diérence between simple interest and compound int¥vesttart
with 2 100.Try completing the chart.
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f Under Under )
Simple Interest | Compound Interest
First year Principal ¥ 100.00 ¥ 100.00
Interest at 10% ¥ 10.00 ¥ 10.00
Year-end amourjt ¥ 110.00 ¥ 110.00
Second year| Principal ¥ 100.00 ¥ 110.00
Which
Interest at 10% ¥ 10.00 ¥ 11.00 means you
Year-end amount (110 + 10) = 120 :  121.00 b ket
Third year | Principal z 100.00 7 121.00 ugjest
accumulated
Interest at 10% ¥ 10.00 ¥ 1210 till then!
Year-end amount (120 + 10) = 130 ¥ 133.10
N J

Note thatin 3 years,

Interest earned by Simple Interest @30 — 100) % 30, whereas,
Interest earned by Compound Intere&t(#33.10 — 100) < 33.10

Note also that the Principal remains the same under Simple Interest, while it changes
year after year under compound interest.

7.5 Deducing a Formula for Compound Interest

Zubeda asked her teachiés there an easier way to find compoumtdrest?’
The teacher said here isashorter way ofinding compound interest. Let us

try to find it.’

Suppose Pis the sum on which interest is compounded annually at a rate of R%

per annum.

Let P, =2 5000 and R = 5. Then by the steps mentioned above

1 Sl =2 5000x 5« 1
! 100

so, A, =2 5000 + 100

5
=37 5000 (1+—) =

100

5000x 5«

or

1
or

P

2
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— [1+i)xﬁ' _ B xRx1
2. Sl,=35000| 1+ 755 1% 755 or S, =150
5000x 5 5 R R
=3 1+ =R |1+ — |xX—
100 ( 100) 1( " 100) 100

2 100 100 0 2
=3 5000( 1+i) (1+i) = Pl(1+ R ) N R(Il+ R )
100 100 100 10 100
5 \? R R
=3 50000 —| =P =RPl1+—||1+—
( +1oo) s 1( 100)( 100)
R 2
=P|1+—| =P.
1( 100) 3

Proceeding in this way the amount at the emdyefars will be

n
A = Pl(1+ i)
100

n
Or, we can say A= P(1+ i)
100

So, Zubeda said, but using this we get only the formula for the amount to be paid at the
end ofnyears, and not the formula for compound interest.

Aruna at once said that we know CI =& so we can easily find the compound
interest too.

Example 8: Find Cl org 12600 for 2 years at 10% per annum compounded annually

R n
Solution: We have, A= P(1+ H)) , where Principal (P) £12600, Rate (R) = 10,

Number of yearg) = 2

10 \? 11)?
=712600 +— | =z 12600 —
0( 100) 600(10)
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11 TRY THESE
=z 12600>< — >< — =3 15246

10 10
_ _ 1. Find Cl on a sum o 8000 for
Cl=A-P=%15246 X 12600 =% 2646 2 years at 5% per annum

compounded annually

7.6 Applications of Compound Interest Formula

There are some situations where we could use the formula for calculation of amount in ClI.
Here are a few

() Increase (or decrease) in population.
() The growth of a bacteria if the rate of growth is known.
(i) The value of anitem, if its price increases or decreases in the intermediate years.

Example 9: The population of a city was 20,000 in the year 1997. It increased at the
rate of 5% p.a. Find the population at the end of the year 2000.

Solution: There is 5% increase in population every year, so every new year has new
population. Thus, we can say it is increasing in compounded form.

Population in the beginning of 1998 = 20000 (we treat this as the principal fontbar) st

5
0 =——x 20000= 100(
Increase at 5% 100

Trea_Lt as
Population in 1999 20000 + 1000 = 2100€X thef Pr![rrmlmpal
or the

2nd year

5
0 =——x 21000= 105(
Increase at 5% 100

Population in 2000 21000 + 1050

Treat as
=22050 ———"| the Principal
5 for the
Increase at 5% = 7o 2205C 3rdyear

=1102.5
At the end of 2000 the populatior22050 + 1102.5 = 23152.5

5 3
or, Population at the end of 20026000 (1+ ﬁ))

= 20000x 2 x Zx 2]

20 20 20
=23152.5
So, the estimated populatior23153.
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Aruna asked what is to be done if there is a decrease. The teacher then considered
the following example.

Example 10: ATV was bought at a price ©21,000. After one year the value of the
TV was depreciated by 5% (Depreciation means reduction of value due to use and age of
the item). Find the value of ti&/ after one year

Solution:

Principal =t 21,000
Reduction =5% ofz 21000 per year

21000« 51
T

value at the end of 1 year=21000 % 1050 =% 19,950

Alternately, We may directly get this as follows:
value at the end of 1 year=21000 (1— —)

19
=% 21000 x5~ =% 19,950

20
TRY THESE

1. Amachinery wortk 10,500 depreciated by 5%. Find its value after one year

2. Find the population of a city after 2 years, which is at present 12 lakh, if the rate
of increase is 4%.

B EXERCISE 7.3

1. The population of a place increased to 54,000 in 2003 at a rate of 5% per annum
() find the populationin 2001.

(i) whatwould be its population in 2005?
2. InaLaboratorythe count of bacteriain a certain experiment was increasing at the

rate of 2.5% per hour. Find the bacteria at the end of 2 hours if the count was
initially 5, 06,000.

3. Ascooter was boughta#2,000. Its value
depreciated at the rate of 8% per annum.
Find its value after one year
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— WHAT HAVE WE DISCUSSED? —

Discountis a reduction given on marked price.
Discount = Marked Price — Sale Price.

2. Discount can be calculated when discount percentage is given.
Discount = Discount % of Marked Price

3. Additional expenses made after buying an article are included in the cost price and ar
known asoverhead expenses.

CP =Buying price + Overhead expenses

4. Salestaxis charged on the sale of an item by the government and is added #rticBtll
Sales tax Fax% of Bill Amount

5. GSTstands for Goods and Servides and is levied on supply of goods or services or both.

6. Compound interest is the interest calculated on the previous ge@unt (A= P+ )
. J
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Algebraic Expressions
and Identities

8.1 Addition and Subtraction of Algebraic
Expressions

In earlier classes, we have already becomefamiliar with what algebraic expressions
(or smply expressions) are. Examplesof expressonsare:

X+ 3,2y—5, 3x3, 4xy + 7 €tc.
Intheearlier classes, we havea so learnt how to add and subtract algebraic expressions.
For example, to add 7x? —4x + 5 and 9x— 10, we do

X2 —-4x+ 5
+ 9% — 10
7> +5x—-5

Observe how we do the addition. We write each expression to be added in a separate
row. Whiledoing so wewriteliketerms one below the other, and add them, as shown.
Thus5+ (-10) =5-10=-5. Similarly, —4x + 9x = (— 4 + 9)x = 5x. L et ustake some
moreexamples.

Example 1: Add: 7xy + 5yz— 3zx, 4yz + 9zx — 4y , —3xZ + 5x — 2xy.

Solution: Writing the three expressionsin separate rows, with like terms one bel ow
the other, wehave

Xy + 5yz —3zx
+ 4yz + 97X —4y
+ —2xy —3zx + 5X (Notexzissameaszx)

5xy + 9yz+3zx + 5x —4y

Thus, the sum of the expressionsis5xy + 9yz+ 3zx + 5x —4y. Note how theterms, — 4y
inthe second expression and 5x in thethird expression, are carried over asthey are,
sincethey haveno liketermsinthe other expressions.
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Example 2: Subtract 5x° — 4y? + 6y — 3 from 7x? — 4xy + 8y? + 5x — 3y.
Solution:
7% —4xy + 8y* + 5x — 3y
5x? —4y? +6y—-3
) ) () &)
22 —4xy +12y? + bx —9y + 3

Notethat subtraction of anumber isthe same asaddition of itsadditiveinverse.
Thussubtracting—3isthesameasadding +3. Similarly, subtracting 6y isthesameas
adding—6y; subtracting—4y? isthe same asadding 4y?and so on. Thesignsinthe
third row written below each termin the second row help usin knowingwhich
operation hasto be performed.

H EXERCISE 8.1
1. Addthefollowing.
() ab—bc,bc—ca,ca—ab (i) a—b+ab,b—c+bc,c—a+ac
@)y 2p°g?—3pq+ 4,5+ 7pg — 3p*F? (iv) IP+nm?, n?+n? n2+12
2lm+ 2mn + 2nl
2. (@ Subtract 4a—7ab+3b+ 12 from12a—9ab+5b—3
(b) Subtract 3xy + 5yz— 7zx from 5xy — 2yz — 2zx + 10xyz
() Subtract 4p*q-—3pqg+ 5pg?—8p + 7q—10from
18 — 3p — 119 + 5pg — 2pg? + 5p?q

8.2 Multiplication of Algebraic Expressions:
Introduction

(i) Look atthefollowing patternsof dots.

- Pattern of dots Total number of dots\

e 6 o o o o [ ] e o

® 6 o o o o [ ] e o

e e 06 06 06 06 0 o0 o 4%x9

® 6 o o o o [ ] e o

® 6 o o o o [ ]

® 6 o6 o o o [ ]

e 6 o o o o [ ]

e 6 o o o o [ ] 5 X 7

® 6 o o o o [ ]
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n

/\/\—/—\ To find the number of
e o 06 0o - - - o o dots we have to multiply
¢ e 060~ - - 0 the expression for the

m< _ _ _ _ _ - _ _ _ number of rows by the
_______ - - mxn expression for the
e o 06 6 - - " e number of columns.

mXn
n+3

— —N- —~
: : : : - : : : : : Here the number of rows
_______ - - - - = isincreased by

“J- - - - - - c¢ - - - - - 2,i.e., m+ 2and number

Y- _ _ ___----°”cC (m+2)x(n+3) of columnsincreased by
e 6 066 - - — o 0 0 o o 3,i.e,n+3.
e 6 6 o6 - - - o o o o o
e 6 6 o - - - e o o o o

\_ 4

(i) Canyounow think of smilar other Stuationsinwhich i

two a gebraic expressionshaveto bemultiplied? I
b

Ameenagetsup. She says, “We can think of areaof b-3
arectangle.” Theareaof arectangleisl x b, wherel 1
isthelength, and b is breadth. If thelength of the ¢ I g

rectangle isincreased by 5 units, i.e, (I +5) and I+5

breadth is decreased by 3 units, i.e.,, (b—3) units,
theareaof thenew rectanglewill be (I +5) x (b—3).
(i) Can you think about volume? (The volume of a

rectangular box isgiven by the product of itslength,
breadth and height).

(iv) Saritapointsout that whenwebuy things, wehaveto
carry out multiplication. For example, if

To find the area of arectangle, we

haveto multiply algebraic
expressionslikel x bor

(1+5) x (b=3).

price of bananasper dozen=3 p
and for the school picnic bananas needed = zdozens,
thenwehavetopay =3 px z

Suppose, the price per dozen wasless by % 2 and the bananas needed were less by
4 dozens.

Then, priceof bananasper dozen=3 (p-2)
and bananas needed = (z—4) dozens,
Therefore, wewould haveto pay =X (p-2) x(z-4)
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TRY THESE

Canyouthink of two moresuch situations, wherewe may need to multiply agebraic
expressons?
[Hint: e Think of speedandtime;

e Think of interest tobepaid, theprincipa andtherateof smpleinterest; etc.]

Inall theabove examples, we had to carry out multiplication of two or more quantities. If
the quantities are given by algebraic expressions, we need to find their product. This
meansthat we should know how to obtain this product. L et usdo thissystematically. To
beginwithweshal ook at the multiplication of two monomias.
8.3 Multiplying a Monomial by a Monomial
Expressionthat containsonly onetermiscalledamonomial.
8.3.1 Multiplying two monomials
Webeginwith

4xxX=X+X+X+X=4x asseen earlier.

Noticethat all the three

Smilaly, 4 x (3x) = 3x+ 3x + 3x + 3x = 12X productsof monomials, 3xy,
Now, observethefollowing products. 15xy, ~15¢y, arealso
monomials.

@) XX3y=Xx3xXy=3xXxy=3xy
(iN) Exx3y=5xxx3xy=5x3xxxy =15xy
(i)  5xx(3y)=5xxx(=3) xy

=5 X (=3) xxxy =-15xy

Somemoreuseful examplesfollow.
Notethat 5x4=20

2 — 2
) XX 4x = (5x 4) x (xx X)) i.e., coefficient of product = coefficient of
= 20 x x®=20x3 first monomial x coefficient of second

~ monomid;
(V) 5Xx(_4xyz)_(5x 4)X(XXde X X X2 = X3

=20 x (x x X x yz) = —20x%yz i.e, algebraic factor of product
Observe how we collect the powersof different variables = algebraic factor of first monomial
inthealgebraic partsof thetwo monomials. Whiledoing x algebraic factor of second monomial.
so, we usetherules of exponentsand powers.

8.3.2 Multiplying three or more monomials
Observethefollowing examples.
(0] 2X x By x 7z = (2x x By) x 7z=10xy x 7z = 70xyz
(i)  4xy x 5x2y2 x 6X3y2 = (4xy X 5x2y?) x 63y = 20x3y3 x 6x3y3 = 120x3%y°3 x X378
=120 (X3 x X3) x (y® x y®) = 120x8 x y® = 120x5°
Itisclear that wefirst multiply thefirst two monomiasand then multiply theresulting

monomial by thethird monomial. Thismethod can be extended to the product of any
number of monomias.
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TRY THESE We can find the product in other way also.
4Axy x 5x2y2 x 6x3 y?

Flnd4Xx5yx7Z :4x5x6x Xxexx3x X X
First find 4x x Sy and multiply it by 7z _ (120 VY bl e
or firstfind 5y x 7zand multiply it by 4x.
Istheresult the same?What do you observe?

Doestheorder inwhich you carry out the multiplication matter?

Example 3: Completethetablefor areaof arectanglewith givenlength and breadth.

Solution: [ length breadth area b
3x Sy 3x x 5y = 15xy

9y Y

4ab 50c |
. 2’m 3m? | y

Example 4: Find the volume of each rectangular box with given length, breadth
andheight.

4 length breadth height )
() 2ax 3by 5cz
(i) men n%p pZm

i) 2q 4q? 8

Solution: Volume=length x breadth x height
Hence for () volume= (2ax) x (3by) x (5c2)
=2 x 3x5x (ax) x (by) x (cz) = 30abcxyz
for (i) volume=nYn x n%p x p’m
= (n? xm) x (nx %) x (p x p?) = m’n’p’
for (i) volume=2q x 4¢* x 8¢°
=2x4x8quq2xq3 =64q6

B EXERCISE 8.2

1. Findtheproduct of thefollowing pairsof monomials.
@) 4,7p (i) —4p,7p (i) —4p, 7pq (v) 4p° —3p
(V) 4p,0
2. Findtheareasof rectangleswiththefollowing pairsof monomiasastheir lengthsand
breadthsrespectively.
(p. @); (10m, 5n); (20x?, 5y?); (4%, 3x?); (3mn, 4np)
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3. Completethetableof products.

- ;
First monomia — Do

Second monomia
2X 4x?

_5y ... .. —15x2y
3x?
— 4xy
>y
—9x2y?

-5y 32 | —4Axy | X}y | —Ox%?

J
4. Obtainthevolumeof rectangular boxeswith thefollowing length, breadth and height
respectively.
(i) 5a, 3% 7a* (i) 2p, 4q, 8r @iy xy, 2¢y, 2xy*  (iv) a, 2b, 3c
5. Obtaintheproduct of

@) xy,yz zx i) a,—aa @iy 2,4y, 8y?, 16y°
(iv) a,2b, 3c, 6abc (v) m,—mn, mnp

8.4 Multiplying a Monomial by a Polynomial

Expressionthat containstwo termsiscalled abinomial . An expression contai ning three
termsisatrinomial and soon. Ingenera, an expression containing, oneor moretermswith
non-zero coefficient (with variables having non negative integers as exponents) iscaled
apolynomial.

8.4.1 Multiplying a monomial by a binomial

Let usmultiply themonomia 3x by thebinomial 5y + 2, i.e., find 3xx (5y +2) =?

Recall that 3xand (Sy + 2) represent numbers. Therefore, using thedistributive law,
3x x (By + 2) = (3x x 5y) + (3x x 2) = 15xy + 6x

We commonly usedistributive law in our calculations. For example:
7 x106=7 x (100 + 6)
=7x100+7x6 (Here, we used distributive law)
=700+42=742
7x38=7x(40-2)
=7x40-7x%x2 (Here, we used distributive law)
=280-14 =266
Smilaly, (-3x) x (-by + 2) = (-3X) x (-by) + (—3x) x (2) = 15xy — 6X
and Sxy x (y? + 3) = (5xy x y?) + (5xy x 3) = 5xy® + 15xy.

What about abinomia x monomial? For example, (5y +2) x 3x="7?
We may usecommutativelaw as: 7x3=3x 7;oringeneral axb=bxa
Smilaly, (By + 2) x 3x = 3x x (By + 2) = 15xy + 6x as before.

TRY THESE

Find the product i) 2x (3x + 5xy) (i) a2(2ab—50c)
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8.4.2 Multiplying a monomial by a trinomial
Consider 3p x (4p?+5p + 7). Asintheearlier case, weusedistributive law;
3p x (4p>+5p +7) = (3p x 4p°) + (3p x 5p) + (3p x 7)
=12p® + 15p? + 21p

Multiply eachterm of thetrinomia by themonomia and add products. TRY THESE

Observe, by using the distributive law, we are able to carry out the Find the product:

multiplication term by term. (4p2+5p + 7) x 3p
Example 5: Smplify the expressionsand evaluate them asdirected:

(i) x(x=3)+2forx=1, @) 3y(2y-7—-3(y—4)-63fory=-2
Solution:

() x(X=3)+2=x2-3x+2
For x=1,x-3+2=(1)>-3(1)+2
=1-3+2=3-3=0
(i) y(2y—-7-3(y—4)—-63 =6y*—21ly—3y+12-63
= 6y2 — 24y —51
6 (—2)*—24(-2) - 51
=6x4+24x2-51
=24+48-51=72-51=21

For y=-2, 6y?—24y—-51

Example 6: Add
@) 5m(3—m) and 6n?—13m (i) 4y (3y*+5y—7)and 2 (y*—4y*+5)
Solution:
(i) Firstexpresson=5m(3—m)=(5mx 3) —(5mxm) = 15m — 5m?
Now adding the second expression to it,15m—5n? + 6n? — 13m= n¥ + 2m
(i) Thefirst expression =4y (3y?+ 5y —7) = (4y % 3y?) + (4y x By) + (4y X (-7))

=12y + 20y* — 28y
The second expression =2 (y*—4y?+5) = 2y3 + 2 x (—4y?) +2x 5
=2y*-8y?+10
Adding thetwo expressions, 12y8 +  20y?-28y
+ ¥ - 8y +10

14y3 + 12y?-28y +10
Example 7: Subtract 3pq (p—q) from 2pq (p + q).

Solution: We have 3pg (p—0q) =3p’q—3pg? and
2pq (p + o) = 2p*q + 2pf?
Subtracting, g + 2pg?
g - 3pF
— +
-pq +  5pg?
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B EXERCISE 8.3

1. Carry out themultiplication of the expressionsin each of the following pairs.
@) 4p,q+r (i) ab,a-b (i) a+b, 72> (v) a®-9,4a
() pa+ar+rp,0

2. Completethetable.

( First expression Second expression Product )
() a b+c+d

(i) X+y-—5 Sxy

(iii) p 6p>—7p+5

iv) 4p*of p*— o

v) atb+c abc

U J

3. Findtheproduct.

0 (@) (20 x (42%) OREMNEIY
i} 10 3)_ (6 3

(iii) (—EPQJX(EPQJ (iv) xxx®xx3xxt

4. (8 Smplify 3x(4x—5)+3andfinditsvaluesfor (i) x=3 (ii)x:%.

(b) Smplify a(a?+a+1)+5andfinditsvaluefor (i)a=0, (ij)a=1
(iii)a=-1.
5 (@ Add:  p(p-9g).a(g-r)andr(r-p)
(b) Add: 2X(z—=x-y)and 2y (z—y —X)
(o Subtract: 3l (I—-4m+5n)from 41 (10n-3m+21)
(d) Subtract: 3a(a+b+c)—2b(a—b+ c)from 4c(—a+b+c)

8.5 Multiplying a Polynomial by a Polynomial

8.5.1 Multiplying a binomial by a binomial

Let usmultiply onebinomial (2a+ 3b) by another binomial, say (3a+ 4b). Wedothis

step-by-step, aswedidin earlier cases, following thedistributivelaw of multiplication,
(3a+4b) x (2a+ 3b) = 3a x (2a+ 3b) + 4b x (2a + 3b)

Observe, every term inone== = (3ax 2a) + (3a x 3b) + (4b x 2a) + (4b x 3p)
binomial multipliesevery = 6a® + 9ab + 8ba + 12b?
termin the other binomial. = 6a2 + 17ab + 1212 (Sinceba = ab)
When we carry out term by term multiplication, we expect 2 x 2 = 4 termsto be
present. But two of theseareliketerms, which are combined, and hencewe get 3terms.

In multiplication of polynomialswith polynomials, we should alwayslook for like
terms, if any, and combinethem.
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Example 8: Multiply
() (x—4)and(2x+3) (i) (x—y)and (3x+ 5y)
Solution:

() (X=4)x(2x+3)=x%x(2x+3)—4x(2x+ 3)
S(XX2)+(Xx3)—(4x2X)— (4% 3)=2x+3x—8x—12
=2 —-bx—12 (Adding liketerms)

(i) (x—y)x(3x+5y)=xx(3x+5y)—yx (3 +5Y)
= (xx3x) + (xx 5y) —(y x 3x) = (y x 5Y)
= 3%? + 5xy —3yx—5y? = 3x? + 2xy —5y? (Addingliketerms)

Example 9: Multiply

() (@a+7)and(b-5) (i) (a®+ 2b?) and (5a—3b)

Solution:

) (@a+7)x(b-5=ax(b-5+7x(b-5)
=ab-5a+7b-35

Notethat therearenoliketermsinvolved in thismultiplication.
(i) (a2+2b?) x (ba—3b) =a? (5a— 3b) + 2b? x (5a—3b)
= b5a®—3a’b + 10ab? — 6b°

8.5.2 Multiplying a binomial by a trinomial

Inthismultiplication, we shal haveto multiply each of thethreetermsinthetrinomial by
each of thetwo termsin the binomial. We shall getinall 3 x 2 =6 terms, which may
reduceto 5 or less, if theterm by term multiplication resultsinliketerms. Consider

(a+7) x (a®°+3a+5) =ax (a?+3a+5)+7x(a>+3a+5)
binomial trinomial [usngthedigributivelaw]
=a*+3a’+5a+7a%+2la+ 35
=za’+ (3a? + 7a?) + (ba+ 21a) + 35
=a®+ 10a? + 26a + 35 (Why arethereonly 4
termsinthefina result?)

Example 10: Simplify (a+ b) (2a—3b + c) —(2a—3b) c.

Solution: We have

(a+b)(2a—3b+c)=a(2a-3b+c)+b(2a—3b+C)
=2a*—3ab+ac+2ab—-3b*+bc
=2a?—ab-3b’+bc+ac (Note, —3ab and 2ab

areliketerms)
and (2a—3b) c=2ac—3bc
Therefore,
(a+b) (2a—3b+c)—(2a—3b) c = 2a? —ab — 3b? + bc + ac — (2ac — 3bc)
=2a’—ab—3b*+ bc+ac—2ac+ 3bc
= 2a? —ab — 3b? + (bc + 3bc) + (ac — 2ac)
=2a>—3b*—ab+4bc-ac
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B EXERCISE 8.4

1. Multiply thebinomids.
(i) (2x+5)and (4x—23) (i) (y—8)and(3y—4)
(i) (2.51-0.5m)and (2.5 +0.5m)  (v) (a+3b)and (x+5)
(v) (2pg+ 3q?) and (3pg —2¢7)
1 3 2 2 2 2 2
(Vi) (421 +3b )and4(a 3b j
2. Findtheproduct.

) 5-29@B+x) (i) (x+7y) (7x-y)
(i) (@ +b)(a+b?) v) (-9 (2p+0)
3. Smplify.
@) (€—5)(x+5)+25 (i) (@+5)([*+3)+5

(i) (t+9) (-9

(iv) (a+b)(c—d)+(a—b)(c+d)+2(ac+hbd)

(V) (X+Y)(@x+y)+(x+2y)(x=y) V) (X+y)(&=xy+y)
(i) (1.5x—4y)(1.5x + 4y + 3) —4.5x + 12y
(vii) (a+b+c)(a+b-c)

WHAT HAVE \EE_DISCU_SS_ED?—

1. Expressionsareformed from variablesand constants.
2. Termsareaddedtoform expressions. Termsthemselvesareformed asproduct of factors.

3. Expressonsthat contain exactly one, two and threetermsare called monomials, binomialsand
trinomialsrespectively. In genera, any expression containing oneor moretermswith non-zero
coefficients (and with variableshaving non- negativeintegersasexponents) iscalled apolynomial.

4. Liketermsareformedfrom the samevariablesand the powersof thesevariablesarethe same,
too. Coefficientsof liketermsneed not bethe same.

5. Whileadding (or subtracting) polynomials, first look for liketermsand add (or subtract) them;
then handletheunliketerms.

6. Therearenumber of Stuationsinwhichweneed to multiply agebraic expressions. for example, in
finding areaof arectangle, thesdesof which aregiven asexpressions.

7. A monomia multiplied by amonomia awaysgivesamonomid.

8. Whilemultiplyingapolynomial by amonomia, wemultiply every terminthepolynomial by the
monomidl.

9. Incarrying out themultiplication of apolynomid by abinomid (or trinomid), wemultiply term by
term, i.e., every term of the polynomial ismultiplied by every terminthebinomid (or trinomial).
Notethat in such multiplication, we may get termsin the product which arelike and haveto be
combined.
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Mensuration

9.1 Introduction

We have learnt that for a closed plane figure, the perimeter is the distance around its
boundary and its area is the region covered by it. We found the area and perimeter of
various plane figures such as triangles, rectangles, circles etc. We have also learnt to find
the area of pathways or borders in rectangular shapes.

In this chapter, we will try to solve problems related to perimeter and area of other
plane closed figures like quadrilaterals.

We will also learn about surface area and volume of solids such as cube, cuboid and
cylinder.

9.2 Area of a Polygon
We split a quadrilateral into triangles and find its area. Similar methods can be used to find
the area of'a polygon. Observe the following for a pentagon: (Fig 9.1, 9.2)

Fig 9.2

Fig 9.1
By constructing one diagonal AD and two
By constructing two diagonals AC and AD the perpendiculars BF and CG on it, pentagon ABCDE is
pentagon ABCDE is divided into three parts. divided into four parts. So, area of ABCDE = area of
So, area ABCDE = area of A ABC + area of right angled A AFB + area of trapezium BFGC + area
A ACD + area of A AED. of right angled A CGD + area of A AED. (Identify the

parallel sides of trapezium BFGC.)
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TRY THESE

(i) Dividethefollowing polygons(Fig 9.3) into parts (trianglesand trapezium) tofind
out itsarea.

H o P
/\ //\
N Q
F\/I \J
N R
E Fig 9.3

Fl isadiagonal of polygon EFGHI NQ isadiagonal of polygon MNOPQR

(i) PolygonABCDE isdivided into partsasshownbelow (Fig9.4). Find itsareaif
AD=8cm,AH=6cm,AG=4cm,AF=3cmand perpendicularsBF =2 cm,
CH=3cm,EG=25cm.

C
Areaof Polygon ABCDE = areaof AAFB + ... /ll:/l_\
1 4
Areaof AAFB= - xAFXBF=—-x3x2=... G
2 = F = H P

2
_ (BF+CH)
Areaof trapezium FBCH = FH N
E Figo4
2+3
2% ; ) [FH=AH-AR

1 1
Areaof ACHD = 5% HDx CH =....; Areaof AADE= 5 xAD x GE =....
So, the areaof polygonABCDE = ... [0}

(i) Findtheareaof polygon MNOPQR (Fig 9.5) if
MP=9cm,MD =7cm,MC=6cm,MB =4cm,
MA=2cm

NA, OC, QD and RB areperpendicularsto
diagona MP.

Fig 9.5

Example 1: The areaof atrapezium shaped field is 480 m?, the distance between
two parallel sdesis15mand oneof theparale side is20 m. Findtheother pardle side.

Solution: Oneof theparallel sidesof thetrapeziumisa=20m, let another parallel
sidebeb, height h=15m.
Thegivenareaof trapezium= 480 m?.

1
Areaof atrapezium= 5 h(a+b)

480 % 2
15

1
So 480:§><15><(20+b) or

oo 64=20+b or b=44m
Hencetheother paralldl side of thetrapeziumis44 m.

=20+b
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Example 2: The area of arhombusis 240 cm? and one of the diagonalsis 16 cm.
Find theother diagonal.

Solution: Letlength of onediagonal d, = 16 cm

and length of the other diagonal = d,
1
Areaof therhombus= 5 d .d, =240
1
So, 3 16-d, =240
Therefore, d,=30cm

Hencethelength of the second diagonal is30cm.

Example 3: Thereisahexagon MNOPQR of side5cm (Fig 9.6). Aman and Ridhima
divideditintwo different ways(Fig 9.7).

Find theareaof thishexagon using both ways.

N
M 0
R P

8cm—i Q
Fig 9.6 Ridhima’'s method Aman’s method

Fig 9.7
Solution: Aman’s method:

Sinceitisahexagon so NQ dividesthe hexagon into two congruent trapeziums. You can
verify it by paper folding (Fig 9.8).

_ (11+5)
Now areaof trapezium MNQR = 4 X — 3 2 x16=32cm?.
N So the area of hexagon MNOPQR = 2 x 32 = 64 cnv. To®
M ol**™  Ridhima'smethod: Fig 9.8
5cm A MNO and A RPQ are congruent triangles with altitude
R b 3cm(Fig9.9).
13 cm You can verify thisby cutting off thesetwo trianglesand
Q placing them on oneancther.
Fig 9.9 1
Areaof AMNO = 5 x 8 x 3=12cm?=Areaof A RPQ
Areaof rectangle MOPR =8 x 5=40 cm?.
Now, areaof hexagon MNOPQR =40+ 12 + 12 =64 cm?.

—1m —

B EXERCISE 9.1

1. Theshapeof thetop surfaceof atableisatrapezium. Finditsarea :
if itsparallel sidesare 1 mand 1.2 mand perpendicular distance (11} ........ IO — ¥
betweenthemis0.8m.

50.8m
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2. Theareaof atrapezium is 34 cm? and the length of one of the parallel sidesis
10 cmanditsheight is4 cm. Find thelength of the other parallel side.

A D
3. Length of the fence of atrapezium shaped field ABCD is 120 m. If
BC=48m,CD =17 mandAD =40m, findtheareaof thisfield. Sde

Ll C AB isperpendicular totheparallel sidesAD and BC.

4. Thediagonal of aquadrilateral shapedfieldis24 m A

and the perpendiculars dropped on it from the
remaining oppositeverticesare8 mand 13 m. Find
theareaof thefield.

5. Thediagonasof arhombusare7.5cmand 12 cm. Find
itsarea.

6. Findtheareaof arhombuswhosesideis5cmand whosealtitudeis4.8cm.
If oneof itsdiagonasis8 cmlong, find thelength of the other diagonal.

7. Thefloor of abuilding consistsof 3000 tileswhich arerhombus shaped and each of
itsdiagonasare45 cmand 30 cminlength. Find thetota cost of polishing thefloor,

13 m
24 m

8m

if the cost per m?is3 4. Road

8. Mohanwantsto buy atrapezium shapedfield. - — - — - — - — - — - — -
Itssidealongtheriverisparalel toandtwice
thesidedongtheroad. If theareaof thisfiddis 13’,0 m

P i i i

10500 m? and the perpendicular distance

betweenthetwo paralel sidesis100m, findthe — - -~ ~>>—
4m lengthof thesideadlongtheriver. T T 7 River
11m 9. Topsurfaceof araised platformisin the shape of aregular octagon asshownin

thefigure. Find the areaof the octagonal surface.

\_/ 10. Thereisapentagonal shaped park asshowninthefigure.
For findingitsareaJyoti and Kavitadividedit intwo different ways.

u 4 [ ul [

Joyti's diagram  Kavita's diagram

5" Findtheareaof thispark using both ways. Can you suggest some other way
S| [F8em of findingitsarea?

L 11. Diagram of theadjacent pictureframehasouter dimensons=24cmx 28cm
and inner dimensions 16 cm x 20 cm. Find the area of each section of
—24cm— theframe, if the width of each sectionissame.

9.3 Solid Shapes

Inyour earlier classesyou have studied that two dimensional figurescan beidentified as
thefacesof three dimensional shapes. Observethe solidswhichwehavediscussed sofar
(Fig9.10).
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—> vertex

a () )

Cuboid Cylinder Cone Cube Pyramid

Fig 9.10

Observethat some shapes have two or more than two identical (congruent) faces.
Namethem. Which solid hasall congruent faces?

DO THIS

Soaps, toys, pastes, snacks etc. often come in the packing of cuboidal, cubical or
cylindrical boxes. Collect, such boxes(Fig9.11).

Fig 9.11
Cuboidal Box Cubical Box
All six facesarerectangular,
and opposites faces are 0
identical. So therearethree =~
pairs of identical faces. @
= “—
All six faces
o are squares
Cylindrical Box andidentical.

Curved surface

One curved surface
andtwocircular
faceswhich are Circular base
identical. and top are
identical

Now take onetypeof box at atime. Cut out all thefacesit has. Observethe shape of
each face and find the number of faces of the box that areidentical by placingthemon
each other. Write down your observations.
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o —

Fig 9.12
(Thisisaright
circular cylinder)

Didyou naticethefollowing:

Thecylinder hascongruent circular facesthat are parallel
to each other (Fig 9.12). Observethat theline segment joining
the center of circular facesisperpendicular to the base. Such
cylindersareknownasright circular cylinders. Weareonly A
going to study thistype of cylinders, though there are other

typesof cylindersaswell (Fig9.13). Fig 9.13

(Thisisnot aright
circular cylinder)

HEE THINK, DISCUSS AND WRITE Ul

Why isitincorrect to call the solid shown hereacylinder?

9.4 Surface Area of Cube, Cuboid and Cylinder

Imran, Monicaand Jaspa arepaintingacuboida, cubica and acylindrical box respectively
of sameheight (Fig 9.4).

~ [ 3

Fig 9.4

They try to determinewho has painted more area. Hari suggested that finding the
surface areaof each box would helpthem find it out.

Tofindthetota surfacearea, find the areaof each face and then add. The surface
areaof asolidisthe sum of theareas of itsfaces. To clarify further, we take each shape
one by one.

—]—

9.4.1 Cuboid HBT s ,
Suppose you cut open acuboidal box 1 T
andlay itflat (Fig9.15). Wecan seea [ [
netass.hown bglow(!zlgg.16). | - woonl 1 lml wl vl

Writethedimension of each side. &
You know that a cuboid has three | &
pairs of identical faces. What 7 —I—=b 7
expression can you useto find the +—7i— l—l—ll
areaof each face? Fig 9.15 Fig 9.16

Find thetota areaof all thefaces
of the box. We seethat thetotal surfaceareaof acuboidisareal + areall + arealll +
arealV +areaV + area V|l

=hxl+bxl+bxh+Ixh+bxh+|xDb
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Sototal surfacearea=2 (hxl+bxh+bx|)=2(lb+bh +hl)
whereh, | and b arethe height, length and width of the cuboid respectively.

Supposethe height, length and width of the box shown above are 20 cm, 15 cm and

10 cmrespectively.
Thenthetota surfacearea=2 (20 x 15 + 20 x 10 + 10 x 15)

= 2/(300 + 200 + 150) = 1300 m?.

TRY THESE

Find thetotal surfaceareaof thefollowing T
cuboids(Fig9.17):
:[2 cm J-
A

A 75

——0an Fig9.17 '"dem

® Thesdewalls(thefacesexcluding thetopand Roof
bottom) make the lateral surface area of the
cuboid. For example, thetotal areaof al thefour
wallsof the cuboida roominwhichyou arestting
isthelateral surfaceareaof thisroom (Fig 9.18).
Hence, thelatera surfaceareaof acuboidisgiven
by 2(h x| + b x h) or 2h (I + b).

DO THIS

(i) Coverthelateral surface of acuboidal duster (which your teacher usesin the
classroom) using astrip of brown sheet of paper, such that it just fitsaround the
surface. Removethe paper. Measurethe area of the paper. Isit thelatera surface
areaof theduster?

(i) Measurelength, width and height of your classroom and find
(@ thetota surfaceareaof theroom, ignoring the areaof windowsand doors.
(b) thelatera surfaceareaof thisroom.

(c) thetota areaof theroomwhichisto bewhite washed.

—_—

Base

B THINK, DISCUSS AND WRITE i I
1. Canwesay that thetotal surfaceareaof cuboid = 4
lateral surfacearea+ 2 x areaof base? l
2. If weinterchangethelengthsof the base and the height hI ,,/' //
of a cuboid (Fig 9.19(i)) to get another cuboid —— b
(Fig9.19(ii)), will its|ateral surface areachange? O Fig 919 =14 (i)
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9.4.2 Cube

DO THIS

Draw the pattern shown on asguared paper and cut it out [Fig 9.20(i)]. (You know

that thispatternisanet of acube. Fold italong thelines[Fig 9.20(ii)] and tape the
edgesto form acube[Fig 9.20(iii)].

{i (rli) y ] iiii ~C

a // =
— b

X A
Fig 9.20 !

) ! l
l l
L l \ l
0 Fig 9.21 ()

(@ Whatisthelength, width and height of the cube? Observethat all thefacesof a

cubeare squarein shape. Thismakeslength, height and width of acube equal
(Fig9.21(i)).

(b) Writetheareaof each of thefaces. Arethey equal ?
() Writethetotal surfaceareaof thiscube.

(d) If eachsideof the cubeisl, what will bethe areaof each face? (Fig 9.21(ii)).
Canwe say that thetotal surface areaof acubeof sidel is61%?

TRY THESE

Find the surface areaof cubeA and lateral surfaceareaof cubeB (Fig 9.22).

8 cm

8 cm

—8 cm—ll/

Fig 9.22
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B THINK, DISCUSS AND WRITE Wl

(i) Two cubeseachwith sidebarejoined toform acuboid (Fig 9.23). What isthe
surface area of thiscuboid?Isit 12b*? Isthe surface areaof cuboid formed by
joining three such cubes, 18b??Why?

!
b
b 5 /{l
b g b b —b—i—b—i 2
|
b
|
7
b
— b—i— h—i— b—1¥"
Fig 9.23 —

(i) Howwill youarrange 12 cubesof equa lengthtoforma

cuboid of smallest surfacearea?
(iii) After thesurfaceareaof acubeispainted, the cubeiscut
into 64 smaller cubes of samedimensions(Fig 9.24).
How many have no face painted? 1 face painted? 2 faces
painted? 3 facespainted? Fig 9.24

9.4.3 Cylinders

Most of thecylinderswe observe areright circular cylinders. For example, atin, round
pillars, tubelights, water pipesetc.

DO THIS

(i) Takeacylindrical canor box and tracethe base of the can on graph paper and cut
it[Fig9.25(i)]. Takeanother graph paper in such away that itswidth isequal tothe
height of the can. Wrap the strip around the can such that it just fitsaround the can
(removethe excess paper) [Fig 9.25(ii)].

Tapethepieces[Fig9.25(iii)] together toformacylinder [Fig 9.25(iv)]. What isthe
shape of the paper that goesaround the can?

h - Q. =
.

e R

0] (i) (ii) Q i)

Fig 9.25

A
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Of courseitisrectangular in shape. When you tapethe partsof thiscylinder together,
thelength of therectangular stripisequal to thecircumferenceof thecircle. Record
theradius(r) of thecircular base, length (1) and width (h) of therectangular strip.
Is2nr = length of the strip. Check if the areaof rectangular strip is2nrh. Count
how many square units of the squared paper are used to form the cylinder.
Check if thiscount isapproximately equal to 2zr (r + h).

(i) Wecandeducetherelation 2ntr (r + h) asthe surface areaof acylinder in another
way. Imagine cutting up acylinder asshown below (Fig 9.26).

T— ———> area=T1r"
2nr |

+
h area=27rh

J +

T— —— area=Tr

Fig 9.26
Thelateral (or curved) surface areaof acylinderis2nrh.

22
Note: We take w to be 7
unless otherwise stated.

TRY THESE

Findtotal surfaceareaof thefollowing cylinders(Fig 9.27)

Thetota surfaceareaof acylinder = tr? + 2nrh + mr?
= 2nr? + 2nrh or 2nr (r + h)

14 cm

=% [

Fig 9.27 —Za—

B THINK, DISCUSS AND WRITE Ul

Notethat lateral surfaceareaof acylinder isthe circumference of base x height of
cylinder. Canwewritelateral surface areaof acuboid asperimeter of base x height
of cuboid?

Example 4: Anaquariumisintheform of acuboid whose external measures are
80 cm x 30 cm x 40 cm. The base, side faces and back face are to be covered with a
coloured paper. Find the area of the paper needed?

Solution: Thelengthof theaquarium=1=80cm
Width of theaquarium=b =30 cm
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Height of theaquarium=h =40 cm
Areaof thebase=1 x b =80 x 30 = 2400 cm?
Areaof thesideface=b x h = 30 x 40 = 1200 cnv
Areaof theback face=1 x h =80 x 40 = 3200 cm?
Required area= Areaof the base + area of the back face
+ (2 x areaof asideface)
= 2400 + 3200 + (2 x 1200) = 8000 cnv
Hencethe areaof the coloured paper required is 8000 cm?.
Example 5: Theinternal measuresof acuboidal roomare12mx8mx4m. Find

thetotal cost of whitewashing al four wallsof aroom, if the cost of whitewashingisz 5
per . What will bethecost of whitewashing if the cealling of theroomisa sowhitewashed.

Solution: Letthelengthof theroom =1=12m
Width of theroom=b=8m
Height of theroom=h=4m
Areaof thefour walls of theroom = Perimeter of the base x Height of theroom
=2(+b)yxh=2(12+8) x4
=2x20%x4=160m?
Cost of whitewashing per m*=3 5

Hencethetotal cost of whitewashing four walls of theroom =% (160 x 5) =% 800
Areaof ceilingis12 x 8= 96 m?
Cost of whitewashing theceiling=3 (96 x 5) =% 480
Sothetotal cost of whitewashing =% (800 + 480) =% 1280

Example 6: Inabuilding thereare 24 cylindricd pillars. Theradiusof each pillar
is28 cmand heightis4 m. Find thetotal cost of painting the curved surface areaof
all pillarsat therate of T 8 per m>.
Solution: Radiusof cylindrical pillar,r=28cm=0.28 m
height,h=4m
curved surfaceareaof acylinder = 2nrh

22
curved surfaceareaof apillar= 2 x - x0.28x4 =7.04 m?

curved surfaceareaof 24 such pillar = 7.04 x 24 = 168.96 m?
cost of paintinganareaof 1m?=3% 8
Therefore, cost of painting 1689.6 m?= 168.96 x 8 =¥ 1351.68

Example 7: Find theheight of acylinder whoseradiusis7 cmandthe
total surfaceareais 968 cn.

Solution: Let height of thecylinder = h, radius=r =7cm
Total surfacearea=2nr (h+r)
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ie,

22
2% 7><7><(7+h):968
h=15cm

Hence, theheight of thecylinderis15cm.

B EXERCISE 9.2

1.

10.

There are two cuboidal boxes as

shownintheadjoiningfigure. Which T
box requires the lesser amount of Ioem 50 cm
materia to make? )
A suitcase with measures 80 cm x 407em — b

. . — 60 cm—ir” 50 cm
48.cm x 24 cmisto be covered with (a) (b)

atarpaulin cloth. How many metresof tarpaulin of width 96 cmisrequiredto cover
100 such suitcases?

Find the side of acubewhose surfaceareais
600 cn?. E H E

Rukhsar painted the outside of the cabinet of
measure 1 m x 2 m x 1.5 m. How much i}"’f
surfaceareadid she cover if she painted al except the bottom of the cabinet.

Daniel ispainting thewallsand ceiling of a

1.5m

cuboida hal with length, breadth and height T

of 15m, 10 m and 7 m respectively. From Icm 7cm
each can of paint 100 n7? of areais painted. l l
How many cansof paintwill sheneedtopaint 5 cm— e e £
theroom?

Describe how thetwo figuresat theright areaikeand how they aredifferent. Which
box haslarger laterd surfacearea?

A closed cylindrical tank of radius7 mand height 3mis
madefrom asheet of metal. How much sheet of metd is
required?

Thelatera surfaceareaof ahollow cylinder is4224 cnv.
Itiscut alongitsheight and formed arectangular sheet
of width 33 cm. Find the perimeter of rectangular sheet?

A road roller takes 750 compl ete revol utionsto move
onceover toleve aroad. Find theareaof theroadif the
diameter of aroad roller is84 cmand lengthis1 m.

A company packages its milk powder in cylindrical
container whose base hasadiameter of 14 cmand height
20 cm. Company placesalabel around the surface of
thecontainer (asshowninthefigure). If thelabe isplaced
2 cmfrom top and bottom, what isthe areaof thelabel.
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9.5 Volume of Cube, Cuboid and Cylinder

Amount of space occupied by athree dimensional objectiscalleditsvolume. Try to
comparethevolumeof objectssurrounding you. For example, volumeof aroomisgrester
thanthevolumeof anadmirah keptinsdeit. Similarly, volumeof your pencil box isgreater
than the volume of the pen and the eraser kept insideit.
Canyou measurevolume of either of these objects?

Remember, we use square unitsto find theareaof a
region. Herewewill use cubic unitstofind thevolumeof a
solid, ascubeisthe most convenient solid shape (just as
squareisthe most convenient shapeto measureareaof a

region).

For finding the areawe divide theregion into square
units, similarly, to find the volume of asolid weneed to
divideitinto cubical units.

Observethat thevolume of each of theadjoining solidsis

8cubicunits(Fig9.28).

We can say that the volume of asolidismeasured by
counting thenumber of unit cubesit contains. Cubic unitswhichwegenerdly useto measure
volumeare

Fig 9.28

lcubiccm=1cmx1lcmx1cm=1cm?
=10mmx10mmx10mm=............... mm?
lcubicm=1ImxImx1im=1m?d

lcubicmm=1mmx1mmx1lmm=1mm?3
=01cmx01cmx0.1cm=......ccccevvrunene. cm?
We now find some expressionsto find volume of acuboid, cubeand cylinder. Let us
take each solid oneby one.

9.5.1 Cuboid

Take 36 cubesof equd size(i.e., length of each cubeissame). Arrangethemtoformacuboid.
You canarrangethemin many ways. Observethefollowing tableandfill intheblanks

f cuboid length | breadth | height | Ixbxh=V)
| e ljjj I ow . 1| 12x3x1=36
lIIIIIIIIIII/
—————— 12 units——————{p 3 units
;
(i) 2
1
3/'
— 6 :I/
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(i) |

\ J
T What do you observe?
=, Sincewe have used 36 cubesto form these cuboids, volumeof each cuboid
———" is36 cubic units. Also volumeof each cuboid isequal to the product of length,
breadth and height of the cuboid. From the above examplewe can say volume of cuboid
=1 xbxh. Sincel x bistheareaof itsbasewe can also say that,

Volume of cuboid = areaof the base x height

DO THIS

Takeasheet of paper. Measureits
area. Pileup such sheetsof paper
of same size to make a cuboid

(Fig9.29). M easurethe height of = r

thispile. Find thevolumeof the -~ =mege™*" "
cuboid by finding the product of i

theareaof thesheet andtheheight

of thispileof sheets. Fig 9.29

Thisactivity illusratestheidea
that volume of asolid can be deduced by thismethod also (if the base and top of the
solid are congruent and parallel to each other and itsedges are perpendicular tothe
base). Canyouthink of such objectswhose volume can befound by using thismethod?

TRY THESE

Find thevolumeof thefollowing cuboids (Fig 9.30).

(i) IZ cm @:[3 cm
—~8 cm— 24m’

cm\"/’}
Fig 9.30
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9.5.2 Cube

Thecubeisaspecial caseof acuboid, wherel =b=h.
Hence, volumeof cube=1 x| x| =13

TRY THESE

Find thevolume of thefollowing cubes
(& withaside4cm (b) withasidel.5m

DO THIS

Arrange 64 cubes of equal size in as many ways as you can to form a cuboid.
Find the surface area of each arrangement. Can solid shapes of same volume have
samesurface area?

EEE THINK, DISCUSS AND WRITE Ul

A company sells biscuits. For packing purpose they are using cuboidal boxes:
box A —3cmx8cmx 20cm, box B — 4 cm x 12 cm x 10 cm. What size of the box
will beeconomical for the company?Why?Canyou suggest any other size(dimensions)
which hasthe samevolume but ismore economical than these?

9.5.3 Cylinder

We know that volume of acuboid can befound by finding the T
product of areaof baseanditsheight. Canwefind thevolume of [ h
acylinder inthesameway? |/I'%l |
Just like cuboid, cylinder has got atop and a base which are cuboid cylinder

congruent and parallel to each other. Itslateral surfaceisalso
perpendicular tothe base, just like cuboid.

So theVolume of acuboid = areaof base x height 1
=| xbxh=Ibh l
Volumeof cylinder = areaof base x height
—qr2 x h = reh area of base
=T7r =T7r (= TCI‘Z)

TRY THESE

Find thevolumeof thefollowing cylinders.

M 7em (i |
2 m

—10 cm — 1
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9.6 Volume and Capacity

Thereisnot much difference between thesetwo words.
(@ Volumereferstotheamount of space occupied by an object.
(b) Capacity refersto the quantity that acontainer holds.

Note: If awater tin holds 100 cm? of water then the capacity of thewater tinis 100 cm?.

Capacity isalso measured intermsof litres. Therelation between litreand cm?is,
1mL =21cm?1L =1000cm? Thus, 1 m®*= 1000000 cm?®=1000L.

Example 8: Find the height of a cuboid whose volume is 275 cm?® and base area

is25cn?.
Solution: Volumeof acuboid = Baseareax Height
Volume of cuboid
Hence height of the cuboid =
Base area
5,
=g =1lcm

Height of thecuboidis11cm.
Example 9: A godownisintheform of acuboid of measures60 m x 40 m x 30 m.
How many cuboidal boxescanbestoredinit if thevolume of onebox is0.8 m3?
Solution: Volumeof onebox = 0.8 m?
Volume of godown = 60 x 40 x 30 = 72000 m3
Volume of the godown
Volume of one box
~ 60x40x30
- 0.8
Hencethe number of cuboidal boxesthat can be stored in the godown is90,000.

Example 10: Arectangular paper of width 14 cmisrolled dongitswidthandacylinder
22
of radius 20 cmisformed. Findthevolumeof thecylinder (Fig9.31). (Teke = form)

Solution: A cylinder isformed by rolling arectangle about itswidth. Hencethewidth
of the paper becomesheight and radiusof the cylinder is20 cm.

20 cm

Number of boxesthat can be stored in thegodown =

= 90,000

Fig 9.31

Height of thecylinder=h =14 cm
Radius=r =20cm
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Volumeof thecylinder=V =mr r?h

= %xZOx 20x 14 = 17600 cm?®

Hence, thevolumeof the cylinder is 17600 cm?.

Example 11: A rectangular pieceof paper 11 cm x 4 cmisfolded without overlapping
to makeacylinder of height 4 cm. Find thevolumeof thecylinder.

Solution: Lengthof the paper becomesthe perimeter of the base of the cylinder and
width becomesheight.

Letradiusof thecylinder =r andheight=h
Perimeter of the base of thecylinder = 2rtr = 11

22
or 2X—XTr =11
7
-
Therefore, r= 1 cm
Volumeof thecylinder=V = nrh
2 7

=2 L aonp=385 0
=7 74" cm° = 50.0 CM°.

Hencethevolume of thecylinder is38.5 cm?.

HEEE EXERCISE 9.3

1. Givenacylindrical tank, inwhich situationwill you find surfaceareaand in
whichgtuationvolume,
(@ Tofindhow muchit canhold.
(b) Number of cement bagsrequired to plaster it.
(¢) Tofindthenumber of smaller tanksthat can befilled with water fromit.
2. Diameter of cylinder Ais7 cm, and theheight is14 cm. Diameter of

cylinder Bis14cmandheightis7 cm. Without doing any caculations T T
can you suggest whosevolumeisgreater? Verify it by finding the 14 em 7cm
volumeof boththecylinders. Check whether thecylinder with greeter l Ny e l

volumealso hasgreater surface area? L —

3. Findtheheight of acuboid whosebaseareais 180 cn and volume A B
iS900 cm?3?

4. A cuboidisof dimensons60 cm x 54 cm x 30 cm. How many small cubeswith side
6 cm can be placed in the given cuboid?

5. Findtheheight of the cylinder whosevolumeis1.54 m® and diameter of thebaseis
140cm ?

6. A milktank isintheform of cylinder whoseradiusis1.5mand
lengthis7 m. Find the quantity of milk inlitresthat can be stored
inthetank?

7. |If eachedgeof acubeisdoubled,
(i) how many timeswill itssurface areaiincrease?
(i) how many timeswill itsvolumeincrease?
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8. Water ispouring into acubiodal reservoir at the rate of 60 litres per
minute. If thevolume of reservoir is 108 m?, find the number of hoursit

will taketofill thereservoir.

— WHAT HAVE WE DISCUSSED? —

1. Surfaceareaof asolidisthesum of theareasof itsfaces.
2. Surfaceareaof

acuboid =2(Ib + bh + hl)

acube = 6|2

acylinder = 2ar(r + h)
3. Amount of region occupied by asolidiscalleditsvolume.
4. Volumeof

acuboid=1xbxh

acube=13

acylinder =mreh
5 () lcmi=1mL

(i) 1L =1000cm?

g
)

|——l—|/

|
|

—= —

|—1—|'/b

(i) 1 m?3= 1000000 cm? = 1000L —
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Exponents and Powers

[=]
S0

[=]

10.1 Introduction ez

Do you know?
exponent

Mass of earth is 5,970,000,000,000, 000, 000, 000, 000 &dawe /*

already learnt in earlier class how to write such large numbers mpre
conveniently using exponents, as, 5.97 ¥ Kd 10
We read 1& as 10 raised to the power 24.

We know B=2x2x2%x2x%x2 \
and 2M=2x2x2x2x%x,..%2x2. .mtimes)

Let us now find what is'2_is equal to? We say:
10 raised to the power 24.

[N
S

10.2 Powers with Negative Exponents

Exponentis a

You know that, 1 =10 x 10 =100 negative integer
10t=10= @
ST 10
10
10=1=—
10 As the exponent decreases byl, T
10-1="7 value becomes one-tenth of th
previous value.
1
Continuing the above pattern we @ét,' = 10
Simi oo tojoolyt 11
imilatty T10° 7 100 10 100 107
1 1 1 1 1

3 — +10=—X—=—"——=—"
10 100 100 10 1000 1C°
What is 10*°equal to?
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Now consider the following.
F=3x3x3=27

The previous number i3
divided by the base 3

$=3x3=9=o
IR

szg22
T3
= = §
So looking at the above pattern, we say
1
1=1=-3=—
31=1=+3 3
1 1 1
2= —+3 =" ==
3 3 3x3 3
gool.g 1 1 1
. e ¥ 3 F
You can now find the value &f2in a similar manner
1 1
2— .
We have, 10° 17 or 1% 102
103= i or 10° = i
10 108
2 1 2 1
3= 2 or F= 32 etc.

1
In general, we can say that for any non-zero intagea ™ = n wheremis a
positive integela™ is the multiplicative inverse af".

TRY THESE

Find the multiplicative inverse of the following.
Qn 2 @ 10> (i) 72 (v 5° (v) 10 %®

We learnt how to write numbers like 1425 in expanded form using exponents as
1x10+4x16+2x10+5x 10°.
Let us see how to express 1425.36 in expanded form in a similar way
3 6
We have 1425.36 =1 x 1000 +4 x100+2x10+5 ><1—6+1—00
=1x10+4x10+2x10+5%x1+3x10+6x 102

1 1
TRY THESE

1
1 —— 2= =
107=70 » 19°=1¢ " 100
Expand the following numbers using exponents.
() 1025.63 (i) 1256.249

Reprint 2024-25



ExpoNENTS AND Powers I 123

10.3 Laws of Exponents

We have learnt that for any non-zero integgel" x &' =a™*", wheremandn are natural
numbersDoes this law also hold if the exponents are negative? Let us explore.

1 1 ~ 1
() We know that 23= >3 and 2 2= 2 a "= am for any non-zero integex
Therefore,2 3 x 272 = 12 = 1o

BRT P P P2

N~
(i) Take (=3)*x (-3)°
1

-5 is the sum of two exponents — 3 and.=g
X —_—
-3 (-3
S
3 = (=3)7

T (3'x (37 (3

(i) Now consider & x 5 In Class VII, you have learnt that for a
1 5t £ am

52x 5= = 5 = F 572 =52 non-zero integea, —=a" ", where
a

(-3 “x(-3)°=

(v) Now consider (-5} x (-5¥ mandn are natural numbers ana> n.
PP SRR (w0
O o= oy e s e

1
= W = (-5y @

In general, we can say that for any non-zero ini@ger
amx a"=am*" wheremandn are integers.

TRY THESE

Simplify and write in exponential form.
) 2°x 2yt @) p*xp™ (i) 32x3°x3

On the same lines you can verify the following laws of exponents, wiagidd are nor
zero integers anuh, nare any integers.

m

) o=a"" @) (@)y=am (i) am™xb"= (ab)"

n
a These laws you have studied
m m in Class VII for positive
a a exponents only
V) = v) a=
b™ \b =1

Let us solve some examples using the above Laws of Exponents.
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Example 1: Find the value of
1
0 27 @ 32

Solution:
1 1 1
) 2°3=—=== — =3*=3x3=9
(I) 23 8 (ii) 3—2
Example 2: Simplify
() (—4Px(=4)y*© ) 22+2°
Solution:

1 m_ 1
O (4F % (-4y°= (-4 0= (4p= s @xar=ar @l =)

(i) 25+26=26-CO=211 (@n+a=am ")
Example 3: Express 4°as a power with the base 2.
Solution: We have, 4 =2 x 2 =22

Therefore, (4= (2 x2)3=(®)3=2*39=26 [(@")" = a™
Example 4: Simplify and write the answer in the exponential form.
) 2+2)Px2° @ (—4y°x(5)y°x(-5)°
0 5 (3
- 3 - >
(i) 8X() v) (-3)"x 3
Solution:
1
() (B5+28)°%x25=(2-95x25=(295x25=215-5=220= o

1
@) (~4y°x (5)°x (=5)°=[(-4) x 5 x (-5)]*= [100} *= 705

1
[using the lava™ x b™ = (ab)", a™= 5]

(i) E><(3)‘3=i3>< (A2 =2°%x3%= (2x 3)°= 63=i3
8 2 6
4 4 4
) (=3)*x (g) = (-1x3)* x% = (-1f x 3 x %
=(-1f x5 =5 [(-1y=1]
Example 5: Findmso that (-3)**x (-3} = (-3Y
Solution: (-3)"*!x (-3f=(-3)
(-3) o= (-3)
(=3 = (=3)
On both the sides powers have the same base different from 1 and — 1, so their exponents

must be equal.
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Therefore, m+6=7 a"= 1 only ifn = 0. This will work for any.
or m=7-6 =1 Fora=1,2=2=183=12%=...=1or ()=
1 for infinitely manyn.
o\2 For a=-1,
Example 6: Find the value o(—) (-1f=(-1y=(-1f=(-1)*=..=1or
3 (=P =1forany even integer
Solution: (g)_z = 2—_2 = 3—2 _9
" \3 32 22 4

2\?% 22 32
(5) T3 2

-m
g ’ I

Example 7: Simplify (i) {@2 - (%)?} - GJZ

(5 (8)
2 (é] X(?-J
Solution:

o (-0 BBt

a1

-7 -5 5—7 8—5 5—7 8—5
0 (?) « (§) = D x o=y Xy =5 X gD

8 5
=5%x &= g _ o4
- 52 25

B EXERCISE 10.1
1. Evaluate.
o . 1\7°
3-2 _4)2 4
0 @M 4y 0 [ 2)

2. Simplify and express the result in power notation with positive exponent.

0 (-4F= 47 @ [Zi)

5 4
® 9x() w Ez9xs @2y
3. Findthevalue®

M) @ +49)x2 (i) @'x49h+22 (i) (‘T* (2)_1 (Ej_z
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22
o 2]
—1 3
4. Evaluatdi) ° 2f<45 (i) (5 x 2 x 6
5. Find the value ainfor which 3"+ 53=5.

1 1 -1 5 »
6. Evaluate(i){(%) _GJ } (”)(%J X@)
7. Simplify.
0 25xt™* 3°x10 5% 125

—  (t#0 i
53x10xt" 8 t=0) ® 5'x67°

10.4 Use of Exponents to Express Small Numbers
in Standard Form

Observe the following facts.

1. The distance from the Earth to the Sun is 149,600,000,000 m.
The speed of light is 300,000,000 m/sec.
Thickness of Class VII Mathematics book is 20 mm.
The average diameter of a Red Blood Cell is 0.000007 mm.
The thickness of human hair is in the range of 0.005 cmto 0.01 cm.
The distance of moon from the Earth is 384, 467, 000 m (approx).
The size of a plant cell is 0.00001275 m.
Average radius of the Sun is 695000 km.
Mass of propellant in a space shuttle solid rocket booster is 503600 kg.
Thickness of a piece of paperis 0.0016 cm.
Diameter of a wire on a computer chip is 0.000003 m.
The height of Mount Everest is 8848 m.
Observe that there are few numbers which we can read like 2 cm, 8848 m,
6,95,000 km. There are some large

numbers like 150,000,000,000 m a
some very small numbers likeh AU CRITIIIEEN MG ASRE T IS
0.000007 m.

Identify very large and very small  150,000,000,000 m 0.000007 m
numbers from the above facts and -__._________ | ...
write them in the adjacent table:

We have learnt how to expres
very large numbers in standard form
in the previous class.

For example: 150,000,000,000 = 1.5 *10
Now, let us try to express 0.000007 m in standard form.

©ooNoG,A~WDN

NES

v)
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v
F =7 x10°6 1500 OIOIOIOIOIOIOIO,- Decimal is moved

0.000007 =~~—— =
100000C 1110987654321 11 places to the left.

0.000007 m = x 10®m
Similarly, consider the thickness of a piece of paper
which is 0.0016 cm.

16  1.6x 10 A
- = =1.6x 10x 10
0.0016 10000 10

=1.6x10°
. . . Again notice
Therefore, we can say thickness of paper is 1.6 3ch 0.0016 decimal is moved

TRY THESE 1\/;/;/ 3 places to the right.

1. Wirite the following numbers in standard form.

() 0.000000564 (i) 0.0000021 (i) 21600000 (v) 15240000
2. Write all the facts given in the standard form.

0.000007 decimal is moved
123456 0placesto theright

10.4.1 Comparing very large and very small numbers
The diameter of the Sun is 1.4 ¥ h®and the diameter of the Earth is 1.2756 1.0
Suppose you want to compare the diameter of the Earth, with the diameter of the Sun.
Diameter of the Sun£.4 x 10 m
Diameter of the earth £.2756 x 10m

14x10  1.4x107 1.4x 100
1.2756x 10~ 1.2756  1.2756
So,the diameter of the Sun is about 100 times the diameter of the earth.

Let us compare the size of a Red Blood cell which is 0.000007 m todipéaiatfcell which
is0.00001275m

Size of Red Blood cell §.000007 m =7 x IO0m

Size of plant cell 9.00001275 = 1.275 x 10m
x10°  7x10% ® 10t 07 07 1

- = — = —=—_(approx.
1.275% 10° 1275 175 1275 13 ;(@PProx)

So ared blood cell is half of plant cell in size.
Mass of earth is 5.97 x kg and mass of moon is 7.35 x?4Kg. What is the
total mass?
Total mass £.97 x 13*kg + 7.35 x 1& kg.
=5.97 x 100 x 18+ 7.35 x 1&
=597 x 13°+ 7.35 x 1&
= (597 + 7.35) x 189
=604.35 x 1€Pkg.
The distance between Sun and Earth is 1.496"mlénhd the distance between
Earth and Moon is 3.84 x &f.
During solar eclipse moon comes in between Earth and Sun.
At that time what is the distance between Moon and Sun.

Therefore which is approximately 100

Therefore,

When we have to add numbers i
standard form, we convert them i
numbers with the same exponents,
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Distance between Sun and Earth.496 x 10'm
Distance between Earth and Moo8.84 x 16m
Distance between Sun and Mooh.496 x 18— 3.84 x 16
=1.496 x 1000 x 10— 3.84 x 16
= (1496 — 3.84) x 10m = 1492.16 x m

Example 8: Express the following numbers in standard form.
(i) 0.000035 (i) 4050000
Solution: () 0.000035=35x 10 (i) 4050000 =4.05x PO

Example 9: Express the following numbers in usual form.
() 3.52x16 (i) 7.54 x 104 @iy 3 x10°

Solution:
() 3.52x10= 3,75§4x 10?%30 = 352000 Again we need to conver
Vi numbers in standard form into
(W) 7.54x10%= 10* 10000 0.000754 a numbers with the same

exponents.

3
(i) 3x10°=— = 0.00003

10°  10000C
B EXERCISE 10.2

1. Express the following numbers in standard form.
(i) 0.0000000000085 (i) 0.00000000000942
(i) 6020000000000000 (v) 0.00000000837
(v) 31860000000
2. Express the following numbers in usual form.
@ 3.02 x 10° () 4.5x10 @iy 3 x108
(v) 1.0001 x1® (v) 5.8 x 102 (vi) 3.61492 x 10
3. Express the number appearing in the following statements in standard form.

, : : 1
() 1micronisequalt 00000¢ m.
() Charge of an electron is 0.000,000,000,000,000,000,16 coulomb.

(i) Size of a bacteriais 0.0000005 m
(v) Size of aplant cellis 0.00001275m
(v) Thickness of a thick paper is 0.07 mm
4. Ina stack there are 5 books each of thickness 20mm and 5 paper sheets each of
thickness 0.016 mm. What is the total thickness of the stack.

— WHAT HAVE WE DISCUSSED? —

1. Numbers with negative exponents obey the following laws of exponents.
(@ amxa'=am" (b) am=a"=am™ () (@) =am™

a” (a\"
@ @xtr=@r (@) @=1 0 (5]

2. Very small numbers can be expressed in standard form using negative exponents.
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CHAPTER

Direct and Inverse 1
E|.
[t

Proportions

11.1 Introduction —

Mohanprepares tea fdrimself and his sisteHe uses 300 mof
water, 2 spoons of sugar, 1 spoon of tea leaves and. B0 milk.
How much quantity of each item will he need, if he has to make tea [~
for five persons?
If two students take 20 minutes to arrange chairs for an assemb}
then how much time would five students take to do the same job? &S
We come across many such situations in our day-to-day life, where we 25
need to see variation in one quantity bringing in variation in the other
quantity
For example:

() Ifthe number of articles purchased increases, the total cost also increases.

() More the money deposited in a bank, more is the interest earned.

(i) As the speed of a vehicle increases, the time taken to cover the same distance
decreases.

(v) Foragiven job, more the number of workers, less will be the time taken to complete
the work.

Observe that change in one quantity leads to change in the other quantity

Write five more such situations where change in one quantity leads to change in
another quantity

How do we find out the quantity of each item needed by Mohan? Or, the time five
students take to complete the job?
To answer such questions, we now study some concepts of variation.

11.2 Direct Proportion
If the cost of 1 kg of sugar &36, then what would be the cost of 3 kg sugarZI133
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Similarly, we can find the cost of 5 kg or 8 kg of su@ardy the following table.

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

Weight of sugar (in kg) 1 3 5 6 8 10
Cost (in Rs) 36 | 108 [ 180

Observe that as weight of sugar increases, cost also increases in such a manner that
their ratio remains constant.

Take one more example. Suppose a car uses 4 litres of petrol to travel a distance of
60 km. How far will it travel using 12 litres? The answer is 180 km. How did we calculate
it? Since petrol consumed in the second instance is 12 litres, i.e., three times of 4 litres, the
distance travelled will also be three times of 60 km. In other words, when the petrol
consumption becomes three-fold, the distance travelled is also three fold the previous
one. Let the consumption of petrobtiéres and the corresponding distance travelled be
ykm . Now complete the following table:

(Pewoliniies | 4 | 8 | 12| 15| 20[ 23
LDistance in km (y| 60 180 J

We find that as the valuexincreases, value gflso increaesn such a way thdhe

ratio = does not chang#remains constant (s&y. In this case, it |?L—5 (checkit!).

y
We say thax andy are in direct proportion, if X -k orx= ky.
y
12
In this exampIeB—o =180 where 4 and 12 are the quantities of petrol consumed in

litres (¥ and 60 and 180 are the distanggsri{ km. So whenx andy are indirect

proportion, we can writed = %2 [y, Y, are values of corresponding to the values

. i Y2
X, of xrespectively]

The consumption of petrol and the distance travelled by a car is a case of direct
proportion. Similarly, the total amount spent and the number of articles purchased is also
an example of direct proportion.

Reprint 2024-25




DiRecT AND INVERSE ProPORTIONS I 131

Think of a few more examples for direct proportion. Check whether Mohan [in the initial example

1
take 750 mlof water 5 spoons of sugad 5 spoons of tea leaves and 125 mL of milk to prepare tea
five persons! Let us try to understand further the concept of direct proportion through the following acti

DO THIS

() e Take aclockand fix its minute hand at 12.

® Record the angle turned through by the minute hand from its original p
and the time that has passed, in the following table:

(Time Passed (T (T) (T,) Ty (T) )
(in minutes) 15 30 45 60
Angle turned (A) (A) (A) (A) (A)

(in degree) 90
T
A J

What do you observe aboliandA? Do they increase together?

.
SA

Is the angle turned through by the minute hand directly proportional
to the time that has passeétss!

From the above table, you can also see

same every time?

T,:T,=A,:A,, because
Y,:T,=15:30 %=1:2
A :A,=90:180 =1:2

Check if T,:T,=A,:A, andT,:T, =A A,
You can repeat this activity by choosing your own time interval.

() Ask your friend to fill the following table and find the ratio of his age to the
corresponding age of his mother
f Age Present Age )
five years ago age after five years
Friend’s age (F)
Mother's age (M)
B
M J
What do you observe?

F
Do F and M increase (or decrease) togethem? Isame every time? No!
You can repeat this activity with other friends and write down your observations.
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Thus, variables increasing (or decreasing) together need not always be in direct
proportion. For example:
() physical changes in human beings occur with time but not necessarily in a predeter-
mined ratio.
() changes inweight and height among individuals are not in any known proportion and

@iy thereis no direct relationship or ratio between the height of a tree and the number
of leaves growing on its branch&kink of some more similar examples.

TRY THESE

1. Observe the following tables and finet &indy are directly proportional.

M (x| 20| 17| 14| n| 8| 5| 2)
(y | 40| 34| 28] 22| 16| 10| 4

p
G [ x| 6 | 10| 14| 18| 22| 26 3a
4 | 8 | 12| 16| 20| 24] 28

G (x| 5| 8| 12| 15| 18] 20
Ly | 15| 24| 36| 60| 72| 109

2. Principal =% 1000, Rate = 8% per annum. Fill in the following table and find
which type of interest (simple or compound) changes in direct proportion with

time period.
\ (Time period lyear | 2years| 3 yea?

Simple Interest (iR)

\

_ Compound Interest (i)

HEEE THINK, DISCUSS AND WRITE Ul

If we fix time period and the rate of interest, simple interest changes proportignally
with principal Would there be a similar relationship for compound intev&/bt??

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

Example 1: The cost of 5 metres of a particular quality of cloth240.Tabulate the
cost of2, 4, 10 and 13 metres of cloth of the same type.

Solution: Suppose the length of clothxsnetres and its cost, Inisy.
( X 2 4 5 | 10 13]
LY Y | Y| 2200 v, | ¥ |
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As the length of cloth increases, cost of the cloth also increases in the same ratio. Itis
a case of direct proportion.

We make use of the relation of ty'éé: %
1 2

() Herex =5, y=210ank, =2

Theref X X . 5 2 5.= 2 x 210 oY 2x 210
erefore,—=— (gives = or = ory,; =
i Yo ’ 210 v, ? i >

. 5 _4 4% 210
@iy Ifx,=4, then210— Va or5y,=4 x 210 ory; = 5

=168

o _ X%
[Canwe usey— = y here?ry!]
2 3

_ 5 _10 10x 210

@iy If x4:10,then210— Vo orys= 5 =420
fy = h 5 13 _13x 210 p

(v) | x5—13,tenﬁ)—y5 orYys 5 =546

[Note that here we can also Hée —gF —190F in the pbiceS—}
84 168 420 210

Example 2: An electric pole, 14 metres high, casts a shadow of 10 metres. Find the
height of a tree that casts a shadow of 15 metres under similar conditions.

Solution: Let the height of the tree BenetresWe form a table as shown below:

( 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, this is a case of direct proportion. Thatls: -2

1Y,

We h 14 _ X \why?
e have 10-15 (Why?)

14

—x15 =
or 10 X

14><3_
or 5 X
So 21 =x

Thus, height of the tree is 21 metres.

Alternately we can writeL =22 a5 X N
Yi Yo X Y
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S0 X DX =YY,

or 14 :x=10:15

Therefore, 10xx=15x 14
_15x14

or =10 21

Example 3: If the weight of 12 sheets of thick paper is 40 grams, how many sheets of

the same paper would wei@'% kilograms?
Solution:
Let the number of sheets which We@}% kg bex. We put the above information in
the form of a table as shown below:
(Number of sheets 12 X W
LWeight of sheets (in grams) 40 2500J

More the number of sheets, the more would their\>
weight be. So, the number of sheets and their weighjs
are directly proportional to each other

s 12 x
°, 40 ~ 2500
12x 250C 3
or 40 =X
or 750 =x

Thus, the required number of sheets of paper = 750
Alternate method:

X
Two quantitiescandy which vary in direct proportion have the relationkyor — = K
number of sheets 12 _ 3 y

Here, - weight of sheetsingran 40 10

1
Nowx is the number of sheets of the paper which Wéighkg [2500 g].
3
Using the relatiox =ky, x= 10 x 2500 =750
1
Thus, 750 sheets of paper would weﬁyE kg.

Example 4: A train is moving at a uniform speed of 75 km/hour

() How far willit travel in 20 minutes?
() Find the time required to cover a distance of 250 km.

Solution: Let the distance travelled (in km) in 20 minutesxtand time taken
(in minutes) to cover 250 km lge

( Distance travelled (in km)| 75 X 250\
1 hour = 60 minute

LTime taken (in minutes) 60 20 y J
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Since the speed is uniform, therefore, the distance covered would be directly
proportional to time.
75_ X

() We have 60 50

75
or 50 x20 =x
or x=25
So,the train will cover a distance 26 km in 20 minutes
75_ 250
' 60 y

250x 60

or Y= B = 200 minutes or 3 hours 20 minutes.

Therefore, 3 hours 20 minutes will be required to cover a distance of 250 kilometres.

Alternatively whenxis known, then one can determyrfeom the relationzio = &3 )

y

You know that a map is a miniature representation of a very large regaie is
usually given at the bottom of the map. The scale shows a relationship befween
actual length and the length represented on the map. The scale of the map is thus the
ratio of the distance between two points on the map to the actual distance bgtween
two points on the large region.

For example, if 1 cm on the map represents 8 km of actual distance [i.e., the gcale is
1cm: 8 kmor1l:800,000]then 2 cm on the same map will represent 16 km.
Hence, we can say that scale of a map is based on the concept of direct proportion.

(i) Also, =z

Example 5: The scale of a map is given as 1:3000000 cities are 4 cm apart on
the map. Find the actual distance between them.

@* MRAP
Solution: Let the map distance bl&m and actual distance yem, then|" ) *L BoLTicAl
1:30000000 % :y o { S
or 4 2 : g,« “‘,,
= "‘\’;‘,""\ . , .
3% 107 Yy E' rf\:‘_\"' ‘r.__ /;»
1 4 «/“ i
Since x=4 SO, W = ; )}-" . j\p\
or y=4x3x10=12x 10 cm = 1200 km. SCALE 1CM* 300K

Thus, two cities, which are 4 cm apart on the map, are actually 1200 km away from
each other

DO THIS

Take a map of your State. Note the scale used there. Using a ruler, measure the :.:?:55 |
distance” between any two cities. Calculate the actual distance between them. <
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B EXERCISE 11.1
1.

10.

Following are the car parking charges near a railway station upto

4 hours 60

8 hours Z100
12 hours T 140
24 hours ¥ 180

Check if the parking charges are in direct proportion to the parking time.

A mixture of paint is prepared by mixing 1 part of red pigments with 8 parts of base.
In the following table, find the parts of base that need to be added.

( Parts of red pigment | 1 4 7 12 20)
LParts of base 8

In Question 2 above, if 1 part of a red pigment requires 75 mL of base, how much
red pigment should we mix with 1800 mL of base?

A machine in a soft drink factory fills 840 bottles in six hours. How many bottles will

it fillin five hours?

A photograph of a bacteria enlarged 50,000 tim
attains a length of 5 cm as shown in the diagra
What is theactuallength of the bacteria? If the
photograph is enlarged 20,000 times pniyat
would be its enlarged length?

In a model of a ship, the mastis 9 cm high, while
the mast of the actual ship is 12 m high. Ifthe leng
of the ship is 28 m, how long is the model ship?
Suppose 2 kg of sugar contains 9 %ci@stals. e

How many sugar crystals are there in (i) 5 kg of sugar? (||) 1.2 kg of sugar?

Rashmi has a road map with a scale of 1 cm representing 18 km. She drives on a
road for 72 km. What would be her distance covered in the map?

A5m 60 cm high vertical pole casts a shadow 3 m 20 cm long. Find at the same time
(i) the length of the shadow cast by another pole 10 m 50 cm high (ii) the height of a
pole which casts a shadow 5m long.

A loaded truck travels 14 kmin 25 minutes. If the speed remains the same, how far
canittravel in 5 hours?

DO THIS 1. Onasquared papeiraw five squares of different sides.

Write the following information in a tabular form.

-

Ol

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

Length of a side (L)

Perimeter (P)
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Find whether the length of a side is in direct proportion to:
(@) the perimeter of the square.
(b) the area of the square.
2. The following ingredients are required to make halwa for 5

per__sons: W (window) W (window)
Suji/Rawa = 250 g, Sugar =300 g, — —I
Ghee =200 g, Water =500 mL.
Using the concept of proportion, estimate t )
changes in the quantity of ingredients, tﬁ [ _§
prepare halwa for your class. s
3. Choose a scale and make a map of yokl
classroom, showing windows, doorsy .t . ———1
D
blackboard etc. (An example is given here). \J (wmdow) 5cm G >
Scale <—1.200

HEEE THINK, DISCUSS AND WRITE Ul

Take a few problems discussed so far under ‘direct variation’. Do you think
they can be solved by ‘unitary method’?

11.3 Inverse Proportion

Two quantities may change in such a manner that if one quantity increases, 1
guantity decreases and vice versa. For example, as the number of workers increases, time
taken to finish the job decreases. Similarly, if we increase the speed, the time taken to
cover a given distance decreases.
To understand this, let us look into the following situation.

Zaheeda can go to her school in four different ways. She can walk, run, cycle or go by
car Sudy the following table.

XI5}~

O

i H H
v L2 L2

Walking | Running | Cycling By Car
Speed in km/hour 3 6 9 45
Time taken (in minutes) 30 15 10 2
»H N LY
—&
3 T
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Observe that as the speed increases, time taken to cover the same distance decreases.

As Zaheeda doubles her speed by running, time
reduces to half. As she increases her speed toff Multiplicative inverse of a numbgr
times by cycling, time decreases to one thi| . 1
Similarly, as she increases her speed to 15 tin 12 (15 e PeEel Thurz 13 s
time decreases to one fifteenth. (Or, in other wo| inverse of 2 and vice versa. (Nqte
the ratio by which time decreases is inverse of
ratio by which the corresponding speed increas
Can we say that speed and time change inversery
in proportion?

Let us consider another examp@leschool wants to speRd000 on mathematics
textbooks. How many books could be bougkt4 each? Clearly 150 books can be
bought. If the price of a textbook is more tRat0, then the number of books which
could be purchased with the same amount of money would be less than 150. Observe the
following table.

1 1
2x—=—x2=1
that 5= 5 ).

(Price of each book (i) | 40 | 50| 60| 75| 80| 100)
LNumber of books that | 150 | 120 100| 80| 75 SOJ

can be bought

What do you observefdu will appreciate that as the price of the books increases,
the number of books that can be bought, keeping the fund constant, will decrease.

Ratio by which the price of books increases when going from 40to 50is 4 : 5, and the
ratio by which the corresponding number of books decreases from 150 to 120is 5 : 4.
This means that the two ratios are inverses of each other

Notice that the product of the corresponding values of the two quantities is constant;
that is, 40 x 150 = 50 x 120 = 6000.

If we represent the price ofiebook askand the number dfooks bought ag then
asxincreasey decreases and vice-versa. It is important to note that the prgduct
remains constantVe say that varies inversely witli andy varies inversely witik. Thus
two quantities x and y are said to vary in inversaportion, if thele exists a relation
of the typexy = k between them, k being a constanty,|fy, are the values of y

corresponding to the values, x, of xrespectively thery, =xy, (=K), or A_Y
X YN
We say thax andy are ininverse proportion.

Hence, in this example, cost of a book and number of books purchased in a fixed
amount are inversely proportional. Similarly, speed of a vehicle and the time taken to
cover a fixed distance changes in inverse proportion.

Think of more such examples of pairs of quantities that vary in inverse propastion.
may now have a look at the furniture — arranging problem, stated in the introductory part
of this chapter

Here is an activity for better understanding of the inverse proportion.
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DO THIS

Take a squared paper and arrange 48 counters on it in different number of
shown below

4 Rows, 12 columns %

6 Rows, 8 columns

Number of R) | (R) R) | (R) (R)
Rows (R) 2 &) 4 6 8
Number of (C) | (C) (C) | (C) (C)
LCqumns © 12 8 J
What do you observe®s R increases, C decreases.
M IsR:R=C,:C? ) IsR:R,=C,:C?

(i) Are Rand C inversely proportional to each other?
Try this activity with 36 counters.

TRY THESE

Observe the following tables and find which pair of variables ¢hanely) are in
inverse proportion.

O x | 50| 40| 30| 20 @ ( x |100| 200 300
Ly [ 5] 6] 7| 8] Ly |60] 30| 20
p

G ( x | 90| 60| 45| 30| 20[ 5)

vy | 10| 15| 20| 25| 30| 35

Let us consider some examples where we use the concept of inverse proportion.

When two quantitiesandy are in direct proportion (or vary directly) theme alsavritten asxe< y.

1
When two quantitiesandy are in inverse proportion (or vary inversely) theyalsavritten asce< y,

y .
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Example 7: 6 pipes are required to fill a tank in 1 hour 20 minutes. How long will it
take if only 5 pipes of the same type are used?
Solution:

Let the desired time to fill the tank beinutes. Thus, we have
the following table.

(Number of pipes 6 5 ]

LTime (in minutes)| 80 X J

Lesser the number of pipes, more will be the time required by
it to fill the tank. So, this is a case of inverse proportion.
Hence, 80x6=xx5 [X Yy, =XV,

80x 6

=X
5
or X =96
Thus, time taken to fill the tank by 5 pipes is 96 minutes or 1 hour 36 minutes.

Example 8: There are 100 students in a hostel. Food provision for them is for 20
days. How long will these provisions last, if 25 more students join the group?

or

Solution: Suppose the provisions last jatays when the number of students is 125.
We have the following table.

(Number of studenty 100 125\
LNumber of days 20 y J

Note that more the number of students, the sooner wc
the provisions exhaust. Therefore, this is a case of inve 24| =

proportion.
So, 100 x 20 =125 %
100x 20
or 125 or 16=y
Thus, the provisions will last for 16 days, if 25 more students join the hostel.
Alternately, we can writg y, =X,y, as A % .
2
Thatis, X IX =Y, Y, '
or 100:125=y:20
100x 20

= =16

or Y= "125

Example 9: If 15 workers can build a wall in 48 hours, how many workers will be
required to do the same work in 30 hours?

Solution:
Let the number of workers employed to build the wall in 30 hows be
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We have the following table.
( Number of hours 48 30

~

\Number of workers 15 y

J
Obviously more the number of workers, faster will they build the wall.
So, the number of hours and number of workers vary in inverse proportion.
So 48 x 15 =30 %

Therefore, or ¥ 24

i.e., to finish the work in 30 hours, 24 workers are required.

B EXERCISE 11.2

1. Which of the following are in inverse proportion?
() The number of workers on a job and the time to complete the job.
(i) The time taken for a journey and the distance travelled in a uniform s
(i) Area of cultivated land and the crop harvested.
(v) The time taken for a fixed journey and the speed of the vehicle.
(v) The population of a country and the area of land per person.

2. In aTelevision game show, the prize mone§g ©f00,000 is to be divided equally
amongst the winners. Complete the following table and find whether the prize money
given to an individual winner is directly or inversely proportional to the number

of winners?
(Number of winners 1 2 41 5| 8] 10 Z(ﬂ
LPrize for each winner (in%) | 1,00,00Q 50,000 J

3. Rehman is making a wheel using spokes. He wants to fix equal spokes in such a way
that the angles between any pair of consecutive spokes are equal. Help him by
completing the following table.

(Number of spokes

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

() Are the number of spokes and the angles formed between the pairs of
consecutive spokes in inverse proportion?

(i) Calculate the angle between a pair of consecutive spokes on a wheel with 15
spokes.

(i) How many spokes would be needed, if the angle between a pair of consecutive
spokes is 40°?

If a box of sweets is divided among 24 children, they will get 5 sweets each. How

many would each get, if the number of the children is reduced by 4?

A farmer has enough food to feed 20 animals in his cattle for 6 days. How long

would the food last if there were 10 more animals in his cattle?

A contractor estimates that 3 persons could rewire Jasrsmderse in 4 days. If,
he uses 4 persons instead of three, how long should they take to complete the job?

A batch of bottles were packed in 25 boxes with 12 bottles in each box. If the same
batch is packed using 20 bottles in each box, how many boxes would be filled?

A factory requires 42 machines to produce a given number of articles in 63 days.
How many machines would be required to produce the same number of articles in
54 days?

A car takes 2 hours to reach a destination by travelling at the speed of 60 km/h. How
long will it take when the car travels at the speed of 80 km/h?

Two persons could fit new windows in a house in 3 days.

() One of the persons fell ill before the work started. How long would the job
take now?

(i) How many persons would be needed to fit the windows in one day?

A school has 8 periods a day each of 45 minutes duration. How long would each
period be, if the school has 9 periods g dssuming the number of school hours to
be the same?

Reprint 2024-25



DiRecT AND INVERSE ProPORTIONS I 143

DO THIS

1.

Take a sheet of papé&old it as shown in the figure. Count the number ofpaid
the area of a part eachcase.

Tabulate your observations and discuss with your friends. Is it a case of inverse proportion?

( Number of parts 1 2 4 8 1(%

2

1
L Area of each part| area of the papef = the area of the pap1er... J

Take a few containers of téfent sizes with circular bases. Fill the same amount of
water in each containg¥ote the diameter of each container and the respective
height at which the water level stan@isbulate your observations. Is it a case of
inverse proportion?

|
q v
| I =
l ) (K | ——
—d— : d, | : d, |

(Diameter of container (in cm)

— 1/

LHeight of water level (in cm)

— WHAT HAVE WE DISCUSSED? —

1. Two quantitiex andy are said to be idir ect proportion if they increase (decrease) together in

such a manner that the ratio of their corresponding values remains constant. ﬁ@ﬂis[lt is
. . . . y
a positive number], thenandy are said to vary directlin such a caseyf, y, are the values of

y corresponding to the valuesx, of x respectively thegl = 22 .
Yi Y
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-

2. Two quantitiex andy are said to be inverse proportion if an increase iR causes a proportion
decrease ig (and vice-versa) in such a manner that the product of their corresponding values
remains constanthatis, ifxy =k therxandy are said to vary inverse this case if/,, y, are
the values of corresponding to the valuesx, of x respectively ther y, =X, y, or X_Y2

X Y
L
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12.1 Introduction

12.1.1 Factors of natural numbers

Factorisation

CHAPTER

0852CH14

Youwill remember what you learnt about factorsin ClassV|. Let ustakeanatura number,

say 30, andwriteit asaproduct of other natural numbers, say
30=2x15
=3x10=5x%x6
Thus, 1, 2, 3,5, 6, 10, 15 and 30 are thefactors of 30.
Of thesg, 2, 3and 5 arethe primefactors of 30 (Why?)

A number written asaproduct of primefactorsissaidto
be in the prime factor form; for example, 30 written as
2 x 3x 5isintheprimefactor form.

Theprimefactor formof 70is2x5x 7.
The primefactor form of 90is2 x 3x 3x 5, and soon.

We know that 30 can also be written as
30=1x30
Thus, 1 and 30 are also factors of 30.
You will notice that 1 is a factor of any
number. For example, 101 = 1 x 101.
However, when we write a number as a
product of factors, we shall not write 1 as
afactor, unlessit is specially required.

Similarly, we can express algebrai c expressions as products of their factors. Thisis

what we shal learnto do in thischapter.

12.1.2 Factors of algebraic expressions

Wehaveseenin ClassVII that in algebrai c expressions, termsare formed as products of
factors. For example, inthe algebraic expression 5xy + 3x the term 5xy has been formed

by thefactors5, xandy, i.e.,

SXy = 5X XXy
Observethat thefactors 5, xandy of 5xy cannot further
be expressed as a product of factors. We may say that 5,
xandy are‘prime factorsof 5xy. Inagebraic expressions,
weusetheword‘irreducible inplaceof ‘ prime’ . Wesay that
5xx xyistheirreducibleform of 5xy. Note5 x (xy) isnot

Note 1 is afactor of 5xy, since

5xy = IXSX XXY
Infact, 1 isafactor of every term. As
in the case of natural numbers, unless
itisspecialy required, we do not show
1 as a separate factor of any term.

anirreducibleform of 5xy, sincethefactor xy can befurther
expressed asaproduct of xandy, i.e., xy =X xy.
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Next consider the expression 3x (x + 2). It can bewritten asaproduct of factors.
3, xand (x + 2)
3X(X + 2) =3x xx(x+2)
Thefactors 3, xand (x +2) areirreduciblefactorsof 3x (x + 2).
Similarly, theexpression 10x (x + 2) (y + 3) isexpressed initsirreduciblefactor form
as 10x (x+2) (Y +3) = 2x5x xx(x+2)x(y+3).

12.2 What is Factorisation?

When wefactorise an agebraic expression, wewriteit asaproduct of factors. These
factorsmay be numbers, agebraic variablesor agebraic expressions.
Expressionslike3xy, 5x%y, 2x(y +2),5(y + 1) (x + 2) arealready in factor form.
Their factorscan bejust read off from them, asweaready know.
On the other hand consider expressionslike 2x + 4, 3x + 3y, X2 + 5x, X2 + 5x + 6.
Itisnot obviouswhat their factorsare. We need to devel op systematic methodsto factorise
these expressions, i.e., tofind their factors. Thisiswhat weshall do now.

12.2.1 Method of common factors

® \Webeginwithasmpleexample: Factorise 2x + 4.
We shall write eachterm asaproduct of irreduciblefactors,
2X=2 %X
4=2x2
Hence X+4=2%xx)+(2x%x2)
Noticethat factor 2 iscommon to both theterms.
Observe, by digtributivelaw
2x(X+2)=(2%xx)+(2x2)
Therefore, wecanwrite
2X+4=2x(x+2)=2(x+2)
Thus, theexpression 2x + 4isthesameas2 (x + 2). Now we canread off itsfactors:
they are2 and (x + 2). Thesefactorsareirreducible.
Next, factorise 5xy + 10x.
Theirreduciblefactor formsof 5xy and 10x are respectively,
SXy =5 XXXy
10x =2 % 5% x
Observethat thetwo termshave 5 and x ascommon factors. Now,
5xy + 10x=(5xxxy) +(5xxX% 2)
= (5xx y) + (5xx 2)
We combinethetwo termsusing thedistributivelaw,
(5xx y) + (5xx 2) =5xx (y + 2)
Therefore, 5xy + 10x=5x (y + 2). (Thisisthe desired factor form.)
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Example 1: Factorise 12a’b + 15ab?

Solution: We have 12ah=2x2x3xaxaxb

15ab? =3 x5xaxbxb

Thetwo termshave 3, aand b ascommon factors.

Therefore, 12a?h + 15ab? = (3xaxbx2x2xa)+(3x ax bx5xb)
=3xaxbx[(2x2xa)+(5xb)] (combining theterms)
= 3ab x (4a + 5b)
= 3ab (4a + 5b) (required factor form)

Example 2: Factorise 10x? — 18x® + 14x*

Solution: 10x2=2x5x XX X

18 =2x3x3 XXX XXX
14X =2 X 7T XXX XX XX X
The common factorsof thethreetermsare 2, xand x.
Therefore, 10x2 — 183 + 14x* = (2 X X x X X 5) — (2 X X X X X 3 X 3 X X)
+(2XXXXXTXXXX)
=2xxxXX[(6—(3%x3xx)+ (7% xxXx)] (combiningthethreeterms)

=2 x (5—9x + 7x%) = 2xX*(7x* —9x +5)

TRY THESE

Factorise (i) 12x+36 (ii) 22y—33z (iii) 14pq+ 35pqr

Do you notice that the factor
form of an expression has only
oneterm?

12.2.2 Factorisation by regrouping terms

Look at the expression 2xy + 2y + 3x + 3. You will noticethat thefirst two termshave
common factors 2 and y and thelast two termshave acommon factor 3. But thereisno
singlefactor commonto al theterms. How shall we proceed?

Let uswrite(2xy + 2y) inthefactor form:
Xy +2y=(2x xxy) +(2xYy)
=(@2xyxx)+(@2xyx1)

Sy +yx D) =2y (x+ D) e weneadio
Smilaly, 3x+3=(3xX)+(3x1) ———_| here Why?
=3x(x+1)=3(x+1)
Hence, 2Xy+2y+3x+3=2y(x+1)+3(x+1)

Observe, now we have acommon factor (x + 1) in both the termson theright hand
side. Combining thetwo terms,

2Xy+2y+3x+3=2y(x+1)+3(x+1)=(x+1) (2y +3)
The expression 2xy + 2y + 3x + 3isnow in the form of a product of factors. Its
factorsare(x+ 1) and (2y + 3). Note, thesefactorsareirreducible.
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What is regrouping?
Suppose, the above expression wasgiven as 2xy + 3+ 2y + 3x; then it will not beeasy to
seethefactorisation. Rearranging the expression, as2xy + 2y + 3x + 3, allowsustoform
groups (2xy + 2y) and (3x + 3) leading to factorisation. Thisisregrouping.
Regrouping may be possible in more than one ways. Suppose, we regroup the
expression as. 2xy + 3x + 2y + 3. Thiswill asolead to factors. Let ustry:
2Xy+3X+2y+3=2xXXXy+3xX+2Xxy+3
=xx(2y+3)+1x(2y+3)
=(2y+3) (x+1)
Thefactorsarethe same (asthey haveto be), although they appear in different order.
Example 3: Factorise 6xy—4y + 6 —9x.
Solution:
Sepl Checkif thereisacommonfactor amongall terms. Thereisnone.
Sep2 Think of grouping. Noticethat first two termshave acommon factor 2y,
Bxy — 4y =2y (3x—2) @
What about the last two terms? Observethem. |f you changetheir order to
—9x + 6, thefactor ( 3x—2) will come out;
-Ox+6=-3(3x) +3(2)
=-3(3x-2) (b)
Sep 3  Putting (a) and (b) together,
OXxy—4y+6—-9x=6xy—4y—-9x + 6
=2y (3x—2)-3(3x-2)

=(3x-2) (y-3)
The factors of (6xy —4y + 6 -9 X) are (3x—2) and (2y —3).

B EXERCISE 12.1

1. Findthecommon factorsof thegiventerms.

(i) 12x, 36 @iy 2y, 22xy (i) 14 pq, 28p*?
(iv) 2x, 3¢, 4 (v) 6abc, 24ab?, 12 a*b
(Vi) 16 X3, —4x2, 32x (vii) 10pq, 20gr, 30rp

(i) 3x2 8, 10X y2,6 X2 y?z
2. Factorisethe following expressions.

(i) 7x—42 (i) 6p—129 (i) 7a?+ 14a
(iv) —16z+20Z2 (v) 201?’m+30alm
(Vi) 5x2y—15xy? (vii) 10a?—-15b*+20c?
(vii) —4a’+4ab—-4ca (iX) X*yz+ xy’z+xyZ
X)) ax*y+bxy*+cxyz
3. Factorise.
(i) X+ xy+8x+8y (i) 15xy—6x+5y—2
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(i) ax+ bx—ay—by (v) 15pg+15+9qg+25p
V) z=7+7xy—-xyz

12.2.3 Factorisation using identities

Weknow that (a+ b)? =a2+ 2ab + b? ()
(a—b)? =a?—2ab + b? (D)
(a+b)(a—b) =a?—h? (1)

Thefollowing solved examplesillustrate how to usetheseidentitiesfor factorisation. What
wedoisto observethegiven expression. If it hasaform that fitstheright hand side of one
of theidentities, then the expression corresponding to theleft hand side of theidentity
givesthedesired factorisation.

Example 4: Factorise X+ 8x + 16

Solution: Observe the expression; it has three terms. Therefore, it does not fit
Identity I11. Also, it'sfirst and third terms are perfect squareswith apositive sign before
themiddleterm. So, itisof theform a2 + 2ab + b?’wherea=xandb=4

suchthat a’+2ab+b?= x*+2(X) (4) + 4 :
Observe here the given
=x2+8x+ 16 expression isof theform

Since a’+ 2ab + ? = (a+ b)?, & —2ab+ 1"

Wherea=2y,andb=3

by comparison  x? + 8x + 16 = (x+4)? (therequired factorisation) with2ab=2x 2y x 3= 12y.

Example 5: Factorise 4y?— 12y + 9

Solution: Observe 4y? = (2y)?, 9=3%2and 12y = 2 x 3 x (2y)

Therefore, Ay —12y +9=(2y)* —2x 3% (2y) + (3)°
=(2y—3)? (required factorisation)

Example 6: Factorise 49p*— 36

Solution: There are two terms; both are squares and the second is negative. The
expressionisof theform (a?—b?). Identity |11 isapplicable here;
49p? —36 =(7p)*—(6)?
=(7p—6) (7p + 6) (required factorisation)
Example 7: Factorise @>— 2ab + b*> —c?

Solution: Thefirst threetermsof the given expression form (a—b)2. Thefourthterm
isasquare. Sotheexpression can bereduced to adifference of two squares.

Thus, a’—2ab + b*—c?=(a—b)*>-c? (Applying Identity I1)
=[(a-b)—-c) ((a—b) +c)] (Applying Identity 111)
=(a-b-c)(a-b+c) (required factorisation)

Notice, how wegpplied two identitiesoneafter the other to obtain therequired factorisation.
Example 8: Factorise m*—256
Solution: We note = (n?)2 and 256 = (16) 2
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Thus, thegiven expressionfitsidentity I11.
Therefore, nt— 256 = (n?)? — (16) 2
= (m?-16) (n? +16) [(using Identity (111)]
Now, (me+ 16) cannot befactorised further, but (n?—16) isfactorisable again as per

Identity I11.
n?—16 = n? — 42
=(Mm—-4) (m+4)
Therefore, mt —256 = (m—4) (m+ 4) (m?+16)

12.2.4 Factors of the form (x + a) ( x + b)

L et us now discuss how we can factorise expressionsin onevariable, likex? + 5x + 6,
VY =Ty+12, Z2—4z-12, 3n? + 9m+ 6, etc. Observe that these expressions are not
of thetype(a+ b)?or (a—hb)? i.e, they are not perfect squares. For example, in
X2+ 5x+ 6, theterm 6 isnot aperfect square. These expressions obviously also do not
fit thetype (a®—b?) either.

They, however, seemto be of thetypex?+ (a+ b) x + ab. Wemay therefore, try to
useldentity 1V studied inthelast chapter to factorisethese expressions:

x+a (x+ b =x+(@+b)yx+ab (v)

For that we havetolook at the coefficients of x and the constant term. L et ussee how

itisdoneinthefollowing example.

Example 9: Factorise X+ 5x + 6

Solution: If wecomparetheR.H.S. of Identity (IV) withx?+ 5x + 6, wefindab=6,
and a + b = 5. From this, we must obtain a and b. The factors then will be
(x+a)and (x+ b).

If ab =6, itmeansthat aand b arefactorsof 6. Let ustry a=6, b= 1. For these
valuesa+b=7,and not 5, So thischoiceisnot right.
Letustry a=2,b=3. Forthisa+b=>5 exactly asrequired.
Thefactorised form of thisgiven expressionisthen (x+2) (x + 3).

In general, for factorising an algebraic expression of thetype x? + px + g, we find two
factorsa and b of g (i.e., the constant term) such that

ab=q and a+b=p
Then, the expression becomes x2+ (a+ b) x + ab

or X+ ax + bx + ab
or X(x +a) + b(x + a)
or (x+a) (x+Db) which are the required factors.

Example 10: Find the factors of y2—7y +12.
Solution: Wenote12=3x4and3+4=7. Therefore,
Y —Ty+ 12=y*-3y—4y + 12
=y(y-3)-4(y-3) =(y-3) (y-4)
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Note, thistimewedid not comparetheexpressonwiththat in Identity (1V) toidentify
aandb. After sufficient practice you may not need to compare the given expressionsfor
their factorisation with the expressionsin theidentities; instead you can proceed directly
aswedid above.

Example 11: Obtain the factors of Z2—4z—12.

Solution: Hereab=-12; thismeansoneof a andbisnegative. Further,a+ b=-4,
this meansthe one with larger numerical valueisnegative. Wetry a=-4, b= 3; but
thiswill not work, sincea+ b =-1. Next possiblevaluesarea=-6, b =2, so that
a+b=-4asrequired.
Hence, 22-4z2-12=722 —-62+2z-12

=2(z—6) +2(z-6)

=(z-6)(z+2)
Example 12: Find the factors of 3n?+ 9m+ 6.

Solution: We noticethat 3 isacommon factor of all theterms.

Therefore, 3m?+9m+ 6 = 3(m?+ 3m+ 2)

Now, m2+3m+2=nP+m+2m+ 2 (as2=1x2)
=m(m+ 1)+ 2(m+1)
=(m+1) (m+2)

Therefore, 3mP+9m+6=3(Mm+1) (m+2)

B EXERCISE 12.2
1. Factorisethefollowing expressions.
() a®+8a+16 (i) pPP—10p+25 (i) 25n?+30m+9
(iv) 49y? + 84yz + 367 (V) 4-8x+4
(vi) 121b?—88bc + 162
(i) (I+m)2—4lm  (Hint: Expand (1 + m)?first)
(viii) a*+ 2a?? + b*
2. Factorise.
(i) 4p?-9g? (i) 63a—112b? (i) 49x*>—36
(iv) 16x°—144 (V) (I +m)>—(l—m)?
(M) 9y2-16 (i) (C—2xy+y?) -7
(vii) 25a? — 4b? + 28bc — 49¢?
3. Factorisetheexpressions.

(i) ax®+ bx (i) 7p? + 21¢? (i) 2+ 2xy? + 2x2
(iv) an? + bn? + bn? + an? V) (Im+1)+ m+1
V) yiy+2+9(y+2 (Vi) 5y?—20y—8z+ 2yz
(vii) 10ab +4a +5b + 2 (iX) 6xy—4y+6—9x
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4. Factorise.
i) a*-b? i) p*-81 (i) x*—(y+2*
vy x*-(x-2* (v a*—2a%*+Db*
5. Factorisethefollowing expressions.
(i) p>+6p+8 (i) g>—10q+21 (i) p*+6p—16

12.3 Division of Algebraic Expressions

We have learnt how to add and subtract algebrai c expressions. We al so know how to
multiply two expressions. We have not however, looked at division of onealgebraic
expression by another. Thisiswhat wewishtodointhissection.

Werecdll that divisonistheinverseoperation of multiplication. Thus, 7 x 8 =56 gives
56+-8=70r5 +7=8.
Wemay smilarly follow thedivision of agebraic expressions. For example,

0] 2X % 3x2 = 6x3
Therefore, 6x3 + 2x = 3x2
and also, 63 + 3x% = 2x.

(ii) 5X (x + 4) =5x2 + 20x
Therefore, (5% +20x) -+ 5x=x+ 4

andaso (5%% + 20x) = (x + 4) = 5x.
We shall now look closely at how the division of one expression by another can be
caried out. Tobeginwithweshdl consder thedivision of amonomia by another monomid.

12.3.1 Division of a monomial by another monomial
Consider 6x3+ 2x
Wemay write 2xand 6x2 inirreduciblefactor forms,
2X=2xX
B =2 X 3XXXXXX
Now we group factors of 6x® to separate 2x,
6x3 =2 % xx (3% XxxX)=(2X) x (3%

Therefore, 6x3 + 2x = 3%,
A shorter way to depict cancellation of common factorsisaswedoindivision of numbers:
o7 7x11
77+7= - = Z =11
- 3. o= X
Smilaly, 6x° + 2X = x
2X 33X XX XXX
= =3 xx%xx=3x
2X X
Example 13: Dothefollowing divisions.
(i) —20x*+ 10x (i) 7x¥°Z + 14xyz
Solution:

(i) 20x*=-—2x2x%x5XXXXXXXX
10 =2%x5x x %X
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—2X2X5BX XX XX XX X
Therefore,  (—20x*) + 10x* = T2 XX XX=-2X
2X5X XX X

TXXXXXYXYXZXZ
2XTXXXYXZ

(i) 7x?y?z% = 14xyz =

xxyxz 1

2 S 2
TRY THESE
Divide.
(i) 24xy?Z by 6yz* (i) 63a%bc® by 7a?’c

12.3.2 Division of a polynomial by a monomial
Let usconsider thedivision of thetrinomial 4y + 5y? + 6y by themonomial 2y.
4y + 5y + 6y =(2x2xyxyxy)+(5xyxy)+(2x3xy)
(Here, we expressed each term of the polynomial infactor form) wefindthat 2 x yis
commonin eachterm. Therefore, separating 2 x y from each term. We get

4y3+5y2+6y:2xyx(2xyxy)+2xyx(gxy) +2xyx3
5
:2y(2y2)+2y(§)’) +2y(3)

5
=2y (2)/2 + > y+ 3) (Thecommonfactor 2y isshown separately.
Therefore, (4y® + 5y? + 6y) + 2y
2y(2 A +3)
_ 4y’ +5y*+6y _ yley +5y

2y 2y
Alternatively, we could divide each term of the trinomial by the
monomial using thecancellation method. 4y + 5y% + 6y

(4y* + 5y* + 6y) + 2y 2y
3 2
B M) )
2y 2y 2y
Example 14: Divide 24(x?yz + xy’z + xyz?) by 8xyz using both the methods.

Here, wedivide
each term of the
polynomial inthe
numerator by the
monomial inthe
denominator.

=2y*+ §y+3

5
2W+EY+3

Solution: 24 (X2yz + xy?z + xyz%)
Z2X2X2XIX[(XXXXYX2Z)+(XXYyXYX2)+(XXYyXZzZX2Z)]
Z2X2X2X3XXXYyXzZX(X+y+2)=8x3xxyzx (X+y+2z) (Bytakingoutthe

Therefore, 24 (X?yz + xy?z + xyz®) + 8xyz commonfactor)
_ BX3XXyzZX (X+Yy+2)

8% Xxyz

=3x(X+ty+2=3(X+y+2
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24x°yz N 24xy*z N 24xyz*
8xyz 8xyz 8xyz
=3x+ 3y+3z=3(x+y+2

Alternately,24(x?yz + xy?z + xXyZ?) + 8xyz =

12.4 Division of Algebraic Expressions Continued
(Polynomial + Polynomial)

® Consider (7x2+ 14x) + (x + 2)
Weshall factorise (7x2 + 14x) first to check and match factorswith thedenominator:
X2+ 14X = (7T xXxX)+ (2% 7 xX)

Will it help hereto =T7TxXX(X+2)=7x(X+2)
divide each term of

7x% +14x
the numerator by > . _
thebinomid inthe ) NOW (P +14) = (x+2) = ————
denominator?
TX(X+ 2
= —)E+ 5 ) - 7x  (Cancelling thefactor (x + 2))

Example 15: Divide 44(x* — 5% — 24x?) by 11x (x — 8)
Solution: Factorising 44(x* — 5x — 24x?), we get
44(x* — Bx3 — 24x%) =2 x 2 x 11 x X*(x*> — 5x — 24)
(taking the common factor x2 out of the bracket)
=2%x2x 11 x X3(x2—8x + 3x — 24)
=2x2x11xxX[x(x—8)+ 3(x—8)]
=2x2x11xx2(x+3)(x—28)
Therefore, 44(x* — 5% — 24x?) + 11x(x — 8)

2X2X1IX XX XX (X+3) X (Xx—8)

s 11x XX (X —8)

“2xzxx(eacey | Yoo befmasy
Example 16: Divide z(5z>—80) by 5z(z + 4) both the numerator and
Solution: Dividend= z(52 - 80) denomingtor.

=7Z[(5x Z) - (5% 16)]

=zx5x (Z22-16)

=bzx(z+4)(z-4) [using theidentity
a?—b?=(a+b) (a—b)]

5z2(z-4) (z+4)
5z(z+ 4)

Thus, 2(522-80) +5z(z+ 4) = =(z-4)
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B EXERCISE 12.3

1.

Carry out thefollowingdivisons.
(i) 28x* + 56x (i) —36y*+ 9y? (i) 66pg*rs + 11gr?

(iv) 38CyZ + Blxy?Z (v) 12a%0® + (— 6atb?)
Dividethegiven polynomid by the given monomidl.
(i) (5¢—6x) + 3x (i) (By?—4ys+5y) + vy

@iy 8(CY?Z2 + XAPZ + X227 + 72 (V) (@ +2x2+3X) + 2X
V) (e’ —p°dd) + P’
Work out thefollowing divisions.

(i) (10x-25)+5 (i) (10x-25)+ (2x-5)
(i) 10y(6y +21) + 5(2y + 7) (iv) 9x%y*(3z—24) + 27xy(z—-8)
(v) 96abc(3a—12) (5b—30) + 144(a—4) (b-6)
Divideasdirected.

() 5(2x+1) (3x+5)+(2x+1) (i) 26xy(x+5)(y—4)+13x(y—4)

(i) S2par (p+0q) (q+r) (r +p) +104pqa(q+r) (r +p)
(v) 20(y+4) (y*+5y+3)+5(y+4) (V) x(x+1)(Xx+2)(x+3)+x(x+1)
Factorisethe expressionsand divide them asdirected.

() (y*+7y+10)+(y+5) @) (M —14m-32)+(m+2)
(i) (5p?—25p+ 20) = (p—1) (iv) 4yz(z2+6z—16) + 2y(z+ 8)
(V) Spa(p®— ) +2p(p + )

(Vi) 12xy(9%%—16y?) + 4xy(3x + 4y)  (vi) 39y%(50y? —98) + 26y?*(5y + 7)

WHAT HAVE WE DISCUSSED? —

1. Whenwefactorisean expression, wewriteit asaproduct of factors. Thesefactorsmay be
numbers, algebrai ¢ variablesor agebraic expressions.

Anirreduciblefactor isafactor which cannot be expressed further asaproduct of factors.

3. A systematic way of factorising an expression isthe common factor method. It consists of
three steps: (i) Write eachterm of the expression asaproduct of irreduciblefactors (i) Look
for and separatethe common factorsand (iii) Combinethe remaining factorsin eachtermin
accordancewiththedistributivelaw.

4. Sometimes, dl thetermsin agiven expression do not haveacommon factor; but thetermscan
be grouped in such away that al thetermsin each group have acommon factor. When wedo
this, thereemergesacommon factor acrossal thegroups|eading to therequired factorisation
of theexpression. Thisisthemethod of regrouping.

5. Infactorisation by regrouping, we should remember that any regrouping (i.e., rearrangement)

of the termsin the given expression may not lead to factorisation. We must observe the

expression and come out with the desired regrouping by trial and error.

N
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6.

10.

A number of expressionsto befactorised are of theform or canbeputintotheform: a2+ 2ab + b?,
a?—2ab + b? a?—b? and x? + (a + b) + ab. These expressions can be easily factorised using
Identitiesl, I1, [l and V.
a?+2ab+b’=(a+b)?
a’?—2ab+b?=(a-h)?
a’—b*=(a+b)(a-b)
¥+ (@+b)yx+ab=(x+a) (x+Dh)
Inexpressonswhich havefactorsof thetype (x+a) (X + b), remember thenumerica termgivesab. Its
factors, aand b, should be so chosenthat their sum, with signstaken care of, isthe coefficient of x.
Weknow that inthe case of numbers, divisonistheinverseof multiplication. Thisideaisagpplicable
alsotothedivision of algebraic expressions.
Inthecaseof division of apolynomial by amonomial, we may carry out thedivision either by
dividing each term of the polynomial by the monomia or by the common factor method.
Inthecaseof division of apolynomia by apolynomial, we cannot proceed by dividing eachterm
inthedividend polynomid by thedivisor polynomial. Instead, wefactorise both the polynomials
and cancel their common factors.
Inthe case of divisionsof agebraic expressionsthat we studied in thischapter, we have
Dividend = Divisor x Quotient.
Ingenerd, however, therelationis
Dividend = Divisor x Quotient + Remainder
Thus, we have considered in the present chapter only those divisionsin which the remainder
iszero.
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Introduction to Graphs

13.1 Introduction

Haveyou seen graphsin the newspapers, television, magazines, booksetc.? The purpose
of the graph isto show numerical factsin visua form so that they can be understood
quickly, easily and clearly. Thus graphs are visua representations of data collected.
Data can a so be presented in the form of atable; however agraphical presentationis
easier to understand. Thisistruein particular whenthereisatrend or comparison to
be shown.

We have dready seen sometypesof graphs. Let usquickly recall them here.

13.1.1 A line graph
A linegraph displaysdatathat changes continuously over periodsof time.

When Renuféll sick, her doctor maintained arecord of her body temperature, taken
every four hours. It wasin theform of agraph (showninFig 13.1and Fig 13.2).

Wemay cal thisa*time-temperaturegraph”.
Itisapictoria representation of thefollowing data, givenintabular form.

(Time 6am. | 10am.| 2p.m. 6p.mq

LTemper ature(°C)| 37 40 38 35 J

The horizontal line (usually called the x-axis) showsthe timings at which the
temperatures were recorded. What are labelled on the vertical line (usually called
they-axis)?
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2 42
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E 34 ? 34
= =

32 32

30

S 30<>
@ @ @ & S S S &
6 10 2 6 6 10 2 6
am. am. p.m. p.m. am. am. p.m. p.m.
Time — Time —
Fig 13.1 Fig 13.2
Each piece of data is shown The points are then connected by line
by a point on the square grid. segments. The result is the line graph.

What all does this graph tell you? For example you can see the pattern of temperature;
more at 10 a.m. (see Fig 13.3) and then decreasing till 6 p.m. Notice that the temperature
increased by 3° C(=40° C—37° C) during the period 6 a.m. to 10 a.m.

There was no recording of temperature at 8 a.m., however the graph suggests that it
was more than 37 °C (How?).

Example 1: (A graph on “performance”)

The given graph (Fig 13.3) represents the total runs scored by two batsmen A and B,
during each of the ten different matches in the year 2007. Study the graph and answer the
following questions.
(1) What information is given on the two axes?
(i) Which line shows the runs scored by batsman A?
(i) Were the run scored by them same in any match in 2007? If so, in which match?
(i) Among the two batsmen, who is steadier? How do you judge it?
Solution:
(1) The horizontal axis (or the x-axis) indicates the matches played during the year
2007. The vertical axis (or the y-axis) shows the total runs scored in each match.

(i) The dotted line shows the runs scored by Batsman A. (This is already indicated at
the top of the graph).
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)

Example 2: Thegivengraph (Fig 13.4) describes 30
thedistancesof acar fromacity Pat differenttimes 20
whenitistravelling from City Pto City Q, which are

INTRODUCTION TO GRAPHS M 159

During the4th match, both have scored thesame === Batsman A —— Batsman B
number of 60 runs. (Thisisindicated by thepoint 120
at which both graphs meet). 110
BatsmanA hasonegreat “peak” but many deep |,

“valleys’. He does not appear to be consistent. 9

B, on the other hand has never scored below a

P~
1

total of 40 runs, even though hishighest scoreis -I 80

only 100in comparisonto 1150f A.AlsoAhas & 70

—r ===
= b
==

scored azerointwomatchesandinatotal of 5 2 o
=

meatcheshehasscored lessthan 40 runs. SinceA & ™

50

hasalot of upsand downs, B isamore cons stent

andreliablebatsman. 40

~~k L

O 1
]
wi]

350km gpart. Sudy thegraph and answer thefollowing: H
(i) Whatinformationisgivenonthetwo axes? 0 I 2 3 4 5 6 7 8 9 10
(i) From where and when did the car begin its Matches —>
_ Journey? o Fig 13.3
(i) How far didthecar gointhefirst hour?

(iv) How far didthecar go during (i) the 2nd hour?(ii) the 3rd hour?

(v) Wasthe speed same during thefirst three hours? How do you know it?

(vi) Didthecar stop for somedurationat any place? Justify your answer.

(vil)  When did the car reach City Q?

3501 }
/
3009 /
/]\
E 2509 7
E /
A 2009 /
g
3 1506
5
2 1004
509
OOV 9 10 1 12 1 2 3
a.m. am. a.m. a.m. noon p.m. p.m. p.m.
Time —
Fig 13.4
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Solution:

0]
(i)
(ii)
)
)
(Vi)

(vii)

Thehorizonta (x) axisshowsthetime. Theverticd (y) axisshowsthedistance of the
car from City P

The car started from City Pat 8am.

The car travelled 50 km during thefirst hour. [ Thiscan be seen asfollows.
At8am.itjust started from City P At 9am. it wasat the 50th km (seen from graph).
Hence during the one-hour timebetween 8 am. and 9am. thecar travelled 50 km).
Thedistance covered by thecar during

(@ the2ndhour (i.e., from9amto 10 am) is100 km, (150 —50).

(b) the3rdhour (i.e., from 10 amto 11 am) is50 km (200 —150).
Fromtheanswersto questions (iii) and (iv), wefind that the speed of the car wasnot
thesameall thetime. (Infact thegraphillustrateshow the speed varied).

Wefind that the car was 200 km away from city Pwhen thetimewas 11 am. and
alsoat 12 noon. Thisshowsthat the car did not travel duringtheinterval 11am.to
12 noon. The horizontal line segment representing “travel” during thisperiodis
illugtretiveof thisfact.

The car reached City Q at 2 p.m.

B EXERCISE 13.1

1.

Thefollowing graph showsthe temperature of apatient in ahospital, recorded
every hour.

(@ What wasthepatient’stemperatureat 1 p.m. ?
(b) Whenwasthe patient’ stemperature 38.5° C?

X

=
sop— A

Temperature (°C) —

L 4 @ @ s 4 L 4 L 4 L 4

9 10 11 12 1 2 3

a.m. a.m. a.m. noon p.m. Pp.m. Pp.m.
Time —
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() The patient’stemperature was the same two times during the period given.
What werethesetwo times?

(d) What wasthetemperatureat 1.30 p.m.?How did you arrive at your answer?

(e) Duringwhich periodsdidthe patients’ temperature showed an upward trend?

2. Thefalowinglinegraph showstheyearly sdesfiguresfor amanufacturing company.

(& Whatwerethesalesin (i) 2002 (ii) 2006?

(b) What werethesalesin (i) 2003 (ii) 20057

(¢) Computethedifference betweenthe salesin 2002 and 2006.

(d) Inwhichyear wastherethe greatest difference between the salesascompared
toitspreviousyear?

12

10 /\
N,

Sales (in Rs crores) —
(=

2002 2003 2004 2005 2006
Years —

3. For anexperiment in Botany, two different plants, plant A and plant B weregrown
under similar |aboratory conditions. Their heightsweremeasured at theend of each
week for 3weeks. Theresultsare shown by thefollowing graph.

14

—
(5]

10
T LT |
= = 1--
E 8 /__/-—' - d@
£ -21-" G
= 2l
M 2,
g° &
4 5 5
v
2 vl i
P e e
Fo — ® *—
Start 2 3
ar Weeks —

Reprint 2024-25




162 I MATHEMATICS

(@ How highwasPlantA after (i) 2weeks(ii) 3weeks?

(b) How highwasPlant B after (i) 2weeks (ii) 3weeks?

(¢) How muchdid Plant A grow during the 3rd week?

(d) How muchdid Plant B grow from the end of the 2nd week to the end of the

3rd week?

(e) Duringwhichweek did Plant A grow most?

(f) Duringwhichweek did Plant B grow least?

(9 Werethetwo plantsof the same height during any week shown here? Specify.
4. Thefollowing graph showsthetemperatureforecast and the actual temperaturefor

each day of aweek.

(@ Onwhichdayswastheforecast temperaturethe sameasthe actua temperature?

(b) What wasthe maximum forecast temperature during theweek?

(¢) What wastheminimum actua temperature during theweek?

(d) Onwhich day did the actual temperature differ the most from the forecast

temperature?
----- Forecast Actual
35 =
30 -
’O
\ J4
Tas /,o-..} - -
8 R34 — . .-‘“ /| -
3 ~\‘ ’

E 20 /ﬁ" \\ ‘\~~ 'I
« Ed N Y
S J %3 ~‘~ 0/
215 I'/ \o
g
=

10

5
C C c C C C L=
Mon Tue Wed Thu Fri Sat Sun
Days —

5. Usethetablesbelow to draw linear graphs.
(@ Thenumber of daysahill sidecity received snow in different years.

(" Year | 2003 | 2004 | 2005| 2006)
| pays| 8 10 5 12 |

(b) Population (inthousands) of menandwomeninavillageindifferent years.

(Year 2003 2004 | 2005 2006 | 2007 )
Number of Men 12 12.5 13 13.2 13.5
(Number of Women 11.3 11.9 13 13.6 12.8 )
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6. A courier-person cyclesfrom atown to aneighbouring suburban areato deliver a
parcel toamerchant. Hisdistancefromthetown at different timesisshown by the
following graph.

(& Whatisthescaetakenfor thetimeaxis?

(b) How muchtimedid the persontakefor thetravel ?
(¢ Howfaristheplace of the merchant fromthetown?
(d) Didtheperson stop onhisway?Explain.

() Duringwhich period did heridefastest?

22 /l
20 -
7
18 —
T &
~16 l
= 14 v
£ Z
<12 -
5]
210 //
g
z 8
a A
6 4
4 /’
2
/ o S o S
8 a.m. 9 a.m. 10 a.m. 11 a.m. 12 noon
Time —
7. Cantherebeatime-temperaturegraph asfollows? Justify your answer.
0) (i)
S S
| I
® @
2 =
E E
— = — T
Timg —; Tim¢ —
(iif) (iv)
A
% +
2 2
2 2
—E —E >t
L -
- -
: :
= =
Timg — Timg —
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13.2 Some Applications

Ineveryday life, you might have observed that the more you use afacility, themoreyou
pay for it. If moreeectricity isconsumed, thebill isbound to behigh. If lesselectricity is
used, thenthehill will beeasily managegble. Thisisaninstancewhere one quantity affects
another. Amount of eectric bill dependson thequantity of eectricity used. We say that the
quantity of electricity isanindependent variable (or sometimescontrol variable) and
theamount of eectricbill isthedependent variable Therelation between such variables
can be shown through agraph.

HEE THINK, DISCUSS AND WRITE Ul

Thenumber of litresof petrol you buy tofill acar’spetrol tank will decidetheamount
you haveto pay. Whichistheindependent variable here? Think about it.

Example 3: (Quantity and Cost)
Thefollowing table givesthe quantity of petrol anditscost.

( No. of Litres of petrol 10 15 20 25 W
L Cost of petrol in 2 500 | 750 | 1000 1250J

Plot agraph to show the data.
Solution: (i) Let ustake asuitable scale on both the axes (Fig 13.5).
Y

A

1300 dsla Eh)._
1200

h N 10.300)

200 ﬁ

5 10 15 20 25 30
Litres —

Fig 13,5
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(i) Mark number of litresalong the horizontd axis.
(i) Mark cost of petrol dong thevertical axis.
(iv) Plotthepoints: (10,500), (15,750), (20,1000), (25,1250).
(v) Jointhepoints.
Wefindthat thegraphisaline. (Itisalinear graph). Why doesthisgraph passthrough
theorigin? Think about it.

Thisgraph can help usto estimate afew things. Supposewewant to find the amount
needed to buy 12 litresof petrol. Locate 12 on the horizontal axis.

Follow thevertica linethrough 12till you meet thegraph at P (say).

From Pyoutakeahorizontd lineto meet thevertica axis. Thismeeting point provides
theanswer.

Thisisthegraph of asituationinwhichtwo quantities, areindirect variation. (How ?).
Insuch situations, the graphswill dwaysbelinear.

TRY THESE

In the above example, use the graph to find how much petrol can be purchased
for z 800.

Example 4: (Principal and Simplelnterest)
A bank gives10% SimpleInterest (S.1.) on depositsby senior citizens. Draw agraphto
illustrate the rel ation between the sum deposited and simpleinterest earned. Find from
your graph

(@ theannud interest obtainablefor aninvestment of  250.

(b) theinvestment one hasto maketo get an annua simpleinterest of % 70.

Solution:
f ™
Sum deposited | Simple interest for a year
100x1x10 _ Seps to follow:
¢ 100 100 O ° 10 1. Find the quantities to be
plotted as Deposit and Sl.
7 200 7 200x1x10 _ 7 20 2. Decidethequantitiestobe
100 taken on x-axis and on
y-axis.
7 300 z sy =730 3. Choose a scale.
100 4. Plot points.
5. Jointhepoints.
500x1x10
¥ 500 R ——— =3%50
100
% 1000 % 100
\ J
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We get atableof values.
( Deposit (in ) 100 200 300 500 1000 1
L Annual SI. (in 3) 10 20 30 50 100 J

(i) Scale:lunit=%1000nhorizonta axis; 1 unit=% 10 onvertical axis.
(i) Mark Depositsaong horizonta axis.
(i) Mark Smplelnterest aongverticd axis.
(iv) Plotthepoints: (100,10), (200, 20), (300, 30), (500,50) etc.
(v) Jointhepoints. Weget agraphthatisaline(Fig 13.6).
(@ Correspondingtoz 2500n

horizontal axis, weget the TRY THESE

interest to be ¥ 25 on

vertica axis. IsExample4, acaseof direct variation?
(b) Correspondingtoz 700n

theverticd axis, wegetthe

sumto bez 700 onthe horizontal axis.

100

2

790
< 80
k=
<70
3
5 60
=
o 50
2 (300, 30
E 40
175}
=
E ¥ d04q, 30
<20 1200l 2Dy
. N
10 A o0 {0
11
100 200 300 400 500 600 700 800 900 1000
Deposits (in Rs) —
Fig 13.6

Example 5: (Time and Distance)

Ajit canrideascooter constantly at aspeed of 30 kms/hour. Draw atime-distance graph
for thisstuation. Useittofind

1
(i) thetimetakenbyAjittoride75km. (i) thedistancecovered bijitinSE hours.
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Solution:
Hours of ride Distance covered h
1 hour 30km
2 hours 2 x 30 km=60km
3hours 3x30km=90km
% 4 hours 4 x 30km=120 km and so on. )
We get atable of values.
(Time (in hours) 1 2 & ]

4
LDistance covered (in km) | 30 60 90 | 120 J

(i) Scde (Fig13.7)
Horizonta: 2 units= 1 hour
Vertical: Lunit=10km
(i) Marktimeon horizonta axis.
(i) Mark distanceon verticd axis.
(iv) Plotthepoints: (1, 30), (2, 60), (3, 90), (4, 120).

130

120 3120

110 < 7{‘

100

90 T
80 S 7{

70

60 2460)
50

40 l' A
30 a3
20 A
10

Distance Covered (in km) —

0 i-*--*--*--*--*-
1 2 3 4 5

Time (in hours) —

Fig 13.7
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(v) Jointhepoints. Weget alinear graph.
(@ Correspondingto 75 kmonthevertica axis, weget thetimetobe2.5hourson
the horizontal axis. Thus2.5 hoursare needed to cover 75 km.

1
(b) Correspondingto 35 hours on the horizontal axis, the distance coveredis
105kmonthevertical axis.

B EXERCISE 13.2

1. Draw thegraphsfor thefollowing tablesof values, with suitable scaleson the axes.
(@ Costof apples

(Number of apples 1 2 & 4 5 1

LCost (in3) 5 10 15 20 25 J

(b) Distancetravelled by acar

(Time (in hours) 6am. | 7am. 8am. 9am.1

LDistances (in km) 40 80 120 160 J

() How muchdistancedidthecar cover duringtheperiod 7.30am.to8am?

(i) What wasthetimewhenthe car had covered adistance of 100 km since
it sstart?

(©) Interest ondepositsfor ayear.

( Deposit (in 3) 1000 | 2000 | 3000 | 4000 50001

LS'mpIeInterest inz) | 8 | 160 | 240 | 320 400J

(i) Doesthegraph passthroughtheorigin?
(i) Usethegraphtofindtheinterest onz 2500 for ayear.
(iii)y Togetaninterest of 280 per year, how much money should bedeposited?
2. Draw agraphfor thefollowing.

0] (Side of square (in cm) 2 3 3.5 5 6 1

LPerimeter (in cm) 8 12 | 14 | 20 | 24 J

Isitalinear graph?
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(i) (Sideof square (in cm) 2 3 4 5 6 ]

LArea (in cm?) 4 9 6 | 25 | 36 J

Isitalinear graph?

— WHAT HAVE WE DISCUSSED? _

Graphical presentation of dataiseasier to understand.

A linegraph displaysdatathat changes continuously over periodsof time.

A linegraphwhichisawholeunbrokenlineiscaled alinear graph.

For fixing apoint on the graph sheet we need, x-coor dinate and y-coor dinate.

Therelation between dependent variable and independent var iableisshown through agraph.

J
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