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Foreword

TheNationa Curriculum Framework, 2005, recommendsthat children’slifeat school must belinked
totheir lifeoutsidethe school. Thisprinciple marksadeparture fromthelegacy of bookish learning
which continuesto shape our system and cauises agap between the school, homeand community. The
syllabi and textbooks devel oped on the basis of NCF signify an attempt to implement thisbasicidea.
They aso attempt to discourage rote learning and the mai ntenance 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).

The success of thiseffort depends on the stepsthat school principalsand teacherswill taketo
encouragechildrentoreflect ontheir ownlearning and to pursueimaginative activitiesand questions. We
must recogni sethat, given space, time and freedom, children generate new knowledge by engaging with
theinformeation passed ontothem by adults. Treeting the prescribed textbook asthe solebas sof examination
isoneof thekey reasonswhy other resourcesand sitesof learning areignored. Incul cating creetivity and
initigtiveispossbleif wepercaveand treat children asparticipantsinlearning, not asreceiversof afixed
body of knowledge.

Theseaimsimply congderablechangein school routinesand mode of functioning. Flexibility in
thedaily time-tableisas necessary asrigour inimplementing the annual 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 tageswith greater
consderationfor child psychology and thetimeavail ablefor 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 principasfor making thispossible. We areindebted to theinstitutions and organisationswhich
have generoudy permitted usto draw upon their resources, materia and personnd. Asan organisation
committed to systemic reform and continuousimprovement inthe quality of its products, NCERT
wel comescommentsand suggestionswhichwill enableusto undertakefurther revisonand refinement.

Director
New Ddhi Nationa Council of Educationa
30 November 2007 Researchand Training
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Preface

Thisisthefind book of theupper primary series. It hasbeen aninteresting journey to definemathematics
learningin adifferent way. The attempt hasbeen to retain the nature of mathematics, engagewiththe
question why learn mathematicswhile making an attempt to create materia 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 devel oping
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. Thisisthea mwe have been attempting to makein the series.

We have, therefore, provided spacefor childrento engagein reflection, creating their own rules
and definitionsbasad on problems/tasks solved and following their ideaslogicaly. Theemphasisisnot
on remembering a gorithms, doing complicated arithmetical problems or remembering proofs, but
understanding how mathematicsworksand being abletoidentify theway of moving towards solving
problems.

Theimportant concernfor ushasa so beento ensurethat al studentsat thisstagelearn mathematics
and begintofed confident in relating 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
avoid theuseof technica wordsand complex formulations. We haveleft 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. The attempt has been to reducetheweight of long explanationsby usingtheseandthe
diagrams. Theillustrationsand fillersa so attempt to break the monotony and provide contexts.

ClassVIll isthebridgeto Class|X wherechildrenwill deal with moreformal mathematics. The
attempt here hasbeento introduce someideasin away that ismoving towardsbecoming formal. The
tasksincluded expect generalisation from the gradual use of such language by the child.

Theteam that devel oped thistextbook consisted teacherswith experience and appreciation of
childrenlearning mathemétics. Thisteam a soind uded 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 also included discussionswith teachers during review workshop on the manuscript.
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Intheend, | would liketo expressthe grateful thanksof our team to 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. | amadso 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 Vidya Bhawan who hel ped produce
the book.

It need not be said but | cannot help mentioning that all the authorsworked as ateam and we
accepted ideas and advice from each other. We stretched ourselvesto the fullest and hopethat 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 Development 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 devel opment of wider abilitiesin children, moving away from complex cal culationsand agorithm
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 are discussing ideas,
looking for solutionsto problems, setting new problemsand finding their own waysof solving problems
andtheir owndefinitions.

Aswe have said before, it isimportant to help children to learn to read the textbook and other
booksrelated to mathematicswith understanding. Thereading of materiasisclearly requiredto help
thechild learn further mathematics. In Class V11 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 |earn 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 kegping certain factorsand constraintswhilethey relatethemto other areasas
well. Class V111 children need to have opportunity for dl 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 withidess. Learning to
abstract helpsformul ate and understand arguments. The capacity to seeinterrelationsamong concepts
helpsusded with ideasin other subjectsaswaell. It dso hel psus understand and make better patterns,
maps, gppreciateareaand volume and see 9 mil arities between shapesand sizes. Whilethisisregarding
therelationship 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 choosethe rel evant information asthefirst important step. Once studentsdo
that they need to be ableto find theway to usethe knowledgethey have and reach wherethe problem
requiresthemtogo. They needtoidentify and defineaproblem, salect or design possible solutionsand
reviseor redesignthe steps, if required. Asthey go further therewould bemoreto of thisto bedone. In
ClassV Il wehaveto get themto be conscious of thestepsthey follow. Helping childrento developthe
ability to construct appropriate model sby breaking up the problemsand evolving their own strategies
andandyssof problemsisextremdy important. Thisisintheplaceof givingthem prescriptiveagorithms
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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 be encouraged 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 mathematics learning that we would like you to
remember inyour classroom.

1. Enquiry tounderstandisoneof thenatura 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 a gebraic 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 creativity and imagination and to communicatethelr
mathematical reasoning both verbaly andinwriting.

3. Themathematicsclassroom should relatelanguageto learning of mathemeatics. Childrenshouldtalk
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 rationa
numbers. Generdisationsareto be presented in mathemetical language and children haveto seethat
agebraanditslanguage hd psusexpressalot of textinsmal 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 aredealing with.

6. ClassVIII book hasattempted to bring together the different agpectsof mathematicsand emphasise
thecommonality. Unitary method, Ratio and proportion, Interest and dividendsareall part of one
common logica 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. Wewant to recommend the cresation 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 be given spaceto articulate
their ideasand verbaisetheir thoughts.
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Rational Numbers

1.1 Introduction
In Mathematics, wefregquently 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
1l isanatural number. Ontheother hand, for the equation

X+5=5 2

the solution givesthewholenumber 0 (zero). If we consider only natural numbers,
equation (2) cannot be solved. To solveequationslike (2), we added the number zero to
the collection of natural numbersand obtai ned thewhole numbers. Even whole numbers
will not besufficient to solve equations of type

X+18=5 €)

Do you see‘why’ ?We require the number —13 whichisnot awholenumber. 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 solvedll
simpleequationswiththe availablelist of integers. Now consider the equations

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

3 -7
We need 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 W MATHEMATICS

1.2 Properties of Rational Numbers

1.2.1 Closure

(i) Wholenumbers

Let usrevisit theclosure property for al the operationson whole numbersin brief.

s ) N
Operation Numbers Remarks
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.
Multiplication | 0x 3 =0, awhole number Wholenumbersareclosed
3x7=....Isitawholenumber? | under multiplication.
Ingenerd, if aand b areany two
wholenumbers, their product ab
isawholenumber.
. S Q.
Divison 5+8= 8 whichis nota Whole numbersare not closed
under divison.
wholenumber.
\_ J
Check for closure property under al thefour operationsfor natural numbers.
(i) Integers
Let usnow recall the operations under whichintegersare closed.
s N
Operation Numbers Remarks
Addition —6+5=-1, aninteger Integersare closed under
Is—7+ (-5) aninteger? addition.
Is8+ 5aninteger?
Ingenera, 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 Numsers 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 bisalsoaninteger.

5
Divison 5+8= 8 whichisnot Integersarenot closed
: under divison.
aninteger.
\ 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

Recdll that anumber which canbewrittenintheform P ,Wherepand g areintegers

q

2 6 9
and q= Oiscaledarational number. For example, “3'7' 5 aredl rational
P

numbers. Sincethe numbers0, —2, 4 can bewrittenintheform q

rational numbers. (Checkit!)

(@ Youknow how to add two rational numbers. Let usadd afew pairs.
:_3+ (-5  21+(-40) -19

, they arealso

st 7 56 56 (arational number)
—3,04 _ I+ Isitarational number?
8 5 40 '
ﬂ+E =.. Isit arationa number?

7 11

Wefind that sum of two rational numbersisagain arationa 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 thedifferenceof tworational numbersbeagain arational number?
Wehave,

-5 2 —5x3-2x7 29

7 3 21 21

(arational number)
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4 [ MATHEMATICS

S B Isit arational number?
8 5 a0 -~ sitarationa number”
3 (-8 . .
7— —5 =.. 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.

(¢) Letusnow seetheproduct of two rational numbers.

3 X 5= 1—5; 7 X 5 = % (boththe productsarerational numbers)
4 -6
_g H —
Takesomemorepairsof rational numbersand check that their productisagain
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

Isit arational number?

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 divison?
Wefindthat for any rational number a, a+ 0isnot defined.

Sorational numbersarenot closed under division.
However, if weexcludezero thenthecallection of, al other rationa numbersis
closed under division.

TRY THESE

Fill intheblanksinthefollowingtable.

Numbers Closed under )
addition | subtraction | multiplication divison
Rational numbers Yes Yes No
Integers Yes No
Wholenumbers Yes
N Natural numbers No )
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RaTioNAL NumBERs M 5

1.2.2 Commutativity
(i) Wholenumbers
Recall thecommutativity of different operationsfor whole numbersby filling the

followingtable.
f Operation Numbers Remarks )
Addition 0+7=7+0=7 Additioniscommuitative.
2+3=..+.=..
For any twowhole
numbersaand b,
atb=b+a
Subtraction | ... Subtractionisnot commutative.
Multiplicetion [ ......... Multiplicationiscommutative.
L Divison | ... Divisonisnot commutative. )
Check whether the commutativity of the operationshold for natural numbersaso.
(i) Integers
Fill inthefollowing tableand check the commutativity of different operationsfor
integers
@ Operation Numbers Remarks h
Additon | ... Additioniscommutative.
Subtraction Is5—-(-3)=—3-5? Subtractionisnot commutative.
Multiplicetion | ......... Multiplicationiscommutative.
L Divison | ... Divisonisnot commutative. y
(i) Rational numbers
(& Addition

You know how to add two rational numbers. Let usadd afew pairshere.

-2 5 1 5 (—2} 1
—+—=—and—=+| — |=—
21

3 7 21 7 (3

-2 5 5 (=2

—_—t =] —
I
Also, _—6+ -8 :...and_—8+(_—6j:

5 3 3 5
- PR

5 3 3 5
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6 W MATHEMATICS

You find that two rational numbers can be added in any order. We say that
additioniscommutative for rational numbers. That is, for any two rational
numbersaandb,a+ b=Db+ a.

(b) Subtraction

2 55 2
Is S2=2-59

3 4 4 3

2 55 2

Youwill find that subtraction isnot commutativefor rational numbers.

Note that subtraction isnot commutativefor integersand integersarealso rational
numbers. So, subtraction will not be commutativefor rational numberstoo.

() Multiplication

Wehave’ __7x§=__42=§x(__7
3 5 15 5 3
2

7

X|—|=—Xx|—|?

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 numbers a and b.
(d) Divison

Is ——5+§=§+ (_—5J9

You will find that expressionson both sidesare not equdl .
Sodivisonisnot commutativefor rationa numbers.

TRY THESE

Completethefollowingtable:

Is

(" Numbers Commutative for
addition | subtraction | multiplication | division
Rational numbers Yes
Integers No
Wholenumbers Yes
Naturd numbers No
\_ J
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1.2.3 Associativity
(i) Wholenumbers
Recdll theassociativity of thefour operationsfor whole numbersthrough thistable:

N
Operation Numbers Remarks

Additon | ... Additionisassociative

Subtraction | 0 ... Subtractionisnot associative

Multiplication | Is7 x (2% 5) = (7% 2) x5? Multiplicationisassociative
Is4x (6x0)=(4x6)x0?
For any threewhole
numbersa, bandc
ax(bxc) =(axb)xc

Divison | ... Divisonisnot asociative
_ J

Fill inthistableand verify theremarksgiveninthelast column.
Check for yoursdlf the associativity of different operationsfor natura numbers.

(i) Integers
Associativity of thefour operationsfor integers can be seenfromthistable
f Operation Numbers Remarks b
Addition Is(-2) +[3+ (—4)] Additionisassociative
=[(-2) +3)] + (- 4)?
Is(=6) +[(—4) + (-5)]
=[(=6) +(=4)] +(-5)?
For any threeintegersa, band c
at+(b+c)=(a+b)+c
Subtraction Is5—-(7-3)=(5-7)-3? Subtractionisnot associative
Multiplication | 1S5 x [(—7) % (—8) Multiplicationisassociative
=[5x(-N] *(-8)?
Is(=4) x [(=8) x (-5)]
=[(=4) x (=8)] x(-H)?
For any threeintegersa, band c
ax(bxc)=(axh)xc
Divison IS[(-10) + 2] = (-5) Divisonisnot associative
L =(-10) + [2+ (-5)]? )
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(i) Rational numbers
(@ Addition

Wehave_—2+ §+(_—5) —_—2+(_—7)—_—27—_—9
3 [5 16 3 \30) 30 10

-1 (3 (-4 -1 3 -4
And —+ [— + [?ﬂ and [7 + 7} + [?).Arethetwowmsequd?

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

(b) Subtraction

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

- R

Check for yoursdlf.
Subtractionisnot associativefor rational numbers.
Multiplication
Let uscheck theassocitivity for multiplication.
-7 (5 2y -7 10 -70 -35
—X = XX——=— =
( J 3 36 108 54

370479
-7 5) 2
—X— |X==
(3 4) 9
Wefindthat _—7>< §><E = _—7><§ ><E
3 4 9 3 4) 9
Is Zx(ﬁxﬂj:(zxﬁJxﬂ')
37 5 3 7) 5

Takesomemorerationa numbersand check for yoursalf.

We observe that multiplicationisassociative 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 rational numbers?

. 1;[—_1;2}_ 1{—_1) L2
Let usseeif 51375 >\ 3 )5

11,2 _1;(—_1X§) | 2 5
Wehave,LHS—Z- 3°5/°21372 (reC|procanf5|32)

ISLHS=RHS? Check for yourself. You will find that divisionis
not associativefor rational numbers.

TRY THESE

Completethefollowingtable:

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

3. (6. (8, Ej

Example 1: Find 211 51 5>
. 3.(-6),(=8), EJ
Solution: 211 o1 >

198  (-252) (-176) (105
T a2 i * 2istheLCM of

462 ( 462 ) ( 462 ) (462) (Notethat 462istheLCM o
7,11, 21 and 22)

_198-252-176+105 -125
- 462 T 462
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Wecanaso solveit as.

ANE
-+ — |+ = [+—
7 (11 21) 22
(3 (-8)].[-6. 5 | N o
=17 2|1 2 (by using commutativity and associativity)
(9+(-8)] . [-12+5 _ |
- 21 + 22 (LCM of 7and 21is21; LCM of 11 and 22is22)

_ i{ij _22-147 -125

21 \22)" 462 462

Doyouthink the propertiesof commutativity and associativity madethecalculationsesser?
-4 3 15 (-14

E le 2: Find — X - X —X| —

xample ind s *7%%6 (9)
Solution: Wehave
-4 3 15 (—14

— X=X—=X|—

5 7 16 9

_( 4x3 y 15% (-14)

| B5x7 16x 9
—12){—35) ~12x(-35) 1

- 35 24 ) 35x24 2

Wecanasodoit as.

-4 15 3 _(-14
- (— 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 awholenumber)
-5+0=..+..==-5 (Addition of Oto aninteger)
) -2\ =2 - .
- +..=0+ 7)== (Addition of Otoarationa number)
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You havedone such additionsearlier 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 rationa numbersal so.

Ingenerd, a+0=0+a=a, whereaisawholenumber
b+0=0+b=Dh, 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 as well.

1.2.5 The role of 1

We have,
5x1=5=1x5 (Multiplication of 1 withawholenumber)

7 = aus T 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 morerational numbers. Youwill find
that,ax 1=1xa=afor any rational number a.

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

B 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 Negative of a number
Whilestudyingintegersyou have come across negatives of integers. What isthe negative
of 1?Itis—1becausel+ (—-1)=(-1)+1=0
So, what will bethenegativeof (—1)? 1t will be 1.

Also, 2+ (=2) = (-2) + 2=0, sowesay 2 isthe negative or additive inver se of
—2 andvice-versa. Ingenera, for aninteger a, wehave, a+(-a) =(—a) +a=0; s0,a
isthe negative of —aand—aisthe negative of a.

2
For therational number =, wehave,

3
2,(-2) 2002,

3 3/ 3
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Ingenerd, for arational number — b ,Wehave, b ( b) ( b) b .Wesay

a a a a
that _E is the additive inverse of b and b isthe additive inverse of (— B).

1.2.7 Reciprocal

8
By which rational number would you multiply o7 to get the product 1? Obviously by

21 . 8 21
==, since —x—=1.
8 21 8

-5 7
Similarly, - must be multiplied by s so asto get the product 1.

21 8 7 -5
We say that ) isthereciprocal of 51 and 5 isthereciprocal of R

Canyou say what isthereciprocal of O (zero)?
Istherearationa number whichwhen multiplied by 0gives1? Thus, zerohasnoreciprocd.

c
We say that arational number —

d iscalled thereciprocal or multiplicativeinver se of

c
another non-zero rational number B if E X q =1,

1.2.8 Distributivity of multiplication over addition for rational
numbers

Tounderstand this, consider therationa numbers 43, :23 and —

5
6
=3 [2. (-5 _3_[(@+(5)
4X{3+(6)}‘ 4X{ }

ﬁx(—_l)_i_é
4 6) 24 8

-3x2 -6 -1

4x3 12 2

Al
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And _—3><_—5 = > Distributivity of Multi-
4 6 8 plication over Addition
-3 2 -3 -5 -1 5 1 and Subtraction.
Therefore (— X —) + (— —) =t5"4 For al rational numbersa, b
4 3 4 6 2 8 8 andc
232 R
Thus 4713 6] \a"3)"2a"6 afb-g=ab-ac

TRY THESE

Find using distributivity. (i) {g x G—g’)} + {g x 1—52} (i) {% « 1_42} . {1% « %3}

Example 3: Writetheadditiveinverseof thefollowing:

When you use distributivity, you

N L2l split aproduct as asum or
0 19 (i) 112 difference of two products.
Solution:
(0] 19 istheadditiveinverseo 19 ecaLise 19t19° 19 197
i) Theadditivei fol i S Check!
(i) Theadditiveinverseo 112 'S 112 (Check!)
Example 4: Verify that — (—X) isthesameasx for
i = 1—3 i X—__Zl
0 x=17 W 31
_ 13
Solution: (i) Wehave, x= 17
recctiveinversoot x= 23 isx= 222 dnee 2.+ 22) 0
Theadditiveinverseof x= 17 Is—X=77 since 5 17 .
Th ai E+(_—)=0 showsthat the additiveinverseof — is >
e same equality 17 17 , 17 'S17
(—13) _ 13 _
or 17 —17,|.e.,—(—x)—x.
: L 21 21 . 21 21
X=—— —_—X= — —_ —_— .
(i) Additiveinverseof 31 IS —X 31 since 31 +31 0
Th Aty =+ 2= 0 showsthat theadditivei (i
e sameequaity 51 T3y~ Y shows eadditiveinverseof - is -,

i.e,—(—x) =x
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E l 5. F d Ex__:s_i_§x§
xample 5: Find  oX——7, —-X¢
S 1 t' . Ex__:s_i_gxg_gx__:a_§x§_i i
olution: X7 T 7 5 5 7 77 5 11 (by commutativity)
2 -3 (—3) 3 1
=——=X—+|— | X=——
5 7 7 5 14
-3(2 3) 1 o
:7(3 E)_ﬂ (by digtributivity)
-3 1 -6-1 -1
=—xl-—=—=—
7 14 14 2
B EXERCISE 1.1
1. Using appropriatepropertiesfind.
_ 2 3 5 3 1 o2 3 1 3 1 2
() —SX-t+to—=X= (i) =X|=5|-ZXZ+X=
3 5 2 5 6 5 7) 6 2 14 5
2. Writetheadditiveinverseof each of thefollowing.
N L5 6 2 19
0 3 M o G M5 g
3. Verify that —(—x) =xfor.
N N x = L33
) =15 W) *x==37
4. Findthemultiplicativeinverseof thefollowing.
Vs g B oL -5, -3
(I) - (il) 19 (i”) 5 (iV) 8 7
-2
W -1x% W) -1
5. Namethe property under multiplication used in each of thefollowing.
-4 -4 4 _ 13 -2 -2 -13
() — X1=1x—=—— (i) —SX—==oX—=
5 5 5 17 7 7 17
-19 29

0 VL]
() S * 10
6. Multiply 6 by thereciprocal of .l
' 13 16"

7. Tell what property alowsyou to compute % X (6 X g) as(% X 6) X g .
1

8. Is 9 themultiplicativeinverse of —1§ ?Why or why not?
1

9. 1s0.3themultiplicativeinverseof 35 ?Why or why not?
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10. Write.
(1) Therational number that doesnot haveareciprocal.
(i) Therational numbersthat are equal to their reciprocals.
(i) Therational number that isequal toitsnegative.
11. Fllintheblanks.
() Zerohas reciprocal.
(i) Thenumbers and aretheir ownreciprocals
(i) Thereciprocal of —5is

1
(v) Reciprocal of 3 wherex=0is

(v) Theproduct of two rational numbersisalwaysa
(vi) Thereciprocal of apositiverational numberis

1.3 Representation of Rational Numbers on the
Number Line

You havelearnt torepresent natura numbers, wholenumbers, integers
and rational numbersonanumber line. Let usrevisethem.

Theline extends
indefinitely only to the
right sideof 1.

Natural numbers

[ —ttt— _ R
( ) 1 2 3 4 5 6 7 Theline extendsindefinitely
totheright, but from 0.
Wholenumbers There are no numbers to the
. left of 0.
(i) ——t——t———
0 1 2 3 4 5 6 7 8
Integers Theline extends
indefinitely on both sides.
(iii) —t Do you see any numbers
3 2-1 0 1 2 3 4 between-1,0; 0, 1 etc.?
Rational numbers
(iv) < — > _ o
1 -1 0 1 1 Theline extendsindefinitely
2 2 on both sides. But you can
now see numbers between
«—e ! } } o—> -1, 0; 0, 1etc.
v) S S
3

The point on the number line (iv) which is half way between 0 and 1 has been

labelled % .Also, thefirst of theequally spaced pointsthat dividesthe distance between

1
3
|abel the second of thesedivision pointson number line (v)?

Oand 1intothreeequa partscan belabelled — , ason number line (v). How would you
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The point to be labelled is twice as far from and to the right of O as the point

1 1 2
labelled 3 Soitistwotimes 3 e, 3 .You can continuetolabe equally-gpaced pointson

the number line in the same way. In this continuation, the next marking is 1. You can

seethat 1isthesameas :—:;

-
Thencom&sg,g,g (or2), 3 and so on as shown on the number line (vi)
_ 0 1 2 3
(Vi) «—o—F—+——+—F—+—+—+—+—+— >
0 1 2 3 4 5 6 7 8 910
3 3 3 3 3 3 3 3 3 3 3

1
Similarly, torepresent -, thenumber line may bedivided into eight equal partsas

v

shown; «—4+——F+—+—+—+—+—+—+
0 1

1
We usethe number 3 to namethefirst point of thisdivision. The second point of

2 3
division will be labelled 3 the third point g and so on as shown on number

line(vii)

(Vi)

Any rational number can berepresented onthenumber lineinthisway. Inarationa
number, the numera below thebar, i.e., thedenominator, tellsthe number of equal
partsinto which thefirst unit hasbeen divided. Thenumeral abovethebari.e., the
numerator, tells‘ how many’ of these partsare considered. So, arationa number

4
suchas 9 meansfour of nineequal partson theright of O (humber lineviii) and

N/ 1
for 5 we make 7 markings of distance 2 each on theleft of zero and starting

—7
from 0. Theseventhmarkingis a [number line(ix)].

(i) —
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TRY THESE

Writetherational number for each point |abelled with aletter.

() A B C D E
|
o 2 3 ?? 6 7 7 7 101 12
5 5 5 5 5 5 5§ 5§
. J I H G F
(i)
—12 9_10__9 2 o__69__4__39__12
6 ~ 6 6 6 ° 6 6 -~ 6 6

1.4 Rational Numbers between Two Rational Numbers

Canyou tell the natural numbersbetween 1 and 5? They are 2, 3and 4.
How many natural numbersarethere between 7 and 9? Thereisoneanditis8.
How many natural numbersare there between 10 and 11? Obviously none.
List theintegersthat liebetween-5and 4. They are—4,-3,-2,-1,0,1, 2, 3.
How many integersarethere between—1and 1?
How many integersarethere between -9 and-107?
You will find adefinite number of natural numbers (integers) between two natural
numbers (integers).
How many rational numbersarethere between 1?) and %

6

4 5
You may havethought that they areonly — 0'10 and 10

30 7 70 31 32 33

3
But you can also write 10 100 and 10 T Now the numbers, — 100’ 100’ 100
68 69

3
700 100" , aredl between — 10 andE Thenumber of theserationa numbersis39.

3000 7 7000

3
Also 10 @ be expressed as - ——— 10000 and 10 10000 Now, we see that the

rational numbers 3001 3002 6998 6999 arebetween3 and l.Th&ee

10000" 10000 "' 10000 " 10000 10 10
are3999 numbersinall. 3

In thisway, we can go on inserting more and more rational numbers between 0

and 110 . Sounlikenatural numbersand integers, the number of rationa numbersbetween
two rational numbersisnot definite. Hereisonemoreexample.

How many rational numbersarethere between — and —?

0 1 2
Obvioudy 10’10’ 10 &€ rational numbers between the given numbers.
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-1 —10000 3 30000

If we write 1—0 as m an 10 as 100000 °

—9999 -9998  —29998 29999 behween -1 and 3
100000’ 100000" " 100000 ' 100000 10

we get the rational numbers

10°

You will find that you get countless rational numbers between any two given
rational numbers.
Example 6: Writeany 3rational numbers between—2 and 0.

. . -20 0
Solution: —2 can bewritten as 0 andOas 10
Thuswe have —19 , 18 , —17 , —16 , —15 ) -1 between —2 and 0.
10 10 10 10 10 10
You cantake any three of these.

Example 7: Find any ten rational numbersbetween %—’ and g

-5 5
Solution: Wefirst convert — and — to rational numberswith the samedenominators.

6 8
-5x4 =20 5x3_15
6x4 24 A g3y
19 _18 — -20 15
Thuswehave 19 1§ N .,Eastherational numbersbetween —— and

24" 24" 24 77 24 24 24°

You cantake any ten of these.
Another Method

3
L et usfind rational numbersbetween 1 and 2. Oneof themis 1.50r 1% or 5 Thisisthe
mean of 1 and 2. You have studied meanin ClassVI1.

We find that between any two given numbers, we need not necessarily get an
integer but therewill alwayslie a rational number.

We can usetheidea of mean also to find rational numbers between any two given
rationa numbers.

Example 8: Findarational number between % and % .

Solution: Wefind the mean of thegiven rational numbers.
(l+1)+2:(ﬂ)+2:§x1:§ l l . _é
4 2 4 4 2 8 iT5) 23

§|. betw 1 d1
g liesbetween 7 and 5. —e

Thiscan be seen onthe number linealso.
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1 1 3
Wefind themid point of AB whichisC, represented by (4 2) 2 = g

Wefindthat = < > < .
efindthal /=g~ 7%

If aand b aretwo rational numbers, then %b isarationa number between aand

a+b
b such that a< <h.

Thisagain showsthat there are countless number of rational numbers between any
two givenrationa numbers.

Example 9: Findthreerationa numbersbetween % and 1 .

Solution: Wefind themean of thegiven rational numbers.

131

. 3 N
J— J— _<_ — —_— —_—
Asgivenintheabove example, themeanis 8and 2187 y 3 2
. . 1 3 : -
We now find another rational number between 2 and R For this, weagainfindthemean
1 3 1 3 51 5
—and - [ —+ - |+2==-x==—
of4 8.That|s, (4 8) 8727 16
1 /A 153 1
4 16 8 2 4 16 8 2
Now find th fc—sandEWh (§+1)*2—7x1—1
ow find themean of o 5-Wehave, | g+ 57 =353 16
h et1<5 3<7<1 —t—t—t—+—
usweget > < < <5< —<<73. 15 3 71
4 16 8 16 2 4 16 8 16 2
Th > 3 thethreerational numbers betw Lanal
Us, 75 g 15 ethethreerationa numbers een 5
Thiscan clearly be shown onthenumber lineasfollows:
1.3 = 2 _(3,.1).
(4+8)_2_16\ /16_(8+2) ?
o1 3 131
4 8 2 4

In the same way we can obtain asmany rational numbersaswe want between two
givenrational numbers. You havenoticed thet thereare countlessrational numbersbetween
any two givenrational numbers.
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B EXERCISE 1.2

7 -5
1. Represent these numbersonthenumber line. (i) 2 (i) 5

-9
2. Repreﬁentﬁ E e onthennumber line.

3. Writefiverationa numberswhich aresmaller than 2.

-2

4. Findtenrationa numbersbetween — z and =

5. Hndfiverational numbersbetween.

4 . =3 5 1 1
(0] —and— (i) 7and§ (iit) ZandE

6. ertef|ve rati ond numbersgreater than—2.

7. Findtenrationa numbersbetween g and %

— WHAT HAVE WE DISCUSSED? —

Rational numbersare closed under the operationsof addition, subtraction and multiplication.
2. Theoperationsaddition and multiplicationare

(i) commutativefor rational numbers.

(i) associativefor rational numbers.
3. Therationa number Oistheadditiveidentity for rational numbers.
4. Therational number 1isthemultiplicativeidentity for rational numbers.

a a
5. Theadditiveinver seof therational number E is _E andvice-versa.

6. Thereciprocal or multiplicativeinver seof the rational number % isg if %xgzl.

7. Digributivity of rational numbers: For dl rational numbersa, b andc,
alb+c)=ab+ac and alb-c)=ab-ac

8. Rationa numberscan berepresented on anumber line.

9. Betweenany two givenrational numbersthereare countlessrational numbers. Theideaof mean

hel psusto find rational numbersbetween two rational numbers.
. J
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Linear Equations in
One Variable

2.1 Introduction

Intheearlier classes, you have comeacrosssevera algebr aic expressonsand equations.
Some examplesof expressionswe have so far worked with are:
5%, 2X—3,3X+Yy, 2Xy + 5, Xxyz+ X +y+z X2+ 1, y+y>2

_ 5 37
Some examples of equationsare; 5x = 25, 2x—3=9, 2y + 5= 6z+10=-2
You would remember that equationsusetheequality (=) Sgn; itismissing in expressions.
Of these given expressions, many havemorethan onevariable. For example, 2xy + 5
hastwo variables. We however, restrict to expressionswith only one variablewhenwe

form equations. Moreover, theexpress onswe useto form equationsarelinear. Thismeans
that the highest power of the variable appearing intheexpressonisl.

Thesearelinear expressons:

5
2x2x+L3y—112—szZ(X—®+10

Thesearenot linear expressions:
X+l y+y, 1+z+2+2 (since highest power of variable> 1)
Herewewill deal with equationswith linear expressionsin onevariableonly. Such

equationsareknown aslinear equationsin onevariable. The simpleequationswhich
you studiedintheearlier classesweredll of thistype.

Let usbriefly revisewhat weknow:

: L . th .
(& An algebraic equation is an equality Va‘;iable equality
involving variables. It hasan equality sign.

Theexpression ontheleft of theequality sign 2X—3=7 % equation

istheLeft Hand Sde(LHS). Theexpression —

. S . 2x—3=LHS
ontheright of the equality signisthe Right 7= RHS
Hand Sde (RHS).
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(b) Inanequation the values of x = 5 isthe solution of the equation
the expressions on the LHS 2x—3=7.For x=5,

and RHS are equal. This LHS=2x5-3=7=RHS

happ_ens to betrue onl_y for On the other hand x = 10 isnot asolution of the

certanvauesof thevariable. | equation. For x = 10, LHS = 2x 103 = 17.

These values are the Thisisnot equal to the RHS

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

Weassumethat thetwo Sdesof theequation arebaanced.
We perform the same mathematical operationson both
sidesof theequation, so that the balanceisnot disturbed.
A few such stepsgivethesolution.

2.2 Solving Equations which have Linear Expressions
on one Side and Numbers on the other Side

Let usrecal thetechnique of solving equationswith someexamples. Observethesolutions;

they can beany rational number.
Example 1: Findthesolutionof 2x—3=7
Solution:
Step 1 Add 3to both sides.

2Xx—3+3=7+3 (Thebaanceisnot disturbed)
or 2x=10
Step 2 Next divide both sidesby 2.

2 _10
2 2

or X=5 (required solution)

Example 2: Solve2y+9=4
Solution: Transposing 9to RHS

2y =4-9
or 2y =-5
-5
Dividing both sideshy 2, y="> (solution)
To check the answer: LHS =2 (%5) +9 =-5+9=4=RHS (asrequired)

Do you noticethat the solution (%5) isarationa number?InClassVII, theequations

we solved did not have such solutions.
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X 5 3
Example 3: Solve s+ =~
3 2
Solution: Ti i Et theRHS etﬁ—_—g—E——§
olution: Transposing 7 tothe weget = = ——5="7
z - 4
or 3=
Multiply both sidesby 3, X=—4x3
or x=-=12 (solution)
Check: LHS= T T M RHS i
R A A R (esrequired)

Do you now seethat the coefficient of avariablein an equation need not be aninteger?

15
Example 4: Solve —— —7x=9

4
15
Solution: Wehave i x=9
15 .15
or —7Xx=9- 2 (transposing 2 toRHYS)
v
or —7X=7
21 - - - .
or X = A% (=7) (dividing both sidesby —7)
A~
o X= T axT
3 .
or X="7 (solution)

-3) 15 21 36 .
2 )E ot = 9= RHS (asrequired)

neck: Lhs= 5 -7
Cec.LHS—4 =2t 2"

B EXERCISE 2.1
Solvethefollowing equations.

1 x-2=7 2. y+3=10 3. 6=z+2
3 17 t
Shx="t - ~=10

4. = = 5. 6x=12 6 -

7 218 8 16= 9. 7x-9=16

. 3— . . —1.5 . X—9=
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X 7
10. 14y-8=13 1. 17+6p=9 12. §+1=—

2.3 Some Applications

Webeginwithasmpleexample.
Sum of two numbersis 74. One of the numbersis 10 morethan the other. What arethe
numbers?

We have apuzzle here. We do not know either of thetwo numbers, and we haveto
find them. We aregiven two conditions.

(i) Oneof thenumbersis10 morethan the other.
(i) Theirsumis74.

Weaready know from ClassV 11 how to proceed. If the smaller number istaken to
be x, thelarger number is10 morethan x, i.e., x + 10. The other condition saysthat
the sum of these two numbersx and x + 10is74.

Thismeansthat x + (x + 10) = 74.

or 2x+10="74

Transposing 10to RHS, 2x=74-10

or 2x =64

Dividing both sidesby 2, x = 32. Thisisonenumber.
Theother numberis X+10=32+10=42

Thedesired numbersare 32 and 42. (Their sumisindeed 74 asgiven and aso one
number is 10 morethan the other.)

Weshall now consider severa examplesto show how useful thismethodis.

-7 3
Example 5: What should be added to twicetherationa number 3 to get 7 ?

-7 _ _
Solution: Twicetherationa number 3 IS 2x (?7) = % . Supposexaddedtothis

number gives; e,

(—14) 3
X+| —| = —
3 7
_14_3
o 377
3 14 .14
or X = 7+§ (transposmggto RHS)

_ (3x3+(14x7)  9+98 107
- 21 - 21 21
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Th gsh |d be added ZX(_—?) ve >
us - should be to 3 ) togive—.

3
Example 6: The perimeter of arectangleis 13 cmanditswidthis 2 2 oM. Findits
length.

Solution: Assumethelength of therectangleto bexcm.
The perimeter of therectangle= 2 x (length + width)

3
= 2=
2% (x+2)

= 2(x+1—1)
4

The perimeter isgivento be 13 cm. Therefore,

11
2| X+— | =
( 4) 13

11 13 g .
or 2" (dividing both sidesby 2)
B u
or X=5 "7

26 11 15 .3
T4 4 4 4

Thelength of therectangleis 32 cm.

Example 7: Thepresent age of Sahil’smother isthreetimesthe present age of Sahil.
After Syearstheir ageswill add to 66 years. Find their present ages.

Solution: Let Sahil’spresent agebex years.

We could also choose Sahil’s age i sahil | Mother| sum )
5 years later to be x and proceed. Present age X 3x
) H D
Why don’t you try it that way~ (Age Syearslater | X+5 | 3x+5 | 4x + 19

It isgiven that this sum is 66 years.

Therefore, 4x + 10 = 66
Thisequation determines Sahil’s present age which isx years. To solvethe equation,
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wetranspose 10to RHS,
4x = 66 —10
or 4x = 56
56 .
or X= = 14 (solution)

Thus, Sahil’spresent ageis 14 yearsand hismother’sageis42 years. (You may easly
check that 5 yearsfrom now the sum of their ageswill be 66 years.)

Example 8: Bans has 3 timesas many two-rupee coinsas he hasfive-rupee coins. If
hehasinall asum of Z 77, how many coinsof each denomination doeshe have?

Solution: Let thenumber of five-rupee coinsthat Bans hasbe x. Then the number of
two-rupee coinshe hasis3timesxor 3x.
Theamount Bang has.
(1) from5rupeecoins, ¥ 5 x x =3 5x
(i) from 2rupeecoins, T 2 x 3x =% 6X
Hencethetotal money hehas=% 11x
But thisisgiventobez 77; therefore,

11x =77
77
or X= 1 =7
Thus, number of five-rupeecoins=x =7
and number of two-rupeecoins= 3x = 21 (solution)

(You can check that thetotal money with Bansi isZ 77.)

Example 9: Thesum of three consecutive multiplesof 11is363. Findthese
multiples

Solution: If xisamultiple of 11, the next multipleisx + 11. The next to thisis
x+ 11+ 11 or x+ 22. Sowe can takethree consecutive multiplesof 11 asx, x+ 11 and
X+ 22.

1 1 1 1 1 1
~ 1 1 1 1 1 1 -

0 11 22 e X x+11 x+22

Itisgiventhat thesum of theseconsecutive

multi plesof ]_1 is363. Thiswill givethe Alternatively, we may think of the multiple
following equation: of 11 immediately beforex. Thisis (x—11).
X+ (x+11) + (x + 22) = 363 Therefore, we may take three consecutive
or X+ X+ 11+ X+ 22 = 363 multiplesof 11 asx—11, x, x + 11.
_ In this case we arrive at the equation
r 3x + 33 =363
© 3x = 363 — 33 (x—=11) + x+ (x + 11) =363
or X = —
or 3x =363
or 3x =330
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363
or X = 3 or X= 3 =121. Therefore,

=110 x=121,x-11=110,x+ 11 =132

Hence, the three consecutive multiples are

Hence, thethree consecutive multiples 110, 121, 132.

are 110, 121, 132 (answer).
We can seethat we can adopt different waysto find asolution for the problem.
Example 10: Thedifference between two whole numbersis66. Theratio of thetwo
numbersis2 : 5. What are the two numbers?

Solution: Sincetheratio of thetwo numbersis2: 5, we may take one number to be
2x and the other to be 5x. (Notethat 2x : 5xissameas?2:5.)

Thedifference between thetwo numbersis (5x—2x). Itisgiven that the difference
iS66. Therefore,

5Xx —2x =66
or 3Xx =66
or X =22

Sincethe numbersare 2x and 5x, they are 2 x 22 or 44 and 5 x 22 or 110, respectively.
The difference between the two numbersis 110—44 = 66 asdesired.
Example 11: Deveshi hasatotal of ¥ 590 as currency notesin the denominations of
¥ 50,3 20andz 10. Theratio of the number of ¥ 50 notesand? 20 notesis 3:5. If shehas
atota of 25 notes, how many notes of each denomination she has?
Solution: Letthenumber of % 50 notesand 20 notes be 3x and 5x, respectively.
But shehas 25 notesintotal .
Therefore, the number of ¥ 10 notes = 25 — (3x + 5x) = 25— 8x
Theamount shehas
from 50 notes : 3x x 50 =% 150x
from< 20 notes : 5x x 20 =% 100x
from? 10 notes: (25— 8x) x 10 =% (250 — 80x)

Hencethetotal money shehas=150x + 100x + (250 — 80x) =% (170x + 250)
But shehasZ 590. Therefore, 170x + 250 = 590

or 170x =590 — 250 = 340
340
or X= FO =2
Thenumber of ¥ 50 notes she has= 3x
=3x2=6

Thenumber of 20 notesshehas=5x=5x 2= 10
Thenumber of ¥ 10 notesshehas= 25 — 8x
=25-(8%x2)=25-16=9
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B EXERCISE 2.2

o N o g A

10.

12.

13.

1
If you subtract 5 fromanumber and multiply theresult by % , you get % .Whatis

the number?
Theperimeter of arectangular svimming pool is154 m. Itslengthis2 m morethan
twiceitsbreadth. What are the length and the breadth of the pool ?

. , .4 : , .2
Thebaseof anlsoscelatnanglelsg cm. Theperimeter of thetriangleis 41—5 cm.

What isthelength of either of theremaining equal sides?
Sum of two numbersis95. If one exceedsthe other by 15, find the numbers.

Two numbersareintheratio 5:3. If they differ by 18, what arethe numbers?
Three consecutiveintegersadd up to 51. What aretheseintegers?
Thesum of three consecutive multiplesof 8is888. Find themultiples.

Three consecutiveintegersare such that when they aretakeninincreasing order and
multiplied by 2, 3 and 4 respectively, they add up to 74. Find these numbers.

Theagesof Rahul and Haroon areintheratio 5:7. Four years|ater the sum of their
ageswill be 56 years. What aretheir present ages?

Thenumber of boysand girlsinaclassareintheratio 7:5. Thenumber of boysis8
morethan the number of girls. What isthetotal classstrength?

Baichung'sfather is26 yearsyounger than Baichung'sgrandfather and 29 years
older than Baichung. The sum of theagesof all thethreeis 135 years. What isthe
ageof each oneof them?

Fifteen yearsfrom now Ravi’sagewill befour timeshispresent age. WhatisRavi’'s
present age?

5 2
A rationa number issuch that whenyoumultiply it by 5 andadd

3 totheproduct,

you get —é . What isthe number?

14. Lakshmiisacashier inabank. Shehascurrency notesof denominations
% 100, ¥ 50 and % 10, respectively. Theratio of the number of these
notesis 2:3:5. Thetotal cash with Lakshmi isZ 4,00,000. How many
notes of each denomination does she have?

. | have atotal of ¥ 300 in coins of denomination¥ 1,% 2 and 5. The
number of 2 coinsis3timesthenumber of % 5 coins. Thetota number of
coinsis160. How many coinsof each denomination arewith me?

. The organisers of an essay competition decide that a winner in the
competition getsaprizeof ¥ 100 and aparticipant who doesnot win gets
aprizeof ¥ 25. Thetotal prize money distributed isZ 3,000. Find the
number of winners, if thetotal number of participantsis63.
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2.4 Solving Equations having the Variable on
both Sides

Anequationistheequality of the valuesof two expressions. Intheequation 2x—3=7,
thetwo expressionsare 2x—3and 7. In most examplesthat we have come across so
far, theRHSIisjust anumber. But thisneed not always be so; both sides could have
expressionswith variables. For example, theequation 2x—3 = x+ 2 hasexpressions
with avariable on both sides; the expression onthe LHSis(2x— 3) and the expression
onthe RHSis(x+ 2).

® \Wenow discusshow to solvesuch equationswhich haveexpressonswith thevarigble

onbothsides.

Example 12: Solve2x—-3=Xx+2

Solution: Wehave
2X=X+2+3

or
or
or

2X=X+5

2X—=X=Xx+5-x (subtracting x from both sides)

x=5

(solution)

Herewe subtracted from both sides of the equation, not anumber (constant), but a
terminvolving thevariable. We can do thisasvariablesare a so numbers. Al so, note that
subtracting x from both sidesamountsto transposing xto LHS.

7 3
Example 13: Solve 5x + o EX_M

Solution: Multiply both sidesof the equation by 2. We get

2><(5x+z) = 2x(§x—14)
2 2

(2 x5x) + (ng) = (2x§x)—(2x14)

or 10x+7=3x—-28
or 10x—3x+7=-28 (transposing 3xto LHS)
or X+7=-28
or X=-28-7
or X =-35
-35 _
or X="0 or x=-5 (solution)
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B EXERCISE 2.3

s0lvethefollowing equationsand check your results.

1. 3x=2x+18 2. 5t-3=3t-5 3. 5X+9=5+3x
4, 4z+3=6+2z 5. 2X-1=14-X 6. 8x+4=3(x-1)+7
7. xzﬂ(x+10) 8. 2+1:B+3 Q. 2y+§:§—y

5 3 15 3 3

8
10. 3m—5m—§

2.5 Some More Applications

Example 14: Thedigitsof atwo-digit number differ by 3. If thedigitsareinterchanged,
and theresulting number isadded to the origina number, we get 143. What can bethe
origind number?

Solution: Take, for example, a two-digit number, say, 56. It can be written as
56 =(10x 5) + 6.
If thedigitsin 56 areinterchanged, we get 65, which can bewrittenas(10x 6) + 5.

L et ustake the two digit number suchthat thedigit in the units placeisb. Thedigit
inthetensplacediffersfromb by 3. Let ustakeitasb+ 3. Sothetwo-digit number
is10(b+3)+b=10b+ 30+ b= 11b+ 30.

Couldwetakethetens
Withinterchangeof digits, theresulting two-digit number will be place digittobe
10b+(b+3)=11b+3 (b—3)?Try it and see
: - hat sol uti et.
If we add these two two-digit numbers, their sumis whatsoitionyoug

(11b+30) + (11b+3) =11b+ 11b+30+3=22b + 33
Itisgiventhat thesumis143. Therefore, 22b+ 33 =143

or 22b=143-33
_ Remember, thisisthe solution
or 22b=110 when we choose the tens digits to
be 3 more than the unit’s digits.
110 What happens if we take the tens
or =4 digittobe (b-3)?
22
or b=5

Theunitsdigitis5and thereforethetensdigitis5+3
whichis8. Thenumber is85.

The statement of the
exampleisvalidfor both 58
and 85 and both are correct

Check: Oninterchangeof digitsthe number wegetis answers.

58. Thesum of 85and 58is143 asgiven.
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Example 15: Arjunistwiceasold as Shriya. Fiveyearsago hisagewasthreetimes
Shriya'sage. Find their present ages.

Solution: Let ustake Shriya'spresent ageto be x years.

ThenArjun’s present agewould be 2x years.

Shriya'sagefiveyearsagowas (Xx—5) years.

Arjun’sagefiveyearsago was (2x—5) years.

Itisgiventhat Arjun’sagefiveyearsago wasthreetimes Shriya sage.

Thus, 2Xx—-5=3(x-5)
or 2Xx—-5=3x-15
or 15-5=3x-2x
or 10=x

So, Shriya'spresent age = x =10 years.
Therefore, Arjun’spresent age=2x=2x 10 =20 years.

B EXERCISE 2.4

5
1. Aminathinksof anumber and subtracts 5 fromit. Shemultipliestheresult by 8. The

result now obtained is3timesthesamenumber shethought of. What isthenumber? ¢

2. A positivenumber is5 timesanother number. If 21 isadded to both the numbers,
then one of the new numbers becomestwicethe other new number. What arethe
numbers?

3. Sumof thedigitsof atwo-digit number is9. When weinterchangethedigits, itis
found that the resulting new number isgreater thantheorigina number by 27. What
isthetwo-digit number?

4. Oneof thetwo digitsof atwo digit number isthreetimesthe other digit. If you
interchangethedigitsof thistwo-digit number and add the resulting number to the
original number, you get 88. What isthe origina number?

5. Shobo’smother’s present ageissix times Shobo’ s present age. Shobo’'sagefive
years from now will be one third of his mother’s present age. What are their
present ages?

6. Thereisanarrow rectangular plot, reserved for aschool, in Mahuli village. The
length and breadth of the plot areintheratio 11:4. At therate¥100 per metreit will
cost thevillage panchayat ¥ 75000 to fence the plot. What are the dimensions of
theplot?

7. Hasan buystwo kindsof cloth materialsfor school uniforms, shirt material that
costs him % 50 per metre and trouser material that costs him ¥ 90 per metre.
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For every 3metersof theshirt materid hebuys2 metres
of thetrouser material. He sellsthemateriasat 12%
and 10% profit respectively. Histotal saleisz 36,600.
How muchtrouser materia did hebuy?

8. Half of aherd of deer aregrazinginthefield and three

aredrinking water from the pond. Find the number of
deer inthe herd. I
9. Agrandfatheristentimesolder than hisgranddaughter. ==
Heisalso 54 yearsolder than her. Find their present ages.
10. Aman'sageisthreetimeshisson’sage. Tenyearsago hewasfivetimeshisson’'s
age. Find their present ages.

2.6 Reducing Equations to Simpler Form

6x+1 X-3
Example 16: Solve 3 +1= 5

Solution: Multiplying both sides of the equetion by 6, Why 62 Because it is the

lest multiple (or LCM
W+6xl = M zpi:giv; f}lgnisrc:i nat%rs?
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 x=-1 (required solution)
Checkeh NS 6(—1)+1+1= _6+1+1 _ —_5+§= —S+3_-2
3 3 3 3 3 3
(-)-3 -4 -2
RHS= "6 "% 3
LHS=RHS. (asrequired)

-
Example 17: Solve 5x—2 (2x-7) = 2(3x-1) + 5

Solution: Letusopenthebrackets,
LHS=5x—-4x+ 14 =x+ 14
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7
RHS=6x-2+ 7 = 6x—ﬂ+z= 6x+§
2 2 2 2
o 3
Theequationisx+ 14 =6x + 5
3
or l4=6x—-x+ 7
2
14 =5x + §
or =5X 5
3 .3
or 14— 5= 5X (trangposing 5)
28-3
or —F— =5x .
2 Did you observe how we
simplified the form of thegiven
25 equation? Here, we had to
or > - 5x multiply both sides of the

equation by the LCM of the
denominators of the termsin the
expressions of the equation.

OI' = — —_—=— =

2 5 2x5 2
, _ 5
Therefore, required solutionisx = >
5 5
Check: LHS=5X—-—-2| =x2-7
2 2
_ B 5=y p)-B s BB
2 2 2 2 2
|:{H5:2(§><3—1)+z:2[g—2j+1:2><13+Z Note, in thisexamplewe
2 2 2 2) 2 2 2 brought the equation to a

simpler form by opening
brackets and combining like
terms on both sides of the
equation.

26+7 33 .
= ; =7:LHS. (asrequired)

B EXERCISE 2.5

Solvethefollowinglinear equations.

X 1 n 3n 5n
—+= 2. ——+—=21 3. X+
3 4 2 4 6

x_ 1
2 5
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5 > 4 3 3 6 2 3

Simplify and solvethefollowing linear equations.
7. 3(t-3)=5(2t+1) 8 15(y—-4)-2(y-9 +5y+6)=0
9. 3(5z2—-7)—-2(9z—11) =4(8z-13) - 17
10. 0.25(4f — 3) = 0.05(10f —9)

Xx-5 x-3 3t-2 2t+3 2 m-1 m-2
4 3

2.7 Equations Reducible to the Linear Form

Xx+1 3
2x+3 8

Example 18: Solve

Solution: Observethat the equationisnot alinear equation, sincetheexpressiononits
LHSisnot linear. But we can put it into the form of alinear equation. We multiply both
sidesof theequation by (2x + 3),

Note that

X+1 3
[2X+3)X(2X+3) = gX(@x+3 2x+3%0 (Why?)

Noticethat (2x + 3) gets cancelled on the LHS We have then,

3(2x+3)
X+1l=—7(5—
8
We have now alinear equation which weknow how to solve.
Multiplying bothsidesby 8
Bx+1)=3(x+3) This step can be
or 8X+8=6x+9 directly obtained by
‘cross-multiplication’
or 8x=6x+9-8 | ;
— X+
or 8x=6x+1 FTTIONE
or 8x—6x=1
or 2x=1
_1
or X = 5

1
Thesolutionisx= E'

1+2

1 3
Check : Numerator of LHS = 5 +1= > =3

1
Denominator of LHS=2x+3= ZXE +3=1+3=4
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X

ol w

N | w
N

3
LHS = numerator + denominator = > +4 =

LHS=RHS.

Example 19: Present agesof Anuand Ra areintheratio 4:5. Eight yearsfrom now
theratio of their ageswill be 5:6. Find their present ages.

Solution: Let the present ages of Anu and Raj be 4x yearsand 5x yearsrespectively.
After eight years. Anu'sage = (4x + 8) years,

After eight years, Rgj’'sage= (5x + 8) years.

Therefore, theratio of their agesafter eight years= g)): : :
Thisisgiventobe5: 6
4x+8 5
Therefore, 5x+8 6
Cross-multiplicationgives 6 (4x+8)=5(5x + 8)
or 24x + 48 = 25x + 40
or 24x + 48 — 40 = 25x
or 24x + 8 = 25x
or 8 = 25x — 24x
or 8=x
Therefore, Anu'spresentage=4x =4 x 8 = 32 years

Raj’spresent age= 5x =5 x 8 = 40 years

B EXERCISE 2.6
Solvethefollowing equations.

8x-3 9x z 4

= =15 =

L 3x 2 2. 7—6Xx 3 z+15 9
y+4_-2 7y+4 -4
4 26y 5 5 yi2 3

6. Theagesof Hari and Harry areintheratio 5:7. Four yearsfrom now theratio of
their ageswill be 3:4. Find their present ages.

7. Thedenominator of arational number isgreater than itsnumerator by 8. If the
numerator isincreased by 17 and the denominator isdecreased by 1, the number

3
obtainedis 5 Find therational number.
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— WHAT HAVE WE DISCUSSED? —

Anagebraicequationisan equality involving variables. It saysthat thevalue of theexpressonon
onesideof theequality signisequal to thevalue of the expression onthe other side.

2. Theequationswestudy inClasses V1, VIl and V111 arelinear equationsin onevariable. Insuch
equations, theexpress onswhich form the equation contain only onevariable. Further, theequations
arelinear, i.e., thehighest power of thevariableappearing intheequationisl.

3. Alinear equation may havefor itssolution any rational number.

4. Anequation may havelinear express onson both sides. Equationsthat we studied in Classes VI
and V11 had just anumber on one side of the equation.

5. Just asnumbers, variables can, also, be transposed from one side of the equation to the other.

6. Occasionally, the expressionsforming equations haveto besimplified beforewe can solvethem
by usual methods. Some equationsmay not even belinear to beginwith, but they can be brought
toalinear form by multiplying both sides of the equation by asuitableexpression.

7. Theutility of linear equationsisintheir diverse applications, different problemson numbers, ages,
perimeters, combination of currency notes, and so on can be solved using linear equations.
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3.1 Introduction

Understanding
Quadrilaterals

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.

Try torecall different varietiesof curvesyou have seenintheearlier classes.
Match thefollowing: (Caution! A figuremay match to morethan onetype).

i Figure Type )
1) \/ (8 Smpleclossdcurve
2 6 (b) A closedcurvethatisnotsmple

e

©

Simplecurvethat isnot closed

@) [><]

-

©

Notasmplecurve

Compareyour matchingswith thoseof your friends. Do they agree?

3.2 Polygons

A smpleclosed curve made up of only linesegmentsiscalled apolygon.

JAN

Curves that are polygons

X =T O\

Curves that are not polygons
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Try to giveafew more examplesand non-examplesfor apolygon.
Draw aroughfigure of apolygon andidentify itssidesand vertices.

3.2.1 Classification of polygons
We classify polygons according to the number of sides (or vertices) they have.

Number of sides Classification Sample figure
or vertices
i Tienge N\
4 Quedrilaterd D
5 Pentagon G
6 Hexagon @
: |
8 Octagon Q
< Nonagon O
10 Decagon O
n n-gon
- J

3.2.2 Diagonals
A diagonal isalinesegment connecting two non-consecutiveverticesof apolygon (Fig3.1).

D
K
E
S R
\\\ ,/’ C
>><C
/’// \\\\ A M
B
Q

Fig31 =TT
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Canyou namethediagonalsin each of theabovefigures?(Fig 3.1)
Is PQ adiagonal?What about LN ?
You already know what we mean by interior and exterior of aclosed curve (Fig 3.2).

@ L

Interior Fig 3.2 Exterior

Theinterior hasaboundary. Doestheexterior haveaboundary? Discusswith your friends.
3.2.3 Convex and concave polygons
Here are some convex polygons and some concave polygons. (Fig 3.3)

G B
f < <<

Convex polygons Fig 3.3 Concave polygons

Canyou find how thesetypesof polygonsdiffer from oneanother? Polygonsthat are
convex haveno portionsof their diagondsinther exteriorsor any line segment joining any
twodifferent points, intheinterior of thepolygon, lieswholly intheinterior of it . Isthistrue
with concave polygons? Study thefiguresgiven. Thentry to describeinyour ownwords
what we mean by aconvex polygon and what we mean by aconcave polygon. Givetwo
rough sketchesof each kind.

Inour work inthisclass, wewill bedealing with convex polygonsonly.

3.2.4 Regular and irregular polygons

A regular polygonishboth‘equiangular’ and* equilaterd’ . For example, asquare hassdesof
equal length and angles of equal measure. Henceitisaregular polygon. A rectangleis
equiangular but not equilaterd. Isarectanglearegular polygon?lsan equilaterd trianglea

regular polygon?Why?

T ] H ]
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OO O C

Regular polygons Polygons that are not regular

[Note: Useof & or " indicatessegmentsof equal length].

Inthe previousclasses, haveyou come acrossany quadrilateral that isequilateral but not
equiangular?Recal thequadrilaterd shapesyou saw inearlier classes—Rectangle, Square,
Rhombusetc.

Isthereatrianglethat isequilateral but not equiangular?

3.2.5 Angle sum property

Do you remember the angle-sum property of atriangle? The sum of the measuresof the
threeanglesof atriangleis180°. Recall themethodsby which wetriedto visuaisethis
fact. We now extend theseideasto aquadrilateral.

DO THIS

1. Takeany quadrilaterd, say ABCD (Fig3.4). Divide
itintotwotriangles, by drawing adiagond. You get
sixangles1, 2, 3,4, 5and 6.

Usetheangle-sum property of atriangleand argue
how the sum of themeasuresof ZA, £B, ZCand
£D amountsto 180° + 180° = 360°.

2. Takefour congruent card-board copiesof any quadrilateral ABCD, with angles
asshown[Fig 3.5 (1)]. Arrange the copiesasshowninthefigure, whereangles
/1, £2, /3, Z4meetat apoint [Fig 3.5 (ii)].

¢ B
Y ina th
For doing thisyou may
D Q have to turn and match
appropriate corners so
Y, that they fit.

Fig 3.5

What can you say about the sum of theangles £1, /2, #3and £4?

[Note: Wedenotetheanglesby £1, £2, /3, etc., and their respective measures
by mz1, m£2, m/3, etc.]

The sum of the measuresof thefour anglesof aquadrilateral is

Youmay arriveat thisresult in severa other waysal so.
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3. Asbeforeconsider quadrilateral ABCD (Fig 3.6). Let Pbe any
pointinitsinterior. Join PtoverticesA, B, Cand D. Inthefigure,
consider APAB. From thiswe see x = 180° — ms£2 — m/3;
similarly from APBC, y = 180° —m£4 —m«5, from APCD,

z=180° - m«£6 — m«7 and from APDA, w = 180° — m«8
—m«1. Use thisto find the total measure m£1 + m£2 + ...
+ m«£8, does it help you to arrive at the result? Remember
IX+ 2Ly + L2+ Zw = 360°.

4. These quadrilaterals were convex. What would happen if the
quadrilatera isnot convex?Congder quadrilateral ABCD. Splitit
intotwo trianglesand find thesum of theinterior angles(Fig 3.7).

B EXERCISE 3.1

1. Givenherearesomefigures.

v 9
CO D

(6) ()
Classify each of them on the basisof thefollowing.

(@ Smplecurve (b) Simpleclosedcurve (c) Polygon
(d) Convexpolygon (e) Concavepolygon

2. How many diagonal sdoeseach of thefollowing have?
(@ Aconvexquadrilaterd  (b) A regular hexagon (¢) Atriangle

3. Whatisthesumof themesasuresof theanglesof aconvex quadrilatera ?Will thisproperty
holdif thequedrilaterd isnot convex?(Makeanon-convex quadrilaterd andtry!)
4. Examinethetable. (Eachfigureisdividedinto trianglesand the sum of theangles

deduced fromthat.)

e N
gadl VAN O &
Side 3 4 5 6
Angle sum 180° 2 x 180° 3 x 180° 4 x 180°

g =(4-2) x180° | =(5-2) x 180°| =(6-2) x 180°,
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What can you say about the angle sum of aconvex polygon with number of sides?
@ 7 (b) 8 (© 10 d n
5. Whatisaregular polygon?
Statethe name of aregular polygon of
(i) 3ddes (i) 4sdes (i) 6sides
6. Findtheanglemeasurexinthefollowingfigures.

(8 Findx+y+z (b) Findx+y+z+w

3.3 Sum of the Measures of the Exterior Angles of a
Polygon

On many occasions aknowledge of exterior angles may throw light on the nature of
interior anglesand sides.
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DO THIS

Draw a polygon on the floor, using a piece of chalk.

(Inthefigure, apentagon ABCDE isshown) (Fig 3.8).
We want to know the total measure of angles, i.e,
mZ1 + mZ2 + ms3 + m£4 + ms5. Start at A. Walk
along AB . Onreaching B, you need to turn through an
angleof m«1, towalk along BC . Whenyoureach at C,
you need to turn through an angle of m£2 to walk along
CD . You continueto movein thismanner, until you return v Fig 3.8
tosdeAB. Youwould haveinfact made onecompleteturn.

Therefore, mz1+ m£2 + m£3 + m£4 + ms5 = 360°

Thisistruewhatever bethe number of sidesof the polygon.

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

Example 1: Find measurexinFig 3.9. 000

Solution: X+ 90° + 50° + 110° = 360°  (Why?)
X + 250° = 360°
x = 110° )
X
.
Takearegular hexagon Fig 3.10. )

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

4. Repeat thisactivity for the casesof 4
(i) aregular octagon (i) aregular 20-gon Fig 3.10

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

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

360
Therefore, the number of exterior angles= 5 -

The polygon has8 sides.
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B EXERCISE 3.2

1. Fndxinthefollowingfigures.

125° 60°

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

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

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

5. (@ Isitpossbletohavearegular 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?

3.4 Kinds of Quadrilaterals

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

Trapeziumisaquadrilateral withapair of paradle sides.

T <>
1 >

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 3.11).
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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?

3.4.2 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 3.12.
Cut dong theline segments and open up.

You havethe shape of akite (Fig 3.13).

Hasthekiteany linesymmetry? Fig 3.12

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

2019-20
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3.4.3 Parallelogram
A parallelogramisaquadrilateral. Asthe name suggests, it has something to do with

pardld lines.
A B ___
/ / AB||DC A B
b ¢ AD || BC m ABJ CD
P C D
L
e — LM ||ON ARIER
QPIISR  Q R O AB| ED
QSIIPR 0 N LOIWN 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 3.14).

P

Srip1 Fig 3.14 Srip 2

v

Paceonedtrip horizontaly and draw linesalong
itsedgeasdrawninthefigure (Fig 3.15).

Now placetheother gripinadant position over

v

thelinesdrawn and usethisto draw two morelines Fig 3.15
asshown (Fig 3.16). '

Thesefour linesencloseaquadrilateral. Thisismade up of two pairsof parallel lines
(Fig3.17).

v

/ / , / /
[/ [/
/7 7

Fig 3.16 Fig 3.17
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Itisaparallelogram.

A parallelogramisaquadrilateral whoseoppositesidesareparallel.

3.4.4 Elements of a parallelogram D C
Therearefour sdesand four anglesinaparaleogram. Someof theseare / /
equal. Therearesometermsassociated withtheseelementsthatyouneed B

toremember.
GivenaparaleogramnABCD (Fig 3.18).

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 £C
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 3.19).

B Rig3ig A

B/
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? N\
Similarly examinethelengths AD and BC . What doyou find?

Fig 3.18

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° NG W e s S
and placethem adjacently toform apardle ogram asshown
inFig3.20. Doesthishel pyouto verify theabove property?

You canfurther srengthenthisideas D — C

throughalogicd agumentdso. /"7 3
Consider aparallelogram 4

ABCD (Fig 3.21). Draw A% B

any one diagonal, say AC. Fig 3.21 Fig 3.20
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Looking at theangles,
L1=/2 ad 4£3=/4 (Why?)
SinceintrianglesABC andADC, £1=/2, /3=/4
and AC iIscommon, so, by ASA congruency condition,
AABC = ACDA (How isASA used here?)
Thisgives AB=DC ad BC=AD.

Example 3: Find theperimeter of the parallelogram PQRS (Fig 3.22).
Solution: Inaparalelogram, the opposite sides have samelength.
Therefore, PQ=SR=12cm ad QR=PS=7cm S R

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

=12cm+7cm+12cm+7cm=38cm 12 em

3.4.5 Angles of a parallelogram Fig 3.22

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

DO THIS

Let ABCD beaparalelogram (Fig 3.23). 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 3.23

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 hel p you to confirm the above property?

You canfurther justify thisideathroughlogica arguments.
D

_ _ S T
If ACand BD arethediagondsofthe /" = T 3
parallelogram, (Fig 3.24) you find that PR N
il

£1=/2 ad «£3=/4 (Why?) AT Fig 3.24

2019-20




UNDERSTANDING QUADRILATERALS [l 49

Studying AABC and AADC (Fig 3.25) separately, will help you to seethat by ASA
congruency condition,
AABC = ACDA (How?)

I

"
3
-
.
-
-
.
-
-
.
-

e
-
-
.
-
-
-
.
-
.
-
-

Fig 3.25

This shows that #B and ZD have same measure. In the same way you can get
mZA =m £C.
Alternatively, Z1= /2 and £3= Z4, wehave, m£A = £L1+/4=/2+/C m«C

Example 4: InFig3.26, BEST isaparallelogram. Find thevaluesx, y and z.

Solution: Sisoppositeto B. ;

So, x =100° (oppositeanglesproperty)
y =100° (measureof anglecorresponding to £x)
z=80° (since’y, Zzisalinear pair)

We now turn our attention to adjacent anglesof aparallelogram.

InparallelogramABCD, (Fig 3.27).
ZA and £ZD are supplementary since D

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

ZA and £B aread so supplementary. Canyou
say“why'?

AD || BC and BA isatransversal, making ZA and /B interior opposite.
I dentify two more pairs of supplementary anglesfromthefigure.
Property: The adjacent anglesin a parallelogramare supplementary.

Example 5: InapardldogramRING (Fig 3.28) if m£R =70°, find dl theother angles.

Fig 3.27

Solution: Given msZR=70° G N

Then m«N = 70°

because ZR and £N are opposite angles of aparallelogram.

Since ZR and 41 are supplementary, R 70° |
m«I| = 180° —70° = 110° Fig 3.28

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

Thus, mZR=m«N = 70° and mZl = m«£G = 110°
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HEEE THINK, DISCUSS AND WRITE Ul

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

3.4.6 Diagonals of a parallelogram

@ Thediagonasof aparalelogram, ingenerdl, arenot of equal length,
(Didyou check thisinyour earlier activity?) However, thediagonals
of aparalelogram havean interesting property.

Dy- -C
DO THIS \ _______________ \

.~

Takeacut-out of aparallelogram, say,

ABCD (Fig3.29). Letitsdiagonals AC and DB meetatO.  Fig 3.29
Find themid point of AC by afold, placingConA. Isthe
mid-point sameas O? . L
Doesthisshow that diagonal DB bisectsthediagond AC at thepoint O?Discussit
withyour friends. Repest theactivity tofindwherethemidpointof DB couldlie.

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

intersection, of course!) - . — C
Toargueandjustify thisproperty isnotvery ~ \ e 7T

difficult. From Fig 3.30, applying ASA criterion, it \ 6 ............ \

iseasy to seethat A —3 “mlp
AAOB = ACOD (HowisASA used here?) Fig 3.30

Thisgives AO=CO ad BO=DO
Example 6: InFig3.31 HELPisaparallelogram. (Lengthsarein cms). Given that
OE=4andHL is5morethan PE?Find OH. P L

Solution : If OE=4thenOPdsois4 Why?) /. T
S0 PE=8, Whyd /e 5d

Therefore HL=8+5=13 H

1
Hence OH = =X 13 =6.5(cms)

B EXERCISE 3.3

1. Given aparalelogram ABCD. Complete each ‘ ____________
saementdongwiththedefinitionorproperty used. — \ .~ 0 e

(i) AD=..... () £DCB=......
(i) OC=..... (iv), mZDAB+m«ZCDA =.......
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2. Congder thefollowing parallelograms. Find the val ues of theunknownsx, y, z

D C

y X 50°
Alz \QQO B X z
0] (ii)
; A

/ X 3 Y

L
\q / 2 80

(i) (iv) 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 aquadrilateral that isnot aparalelogram but has exactly two oppositeangles
of equa measure.

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

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

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

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

R 0N
I C

Intheabovefigure both RISK and CLUE areparallelograms. Find thevalue of x.
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10. Explainhow thisfigureisatrapezium. Which of itstwo Sdesarepardld?(Fig 3.32)

N M D C
‘095
S R
800 1200
K L A B

Fig 3.32 Fig 3.33 130° 0

11. Findm«CinFig3.33if AB| DC.
12. Find the measure of P and £Sif SP||RQ inFig3.34.
(Ifyoufindm«R, istheremorethan onemethodtofind m<P?) pV” Fig 3.34

3.5 Some Special Parallelograms

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

DO THIS

Recall the paper-cut kite you made earlier.

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.

Note that the sides of rhombusareall of same
length; thisisnot the casewith thekite.

A rhombusisaquadrilateral with sidesof equal
length.

Sincetheoppostesdesof arhombushavethesame
length, itisadsoapardldogram. So, arhombushasall
the properties of a parallelogramand also that of a
kite. Try tolist themout. You can then verify your list
withthecheck lis summarisedinthebook € sawhere. Kite Rhombus
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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 logical steps. Dr-

ABCD isarhombus(Fig 3.35). Thereforeit isaparallelogramtoo.
Since diagonals bisect each other, OA =0C and OB =0OD. ) .
We have to show that mZAOD = mZCOD = 90° N ~p

It can be seen that by SSS congruency criterion Fig 3.35
AAOD = ACOD Snce AO=CO  (Why?)

Therefore, mZAOD =m £ZCOD

Since ZAOD and ZCOD arealinear pair, AD=CD  (Why?)

m ZAOD = m ~COD = 90° OD=0D

Example 7:
RICEisarhombus(Fig 3.36). Find x, y, z. Justify your findings.
Solution: k
x = OE y=0R z = sdeof therhombus

= Ol (diagonasbisect) = OC (diagonasbisect) = 13(al sidesareequa ) R

=5 =12 Fig 3.36
3.5.2 Arectangle = =
A rectangleisaparallelogram with equal angles(Fig 3.37).
What isthefull meaning of thisdefinition? Discusswithyour friends.
If therectangleisto be equiangular, what could be x° x°
the measure of each angle? Fig 3.37
L et themeasure of each anglebex®.
Then 4x° = 360° (Why)?
Therefore, x° =90°

Thuseach angleof arectangleisaright angle.
So, arectangleisaparalelograminwhich every angleisaright angle.

Beingapardleogram, therectanglehasoppositesidesof equd lengthanditsdiagonds
bisect each other.
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Inaparaldogram, thediagona scan beof different lengths. (Check this); but surprisngly
therectangle (being aspecial case) hasdiagonasof equa length.
Property: Thediagonals of arectangle are of equal length.

C C D

0N ’x
-~ -
~, -
~, .

-, -

S -

. -

. -
~, .

. .

-, -
~, -
~ -

.. -

. .

-~ -

O
~o?

L
L
-
4
-

~.
.,
~,
.~
L .~
L .
- .,
- -,
- ~
- .
L .~
- S

' B A t B A : B
Fig 3.38 Fig 3.39 Fig 3.40

Thisiseasy tojudtify. If ABCD isarectangle (Fig 3.38), thenlooking at triangles
ABC and ABD separately [(Fig 3.39) and (Fig 3.40) respectively], we have

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 3.41). Its diagonals meet at O. Find x, if
OR=2x+4and OT =3x+ 1.

Solution: OT ishdf of thediagonal TE, T AN
OR ishalf of thediagonal RN . g
Diagonasareequal here. (Why?) ’
So, their halvesarea so equdl. /:*:\0
Therefore 3X+1=2x+4 Ao
or x=3 s .
3.5.3 A square RE “lg
A squareisarectanglewith equal sides. e : _p, Fig34l
This means a square has al the - L
propertiesof arectanglewith an additional N
requirement that all the s deshave equal o
length. .
The square, like the rectangle, has N N i
diagonalsof equal length. BELT isasquare, BE=EL =LT =TB
Inarectangle, thereisno requirement 4B, LE, ZL, LT areright angles.
for the diagonalsto be perpendicular to BL=ETand BL L ET.

one another, (Check this). OB = OL and OE = OT.
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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 ST

Takeasquare sheet, say PQRS (Fig 3.42).

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

‘ .
oe
K
0" “s
y 5

Wecanjudtify thisalso by arguing logicaly: Fig 3.42

ABCD isasguarewhose diagonalsmeet at O (Fig 3.43). D - C
OA = OC (Sincethesquareisaparallelogram)
By SSScongruency condition, we now seethat
AAOD =A COD (How?)
Therefore, m£AOD = m£COD
Theseanglesbeing alinear pair, eachisright angle. N g

G
;" /'
‘.'o
G
N
Q s,
0 EN

HE EXERCISE 3.4
1. Statewhether Trueor False.

(@ All rectanglesaresquares (e) Allkitesarerhombuses. T
(b) All rhombusesareparalldlograms () All rhombusesarekites. %\e
(¢) Allsguaresarerhombusesanddsorectangles (g) All pardldogramsaretrapeziums. |
(d) All squaresarenot parallelograms. (h) All squaresaretrapeziums.

2. |dentify dl thequadrilaterd sthat have.
(@ foursdesof equd length (b) fourrightangles

3. Explainhow asquareis.
(i) aquedrilatera (i) apardldogram (i) arhombus (iv) arectangle

4. Namethequadrilateralswhosediagonals.

(i) bisecteachother (i) areperpendicular bisectorsof eachother (i) areequa
A D

5. Explainwhy arectangleisaconvex quadrilatera.

—“‘
“““
___
----
»'—

6. ABCisaright-angledtriangleand O isthemid point of theside
oppositetotheright angle. Explainwhy Oisequidistant fromA,
B and C. (Thedotted linesaredrawn additionally to help you). B C
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HEE THINK, DISCUSS AND WRITE Wl

1. A masonhasmadeaconcretedab. Heneedsit to berectangular. Inwhat different
wayscan hemake surethat it isrectangular?

2. A sguarewas defined as arectangle with all sidesequal. Can we defineit as
rhombuswith equal angles? Explorethisidea
3. Canatrapeziumhaveal anglesequal ?Canit haveal sidesequa ? Explain.

— WHAT HAVE WE DISCUSSED? —

Quadrilateral Properties

Parallelogram: (1) Oppositesidesareequal.
vAv itctlwueio?:rr: I;ierrs:‘ (2) Oppositeanglesareequal.
opposite sides (3) Diagonalshisect oneanother.
pardld. A

S R
Rhombus: (1) Allthepropertiesof aparalelogram.
A paralelogramwith sides (2) Diagonasare perpendicular to each other.
of equal length.

P Q

Rectangle: N p (1) All thepropertiesof aparalelogram.
A parallelogram (2) Eachof theanglesisarightangle.
witharightangle. [0, | (3 Diagonasareequal.

S R
Square: A rectangle
with sides of equal 1 1 All thepropertiesof apardlelogram,
length. rhombusand arectangle.

p ' Q
Kite: A quadrilateral D i _
with exactly two pairs (1) Thediagonasareperpendicular
of equal consecutive to oneanother
sdes A C | (2) Oneof thediagonashisectstheother.

(3) Inthefigurem«B =m«D but
B mZA = m£C.
L J
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4.1 Introduction

Practical Geometry

CHAPTER

DESZCHO

You havelearnt how to draw trianglesin ClassV1I. Werequire three measurements

(of sidesand angles) to draw auniquetriangle.

Sincethree measurementswere enough to draw atriangle, anatural question arises
whether four measurementswould be sufficient to draw auniquefour sded closedfigure,

namely, aquadrilaterd.

DO THIS ¢

Takeapair of sticksof equa lengths, say
10 cm. Take another pair of sticks of
equal lengths, say, 8 cm. Hingethemup

suitably to get arectangleof length 10cm B

and breadth 8 cm.

Thisrectangle hasbeen created with
the4 available measurements.

Now just push aong the breadth of
therectangle. I sthe new shape obtained,
still a rectangle (Fig 4.2)? Observe
that the rectangle has now become

8 cm

10 cm

8 cm

10 cm

Fig 4.1

10 cm

10 cm

aparalelogram. Haveyou altered the 15

lengths of the sticks? No! The
measurements of sidesremain the same.

Fig 4.2

Give another push to the newly
obtained shapein adifferent direction;
what do you get? You again get a
pardldogram, whichisatogether different
(Fig 4.3), yet the four measurements
remainthesame.

10 cm

10 cm

Fig 4.3

Thisshowsthat 4 measurementsof aquadrilateral cannot determineit uniquely.
Can 5 measurementsdetermineaquadrilatera uniquely?L et usgo back totheactivity!
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58 W MATHEMATICS

You have constructed arectanglewith
two stickseach of length 10 cmand other
two sticks each of length 8 cm. Now 10 em
introduceanother stick of lengthequal to A D
BD andtieitalong BD (Fig 4.4). If you
push the breadth now, does the shape 8cm 8 cm
change?No! It cannot, without making the
figure open. Theintroduction of thefifth
stick hasfixed therectangleuniquely, i.e., 10 cm
thereisno other quadrilateral (with the Fig 4.4
givenlengthsof sides) possible now.

Thus, we observethat five measurements can determineaquadrilatera uniquely.
But will any five measurements (of sidesand angles) be sufficient to draw aunique
quedrilatera?

HEE THINK, DISCUSS AND WRITE UlEEEN

Arshad hasfive measurements of aquadrilateral ABCD. Theseare AB =5 cm,
ZA =50°,AC=4cm,BD =5 cmand AD = 6 cm. Can he construct a unique
quadrilateral ? Givereasonsfor your answe.

#>— 4.2 Constructing a Quadrilateral

We shall learn how to construct a unique quadrilateral given the following
messurements:

When four sidesand onediagond aregiven.

When two diagonalsand threesidesaregiven.
When two adjacent sidesand threeanglesaregiven.
When three sidesand twoincluded anglesaregiven.
When other special propertiesare known.

L et ustake up these constructions one-by-one.

4.2.1 When the lengths of four sides and a diagonal are given
Weshdl explainthisconstruction through an example.
Example 1: Construct a quadrilateral PQRS

where PQ =4 cm,QR =6 cm, RS = 5 cm,
PS=55cmand PR=7cm.

Solution: [A rough sketch will help us in
visudising thequadrilatera. Wedraw thisfirst and
mark themeasurements.] (Fig4.5)
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Sep 1l Fromtherough sketch, itiseasy to seethat APQR
can be congtructed using SSS construction condition.
Draw APQR (Fig 4.6).

Sep 2 Now, wehavetolocatethefourthpoint S. This*S
would be onthe sideoppositeto Q with referenceto
PR. For that, we have two measurements.

Sis5.5cmaway from P. So, with Pas centre, draw
anarcof radius5.5 cm. (The point Sissomewhere
onthisarc!) (Fig4.7).

7 cm

Fig 4.7

Sep 3 Sis5cmaway fromR. Sowith R ascentre, draw an arc of radius5cm (The
point Sissomewhereonthisarc also!) (Fig 4.8).

7 em

Fig 4.8
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Sep 4 Sshouldlie on both the arcs drawn.
Soitisthepoint of intersection of the
twoarcs. Mark Sand complete PORS.
PQRS is the required quadrilateral
(Fig4.9).

Fig 4.9
HEE THINK, DISCUSS AND WRITE U

AS=6.5cm?Why?

thereason?
[Hint: Discussit usingarough sketch].

(i) Wesaw that 5 measurements of aquadrilateral can determine aquadrilateral
uniquely. Doyou think any fivemeasurementsof thequadrilateral can dothis?

(i) Can you draw a parallelogram BATS where BA = 5 cm, AT = 6 cm and

(i) Canyoudraw arhombusZEAL whereZE = 3.5cm, diagonal EL =5cm?Why?

(iv) A student attempted to draw aquadrilateral PLAY wherePL =3cm, LA=4cm,
AY =45 cm, PY = 2cm and LY = 6 cm, but could not draw it. What is

HE EXERCISE 4.1
1. Congtructthefollowing quadrilateras.
(1) Quadrilateral ABCD.
AB=45cm
BC=55cm
CD=4cm
AD=6cm
AC=7cm
(i) PerdldogranMORE
OR=6cm
RE=4.5cm
EO=75cm
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(i) Quadrilatera JUMP

JU=35cm
UM =4cm
MP=5cm
PJ=45cm
PU=6.5cm
RhombusBEST
BE=4.5cm
ET=6cm



PracTicaL GEomeTrYy M 61

4.2.2 When two diagonals and three sides are given

Whenfour sdesand adiagond weregiven, wefirst drew atrianglewiththeavailabledata
and then tried to | ocate the fourth point. The sametechniqueisused here.

Example 2: Construct aquadrilateral ABCD, giventhat BC=4.5cm,AD =5.5¢cm,
CD =5cmthediagonal AC =5.5cmanddiagonal BD =7 cm.

Solution:
Hereistherough sketch of the quadrilateral ABCD
(Fig4.10). Studying thissketch, we can easly see
that itispossibletodraw A ACD first (How?).

Step 1 Draw AACD using SSS
congruction (Fig4.11).
(Wenow needtofind B at adistance
of 4.5cmfrom Cand 7cmfromD). ot 5.5 cm

Fig 4.11

Step 2 With D ascentre, draw anarc of radius 7 cm. (B issomewhere
onthisarc) (Fig4.12).

5.5 cm

Fig 4.12

Sep 3 With C as centre, draw an arc of
radius4.5cm (B issomewhereon
thisarcaso) (Fig4.13).

55cm

Fig 4.13
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Sep4 SinceB liesonboththearcs, Bis
the point intersection of the two
arcs. Mark B and completeABCD.
ABCD istherequired quadrilateral
(Fig4.14).

HEEE THINK, DISCUSS AND WRITE Ul
1. Intheaboveexample, canwedraw thequadrilateral by drawing AABD first and
thenfind thefourth point C?

2. Canyou construct aquadrilatera PQRSwith PQ=3cm, RS=3cm, PS=7.5cm,
PR =8cmand SQ =4 cm? Justify your answer.

B EXERCISE 4.2
1. Congtructthefollowing quadrilaterals.

(i) quadrilatera LIFT (i) Quadrilateral GOLD
LI=4cm OL=7.5cm
IF=3cm GL=6cm
TL=25cm GD=6cm
LF=45cm LD=5cm
IT=4cm OD =10cm

(i) RhombusBEND
BN =5.6cm
DE=6.5cm

4.2.3 When two adjacent sides and three angles are known

Asbefore, we start with constructing atriangle and then look for the fourth point to
completethequadrilateral.

Example 3: Construct a quadrilateral MIST where Ml = 3.5cm, IS= 6.5 cm,
M =75°, /1 =105° and £S = 120°.
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Solution:

Here is a rough sketch that would help us in deciding our steps of
congtruction. Wegiveonly hintsfor various steps (Fig 4.15).

Sep1l How doyoulocatethepoints?What choice do you makefor the base and what
isthefirst step?(Fig4.16)

M-

3.5cm
Fig4.16

Sep2 Make £ISY =120° at S(Fig4.17).
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Sep3 MakeZIMZ =75° a M. (wherewill SY and MZ meet?) Mark that point asT.
We get therequired quadrilateral MIST (Fig 4.18).

z
YN

6Sem

' o
HP\75° @‘7<
M 1

3.5cm
Fig 4.18

B THINK, DISCUSS AND WRITE Ul
1. Canyou construct the above quadrilateral MIST if we have 100° at M instead
of 75°?

2. Canyou construct thequadrilateral PLAN if PL=6cm, LA =9.5cm, ZP=75°,
ZL =150° and ZA =140°?(Hint: Recall angle-sum property).

3. Inapardldogram, thelengthsof adjacent Sdesareknown. Dowedtill need measures
of theanglesto construct asin the example above?

I EXERCISE 4.3
1. Congtruct thefollowing quadrilateras.

(i) Quadrilateral MORE (i) Quedrilatera PLAN
MO=6cm PL=4cm
OR=4.5cm LA=6.5cm
ZM =60° £ZP=90°
£0 =105° ZA=110°
/R =105° ZN = 85°

(i) PerdldogramHEAR (iv) Rectangle OKAY
HE=5cm OK =7cm
EA=6cm KA=5cm

ZR=85°
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4.2.4 When three sides and two included angles are given

Under thistype, when you draw arough sketch, note carefully the " included” angles
inparticular.
6.5 cm

Example 4: Construct a quadrilateral ABCD, where b C
AB=4cm,BC=5cm, CD = 6.5 cmand «B = 105° and 80°
£C=80°.

§
Solution: g ”
Wedraw arough sketch, asusud, to get anideaof how wecan S B
start off. Thenwe can deviseaplantolocatethefour points A 4 cm
(Fig4.19). Fig 4.19

Sepl SartwithtakingBC=5cmonB. Draw anangleof 105° along BX. Locate A
4 cm away onthis. Wenow have B, Cand A (Fig 4.20).

X

105°

5cm

Fig 4.20

Sep 2 Thefourthpoint Dison CY whichisinclinedat 80° toBC. Somake £ZBCY =80°
aConBC(Fig4.21).
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Sep 3 Disatadistanceof 6.5cmon CY. With Y
Cascentre, draw anarcof length 6.5cm. 5
ItcutsCY at D (Fig4.22).

X [
Al w
E

>

E

<
7\1050 80°
B *C

S5cm

Fig 4.22
Sep 4 Completethequadrilaterd ABCD.ABCD istherequired quadrilatera (Fig4.23).

5cm
Fig 4.23

HEE THINK, DISCUSS AND WRITE Ul

1. Intheaboveexample, wefirst drew BC. Instead, what could have been bethe
other starting points?

2. We used some five measurements to draw quadrilaterals so far. Can there be
different setsof five measurements (other than seen sofar) to draw aquadrilateral ?
Thefollowing problemsmay help youin answering the question.

(i) Quadrilateral ABCD withAB=5cm,BC=55cm,CD=4cm,AD=6cm
and «B =80°.

(i) Quadrilateral PQRSwith PQ=4.5cm, ZP=70°, Z/Q=100°, ZR = 80°
and £S=110°.

Congtruct afew moreexamplesof your owntofind sufficiency/insufficiency of the

datafor construction of aquadrilateral.
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B EXERCISE 4.4
1. Congtruct thefollowing quadrilaterals.

(1) Quadrilaterd DEAR (i) Quadrilaterd TRUE
DE=4cm TR=3.5cm
EA=5cm RU=3cm
AR=45cm UE=4cm
ZE=60° ZR=75°
ZA =90° ZU =120°

4.3 Some Special Cases

Todraw aquadrilateral, we used 5 measurementsin our work. I sthereany quadrilateral
which can bedrawnwith lessnumber of avail able measurements? Thefollowing examples

examine such specia cases. Rough figure

Example 5: Draw asquareof side4.5 cm. D 4.5 cm c

Solution: Initidly it gppearsthat only onemessurement hasbeengiven. Actudly

we have many moredetailswith us, becausethefigureisaspecia quadrilatera, . c

namely asquare. Wenow know that each of itsanglesisaright angle. (Seethe 2 S

roughfigure) (Fig4.24) < N
Thisenablesusto draw AABC using SAS condition. Then D can beeasily

located. Try yourself now to draw the square with the given measurements. A w B

. Cm
Example 6: Isit possibleto construct arhombusABCD whereAC=6cm Fig 4.24

and BD =7 cm?Justify your answer.

Solution: Only two (diagonal) measurements of therhombus are given. However,
sinceitisarhombus, we canfind more help fromitsproperties. Rough figure

Thediagonasof arhombusare perpendicular bisectors
of oneanother.

o, first draw AC =7 cmand then construct itsperpendicular bisector.
Let them meet at 0. Cut off 3 cm lengths on either side of the drawn
bisector. Younow get B and D.

Draw the rhombus now, based on the method described above
(Fig4.25).

TRY THESE

1. Howwill youcongtruct arectangle PQRSIf youknow
only thelengths PQ and QR?

2. CongtructthekiteEASY ifAY =8cm,EY =4cm  F e
and SY =6 cm (Fig 4.26). Which properties of the
kitedid you usein the process? A Fig 4.26
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B EXERCISE 4.5

Draw thefollowing.
1. ThesquareREAD withRE=5.1cm.
2. Arhombuswhosediagonalsare5.2 cmand 6.4 cmlong.
3. Arectanglewith adjacent sdesof lengths5 cmand 4 cm.
4. Aparalelogram OKAY whereOK =5.5cmand KA =4.2 cm. Isit unique?

— WHAT HAVE WE DISCUSSED? —

Fivemeasurements can determineaquadrilateral uniquely.

A quadrilateral can be constructed uniquely if thelengthsof itsfour sidesand adiagond isgiven.
A quadrilateral can beconstructed uniquely if itstwo diagona sand three sidesare known.

A quadrilateral can be constructed uniquely if itstwo adjacent sidesand three anglesare known.

A quadrilateral can be constructed uniquely if itsthree sidesand two included anglesaregiven.
. J

a > wbdPE
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CHAPTER

Data Handling

5.1 Looking for Information
Inyour day-to-day life, you might have come acrossinformation, such as:
(& Runsmadeby abatsmaninthelast 10 test matches.
(b) Number of wicketstaken by abowler inthelast 10 ODls.
(6 Marksscored by the studentsof your classinthe Mathematicsunit test.
(d) Number of story booksread by each of your friends etc.

Theinformation collectedinal such casesiscalled data. Dataisusudly collected n
the context of asituation that we want to study. For example, ateacher may liketo know
theaverage height of studentsin her class. Tofindthis, shewill writetheheightsof al the
studentsin her class, organise the data in a systematic manner and then interpret it
accordingly.

Sometimes, dataisrepresented gr aphically to giveaclear ideaof what it represents.
Do you remember the different types of graphswhichwehavelearntin earlier classes?

1. APictograph: Pictorial representation of datausing symbols.

- A\
Jul denot 1 f 100
uly & denotes 50
August
September

N\ J

(i) How many carswere produced in themonth of July?
(i)  Inwhich month were maximum number of cars produced?
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2. Abar graph: A display of information using barsof uniformwidth, their heights
being proportiona to therespectivevaues.

350 +
300 T
250 +
200

Bar heights give the
quantity for each
category.

150 +
Barsare of equal width
with equal gapsin
between.

100 +

50 +

Number of students in Class VIII —

v

2003-04 2004-05 2005-06 2006-07 2007-08
Academic years —

(i) What istheinformation given by thebar graph?
(i) Inwhichyearistheincreaseinthenumber of students maximum?
(iii) Inwhichyear isthenumber of studentsmaximum?
(iv) Statewhethertrueor false:
‘The number of studentsduring 2005-06istwicethat of 2003-04.

3. DoubleBar Graph: A bar graph showing two setsof datasimultaneoudly. Itis
useful for the comparison of the data.

80+ O 2005-06 [ 2006-07

(=] =} =]
1 1 1
T T T

(=}
1
T

Marks obtained by a student —
S

p— D W L n N I
=}
1

=]
1
T

v

Maths S. Science Science English Hindi
Subjects —

(1) Whatistheinformation given by the doublebar graph?

(i) Inwhich subject hasthe performanceimproved themost?
(iii) Inwhich subject hasthe performance deteriorated?
(iv) Inwhichsubject isthe performanceat par?
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BEEE THINK, DISCUSS AND WRITE Ul

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

TRY THESE

Draw an appropriate graph to represent the giveninformation.

1. (Month July August | September | October [ November Decembeﬂ
Number of 1000 1500 1500 2000 2500 1500
| Watchessold J
2. (Children who prefer School A School B School C )
Walking 40 55 15
N Cyding 45 25 3B
3. Percentagewinsin ODI by 8top cricket teams.
i Teams From Champions Last 10 b
Trophy to World Cup-06 | ODI in 07
SouthAfrica 75% 78%
Audrdia 61% 40%
Sri Lanka 54% 38%
New Zealand 47% 50%
England 46% 50%
Pakigtan 45% 44%
West Indies 44% 30%
(India 43% 56% )

5.2 Organising Data

Usudly, dataavailableto usisinan unorganised form called raw data. To draw meaningful
inferences, we need to organise the data systematically. For example, agroup of students
wasasked for their favourite subject. Theresultswereaslisted below:

Art, Mathematics, Science, English, Mathematics, Art, English, Mathematics, English,
Art, Science, Art, Science, Science, Mathematics, Art, English, Art, Science, Mathematics,
Science, Art.

Whichisthemost liked subject and theoneleast liked?
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Itisnot easy to answer the question |ooking at the choiceswritten haphazardly. We
arrangethedatain Table 5.1 using tally marks.

Table 5.1

([ Subject Tally Marks Number of Students )

Art N 7

Mathemétics NN 5

Science NN 6
(__Endlish [11] 4 )

Thenumber of talliesbefore each subject givesthe number of studentswho likethat
particular subject.

Thisisknown asthefrequency of that subject.
Frequency givesthenumber of timesthat aparticular entry occurs.

FromTable5.1, Frequency of studentswholikeEnglishis4
Freguency of studentswho like Mathematicsis5

Thetable madeisknown asfrequency distribution table asit givesthe number
of timesan entry occurs.

TRY THESE

1. A group of studentswere asked to say which animal they would likemost to have
asapet. Theresultsare given below:

dog, cat, cat, fish, cat, rabbit, dog, cat, rabbit, dog, cat, dog, dog, dog, cat, cow,
fish, rabbit, dog, cat, dog, cat, cat, dog, rabbit, cat, fish, dog.

Make afrequency distribution tablefor the same.

5.3 Grouping Data

Thedataregarding choice of subjects showed the occurrence of each of theentriessevera
times. For example, Artisliked by 7 students, Mathematicsisliked by 5 studentsand so
on (Table5.1). Thisinformation can be displayed graphically using apictograph or a
bargraph. Sometimes, however, we haveto dedl with alarge data. For example, consider
thefollowing marks (out of 50) obtained in M athematicsby 60 studentsof ClassVIII:

21,10, 30, 22, 33,5, 37, 12, 25, 42, 15, 39, 26, 32, 18, 27, 28, 19, 29, 35, 31, 24,
36, 18, 20, 38, 22, 44, 16, 24, 10, 27, 39, 28, 49, 29, 32, 23, 31, 21, 34, 22, 23, 36, 24,
36, 33, 47, 48, 50, 39, 20, 7, 16, 36, 45, 47, 30, 22, 17.

If we makeafregquency distribution tablefor each observation, then the tablewould

betoo long, so, for convenience, we make groups of observationssay, 0-10, 10-20 and
so on, and obtain afrequency distribution of the number of observationsfallingin each
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group. Thus, thefrequency distribution tablefor the above datacan be.

Table 5.2

Groups Tally Marks Frequency b
0-10 [ 2
10-20 MNJ TN 10
20-30 NNY TN NY TN 21
30-40 PR P TR 19
40-50 NJ | 7
50-60 |

9 Total 60 )

Datapresentedinthismanner issaid to be gr ouped and the distribution obtainediscalled
grouped frequency distribution. It helpsusto draw meaningful inferenceslike—

(1) Most of the students have scored between 20 and 40.
(2) Eight students have scored more than 40 marks out of 50 and so on.
Each of the groups 0-10, 10-20, 20-30, etc., iscalled aClass| nterval (or briefly
aclass).

Observethat 10 occursinboth theclasses, i.e., 0-10 aswell as10-20. Similarly, 20
occursin classes 10-20 and 20-30. But it isnot possible that an observation (say 10 or 20)
can belong smultaneoudy to two classes. To avoid this, weadopt the convention that the
common observationwill belong to the higher class, i.e., 10 belongsto theclassinterval
10-20 (and not to 0-10). Similarly, 20 belongsto 20-30 (and not to 10-20). Intheclass
interval, 10-20, 10iscalled thelower classlimit and 20iscalled theupper classlimit.
Smilarly,inthed assinterval 20-30, 20isthelower classlimit and 30istheupper classlimit.
Obsarvethat thedifference between the upper classlimit and lower dasslimit for each of the
classintervals0-10, 10-20, 20-30e€tc., isequd, (10inthiscase). Thisdifference between
theupper classlimit and lower classlimitiscalled thewidth or Szeof theclassinterval.

TRY THESE

1. Study thefollowing frequency distribution table and answer the questions
given below.

Freguency Distribution of Daily | ncome of 550 wor ker sof afactory

Table 5.3
Class Interval Frequency
(Daily Income in ) (Number of workers)
100-125 45
125-150 25
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150-175 55
175-200 125
200-225 140
225-250 55
250-275 35
275-300 50
300-325 20
N Total 550 y

() Whatisthesizeof theclassintervals?
(i) Which classhasthehighest frequency?
(i) Which classhasthelowest frequency?
(iv) Whatistheupper limit of theclassinterval 250-275?
(v) Whichtwo classeshavethe samefregquency?
2. Congruct afrequency distributiontablefor thedataonweights (in kg) of 20 sudents
of aclassusing intervals 30-35, 35-40 and so on.

40, 38, 33, 48, 60, 53, 31, 46, 34, 36, 49, 41, 55, 49, 65, 42, 44, 47, 38, 39.

5.3.1 Bars with a difference

L et usagain consider the grouped frequency distribution of the marks obtained by 60
studentsin Mathematicstest. (Table5.4)

Table 5.4 1
- 29 21
Class Interval Frequency
20 ¢ 19
0-10 2 5 b
10-20 10 1 164
20-30 21 g 4
30-40 19 Z12¢
40-50 7 E 10 ¢ 10
50-60 £ 83 ;
L Total 60 ) 6¢
This is displayed graphically asin the 41
adjoininggraph (Fig5.1). 242 1
Isthisgraphinany way different fromthe o l
bar grgphswhichyouhavedravninClassVI1? 10 20 30 40 50 60
Observethat, herewe have represented the Marks of the students —

groupsof observations(i.e., classintervals) Fig 5.1
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onthehorizonta axis. The height of thebarsshow the frequency of the class-interval.
Also, thereisno gap between the bars asthereisno gap between the class-intervals.

Thegraphical representation of dataiin thismanner iscalled ahistogram.
Thefollowing graphisanother histogram (Fig 5.2).

Ages of 25 teachers of
7 a school
T 6
2 6
25 5 S o
g Bars of equal width with
24 4 no gaps in between.
- 3
g3
E 2 2 Height of bar gives the number of
Z. data items in a particular group
1 and is the frequency.

20 25 30 35 40 45 50<«<—— The range is divided in equal intervals
Age in years — (of 5 years in this case).

Jagged line R ) (or broken line) has
been used along the horizontal line to
indicate that we are not showing the
numbers between 0 to 20.

Fig 5.2

Fromthebarsof thishistogram, we can answer thefollowing questions:
(1) How many teachersare of age45 yearsor more but lessthan 50 years?
(i) How many teachersare of agelessthan 35 years?

TRY THESE

1. Observethehistogram (Fig 5.3) and answer the questions given bel ow.

7+

6+

Number of Girls of Class VII —
=

0"
125 130 135 140 145 150 155 160
Heights in cm —
Fig 5.3
(i) Whatinformationisbeing given by thehistogram?
(i) Whichgroup containsmaximumgirls?
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(i) How many girlshaveaheight of 145 cmsand more?
(iv) If wedividethegirlsinto thefollowing three categories, how many would
therebein each?

150 cm and more — GroupA
140 cmtolessthan 150 cm — GroupB
Lessthan140cm — GroupC

B EXERCISE 5.1
1.

For which of thesewould you use ahistogram to show the data?

(@ Thenumber of lettersfor different areasin apostman’sbag.
(b) Theheight of competitorsinan athletics meet.
() Thenumber of cassettes produced by 5 companies.

(d) Thenumber of passengersboarding trainsfrom 7:00am.to 7:00 p.m. at a
dation.

Givereasonsfor each.
The shopperswho cometo adepartmental store are marked as: man (M), woman

(W), boy (B) or girl (G). Thefollowing list givesthe shopperswho cameduring the
first hour inthemorning:

WWWGBWWMGGMMWWWWGBMWBGGMWWMMWW
WMWBWGMWWWWGWMMWWMWGWMGWMMBGGW
Makeafreguency distributiontableusingtaly marks. Draw abar graphtoillugtrateit.
Theweekly wages (in%) of 30 workersin afactory are.

830, 835, 890, 810, 835, 836, 869, 845, 898, 890, 820, 860, 832, 833, 855, 845,
804, 808, 812, 840, 885, 835, 835, 836, 878, 840, 868, 890, 806, 840

Using tally marksmake afrequency tablewith intervalsas800-810, 810-820 and
soon.

Draw ahistogram for the frequency table made for the datain Question 3, and
answer thefollowing questions.
(1) Whichgroup hasthemaximum number of workers?
(i) How many workersearn¥ 850 and more?
(i) How many workersearn lessthanz 850?

Thenumber of hoursfor which sudentsof aparticular casswatched televisonduring
holidaysisshownthroughthegiven graph.
Answer thefollowing.

(i) For how many hoursdid the maximum number of studentswatch TV?

(i) How many studentswatched TV for lessthan 4 hours?
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(i) How many studentsspent morethan 5 hoursinwatching TV?

N

321

32

-
N
=)

,

247 22
20 1

16 +
12 +

Number of students

v

1 2 3 4 5 6 7
Hours of TV watched per day —

5.4 Circle Graph or Pie Chart
Haveyou ever come acrossdatarepresented in circular form asshown (Fig 5.4)?
The time spent by achild during aday Age groups of peoplein atown

8 hours

50 thousand

60 years

and
6 hours

3 hours

@) Fig 5.4

Theseare called circle graphs. A circle graph shows the rel ationship between a
wholeanditsparts. Here, thewholecircleisdivided into sectors. The size of each sector
isproportional to theactivity or information it represents.

For example, in the above graph, the proportion of the sector for hours spent in sleeping

_ number of sleeping hours _ 8hours _ 1
- whole day ~ 24hours 3

S0, thissector isdrawn as ?1)’ rd part of thecircle. Similarly, the proportion of the sector

number of school hours — 6 hours _ 1
whole day " 24hours 4

for hours spentin school =
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Sothissectorisdrawvn % th of thecircdle Smilarly, theszeof other sectorscan befound.

Addupthefractionsfor al theactivities. Doyou get thetota asone?
A circlegraphisalsocalled apiechart.

TRY THESE

1. Eachof thefollowing piecharts(Fig 5.5) givesyou adifferent pieceof information about your class.
Find thefraction of thecirclerepresenting each of theseinformation.

0) (i) (if)
Girls
50%
o
Boys
50% Bus or car
40%
15%
Hate
Girls or Boys Transport to school Love/Hate Mathematics
Fi g55 Informative
2. Answer thefollowing questionsbased on the pie chart 10%
given (Fig5.6). 1;‘;:;5

(i) Whichtypeof programmesareviewed themost?

(i) Whichtwo typesof programmeshave number of
viewersequal to those watching sportschannels?

Entertainment

5.4.1 Drawing pie charts Viewers watching different types
The favourite flavours of ice-creamsfor of channelson T.V.
studentsof aschool isgivenin percentages Fig 5.6

asfollows.

Flavours Per centage of students

Preferring the flavours

Chocolate 50%
Vanilla 25%
Other flavours 25%

Let usrepresent thisdatain apie chart.
Thetotal angleat thecentreof acircleis360°. Thecentral angleof the sectorswill be

2019-20




DaTA HanbLinGg I 79

afractionof 360°. We make atableto find the central angle of the sectors(Table5.5).

Table 5.5
(Flavours Sudents in per cent In fractions Fraction of 360° )
preferring the flavours
hocol s =2 1 f 360° = 180°
Chocolate 50% 100 2 5 0 =
Vanill 25% AR 1 f 360° =90°
ara ° 100 4 4 © -
Otherfl 25% = 2 1 f 360° =90°
L er flavours 0 100 2 7O = )
1. Draw acirclewithany convenient radius.
Mark itscentre (O) and aradius (OA). A

2. Theangle of thesector for chocolateis 180°.
Usethe protractor to draw ZAOB = 180°.

3. Continuemarking theremaining sectors.

Example 1: Adjoining piechart (Fig5.7) givestheexpenditure (in percentage)
onvariousitemsand savingsof afamily duringamonth. House rent '
() Onwhichitem, theexpenditurewasmaximum? 10y, Pducation for
(i) Expenditure onwhich itemisequal to thetotal Transport 15%
savingsof thefamily? 5%
(iii)  If themonthly savingsof thefamily isZ 3000, what
isthemonthly expenditure on clothes?

Food

Others 25%,

. 20%
Solution:

(1) Expenditureismaximum onfood. Savings
(i) Expenditureon Education of childrenisthesame 15% 10%

(i.e., 15%) asthesavingsof thefamily. Fig 5.7

2019-20




80 M MATHEMATICS

(i) 15% representsz 3000

Therefore, 10% represents? 3020 %10 =% 2000

Example 2: Onaparticular day, the sales(in rupees) of different itemsof abaker’s
shop aregiven below.

ordinary bread : 320

fruitbread : 80

cakesand pastries : 160 | Draw apiechart for thisdata.

biscuits : 120

others : 40

Total : 720

Solution: Wefind the central angle of each sector. Herethetotal sale=3 720. We

thushavethistable.
e A\
Item Sales (in %) In Fraction Central Angle
320 4 4
' —=— — x 360° =160°
Ordinary Bread 320 720" 9 9
120 1 1
Iscu == = % 360° = 60°
Biscuits 120 720 6 6
160 2 2
i —=— — x 360° = 80°
Cakesand pastries 160 7209 9
80 1 1
i —— == = x 360° = 40°
Fruit Bread 80 720 9 9
40 1 1
—=— — x 360° = 20°
Others 40 720 18 18
- J

Now, we makethe pie chart (Fig 5.8): 4‘1@%.

&
QA
& D
& &
o‘@*‘i@"

Fruit
Others
20° Bread Flg 58
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TRY THESE

Draw apiechart of thedatagiven below.
Thetime spent by achild during aday.

Sleep— 8hours
School — 6 hours
Homework — 4 hours
Play — 4 hours

Others— 2 hours

HEEE THINK, DISCUSS AND WRITE Ul

Whichform of graph would be appropriateto display thefollowing data.
1. Production of food grainsof a state.

( Year 2001 2002 2003 2004 2005 2006\
Production 60 50 70 55 80 85
(in lakh tons)

2. Choiceof food for agroup of people.
4

Favourite food Number of people .
NorthIndian 30
SouthIndian 40
Chinese 25
Others 25

. Total 120 J

3. Thedaily incomeof agroup of afactory workers.
i Daily Income Number of workers\
(in Rupees) (in afactory)

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 5.2
Semi Classical

1. A survey wasmadetofindthetypeof music 20%
that acertain group of young peoplelikedin
acity. Adjoining piechart showsthefindings
of thissurvey. Classical
Fromthispiechart answer thefollowing: 10%

(i) 1f 20 peopleliked classica music, how
many young peopleweresurveyed?

(i) Which type of music is liked by the Folk
maximum number of people? 30%

(i) 1f acassette company were to make RIS No. of Votes‘

1000 CD'’s, how many of each type

Light
40%

wouldthey make? Summer §\\%’% 90
2. A group of 360 people were asked to vote T
for their favourite season from the three | Rgny AN 120

seasonsrainy, winter and summer.
(1) Which season got the most votes?

(i) Findthecentral angleof eachsector. | Winter 182’ 150
(i) Draw a pie chart to show this -
information.
3. Draw apie chart showing thefollowing information. Thetable showsthe colours
preferred by agroup of people.

Colours Number of people Find the proportion of each sector. For example,
18 1 9 1
Blueis __ = ; is = :

Blue 18 ueis % 2 ; Greenis % 4 andsoon. Use
Green 9 this to find the corresponding angles.
Red 6 7%
Yelow 3 . Q;f

)

AL

Total 36 EQ\)} %

4. Theadjoining pie chart givesthe marks scored in an examination by astudent in
Hindi, English, Mathematics, Social Scienceand Science. If thetotal marksobtained
by the studentswere 540, answer thefollowing questions.

(1) Inwhich subject did the student score 105
marks?

(Hint: for 540 marks, the central angle=360°.
So, for 105 marks, what isthe central angle?)

(i)  How many more markswere obtained by the
student in MathemeaticsthaninHindi?

(i) Examine whether the sum of the marks
obtained in Socia Science and Mathematics
ismorethanthat in Scienceand Hindi.

(Hint: Just study the central angles).
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5. Thenumber of studentsin ahostel, speaking different languagesis given below.

Display thedatain apiechart.

(Language Hindi English | Marathi | Tamil Bengali Total \
Number 40 12 9 7 4 72
of students

5.5 Chance and Probability

Sometimesit happensthat during rainy season, you carry araincoat every day
and it doesnot rain for many days. However, by chance, oneday you forget to
taketheraincoat andit rainsheavily on that day.

Sometimesit so happensthat astudent prepares4 chaptersout of 5, very well
for atest. Butamgor questionisasked fromthe chapter that sheleft unprepared.

Everyoneknowsthat aparticular train runsin time but the day you reach
well intimeitislate!

Youfacealot of situations such asthese whereyou takeachanceand it
doesnot go theway you want it to. Can you give somemoreexamples? These
areexampleswherethe chances of acertain thing happening or not happening
arenot equal . The chancesof thetrain beingintime or being late are not the
same. When you buy aticket whichiswait listed, you do takeachance. You
hopethat it might get confirmed by thetimeyou travel.

We however, consider here certain experimentswhose results have an equal chance

of occurring.

5.5.1 Getting a result

You might have seen that before a cricket match starts, captains of the two teamsgo out

totossacoin to decidewhich teamwill bat first.

What arethe possible resultsyou get when acoinistossed? Of course, Head or Tail.

Imaginethat you arethe captain of oneteam and your friend isthe captain of the other
team. You tossacoin and ask your friend to makethe call. Can you control theresult of
thetoss? Canyou get ahead if you want one? Or atail if you want that? No, that isnot
possible. Such an experiment iscalled arandom experiment. Head or Tail arethetwo

outcomesof thisexperiment.

TRY THESE

1. If youtry to start ascooter, what arethe possible outcomes?
2. When adieisthrown, what arethe six possible outcomes?
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3. When you spin the wheel shown, what are the possible outcomes? (Fig 5.9)
Listthem.

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

OO

e > clo

Fig 5.9 Fig 5.10

4. Youhaveabagwithfiveidentica balsof different coloursand youareto pull out
(draw) a ball without looking at it; list the outcomes you would
get (Fig 5.10).

HEEE THINK, DISCUSS AND WRITE Ul

Inthrowingadie:
e Doesthefirgt player have agreater chanceof getting asix?
e Wouldtheplayer who played after him havealesser chance of gettingasix?

e Supposethe second player got asix. Doesit mean that thethird player would not
have achance of gettingasix?

5.5.2 Equally likely outcomes:

A coinistossed severd timesand the number of timesweget head or tail isnoted. Let us
look at the result sheet wherewekeep onincreasing thetosses:

(Number of tosses | Tally marks (H) | Number of heads | Tally mark (T) | Number of tails
50 PN TN 27 R NENRNERY 23
PN N T M
60 MY NN M 28 M PN N 32
PN TN [T PN TN N
70 33 37
80 38 42
9 44 46
100 48 52
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Observethat asyou increase the number of tosses more and more, the number of
heads and the number of tailscome closer and closer to each other.

Thiscould also bedonewith adie, when tossed alarge number of times. Number of
each of the six outcomesbecomealmost equal to each other.

In such cases, we may say that the different outcomes of the experiment areequally
likely. Thismeansthat each of the outcomes hasthe same chance of occurring.

Do mf Worr)' $u:c};l ™
CM@S wn’p‘ not be y
\ <onsudesed as the |

5.5.3 Linking chances to probability

Consider the experiment of tossing acoin once. What are the outcomes? Thereareonly
two outcomes—Head or Tail. Both the outcomesareequally likely. Likelihood of getting

ahead isoneout of two outcomes, i.e., % . In other words, we say that the probability of

1
gettingahead= — What istheprobability of getting atail?
Now takethe exampl eof throwingadiemarked with 1, 2, 3,4, 5, 6 onitsfaces(one
number on oneface). If you throw it once, what are the outcomes?
Theoutcomesare: 1, 2, 3,4, 5, 6. Thus, thereare six equally likely outcomes.

What isthe probability of getting the outcome*2'?
1 « Number of outcomesgiving 2
6 < Number of equally likely outcomes.
What isthe probability of getting the number 5?What isthe probability of getting the
number 7?What isthe probability of getting anumber 1 through 6?
5.5.4 Outcomes as events
Each outcome of an experiment or acollection of outcomes make an event.

For examplein the experiment of tossing acoin, getting aHead isan event and getting a
Tall isadsoanevent.

Incaseof throwing adie, getting each of theoutcomes1, 2, 3,4, 5 or 6isan event.

Itis
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Isgetting an even number an event? Since an even number could be 2, 4 or 6, getting an
even number isalso an event. What will bethe probability of getting an even number?

3 <« Number of outcomesthat makethe event

6 < Tota number of outcomesof the experiment.

Example 3: Abaghas4redbalsand 2 yellow balls. (Theballsareidentical inall
respects other than colour). A ball isdrawn from the bag without |ooking into the bag.
What isprobability of getting ared ball?Isit moreor |essthan getting ayellow ball?

Itis

Solution: Thereareinall (4 + 2 =) 6 outcomes of the event. Getting ared ball

consstsof 4 outcomes. (Why?) 4 2

Therefore, the probability of gettingared bal is 573 Inthe sameway the probability
2 1

of gettingayellow ball = 6 = 3 (Why?). Therefore, the probability of gettingaredball is

morethanthat of getting ayellow ball.

TRY THESE

Supposeyou spinthewhed

1. () Listthenumber of outcomesof gettingagreen sector
and not getting a green sector on this wheel
(Fig5.11).

(i) Findthe probability of getting agreen sector.
(i) Findthe probability of not getting agreen sector.

5.5.5 Chance and probability related to real life
Wetalked about the chancethat it rainsjust on the day when wedo not carry arain coat.

What could you say about the chancein termsof probability? Couldit beonein 10

1
daysduring arainy season? The probability that it rainsisthen 10 The probability that it

9 .
doesnotrain= 0 (Assumingraining or not raining on aday areequaly likely)
Theuseof probability ismadeinvariouscasesinred life.

1. Tofindcharacterigticsof alargegroup by usngasmal
part of thegroup.

For example, during elections‘anexit poll’ istaken.
Thisinvolvesaskingthepeoplewhomthey havevoted
for, when they come out after voting at the centres
which arechosen off hand and distributed over the
wholearea Thisgivesanideaof chanceof winning of
each candidate and predictionsare made based oniit
accordingly.
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2. Metrologica Department predictswesther by observing trendsfrom thedataover
many yearsinthe past.

B EXERCISE 5.3

1. Listtheoutcomesyou can seeinthese experiments.

(@ Spinningawhed ab (b) Tossingtwo coinstogether

ey

2. Whenadieisthrown, list the outcomes of an event of getting

) (a) aprimenumber (b) not aprimenumber.
(i) () anumber greaterthan5 (b) anumber not greater than 5.
3. Findthe.

(@ Probability of the pointer stoppingon D in (Question 1-(a))?
(b) Probability of getting an acefrom awell shuffled deck of 52 playing cards?
(c) Probability of getting ared apple. (Seefigure below)

O®®
®O®
©

4. Numbers1to 10 arewritten onten separate dips (one number ononedlip), keptin
abox and mixed well. Onedipischosen from the box without lookingintoiit. What
isthe probability of .

(1) gettinganumber 6?
(i) gettinganumber lessthan 6?
(iii) getting anumber greater than 67
(iv) gettingal-digit number?
5. If you haveaspinning wheel with 3 green sectors, 1 blue sector and 1 red sector,
what isthe probability of getting agreen sector?What isthe probability of getting a
non blue sector?

6. Findtheprobabilitiesof theeventsgivenin Question 2.

WHAT HAVE WE DISCUSSED?

1. Datamostly availableto usinanunorganised formiscalledraw data.
2. Inorder todraw meaningful inferencesfrom any data, we need to organi sethedatasystematicaly.
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Freguency givesthe number of timesthat aparticular entry occurs.

4. Raw daacanbe’grouped’ and presented systematically through‘ grouped frequency distribution’.
5. Grouped datacan be presented using histogr am. Histogramisatypeof bar diagram, wherethe

classintervalsare shown on the horizontal axisand the heights of the bars show thefrequency of
the classinterval. Also, thereisno gap between the bars asthereisno gap between the class
intervals

Datacan also presented using cir clegraph or piechart. A circlegraph showsthe relationship
between awholeand its part.

7. Thereare certain experimentswhose outcomes have an equa chance of occurring.

8. Arandom experiment isonewhose outcome cannot be predicted exactly in advance.

9. Outcomesof an experiment areequally likely if each hasthe same chance of occurring.

10.

12.

. Number of outcomes that make an event
Probability of an event = : , When the outcomes
Total number of outcomes of the experiment

areequally likely.

One or more outcomes of an experiment make an event.
Chancesand probability arerelated toredl life.

Uiia il i
Iy i,
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CHAPTER

Squares and Square
Roots

6.1 Introduction E p
You know that the area of asquare = side x side (where‘side’ means' the length of

aside’). Study thefollowing table.

Side of a square (in cm) Area of the square (in cm?)

1x1=1=12
2x2=4=22
3x3=9=3
5x5=25="52
8x8=64=8?

Q0 OOl WwW N

axa=a?

What isspecial about the numbers4, 9, 25, 64 and other such numbers?

Since, 4 can be expressed as 2 x 2 = 22, 9 can be expressed as 3 x 3 = 3, all such
numbers can be expressed asthe product of the number with itself.

Such numberslikel, 4,9, 16, 25, ... areknown assquar enumbers.

Ingeneral, if anatural number mcan be expressed asn?, wherenisaso anatura
number, thenmisasquarenumber . s32 asquare number?

Weknow that 5% =25 and 6% = 36. If 32 isasguare number, it must be the square of
anatural number between 5 and 6. But thereisno natural number between 5 and 6.

Therefore 32isnot asquare number.
Cons der thefollowing numbersand their squares.

Number

1 1x1=1
2 2x2=4
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3x3=9
4x4=16 Can you
5Ex5=25 completeit?

Boo~wouhs~w

From the above table, can we enlist the square numbers between 1 and 100?Are
thereany natural square numbersupto 100 left out?
Youwill find that therest of the numbersare not square numbers.

Thenumbers1, 4,9, 16 ... aresquare numbers. These numbersareal so called per fect
sguares.

TRY THESE

1. Findthe perfect square numbersbetween (i) 30and40 (ii) 50and 60

6.2 Properties of Square Numbers
Following table showsthe squares of numbersfrom 1 to 20.

Number Square Number Square
1 1 1 121
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 numbersin the abovetable. What aretheending digits(that is, digitsin
the unitsplace) of the square numbers?All these numbersend with 0, 1,4, 5, 6 or 9 at
unitsplace. None of theseend with 2, 3, 7 or 8 at unit’s place.

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

TRY THESE

1. Canwesay whether thefollowing numbersare perfect squares? How doweknow?
() 1057 (i) 23453 (i) 7928 (iv) 222222
(v) 1069 (vi) 2061
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Writefive numberswhich you can decideby looking at their unitsdigit that they are
not square numbers.

2. Writefive numberswhich you cannot decidejust by looking at their unitsdigit
(or units place) whether they are square numbersor not.

®  Sudy thefollowing table of somenumbersand their squaresand observetheone's

placein both.
Table 1
Number Number Number
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

Thefollowing square numbersend with digit 1.

Which of 1232, 772, 822,
1612, 109? would end with

81
121
361
441

1
9
1
19
21

digit1?

Writethe next two square numberswhich endin 1 and their corresponding numbers.
You will seethat if a number has 1 or 9 inthe units place, then it's square endsin 1.

® | etusconsder sqguarenumbersendingin 6.

36
196
256

14
16
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6 at unit place.

(i) 192
(iv) 362

(i) 242
(v) 342

(i) 262
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We can see that when a square number endsin 6, the number whose squareitis, will
have either 4 or 6 in unit’s place.
Canyou find more such rulesby observing the numbersand their squares(Table 1)?

TRY THESE

What will bethe*one’ sdigit” inthe square of thefollowing numbers?
(i) 1234 (i) 26387 (i) 52698 (iv) 99880
(V) 21222 (Vi) 9106

® Consder thefollowing numbersand their squares.
10%=100
20% =400
80% = 6400
100%= 10000
We have 200% = 40000
two zeros / 700? = 490000
900? = 810000
If anumber contains 3 zerosat the end, how many zeroswill itssquare have ?
What do you notice about the number of zerosat theend of the number and the
number of zerosat theend of itssquare?
Canwe say that square numberscan only have even number of zerosat theend?

® SeeTablelwith numbersandtheir squares.
What can you say about the squares of even numbersand squares of odd numbers?

TRY THESE

1. Thesguareof which of thefollowing numberswould bean odd number/an even

two zeros

onezero r

But we have
four zeros

number?Why?

i 727 (i) 158 (i) 269 (iv) 1980
2. What will bethe number of zerosin the square of thefollowing numbers?

i) 60 (i) 400

6.3 Some More Interesting Patterns

1. Addingtriangular numbers.
Do you remember triangular numbers (numberswhose dot patternscan bearranged
astriangles)?

*
* * *
* * % * k%
* * * * k% * k% %
* * * * k% * k%% * k% k%
1 3 6 10 15
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If we combinetwo consecutivetriangular numbers, we get asquare number, like

% %

5 :
1+3=4 3+6=9
=2 =3

2. Numbersbetween squarenumbers
Let usnow seeif we can find someinteresting pattern between two consecutive
sguare numbers.

Two non square numbers
between the two square
numbers 1 (=1?) and 4(=22).

6 non square numbers between
the two square numbers 9(=3?)
and 16(=4%).

8 non square

numbers between
the two square \
numbers 16(= 47) 10, 11, 12, 13, 14, 15, 16 (= 4?) 4 non square numbers

between the two square
numbers4(=22) and 9(3?).

and 25(=5?).

17,18, 19, 20, 21, 22, 23, 24,25 (= 5?)
Between 12(=1) and 2%(= 4) therearetwo (i.e., 2 x 1) non square numbers 2, 3.
Between 22(=4) and 3*(= 9) therearefour (i.e., 2 x 2) non square numbers5, 6, 7, 8.
Now, F¥F=9, 4#=16

Therefore, 42-3¥=16-9=7

Between 9(=3?%) and 16(= 4?) the numbers are 10, 11, 12, 13, 14, 15 that is, six
non-square numberswhichis 1 lessthan thedifference of two squares.

Wehave 4£2=16 and 5°=25
Therefore, 5-4=9

Between 16(=4%) and25(=5) thenumbersare 17, 18, ... , 24 that i, eight non square
numberswhichis1 lessthan thedifference of two squares.

Consider 72 and 62. Can you say how many numbers are there between 62 and 72?
If wethink of any natural number nand (n+ 1), then,

(n+1)2—n?=(n*+2n+1)-n*=2n+ 1

Wefind that between n? and (n + 1)? there are 2n numberswhichis 1 lessthan the
difference of two squares.

Thus, in general we can say that there are 2n non perfect square number s between
the squares of the numbersn and (n + 1). Check for n =5, n =6 etc., and verify.
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TRY THESE

1. How many natural numberslie between 9* and 10? ? Between 112 and 122?
2. How many non square numberslie between thefollowing pairsof numbers
() 100?and 101? (i) 90? and 91° (i) 10007 and 10012

3. Addingodd numbers
Consder thefollowing

1 [one odd number] =1=12
1+ 3 [sumof first two odd numbers] =4=22
1+3+5 [sumof firstthreeodd numbers] =9=3?
1+3+5+7 [...] =16=4?
1+3+5+7+9[..] =25=5
1+3+5+7+9+11 [...] =36=6°

So we can say that the sum of first n odd natural numbersisn?.

Looking at it inadifferent way, wecan say: ‘ If the number isasquare number, it has
to bethe sum of successiveodd numbersstarting from 1.

Consider those numberswhich are not perfect squares, say 2, 3,5, 6, ... . Canyou
expressthese numbersasasum of successive odd natural numbersbeginning from 1?

You will find that these numberscannot be expressedin thisform.
Consider the number 25. Successively subtract 1, 3,5,7, 9, ... fromit
(i) 25-1=24 (i) 24-3=21 (i) 21-5=16 (ivy 16—-7=9
v) 9-9=0
Thismeans, 25=1+3+5+ 7+ 9. Also, 25 isaperfect square.
Now consider another number 38, and again do asabove.
(i) 38—-1=37 @y 37—-3=34 (i) 34—-5=29 (iv) 29-7=22
(v) 22-9=13 (i) 13-11=2 (vi) 2-13=-11
This shows that we are not able to express 38 as the

TRY THESE sum of consecutive odd numbersstartingwith 1. Also, 38is

Find whether each of the following
numbersisaperfect squareor not?

i 121
(iv) 49

2

First Number
_F-1

not aperfect square.

So we can also say that if a natural number cannot be
expressed as a sum of successive odd natural numbers
starting with 1, then it is not a perfect square.

We can usethisresult to find whether anumber isaperfect
squareor not.

4. A sum of consecutivenatural numbers
Consder thefollowing

F=9=4+5———( Second Number
7=25=12+13 _3+1
72=49=24+25 2

(i) 55 @) 81
(v) 69
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9?=81=40+41
112=121=60 + 61
152 =225=112 + 113

TRY THESE

1. Expressthefollowing asthesum of two consecutiveintegers.
(i) 212 (i) 132 (i) 112 (iv) 192
2. Doyouthink thereverseisdsotrue, i.e., isthesum of any two consecutive positive
integersisperfect square of anumber? Give exampleto support your answer.

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

5. Product of two consecutiveeven or odd natural numbers

11x13=143=12>-1

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

Theaefore, 11x13=(12-1) x(12+1)=12>-1

Smilaly, 13x15=(14-1)x(14+1)=14>-1
29x31=(30-1) x(30+1)=30>-1
44x46=(45-1)x (45+ 1) =452-1

Soingeneral wecan say that (a+ 1) x (a—1) =a?-1.

6. Somemorepatternsin squarenumbers

Observethe squaresof numbers; 1, 11, 111 ... etc. They give abeautiful pattern:

12 = 1

112 = 1 2 1

1112 = 1 2 3 2 1

11112 = 1 2 3 4 3 2 1

111112 = 1 2 3 4 5 4 3 2 1
mymr=1 2 3 4 5 6 7 8 7 6 5 4 3 2 1

Another interesting pattern. TRY THESE

7> =49 . .
. Writethe square, making use of the above
67% = 4489 pattern.

6672 = 444889 () 1111112 (i) 11111112
66672 = 44448889

66667> = 44444388889 TRY THESE

666667°= 444444858880 Can you find the square of thefollowin
Thefunisinbeing abletofind out why thishappens. May numi)/ersusi ngth:qd)ove pattern? ’

beitwould beinteresting for youto exploreand think about . .
such questionsevenif theansverscome someyears|ater. () 6666667 (i) 66666667°

2019-20




96 W MATHEMATICS

B EXERCISE 6.1
1. Whatwill betheunit digit of the squaresof thefollowing numbers?

@i 81 @iy 272 (i) 799 (iv) 3853
(v) 1234 (vi) 26387 (vii) 52698 (i) 99880
(ix) 12796 (x) 55555
2. Thefollowing numbersareobvioudy not perfect squares. Givereason.
(i) 1057 (i) 23453 @iy 7928 (iv) 222222
(v) 64000 (vi) 89722 (vii) 222000 (viii) 505050
3. Thesguaresof which of thefollowing would be odd numbers?
(i) 431 (i) 2826 @iy 7779 (iv) 82004
4. Observethefollowing pattern and find themissing digits.
112=121
101? = 10201

1001? = 1002001
1000012 =1 ......... 2. 1
100000012 = ....cccovvvrreeeierne
5. Observethefollowing pattern and supply the missing numbers.
112=121
1012=10201
101012 = 102030201
10101012 = .....coveeeereree
............ 2=10203040504030201
6. Usingthegiven pattern, find themissing numbers.
12+22+22 =3

2+F+6 =T To find pattern

P+ 42+ 122=13 Third number isrelated to first and second
P+ + 2 =272 number. How?

R4+ 24 goz =372 Fourth number is related to third number.
62+ 7_2 L 2= 2 How?

7. Without adding, find thesum.
@) 1+3+5+7+9
() 1+3+5+7+9+11+13+15+17+19
(i) 1+3+5+7+9+11+13+15+17+19+21+23
8. () Express49asthesum of 7.odd numbers.
(i) Express121 asthesum of 11 odd numbers.
9. How many numberslie between squaresof thefollowing numbers?
() 12and13 (i) 25and 26 (i) 99and 100
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6.4 Finding the Square of a Number

Squaresof small numberslike3, 4,5, 6,7, ... etc. areeasy to find. But can wefindthe
square of 23 so quickly?

Theanswer isnot so easy and wemay need to multiply 23 by 23.
Thereisaway tofind thiswithout having to multiply 23 x 23.
Weknow 23=20+3
Therefore 23?=(20+3)>=20(20 + 3) + 3(20 + 3)
=20P+20x3+3x20+ 3
=400+ 60 + 60 + 9 =529
Example 1: Findthesquare of thefollowing numberswithout actual multiplication.
@ 39 @iy 42
Solution: (i) 39*=(30+9)?=30(30+9) +9(30 + 9)
=30°+30x9+9x%x30+ 9
=900+ 270 + 270 + 81 = 1521
(i) 422=(40+2)>=40(40 + 2) +2(40 + 2)
40P +40x 2+ 2 x40 + 22
=1600+ 80+ 80+ 4=1764
6.4.1 Other patterns in squares
Congder thefollowing pattern:

252 =625 = (2 x 3) hundreds + 25
352 = 1225 = (3 x 4) hundreds + 25 Consider anumber with unit digit 5, i.e., a5
(ab)? = (10a + 5)?
2 = =
752 5625 = (7 x 8) hundreds + 25  10a(10a + 5) + 5(10a + 5)
125% = 15625 = (12 x 13) hundreds + 25 = 100a2 + 50a + 50a + 25
Now can you find the square of 95? =100a(a + 1) + 25

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

Find the squares of thefollowing numberscontaining 5in unit’splace.
@ 15 (i) 95 (i) 105 (iv) 205

6.4.2 Pythagorean triplets
Consder thefollowing

F+42=9+16=25="5?
The collection of numbers 3, 4 and 5isknown asPythagorean triplet. 6, 8, 10is
also aPythagoreantriplet, Snce
6° + 8> =36 + 64 = 100 = 10?
Again, observethat
52+ 122=25+144=169 = 13% The numbers5, 12, 13 form another such triplet.
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Canyoufind moresuchtriplets?

For any natural number m> 1, we have (2m)? + (m? — 1) = (n? + 1) So, 2m,
m?—1and n? + 1 formsaPythagorean triplet.
Try tofind somemore Pythagorean tripletsusing thisform.

Example 2: WriteaPythagorean triplet whose smallest member is8.
Solution: Wecan get Pythagorean tripletsby using generd form2m, n?—1, n? + 1.

Letusfirsttake n—-1=8

So, nF=8+1=9

whichgives m=3

Therefore, 2m=6 and n?+1=10
Thetripletisthus6, 8, 10. But 8isnot the smallest member of this.
o, let ustry 2m=238

then m=4

Weget nm—-1=16-1=15

and n+1=16+1=17

Thetripletis8, 15, 17 with 8 asthe smallest member.
Example 3: Find aPythagorean triplet in which onemember is12.

Solution: If wetake n?—-1=12

Then, ne=12+1=13

Then thevaue of mwill not bean integer.

So, wetry totaken? + 1=12. Again n? = 11 will not giveaninteger valuefor m.

So, let ustake 2m=12
then m=6
Thus, m—-1=36-1=35 and nP+1=36+1=37

Therefore, therequiredtripletis12, 35, 37.
Note: All Pythagorean tripletsmay not be obtained using thisform. For example another
triplet 5, 12, 13 also has 12 asamember.

B EXERCISE 6.2
1. Findthesguareof thefollowing numbers.

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

2. WriteaPythagorean triplet whose onemember is.
@i 6 (i) 14 (i) 16 (iv) 18

6.5 Square Roots

Study thefollowing Situations.
(@ Areaof asquareis144 cm?. What could bethe side of the square?
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We know that the area of asquare = side?
If weassumethelength of thesidetobe‘a’, then 144 = a2
Tofind thelength of sideit isnecessary to find anumber whose squareis 144.
(b) What isthelength of adiagona of asquareof sde8cm (Fig6.1)? A D
Canwe use Pythagorastheorem to solvethis?
We have, AB?+BC?=AC?
i.e, 8+ & =AC?
or 64 +64=AC? ]
or 128 = AC? B
Againto get AC weneed to think of anumber whose squareis 128.
(©) Inaright triangle the length of the hypotenuse and a side are
respectively 5cmand 3cm (Fig 6.2).
Canyoufindthethird sde?
Let xcm bethelength of thethird side.
Using Pythagorastheorem 52=x2+ 3
25-9= x?
16 = x?
Again, tofind x we need anumber whose squareis 16.
Inall theabove cases, we need to find anumber whose squareisknown. Finding the
number with theknown squareisknown asfinding the square root.

6.5.1 Finding square roots
Theinverse (opposite) operation of addition is subtraction and theinverse operation
of multiplicationisdivision. Similarly, finding the squareroot istheinverse operation
of squaring.
Wehave, 12 = 1, therefore squareroot of 1is1

22 = 4, therefore squareroot of 4is2 :

. Since 92=81,

32 =9, thereforesquareroot of 9is3 and (-9)2 = 81

We say that square

roots of 81 are 9 and -9.
TRY THESE

(i) 11°2=121. What isthe squareroot of 1217
(i) 14%=196. What isthe squareroot of 196?

Fig 6.1

g
) 3cecm

X cm

Fig 6.2

HEEE THINK, DISCUSS AND WRITE Ul

(-1)?=1.1s-1, asguareroot of 1? (-2)? = 4.1s-2, asquareroot of 4?
(-9)2=81. Is-9asguareroot of 81?

From the above, you may say that therearetwo integral squarerootsof aperfect square
number. In thischapter, we shall take up only positive squareroot of anatural number.
Positive square root of anumber isdenoted by thesymbol /.

Forexample: \/4=2 (not—2); /9= 3 (not-3) etc.
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Statement Inference

Statement Inference

1°=1 V=1 62 = 36 J36 =6
2=4 Ja =2 72=49 Va9 =7
¥=9 Jo9=3 8 =64 J64 =8
£ =16 J16 =4 ®=81 V81 =9
5 =25 J25 =5 102 = 100 100 =10

6.5.2 Finding square root through repeated subtraction

Do you remember that thesum of thefirst n odd natural numbersisn??That is, every square
number can be expressed asasum of successive odd natural numbersstarting from 1.

Consider +/81. Then,

() 81-1=80 (i) 80-3=77 (i) 77-5=72 (V) 72-7=65
() 65-9=56 (Vi) 56—11=45 (i) 45-13=32 (vii) 32—15=17
(iX) 17-17=0

From 81 we have subtracted successive odd
numbers starting from 1 and obtained O at 9" step.

Therefore J8_1 =0.

Canyoufindthesquareroot of 729 usingthismethod?
Yes, but it will betimeconsuming. Let ustry tofinditin

TRY THESE

By repeated subtraction of odd numbersstarting
from 1, find whether thefollowing numbersare
perfect squaresor not?1f thenumber isaperfect
squarethenfind itssquareroot.

0 121 asmpler way.

(i) 55 6.5.3 Finding square root through prime factorisation

g:g ?18 Consider the primefactorisation of thefollowing numbersand their squares.

() 90 (" Primefactorisation of aNumber Primefactorisation of itsSquare )
6=2x3 306=2%x2x3x3
8=2x%x2x2 64=2x2x2%x2%X2x%x2
12=2%x2x%x3 144=2x2x2%x2%x3%3

S 15=3x5 225=3%x3x5x5 )

How many timesdoes 2 occur in the primefactorisation of 6?7 Once. How many times
does2 occur in the primefactorisation of 367 Twice. Similarly, observethe occurrence of
3in6and 36 of 2in 8 and 64 etc.

2| 324
You will find that each primefactor inthe primefactorisation of the
: . . . 2| 162
square of anumber, occurstwice the number of timesit occursinthe N
primefactorisation of thenumber itsalf. Let ususethistofind thesquare
root of agiven square number, say 324. 3| 27
Weknow that the primefactorisation of 324 is 319
324=2x2x3x3x3x3 3
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By pairing the primefactors, we get
324=2x2%x3x3%x3x3 =22xFPx3F=(2x3x%x3)?

So, J324=2x3x3=18

Similarly canyoufindthe squareroot of 2567 Primefactorisation of 256is
256=2X2X2x2X2%X2%x2x2

By pairing the primefactorswe g,
256=2x2X2xX2%x2%X2%x2x2=(2%x2x2x2)?

Therefore, \/256 = 2x2x2x2=16

Is48 aperfect square?

We know 48=2x2x%x2%x2x3

Sinceall thefactorsarenot in pairsso 48 isnot aperfect square.

Suppose we want to find the smallest multiple of 48 that isa perfect square, how
should we proceed? Making pairs of the prime factors of 48 we seethat 3isthe only
factor that does not have apair. So we need to multiply by 3 to completethe pair.
Hence 48 x 3 =144isaperfect square.

Canyoutell by which number should wedivide 48 to get aperfect square?

Thefactor 3isnotinpair, soif wedivide48by 3weget48+3=16=2x2%x2%x2

and thisnumber 16 isaperfect squaretoo.

Example 4: Find the squareroot of 6400.
Solution: Write6400=2x2x2x2x2x2x2x2x5x5

Therefore /6400 =2x2x2x2x5=80 21 90
3| 45

Example 5: 1S90 aperfect square? 315

Solution: Wehave90=2x3x3x5 5

Theprimefactors2 and 5 do not occur in pairs. Therefore, 90 isnot aperfect square.
That 90isnot aperfect square can also be seen from thefact that it hasonly one zero.

Example 6: 152352 aperfect square?If not, find the smallest multiple of 2352 which
isaperfect square. Find the squareroot of the new number.

Solution: Wehave2352=2x2x2x2x3x7x7
Astheprimefactor 3 hasno pair, 2352 isnot aperfect square.
If 3getsapair thenthe number will become perfect square. So, wemultiply 2352 by 3to get,

2352 X 3=2x2%x2X2x3x3x7x7

Now each primefactor isinapair. Therefore, 2352 x 3=7056 isaperfect square.
Thusthe required smallest multiple of 2352 is 7056 which isaperfect square.

And, J7056 =2x2x3x7=84

Example 7: Find the smallest number by which 9408 must be divided so that the
quotient isaperfect square. Find the square root of the quotient.
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g w w N

6,9, 15
3,915

1,35
1,1,5

1,11

Solution: Wehave, 9408 =2X2x2x2x2x2x3x7x7

If wedivide 9408 by thefactor 3, then

9408 +3=3136=2x2x2x2x2x2x7x7 whichisaperfect square. (Why?)
Therefore, therequired smallest number is3.

And, J3136 =2%x2x2x7=56.

Example 8: Findthesmallest squarenumber whichisdivisibleby each of thenumbers
6, 9 and 15.

Solution: Thishasto bedoneintwo steps. First find the smallest common multipleand
then find the square number needed. Theleast number divisible by each one of 6, 9 and
15istheir LCM. TheLCM of 6,9and 15is2x 3x 3 x 5=90.
Primefactorisationof 90is90=2x3x3x 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 pairsof 2 and 5. Therefore, 90 should bemultiplied by 2 x 5, i.e., 10.
Hence, therequired square number is90 x 10 = 900.

I EXERCISE 6.3

1. What could bethe possible‘one’s digitsof the squareroot of each of thefollowing
numbers?

(i) 9801 (i) 99856 (i) 998001 (iv) 657666025
2. Without doing any caculation, find the numberswhich aresurely not perfect squares.
(i) 153 @iy 257 (iii)y 408 (iv) 441

3. Findthesguarerootsof 100 and 169 by the method of repeated subtraction.
4. Findthe sguarerootsof thefollowing numbersby the Prime Factorisation Method.

() 729 (i) 400 (i) 1764 (V) 4096
) 7744 (vi) 9604 (vii) 5929 (viii) 9216
(iX) 529 (x) 8100

5. For each of thefollowing numbers, find the smallest wholenumber by whichit should
be multiplied so asto get aperfect square number. Also find the squareroot of the

sguare number so obtained.
(i) 252 (i) 180 (i) 1008 (iv) 2028
(v) 1458 (vi) 768

6. Foreachof thefollowing numbers, find the smallest whole number by whichit should
be divided so asto get a perfect square. Also find the square root of the square

number so obtained.
(i) 252 @iy 2925 (iii)y 396 (iv) 2645
(v) 2800 (vi) 1620

7. Thestudentsof ClassVII11 of aschool donated? 2401 indl, for PrimeMinister's
National Relief Fund. Each student donated asmany rupeesasthenumber of sudents
intheclass. Find the number of studentsintheclass.
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8. 2025 plantsareto be planted in agarden in such away that each row containsas
many plants asthe number of rows. Find the number of rowsand the number of
plantsin each row.

9. Findthesmallest square number that isdivisible by each of thenumbers4, 9 and 10.

10. Findthesmallest squarenumber that isdivisibleby each of thenumbers8, 15 and 20.

6.5.4 Finding square root by division method

Whenthenumbersarelarge, eventhemethod of finding squareroot by primefactorisation
becomeslengthy and difficult. To overcomethisproblemweuse L ong Division Method.

For thiswe need to determinethe number of digitsinthe squareroot.
Seethefollowingtable:

(" Number Square )
10 100 whichisthesmallest 3-digit perfect square
31 961 whichisthegreatest 3-digit perfect square
32 1024 whichisthesmallest 4-digit perfect square

L 99 9801 whichisthegreatest 4-digit perfect square

So, what can we say about the number of digitsinthe squareroot if aperfect
squareisa3-digit or a4-digit number? We can say that, if a perfect squareisa
3-digit or a4-digit number, thenitssquareroot will have 2-digits.

Can you tell the number of digitsin the square root of a5-digit or a6-digit

perfect square?

Thesmallest 3-digit perfect square number is100 whichisthe square of 10 and the
greatest 3-digit perfect square number is961 whichisthe square of 31. The smallest
4-digit square number is1024 whichisthe square of 32 and thegreatest 4-digit number is
9801 whichisthe sguare of 99.

HEEE THINK, DISCUSS AND WRITE N
Canwesay that if aperfect squareisof n-digits, thenitssquareroot will have g

(- D i

digitsif nisevenor

Theuseof thenumber of digitsin squareroot of anumber isuseful inthefollowing method:
® Consider thefollowing stepsto find the square root of 529.
Canyou estimate the number of digitsin the squareroot of thisnumber?
Step1l Paceabar over every pair of digitsstarting fromthedigit at one'splace. If the
number of digitsinitisodd, thentheleft-most singledigit too will haveabar.

Thuswehave, 529 . 2
Step 2 Findthelargest number whosesguareislessthanor equa tothenumberunderthe 2| 529
extremeleft bar (22<5< 3?). Tekethisnumber asthedivisor andthequotient (-4
with the number under theextremeleft bar asthedividend (here 5). Divideand — 4
get theremainder (Linthiscase).
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6| 409
-36
496

6| 4096
-36
12| 4%

64
6| 4096
-36

124 496
— 496

Sep 3

Sep 4

Sep 5

Step 6

Bring down the number under the next bar (i.e., 29 inthiscase) to theright of
theremainder. Sothenew dividendis 129.

Doublethe quotient and enter it with ablank onitsright.

Guessalargest possibledigit tofill theblank whichwill aso becomethe new
digitinthe quotient, such that when the new divisor ismultiplied to the new
quotient the product islessthan or equa to thedividend.

Inthiscase42 x 2 =84.
As43 x 3=129 so we choosethe new digit as 3. Get the remainder.

Sincetheremainder isO and no digitsareleft in the given number, therefore,

V529 = 23.

® Now consider /4096

Step 1
Step 2

Step 3

Sep 4

Sep 5

Step 6

Placeabar over every pair of digitsstarting fromtheone’sdigit. (40 96).

Find thelargest number whose squareislessthan or equd to the number under
theleft-most bar (62 <40 < 72). Takethisnumber asthe divisor and the number
under theleft-most bar asthedividend. Divideand get theremainder i.e., 4in
thiscase.

Bring down the number under the next bar (i.e., 96) totheright of theremainder.
Thenew dividend is496.

Doublethe quotient and enter it with ablank onitsright.

Guessalargest possbledigit tofill theblank which dsobecomesthenew digitinthe
quotient suchthat whenthenew digitismultiplied tothenew quotient theproduct is
lessthan or equd tothedividend. Inthiscasewe seethat 124 x 4 = 496.

Sothenew digitinthequotient is4. Get theremainder.
Sincetheremainder is0 and no bar left, therefore, /4006 = 64.

Estimatingthenumber
We usebarsto find the number of digitsin the squareroot of aperfect square number.

J529 =23 and /4006 =64

In both the numbers 529 and 4096 there are two barsand the number of digitsintheir
squareroot is2. Canyoutell the number of digitsin the squareroot of 144007

By placing barsweget 14400. Sincethereare 3 bars, the squareroot will be of 3 digit.
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TRY THESE

Without cal culating square roots, find the number of digitsinthe squareroot of the
following numbers.

(i) 25600 (i) 100000000 (i) 36864
Example 9: Findthesguareroot of : (i) 729 (i1) 1296
Solution:
0) 27 (0
2 729 3 g19296
_4 =2
271 329  Therefore /729 = 27 66 39 Therefore /1296 = 36
396
| 329 —1 o0
—0 0
Example 10: Findtheleast number that must be subtracted from 5607 so asto get 74
aperfect square. Also find the squareroot of the perfect square. 7 | 5607
Solution: Let ustry to find /5607 by long division method. We get the —49
remainder 131. It showsthat 742islessthan 5607 by 131. 144 | 707
Thismeansif we subtract the remainder from the number, we get a perfect square. —576
Therefore, therequired perfect squareis5607 —131 = 5476. And, /5476 = 74. 131
Example 11: Find thegreatest 4-digit number which isaperfect square. ™V
Solution: Greatest number of 4-digits= 9999. Wefind ./99g9 by longdivison 9| 9999
method. Theremainder is 198. Thisshows 992 islessthan 9999 by 198. —8l1
Thismeansif we subtract the remainder from the number, we get aperfect square. 189 | 1899
Therefore, therequired perfect squareis 9999 — 198 = 9801. —1701
1
And, /801 =99 %
Example 12: Find the least number that must be added to 1300 so asto get a 3_6_
perfect square. Also find the square root of the perfect square. 3 1300
Solution: Wefind /1300 by long division method. Theremainder is4. =9
Thisshowsthat 362 < 1300. 66 ;‘gg
Next perfect square number is 372 = 1369. — .

Hence, the number to be added is 37> — 1300 = 1369 — 1300 = 69.

6.6 Square Roots of Decimals

Consider \[17.64

Step1  Tofindthesquareroot of adecimal number we put barson theintegral part
(i.e, 17) of thenumber intheusua manner. And place barson thedecima part
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17.64

-16

164

(i.e,, 64) onevery pair of digitsbeginning with thefirst decimal place. Proceed
asusual. Weget 17.64.

Step2  Now proceedinasimilar manner. Theleft most barison 17 and 42< 17 < %2,
Takethisnumber asthedivisor and the number under theleft-most bar asthe
dividend, i.e, 17. Divideand get theremainder.

Step 3 Theremainder is1. Writethe number under thenext ber (i.e., 64) to theright of
thisremainder, to get 164.

. . . . 4.2

Step 4  Doublethedivisor and enter it withablank onitsright. 1764
Since64isthedecimal part so put adecimal pointinthe -16
quotient. o

Step5  Weknow 82 x 2 = 164, therefore, the new digit is 2. _164
Divideand get theremainder. 0

Step 6 Sincetheremainder isOand no bar left, therefore \17.64 = 4.2.

Example 13: Find the squareroot of 12.25.

Solution: 35_

3 | 1225
-9
Th , V/12.25=35
65 | 325 eiore
325
0

Which way tomove

Consider anumber 176.341. Put barson both integral part and decimal part. Inwhat way
isputting barson decimal part different fromintegral part?Noticefor 176 westart from
theunit’splace closeto thedecimal and movetowardsleft. Thefirst bar isover 76 and the
second bar over 1. For .341, we start from the decimal and movetowardsright. First bar

isover 34 and for the second bar we put 0 after 1 and make 3410 .
Example 14: Areaof asquareplotis2304 m?. Find theside of the squareplot.
Solution: Areaof square plot = 2304 nv?

Therefore, sideof thesquareplot = /2304m
Wefindthat, /2304 =48

Thus, the side of thesguare plotis48 m.

Example 15: Thereare 2401 studentsin aschool. PT. teacher wantsthem to stand
inrowsand columnssuch that the number of rowsisequd to the number of columns. Find
the number of rows.
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Solution: Let the number of rowsbex _ 49
S0, the number of columns=x 4 2401
Therefore, number of students=x x x = x? -16
Thus, X2 = 2401 givesx = /2401 =49 89 801
The number of rows = 49. 801

0

6.7 Estimating Square Root

Congder thefollowing situations:

1. Deveshi hasasquare piece of cloth of area125 cnv’. She wantsto know whether
she can make ahandkerchief of side 15 cm. If that isnot possible shewantsto
know what isthe maximum length of the side of ahandkerchief that can be made
fromthispiece.

2. Meenaand Shobhaplayed agame. Onetold anumber and other gaveits square
root. Meena started first. She said 25 and Shobha answered quickly as5. Then
Shobhasaid 81 and Meenaanswered 9. It went on, till at onepoint Meenagavethe
number 250. And Shobha could not answer. Then Meena asked Shobhaif she
could atleast tell anumber whose squareiscloser to 250.

Inall such caseswe need to estimate the square root.

Weknow that 100 < 250 < 400 and /100 = 10 and /400 = 20.

SO 10< /250 <20
But still weare not very closeto the square number.
Weknow that 152 = 225 and 16? = 256

Therefore, 15< /250 < 16 and 256 ismuch closer to 250 than 225.
So, J250 isapproximately 16.

TRY THESE

Edtimatethe value of thefollowing to the nearest whole number.

@) /80 (i) 1000 (i) /350 (iv) /500

B EXERCISE 6.4
1. Findthesguareroot of each of thefollowing numbersby Division method.

() 2304 (i) 4489 (i) 3481 (V) 529
(v) 3249 (vi) 1369 (vi) 5776 (viii) 7921
(iX) 576 (x) 1024 (<) 3136 (xii) 900

2. Fndthenumber of digitsinthesguareroot of each of thefollowing numbers (without
any caculetion).
(i) 64 (i) 144 (i) 4489 (iv) 27225
(v) 390625
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3. Findthesquareroot of thefollowing decimal numbers.
(i) 2.56 @iy 7.29 (i) 51.84 (iv) 42.25
(v) 31.36
4. Findtheleast number which must be subtracted from each of thefollowing numbers
S0 asto get a perfect square. Also find the square root of the perfect square so
obtained.
(i) 402 (i) 1989 (iii)y 3250 (iv) 825
(v) 4000
5. Findtheleast number which must be added to each of thefollowing numbersso as
to get aperfect square. Also find the squareroot of the perfect square so obtained.
(i) 525 @iy 1750 (iiiy 252 (iv) 1825
(v) 6412
Find thelength of the side of asquarewhose areais441 m?,
InarighttriangleABC, £B =90°.
@ IfAB=6cm,BC=8cm,findAC (b) IfAC=13cm,BC=5cm,findAB
8. A gardener has 1000 plants. Hewantsto plant thesein such away that the number
of rowsand the number of columnsremain same. Find the minimum number of
plantshe needsmorefor this.

9. Thereare 500 children in aschool. For aPT. drill they haveto stand in such a
manner that the number of rowsisequal to number of columns. How many children
would beleft out inthisarrangement.

WHAT HAVE WE DISCUSSED? —

If anatural number mcan be expressed as n?, where n is also a natural number, then misa
squarenumber.

All square numbersendwith O, 1, 4, 5, 6 or 9 at unitsplace.
Square numbers can only have even number of zerosat theend.
Squarer oot istheinverse operation of square.
Therearetwointegra squarerootsof aperfect square number.

No

1.

g s~ WD

Positive squareroot of anumber isdenoted by thesymbol /.
For example, 32=9 gives/9=3
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7.1 Introduction

Cubes and Cube Roots

CHAPTER

DEBSZCHOT

Thisisastory about oneof India’'sgreat mathematical geniuses, S. Ramanujan. Once
another famous mathematician Prof. GH. Hardy cametovist himinataxi whose number

was 1729. Whileta king to Ramanujan, Hardy described thisnumber
“adull number”. Ramanujan quickly pointed out that 1729 wasindeed
interesting. Hesaid itisthe smallest number that can be expressed
asasum of two cubesintwo different ways.

1729=1728+1 =123+ 13

1729=1000 + 729 = 10° + 9
1729 has since been known as the Hardy — Ramanujan Number,
even though thisfeature of 1729 wasknown morethan 300 years
before Ramanujan.

How did Ramanujan know this?Well, heloved numbers. All

through hislife, heexperimented with numbers. He probably found

numbersthat were expressed asthe sum of two squares and sum of
two cubesal so.

Hardy - Ramanujan
Number

1729 is the smallest Hardy—
Ramanujan Number. There
are an infinitely many such
numbers. Few are 4104
(2, 16; 9, 15), 13832 (18, 20;
2, 24), Check it with the
numbersgiveninthebrackets.

Thereare many other interesting patternsof cubes. L et uslearn about cubes, cube

rootsand many other interesting factsrel ated to them.

7.2 Cubes

You know that theword * cube’ isusedingeometry. A cubeis

asolidfigurewhich hasdl itssdesequa. How many cubesof
side1cmwill makeacubeof side2 cm?

How many cubesof side 1 cmwill makeacube of sde3cm?
Consider thenumbers1, 8, 27, ...

These are called perfect cubes or cube numbers. Can you say why
they arenamed so? Each of themis obtained whenanumber ismultiplied by

takingit threetimes.

2019-20
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Wenotethat 1=1x1x1=13% 8=2x2x2=2%27=3x3x3=3%
Since5*=5x5x 5= 125, therefore 125 isa cube number.

Is9acubenumber?No, as9 =3 x 3and thereisno natural number which multiplied
by taking threetimesgives9. Wecanseedsothat 2x2x2=8and3x 3x 3=27.This
showsthat 9isnot aperfect cube.

Thefollowing arethe cubes of numbersfrom 1to 10.

Table 1

1 1¥=1

2 2=8

3 F=27 )

Thenumbers729, 1000, 1728 a_ - Completeit.
4 4=64
are also perfect cubes.

5 5= /

6 6° =

7 7=

8 8=

9 =

10 10° =

Thereareonly ten perfect cubesfrom 1 to 1000. (Check this). How many perfect
cubesaretherefrom 1to 1007

Observethe cubes of even numbers. Arethey all even?What can you say about the
cubesof odd numbers?
Following arethe cubes of the numbersfrom 11 to 20.

Table 2

Number Cube

1 1331
12 1728

\13 2197
14 2744

\15 3375

16 4096
—— 17 4913

18 5832
19 6859

20 8000

We are even, so
are our cubes

We are odd so are
our cubes
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Consider afew numbershaving 1 astheone'sdigit (or unit’s). Find the cube of each
of them. What can you say about the one’sdigit of the cube of anumber having 1 asthe
one'sdigit?

Similarly, exploretheone’sdigit of cubesof numbersendingin2, 3,4, ..., etc.

TRY THESE

Find theone'sdigit of the cube of each of thefollowing numbers.
() 3331 (i) 8888 (i) 149 (iv) 1005
(v) 1024 ) 77 (vii) 5022 (viii) 53

7.2.1 Some interesting patterns

1. Addingconsecutiveodd numbers
Observethefollowing pattern of sumsof odd numbers.

1 = 1 = 1

3 + 5 = 8 = 28

7 + 9 + 11 = 27 = 3

13 + 15 + 17 + 19 = 64 = 4

21 + 23 + 25 + 27 + 29 = 1265 = B

Isit not interesting? How many consecutive odd numberswill be needed to obtain
the sum as 103?

TRY THESE

Expressthefollowing numbersasthe sum of odd numbersusing theabove pattern?
@ 6° (b) &° © 7
Consider thefollowing pattern.
2-13=1+2x1x3
P_28=1+3x2x%x3
4 -3P=1+4x3x3
Using theabove pattern, find the value of thefollowing.
i 7-6° @) 122-11° (i) 20°-19° (v) 513-50°

2. Cubesandtheir primefactors
Consider thefollowing primefactorisation of the numbersand their cubes.

Prime factorisation Prime factorisation each primefactor
of a number of its cube appears three times
4=2x2 [=BA=2X2X2X2X2X2= B x P n lts cubes
6=2x3 6°=216=2x2x2x3x3x3=28x3
15=3x5 153=3375=3x3x3x5x5x5=3¥x5°
12=2x2x3 128=1728=2%x2%x2x2%x2%x2x3x3x%x3

:23x23x33
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W W wWw NN DN

216
108
54
27
9

3

Observethat each primefactor of anumber appears
threetimesinthe primefactorisation of itscube.

Inthe primefactorisation of any number, if each factor
appearsthreetimes, then, isthe number aperfect cube?
Think about it. 1s216 aperfect cube?

By primefactorisation, 216 =2x2x2x3x3x 3
Eachfactor appears3times. 216 =23 x 32 = (2 x 3)®

= 6® whichisaperfect cube!
Is729 aperfect cube? 729=3x3%x3x3x3%x3
Yes, 729 isaperfect cube.
Now let uscheck for 500.
Primefactorisation of 500is2x2x5x5x 5.
So, 500isnot aperfect cube.

Do you remember that
amx b™=(ax b)m

factors can be
grouped in triples

There arethree
5’sin the product but
only two 2's.

Example 1: [s243 aperfect cube?

Solution: 243=3x3x3x3x3

Intheabovefactorisation 3 x 3remainsafter grouping the 3'sintriplets. Therefore, 243is
not aperfect cube.

TRY THESE

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

7.2.2 Smallest multiple that is a perfect cube
Raj made acuboid of plasticine. Length, breadth and height of the cuboid are 15 cm,
30cm, 15 cmrespectively.
Anu askshow many such cuboidswill she need to make aperfect cube? Canyoutell?
Raj said, Volume of cuboidis15x30x15 =3x5x2x3x5%x3x%x5
=2x3%x3x3x5x5x%x5
Sincethereisonly one2intheprimefactorisation. Soweneed 2 x 2, i.e., 4to make
itaperfect cube. Therefore, we need 4 such cuboidsto makeacube.
Example 2: 15392 aperfect cube?If not, find the smallest natural number by which
392 must be multiplied so that the product isaperfect cube.
Solution: 392=2x2x2x7x7

The primefactor 7 doesnot appear in agroup of three. Therefore, 392 isnot aperfect
cube. To makeitsacube, we need onemore 7. Inthat case
32x7=2x2x2x7Tx7Tx7=2744 which isaperfect cube.
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Hencethesmadlest natural number by which 392 should bemultiplied to makeaperfect
cubeis?.

Example 3: 1553240 aperfect cube?If not, then by which smallest natural number
should 53240 be divided so that the quotient isa perfect cube?

Solution: 53240 =2x2x2x 11x11x 11 x5

The primefactor 5 does not appear in agroup of three. So, 53240 isnot aperfect cube.
Inthefactorisation 5 appearsonly onetime. If wedividethe number by 5, thenthe prime
factorisation of thequotient will not contain 5.

So, 53240 +5=2x2x2x11x11x11

Hence the smallest number by which 53240 should be divided to makeit aperfect
cubeis5.

Theperfect cubein that caseis= 10648.

Example 4: |s1188 aperfect cube?If not, by which smallest natural number should
1188 be divided so that the quotient isaperfect cube?

Solution: 1188=2x2x3x3x3x11

Theprimes2 and 11 do not appear in groups of three. So, 1188 isnot aperfect cube. In
the factorisation of 1188 the prime 2 appears only two times and the prime 11 appears
once. So, if wedivide 1188 by 2 x 2 x 11 = 44, then the prime factorisation of the
quotient will not contain2 and 11.

Hencethe smallest natural number by which 1188 should be divided to makeit a
perfect cubeis44.

And theresulting perfect cubeis 1188 + 44 = 27 (=3°).

Example 5: |s68600 aperfect cube?If not, find the smallest number by which 68600
must bemultiplied to get aperfect cube.

Solution: Wehave, 68600=2x2x2x5x5x7x7x 7. Inthisfactorisation, we
find that thereisnotriplet of 5.
So, 68600 isnot aperfect cube. Tomakeit aperfect cubewemultiply it by 5.
Thus 68600 x 5=2x2%x2x5x5x5x7%x7x7
= 343000, whichisaperfect cube.

Observethat 343 isaperfect cube. From Example5 we know that 343000 isaso
perfect cube.

EEE THINK, DISCUSS AND WRITE Ul

Check which of thefollowing are perfect cubes. (i) 2700 (ii) 16000 (iii) 64000
(iv) 900 (v) 125000 (vi) 36000 (vii) 21600 (viii) 10,000 (ix) 27000000 (x) 1000.
What pattern do you observein these perfect cubes?
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B EXERCISE 7.1
1. Whichof thefollowing numbersare not perfect cubes?

(i) 216 (i) 128 (i) 1000 (iv) 100
” (v) 46656
{ 7@, 2. Findthesmallest number by which each of thefollowing numbersmust bemuiltiplied
&/ to obtain aperfect cube.
(i) 243 (i) 256 @iy 72 (iv) 675
(v) 100
3. Findthesmalest number by which each of thefollowing numbersmust bedivided to
obtain aperfect cube.
@i 81 (i) 128 (i) 135 (iv) 192
(v) 704

4. Parikshit makesacuboid of plasticine of sides5cm, 2cm, 5 cm. How many such
cuboidswill heneedto form acube?

7.3 Cube Roots

If thevolumeof acubeis 125 cm?®, what would bethelength of itsside? To get thelength
of the side of the cube, we need to know anumber whose cubeis 125.

Finding thesquareroot, asyou know, istheinverse operation of squaring. Similarly,
finding the cuberoot istheinverse operation of finding cube.

Weknow that 22 = 8; so we say that the cuberoot of 8is2.
Wewrite 3/g =2. Thesymbol 3/~ denotes‘cube-root.’
Congder thefollowing:

Statement Inference Statement Inference

13=1 Q=1 6% =216 3216 =6
=8 ¥g = 3p3=2 7°=343 Y343 =7
F=27 Y27 = Y =3 8% =512 512 =8
£ =64 364 =4 R =729 3729 =9
53=125 3125 =5 10° = 1000 31000 =10

7.3.1 Cube root through prime factorisation method
Consider 3375. Wefind itscuberoot by primefactorisation:
3375=3x3x3x5x5x5=3Fx5=(3x5)3

Therefore, cuberoot of 3375= 3/3375=3x5=15

Similarly, tofind 3/74088, wehave,
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74088 =2%x2x2x3x3XIXTXTXT=2BxFPx7P=(2x3%x7)3
Therefore, 3/74088 =2 x 3x 7 =42
Example 6: Find the cuberoot of 8000.
Solution: Primefactorisation of 8000iS2X2Xx2x2x2x2Xx5x5x5
So, 38000 =2x2x5=20
Example 7: Findthe cuberoot of 13824 by prime factorisation method.

Solution:
13824 =2%x2%x2x2x2x2Xx2%x2%x2x3x3x3=28x28x28x 38,
Therefore, 313824 =2x2x2x3=24

EEE THINK, DISCUSS AND WRITE Ul
Statetrueor false: for any integer m, m? < . Why?

7.3.2 Cube root of a cube number
If you know that the given number isacube number then following method can be used. X

Stepl  Takeany cubenumber say 857375 and start making groups of threedigits
garting fromtheright most digit of the number.

857 375
\! \2
second group first group

We can estimate the cube root of agiven cube number through a step by
step process.

We get 375 and 857 astwo groups of three digits each.

Sep 2 First group, i.e., 375will giveyou the one’s (or unit’s) digit of therequired
cuberoot.

Thenumber 375 endswith 5. Weknow that 5 comesat the unit’splace of a
number only whenit’scuberoot endsin 5.

So, weget 5 at the unit’s place of the cuberoot.
Step 3 Now take another group, i.e., 857.

We know that 9% = 729 and 10° = 1000. Also, 729 < 857 < 1000. We take
the one'splace, of the smaller number 729 astheten’s place of therequired

cuberoot. So, we get 3/g857375 = 95.
Example 8: Find the cuberoot of 17576 through estimation.

Solution: Thegiven numberis17576.
Step 1 Form groupsof three starting from therightmost digit of 17576.
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17 576. Inthiscaseonegroupi.e., 576 hasthreedigitswhereas 17 hasonly
twodigits.
Sep2 Take 576.
Thedigit6isatitsone’ splace.
Wetakethe one's place of therequired cuberoot as6.

Sep 3 Taketheother group, i.e., 17.
Cubeof 2is8and cubeof 3is27. 17 liesbetween 8 and 27.
Thesmaller number among 2 and 3is2.

The one'splace of 2is2 itself. Take 2 as ten’s place of the cube root of
17576.

Thus, 317576 = 26 (Checkiit!)

B EXERCISE 7.2
1. Findthecuberoot of each of thefollowing numbersby primefactorisation method.

(i) 64 (i) 512 (i) 10648 (iv) 27000
(v) 15625 (vi) 13824 (vii) 110592 (viii) 46656
(iX) 175616 () 91125

2. Statetrueorfalse.
(i) Cubeof any odd number iseven.
(i) A perfect cube doesnot end with two zeros.
(iii) If square of anumber endswith 5, thenitscube endswith 25.
(iv) Thereisno perfect cubewhich endswith 8.
(v) Thecubeof atwo digit number may beathreedigit number.
(vi) Thecubeof atwo digit number may have seven or moredigits.
(vii) Thecubeof asingledigit number may beasingledigit number.
3. Youaretoldthat 1,331 isaperfect cube. Canyou guesswithout factorisation what
isitscuberoot? Similarly, guessthe cuberootsof 4913, 12167, 32768.

— WHAT HAVE WE DISCUSSED? —

Numberslike 1729, 4104, 13832, are known as Hardy — Ramanujan Numbers. They can be
expr&wed assum of two cubesintwo different ways.

2. Numbersobtained when anumber ismultiplied by itself threetimesareknown ascubenumbers.
For example 1, 8, 27, ... etc.

3. Ifintheprimefactorisation of any number each factor appearsthreetimes, thenthe numberisa
perfect cube.

4. Thesymbol 3/~ denotescuberoot. For example 327 = 3.
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CHAPTER

Comparing Quantities

8.1 Recalling Ratios and Percentages

Weknow, ratio means comparing two quantities.
A basket hastwo typesof fruits, say, 20 applesand 5 oranges.
Then, theratio of the number of orangesto the number of apples=5: 20.

5 1
The comparison can be doneby using fractionsas, 0 S 1

1
The number of orangesis 2 th the number of apples. In terms of ratio, thisis

1:4,readas, “listo4”’
OR

20 4
Number of applesto number of oranges= 5 =1 which means, the number of apples

is 4 timesthe number of oranges. Thiscomparison can also be done using percentages.

There are 5 oranges out of 25 fruits.
So percentage of orangesis

S A oo
25" 4 100

[Denominator made 100].

OR

By unitary method:
Out of 25 fruits, number of oranges are 5.
So out of 100 fruits, number of oranges

5
= —x100 =
5 20.

Since @ containsonly applesand oranges,

So, percentage of apples+ percentage of oranges =100

or percentage of apples+ 20 = 100

or percentage of apples= 100 — 20 = 80

Thusthe basket has 20% oranges and 80% apples.

Example 1: A picnicisbeing plannedinaschool for ClassVII. Girlsare 60% of the
total number of studentsand are 18in number.

Thepicnicgteis55 kmfrom the school and thetransport company ischarging at therate
of ¥ 12 per km. Thetotal cost of refreshmentswill bez 4280.
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Canyoutel.
1. Theratio of thenumber of girlsto the number of boysintheclass?
2. Thecost per head if two teachersare a so going with the class?
3. If their first stop isat aplace 22 km from the school, what per cent of the total
distanceof 55 kmisthis?What per cent of the distanceis|eft to be covered?

Solution:

1. Tofindtheratioof girlstoboys.
Ashimaand John came up with thefollowing answers.
They needed to know the number of boys and also thetotal number of students.

Ashima did this John used the unitary method
Let the total number of students There are 60 girls out of 100 students.
100
be x. 60% of xisgirls. Thereisone girl out of 60, students.
Therefore, 60% of x = 18 So, 18 girlsare out of - how many students?
E><x—1 OR | Number of stud _ 18
100 =18 umber of students = 60
_18x100 30 20
or, X= 0 - =
Number of students = 30.

So, the number of boys=30-18=12.

. 18 3
Hence, ratio of the number of girlsto the number of boysis18: 12 or IR

3
5 iswrittenas3:2andread as3isto 2.

2. Tofindthecost per person.
Transportation charge= Distance both ways x Rate

=3 (55x2)x12
=% 110x 12=7% 1320
Total expenses= Refreshment charge
+ Transportation charge

=3 4280 +7 1320

=% 5600
Total number of persons=18 girls+ 12 boys+ 2 teachers

= 32 persons

Ashimaand John then used unitary method to find the cost per head.
For 32 persons, amount spent would bez 5600.

The amount spent for 1 person =% % =3 175.

3. Thedistanceof the placewherefirst stop was made =22 km.

2019-20




ComPARING QuaNnTITIES I 119

Tofind the percentage of distance:
Ashima used this method: John used the unitary method:
22,190 Out of 55 km, 22 km aretravelled
55 55100 ut o m, maretrav .
Sre s mliljaliie OR Out of 1 km, — kmaretravelled.
100 55
the ratio by ﬁzl 29
. Out of 100 km, — x 100 km aretravelled.
and converting to 55
percentage. That is40% of thetota distanceistravelled.

Both came out with the same answer that the distancefrom their school of the placewhere
they stopped at was40% of thetotal distancethey hadtotravel.
Therefore, the percent distanceleft to be travelled = 100% — 40% = 60%.

TRY THESE

Inaprimary school, the parentswere asked about the number of hoursthey spend per day
1
in helping their childrento do homework. Therewere 90 parentswho helpedfor 5 hour

1

to 15 hours. Thedistribution of parentsaccording tothetimefor which, hdlid ntotll
elp at a
they saidthey helpedisgivenintheadjoining figure; 20% helped for ’
1
morethan 15 hours per day;
1 1
30% helped for 5 hour to 13 hours; 50% did not help at all. h
U_si ngthis, answer thefollowing: helped for
(I) How mmy parentswerewrvwed” lhour to Helped for more
(i) How many saidthat they did not help? 1 21 1 pour than 11 hour
(i) How many said that they helped for morethan 15 hours? 2
B EXERCISE 8.1

1. Findtheratioof thefollowing.

(@ Speedof acycle 15 km per hour to the speed of scooter 30 km per hour.

(b) 5mto10km () 50paisetoz5
2. Convertthefollowingratiosto percentages.

@ 3:4 (b) 2:3
3. 72% of 25 studentsareinterested in mathematics. How many are not interested

inmathematics?

4. A football teamwon 10 matchesout of thetotal number of matchesthey played. If
their win percentage was 40, then how many matchesdid they play inall?

5. If Chameli hadz 600 | eft after spending 75% of her money, how much did shehave
inthebeginning?
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6. 1f 60% peopleinacity likecricket, 30% likefootbal | and the remaining like other
games, then what per cent of the people like other games?If the total number of
peopleis50 lakh, find the exact number who like each type of game.

8.2 Finding the Increase or Decrease Per cent

Weoften comeacrosssuchinformationinour daily lifeas.
(1) 25% off onmarked prices (i) 10% hikeinthe priceof petrol
Let usconsider afew such examples.

Example 2: Thepriceof ascooter wasz 34,000 last year. It has increased by 20%
thisyear. What isthe price now?

Solution:
Amita said that she would first find Sunita used the unitary method.
the increase in the price, which is 20% of 20% increase means,
% 34,000, and then find the new price. <100 increased to ¥ 120.

So, ¥ 34,000 will increaseto?

20
20% of ¥ 34000 =3 —— x 34000 120
100 Increased price = T— X 34000

— 26800 OR 100
New price = Old price + Increase =% 40,800

=3 34,000 + % 6,800

=3 40,800

Similarly, apercentage decreasein price would imply finding the actual decrease
followed by itssubtraction thefrom origina price.

Supposein order to increaseits sale, the price of scooter was decreased by 5%.
Thenlet usfind the price of scooter.

Price of scooter =% 34000
Reduction = 5% of ¥ 34000

5
=3 — x 34000 =
Z 100 71700

New price= Old price—Reduction
=3 34000 - 1700 =z 32300
Wewill aso usethisinthe next section of the chapter. _

8.3 Finding Discounts

Discount isareduction given onthe Marked Price
(MP) of thearticle.

Thisisgenerdly givento attract customersto buy
goodsor to promotesalesof thegoods. You canfind
the discount by subtracting its sale price from its
marked price.

So, Discount = Marked price—Saleprice
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Example 3: Anitem marked at ¥ 840 issold for ¥ 714. What is the discount and
discount %?
Solution: Discount = Marked Price—Sale Price

=3840-3 714
=% 126

Sincediscount ison marked price, wewill haveto use marked price asthe base,

On marked price of ¥ 840, thediscountisz 126.
OnMP of ¥ 100, how much will the discount be?

126
i = — x100% =159
Discount= =7 0 =15 ?:?;,,,:.

You can also find discount when discount % isgiven.

Example 4: The list price of a frock is % 220.
A discount of 20%isannounced on sales. What istheamount
of discount onitanditssaleprice.

20% off

Solution: Marked priceissameasthelist price.

20% discount meansthat onz 100 (M P), thediscount isz 20. Rs 220
By unitary method, on %1 thediscount will bez %

20
Onz 220, discount=% — x 220 =344
100

Thesaleprice= (¥ 220—-3 44) or ¥ 176

Rehanafoundthesalepricelikethis—
A discount of 20% meansfor aM P of ¥ 100, discount isz 20. Hencethesaepriceis
% 80. Using unitary method, when MPisz 100, salepriceisz 80;

80
WhenMPisz 1, salepriceisz 100" Even though the
80 discount was not
Hencewhen MPisz 220, saleprice=3% —— X 220 =z 176. found, | could find

100 the sale price

directly.
TRY THESE

1. A shopgives20% discount. What would the sale price of each of these be?
(@ A dressmarkedatz 120 (b) A pair of shoesmarked at 7 750
(©) A bagmarkedatz 250

2. Atablemarkedatz 15,000isavailablefor 7 14,400. Find thediscount givenand
thediscount per cent.

3. Andmirahissoldatz 5,225 after dlowing adiscount of 5%. Find itsmarked price.
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8.3.1 Estimation in percentages

Your bill inashopisz 577.80 and the shopkeeper givesadiscount of 15%. How would
you estimate the amount to be paid?

(1) Round off thebill to the nearest tensof ¥ 577.80, i.e., to ¥ 580.
(i) Find10%of this i.e,? %x 580 = % 58.

(i) Takehalf of this, i.e., %x 58=7% 29.

(v) Addtheamountsin (ii) and (iii) toget z 87.
You could thereforereduceyour bill amount by ¥ 87 or by about ¥ 85, whichwill be
T 495 approximately.

1. Tryestimating 20% of the samebill amount. 2. Try finding 15% of % 375.

8.4 Prices Related to Buying and Selling (Profit and Loss)

For the school fair (mela) | am going to put astall of lucky dips. | will chargez 10for one
lucky dip but I will buy itemswhich are worth % 5.

So you are making a profit of 100%.

No, I will spend % 3 on paper to wrap the gift and tape. So my expenditureisz 8.

2
Thisgivesmeaprofit of ¥ 2, whichis, . % 100% = 25% only.

Sometimeswhen an articleisbought, some additional expensesare made while buying or
before selling it. These expenses have to be included in the cost price.

These expenses are sometimesreferred to as over head char ges. These may include
expenses like amount spent on repairs, labour charges, transportation etc.

8.4.1 Finding cost price/selling price, profit %/loss%

Example 5: Sohan bought asecond hand refrigerator for ¥ 2,500, then spent ¥ 500 on
itsrepairsand soldit for  3,300. Find hislossor gain per cent.

Solution: Cost Price(CP) =% 2500 + % 500 (overhead expensesare added to give CP)
=% 3000
Sale Price (SP) =% 3300
As SP> CP, he made a profit =% 3300 —% 3000 =% 300
Hisprofit onz 3,000, isz 300. How much would be hisprofit onz 1007

300 30 P
100%= "2 05 =10% LT
3000 0T g TR P%=p

Profit =
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TRY THESE

1. Findsdling price(SP) if aprofit of 5%ismadeon
(@ acycleof z 700 withz 50 asoverhead charges.
(b) alawnmower bought at ¥ 1150 with z 50 astransportation charges.
(c) afanbought for z 560 and expenses of ¥ 40 made onitsrepairs.

Example 6: A shopkeeper purchased 200 bulbs for ¥ 10 each. However 5 bulbs

werefused and had to be thrown away. The remaining were sold at ¥ 12 each. Find the

ganorloss%.

Solution: Cost price of 200 bulbs =% 200 x 10 =% 2000

5 bulbswerefused. Hence, number of bulbsleft =200—-5= 195

Theseweresold at ¥ 12 each.

The SP of 195 bulbs =7 195 x 12 =% 2340

Heobviously madeaprofit (asSP> CP). CPis?10 iy,

Profit = ¥ 2340 —z 2000 =% 340 AR

Onz 2000, the profit isz 340. How much profit ismade onz 1007 Profit
340 0

= 2000 x 100% = 17%. 2

Example 7: Meenu bought two fansfor ¥ 1200 each. Shesold oneat

aloss of 5% and the other at aprofit of 10%. Find the selling price of
each. Alsofind out thetotal profit or loss.

Solution: Overall CP of eachfan =% 1200. Oneissold at aloss of 5%.
Thismeansif CPisz 100, SPisz 95.

Therefore, when CPisz 1200, then SP=3 % x 1200 =z 1140

Also second fanissold at aprofit of 10%.
It means, if CPisz 100, SPisz 110.

\
/ \
’///m\\\\

~—> SPis¥ 12

N

11
Therefore, when CPisz 1200, then SP=% Hg x 1200 =z 1320

Was there an overall loss or gain?

We need to find the combined CP and SP to say

whether there was an overall profit or loss. x
Total CP = 1200 + 1200 = ¥ 2400

Total SP=7 1140 + 7 1320 =% 2460 :
Sincetotal SP> total CP, aprofit of ¥ (2460 —2400) or ¥ 60 has been made

TRY THESE

1. A shopkeeper bought two TV setsat 7 10,000 each. He sold one at aprofit 10%
and the other at alossof 10%. Find whether hemade an overall profit or loss.
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8.5 Sales Tax/Value Added Tax/Goods and Services Tax
Theteacher showed theclassabill inwhichthefollowing headswerewritten.

( Bill No. | Date D
Menu
S.No. Item Quantity Rate | Amount
Bill amount
+ ST (5%)
\ Total )

Salestax (ST) ischarged by the government on the sale of anitem. It is collected by the
shopkeeper from the customer and given to the government. Thisis, therefore, awayson
the selling price of anitem and isadded to the value of thebill. Thereisanother type of tax
which isincluded in the prices known as Value Added Tax (VAT).

From July 1, 2017, Government of Indiaintroduced GST which stands for Goods and
Services Tax whichislevied on supply of goods or services or both.

Example 8: (Finding Sales Tax) The cost of a pair of
roller skates at ashop wasz 450. The salestax charged was
5%. Find thebill amount.

Solution: On? 100, thetax paid wasz 5.

5
Onz 450, thetax paid would be =% Ex 450

=3 2250
Bill amount = Cost of item + Salestax = 7 450 + T 22.50 = ¥ 472.50.

Example 9: (ValueAdded Tax (VAT)) Waheeda bought an air cooler for 3300
including atax of 10%. Find theprice of theair cooler before VAT was added.

Solution: The priceincludesthe VAT, i.e., the value added tax. Thus, a10% VAT
meansif thepricewithout VAT isz 100 then priceincluding VAT isz 110.

Now, when priceincluding VAT isz 110, original priceisz 100.

Hencewhen priceincluding tax isz 3300, theoriginal price= ?%XBBOO =% 3000.
Example 10: Salimbought an articlefor 2 784 whichincluded GST of 12% . What is
the price of thearticle before GST was added?

Solution: Letoriginal priceof thearticlebe ¥ 100. GST = 12%.

Priceafter GST isincluded =% (100+12) =3 112

Whenthesdlling priceis ¥ 112 then origina price=z 100.

Whenthesdlling priceisz 784, then original price=3 @x 784 =% 700
12
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EEE THINK, DISCUSS AND WRITE Ul

1. Twotimesanumberisal00% increasein the number. If wetake half the number
what would bethe decreasein per cent?

2. By what per cent is3 2,000 lessthanz 2,400?1sit the same asthe per cent by
whichz 2,400 ismorethanz 2,000?

B EXERCISE 8.2

1. Amangotal0% increaseinhissalary. If hisnew salary isz 1,54,000, find his
origind sary.

2. On Sunday 845 peoplewent to the Zoo. On Monday only 169 peoplewent. What
isthe per cent decreasein the peoplevisiting the Zoo on Monday? -

3. A shopkeeper buys 80 articlesfor % 2,400 and sellsthem for aprofit of
16%. Find thesdlling price of onearticle.

4. Thecost of anarticlewasz 15,500. 3 450 were spent onitsrepairs. If itis
soldfor aprofit of 15%, find the selling priceof thearticle.

5. AVCRand TV werebought for 8,000 each. The shopkeeper madea
lossof 4% ontheV CR and aprofit of 8% onthe TV. Find thegain or loss
percent onthewholetransaction.

6. Duringasale, ashop offered adiscount of 10% onthe
marked pricesof al theitems. What would acustomer
haveto pay for apair of jeans marked at ¥ 1450 and
two shirts marked at ¥ 850 each?

7. A milkman sold two of hisbuffaloesfor ¥ 20,000 each.
On one hemade again of 5% and on the other aloss of
10%. Find his overall gain or loss. (Hint: Find
CPof each)

8. Thepriceof aTV isz 13,000. Thesaestax charged on
itisat therate of 12%. Find theamount that Vinod will
haveto pay if hebuysit.

9. Arunbought apair of skates at a sale where the discount given was 20%. If the
amount he paysisz 1,600, find the marked price.

10. | purchased ahair-dryer for 5,400 including 8% VAT. Find the price before VAT

was added.

11. Anarticlewas purchased for ¥ 1239including GST of 18%. Find the price of the

articlebefore GST wasadded?

8.6 Compound Interest

You might have come across statementslike® oneyear interest for FD (fixed deposit) in
thebank @ 9% per annum” or * Savings account with interest @ 5% per annum’.
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I nter est istheextramoney paid by ingtitutionslike banksor post officeson money
deposited (kept) withthem. Interestisal so paid by peoplewhen they borrow money.
Wealready know how to calculate Simplelnterest.

Example 10: A sumof % 10,000isborrowed at arate of interest 15% per annumfor 2
years. Find thesmpleinterest on thissum and theamount to be paid a theend of 2 years.

Solution: Onz 100, interest charged for 1 year is 15.
15
So, onz 10,000, interest charged = 100> 10000=z 1500

Interest for 2 years= % 1500 x 2 =g 3000
Amount to be paid at theend of 2 years= Principa + Interest

=% 10000 + z 3000 =z 13000
TRY THESE

Find interest and amount to be paid onz 15000 at 5% per annum after 2 years.

My father haskept some money in the post officefor 3 years. Every year the money
increasesasmorethan the previousyear.

We have some money in the bank. Every year someinterestisaddedtoit, whichis
shown inthe passbook. Thisinterest isnot the same, each year itincreases.

Normally, theinterest paid or charged isnever smple. Theinterest iscalculated onthe
amount of the previousyear. Thisisknown asinterest compounded or Compound
Interest (C.1.).

Let ustake an example and find the interest year by year. Each year our sum or
principa changes.
Calculating Compound Interest

A sum of ¥ 20,000 isborrowed by Heenafor 2 yearsat aninterest of 8% compounded
annually. Find the Compound Interest (C.1.) and theamount she hasto pay at theend of
2years.
Adam asked theteacher whether thismeansthat they should find theinterest year by
year. Theteacher said‘yes', and asked himto usethefollowing steps:
1. FindtheSimplelnterest (S.l.) for oneyear.
L et the principal for thefirst year be P,. Here, P, =% 20,000

20000x 8
S, =Sl at 8%p.a for 1styear =3 10 - ¥ 1600
2. Thenfindtheamount whichwill bepaid or received. Thisbecomesprincipa for the

next yesr.
Amount at theend of 1styear = P, + SI, =% 20000 + ¥ 1600

=% 21600 = P, (Principal for 2nd year)
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3. Aganfindtheinterest onthissumfor another year.

21600 x 8
100
=3 1728
4. Find theamount which hasto be paid or received at the end of second year.
Amount at theend of 2ndyear =P, + SI,
=% 21600 +7 1728
=3 23328
Total interest given=3 1600 + ¥ 1728
=% 3328
Reeta asked whether the amount would bedifferent for smpleinterest. Theteacher
told her tofind the interest for two yearsand seefor herself.

20000x 8x 2
Sl for 2years=% 10 =% 3200

Reetasaid that when compound interest was used Heenawould pay ¥ 128 more.

Let uslook at the difference between simpleinterest and compound interest. We start
with 100. Try completing the chart.

Sl, =Sl at 8% p.a.for 2nd year =z

f Under Under A
Simple Interest Compound Interest
First year Principa ¥ 100.00 ¥ 100.00
Interest at 10% ¥ 10.00 ¥ 10.00
Year-end amount ¥ 110.00 ¥ 110.00
Second year | Principd ¥ 100.00 ¥ 110.00
Which
Interest at 10% ¥ 10.00 ¥ 11.00 means you
Year-endamount | (110 + 10) =z 120 z 121.00 P r']”ttﬁg est
. .. interest
Third year Principd ¥ 100.00 ¥ 121.00 sccumulated
Interest at 10% ¥ 10.00 ¥ 1210 till then!
Year-endamount | %(120 + 10) =% 130 ¥ 133.10
- J

Notethatin 3years,
Interest earned by SimpleInterest = ¥ (130 — 100) = % 30, whereas,

Interest earned by Compound Interest =% (133.10 — 100) =% 33.10

Notea sothat the Principal remainsthe sameunder Smplelnterest, whileit changes
year after year under compound interest.
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8.7 Deducing a Formula for Compound Interest

Zubedaasked her teacher, ‘ I's therean easier way to find compound interest? Theteacher
said* Thereisashorter way of finding compound interest. Let ustry tofindit.’
Suppose P, isthe sum on whichinterest is compounded annually at arate of R%

per annum.

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

_s 5000x5x1

1 S| 100

s0, A, =% 5000+ —

— (14_ i)
=3 5000 100

— 1+i
2. 8,=25000 | L5,

5000x 5( 5
1+
100

A. =% 5000 1+ij+
2 100

=% 5000

=% 5000

5000x5x1

P

2

5x1
X —_—
100

)

100

. 5000x 5

or

or

or

5

100

1+ i) (1+ i)
100 100

2+

100

J

__ P xRx1
17" 100

PR
A =P +SL= R

R
1+ —|=P
1( 100) 7

g = P,xRx1
2= 100
= Pl 1+i xi
100) 1®
_ E(H_R)
100 100
A,=P,+ 8,
= Pl 1+i +P1i 1+i
100 10 100
=R 1+i 1+i
100 100
R 2
=RP|1+—| =P
" 100)

Proceeding inthisway theamount at theend of nyearswill be

Or, we can say

A =P

1

n

S

1rp

100

R

R
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S0, Zubedasaid, but using thiswe get only theformulafor theamount to be paid at
theend of nyears, and not theformulafor compound interest.

Arunaat once said that we know CI = A — P, so we can easily find the compound
interest too.

Example 11: Find Cl on % 12600 for 2 years at 10% per annum compounded
annually.

R n
Solution: Wehave, A=P (1+ 1—00) , WherePrincipal (P) =% 12600, Rate (R) = 10,
Number of years (n) = 2

¢ 12600( HBJZ . 12600(1—1 i TRY THESE
- 100) 10 _

11 11 1. FindCl onasumof ¥8000for
=X 12600X1_0X1_0 =¥ 15246 2 years at 5% per annum

Cl =A—P=% 15246 — 12600 = 7 2646 compounded annually.

8.8 Rate Compounded Annually or Half Yearly

(Semi Annually) Timeperiod and rate when interest not compounded

You may want to know why ‘compounded annually
annually’” wasmentioned after ‘rate’ . Doesit The time period after which the interest is added each
meananything? time to form anew principal is called the conversion
It does, becausewe can also haveinterest period. When the interest is compounded half yearly,

there are two conversion periodsin ayear each after 6
ratescompounded half yearly or quarterly. L et months. In such situations, the half yearly rate will be

usseewhat happenstoz 100over aperiodof | haf of the annual rate. What will happen if interest is
oneyear if aninterest iscompounded annually compounded quarterly? In this case, there are 4
or half yearly. conversion periodsin ayear and the quarterly rate will
be one-fourth of the annual rate.

( P=7 100 at 10% per P =z 100 at 10% per annum )
annum compounded annualy compounded half yearly
1
Thetime period takenis1 year Thetime period is6 months or 5 year Rate
becomes
100 [10x L|—==——T"_ rel
| = 100><10><1_Rslo | = 2 _z5
= 100 7 100
A=%100+% 10 A=3100+35=% 105
=% 110 Now for next 6 monthsthe P=z% 105
105 %10 x ;
So, | =% T =35.25

L and A=z2105+3525=¢11025
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Doyou seethat, if interest iscompounded half yearly, we compute theinterest two
times. So time period becomestwice and rateistaken half.

TRY THESE

Find thetimeperiod and ratefor each.

1
1. Asumtakenfor 15 yearsat 8% per annumiscompounded half yearly.
2. Asumtakenfor 2 yearsat 4% per annum compounded half yearly.

HEE THINK, DISCUSS AND WRITE Ul

A sumistakenfor oneyear at 16% p.a. If interest iscompounded after every three
months, how many timeswill interest bechargedin oneyear?

1
Example 12: What amount isto berepaid on aloan of ¥ 12000 for 15 yearsat 10%

per annum compounded half yearly.
Solution:
p
Principal for first 6 months =¥ 12,000 Principal for first 6 months =¥ 12,000
. .1 . 6 1
Thereare 3 haf yearsin 15 years. Time= 6 months= 1 year = 5 year

Therefore, compounding hastobedone3times.| Rate=10%
12000 x 10 x 1

Rate of interest = half of 10% | =% ———2 =% 600
= 5% hdf yearly A=P+1 =7 12000 +z 600
A=P (1+ %))n =3%12600. Itispri nfi pal for next 6 months.
5\ 12600 x 10 x >
=7 12000 (1+ H)) =% 100 =% 630
=% 12000 x 2—; X 2—; X 2—; Principal for third period =% 12600 + % 630
=% 13,891.50 =7 13,230.
13230 x 10 x ;
| =7 100 =7 661.50
A=P+1=%13230 +z 661.50
=7 13,891.50
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TRY THESE

Find theamount to bepaid
1. Attheendof 2 yearsonz 2,400 at 5% per annum compounded annually.
2. Attheendof 1year onz 1,800 at 8% per annum compounded quarterly.

Example 13: Find Cl paid when a sum of ¥ 10,000 isinvested for 1 year and
1
3monthsat 85 % per annum compounded annualy.

Solution: Mayuri first converted thetimeinyears.

1year 3months= 1— year= 1=
year 3months= 1> year=17 years

Mayuri tried putting the val uesin theknown formulaand came up with:

200

Now shewasstuck. Sheasked her teacher how would shefind apower whichisfractiona ?
Theteacher then gave her ahint:

1
17
A =7 10000 (1+£)4

Find theamount for thewholepart, i.e., 1 year inthiscase. Then usethisasprincipa

1
to get smpleinterest for 7 yearmore. Thus,

= (14_ ﬂ)
A =% 10000 200

10000 x 22X~ 10,850
= X — =
? 200 ~ Y

1
Now thiswould act as principal for the next 7 ver We find the SI on % 10,850

for
or  year.

10850 x ‘11 x 17
100 x 2

Sl=3%

10850 x 1x 17
¥ 800

=% 230.56
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Interest for first year = ¥ 10850 — % 10000 = ¥ 850

1
And, interest for the next g vear= ¥ 230.56

Therefore, total compound Interest = 850 + 230.56 = ¥ 1080.56.

8.9 Applications of Compound Interest Formula

Thereare somesituationswherewe could usetheformulafor cal culation of amountin Cl.
Hereareafew.

(1) Increase(or decrease) in population.
(i) Thegrowth of abacteriaif therate of growthisknown.
(i) Thevaueof anitem, if itspriceincreasesor decreasesin theintermediate years.

Example 14: The population of acity was 20,000 intheyear 1997. It increased at
therate of 5% p.a. Find the population at the end of the year 2000.

Solution: Thereis5% increasein population every year, SO every new year hasnew
population. Thus, wecan say it isincreasing in compounded form.

Populationin the beginning of 1998 = 20000 (wetreet thisasthe principal for the1st year)

5
0= —— % 20000=1000
Increase at 5% 100

Tregt as
Populationin 1999 = 20000 + 1000 = 21000 <J the}cpr'?ﬁ' pal
or the
5 2nd year.
Increaseat 5% = —— x 21000 =1050
100
Populationin 2000 = 21000 + 1050
Treat as
=22050 ———— | thePrincipa
5 for the
Increase at 5% = 100 x 22050 3rdyear.

=1102.5
At theend of 2000 the population = 22050 + 1102.5 = 23152.5

5 3
or, Population at the end of 2000 = 20000 (1+ 1—00)

=20000><2—1><2—1><2—1
20 20 20

=23152.5
S0, the estimated population = 23153.
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Arunaasked what isto bedoneif thereisadecrease. Theteacher then considered
thefollowing example.

Example 15: ATV wasbought at apriceof ¥ 21,000. After oneyear thevalue of the
TV wasdepreciated by 5% (Depreciation meansreduction of value dueto useand age of
theitem). Findthevalueof the TV after oneyear.
Solution:
Principa =% 21,000
Reduction= 5% of ¥ 21000 per year
21000x 5x1
7100
valueat theend of 1 year =% 21000 —% 1050 =% 19,950
Alternately, Wemay directly get thisasfollows:

=% 1050

5
valueat theend of 1 year = ¥ 21000 (1— 1—00)

19
=% 21000 x =~ =% 19,950

20
TRY THESE

1. A machinery worthz 10,500 depreciated by 5%. Find itsvalueafter oneyear.

2. Findthepopulation of acity after 2 years, whichisat present 12 1akh, if therate
of increaseis4%.

B EXERCISE 8.3

1. Cadculatetheamount and compound interest on

1
(& 10,800for 3yearsat 125 % per annum compounded annualy.

1
(b) 18,000for 25 yearsat 10% per annum compounded annually.

1
() 62,500for 15 yearsat 8% per annum compounded half yearly.

(d) 8,000for 1year at 9% per annum compounded half yearly.
(You could usetheyear by year calculation using SI formulato verify).
(e) %10,000for 1year at 8% per annum compounded half yearly.

2. Kamalaborrowed ¥ 26,400 from a Bank to buy a scooter at arate of 15% p.a.
compounded yearly. What amount will shepay at theend of 2 yearsand 4 monthsto
clear theloan?

(Hint: FindAfor 2 yearswith interest iscompounded yearly and thenfind SI onthe

4
2nd year amount for 1 years).
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10.

12.

Fabina borrowsz 12,500 at 12% per annum for 3 years at simple interest and
Radha borrows the same amount for the same time period at 10% per annum,
compounded annually. Who pays moreinterest and by how much?

I borrowedz 12,000 from Jamshed at 6% per annum simpleinterest for 2 years.
Had | borrowed thissum at 6% per annum compound interest, what extraamount
would | haveto pay?

Vasudevan invested ¥ 60,000 at an interest rate of 12% per annum compounded
half yearly. What amount would he get

(1) after 6months?
(i) after lyear?
Arif took aloan of ¥ 80,000 from abank. If therate of interest is10% per annum,

find the differencein amountshewould be paying after 1% yearsif theinterestis
(i) compounded annually.
(i) compounded half yearly.
Mariainvestedz 8,000 in abusiness. Shewould bepaid interest at 5% per annum
compounded annually. Find
(i) Theamount credited against her name at the end of the second year.
(i) Theinterestfor the3rdyear.

1
Find the amount and the compound interest on z 10,000 for 15 yearsat 10% per

annum, compounded half yearly. Would thisinterest be more than theinterest he
would getif it was compounded annualy?

1
Find theamount which Ramwill get onz 4096, if hegaveit for 18 monthsat 125%

per annum, interest being compounded half yearly.

The population of aplaceincreased to 54,000 in 2003 at arate of 5% per annum
(1) findthepopulationin2001.

(i) what would beitspopulationin 2005?

InaLaboratory, thecount of bacteriainacertain experiment wasincreasing at the
rateof 2.5% per hour. Find the bacteriaat theend of 2 hoursif thecount wasinitially
5, 06,000.

A scooter wasbought at ¥ 42,000. Itsvalue
depreciated at the rate of 8% per annum.
Finditsvaueafter oneyear.
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Discount isareduction given on marked price.

Discount = Marked Price—SalePrice.

Discount can be cal culated when discount percentageisgiven.
Discount = Discount % of Marked Price

Additional expensesmade after buying an articleareincluded inthe cost priceand areknown
as over head expenses.

CP=Buying price+ Overhead expenses

Salestax ischarged on the sale of anitem by the government and isadded to the Bill Amount.
Saestax = Tax% of Bill Amount

GST standsfor Goods and Services Tax and islevied on supply of goodsor servicesor both.
Compound interest istheinterest cal culated on the previousyear’ samount (A =P+1)

(1)  Amount wheninterest iscompounded annually

n
= P(1+1—|(-\;0) ;  Pisprincipa, Risrateof interest, nistimeperiod

@iy Amount wheninterestiscompounded half yearly

R
2n | —is half yearly rate and
= p(]__,_ i) 2 -

2n = number of half-year
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Algebraic Expressions
and Identities

9.1 What are Expressions?
In earlier classes, we have already becomefamiliar with what algebraic expressions
(or smply expressions) are. Examplesof expressionsare:
X+ 3,2y—5, 3%, 4xy + 7 €tc.
You can form many more expressions. Asyou know expressionsareformed from

variablesand congtants. Theexpression 2y —5isformed fromthevariabley and constants
2and 5. Theexpression4xy + 7 isformed from variablesx and y and constants4 and 7.

We know that, the value of y in the expression, 2y —5, may be anything. It can be

5 7
2,5,-3,0, 573 etc.; actually countlessdifferent values. Thevalue of an expression

changeswith thevaue chosenfor thevariablesit contains. Thusasy takeson different
values, thevalue of 2y—5 goeson changing. Wheny =2, 2y—5=2(2) -5=-1; when
y=0,2y-5=2x0-5=-5, etc. Find thevaue of theexpression 2y —5 for the other
givenvauesof y.

Number lineand an expression:
Congder theexpressonx+ 5. Let ussay thevariablexhasapodtion X onthenumber line;

x «—5—>
° } }
o X P
X may beanywhereonthenumber line, but it isdefinitethat thevalueof x + 5isgiven by
apoint B 5unitstotherightof X. Similarly, thevaueof x—4will be4 unitstotheleft of
X andsoon.
What about the position of 4x and 4x + 5?

The position of 4xwill bepoint C; thedistance of Cfromtheoriginwill befour times 27

thedistanceof X fromtheorigin. Theposition D of 4x+ 5will be5 unitstotheright of C.
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TRY THESE

1. Givefiveexamplesof expressionscontaining onevariableand five examplesof
expressionscontaining two variables.
2. Show onthenumber linex, x—4, 2x+ 1, 3x—2.

Taketheexpression4x + 5. Thisexpressionismadeup of twoterms, 4xand 5. Terms
areadded toform expressions. Ter msthemselvescan beformed asthe product of
factors. Theterm4xisthe product of itsfactors4 and x. Theterm5
ismadeup of just onefactor, i.e., 5.

_ . The expression 7xy — 5x has two terms 7xy and -5x. The term
|dentify thecoefficientof @ach 7,y is 4 product of factors 7, x and y. The numerical factor of aterm
LIl ot Coles iscalleditsnumerical coefficient or simply coefficient. Thecoefficient

X°y? — 10xy + Sxy* — 20. in the term 7xy is 7 and the coefficient in the term —5x is 5.

9.3 Monomials, Binomials and Polynomials

Expressionthat containsonly onetermiscalled amonomial. Expressionthat containstwo
termsiscalled abinomial. An expresson containing threetermsisatrinomial and soon.
In general, an expression containing, one or moretermswith non-zero coefficient (with
variableshaving non negativeintegersasexponents) iscaled apolynomial. A polynomia
may contain any number of terms, oneor morethan one.

Examplesof monomids  4x2, 3xy, —7z, 5xy?, 10y, -9, 82mnp, etc.

Examplesof binomids: a+b, 4l +5m, a+4,5-3xy, 22— 4y? etc.

Examplesof trinomids a+b+c, 2x+ 3y—5, Xy —xy? + V2, etc.

Examplesof polynomids  a+ b + ¢+ d, 3xy, 7xyz— 10, 2x + 3y + 7z €tc.

TRY THESE

1. Classfy thefollowing polynomidsasmonomias, binomids, trinomias.
—-z+5x+y+zy+z+100,ab—ac, 17
2. Congruct
(@ 3binomiaswithonly xasavariable;
(b) 3binomialswithxandyasvariables,
(¢) 3monomiaswithxandyasvariables;
(d) 2polynomiaswith4 or moreterms.

9.4 Like and Unlike Terms

Look at thefollowing expressions.
7X, 14x, =13X, 5x2, 7y, 7xy, —9y?, —9x?, —byx
Liketermsfromtheseare:
(i) 7x,14x,—13xareliketerms.
(i) 5x?and—9x?areliketerms.
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(i) 7xyand-5yxareliketerms.
Why are 7x and 7y not like?
Why are 7x and 7xy not like?
Why are 7x and 5x? not like?

TRY THESE

Writetwotermswhich arelike
(i) 7xy (i) 4mn? (i) 2l

9.5 Addition and Subtraction of Algebraic Expressions

Intheearlier classes, wehavea solearnt how to add and subtract algebraic expressions.
For example, to add 7x% —4x + 5 and 9x — 10, we do

X —4x+ 5
+ 9% - 10
X +5x—5

Observe how we do the addition. We write each expression to be added in aseparate
row. While doing so wewritelike termsone bel ow the other, and add them, as shown.
Thus5 + (-10) =5-10=-5. Similarly, —4x + 9x = (— 4 + 9)x = 5x. Let ustake some
moreexamples.

Example 1: Add: 7xy + 5yz—3zx, 4yz + 9zx — 4y , —3xz + 5x — 2xy.

Solution: Writing the three expressionsin separate rows, with liketerms one bel ow
the other, wehave

Xy + 5yz —3zX
+ 4dyz + 9zx -4y
+ —2xy —3zx + 5x (Notexzissame as zx)

SXy + 9yz+3zx + 5x —4y

Thus, the sum of the expressionsis5xy + 9yz + 3zx + 5x—4y. Note how theterms, — 4y
inthe second expression and 5xinthethird expression, arecarried over asthey are, since
they haveno liketermsinthe other expressions.

Example 2: Subtract 5x — 4y? + 6y — 3 from 7x2 — 4xy + 8y? + 5x — 3y.
Solution:
7x% — 4xy + 8y? + 5x — 3y
5x2 —4y? +6y—3
) ) G )
22 —4xy +12y*+ 5x—9y + 3
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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 term in the second row help usin knowing which
operation hasto be performed.

B EXERCISE 9.1

1. Identify theterms, their coefficientsfor each of thefollowing expressions.
(i) 5xyz2—3zy (i) 1+x+x? (i) 4xy? — A2 + 72

) 3-pg+ar—rp (v) §+%—xy (vi) 0.3a—0.6ab + 0.5b

2. Classify thefollowing polynomiasasmonomials, binomials, trinomias. Which
polynomiasdo not fitin any of thesethree categories?

X+, 1000, X + X% + X3+ x4, 7 + y + 5x, 2y — 3y?, 2y — 3y? + 4y?, 5x — 4y + 3xy,
4z—157, ab + bc + cd + da, par, p’q + pof, 2p + 29

3. Addthefollowing.
() ab—bc,bc—ca, ca—ab (i) a—b+ab,b—c+bc,c—a+ac
(i) 2p’*—3pg+4,5+7pq-3p°®  (iv) P+mA, P+ n?+ 12
2lm+ 2mn + 2nl

4. (@ Subtract 4a—7ab+3b+12 from12a—9ab+5b—-3

(b) Subtract 3xy + 5yz— 7zx from 5xy — 2yz — 2zx + 10xyz

(c) Subtract 4p?q—3pq + 5pg?—8p + 7q— 10 from

18 — 3p — 119 + 5pg — 2pcf + 5p%q

9.6 Multiplication of Algebraic Expressions: Introduction
(i) Look atthefollowing patternsof dots.

B Pattern of dots Total number of dots\

® 6 o o o o [ ] e ©

e 6 o o o o [ ] e ©

® ©o 0o © 0 0 0 0 o 4x9

® 6 o o o o [ ] e o

® 6 o o o o [ ]

® 6 o o o o [ ]

® 6 o o o o [ )

® 6 o o o o [ ] 5 X 7

e 6 o6 o o o [ )
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n

/\/\—/_\ To find the number of
® 06 0o 0o - - - o o dots we have to multiply
LA the expression for the

m< _ _ _ _ _ _ _ _ _ number of rows by the
------- - - mxn expression for the
; ; ; ; - - ; ; number of columns.

mXn
n+3

— —N- —~
PO Here the number of rows
_______ - - - - = isincreased by

N )J—- - - - - - = - - - - - 2,i.e.,, m+ 2 and number

I I | mrx(n+y of columnsincreased by
e o o o e o o o o 3ie,n+3.
e © 6 6 - - — o o o o o
e 6 o6 o6 - - — o o o o o

o J

(i) Canyounow think of smilar other Stuaionsinwhich I

two agebraic expressonshaveto bemultiplied? I
b

Ameenagetsup. Shesays, “We can think of areaof b-3
arectangle.” Theareaof arectangleisl| x b, wherel 1
isthelength, and b is breadth. If thelength of the ¢ d

rectangle isincreased by 5 units, i.e, (I +5) and ) [+5 >

breadth is decreased by 3 units, i.e., (b—3) units,
theareaof thenew rectanglewill be(l +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 p x z

Suppose, the price per dozen wasless by % 2 and the bananas needed were lessby
4 dozens.

Then, price of bananas per dozen=3 (p—2)
and bananas needed = (z—4) dozens,
Therefore, wewould haveto pay =X (p—-2) x(z-4)
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R, TRY THESE

Canyouthink of two moresuch situations, wherewemay needto multiply algebraic
expressons?
[Hint: e Think of speed andtime;

e Think of interest tobepaid, theprincipa andtherateof smpleinterest; etc.]

= Inall theabove examples, wehad to carry out multiplication of two or morequantities. I
the quantities are given by algebraic expressions, we need to find their product. This
meansthat we should know how to obtain thisproduct. Let usdo thissystematically. To
beginwithweshall ook at the multiplication of two monomials.

9.7 Multiplying a Monomial by a Monomaial

9.7.1 Multiplying two monomials
Webeginwith
4xxX=X+X+X+X=4x asseen exlier.
Smilaly, 4% (3x) =3x+ 3x + 3x + 3x = 12x
Now, observethefollowing products.
0] XX 3y=Xx3xy=3xXxy=3xy
(i) SXXx3y=5xxx3xy=5x3xxxy =15xy
(i) 5xx(By)=5xxx(=3) xy
=5x%x(=3) xxxy =-15xy

Noticethat al the three
products of monomials, 3xy,
15xy, —15xy, arealso
monomials.

Some more useful examplesfollow. Notethat 5x4=20

(iv) 5X % 4x? = (5 % 4) X (x X X°) i.e., coefficient of product = coefficient of
first monomial x coefficient of second

= 20 x x3 = 20¢¢ .
\ monomid;
(v) Sxx (=4xyz) = (5 —4) x (xx xy2) and

XX X2 =x3
=20 x (X X X X yz) = —20%%yz i.e, algebraic factor of product
Observe how we collect the powersof different variables | = dgebraicfactor of first monomial

inthe algebraic partsof thetwomonomials, Whiledoing | * @9ebraic factor of second monomial.
so, we usetherules of exponentsand powers.

9.7.2 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 5x%y? x 633y = (4xy x 5x%y?) x 6x3y® = 20x%y° x 6x3%y° = 120x%y2 x X3y®
=120 (3 x x3) x (y® x y®) = 120x° x y® = 12084
Itisclear that wefirst multiply thefirst two monomialsand then multiply theresulting

monomial by thethird monomial. Thismethod can be extended to the product of any
number of monomials.
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TRY THESE We can find the product in other way also.

4xy x 5x%y? x 6x° y°
Find 4x x 5y x 7z G S A
First find 4x x 5y and multiply it by 7z _ (120 Xoy bl )Xy )
or first find 5y x 7zand multiply it by 4x.
Istheresult the same? What do you observe?
Doestheorder inwhichyou carry out the multiplication matter?

Example 3: Completethetablefor areaof arectanglewith givenlength and breadth.

Solution: ( length breadth area )
3X Sy 3x x By = 15xy
9y 4y |
4ab 5bc [

L 2°m 3m? | )

Example 4: Find the volume of each rectangular box with given length, breadth
andheight.

f length breadth height \
(0] 2ax 3by 5cz
(i) mén n’p p*m

W 2q 49 8

Solution: Volume=length x breadth x height
Hence for ()  volume=(2ax) x (3by) x (5¢2)
=2x3x5x (ax) x (by) x (cz) = 30abcxyz
for (i) volume=m’n x n’p x p’m
= (mf xm) x (n x %) x (p x p?) = n¥n’p
for (i) volume=2q x 4¢? x 8¢®
:2x4x8quq2xq3 :64q6

B EXERCISE 9.2

1. Findtheproduct of thefollowing pairsof monomials.
@) 47p (i) —4p, 7p (i) —4p, 7pq (iv) 4p° —3p
() 4p,0
2. Findtheareasof rectangleswiththefollowing pairsof monomiasasther lengthsand
breadthsrespectively.
(p, 9); (10m, 5n); (20x2, 5y?); (4%, 3x?); (3mn, 4np)
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3. Completethetableof products.

f First monomia —
Second monomial

2X -5y 3x? — 4xy ™)y | —9xy?

2X 4x?
-5y —15x%y

3x2
— 4xy
X2y

—Ox?y?

J

4. Obtainthevolumeof rectangular boxeswith thefollowing length, breadth and height
respectively.
(i) 5a, 3a?% 7a’ (i) 2p, 4q, 8r (i) xy, 2y, 2xy* (iv) a, 2b, 3c
5. Obtaintheproduct of
) xy,yz zx (i) a,—a%a® (iii) 2, 4y, 8y?, 16y®
(iv) a, 2b, 3c, 6abc (v) m, —mn, mnp

9.8 Multiplying a Monomial by a Polynomial

9.8.1 Multiplying a monomial by a binomial
Let usmultiply themonomial 3x by thebinomial 5y + 2,i.e., find3xx (5y+2) =?

Recdll that 3xand (5y + 2) represent numbers. Therefore, using the distributive law,
3x x (By + 2) = (3x x By) + (3x x 2) = 15xy + 6X

We commonly usedistributivelaw in our calculations. For example:
7 %106 =7 x (100 + 6)
=7%x100+7x%x6 (Here, we used distributive law)
=700+42=742
7x38=7x(40-2)
=7x40-7x%2 (Here, we used distributive law)
=280 - 14 = 266

Smiladly, (=3x) x (-by + 2) = (-3X) x (-by) + (-3x) x (2) = 15xy —6X
and Sxy x (y? +3) = (5xy x ¥?) + (5xy x 3) = 5xy* + 15xy.

What about abinomia x monomial? For example, (5y +2) x 3x="?
We may usecommutativelaw as: 7x3=3x 7;oringenera axb=bxa
Smiladly, (By + 2) x 3x = 3x x (5y + 2) = 15xy + 6x as before.

TRY THESE

Find the product (i) 2x (3x+ 5xy) (i) a?(2ab-5c)
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9.8.2 Multiplying a monomial by a trinomial
Consider 3p x (4p? + 5p + 7). Asintheearlier case, we use distributive law;
3px (4p*+5p+7)=(3px 4p?) + (3p x 5p) + (3p x 7)
=12p* + 15p? + 21p

Multiply eachtermof thetrinomid 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 theexpressionsand evaluate them asdirected:

(i) x(x=3)+2forx=1, @) 3y(2y-7-3(y—4)-63fory=-2
Solution:

() x(x=3)+2=x>—3x+2
For x=1,x-3x+2=(1)?-3(1) +2
=1-3+2=3-3=0
() 3y(2y—7)—-3(y—4)—63 =6y°—21ly—3y+12-63
= 6y*—24y-51
For y=-2, 6y>—24y—51 =6 (-2)>—24(-2) —51
=6x4+24%x2-51
=24+48-51=72-51=21
Example 6: Add
(i) 5m(3-m) and 6n? —13m (i) 4y (3y?+5y—7)and 2 (y®—4y*+5)
Solution:
(i) Firstexpression=5m(3—m)=(5mx 3) —(5mx m) = 15m — 5n?
Now adding the second expression to it,15m— 5m? + 6rm? — 13m= ¥ + 2m
(i) Thefirst expression=4y (3y*+ 5y —7) = (4y x 3y°) + (4y x By) + (4y x (7))

= 12y° + 20y~ 28y
Thesecond expression =2 (Y2 —4y?+5) =2y2+ 2 x (—4y?) +2x 5
=2y-8y°+10
Adding thetwo expressions, 12y3 +  20y*—28y
LA A - +10

14y3 + 12y?-28y +10
Example 7: Subtract 3pq (p—q) from 2pq (p + q).

Solution: Wehave 3pq (p—0a) =3p*q—3pg? and
2pq (p + q) = 2p°q + 2pf?
Subtracting, g +  2pg?
3p’q - 3po?
- +

-pqg  +  5pg
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B EXERCISE 9.3

1. Carry out themultiplication of theexpressionsin each of the following pairs.
@) 4p.q+r (i) ab,a-b i) a+b 78%” (v) a®-9 4a

() pg+ar+rp,0
2. Completethetable.

f First expression Second expression Product )
(0] a b+c+d
(ii) X+y—5 5xy
(iii) p 6p>—7p+5
i) 4p*of? PP -
\(v) atb+c abc )
3. Findtheproduct.
0 (a0 (26) x (42) 0 [(20)x(30v)
(i) (—1—?? pq3) X (g p3q) V) X X3 X X3 X x4

4. (@ Smplify 3x(4x—5)+3andfinditsvaluesfor (i)x=3 (ii)x:%.
(b) Smplify a(a?+a+1)+5andfinditsvaluefor (i)a=0, (iija=1
(iia=-1.
5 (@ Add  p(p-a),q(g-r)andr(r—p)
(b) Add: 2X(z—x-y)and 2y (z—y—X)
(¢ Subtract: 3l (I-4m+5n)from 4 (10n-3m+21)
(d) Subtract: 3a(a+b+c)—-2b(a—b+ c)from 4c(—a+b+c)

9.9 Multiplying a Polynomial by a Polynomial

9.9.1 Multiplying a binomial by a binomial
Let usmultiply onebinomial (2a + 3b) by another binomial, say (3a+ 4b). Wedo this

step-by-step, aswedidin earlier cases, following thedistributive law of multiplication,
(3a+4b) x (2a+ 3b) =3a x (2a+ 3b) + 4b x (2a + 3b)

Observe, every teminone[— = (3ax 2a) + (3a x 3b) + (4b x 2a) + (4b x 3b)
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
(i) (x—4)and(2x+3) () (x—y)and (3x+ 5y)
Solution:
() (x=4)x(2x+3)=xx(2x+3)—4x%x(2x+3)
= (X% 2X) + (X x 3) — (4 x 2X) — (4 x 3) = 2% + 3x —8x— 12
=2x2-5x—12 (Adding liketerms)
(@) (x—y)x(3x+5y)=xx(3x+5y) -y x (3x+ 5y)
= (xx3x) + (xx 5y) —(y x 3x) = (y x 5Y)
= 3x2+ b5xy — 3yx —5y? = 3x2 + 2xy — 5y? (Adding liketerms)
Example 9: Multiply

() (@a+7)and(b-5) (i) (a2+ 2b?) and (5a—3b)

Solution:

) (@+7)x(b-5=ax((b-5+7x%(b-5)
=ab-5a+7b-35

Notethat therearenoliketermsinvolved inthismultiplication.
(i) (a+ 2b?) x (5a—3b) = a? (5a— 3b) + 2b? x (5a— 3b)
= b5a®—3a?b + 10ab? — 6b3

9.9.2 Multiplying a binomial by a trinomial

Inthismultiplication, weshal haveto multiply each of thethreetermsinthetrinomia by
each of thetwo termsin the binomial. We shall getinall 3 x 2 = 6 terms, which may
reduceto5or less, if theterm by term multiplication resultsin liketerms. Consider

(a+7) x (8°+3a+5) =ax(a2+3a+5)+7x(a2+3a+b)
binomial trinomial [usingthedistributivelaw]
=a*+3a’+5a+7a%+2la+35
=za*+ (3a?+ 7a%) + (5a+ 21a) + 35
=a®+10a? + 26a + 35 (Why arethereonly 4
termsinthefina result?)

Example 10: Simplify (a+b) (2a—3b+c)—(2a—3b) c.

Solution: Wehave

(a+b)(2a—3b+c)=a(2a-3b+c)+b(2a—3b+ )
=2a’?—3ab +ac+2ab—3b? + bc
=2a2—-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

2019-20




148 W MATHEMATICS

B EXERCISE 9.4
1. Multiply thebinomids.
(i) (2x+5)and (4x—3) (i) (y—8)and(3y—4)
(i) (251 —0.5m)and (251 +0.5m)  (iv) (a+3b)and(x+5)
(v) (2pqg+ 3cP) and (3pq—20f)
(Vi) (% a’ +3b2) and 4(a2— %sz

2. Findtheproduct.

) 5-29(B+X (i) (x+7y) (7x-y)
(i) (a2+b) (a+b? v) (P*—)(2p+a)
3. Smplify.
() (®=5)(x+5)+25 (i) (@+5)(*+3)+5

(i) (t+s) (-9

(v) (a+b)(c—d)+(a—b)(c+d)+2(ac+hd)

V) X+y)x+y)+(x+2))(x=y) V) X+Y)E—xy+y)
(vii) (1.5x—4y)(1.5x + 4y + 3) —4.5x + 12y
(vii) (a+b+c)(a+b-c)

9.10 What is an Identity?

Consder theequality (a+l) (a+t2)=a*+3a+2
We shall evauate both sides of thisequality for somevalueof a, say a=10.
For a=10, LHS=(a+1)(a+2)=(10+1) (10+2)=11x12=132
RHS=a’+3a+2=10°+3x10+2=100+ 30+ 2 =132
Thus, the valuesof thetwo sides of the equality areequal for a= 10.
Let usnow takea=-5
LHS=(a+1)(a+2)=(-5+1)(-5+2)=(-4) x (3 =12
RHS=a+3a+2=(-5)2+3(-5) +2
=25-15+2=10+2=12
Thus, fora=-5,adso LHS=RHS.
Weshall find that for any value of a, LHS=RHS. Such an equality, truefor every
valueof thevariableinit, iscalled an identity. Thus,
(a+1) (a+2) = a2+3a+2 isanidentity.
An equation istrue for only certain values of the variableinit. It is not true for
all values of thevariable. For example, consider the equation
a?+3a+2=132
Itistruefor a=10, asseen above, butitisnot truefor a=-5or fora=0etc.
Try it: Show that @® + 3a+2=132isnot truefora=-5andfora=0.

9.11 Standard Identities

Weshdl now study threeidentitieswhich arevery useful inour work. Theseidentitiesare
obtained by multiplying abinomia by another binomia.
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Let usfirst consider the product (a+b) (a+ b) or (a+ b)>.
(a+by?>=(a+b)(a+hb)

—al(a+b)+b(a+b)

=a’+ab+ba+b?

—a?+2ab+b? (sinceab=ha)
Thus (a+b)@?=a?+2ab+b? M

Clearly, thisisanidentity, Sincetheexpresson ontheRHSisobtained fromthe LHS by
actud multiplication. Onemay verify that for any vaueof aand any vaueof b, thevauesof
thetwo sidesareequal.

® Nextweconsider (a—b)2=(a—b)(a—b)=a(a—b)—b(a—b)
Wehave za’—ab—-ba+b?=a>-2ab+b?
or (a—h)>=a?—2ab + b? (D)
® Finally, consider (a+b) (a—b). Wehave (a+b) (a—b)=a(a-b) +b(a-b)
=a?—ab + ba-b? = a?—b*sinceab=ha)
or (@a+b)(a—b)=a?—-b? (1)
Theidentities(l), (I1) and (111) areknown asstandar d identities.

TRY THESE

1. Put—binplaceof binldentity (I). Doyouget Identity (11)?

® \Weshall now work out onemoreuseful identity.
(x+a) (x+b)=x(x+b)+a(x+Dh)
=x?+bx+ax+ab
or (x+a) (x+b)=x*+(a+b)x+ab (v)

TRY THESE

1. Verify ldentity (1V),fora=2,b=3,x=5.

2. Consider, the special case of Identity (1V) with a=b, what do you get?Isit
related to I dentity (1)?

3. Consider, thespecial caseof Identity (V) witha=-candb=-c. What doyou
get?lIsitrelatedto Identity (11)?

4. Consider thespecial case of Identity (1V) withb=—a. What do you get?Isit
related to Identity (111)?

Wecan seethat |dentity (IV) isthegeneral form of the other threeidentitiesal so.

9.12 Applying Identities
Weshall now seehow, for many problemson multiplication of binomial expressonsand
also of numbers, use of theidentitiesgivesasmpleadternative method of solving them.
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Example 11: Usingtheldentity (I),find (i) (2x+ 3y)? (i) 103°
Solution:
0] (2x+3y)* = (20)?+ 2(2X) (3y) + (3y)*  [Usingtheldentity (I)]

= 4x% + 12xy + 9y?

We may work out (2x + 3y)? directly.
(2x + 3y)* = (2x + 3y) (2x + 3y)

= (29 (29 + (29 (3y) + (3y) (29 + (3y) (3y)

= 4% + Bxy + 6 yx + 9y? (asxy=yX)

= 4x% + 12xy + 9y?
Using Identity (I) gaveusan dternative method of squaring (2x+ 3y). Do you noticethat
the ldentity method required fewer stepsthan the abovedirect method?You will realise
thesmplicity of thismethod even moreif you try to square more complicated binomial
expressionsthan (2x + 3y).

(i) (103)% = (100 + 3)?

=100 +2x 100 x 3+ 3 (Using ldentity | )

=10000 + 600 + 9 = 10609
Wemay a sodirectly multiply 103 by 103 and get the answer. Do you seethat | dentity (1)
has given usalesstedious method than the direct method of squaring 103?Try squaring
1013. Youwill findinthiscase, themethod of using identitieseven moreattractivethanthe
direct multiplication method.

Example 12: Using ldentity (11),find (i) (4p—30)? (i) (4.9
Solution:
() (4p—30)*=(4p)* -2 (4p) (30) + (3q)* [Usingtheldentity (I1)]
= 16p? — 24pq + 9¢°
Doyou agreethat for squaring (4p—3q)? the method of identitiesisquicker thanthe
direct method?
(i) (4.92=(5.0-0.1?=(5.0>-2(5.0) (0.1) +(0.1)?
=25.00-1.00 + 0.01 =24.01
Isit not that, squaring 4.9 using I dentity (I1) ismuch lesstediousthan squaring it by
direct multiplication?
Example 13: Using Identity (111), find

_(3 2 \(3_ 2 _ )
0) §m+§n)(§m—§n) @)  98F—172 (i) 194 x 206

Solution:
2 2
0 (§m+ Zn) (§m_3n) (34 -2, Try doing this directly.
2 3 2 3 2 3 You will realise how easy
9 4 our method of using
= Zm2 —§n2 Identity (111) is.

(i) 983?—172=(983 + 17) (983 —-17)
[Herea=983,b=17, & -b?>=(a+b) (a—h)]
Therefore, 9832 — 172 = 1000 x 966 = 966000
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(iii) 194 x 206 = (200 — 6) x (200 + 6) = 200% — 62
= 40000 — 36 = 39964
Example 14: Use the Identity (x + @) (x + b) =x2 + (a + b) x + ab to find the
fallowing:
(i) 501 x 502 (i) 95x 103
Solution:

0) 501 x 502 = (500 + 1) x (500 + 2) = 5002 + (1 + 2) x 500 + 1 x 2
= 250000 + 1500 + 2 = 251502

(i) 95 x 103 = (100 — 5) x (100 + 3) = 1002 + (-5 + 3) x 100 + (-5) x 3
= 10000 — 200 — 15 = 9785

B EXERCISE 9.5

1. Useasuitableidentity to get each of thefollowing products.
() (x+3)(x+3) i y+9(y+5) (i) (2a-7)(2a-7)

) (3a- %) (3a-— %) ) (1.1m—0.4) (L1m+ 0.4)
=\
Vi) (@+D) (—a2+?) (i) (6x—7) (6x+7) (i) (~a+c)(—a+c)

(iX) G + 3743/) G + 3743/) (x) (7a—9b) (7a—9b)

2. Usetheidentity (x+a) (x+b) =x?+ (a+ b) x+ abto find thefollowing products.

) x+3)(x+7) ([i) (4x+5)(4x+1)
@iy (4x—5) (4x-1) (iv) (4x+5) (4x-1)
() (2x+3y) (2x +3y) (V) (282 +9) (2a° + 5)

(Vi) (xyz—4) (xyz—2)
3. Findthefollowing squaresby using theidentities.

@ (b—7y (i) (xy+32° (i) (6x* —5y)®

2 3\
o [(Zme3n] 0 ©ap-0sir o) @y sy

4. Smplify.
() (a®—b?)? (i) (2x+5)*—(2x-5)?
(i) (7m—8n)%+ (7m+ 8n)? (iv) (4m+5n)? + (5m+ 4n)?
(v) (2.5p—1.50)*>— (1.5p—2.50)?
(vi) (ab+ bc)?—2ab*c (vii) (P — n?m)? + 2mPn?
5. Showthat.
() (x+7)>—84x=(3x-7) (i) (9p—50)*+180pq = (9p + 50)*
2
(i) (%m—%n) +2mn = 1—ng +1%n2

(V) (4pq+ 30)* — (4pq — 30)* = 48pc?
Vv) (a=b)y(a+b)+(b-c)(b+c)+(c—a)(c+a)=0
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6. Usngidentities evaluate.

i) 712 (i) 992 (i) 1022 (iv) 9982
(v) 522 (vi) 297 x 303 (vii) 78 x 82 (viii) 8.9?
((x) 105x9.5
7. Usinga?-—b?=(a+b) (a—b), find
(i) 512-49 (i) (1.02)2—(0.98)2(jiii) 1532 — 1472
(v) 12.12-7.9
8. Using(x+a) (x+b)=x2+(a+b)x+ab,find
(i) 103 x 104 (i) 51x52 (i) 103 x 98 (iv) 9.7x9.8

— WHAT HAVE WE DISCUSSED? —

. Expressionsareformed fromvariablesand constants.
2. Termsareadded to form expressions. Termsthemselvesareformed as product of factors.

3. Expressionsthat contain exactly one, two and threetermsare called monomials, binomialsand
trinomial srespectively. In general, any expression containing oneor more termswith non-zero
coefficients (and with variableshaving non- negativeintegersasexponents) iscaled apolynomial.

4. Liketermsareformed from the samevariablesand the powersof thesevariablesarethe same,
too. Coefficientsof liketermsneed not bethesame.

5. Whileadding (or subtracting) polynomids, first look for liketermsand add (or subtract) them,;
then handletheunliketerms.

6. Therearenumber of Stuationsinwhichweneedtomultiply agebraic expressons. for example, in
finding areaof arectangle, the sidesof which aregiven asexpressions.

7. A monomid multiplied by amonomia awaysgivesamonomid.

8. Whilemultiplying apolynomia by amonomia, wemultiply every terminthepolynomia by the
monomidl.

9. Incarrying out themultiplication of apolynomia by abinomia (or trinomid), wemultiply term by
term, i.e., every term of the polynomial ismultiplied by every terminthebinomial (or trinomial).
Notethat in such multiplication, wemay get termsin the product which arelike and haveto be
combined.

10. Anidentity isanequality, whichistruefor all valuesof thevariablesintheequality.
Ontheother hand, an equationistrueonly for certain valuesof itsvariables. An equationisnot an

identity.

11. Thefollowingarethestandardidentities:
(@a+b)>=a*+2ab +b? )]
(a—-b)?=a?—2ab+b? ()
(@a+b)(a—hb)=a2—b? (1)

12. Another useful identity is(x +a) (x +b) =x*+ (a+b) x +ab (V)

13. Theabovefour identitiesareuseful in carrying out squaresand products of agebraic expressions.
They a so alow easy dternative methodsto cal cul ate products of numbersand so on.
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Visualising Solid
Shapes

10.1 Introduction

InClass VI, you havelearnt about plane shapesand solid shapes. Plane shapeshavetwo
measurementslikelength and breadth and thereforethey are called two-dimensiona shapes
whereasasolid object hasthree measurementslikelength, breadth, height or depth. Hence,
they are called three-dimensional shapes. Also, a solid object occupies some space.
Two-dimensiona and three-dimensiona figures can also be briefly named as2-D and 3-
D figures. You may recdll that triangle, rectangle, circleetc., are 2-D figureswhile cubes,
cylinders, cones, spheresetc. arethree-dimensional figures.

DO THIS

Match thefollowing: (First oneisdonefor you)

( Shape Type of Shape Name of the shape b

3-dimensond Sphere

K

2-Dimensond Cylinder

i S

3-dimengond Square

2-dimensond Circle
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3-dimensiona Cuboid
Q 3 dimensiondl Cube
| 2-dimensional Cone
3-dimensona Triangle
. v J

Notethat al the above shapesaresingle. However, inour practicd life, many atimes, we
comeacrosscombinationsof different shapes. For example, look at thefollowing objects.

A tent Atin Softy (ice-cream)
A cone surmounted A cylinderical shell A cone surmounted by a

onacylinder hemisphere

e

A photoframe A bowl Tombonapillar

A rectangular path A hemispherical shell Cylinder surmounted
by a hemisphere
NG Match thefoll owing pictures (objects) with their shapes:
Picture (object) Shape
(i) Anagricultural field Tworectangular crosspathsinsidea

rectangular park.
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(i) A groove A circular path around acircular ground.

(iii)y Atoy A triangular field adjoining asquarefield.

(iv) Acircular park O A conetaken out of acylinder.
(v) A crosspath * A hemisphere surmounted on acone.

10.2 Views of 3D-Shapes

You havelearnt that a3-dimensiona object canlook differently from different positionsso
they can be drawn from different perspectives. For example, agiven hut can havethe
followingviews.

Front A hut Side Front view

smilarly, aglasscan havethefollowing views.

A glass Sideview Top view

Why isthetop view of theglassapair of concentric circles? Will theside view appear different if takenfrom
someother direction? Think about this! Now ook at thedifferent viewsof abrick.
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A brick Front view Sideview
We can also get different views of figuresmade by joining cubes. For example.

Top
P Side
Front Solid Sideview Front view Top view
made of three cubes
Top
Side
Front Slid Top view Front view Sideview
made of four cubes
Top
Front Side

Solid Sideview Front view Top view
made of four cubes

DO THIS

Observedifferent thingsaround you from different positions. Discusswith your friends
their variousviews.
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B EXERCISE 10.1

1. For each of the given solid, the two views are given. Match for each solid the
corresponding top and front views. Thefirst oneisdonefor you.
Object Side view Top view

Cup and Saucer

v) v)

Container
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2. For each of thegiven solid, thethreeviewsaregiven. I dentify for each solid the corresponding top,
front and sideviews.

@ Object 0] (i) (i)

Side

Anamirah

Front

Front
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3. Foreachgivensolid, identify thetop view, front view and sideview.

@ Top
b— Side
Fror{' 0) (i) (i)
Top
(b) I
/ v
Side
Fror{ 0) (i) (iii)
© Top
|
<— Side
FrOI{, (I) (il) (ill)
(d) Top
<— Side
Frm{' (I) (il) (ill)
( e) Top
|
Side
brom 0 (i) (i
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4. Draw thefront view, sideview andtop view of thegiven objects.

@ Amiiaytat (b) Atable Top

Side

Side

4— Side

Front

10.3 Mapping Space Around Us

You have been dealing with mapssinceyou werein primary, classes. |n Geography, you
have been asked to locate aparticular State, aparticular river, amountain etc., onamap.
In History, you might have been asked to locate aparticul ar place where someevent had
occured long back. You have traced routes of rivers, roads, railwaylines, tradersand
many others.

How do weread maps?What can we conclude and understand whilereading amap?
What information doesamap have and what it doesnot have?Isit any different froma
picture?Inthissection, wewill try to find answersto some of these questions. Look &t the
map of ahousewhosepictureisgivenadongside(Fig10.1).

L
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What canwe concludefromtheaboveillustration?\Whenwedraw apicture, weattempt
torepresent redity asitisseenwithdl itsdetails, whereas, amap depictsonly thel ocation of
anobject, inrelationto other objects. Secondly, different persons can give descriptions of
picturescompletdly different from oneanother, depending uponthe positionfromwhichthey
arelooking at the house. But, thisisnot truein the case of amap. The map of the house
remainsthe sameirrespective of the position of the observer. In other words, per spective
isvery important for drawingapicturebut it isnot relevant for amap.

Now, look at the map (Fig 10.2), which has been drawn by My house
sevenyear old Raghav, astheroutefromhishousetohisschool: o

My sister’sschool

Fromthismap, canyoutell —
(i) how farisRaghav’sschool from hishouse?

(i) would every circleinthe map depict around about?
(i) whoseschool isnearer tothehouse, Raghav'sor hissister’s?

Itisvery difficult to answer the above questionson the basis of
thegiven map. Canyoutell why? My school

Thereason isthat we do not know if the distances have been Fig 10.2
drawn properly or whether the circlesdrawn are roundabouts or
represent something el se.

Now |look at another map drawn by hissister,
ten year old Meena, to show the route from her
houseto her school (Fig 10.3).

Thismapisdifferent fromtheearlier maps. Here,
Meena has used different symbols for different
landmarks. Secondly, longer line segments have
been drawn for longer distancesand shorter line
segments have been drawn for shorter distances,
i.e, shehasdrawnthemaptoascae.

Now, you can answer thefollowing questions:
e How far is Raghav’s school from his Fig 10.3
residence?
® \Whose school isnearer to the house, Raghav’sor Meena s?
® Which aretheimportant |landmarkson theroute?

Thusweredisethat, use of certain symbolsand mentioning of distanceshashelped us
read the map easily. Observethat the distances shown on the map are proportiona to the
actual distancesontheground. Thisisdone by considering aproper scae. Whiledrawing
(or reading) amap, one must know, to what scaleit hasto bedrawn (or hasbeen drawn),
i.e., how much of actua distanceisdenoted by Immor 1cminthemap. Thismeans, that if
onedrawsamap, he/she hasto decidethat 1cm of spacein that map showsacertainfixed
distanceof say 1 kmor 10 km. Thisscae can vary frommap to map but not within amap.
For instance, |ook at themap of Indiaa ongsidethe map of Delhi.
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Youwill find that when themapsare drawn of samesize, scalesand thedistancesin
thetwo mapswill vary. That is1 cm of spacein the map of Delhi will represent smaller
distancesas compared to thedistancesin themap of India

Thelarger theplace and smaller the size of the map drawn, the greater isthedistance
represented by 1 cm.

Thus, we can summarisethat:
1. A mapdepictsthelocation of aparticular object/placeinrdationto other objects/places
2. Symbolsareused to depict the different objects/places.
3. Thereisno reference or perspective in map, i.e., objectsthat are closer to the
observer are shown to be of the same size as those that are farther away. For
example, look at thefollowingillustration (Fig 10.4).

Fig 10.4

4. Mapsuseascaewhichisfixed for aparticular map. It reducesthereal distances
proportionately to distances on the paper.

DO THIS

1. Look at thefollowing map of acity (Fig 10.5).

T T L] T
/ LIBR COURT, Pouce | ;| LAKE,
EF I | i | | Lsramion] |
______ b DMATIETRRRE & oo, L S
=) ) = =] ]
»I FIRE |2] | PRIMARY =] 1 [nospivar,
| f,i,-,oﬂ STATION ual StHooL "" 7
m-a.—-‘l-——-—rm—— —1——--":1 ------
— X :
%[ o P | [Fom——"y
BN ' | | oFFicE. CENTRE
= A !
. N
PLANT % VER
T e

(@ Colour themap asfollows: Blue-water, Red-fire station, Orange-Library,
Yellow-schools, Green-Parks, Pink-Community Centre, Purple-Hospital,
Brown-Cemetry.
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(b) MarkaGreen*X’ at theintersection of 2nd street and Danim street. A Black
‘Y’ wheretheriver meetsthethird street. A red* Z’ at theintersection of main
street and 1st street.

(¢) Inmagentacolour, draw ashort street route from the collegeto thelake.

2. Draw amap of the route from your house to your school showing important
landmarks.

B EXERCISE 10.2
1. Look at thegiven map of acity.

” sl',
7/ SECONDARY
StHool, .

Answer thefollowing.

(@ Colourthemapasfollows: Blue-water, red-firestation, orange-library, yellow
- schools, Green - park, Pink - College, Purple- Hospital, Brown - Cemetery.

(b) Makagreen‘X’ at theintersection of Road‘C’ and Nehru Road, Green‘ Y’
at theintersection of Gandhi Road and Road A.

(©) Inred, draw ashort street route from Library to the bus depot.

(d) Whichisfurther east, thecity park or the market?

() Whichisfurther south, the primary school or the Sr. Secondary School ?

Draw amap of your classroom using proper scaleand symbolsfor different objects.

3. Draw amap of your school compound using proper scaleand symbolsfor various

featureslikeplay ground main building, garden etc.
4. Draw amap givinginstructionsto your friend so that she reachesyour housewithout

any difficulty.

N

10.4 Faces, Edges and Vertices
L ook at thefollowing solids!

€ Vertex

Riddle
| have no vertices.
<4——Face

| have no flat
T \ faces. Who am 1?
Edge
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-~
-~
.
Lo
-~
L

Each of these solids is made up of polygonal regions which are called its faces;
thesefacesmeet at edgeswhich areline segments; and the edges meet at verticeswhich
arepoints. Such solidsarecalled polyhedrons.

ol
L

These are polyhedrons These are not polyhedrons

How are the polyhedrons different from the non-polyhedrons? Study thefigures
carefully. You know three other typesof common solids.

Base
Curved Lateral Base

surface surface Lateral surface

Sphere Cone Cylinder

Convex polyhedrons: Youwill recall the concept of convex polygons. Theideaof
convex polyhedronissimilar.

g Ot

These are convex polyhedrons These are not convex polyhedrons

Regular polyhedrons: A polyhedronissaidto beregular if itsfaces are made up of
regular polygonsand the same number of faces meet at each vertex.
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A

<

\

Thispolyhedronisregular. Thispolyhedonisnot regular. All the sides

Its faces are congruent, regular are congruent; but the vertices are not
polygons. Vertices are formed by the formed by the same number of faces.
same number of faces 3 faces meet at A but

4 faces meet at B.
Twoimportant membersof polyhedron family around are prismsand pyramids.

Lo

These are prisms These are pyramids

We say that a prism isapolyhedron whose base and top are congruent polygons
and whose other faces, i.e., lateral facesare parallelogramsin shape.

On the other hand, a pyramid is a polyhedron whose base is a polygon (of any
number of sides) and whoselateral facesaretriangleswith acommon vertex. (If youjoin
all the cornersof apolygonto apoint notinitsplane, you get amodel for pyramid).

A prismor apyramidisnamed after itsbase. Thusahexagonal prism hasahexagon
asitsbase; and atriangular pyramid hasatriangle asitsbase. What, then, isarectangular
prisn?What isasquare pyramid?Clearly their basesarerectangleand squarerespectively.

DO THIS

Tabulate the number of faces, edgesand verticesfor thefollowing polyhedrons:
(Here*V’ gandsfor number of vertices, ‘F standsfor number of facesand‘E’ stands
for number of edges).

Solid F V E F+V E+2

Cuboid

Triangular pyramid
Triangular prism
Pyramidwith squarebase

(_ Prismwith squarebase )
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What do you infer from the last two columns? In each case, do you find
F+V=E+2i.e,F+V -E=2?Thisrelationshipiscalled Euler’sformula.
Infact thisformulaistruefor any polyhedron.

HEE THINK, DISCUSS AND WRITE Ul

Wheat happensto F, V and E if some partsarediced off from asolid? (To start with,
you may takeaplasticine cube, cut acorner off and investigate).

B EXERCISE 10.3

1. Canapolyhedronhaveforitsfaces
(1) 3triangles? (i) 4triangles?
(i) asquareandfour triangles?
2. Isitpossibleto have apolyhedronwith any given number of faces? (Hint: Think of
apyramid).
3. Whichareprismsamong thefollowing?

0] (i) /

A nail Unsharpened pencil
(i) | ) @
A table weight A box

4. (1) Howareprismsandcylindersalike?
() How arepyramidsand conesalike?
Isasquare prism same asacube? Explain.
Verify Euler’sformulafor thesesolids.

(i)
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7. Using Euler’ sformulafind the unknown.

(Faces ? 5 20 h
Vertices 6 ? 12
2

\Edges 12 9 oy

8. Canapolyhedron have 10faces, 20 edgesand 15 vertices?

— WHAT HAVE WE DISCUSSED? _

© 0o N gk owDdPRE

. Recognising 2D and 3D objects.
Recognising different shapesin nested objects.
3D objectshavedifferent viewsfrom different positions.
A mapisdifferent fromapicture.
A map depictsthelocation of aparticular object/placein relation to other objects/places.
Symbolsare used to depict the different objects/places.
Thereisno reference or perspectiveinamap.
Mapsinvolveascaewhichisfixed for aparticular map.
For any polyhedron,
F+V-E=2
where‘F standsfor number of faces, V standsfor number of verticesand E standsfor number of
edges. Thisrelationshipiscalled Euler’sformula.

J
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Mensuration

11.1 Introduction

We have learnt that for a closed planefigure, the perimeter isthe distance around its
boundary and itsareaisthe region covered by it. We found the area and perimeter of
variousplanefiguressuch astriangles, rectangles, circlesetc. Wehaveasolearnt tofind
theareaof pathwaysor bordersin rectangular shapes.

Inthischapter, wewill try to solve problemsrelated to perimeter and areaof other
planeclosed figureslikequadrilaterals.

Wewill alsolearn about surface areaand volume of solids such ascube, cuboid and
cylinder.

11.2 Let us Recall
L et ustake an exampleto review our previousknowledge.
Thisisafigureof arectangular park (Fig 11.1) whoselengthis30 mand widthis20 m.
(i) Whatisthetota length of thefence surrounding it? To find thelength of thefencewe
need to find the perimeter of thispark, whichis100 m.

CHAPTER

[=]3:2 =]
. r

085 2CHI

(Checkit)
(i) How much land is occupied by the park? To find the Im—,
land occupied by thispark we need to find the area of
thispark whichis600 square meters(m?) (How?).
(i) Thereisapathof onemetrewidthrunninginsidealong ¢ 5, _| )
the perimeter of the park that has to be cemented. —

If 1 bag of cement isrequired to cement 4 m? area, how | 30m P
many bagsof cement would berequired to construct the Fig 11.1
cemented path? g

area of the path

hat th f - '
We can say that the number of cement bags used area cemented by 1 bag

Areaof cemented path = Areaof park —Areaof park not cemented.
Pathis1 mwide, so therectangular areanot cementedis(30—2) x (20—2) m?,
That is28 x 18?2,
Hencenumber of cement bagsused = ------------------

(v) Therearetwo rectangular flower bedsof size 1.5 m x 2m each in the park as
shown inthediagram (Fig 11.1) and therest hasgrassonit. Find the areacovered
by grass.
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Area of rectangular beds = ------------------
Areaof park |eft after cementing the path = ------------------
Area covered by the grass = ------------------
We can find areas of geometrical shapes other than rectangles also if certain
measurementsaregiven tous. Try to recall and match thefollowing:

Diagram Shape Area b
“ rectangle axa
b
“ Square bxh
a
A e ™
b
1
i h ; pardldogram > bxh
b
@ crce axb
Canyou writean expression for the perimeter of each of the above shapes? )

TRY THESE

(@ Matchthefollowing figureswiththeir respectiveareasinthebox.

/AN
s/

&
/S N o
1 J_ : \
— 14 cm — F—14 cm — ——14cm — 77 cn?
71-“1 CEn 98 cm?

Il

(b) Writethe perimeter of eachshape. —— 14em — —7em—
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B EXERCISE 11.1

1. A square and a rectangular field with
messurementsasgiveninthefigurehavethesame
perimeter. Which field hasalarger area?

F— 60 m — ——80 m—

2. Mrs. Kaushik has a square plot with the @ (b)
measurement asshowninthefigure. Shewantsto -
construct ahouseinthemiddle of the plot. A garden isdevel oped ; 20 m

around the house. Find thetotal cost of devel oping agarden around
the house at therate of ¥ 55 per m?.

25 m House

3. Theshapeof agardenisrectangular inthemiddleand semi circular
at theendsasshown inthediagram. Find the areaand the perimeter

of thisgarden [Length of rectangleis Q
7J1-n 20— (3.5+ 3.5) metres). _Ga

—15m —

25 m

I 20 m |
4. A flooring tile has the shape of a parallelogram whose base is 24 cm and the
corresponding height is 10 cm. How many such tilesarerequired to cover afloor of
area 1080 m??(If required you can split thetilesin whatever way you want tofill up
thecorners).

5. Anantismoving around afew food piecesof different shapes scattered onthefloor.
For which food-piece would the ant have to take alonger round? Remember,
circumference of acircle can be obtained by using the expression ¢ = 2rr, wherer
istheradiusof thecircle.

(a) (b) '|' (C) —2.8 cm—
1

—28cm— —2.8 cm—

11.3 Area of Trapezium

Nazma owns a plot near a main road D TT
(Fig11.2). Unlikesomeother rectangular c
plotsin her neighbourhood, the plot has
only onepair of parallel oppositesides.
So, itisnearly atrapeziumin shape. Can
youfindout itsarea?

Let usnametheverticesof thisplot as
showninFig11.3. L
By drawing EC || AB, wecan divideit —12 m—
into two parts, oneof rectangular shape u n —h—
andtheother of triangular shape, (which ~ ~ —— 12 m— Fig 11.3
isright angledat C), asshowninFig11.3. Fig 11.2 (b=c+a=30m)

20 m| 20m a

20 m

B 1 L1
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1 1
Areaof AECD = 3 hxc= E><12><10 =60 m2.

Areaof rectangleABCE=h x a=12 x 20 = 240 m.
Areaof trapeziumABDE = areaof A ECD +Areaof rectangleABCE = 60+ 240 =300 .
We can writethe area by combining thetwo areasand writethe areaof trapezium as

1 c
areaofABDE:Eh xc+hxa=h (§+a)

(c+2a) (c+a+a)
—h —p[=t2T4
2 2

: h(b+a) (sum of pardlel sides)

2

(b+a)
2

= ha ght

By substituting thevaluesof h, b and ainthisexpression, wefind h =300m2

TRY THESE

1. Nazma ssgter dso hasatrapezium shaped plot. Divideit into three partsasshown

(Fig 11.4). Show that theareaof trapeziiumWXYZ =h (a; 9 .

b b i
Z Y 2. Ifh=10cm,c=6cm,b=12cm,
d=4cm, find the values of each of
h itsparts separetely and add to find
theareaWXY Z. Vexify it by putting
the values of h, a and b in the
W X+
pree oeed b bevd expression h(a+b)
} a 1 2
Fig 11.4

I
o
=
o
]
()]
N
%

1. Drawany trgpeziumWXY Z onapiece / r
of graph paper asshowninthefigure |y,

t

and cutit out (Fig 11.5). - a
Fig 11.5
v/ Y
2. Findthemid point of XY by folding A
thesideand nameitA (Fig 11.6).
W X

Fig 11.6
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3. CuttrgpeziumWXY Z intotwo piecesby cuttingaong ZA. Place A ZYA asshown
inFig11.7, whereAY isplaced onAX.

What isthelength of the base of thelarger
triangle? Write an expression for the area of
thistriangle (Fig 11.7). W

Fig11.7 X
(Y)

4. Theareaof thistriangleand theareaof thetrapezium WXY Z aresame (How?).
Get theexpression for theareaof trapezium by using theexpression for thearea
of triangle.

Sotofind theareaof atrapezium we need to know thelength of theparallel Ssdesand the
perpendicular distance between thesetwo parallel sides. Half the product of the sum of
thelengthsof pardld sidesand the perpendicular distance between them givestheareaof

trapezium.

TRY THESE

Find theareaof thefollowing trapeziums(Fig 11.8). ;
0] (i)

—7cm—

3cm 10

I 9 cm

1

Fig 11.8

DO THIS

InClassVII welearnt to draw parallelogramsof equal areaswith different perimeters.
Canit bedonefor trapezium? Check if thefollowing trapeziumsare of equa areasbut
havedifferent perimeters(Fig 11.9).

8 7
\ / d
I 10
8 8 16
1 \ 1
5N 4 \ |
lq 4 b

Fig 11.9

2019-20




174 W MATHEMATICS

Weknow that all congruent figuresareequal inarea. Canwesay figuresequal inarea
need to be congruent too?Are thesefigures congruent?

Draw at |east threetrapeziumswhich have different areas but equal perimetersona
squared shest.

11.4 Area of a General Quadrilateral

A generd quadrilatera canbegplitintotwotrianglesby drawing oneof itsdiagonds. This
“triangulation” helpsustofind aformulafor any generd quadrilateral. Sudy theFig 11.10.

Areaof quadrilateral ABCD
= (areaof AABC) + (areaof AADC)

1 1
:(EACX h1)+(§AC><h2)

1 .
- EACX(hl+ h,) Fig 11.10

1
=5 d(h,+ h)) whered denotesthe length of diagonal AC.

Example 1: Findtheareaof quadrilateral PQRSshowninFig 11.11.

Solution: Inthiscase, d=5.5cm, h =2.5cm, h,=1.5cm,

1
Area= 5 d(h,+ h)

1
=5 55x (2.5+1.5) cnv?

1
= —x55x4cm?=11cm?

2
TRY THESE

Weknow that paralelogramisasoaquadrilaterd. Let us
dsogplitsuch aquadrilaterd intotwotriangles, findtheir h h
aressand hencethat of thepardlelogram. Doesthisagree

with theformulathat you know dready?(Fig 11.12) b
Fig 11.12

| 11.4.1 Area of special quadrilaterals

We can usethe same method of splitting intotriangles(whichwecalled “triangulation”) to
findaformulafor theareaof arhombus. In Fig 11.13 ABCD isarhombus. Therefore, its
diagonasare perpendicular bisectorsof each other.

Areaof rhombusABCD = (areaof A ACD) + (areaof AABC)
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1 1 1 N ©
:(EXACXOD)+(§><AC><OB): EACX(OD+OB)

1 1
= EACX BD = Edlx d, whereAC=d andBD=d, A
In other words, areaof arhombusishalf the product of itsdiagonals.

Example 2: Findtheareaof arhombuswhosediagondsareof lengths10cmand8.2cm.

Fig 11.13

1
Solution: Areaof therhombus= > d d,whered , d, arelengthsof diagonals.

1
= > x 10 X 8.2 cm?=41 cm?.

HEEE THINK, DISCUSS AND WRITE Ul

A pardldogramisdivided into two congruent trianglesby drawing adiagonal across
it. Canwedivideatrapeziuminto two congruent triangles?

TRY THESE

Findthearea . 4cm
of these c
quadrilaterals = W 4
(FigiL1d). A< %l 4 ﬁ 4em
b 4 cm ..
) (i) (i)

Fig 11.14

11.5 Area of a Polygon
Wesplit aquadrilaterd intotrianglesand find itsarea. Similar methods can be used tofind
theareaof apolygon. Observethefollowing for apentagon: (Fig 11.15, 11.16)

B

Fig 11.16

Fig 11.15 By constructing one diagonal AD and two perpendiculars BF
By constructing two diagonalsACandAD the  and CG onit, pentagon ABCDE isdivided into four parts. So,
pentagon ABCDE is divided into three parts.  greq of ABCDE = area of right angled A AFB + area of
So, areaABCDE = areaof A ABC +areaof trgpezium BFGC + area of right angled A CGD + area of
A ACD + areaof A AED. A AED. (Identify the parallel sides of trapezium BFGC.)
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TRY THESE

(i) Dividethefollowing polygons(Fig 11.17) into parts (trianglesand trapezium) to
findoutitsarea.

H 5 P
/\ //\
N Q
N R
E Fig 11.17
Fl isadiagonal of polygon EFGHI NQ isadiagonal of polygon MNOPQR

(i) PolygonABCDE isdividedinto partsasshownbelow (Fig 11.18). Finditsareaif
AD=8cm,AH=6cm,AG=4cm,AF =3 cmand perpendicularsBF =2 cm,
CH=3cm,EG=25cm.

C
Areaof Polygon ABCDE = areaof AAFB +.... /ll:/l_\
1 1
Areaof AAFB = xAFXBF=-x3%x2= . G
2 2 % F s H b

_ (BF+CH)

Areaof trapezium FBCH = FH T —
E
2 Fig 11.18
:3x(—J2rB) [FH =AH —AF] ’
1 1

Areaof ACHD = 5 x HDx CH =....; Areaof AADE= 5 xAD xGE =....
So, theareaof polygon ABCDE = .... 0

(i) Findtheareaof polygon MNOPQR (Fig 11.19) if
MP=9cm,MD=7cm,MC=6cm,MB =4cm,
MA=2cm
NA, OC, QD and RB areperpendicularsto
diagond MP.

Fig 11.19

Example 1: Theareaof atrapezium shaped field is480 m?, the distance between two
paralel sidesis15mand oneof theparallel side is20 m. Find the other parallel side.

Solution: Oneof the parallel sidesof thetrapeziumisa=20m, let another parallel
sidebeb, heighth=15m.
Thegiven areaof trapezium= 480 n.

1
Areaof atrapezium= 5 h(a+b)

480 % 2
15

1
So 480=x15x(20+b) or =20+b

or 64=20+b or b=44m
Hencetheother parallel sideof thetrapeziumis44 m.
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Example 2: Theareaof arhombusis240 cm? and one of thediagonalsis 16 cm. Find
the other diagond.

Solution: Letlengthof onediagonal d, =16cm

and length of theother diagonal = d,
1
Areaof therhombus= 5 d .d,=240
1
So, 3 16-d, =240
Therefore, d,=30cm

Hencethelength of the second diagonal is30 cm.

Example 3: Thereisahexagon MNOPQR of side 5 cm (Fig 11.20). Aman and
Ridhimadivideditintwo different ways(Fig 11.21).

Find theareaof thishexagon using both ways.

N
M o
R P

by O — s
Fig 11.20 Ridhima’'s method Aman’s method

Fig 11.21
Solution: Aman’'smethod: 'g

Sinceitisahexagon so NQ dividesthe hexagon into two congruent trapeziums. You can
verify it by paper folding (Fig 11.22).

. (11+5)
Now areaof trapezium MNQR = 4 X =2x16=32cm?
N So the area of hexagon MNOPQR = 2 x 32 = 64 cn?. Ton
M o™ Ridhima'smethod: Fig 1122
5cm A MNO and A RPQ are congruent triangles with altitude
R b 3cm(Fig 11.23).
13 cm You can verify thisby cutting off thesetwo trianglesand
Q placing them on oneanother.
Fig 11.23

1
Areaof AMNO = - x8x 3=12cn?=Areaof A RPQ

2
Areaof rectangle MOPR =8 x 5=40cm>.
Now, area of hexagon MNOPQR =40 + 12 + 12 = 64 cm?,

B EXERCISE 11.2

1. Theshapeof thetop surfaceof atableisatrapezium. Finditsarea :
if itsparallel sidesare1 mand 1.2 mand perpendicular distance (11| ........ I T — ¥
betweenthemis0.8m.

—1m —

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 =17mandAD =40m, findtheareaof thisfield. Side

pL1 C AB isperpendicular totheparallel sidesAD and BC.

4. Thediagonal of aquadrilateral shaped fieldis24 m A

and the perpendiculars dropped on it from the
remaining oppositeverticesare8mand 13m. Find
theareaof thefield.

5. Thediagonasof arhombusare7.5cmand 12 cm. Find
itsarea.

6. Findtheareaof arhombuswhosesideis5cm and whosealtitudeis4.8cm.
If oneof itsdiagonalsis8 cmlong, find thelength of the other diagonal .

7. Thefloor of abuilding consistsof 3000 tileswhich arerhombus shaped and each of
itsdiagonalsare45 cmand 30 cminlength. Find thetotal cost of polishing thefloor,

13 m
24 m

8m

if the cost per m?isz 4. Road

8. Mohanwantsto buy atrapezium shaped field. - — - — - — - — - — - — -
Itssidealongtheriverisparalel to and twice
thesidealongtheroad. If theareaof thisfiddis 130 L

e e e e e e e e e e e e

10500 m? and the perpendicular distance

betweenthetwo paralel sdesis100m, findthe -~ -~~~ ~->-
4m lengthof thesideadlongtheriver. ~ — 7 T 7 River
11m 9. Topsurfaceof araised platformisin the shape of aregular octagon asshownin

thefigure. Find the area of the octagonal surface.

\_/ 10. Thereisapentagonal shaped park asshowninthefigure.
For finding itsareaJyoti and Kavitadivided it intwo different ways.

Sm

u » [ ul [

Joyti's diagram Kavita's diagram

Eu Find theareaof thispark using both ways. Can you suggest some other way
g |P8em of findingitsarea?

10 am 11. Diagram of the adjacent pictureframehasouter dimensons=24cmx 28cm
and inner dimensions 16 cm x 20 cm. Find the area of each section of
—24eom—— theframe, if the width of each section issame.

11.6 Solid Shapes

Inyour earlier classesyou have studied that two dimensional figurescan beidentified as
thefacesof threedimensional shapes. Observethe solidswhichwehavediscussed sofar
(Fig11.24).

2019-20




MENSURATION I 179

—> vertex
—— face

edge ) )
Cuboid Cylinder Cone Cube Pyramid

Fig 11.24

Observethat some shapes have two or morethan 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 (Fig 11.25).

Fig 11.25
Cuboidal Box Cubical Box
All six facesarerectangular,
and opposites faces are O
identical. Sothere arethree 5
pairs of identical faces. @
> =
All six faces
o are squares
Cylindrical Box andidentical.

Curved surface

One curved surface
andtwo circular
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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Didyou noticethefollowing:

The cylinder has congruent circular facesthat are parallel
to each other (Fig 11.26). Observethat thelinesegment joining
the center of circular facesis perpendicular to the base. Such
— cylindersareknown asright circular cylinders. Weareonly A
going to study thistype of cylinders, though there are other

Fig 11.26 : ) Fig 11.27
pesof cylindersaswell (Fig 11.27).
(Thisisaright ty & (Fig 7 (Thisisnot aright
circular cylinder) circular cylinder)

HEEE THINK, DISCUSS AND WRITE Ul

Why isit incorrect to call the solid shown hereacylinder?

11.7 Surface Area of Cube, Cuboid and Cylinder

Imran, Monicaand Jaspd arepainting acuboidd, cubica and acylindrical box respectively
of sameheight (Fig 11.28).

N 3

They try to determine who has painted more area. Hari suggested that finding the
surface areaof each box would help themfindit out.

Tofind thetotal surface area, find the areaof each face and then add. The surface
areaof asolidisthesum of theareasof itsfaces. To clarify further, wetake each shape

Fig 11.28

one by one.
—/—

11.7.1 Cuboid HET ] ,
Supposeyou cut open acuboidal box 1 7
andlay it flat (Fig 11.29). We can see [ [
anet asshown below (Fig 11.30). - nonl o1 lml vl via

Writethedimension of each side. &
You know that a cuboid hasthree | &
pairs of identical faces. What 4 —I—=b- 7
expression can you useto find the +—i— '_l_|l
areaof each face? Fig 11.29 Fig 11.30

Find thetota areaof all thefaces
of thebox. We seethat thetotal surfaceareaof acuboidisareal + areall + arealll +
arealV +areaV + area V|

=hx|l+bxl+bxh+Ixh+bxh+Ixb
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Sototal surfacearea=2 (hx|l+bxh+bx1)=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 aboveare 20 cm, 15 cm and

10 cm respectively.
Thenthetota surfacearea=2 (20 x 15 + 20 x 10 + 10 x 15)

=2 (/300 + 200 + 150) = 1300 n.

TRY THESE

Find thetota surfaceareacf thefollowing '|'
cuboids(Fig 11.31): 10 em
/ :[2 cm J-
¢
»
| (S ./&l
—6em—" Fig 1131 dem >
® Thesdewalls(thefacesexcluding thetop and Roof

bottom) make the lateral surface area of the
cuboid. For example, thetotal areaof al thefour
wallsof thecuboida roominwhichyou aresitting
isthelateral surfaceareaof thisroom (Fig 11.32).
Hence, thelateral surfaceareaof acuboidisgiven
by 2(h x| + b x h) or 2h (I + b). Fig 11.32

DO THIS

(i) Coverthelateral surfaceof 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 areaof the paper. Isit thelateral surface
areaof theduster?

(i) Measurelength, width and height of your classroomand find
(@ thetota surfaceareaof theroom, ignoring the areaof windowsand doors.
(b) thelatera surfaceareaof thisroom.

(c) thetota areaof theroomwhichisto bewhitewashed.

—_

Base

HEEEE THINK, DISCUSS AND WRITE ﬁ I
1. Canwesay that thetotal surfaceareaof cuboid = j

lateral surfacearea+ 2 x areaof base?

2. If weinterchangethelengthsof thebaseandtheheight [ = /
of a cuboid (Fig 11.33(i)) to get another cuboid —— 7/
(Fig 11.33(ii)), will its|ateral surfaceareachange? () Fig12.33] ™" i)
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11.7.2 Cube

DO THIS

Draw the pattern shown on a squared paper and cut it out [Fig 11.34(i)]. (You
know that this patternisanet of acube. Fold it along thelines[Fig 11.34(ii)] and
tapethe edgesto form acube [Fig 11.34(iii)].

| |
f M- fi —
s /] o™
/ /
\\
N
Fig 11.34 I
I
) l
! !
)
1 ¢ ’
i .
0 Fig1ss W

(@ What isthelength, width and height of the cube?Observethat al thefacesof a

cubeare squarein shape. Thismakeslength, height and width of acube equal
(Fig 11.35(i)).

(b) Writetheareaof each of thefaces. Arethey equal ?
() Writethetotal surfaceareaof thiscube.

(d) If eachsideof the cubeisl, what will betheareaof each face? (Fig 11.35(ii)).
Canwe say that thetotal surfaceareaof acubeof sidel is612?

TRY THESE

Find the surface areaof cubeA and lateral surfaceareaof cubeB (Fig 11.36).

Fig 11.36

2019-20




MEeNSURATION I 183

B THINK, DISCUSS AND WRITE Ul

(1) Twocubeseachwithsidebarejoinedtoformacuboid (Fig 11.37). What isthe
surface areaof thiscuboid?Isit 12b%?|sthe surface areaof cuboid formed by
joining three such cubes, 180??Why?

I
b
; . |
7
b b b_L7b —b——p—r"
Il
i’
g
b
— b—A— h—i— b—1""
Fig 11.37 - —

(i) Howwill you arrange 12 cubesof equa lengthtoforma

cuboid of smallest surfacearea?
(i) After thesurfaceareaof acubeispainted, thecubeiscut
into 64 smaller cubesof samedimensions (Fig 11.38).
How many have no face painted? 1 face painted? 2 faces
painted? 3 facespainted? Fig 11.38

11.7.3 Cylinders

Most of thecylinderswe observe areright circular cylinders. For example, atin, round
pillars, tubelights, water pipesetc.

DO THIS

(i) Takeacylindrical can or box and trace the base of the can on graph paper and cut
it [Fig 11.39(i)]. Take another graph paper in such away that itswidth isequal to
the height of the can. Wrap the strip around the can such that it just fitsaround the
can (removetheexcess paper) [Fig 11.39(ii)].

Tapethepieces[Fig 11.39(iii)] together toformacylinder [Fig 11.39(iv)]. What is
the shape of the paper that goesaround the can?

= N O 7

0] (i) (if) Q )

Fig 11.39
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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 area of rectangular stripis2wrh. Count
how many square units of the squared paper are used to formthe cylinder.
Check if thiscount isapproximately equal to 2xtr (r + h).

(i) Wecandeducetherelation 2zr (r + h) asthesurface areaof acylinder in another
way. Imagine cutting up acylinder asshown below (Fig 11.40).

—T— ——> area=T1¥"

' 2ntr {
- — -l- .
h §, area=2mrh
LT
—— T— — S area=1r

Fig 11.40
Thelatera (or curved) surfaceareaof acylinder is2nrh.

22
Note: We take & to be 7
unless otherwise stated.

TRY THESE

Find total surfaceareaof thefollowing cylinders(Fig 11.41)

Thetotal surfaceareaof acylinder = wr? + 2nrh + mr2
= 2nr? + 2nrh or 2zr (r + h)

14 cm
:[8 cm Jm

Fig 11.41 oo

HEE THINK, DISCUSS AND WRITE Ul

Notethat |ateral surfaceareaof acylinder isthe circumference of base x height of
cylinder. Canwewritelateral surfaceareaof acuboid asperimeter of basex height
of cuboid?

Example 4: Anaguariumisintheform 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 theaguarium=1=80cm
Width of theaguarium=b =30 cm
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Height of theaquarium=h =40 cm
Areaof thebase=1 x b =80 x 30 = 2400 cn?
Areaof thesideface=b x h =30 x 40 = 1200 cm?

+ (2 x areaof asideface)
= 2400 + 3200 + (2 x 1200) = 8000 cm?
Hencethe area of the col oured paper required is8000 crm?.
Example 5: Theinternal measuresof acuboidal roomare12 mx8m x 4m. Findthe

total cost of whitewashing all four wallsof aroom, if the cost of whitewashingis 5 per
m?. What will bethe cost of whitewashing if the ceiling of theroomisa so whitewashed.

Solution: Letthelengthof theroom =1=12m
Width of theroom=b=8m
Height of theroom=h=4m
Areaof thefour wallsof theroom = Perimeter of the base x Height of theroom
=2(+b)yxh=2(12+8) x4
=2x20x4=160m2
Cost of whitewashing per n?=% 5
Hencethetotal cost of whitewashing four wallsof theroom =% (160 x 5) =% 800
Areaof cellingis12 x 8= 96 m?
Cost of whitewashing theceiling= % (96 x 5) =% 480
Sothetotal cost of whitewashing =% (800 + 480) =% 1280
Example 6: Inabuildingthereare 24 cylindricd pillars. Theradiusof each pillar
is28cmand heightis4 m. Find thetota cost of painting the curved surface areaof
al pillarsat therate of % 8 per m?2.
Solution: Radiusof cylindrica pillar,r=28cm=0.28m
height,h=4m
curved surfaceareaof acylinder = 2nrh

22
curved surfaceareaof apillar= 2 x £l x 0.28x 4 =7.04n?

curved surfaceareaof 24 such pillar = 7.04 x 24 = 168.96 m?
cost of paintinganareaof 1m?=% 8
Therefore, cost of painting 1689.6 m? = 168.96 x 8 =% 1351.68

Example 7: Findtheheight of acylinder whoseradiusis7 cmandthe
total surface areais 968 cny.

Solution: Letheight of thecylinder =h, radius=r=7cm
Total surfacearea= 2nr (h+r)
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i.e,

22
2% 7><7><(7+h):968
h=15cm

Hence, theheight of thecylinderis15cm.

10.

B EXERCISE 11.3

There are two cuboidal boxes as

shownintheadjoining figure. Which T
box requires the lesser amount of go om i" cm
materia to make? )
A suitcase with measures 80 cm x foem o em

. . — 60 cm—ir” 50 cm
48cm x 24 cmisto be covered with (a) (b)

atarpaulin cloth. How many metresof tarpaulin of width 96 cmisrequired to cover
100 such suitcases?

Find theside of acubewhose surfaceareais
600 c?. E H E

Rukhsar painted the outsi de of the cabinet of AN
measure 1 m x 2 m x 1.5 m. How much o
surfaceareadid she cover if she painted al except the bottom of the cabinet.

Danidl ispainting thewallsand ceiling of a

1.5m

2m

cuboidal hall with length, breadth and height T

of 15m, 10 m and 7 m respectively. From Icm 7 ecm
each can of paint 100 m? of areais painted. |

How many cansof paintwill sheneedtopaint ~5on = om
theroom?

Describehow thetwo figuresat theright areaikeand how they aredifferent. Which
box haslarger lateral surfacearea?

A closed cylindrical tank of radius 7 mand height 3mis
madefrom asheet of metal. How much sheet of metal is
required?

Thelatera surfaceareaof ahollow cylinder is4224 cn.
Itiscut alongitsheight and formed arectangular sheet
of width 33 cm. Find the perimeter of rectangular sheet?

A road roller takes 750 complete revol utionsto move
onceover toleve aroad. Find theareaof theroadif the
diameter of aroad rolleris84 cmandlengthis1 m.

A company packages its milk powder in cylindrical
container whose basehasadiameter of 14 cmand height
20 cm. Company placesalabel around the surface of
thecontainer (asshowninthefigure). If thelabe isplaced
2 cmfromtop and bottom, what isthe areaof thelabdl.

—14 cm—
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11.8 Volume of Cube, Cuboid and Cylinder

Amount of space occupied by athree dimensional objectiscalleditsvolume. Try to
comparethevolumeof objectssurrounding you. For example, volumeof aroomisgrester
than thevolumeof anamirah keptinsdeit. Smilarly, volumeof your pencil box isgrester
than the volume of the pen and the eraser kept insideit.
Canyou measurevolume of either of these objects?

Remember, we use square unitsto find the areaof a
region. Herewewill usecubic unitsto find 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 we need to
divideitinto cubical units.

Observethat thevolumeof each of theadjoining solidsis

8cubicunits(Fig11.42).

We can say that the volume of asolidismeasured by
counting thenumber of unit cubesit contains. Cubic unitswhichwegenerdly useto measure
volumeare

Fig 11.42

lcubiccm=1cmx1lcmx1cm=1cm?
=10mMmx10mMmx10mm=............... mm3
lcubicm=1ImxImx1m=1m?3

lcubicmm=21mmx1mmx1mm=1mm3
=01lcmx01cmx0.1Ccm=.....ccocerrrnenne cmd
We now find someexpressionsto find volume of acuboid, cubeand cylinder. Let us
take each solid oneby one.

11.8.1 Cuboid

Take 36 cubesof equd sSze(i.e., length of each cubeissame). Arrangethemtoformacuboid.
You canarangetheminmany ways. Observethefollowing tableandfill intheblanks

i cuboid length | breadth | height | I xbxh=V)

) Il 3 1 |12x3x1=36

F——————— 12 units——— 3 units
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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 cuboidisequal 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 itsbase we can also say that,

Volume of cuboid = areaof thebase x height

DO THIS

Takeasheet of paper. Measureits
area. Pileup such sheetsof paper
of same size to make a cuboid
(Fig11.43). Messuretheheight of
thispile. Find the volume of the
cuboid by finding the product of
theareaof thesheet andthe height
of thispileof sheets. Fig 11.43
Thisactivity illustratestheidea
that volume of asolid can be deduced by thismethod a o (if the base and top of the
solid are congruent and parallel to each other and itsedges are perpendicular tothe
base). Canyou think of such objectswhaose volume can befound by using thismethod?

TRY THESE

Find thevolumeof thefollowing cuboids (Fig 11.44).

(i) IZ cm @IS cm
—_ 24m’

8 cm——3 e

Fig 11.44
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11.8.2 Cube

Thecubeisaspecial caseof acuboid, wherel =b=h.
Hence, volumeof cube=1 x| x| =3

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
samesurfacearea?

B THINK, DISCUSS AND WRITE Ul

A company sells biscuits. For packing purpose they are using cuboidal boxes:
box A —3cmx 8cmx 20cm, box B — 4 cm x 12 cm % 10 cm. What size of the box
will beeconomica for thecompany?Why?Canyou suggest any other Size(dimensions)
which hasthe samevolumebut ismore economical than these?

11.8.3 Cylinder
We know that volume of acuboid can befound by finding the T

product of areaof baseanditsheight. Can wefind thevolume of I h
acylinderinthesameway? |/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 tothebase, just like cuboid.
So the VVolume of acuboid = areaof base x height T
=1 xbxh=Ibh I
Volumeof cylinder = areaof base x height
area of base

= TCI’Z X h = TCI’Zh (= TCI’Z)

TRY THESE

Find the volumeof thefollowing cylinders.
(i) 7 cm G') T

—10 cm — l
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11.9 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 tinis100 cm?®.

Capacity isalso measured interms of 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 volumeis 275 cm?® and base area

is25cm?.
Solution: Volumeof acuboid = Baseareax Height
Volume of cuboid
Hence height of the cuboid =
Base area
Y % —_ 11
=05 T cm

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 oneboxis0.8 m??

Solution: Volumeof onebox = 0.8 m?
Volume of godown = 60 x 40 x 30 = 72000 m?3
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: A rectangular paper of width 14 cmisrolled alongitswidthandacylinder
22
of radius 20 cmisformed. Find thevolumeof thecylinder (Fig 11.45). (Teke = form)

Number of boxesthat can be storedin thegodown =

= 90,000

Solution: A cylinder isformed by rolling arectangleabout itswidth. Hence the width
of the paper becomesheight and radius of the cylinder is20 cm.

20 cm
14 cm l]l-cm

Fig 11.45

Height of thecylinder=h =14 cm
Radius=r =20cm
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Volumeof thecylinder=V =mr r2h

= %xZOx 20x 14 = 17600 cm®

Hence, the volume of thecylinder is17600 cm®.

Example 11: Arectangular pieceof paper 11 cm x 4 cmisfolded without overlapping
to makeacylinder of height 4 cm. Find thevolumeof thecylinder.

Solution: Lengthof thepaper becomesthe perimeter of the base of the cylinder and
width becomesheight.

Letradiusof thecylinder =r and height=h
Perimeter of the base of thecylinder = 2rr = 11

22
or 2X—Xr =11
7
-
Therefore, r= 2 cm
Volumeof thecylinder =V = ztr?h
22 7

=25 L L aenp=385
=747 cm® = 50.0 CNY°.

Hencethevolumeof thecylinderis38.5 cm?.

B EXERCISE 11.4

1. Givenacylindrical tank, inwhich situationwill you find surfaceareaandin
which stuationvolume,
(@ Tofind how muchitcanhold.
(b) Number of cement bagsrequired to plaster it.
(¢) Tofindthenumber of smaller tanksthat can befilled withwater fromit.
2. Diameter of cylinder Ais7 cm, and theheightis 14 cm. Diameter of

cylinder Bis14cmand heghtis7 cm. Without doing any calculations T T
canyou suggest whosevolumeisgreater? Verify it by finding the 14 em 7lcm
volumeof boththecylinders. Check whether thecylinder with greater l Ny et

volumealso hasgreater surface area? i —

3. Findtheheight of acuboid whosebaseareais 180 cn? and volume A B
iS900 cm?®?

4. A cuboidisof dimensions60 cm x 54 cm x 30 cm. How many small cubeswith side
6 cm can be placed in the given cuboid?

5. Findtheheight of thecylinder whosevolumeis1.54 m* and diameter of thebaseis
140cm ?

6. A milktankisintheform of cylinder whoseradiusis1.5mand
lengthis7 m. Find thequantity of milk inlitresthat can be stored
inthetank?

7. |f eachedgeof acubeisdoubled,

(1) how many timeswill itssurface areaincrease?
(i) how many timeswill itsvolumeincresse?
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8. Water is pouring into a cubiodal reservoir at the rate of 60 litres per
minute. If the volume of reservoir is 108 m?, find the number of hoursit
will taketofill thereservair.

— WHAT HAVE WE DISCUSSED? —

1. Areaof

(i) atrapezium=hdf of thesum of thelengthsof parale sidesx perpendicular distance between
them.

(i) arhombus= half theproduct of itsdiagonals.
2. Surfaceareaof asolidisthesum of theareasof itsfaces.
3. Surfaceareaof
acuboid = 2(Ib + bh + ht)
acube =612 —
acylinder = 2mr(r + h) !
4. Amount of region occupied by asolidiscdleditsvolume.
5. Volumeof
acuboid=1xbxh s
acube=13 ——
acylinder =mr*h
6. () 1cm*=1mL
(i) 1L =1000cm?
(i) 1 m?=1000000 cm?®= 1000L —r—

—— —]

—= —

—_ —

>
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12.1 Introduction

Exponents and Powers

CHAPTER

[=]
k<]
S0

OES2CHI2

Doyou know?

Mass of earth is 5,970,000,000,000, 000, 000, 000, 000 kg. We have
already learnt in earlier class how to write such large numbers more
conveniently using exponents, as, 5.97 x 10# kg.

We read 10* as 10 raised to the power 24.
Weknow 2=2x2%x2%x2x2
and 2M=2%X2x2%x2x...x2x2.. (mtimes)

Let usnow find what is2-2_isequal to?

exponent

s
TS

[N
~

10

AN

We say:
10 raised to the power 24.

12.2 Powers with Negative Exponents
Youknow that, 10 =10x 10 =100

10
100—1—1—0

10=7

1
Continuing the above patternweget, 10~ = —

As the exponent decreases by1, the
value becomes one-tenth of the
previous value.

Exponentisa
negative integer.

10
S | | 10—2—&;10—ixi—i—i
miaty “10° 7 10710 100 10°
1 1 1 1 1
3= —+10=—X—=——=—x
10 100 100 10 1000 10°

What is 10-*° equal to?
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Now congder thefollowing.
PF=3x3x3=27

The previous number is
divided by the base 3.

F=3x3=9= o
R

pog2
T3
3F=1= §
I
Solooking at the above pattern, we say
1
1—1.2==
3t=1=+3 3
1 1 1
2= —+3=-_"-_ - =
3°=3 3x3 &
1 1 1 1
3= —_ 23 =— — = —
| 3 EETITe 3T
You cannow find thevaueof 2-2inasimilar manner.
1 1
2— — S 2
We have, 10 102 or 10? 102
103 = v a 108 = 1
- 10° o " 107
2 1 2 1
3c= 7 or 3 :F etc.

1
In general, we can say that for any non-zerointegera, a ™= P wheremisa
positiveinteger. a™isthemultiplicativeinverseof a™

TRY THESE

Find themultiplicativeinverseof thefollowing.
@ 2 (i) 10° @)y 7-2 (iv) 53 (v) 10~

Welearnt how to write numberslike 1425 in expanded form using exponentsas
1x103+4x10°+2x 10+ 5 x 10°.
Let usseehow to express 1425.36 in expanded forminasimilar way.

3 6
= _+_
We have 142536 =1x1000+4x100+2%x10+5%x 1 + 10+ 100

=1x103+4x102+2%x10+5x1+3x101+6x 10?2

TRY THESE

Expand thefollowing numbersusing exponents.
() 1025.63 (i) 1256.249

Y
10° 100

101 =
10
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12.3 Laws of Exponents

Wehavelearnt that for any non-zerointeger a, a" x a” = a™*", wheremand n are natural
numbers. Doesthislaw aso hold if the exponentsare negative? L et usexplore.

1 1 ~ 1
(i) Weknow that 2 3= >3 and2-2= >z a "= am for any non-zero integer a.
1 1 1 1

Therefore, 23 x 272 = Pl vty =27°%

) Take(3)*x (3)°
1

1
() *x(IJ)°= 3" X@

L ! (g

T (' x(3° (3

(i) Now consider 52 x 5 In Class VI, you have learnt that for any
1 5* £ am

52x 5= = % 5% = == 52 =50 non-zero integer a, T a™ ", where
(iv) Now consider (-5)* x (-5)? mand n are natural numbers and m > n.
(-9° 1
—5)-4 x _52: )(—52= =
( ) ( ) (_5)4 ( ) (_5)4 (_5)4 X (_5 -2

1
= 5 =(-5)®@

In general, we can say that for any non-zero integer a,
amxa’=a""" wheremand n areintegers.

TRY THESE

Simplify and writein exponentia form.
0 (2°x(2* @) p°*xp™ (i) 3*x3°x3°

Onthe samelinesyou can verify thefollowing laws of exponents, whereaand b arenon
zerointegersand m, nareany integers.
m

0] 2” =am" (@ (@)"=am (i) amx b"= (ab)™

These laws you have studied
m m inClassVII for positive

a a exponents only.
e () a@=1

L et us solve some examples using the above L aws of Exponents.
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Example 1: Findthevalueof

1
i 23 (i) 32
Solution:
_ 1 1 1
0) 23=§=§ (i) F=32=3><3=9

Example 2: Smplify
() 4px(Ea™ @) 2+2°

Solution:
O X CYP=EHOT == s @xa=ara=
(i) 25+26=25-CO=211 (@n+a"=a" ")
Example 3: Express4-2asapower with the base 2.
Solution: Wehave, 4=2x2=2?
Therefore, (4)3=(2x2)3=(29)3=22x3=2-¢ [(@M"=am
Example 4: Simplify and writethe answer in the exponentia form.
() @+29x2° (i) (=4)°x(5)°x(H)?
1, 5\
i) £x@° W 93]

Solution:

1
() (25+29)5x25=(25-85x25=(295x25=215-5=20= ﬁ

@) (=4 (52 x (-5)=[(-4) x 5% (B =[1001= 1 5

1
[usingthelaw a"x b™= (ab)™, a™= 5]

) 5= 5x@ =2 %3 = @xY =67
4 4 4
) (-3*x (g) = (-1x3)* x % = (—1)* x 3% x %
=)= 5t =50 [(D)=1]
Example 5: Find msothat (-3)™*! x (=3)°> = (-3)’
Solution: (-3)™*!x (-3)°=(-3)’
(_3)m+ 1+5 — (_3)7
(_3 m+6 — (_3)7
On both thesidespowers havethe samebase different from 1 and—1, so their exponents

must beequal.
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Therefore, m+6=7 a"=1onlyif n=0. Thiswill work for any a.
or m=7-6 =1 Fora=1,1'=1?2=13=12=_..=1or()"=
1 forinfinitely many n.
o2 For a=-1,
Example 6: Findthevalue of (—) : (-1)°= (1= (D)= (1)*=..=1or
3 (-1)P=1forany eveninteger p.
) 2\?% 2?2 F 9
Solution: (5) 32 23

anaeast CRENC

) 5 -7 8 -5
M @ X@
Solution:

o QB

(il) (§)_7 X (g)_sz 2_:: X g_:z — 5__7 X 8__5 — 5(—7) —(-5) x 8(_5) —(=7)

3 5 55 g7
=52x8 = 8—2: &4
52 25
B EXERCISE 12.1
1. Evduae
-5
Q) 3° i) (~4) (i @

2. Simplify and expresstheresultin power notation with positive exponent.

0) (454 () (Zi)

(iii) (—3)4x(g) (iv) (37319 x35 (v)23x(-7)3
3. Findthevaueof.
1 -2 1 -2 1 -2
i) @F+4Hx22 (i) (ZTx4YH)y+22 (i) (E) + (5) + (Z)
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2
W) @ +41+50y W {(‘—32) }

—1 3
4. Evduae() o ;45 (i) (5 x 2) x 62

5. Findthevalueof mfor which5m+53=55,

-1 -1t -7 —4
6. Evauate()) {(%) —GJ } (ii)(gj x(%)
7. Smplify.
0 25xt* . 3°x107°x125

t=0 il
53x10xt™® (t=0) ) 5'x67°

12.4 Use of Exponents to Express Small Numbers in
Standard Form

Observethefollowing facts.

Thedistancefrom the Earth to the Sun is 149,600,000,000 m.
The speed of light is300,000,000 m/sec.
Thicknessof ClassVII Mathematicsbook is20 mm.
Theaverage diameter of aRed Blood Cell is0.000007 mm.
Thethicknessof human hair isin therange of 0.005cmto0.01 cm.
Thedistance of moon from the Earthis 384, 467, 000 m (approx).
Thesizeof aplant cell is0.00001275 m.
Averageradiusof the Sunis 695000 km.
Massof propellant in aspace shuttle solid rocket booster is 503600 kg.
Thickness of apiece of paper is0.0016 cm.
Diameter of awireonacomputer chipis0.000003 m.
Theheight of Mount Everestis8848 m.
Observe that there are few numbers which we can read like 2 cm, 8848 m,
6,95,000 km. There are some large

numberslike 150,000,000,000 mand
0.000007 m.

Identify very largeand very small 150,000,000,000 m 0.000007 m
numbers from the above factsand | ooooo..0 | ool
writethemintheadjacenttablee ™ |

We have learnt how to express | ool | el
very large numbersin standard form
inthepreviousclass.

For example: 150,000,000,000 = 1.5 x 10*

Now, let ustry to express0.000007 min standard form.

©oKoNoOOrWNRE

SES
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150000000000. Decimal is moved
11109876 54 321 11 places to the left.

0.000007m=7x10"°m
Similarly, consider thethicknessof apieceof paper
whichis0.0016 cm.
16 1.6x10

0.0016 = 75000 ~ 10
=16x10°3 Again notice
. . 3
Therefore, we can say thickness of paper is1.6 x 10-3cm. 0.0016 decimal is moved

TRY THESE m 3 places to the right.

1. Writethefollowing numbersinstandard form.

(i) 0.000000564 (i) 0.0000021 (ji) 21600000 (iv) 15240000
2. Writeall thefactsgiveninthestandard form.

0.000007 decimal is moved
123456 0placesto theright

=16x10x10"4

12.4.1 Comparing very large and very small numbers

Thediameter of the Sunis 1.4 x 10° m and the diameter of the Earthis1.2756 x 10" m.
Suppose you want to comparethe diameter of the Earth, with the diameter of the Sun.
Diameter of theSun= 1.4 x 10° m
Diameter of theearth= 1.2756 x 10’ m

14x10°  1.4x10°7 1.4x100

1.2756x10° ~ 1.2756  1.2756

So, thediameter of the Sunisabout 100 timesthe diameter of the earth.
Let uscomparethesizeof aRed Blood cdll whichis0.000007 mtothat of aplant cell which
is0.00001275m.

Therefore whichisapproximately 100

Sizeof RedBlood cell = 0.000007 m=7 x 10-*m
Sizeof plant cell = 0.00001275 = 1.275 x 10-°>m

_7x10° _7x10°" ) _7x10t 07 07 1
1275%x10° 19275 1275 1275 13 2 \PPOX

Soaredblood cell ishalf of plant cell insize.
Mass of earth is5.97 x 10°*kg and mass of moon is 7.35 x 10%? kg. What isthe
total mass?
Total mass=5.97 x 10 kg + 7.35 x 10?2 kg.
=597 x 100 x 10% + 7.35 x 10%?
=597 x 102 + 7.35 x 10%
= (597 + 7.35) x 10%
= 604.35 x 10%2kg.
The distance between Sun and Earthis 1.496 x 10*'m and the distance between
Earthand Moonis3.84 x 10°m.
During solar eclipse moon comesin between Earth and Sun.
At that timewhat isthe distance between Moon and Sun.

Therefore,

When we have to add numbersin
standard form, we convert them into
numbers with the same exponents.
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Distance between Sun and Earth= 1.496 x 10"m
Distance between Earthand Moon = 3.84 x 108m
Distance between Sunand Moon= 1.496 x 10" —3.84 x 10°
=1.496 x 1000 x 10® —3.84 x 108
= (1496 —3.84) x 10°m=1492.16 x 108 m

Example 8: Expressthefollowing numbersin standardform.
(i) 0.000035 (i) 4050000
Solution: (i) 0.000035=35x10"°5 (i) 4050000 = 4.05 x 10°

Example 9: Expressthefollowing numbersinusual form.
() 3.52x10° (i) 7.54x10* (i) 3x10°

Solution:
(i) 3.52x10°= 37525: 10(%0&9 = 352000 A%ain we neeg t(c)i (f:onve_rt
: g O O numbersin standard form into
(i) 7.54x107%= 10* 10000 ~ 0.000754 anumbers with the same
y 3 exponents.
@iy 3x10°= 100 = 100000 =0.00003

B EXERCISE 12.2
1. Expressthefollowing numbersinstandard form.
(1) 0.0000000000085 (i) 0.00000000000942
(iif) 6020000000000000 (iv) 0.00000000837
(v) 31860000000
2. Expressthefollowing numbersinusud form.
(i) 3.02x10° (i) 45x10* (i) 3x10°¢®
(v) 1.0001x10° (v) 5.8x10% (vi) 3.61492 x 10°
3. Expressthenumber appearingin thefollowing statementsin standard form.

() 1micronisequal to 1000000 m.

(i) Chargeof an electronis0.000,000,000,000,000,000,16 coulomb.
(i) Sizeof abacteriais0.0000005m
(iv) Sizeof aplant cell is0.00001275m
(v) Thicknessof athick paperis0.07 mm
4. Inastack thereare5 books each of thickness 20mm and 5 paper sheets each of
thickness0.016 mm. What isthetotal thicknessof the stack.

— WHAT HAVE WE DISCUSSED? —

1. Numberswith negative exponentsobey thefollowing lawsof exponents.
@ a"xa'=am™" (b) am+a"=am™" (© @=am

a” (a)"
(@ a"xb"=(ab)" (@ &=1 0 F{B}
2. Very small numberscan be expressed in standard form using negative exponents.
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CHAPTER

Direct and Inverse
Proportions

13.1 Introduction

Mohan prepares tea for himself and his sister. He uses 300 mL of
water, 2 spoons of sugar, 1 spoon of tealeavesand 50 mL of milk.
How much quantity of each itemwill he need, if he hasto maketea
for five persons?
If two studentstake 20 minutesto arrange chairsfor an assembly,

then how much timewould five studentstaketo do the samejob?
We come across many such situationsin our day-to-day life, wherewe
need to seevariation in one quantity bringingin variation in the other
quantity.
For example:

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

(i) Morethemoney deposited in abank, moreistheinterest earned.

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

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

Observethat changein one quantity leadsto changein the other quantity.

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

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

To answer such questions, we now study some concepts of variation.
13.2 Direct Proportion
If thecost of 1 kg of sugar is % 36, then what would bethe cost of 3 kg sugar?Itis 108.
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Similarly, wecanfind the cost of 5 kg or 8 kg of sugar. Study thefollowing table.

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

Weight of sugar (in kg) 1 3 5 6 8 10
Cost (in Rs) 36 | 108 [ 180

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

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

Take one more example. Supposeacar uses4 litresof petrol to travel adistance of
60 km. How far will it travel using 12 litres? Theanswer is 180 km. How did wecal cul ate
it? Sincepetrol consumedinthesecondinstanceis12litres, i.e., threetimesof 4litres, the
distancetravelled will also be three times of 60 km. In other words, when the petrol
consumption becomesthree-fold, the distancetravelled isalso threefold the previous
one. Let theconsumption of petrol bexlitresand the corresponding distancetravelled be
y km . Now, completethefollowing table:

(Petrol inlires)| 4 | 8 | 12 | 15| 20 25]

)

Wefind that astheva ue of xincreases, valueof y a so increasesin such away that the

LDistance in km (y)| 60 180

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

Inthisexampl where4 and 12 arethe quantitiesof petrol consumedin

e == Ton
'60 180’
litres (x) and 60 and 180 are the distances (y) in km. So when x and y are in dir ect

proportion, wecanwrite A %, [y, Y, arevauesof y corresponding tothevaluesx,,

. i Y
X, of X respectively]
The consumption of petrol and the distance travelled by acar isacase of direct

proportion. Similarly, thetotal amount spent and the number of articlespurchasedisaso
an exampleof direct proportion.
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Think of afew moreexamplesfor direct proportion. Check whether Mohan [intheinitia example] will

1
take 750 mL of water, 5 spoonsof sugar, 2 5 spoons of tealeavesand 125 mL of milk to prepareteafor
fivepersondl Let ustry to understand further the concept of direct proportion through thefollowing activities.

DO THIS

0 e

Takeaclock and fix its minute hand at 12.

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

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

A J

What do you observeabout T and A? Do they increase together?

T
Is —

Istheangleturned through by the minute hand directly proportional

A

sameevery time?

to thetimethat has passed?Yes!
From the abovetable, you can also see

T,:T,=A:A,, because

1 2
T,:T,=15:30 =12
A :A,=90:180 =12
Check if T

N

T,=AA,and T,: T, =A, A,

You can repeat thisactivity by choosing your owntimeinterval.
(i) Ask your friend to fill the following table and find the ratio of his age to the

corresponding age of hismother.
f Age Present Age h
five years ago age after five years

Friend’'sage(F)
Mother’'sage (M)
=

\\§ M J

What do you observe?

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

TRY THESE

1. Observethefollowingtablesandfindif x and y aredirectly proportional.

@ (x| 20| 17wl | s 5| 2)

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

J

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

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

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

LY 15 24 | 36 | 60 | 72 | 100)

2. Principal =% 1000, Rate = 8% per annum. Fill in thefollowing tableand find
which typeof interest (Smple or compound) changesin direct proportion with

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

Simplelnterest (in%)

\Compound Interest (ing)

HEEE THINK, DISCUSS AND WRITE Ul

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

Let us consider some solved examples where we would use the concept of
direct proportion.
Example 1: Thecost of 5 metresof aparticular quality of clothisz 210. Tabulatethe
cost of 2,4, 10 and 13 metresof cloth of the sametype.

Solution: Supposethelength of clothisx metresanditscost, ing, isy.
( X 2 4 5 [ 10 13]
LY Yo | Vs | 200y, | v |
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Asthelength of clothincreases, cost of thecloth alsoincreasesinthesameratio. Itis
acaseof direct proportion.

Wemake use of therelation of type A%

i Yo
() Herex =5, y,=210andx, =2
Therefore, % =2 giveﬁi=£ or 5y, =2 x 2100r Y, = 2x 210 _
Y Y, 210 vy, ) z
> _4 4% 210

(i) |fX3=4,then2_10:73or5y3:4><2100ry3= ;=168

%

[Canweuse
Y2

=3 here?Try!]
Y3

> _10 ~10x210 _

(iii) If x, =10, then 210 = _y4 or Y, = 5 - 420
If 13, th > _13 ry, 13x 210 546

v X, = —=— = =

( ) 5 , then 210 y5 o 5 5

{Note that here we can also use£ or 2, or Yo in the place of i}
84 168 420 210

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

Solution: Lettheheight of thetree be x metres. Weform atable 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, thisisacase of direct proportion. That is, A_%

1 Y2
Weh E—l Why?
ehave 10—15( y?)

14

—x15 =
or 10 X

14><3_
or 5 =X
So 21 =X

Thus, height of thetreeis21 metres.

Alternately,wecanwriteﬁ:ﬁ asﬁ:ﬁ
Yi Y X Y

2019-20




206 W MATHEMATICS

S0 X %=y, - Y,
or 14:x=10:15
Therefore, 10xx=15x14
_15x14
or X= 10 =21

Example 3: If thewelght of 12 sheetsof thick paper is40 grams, how many sheets of
1
the same paper would weigh 2 5 kilograms?

Solution:
L et the number of sheetswhichweigh 2% kg bex. We put theaboveinformationin
theform of atableas shown below:
(Number of sheets
LWeight of sheets (in grams)

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

So Z_ x
’ 40 ~ 2500
12x 2500
or — 0 X
or 750 = x ¢
Thus, therequired number of sheetsof paper =750. )
Alternatemethod:
X
Two quantitiesx andy which vary in direct proportion havetherelationx=kyor — = k
Here number of sheets _12_3 y

- weight of sheetsingrams = 40 10
1
Now x isthe number of sheets of the paper whichweigh 25 kg[2500(].

3
Using therelationx =ky, x= 0 x 2500 =750

1
Thus, 750 sheetsof paper would weigh 2 > Kg.

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

(1) Howfarwillittravel in20 minutes?
(i) Findthetimerequiredto cover adistanceof 250 km.

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

( Distance travelled (in km) | 75 X 250]
1 hour = 60 minutes - -
LTime taken (in minutes) 60 20 y J
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Since the speed is uniform, therefore, the distance covered would be directly
proportiond totime.
_ 7 X
() Wehave 60 20
75
or 50 x20 = x
o x=25
So, thetrainwill cover adistance of 25 kmin 20 minutes.
_ 75 250
(i) Also, 60y
_ 250x 60
75
Therefore, 3 hours20 minuteswill berequired to cover adistance of 250 kilometres.

Alternatively, when xisknown, then one can determiney from therel ation 2—X0 > 20 .
y

You know that amap isaminiaturerepresentation of avery largeregion. A scaleis
usually given at the bottom of the map. The scale shows arelationship between
actua length and thelength represented onthemap. Thescaleof themapisthusthe
ratio of the distance between two points on themap to the actua distance between
two pointsonthelargeregion.

For example, if 1 cm onthemap represents8 km of actua distance(i.e., thescaleis
1cm: 8kmor 1:800,000] then 2 cm on the same map will represent 16 km.
Hence, we can say that scale of amap isbased on the concept of direct proportion.

or =200 minutesor 3 hours 20 minutes.

Example 5: Thescaleof amapisgiven as1:30000000. Two citiesare4 cm apart on

the map. Find theactual distance between them.
@;“ AP
Solution: Letthemap distancebexcmand actual distancebeycm, then |*7 © ) Eetliess
1:30000000= X : y e

1 X > -\;/" BN
or — == ~n LR e
3x10" vy 2 1 f\i"b!""v‘ r¢
1 4 { “\{}"‘ }1.{:‘/ ‘
Swe X=4 W g Ty JAREA SV
% |3 ~
or y=4x3x 107 =12 x 107 cm = 1200 km. 8CALE -1CM= 200K

Thus, two cities, which are 4 cm apart on the map, are actually 1200 km away from
each other.

DO THIS

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

1. Following arethecar parking chargesnear arailway station upto

4 hours 60

8hours %100
12 hours T 140
24 hours T 180

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

( Partsof redpigment | 1 | 4 | 7 | 12 20]
LPartsof base 8

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

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

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

6. Inamode of aship, themastis9 cm high, while
themast of theactud shipis12mhigh. If thelength
of theshipis28 m, how longisthemodd ship?

7. Suppose?2 kg of sugar contains9 x 10° crystals. y -
How many suger crystalsaretherein (i) 5kg of sugar”(n) 12 kg of sugar’?

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

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

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

DO THIS 1. Onasguared paper, draw five squares of different sides.

Writethefollowing informationin atabular form.

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

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

Suji/Rawa= 250 g, Sugar = 3004, —I —

Ghee =200 g, Water =500 mL. T

Using the concept of proportion, estimatethe g )

changes in the quantity of ingredients, to [ _§

prepare hawafor your class. N =
3. Choose a scale and make a map of your l

classroom, showing windows, doors, L—1 ————1

D
blackboard etc. (An exampleisgiven here). <W gndow) 5cm 2 >
Scale W

HEEE THINK, DISCUSS AND WRITE Ul

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

13.3 Inverse Proportion

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

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

5@ )
Walking | Running | Cycling By Car
Speed in km/hour 3 6 9 45

Time taken (in minutes) 30 15 10 2
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Observethat asthe speed increases, timetaken to cover the same distance decreases.

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

L et usconsider another example. A school wantsto spend % 6000 on mathematics
textbooks. How many books could be bought at ¥ 40 each? Clearly 150 books can be
bought. If the price of atextbook is morethan % 40, then the number of bookswhich
could be purchased with the sameamount of money would belessthan 150. Observethe
followingtable.

1 1
2x—=—%x2=1
that 2% =7 ).

( Price of each book (in %) 40 50 60 75 80 100 \
LNumber of books that 150 | 120 | 100 | 80 | 75 60 J

can be bought

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

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

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

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

corresponding to the values x , X, of x respectively thenx y, = x.y, (= K), or A_Y2
Y1

We say that xand y areininver se proportion.

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

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

Hereisan activity for better understanding of theinverse proportion.
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DO THIS

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

4 Rows, 12 columns

6 Rows, 8 columns

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

What do you observe?AsR increases, C decreases.

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

TRY THESE

Observethefollowing tablesand find which pair of variables(herexandy) arein

inverseproportion.
0 ( x |50 40] 30| 20) @) { x |100 {200 300
vy |[5]6]| 7] 8) Ly |60 |30] 20

[
Giy( x | 90| 60| 45| 30 |20 5 )
vy |[10] 15| 20| 25 | 30 | 35 |

L et usconsider some exampleswherewe usethe concept of inverse proportion.

When two quantitiesx andy arein direct proportion (or vary directly) they area sowrittenasxo< y.

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

Solution:

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

(Number of pipes 6 5 )

LTime (in minutes) [ 80 X J

L esser the number of pipes, morewill bethetimerequired by
ittofill thetank. So, thisisacase of inverse proportion.
Hence, 80x6=xx5 [X y,=XY,)]
80x 6
=X

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

Example 8: Thereare 100 studentsinahostel. Food provision for themisfor 20
days. How long will theseprovisionslast, if 25 more studentsjoin the group?

or

Solution: Supposetheprovisionslast for y dayswhen the number of studentsis125.
Wehavethefollowingtable.

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

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

proportion.
So, 100 x 20=125xy
100x 20
or 5 oo 16=y
Thus, the provisionswill last for 16 days, if 25 more studentsjoin the hostel.
Alternately, we canwritex, y, =X,y, as xﬁ = % :
£ 2 1
Thatis, X UK=Y, Y,
or 100:125=y: 20
100x 20

= =16

o Y= 125

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

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

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

So, thenumber of hoursand number of workersvary ininverse proportion.

So 48x15=30xy

48x15
0 Y

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

B EXERCISE 13.2

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

2. InaTelevisiongame show, the prize money of ¥ 1,00,000 isto bedivided equally
amongst thewinners. Completethefollowing tableand find whether the prize money
givento anindividua winner isdirectly or inversely proportional to the number

Therefore, or y=24

of winners?
(Number of winners 1 2 415|810 20]
LPrize for each winner (in¥) | 1,00,000( 50,000 J

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

(Number of spokes 4 6 8 10 12 ]

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

(i) Are the number of spokes and the angles formed between the pairs of
consecutive spokesininverse proportion?
(i) Calculatetheanglebetweenapair of consecutive spokesonawhedl with 15
spokes.
(i) How many spokeswould beneeded, if theangle betweenapair of consecutive
spokesis40°?
If abox of sweetsisdivided among 24 children, they will get 5 sweetseach. How
many would each get, if the number of the childrenisreduced by 4?
A farmer has enough food to feed 20 animalsin his cattle for 6 days. How long
wouldthefood last if therewere 10 moreanimalsin hiscattle?
A contractor estimatesthat 3 persons could rewire Jasminder’'shousein 4 days. If,
he uses4 personsinstead of three, how long should they take to compl etethejob?

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

A factory requires 42 machinesto produce agiven number of articlesin 63 days.
How many machineswould be required to produce the same number of articlesin
54 days?

A car takes 2 hoursto reach adestination by travelling at the speed of 60 km/h. How
long will it takewhen the car travel sat the speed of 80 km/h?

Two personscould fit new windowsin ahousein 3 days.

(i) Oneof the personsfell ill beforethework started. How long would thejob
take now?

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

A school has 8 periodsaday each of 45 minutesduration. How long would each
period be, if the school has 9 periodsaday, assuming the number of school hoursto
bethe same?
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1. Takeasheset of paper. Foldit asshowninthefigure. Count the number of partsand

theareaof apart in each case.

—prn

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

( Number of parts 1

2

L Area of each part| areaof the paper

2

1
— theareaof the paper

4 816]

)

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

inverseproportion?

—
Me~—————

-[r.w

=

L

—d,— | d,

(Diameter of container (in cm)

LHeight of water level (in cm)

—1

—lNHAT HAVE WE DISCUSSED? —

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

suchamanner that theratio of their corresponding valuesremainsconstant. That isif Xk [kis

apositivenumber], thenxandy aresaidto vary directly. Insuchacaseify,, y, arethgval uesof

y corresponding tothevaluesx,, X, of x respectively then A_%
i Y
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7

2. Twoquantitiesxandyaresaidtobeininver seproportion if anincreasein x causesaproportiona
decreaseiny (and vice-versa) in such amanner that the product of their corresponding values
remainscongtant. That is, if xy =k, thenxandy aresaidtovary inversdly. Inthiscaseif y,, y, are

thevaluesof y corresponding to thevaluesx, X, of x respectively thenx y, =X, y, or A_Y
Y1

\

J
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14.1 Introduction

14.1.1 Factors of natural numbers

Factorisation

CHAPTER

OES2CHI4

Youwill remember what you learnt about factorsin ClassV|. Let ustakeanatural number,

say 30, and writeit asaproduct of other natural numbers, say
30=2x15
=3x10=5x%x6

Thus, 1, 2, 3, 5, 6, 10, 15 and 30 are the factors of 30.
Of these, 2, 3and 5 arethe primefactors of 30 (Why?)

A number written asaproduct of primefactorsissaid to
be in the prime factor form; for example, 30 written as
2x 3 x5isintheprimefactor form.

Theprimefactor formof 70is2x5x% 7.
The primefactor formof 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 weshall learnto doin thischapter.

14.1.2 Factors of algebraic expressions

Wehaveseenin ClassVII that in agebraic expressions, termsareformed as products of
factors. For example, inthea gebraic expression 5xy + 3x the term 5xy has been formed

by thefactors5, xandy, i.e.,

SXy = BX XXy
Observethat thefactors5, x andy of S5xy cannot further
be expressed as a product of factors. We may say that 5,
xandy are‘ prime’ factorsof 5xy. Inalgebraic expressions,
weusetheword ‘irreducible€ inplaceof ‘ prime’. Wesay that
5x xxyistheirreducibleform of 5xy. Note5 x (xy) isnot

Note 1 isafactor of 5xy, since

5xy = IXSX XX Y
Infact, 1isafactor 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.

anirreducibleformof 5xy, sincethefactor xy can befurther
expressed asaproduct of xandy, i.e., Xy =X X y.
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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, x and (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).

14.2 What is Factorisation?

When wefactorise an algebraic expression, wewriteit asaproduct of factors. These
factorsmay be numbers, agebraic variablesor agebraic expressions.
Expressionslike3xy, 5x?y, 2x(y +2),5(y + 1) (x + 2) areaready in factor form.
Their factorscan bejust read off from them, aswealready 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 we shall do now.

14.2.1 Method of common factors

® \Webeginwithasmpleexample: Factorise 2x + 4.
We shall write each term asaproduct of irreduciblefactors;
2X=2 %X
4=2x2
Hence X+4=2%xx)+(2x%x2)
Noticethat factor 2iscommonto both theterms.
Observe, by distributivelaw
2x(X+2)=(2%xx)+(2%x2)
Therefore, we canwrite
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 arerespectively,
SXy =5xxXxy
1I0x =2 x 5% X
Observethat thetwo termshave 5 and x ascommon factors. Now,
Sxy + 10x = (5xxxy) +(5xxX% 2)
=(5xxy) +(5xx 2)
We combinethetwo termsusing thedistributivelaw,
(5xx y) + (5xx 2) =5x x (y + 2)
Therefore, 5xy + 10x=5x (y + 2). (Thisisthe desired factor form.)
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Example 1: Factorise 12a%h + 15ab?

Solution: Wehave 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: 10x*=2 x5 x x x X

183 =2x3X 3 XXX XXX
A =2 X7 XXX XX XX X
The common factors of thethreetermsare 2, x and x.
Therefore, 10x2 — 183 + 14x* = (2 X X X X X 5) = (2 X X X X X 3 x 3 X X)
+(2XXXXXTXXXX)
=2xxxxXX[(5-(3%x3x%xx)+ (7% xxX)] (combiningthethreeterms)

=2 x (5—9x + 7x3) = 2X*(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?

14.2.2 Factorisation by regrouping terms

Look at the expression 2xy + 2y + 3x + 3. You will noticethat thefirst two termshave
common factors 2 and y and the | ast two terms have acommon factor 3. But thereisno
singlefactor commonto al theterms. How shall we proceed?

Let uswrite(2xy + 2y) inthefactor form:
2y +2y = (2 X XX y) +(2%Y)
:(2xyxx)+(2xyx 1)
=(2yxx) +(2yx1)=2y(x

Note, we need to
=

showl as a factor

Smilaly, 3x+3=(3xX)+(3x1) ———_1 here Why?
=3x(x+1)=3(x+1)
Hence, 2Xy+2y+3x+3=2y(x+1)+3(x+1)

Observe, now we haveacommon factor (x + 1) in both thetermson 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 + 3 isnow 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, theabove expression wasgiven as2xy + 3+ 2y + 3x; thenit will not beeasy to
seethefactorisation. Rearranging theexpression, 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=2xXXy+3xXX+2xy+3
=Xx(y+3)+1x(2y+3)
=(y+3) (x+1)
Thefactorsarethe same (asthey haveto be), although they appear in different order.
Example 3: Factorise 6xy —4y + 6 —9x.

Solution:
Sepl Checkif thereisacommon factor amongall terms. Thereisnone.

Sep2 Think of grouping. Noticethat first two termshave acommon factor 2y;
6xy —4y = 2y (3x—-2) @
What about thelast two terms? Observethem. If 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,
OXy—4y +6—-9x=6xy—4y—-9x + 6
=2y (3x—2)-3(3x—2)
=(3x-2) (2y-3)
Thefactorsof (6xy—4y + 6 —9x) are (3x—2) and (2y — 3).

B EXERCISE 14.1
1. Findthecommon factorsof thegiventerms.
(i) 12x, 36 (i) 2y, 22xy (i) 14 pq, 28p*¢?
(iv) 2x, 3% 4 (v) 6abc, 24ab? 12 a’b
(Vi) 16 X3, —4x2, 32x (vii) 10 pq, 20qr, 30rp
(i) 3% y3, 10 y2,6 X2 y?z
2. Factorisethe following expressions.

(i) 7x-42 (i) 6p—12q (i) 7a?+ 14a
(ivy —16z+20Z2 (v) 201?m+30alm
(Vi) 5x2y—15xy? (vi) 10a?—-15b?+ 20 c?
(vii) —4a*+4ab-4ca (X) xX*yz+ xy’z+xy2z
(X axXy+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+9q+25p
V) z=7+7xy—-xyz

14.2.3 Factorisation using identities

Weknow that (@a+ b2 =a?2+2ab+b? 0]
(a—h)? =a?—2ab+ b? (D)
(a+ b)(a-hb) =a-b? (1)

Thefollowing solved examplesillustrate how to usetheseidentitiesfor factorisation. What
wedoisto observethegivenexpression. 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 theforma? + 2ab + b wherea=xandb=4

suchthat a’+2ab+b?= X2+ 2(X) (4) + 42 .
) Observe here the given
=x2+8x+ 16 expressionisof theform
Since a2+ 2ab+b2:(a+ b)z’ a?—2ab + b2

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: Observe4y? = (2y)?,9=3%and 12y = 2 x 3 x (2y)

Therefore, 4y?—12y + 9= (2y)? -2 x 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 111 isapplicable here;
49p? =36 = (7p)*—(6)?
=(7p—6) (7p+ 6) (required factorisation)
Example 7: Factorise @®—2ab + b*>—c?

Solution: Thefirgt threetermsof the given expressionform (a—b)2 Thefourthterm
isasquare. Sotheexpression can bereduced to adifference of two squares.

Thus a?—2ab + b*- 2 = (a—b)>-c? (Applying Identity I1)
=[(a=b)—c) ((a—b) +c)] (Applying Identity 11)
=(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: Wenote m* = (n¥)? and 256 = (16) 2
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Thus, thegiven expressionfitsidentity I11.
Therefore, mt— 256 = (n¥)? — (16) 2
= (n?-16) (n? +16) [(usingldentity (111)]
Now, (m?+ 16) cannot befactorised further, but (m? —16) isfactorisable again as per

[dentity 11.
n’—16 = n¥ — 4°
=(Mm-4) (m+4)
Therefore, mt — 256 = (m—4) (m+ 4) (m? +16)

14.2.4 Factors of the form (x+ a)(x + b)

L et us now discuss how we can factorise expressionsin onevariable, likex? + 5x + 6,
Y =Ty + 12, Z—-4z—12, 3n? + 9m+ 6, etc. Observe that these expressions are not
of thetype(a+ b)2or (a—Db)? i.e, they are not perfect squares. For example, in
X2+ 5x+ 6, theterm 6 isnot aperfect square. These expressionsobviously also do not
fit thetype (a—b?) either.

They, however, seemto be of thetypex?+ (a+ b) x+ ab. We may therefore, try to
useldentity 1V studied inthelast chapter to factorisethese expressions:

(x+a) (x+b=x*+(a+b)x+ab (v)

For that we haveto look at the coefficients of x and the constant term. Let usseehow

itisdoneinthefollowing example.

Example 9: Factorise X*+ 5x + 6

Solution: If wecomparetheRR.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. For thisa+ b=>5 exactly asrequired.
Thefactorised form of thisgiven expressionisthen (x+2) (x+ 3).

In general, for factorising an algebraic expression of the type x? + px + g, we find two
factorsa and b of q (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: Findthefactorsof y>—7y +12.
Solution: Wenote1l2=3x4and3+4=7. Therefore,
Y2 —-Ty+ 12=y?-3y -4y + 12
=y(y-3)-4(y-3) =(y-3 (-4
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Note, thistimewedid not comparetheexpressonwiththat in Identity (1V) toidentify
aandb. After sufficient practiceyou may not need to compare the given expressionsfor
their factorisation with theexpressionsin theidentities; instead you can proceed directly
aswedid above.

Example 11: Obtainthefactorsof z2—4z—12.

Solution: Hereab=-12; thismeansoneof a and bisnegative. Further,a+ b=—4,
this meansthe onewith 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, 2 —-4z-12=77 —-62+22-12

=2(z-6)+2(z-6)

=(z-6)(z+2)
Example 12: Find thefactorsof 3n?+9m+ 6.

Solution: Wenoticethat 3isacommon factor of all theterms.

Therefore, 3P+ 9m+ 6 = 3(n?+ 3m+ 2)

Now, m?2+3m+2=n?+m+2m+ 2 (8s2=1x2)
=m(m+ 1)+2(m+1)
=(m+1) (m+2)

Therefore, 3mP+9m+6=3(m+1) (m+2)

B EXERCISE 14.2
1. Factorisethefollowing expressions.
() a2+8a+16 (i) p>P—10p+25 (i) 25m?+30m+9
(iv) 49y? + 84yz + 362 (V) 4x*—8x+4
(vi) 121b?—88bc + 16c2
(i) (I+m)2—4lm  (Hint: Expand (| + m)?first)
(vii) a*+ 2a%? + b?
2. Factorise.
(i) 4p?-9g? (i) 63a2—112b? (i) 49x*>—36
(iv) 16 —144 (v) (I+m)>—(1—-m)?
M) 9y —-16 (Vi) (C-2xy+y) -7
(vii) 25a? —4b? + 28bc — 49¢?
3. Factorisetheexpressions.

() a +bx (i) 7p?+ 21¢? (i) 2¢+2xy2 + 2x22
(iv) an? + bn? + bn? + ar? V) (Im+)+ m+1
M) y(y+2+9(y+2 (vi() Sy?—20y—8z+2yz

(vili) 10ab +4a +5b +2 (iX) 6xy—4y+6—9x
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4. Factorise.
@) a*-b? (i) p*—81 @iy x*—(y+2*
(ivy xX*—(x-2* (v) a*-2ah*+b?
5. Factorisethefollowing expressions.
() p?+6p+8 (i) g?—10g+21 (i) p*+6p—16

14.3 Division of Algebraic Expressions

We havelearnt how to add and subtract al gebraic expressions. We al so know how to
multiply two expressions. We have not however, looked at division of onealgebraic
expression by another. Thisiswhat wewishto dointhissection.

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 x 3% =6x3
Therefore, 6x3 + 2x = 3x?
and also, 63 + 3x2 = 2x.

(i) 5x (x +4) =5x% + 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
carried out. Tobeginwithweshdl consder thedivision of amonomid by another monomid.

14.3.1 Division of a monomial by another monomial
Consider 6x3 + 2x
Wemay write 2xand 6x¢ inirreduciblefactor forms,
2X=2x%xX
6 =2X3XXXXXX
Now we group factors of 6x¢ to separate 2x,
6x3 =2 % X x (3% XxXxX)=(2X) x (3%

Therefore, 6x3 + 2x = 3%,
A shorter way to depict cancellation of common factorsisaswedoindivison of numbers:
o7 7x11
77+7= - = Z =11
- 3. o= X
Smilaly, 6x° + 2xX = x
2X3X XX XXX
= =3 xXxX=3x2
2% X
Example 13: Dothefollowingdivisions.
(i) —20x* + 10x® (i) 7xy*Z + 14xyz
Solution:

() 20x*=-—2%x2X5XXXXXXXX
102 =2 x5 X X X X
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—2X2X5BX XX XX XX X
Therefore,  (—20x*) + 10x* = =2 XXX X=-2%
2X5X XX X

TXXXXXYXYXZXZ
2XTXXXYXZ

(i) 7x¥y?Z2 + 14xyz =

xxyxz 1

2 2
TRY THESE
Divide
(i) 24xy?Z by 6yz? (i) 63a%b*c® by 7a?’c

14.3.2 Division of a polynomial by a monomial
Let usconsider thedivision of thetrinomial 4y® + 5y? + 6y by themonomial 2y.
4y +5y2+ 6y =(2x2xyxyxy)+(5xyxy)+(2x3xy)
(Here, weexpressed each term of the polynomial infactor form) wefindthat 2x yis
commonin each term. Therefore, separating 2 x y from each term. We get

4y3+5yz+6y:2xyx(2xyxy)+2xyx(gxy) +2xyx3
5
=2y(2y2)+2y(§y) +2y(3)

5
=2y (Zy2 oyt 3) (Thecommon factor 2y isshown separately.

Therefore, (4y® + 5y + 6y) + 2y
2y(2y? £ +3)
_ 4y’ +5y°+6y _ yley +,y
2y 2y
Alternatively, we could divide each term of the trinomial by the
monomia using thecancellation method. 4y +5y% + By

(4y°+ Sy + 6y) + 2y = 2y

3 2
_4yT oy By
2y 2y 2y

Example 14: Divide 24(x?yz + xy*z + xyz?) by 8xyz using both the methods.

Solution: 24 (Xyz + xy’z + xyz°)
:2x2x2x3x[(xxxxyxz)+(xxyxyxz)+(xxyxzxz)]
=2X2X2X3XXXYyXZX(X+y+2)=8x3xxyzx (X+y+2z) (Bytakingoutthe

Therefore, 24 (X?yz + xy?z + xyz®) + 8xyz commonfactor)

_ 8X3XXyzZX (X+Yy+2)
- 8 X xyz

Here, wedivide
each term of the
polynomial inthe
numerator by the
monomial inthe

denominator.

=2y?+ §y+3

5
:2y2+5y +3

=3x(Xx+y+2=3(x+y+2

2019-20




226 W MATHEMATICS

24x%yz N 24xy°z . 24xyz?
8xyz 8xyz 8xyz
=3x+3y+3z=3(x+y+2

Alternatdly,24(x2yz + xy?z + XyZ*) + 8xyz =

14.4 Division of Algebraic Expressions Continued
(Polynomial + Polynomial)

® Consider (7x%+14x) + (x + 2)
Weshall factorise (7x? + 14x) first to check and match factorswith the denominator:
TR+ 14X = (TXXXX)+ (2% 7 xX)

Will it help hereto =TXXX(X+2)=7X(X+2)
divide each term of

2
the r_lume_ratc_)r by Now (7X2 +14X) + (X + 2) = M
the binomial inthe X+ 2
denominator? 7X(x+ 2)
= 8o = 7x (Cancellingthefactor (x + 2))

Example 15: Divide 44(x* —5x¢ — 24x?) by 11x (x—8)
Solution: Factorising 44(x* —5x3 — 24x?), we get
44(x* — 53 — 24x%) = 2 x 2 x 11 x x*(x> — 5x — 24)
(taking the common factor x2 out of the bracket)
=2x 2% 11 x x3(x* —8x + 3x — 24)
=2x2x11xx[x(x—8)+3(x—8)]
=2x2x11xx2(x+3)(x—8)
Therefore, 44(x* —5x3 —24x?) + 11x(x — 8)

2X2X11IX XX XX (X4 3) X (Xx—8)

11x xx (x—8)
ez -aterd | YL
Example 16: Dividez(5z2—80) by 5z(z+ 4) both the numerator and
Solution: Dividend= z(522—80) denominator.

=7[(5xZ) - (5% 16)]

=zx5x (z22-16)

=5zx%x(z+4)(z-4) [using theidentity
a’—b?>=(a+b) (a-b)]

52(z—4) (z+ 4)

Thus 7(522—-80) + 52(z+ 4) = 522+ 4)

=(z-49)
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B EXERCISE 14.3

1. Carryoutthefollowingdivisons.
(i) 28x* + 56x (i) —36y° + 9y? (i) 66pg’rs+ 11qr?

(iv) 34x3Z + 51xy*Z (v) 12a0® + (- 6a°h?)
2. Dividethegiven polynomid by thegivenmonomial.
(i) (5%*—6x) + 3x (i) (3y®—4y°+5y") +y

(i) 8(Cy?Z2 + x2y°Z2 + X2y2Z) + Axey?Z2 (V) (0 +2x2+3X) + 2X
M (P’ -p°) + P’
3. Work out thefollowingdivisons.
(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)
4. Divideasdirected.
() 5(2x+1)(3x+5) +(2x+1) (i) 26xy(x+5)(y—4) + 13x(y—4)
(i) 52par (p+q) (q+r) (r +p) + 104pa(q + ) (r + p)
(v) 20(y+4)(y*+5y+3)+5(y+4) (V) x(x+1)(x+2) (x+3+x(x+1)
5. Factorisetheexpressionsand dividethem asdirected.
(i) (y»+7y+10)=(y+5) i) (MmP-14m-32)+ (m+2)
(i) (5p?—25p+20) =+ (p—1) (iv) 4yz(Z +6z—16) + 2y(z+ 8)
(V) Spa(p*— ) +2p(p + )
(Vi) 12xy(9x%—16y?) = 4xy(3x +4y)  (vii) 39y3(50y? —98) + 26y*(By + 7)

14.5 Can you Find the Error?
Task 1  Whilesolving anequation, Saritadoesthefollowing.

Coefficient 1 of a
termisusually not

3x+ X+ 5X=72 shown. But while
Therefore 8x =72 adding liketerms,
72 weincludeitin
and so, X = 5 =9 the sum.

Where has she gonewrong? Find the correct answer.
Task 2 Appudidthefollowing:

For x=-3,5x=5-3=2

Ishisprocedure correct?If not, correct it.
Task 3 Namrata and Salma have done the

multiplication of algebraic expressionsinthe

following manner.

Remember to make
use of brackets,
while substituting a
negative value.

Remember, when you multiply the
expression enclosed in a bracket by a
constant (or avariable) outside, each

Namrata Salma term of the expression has to be
multiplied by the constant
(@ 3(x—4)=3x-4 3(x—4)=3x-12 (or thevariable).
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(b) (297 =2¢ (2X)? = 4x2
— — squareamonomial, the
Make sure, © (2a-3)(@+2) (2a-3)(a+2) numerical coefficient and
before =2a°-6 =2a°+a-6 each factor has to be

applying any squared.
whether the 4 (@) (x+ 87 = + 64 (x+8)°

formulais =x>+ 16x + 64

edl
ap;glica)llnle. (e (x-52=x*-25 (x=5)2=x—10x+ 25
Isthemultiplication done by both Namrataand Salmacorrect? Givereasonsfor your
answe.

o a+5
Task 4 Josephdoesadivisionas: T=a+1

Whiledividing a a+5
polynomial by a Hisfriend Sirishhasdonethesamedivisonas: 5 =a
monomial, wedivide
each term of the 5 )
| mial inthe
ﬁﬁ%g?at(')r b'y the And hisother friend Suman doesnthlsway 5 5 —+1

monomial inthe

denominator. Who has donethedivision correctly?Who hasdoneincorrectly? Why?

Some fun!
Atul alwaysthinksdifferently. He asks Sumathi teacher, “ If what you say istrue, then

64 4 : .
why do | get the right answer fo 1_6=1=4? The teacher explains, “ Thisis so

64 16x4 4
because 64 happenstobe 16 x 4; 16 16x1 1- Inreality, we cancel afactor of 16

and not 6, asyou can see. Infact, 6isnot afactor of either 64 or of 16.” Theteacher

664 4 6664 4

13 - = ___ 7 { g g r)
addsfurther, “ Also, 166 1'1666 1° andsoon”. Isn't that interesting? Canyou

64
helpAtul tofind someother exampleslike % ?

B EXERCISE 14.4

Find and correct theerrorsin thefollowing mathematical statements.

1. 4(x-5)=4x-5 2. X(3x+2)=3¢+2 3. 2x+ 3y=5xy

4. X+ 2x+ 3x=5x 5. by+2y+y—7y=0 6. 3x+ 2x =5x

7. (X2 +4(2X)+7=2¢¢+8x+7 8. (2X)? +5x =4x + 5x=9x
9. (3x+22=3x*+6x+4
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10. Substitutingx=-3in
(@ x+5x+4gives(—3)?+5(-3)+4=9+2+4=15
(b) x*—5x+4gives (-3)>-5(-3)+4=9-15+4=-2
() x*+5xgives(-3)*+5(3)= -9 -15=-24

1. (y-3)2=y*-9 12. (z+5)%=22+25

13. (2a+3b) (a—b)=2a%-3b? 14. (a+4)(a+2)=a>+8
32

15. (a—4)(@a—2)=a—8 16. 3—;:

17 3)9(;:1:1”:2 18. 333:2:% 19. 4x?:rs:4_1><

20. 4):;5=5 21, 7X5+5=7x

— WHAT HAVE WE DISCUSSED? _

When we factorise an expression, we write it as a product of factors. These factors may be
numbers, algebraic variablesor algebraic expressions.

Anirreduciblefactor isafactor which cannot be expressed further asaproduct of factors.

3. A systematic way of factorising an expression isthe common factor method. It consistsof three
steps: (i) Write each term of the expression asaproduct of irreduciblefactors(ii) Look for and
separate the common factorsand (iii) Combinetheremaining factorsin each termin accordance
withthedistributivelaw.

4. Sometimes, al thetermsin agiven expression do not haveacommon factor; but thetermscan be
grouped in such away that all thetermsin each group have acommon factor. Whenwedotthis,
there emergesacommon factor acrossall the groups|eading to the required factorisation of the
expression. Thisisthemethod of regrouping.

5. Infactorisation by regrouping, we should remember that any regrouping (i.e., rearrangement) of
thetermsin the given expression may not |ead to factorisation. We must observe the expression
and come out with thedesired regrouping by trial and error.

6. A number of expressionsto befactorised areof theform or can beput intotheform: a2+ 2ab+b?,

—2ab + b?, a?—b?and x* + (a + b) + ab. These expressions can be easily factorised using
Identitiesl, I, 111 and IV, givenin Chapter 9,
a?+2ab+b?’=(a+hb)?
—2ab+b?=(a-h)?
—b*=(a+b)(a-b)
X+ (@+b)yx+ab=(x+a)(x+Dh)

7. Inexpressonswhich havefactorsof thetype(x+a) (x+ b), remember thenumerical termgivesab. Its
factors, aand b, should be so chosenthat their sum, with signstaken careof, isthe coefficient of x.

8. Weknow that inthe caseof numbers, divisonistheinverseof multiplication. Thisideaisapplicable

alsotothedivision of algebraic expressions.

N
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0.

10.

12.

Inthe caseof division of apolynomial by amonomial, wemay carry out thedivision either by
dividing each term of the polynomial by the monomial or by the common factor method.

Inthe caseof division of apolynomia by apolynomial, we cannot proceed by dividing eachterm
inthedividend polynomia by thedivisor polynomial. Instead, wefactorise both the polynomials
and cancel their common factors.

Inthecaseof 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.

Therearemany errorsstudentscommonly makewhen solving algebraexercises. You should avoid
making such errors.
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Introduction to Graphs

15.1 Introduction

Haveyou seen graphsin the newspapers, television, magazines, booksetc.? The purpose
of the graph isto show numerical factsin visual form so that they can be understood
quickly, easily and clearly. Thusgraphsare visual representations of datacollected. Data
can aso be presented in theform of atable; however agraphical presentationiseasier to
understand. Thisistruein particular when thereisatrend or comparison to be shown.
We have dready seen sometypesof graphs. Let usquickly recall them here.

15.1.1 A Bar graph

A bar graphisused to show comparison among categories. It may consist of two or more
parale vertica (or horizontal) bars(rectangles).

The bar graph in Fig 15.1 shows Anu’'s mathematics marksin the three terminal
examinations. It hel psyouto compare her performanceeasly. Shehasshown good progress.

n
=

S
(=]

(9]
=

[
=)

Marks in Mathematics —

—
=

Ist 2nd 3rd
Term —

Fig 15.1

Bar graphscan also have doublebarsasin Fig 15.2. Thisgraph givesacomparative
account of sales(ing) of variousfruitsover atwo-day period. How isFig 15.2 different
from Fig 15.1? Discusswith your friends.
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[0 Monday  [] Tuesday

S
<

w
n

(78]
=

[\e)
(9]

[
[—]
Sales (in kg) —

— 15
— 10
— 5
0
Q Q < > >
Fruits —
Fig 15.2

15.1.2 A Pie graph (or a circle-graph)

A pie-graphisused to compare partsof awhole. Thecirclerepresentsthewhole. Fig 15.3
isapie-graph. It showsthe percentage of viewerswatching different typesof TV channels.

Informative
10%

News
15%

Entertainment
50%

25%

Fig 15.3
15.1.3 A histogram

A Histogram isabar graph that shows datainintervals. It has adjacent bars over
theintervals.
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ThehistograminFig 15.4 illustratesthe distribution of weights(inkg) of 40 personsof
alocality.

( Weights (kg) 40-45 45-50 50-55 55-60 60-65 1

L No. of persons 4 12 13 6 5 J
14
12
1 10
g 8
(="
s
3 6 InFig15.4ajaggedline
4 (=) has been used aong
horizontal linetoindicate
that we are not showing
2 numbers between 0 and 40.
0 =N
40 45 50 55 60 65 70
Weight (in kg) —
Fig 154

Thereare no gaps between bars, because there are no gapsbetween theintervals.
What istheinformation that you gather from thishistogram?Try tolist them out.

15.1.4 Aline graph

A linegraph displaysdatathat changes continuously over periodsof time.

When Renufell sick, her doctor maintained arecord of her body temperature, taken
every four hours. It wasin theform of agraph (showninFig 15.5and Fig 15.6).
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

Thehorizontd line(usudly caledthex-axis) showsthetimingsat whichthetemperatures
wererecorded. What arelabelled onthevertical line(usually called they-axis)?
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2 2
40 . 4 40
! 38 @ 1 //
s ? Py \
g 36 E 36 N
5 * £ N
=%
£ 34 g 34
= =
32 32
30
S 30<>
@ L 4 @ . 4 S S S S
6 10 2 6 6 10 2 6
am. am. p.m. p.m. am. a.m. p.m. p.m.
Time — Time —
Fig 15.5 Fig 15.6
Each piece of datais shown The points are then connected by line
by a point on the square grid. segments. The result is the line graph.

What al doesthisgraphtell you? For exampleyou can seethe pattern of temperature;
moreat 10 am. (seeFig 15.5) and then decreasingtill 6 p.m. Noticethat thetemperature
increased by 3° C(=40° C—37° C) during the period 6 am. to 10 am.

Therewasno recording of temperature at 8 a.m., however the graph suggeststhat it
wasmorethan 37 °C (How?).

Example 1: (A graphon*performance’)

Thegiven graph (Fig 15.7) represents the total runs scored by two batsmen A and B,
during each of theten different matchesin theyear 2007. Study the graph and answer the
followingquestions.
(1) Whatinformationisgivenonthetwo axes?

(i) Whichlineshowstherunsscored by batsmanA?

(i) Weretherun scored by them samein any match in 2007?1f so, in which match?

(i)  Among thetwo batsmen, who issteadier? How do you judgeit?
Solution:

(i) Thehorizontal axis (or the x-axis) indicates the matches played during the year
2007. Thevertical axis(or they-axis) showsthetotal runsscored in each match.

(i) Thedotted line showstherunsscored by BatsmanA. (Thisisaready indicated at
thetop of thegraph).
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)

Example 2: Thegivengraph (Fig15.8) describes 30
thedistancesof acar fromacity Pat differenttimes 20
whenitistravelling from City Pto City Q, which are
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During the4th match, both have scored thesame === Batsman A — Batsman B
number of 60 runs. (Thisisindicated by thepoint 120
at which both graphsmeet). 110
BatsmanA hasonegreat “peak” but many deep |,

“valleys’. He does not appear to be consistent.

B, on the other hand has never scored below a

total of 40 runs, eventhough hishighest scoreis -Z 80

90 H

only 100in comparisonto 115 of A. Also A has g 70

e ===
= ot
==

scored azerointwo matchesandinatotal of 5 2 o
=

matcheshehasscored lessthan40runs. SinceA

3 Y

=

50

-
L
bl
-

hasalot of upsand downs, B isamorecons stent

and reliable batsman. 40

“q=<-.L
-

350km gpart. Sudy thegraph and answer thefollowing: h
(i) Whatinformationisgivenonthetwo axes? 0 LT 2 3 4 5 6 7 8 9 10
(i) From where and when did the car begin its Matches —
_ Journey? o Fig 15.7
(i) How far didthecar gointhefirst hour?

(iv) How far didthecar goduring (i) the2nd hour?(ii) the 3rd hour?

(v) Wasthe speed same during thefirst three hours? How do you know it?

(vi) Didthecar stopfor someduration at any place? Justify your answe.

(vii) When did the car reach City Q?

3501 }
/
3009 4
/]\
E 2509 7
E /
A 2009 /
g
3 150
5
2 100¢
509
oV 9 10 1 1z 1 2 3

a.m. a.m. a.m. a.m. noon p.m. p.m. p.m.
Time —

Fig 15.8
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Solution:

(1) Thehorizonta (x) axisshowsthetime. Theverticd (y) axisshowsthedistanceof the
car fromCity P

(i) Thecar started from City Pat 8a.m.

(i) Thecar 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).
Henceduring the one-hour timebetween 8 am. and 9 am. thecar travelled 50 km).

(iv) 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).

(v) Fromtheanswerstoquestions(iii) and (iv), wefind that the speed of the car wasnot
thesameall thetime. (Infact thegraphillustrateshow the speed varied).

(vi) Wefind that the car was 200 km away from city Pwhen thetimewas 11 am. and
alsoat 12 noon. Thisshowsthat the car did not travel during theinterval 11am.to

12 noon. The horizontal line segment representing “travel” during thisperiodis
illugtrativeof thisfact.

(vii) Thecar reached City Qat 2 p.m.

B EXERCISE 15.1
1. Thefollowing graph showsthe temperature of apatient in ahospital, recorded
every hour.
(8 What wasthe patient’stemperatureat 1 p.m. ?
(b) Whenwasthe patient’stemperature 38.5° C?

R

A
o
~ 37¢
E // N AT
£ 366
g =
= 35@

34§

ﬁ . 4

@ @ @ ok 4 @
9 10 11 12 1 2 3
am. a.m. a.m. noon p.m. p.m. p.m.

Time —
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() The patient’stemperature wasthe same two times during the period given.
What werethese two 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. Thefollowinglinegraph showstheyearly salesfiguresfor amanufacturing company.

(8 Whatwerethesalesin (i) 2002 (ii) 2006?

(b) What werethesalesin (i) 2003 (ii) 20057

(o) Computethedifference betweenthe salesin 2002 and 2006.

(d) Inwhichyear wastherethe greatest difference between the salesascompared
toitspreviousyear?

12

10 /\
N

T

$ s / Ny
s ) 4

5]

ot ~

& 6 \/

£

L4

wn

2002 2003 2004 2005 2006
Years —

3. For anexperiment in Botany, two different plants, plant A and plant B weregrown
under smilar |aboratory conditions. Their heightsweremeasured at theend of each
week for 3weeks. Theresultsare shown by thefollowing graph.

14

12

Plant B
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@
(b)
©
(d)

©
()
()

How highwasPlant A after (i) 2weeks (i) 3weeks?

How highwasPlant B after (i) 2weeks(ii) 3 weeks?

How much did Plant A grow during the 3rd week?

How much did Plant B grow from the end of the 2nd week to the end of the
3rd week?

During whichweek did Plant A grow most?

Duringwhichweek did Plant B grow least?

Werethetwo plantsof the same height during any week shown here? Specify.

4. Thefollowing graph showsthetemperatureforecast and theactual temperaturefor
each day of aweek.

@

Onwhich dayswastheforecast temperature the same asthe actua temperature?

(b) What wasthe maximum forecast temperature during the week?
() What wastheminimum actual temperature during theweek?
(d) Onwhich day did the actual temperature differ the most from the forecast
temperature?
----- Forecast Actual
35 =
30 - -
T 25 _,o..\_f ,"l
06 4 ol e __“ 'I'
;-’.15 I'/ A\ s
&
10
5
< < C < < < o=
Mon Tue Wed Thu Fri Sat Sun
Days —

5. Usethetablesbelow to draw linear graphs.

@

()

Thenumber of daysahill sdecity received snow indifferent years.

(" Year | 2003 | 2004 | 2005| 2006)
| pays| 8 10 5 12 |

Population (in thousands) of men andwomeninavillagein different years.

(Year 2003 | 2004 | 2005 | 2006 | 2007 )
Number of Men 12 125 13 13.2 135

(Number of Women 11.3 119 13 13.6 12.8

2019-20



INTRODUCTION TO GRAPHS I 239

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 muchtimedidthe persontakefor thetravel ?

(o) Howfaristheplaceof the merchant fromthetown?
(d) Didtheperson stop onhisway?Explain.
() Duringwhich perioddid heridefastest?

22 /l
20 g
//
18 7
T &
~16 /.
=]
= 14 /‘
R= p
<12 v g
8
=10 /
8
2 8
a A
6 4
4 /’
2
/ & . & —
8 a.m. 9 a.m. 10 a.m. 11 a.m. 12 noon
Time —

7. Cantherebeatime-temperaturegraph asfollows? Justify your answer.

@) (i)
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15.2 Linear Graphs

A line graph consists of bits of line segments
joined consecutively. Sometimesthe graph may
beawholeunbrokenline. Suchagraphiscalled
alinear graph. Todraw suchalineweneedto
|ocate some points on the graph sheet. We will
now learn how to locate points conveniently on
agraph sheet.

15.2.1 Location of a point WEU s

The teacher put a dot on the black-board. She asked the
students how they would describe itslocation. There were
several responses(Fig 15. 9).

B The dotis )
ai_-f'} near theleft |
Y edge of the
board /f_»’

Fig 15.9

Can any one of these statements help fix the position of the dot? No! Why not?
Think about it.

John then gave asuggestion. He measured the distance of the dot from thel eft edge of
the board and said, “ The dot is 90 cm from the | eft edge of the board”. Do you think
John’'ssuggestionisrealy helpful ?(Fig 15.10)

oA ( A
1
QAI ’Al
oA, A,
: !
< 1
oA, S < Y
'
1
([ 90 cm_i
90 cm
Fig 15.10 Fig 15.11
A,AL A, A aredl 90 cm away A is90 cm from left edge and

from the left edge. 160 cm from the bottom edge.
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Rekhathen cameup with amodified statement : “ Thedot is90 cm fromtheleft edge
and 160 cm from the bottom edge” . That solved the problem completely! (Fig 15.11) The
teacher said, “We describethe position of thisdot by writingit as(90, 160)” . Will the point
(160, 90) bedifferent from (90, 160)? Think about it.

The 17th century mathematician Rene Descartes, it is said, noticed the movement
of an insect near a corner of the ceiling and began to think of determining the
position of a given point in a plane. His system of fixing a point with the help of
two measurements, vertical and horizontal, came to be known as Cartesian system,
in his honour.

. . . Rene Descar tes
15.2.2 Coordinates vertical axis (1596-1650)

(called y-axis)

Suppose you go to an auditorium and
search for your reserved seat. You need to 4 tells how many units
know two numbers, the row number and o move to the right
the seat number. Thisisthe basic method
for fixing apointinaplane.

Observe in Fig 15.12 how the point
(3,4) whichis3unitsfromleft edgeand 4
unitsfrom bottom edgeisplotted onagraph
sheet. Thegraph sheetitself isasquaregrid.
Wedraw the x and y axes conveniently and 3 unlis
then fix the required point. 3iscalled the O 12 3 435 6 /\' X
x-coordinate of the point; 4 is the '\
y-coor dinate of the point. We say that the origin horizontal axis
coor dinates of the point are (3, 4). 00,0 (called x-axis)
Example 3: Plotthepoint (4, 3) onagraph Fig 15.12
sheet. Isit thesameasthe point (3, 4)?

Solution: Locatethex, y axes, (they are
actually number lines!). Start at O (O, 0).
Move4 unitstotheright; then move 3 units
up, you reach the point (4, 3). From
Fig 15.13, you can seethat the points (3, 4)
and (4, 3) aretwo different points. P

Example 4: FromFig15.14, choosethe v 123 45 6
|etter(s) that indicatethel ocation of thepoints Fig 15.13
givenbeow:
0 271
@ (0,5
(i) (2,0)

, E
Alsowrite P ¥
(iv) Thecoordinatesof A. O 1234567
(v) Thecoordinatesof F. Fig 15.14

K

tells how
many units
to move up

- N W A U1
4 [uniks
@,

Y

3 4)
3

-

N W A U1

3 [unifs

C

N W A U1
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Solution:
(1) (2,1)isthepointE(ItisnotD!).
(i) (0,5)isthepoint B (why?Discusswithyour friends!). (i) (2, 0) isthepoint G

(iv) PointAis(4,5) (v) Fis(5.5,0)
Example 5: Plotthefollowing pointsand verify if they lieonaline. If they lieonaline,
nameit.
) (0,2),(0,5),(0,6),(0,3.5) (i) A(1,1),B(1,2),C(1,3),D(L4
(i) K(,3),L(2,3),M@3,3),N(43) (v) W(26),X(359),Y(53),2(62)
Solution:
X X
7 7
M (@5) 6
3 (@B) S
i YO 4 plam
3 e (6
o 2Blap
! . 'Alan .
O 1234567 O 1234567
0) (ii)
Theselieonaline. Theselieon aline. ThelineisAD.
Thelineisy-axis. (You may also use other ways
of naming it). Itisparallel to they-axis
Y b4
6 6
5 5
4 D43 o 4
3 O [ [ 37> 3
K| L|M| N
2 2
1 1
>X >X
O 123 456 o)
(i) Fig 15.15
These lie on aline. We can name it as KL These lie on aline. We can name
or KM or MN etc. Itis parallel to x-axis itas XY or WY or YZ etc.

Notethat in each of the above cases, graph obtained by joining the plotted pointsisa
line. Such graphsarecalledlinear graphs.
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B EXERCISE 15.2

1. Potthefollowing pointsonagraph sheet. Verify if they lieonaline

(@ A(4,0),B(4,2),C(4,6),D(4,25)

(b) P(1,1),Q(2 2),R(3,3),54,4)

(© K(2,3),L(5,3),M(5,5),N(2,5)

2. Draw thelinepassing through (2, 3) and (3, 2). Find the coordinates of the pointsat
which thisline meetsthex-axisand y-axis.

3. Writethe coordinates of the vertices 1
of each of theseadjoining figures.

4. Statewhether Trueor False. Correct M
that arefalse.

(1) A pointwhosexcoordinateiszero
and y-coordinateisnon-zerowill
lieonthey-axis.

(i) A pointwhosey coordinateiszero
and x-coordinateis5will lieon
y-axis. A Q -

(i) The coordinates of the origin 123456780910
are (0, 0).

7N

A 1\

[ T Y - NI -
=
~

=)

15.3 Some Applications

Ineveryday life, you might have observed that the moreyou use afacility, themoreyou
pay for it. If moreelectricity isconsumed, thebill isboundto behigh. If lesselectricity is
used, thenthebill will be easily manageable. Thisisaninstancewhere one quantity affects
another. Amount of electric bill dependson the quantity of e ectricity used. We say that the
quantity of electricity isanindependent variable (or sometimescontr ol variable) and
theamount of eectric bill isthedependent variable. Therelation between such variables
can be shown through agraph.

BB THINK, DISCUSS AND WRITE U @

Thenumber of litresof petrol you buy tofill acar’ spetrol tank will decidetheamount | g/ \ @
you haveto pay. Whichistheindependent variable here? Think about it. (P

Example 6: (Quantity and Cost)
Thefollowing table givesthe quantity of petrol anditscost.

f No. of Litres of petrol 10 15 20 25 b
L Cost of petrol in % 500 750 | 1000 1250/

Mot agraph to show thedata.
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Solution: (i) Let ustakeasuitable scale on both the axes (Fig 15.16).

—
(98]
>
>

Y

n
=
&

[

—
=3
=
=
a4
f
£

i
=
=

=)

200 ﬁ

5 10 15 20 25 30
Litres —»

Fig 15.16
(i) Mark number of litresalong the horizontal axis.
(i) Mark cost of petrol along 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 thevertical linethrough 12till you meet thegraph at P (say).

From Pyoutakeahorizontd lineto meet thevertical axis. Thismeeting point provides
theanswer.
Thisisthegraph of asituationinwhich two quantities, areindirect variation. (How ?).

Insuch situations, thegraphswill dwaysbelinear.

TRY THESE

In the above example, use the graph to find how much petrol can be purchased
for % 800.

2019-20




INTRODUCTION TO GRAPHS [ 245

Example 7: (Principal and Simplelnterest)
A bank gives10% SimplelInterest (S.I.) on depositsby senior citizens. Draw agraphto
illustrate the rel ation between the sum deposited and simpleinterest earned. Find from
your graph

(8 theannua interest obtainablefor aninvestment of ¥ 250.

(b) theinvestment one hasto maketo get an annual smpleinterest of % 70.

Solution:
e N
Sum deposited | Simple interest for a year
100x1x10
7100 g 10 Steps to follow:
1. Find the quantities to be
plotted asDeposit and S.
7 200 s 200xIX10 _ g 2. Decidethequantitiesto be
100 taken on x-axis and on
y-axis.
300x1x10 3. Choose a scale.
< 300 X 100 <30 4. Plotpoints.
5. Jointhepoints.
¥ 500 4 S00x1x10 =350
100
¥ 1000 % 100 y
We get atableof values.
( Deposit (in ?) 100 200 300 500 1000 1
L Annual SI. (in?) 10 20 30 50 100 J

(1) Scale:lunit=%1000n horizontal axis, 1 unit=3 10 onvertical axis.
(i) Mark Depositsalong horizontal axis.
(i) Mark Smplelnterest along vertica axis.
(iv) Plotthepoints: (100,10), (200, 20), (300, 30), (500,50) etc.
(v) Jointhepoints. Weget agraphthatisaline(Fig 15.17).
(@ Correspondingtoz 250 on horizonta axis, we
get theinterest to bez 25 on vertical axis.
(b) Corresponding to ¥ 70 on the vertical axis,

we get the sum to bez 700 onthe horizontal ~ |SExample7, acaseof direct variation?
ais.
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100

2

=]

L o
=]

X
<

(=)
(=]

n
(=]

(300, 1

S
<

(7]
=}

Annual Simple Interest (in Rs) —

P37 (K I KD

[
=]

$2D0f 2D)

N\

-
=}

(104, 10

100 200 300 400 500 600 700 800 900 1000
Deposits (in Rs) —

Fig 15.17
Example 8: (Timeand Distance)

Ajit canrideascooter constantly at aspeed of 30 kms/hour. Draw atime-distance graph

for thisstuation. Useittofind

1
() thetimetakenbyAjittoride75km. (i) thedistancecovered bijitinBE hours.

Solution:
“ Hours of ride Distance covered )

1 hour 30km

2 hours 2x30km=60km

3hours 3x30km=90km

4 hours 4 x 30 km =120 km and so on./
We get atableof values.

(Time (in hours) 1 2 3 )

L Distance covered (in km) [ 30 60 90

4
120

)

(i) Scde (Fig15.18)
Horizontal: 2 units=1hour
Vertical: Lunit=10km
(i) Mark timeonhorizontal axis.
(i) Mark distanceon vertical axis.
(iv) Plotthepoints: (1, 30), (2, 60), (3, 90), (4, 120).

2019-20



INTRODUCTION TO GRAPHS [ 247

130

120

110

100

920

80

70

60

50

40

Distance Covered (in km) —

30

20

10

N sunsunnns

1 2
Time (in hours) —

Fig 15.18

(v) Jointhepoints. Weget alinear graph.
(@ Correspondingto 75 kmonthevertica axis, weget thetimetobe2.5hourson
thehorizontal axis. Thus2.5 hoursare needed to cover 75 km.

3

4

1
(b) Corresponding to 35 hourson the horizontal axis, the distance coveredis

105 kmonthevertica axis.

B EXERCISE 15.3

1. Draw thegraphsfor thefollowing tablesof vaues, with suitablescalesontheaxes. ™

(& Costof apples

(Number of apples 1 2 3 4
LCost (in?) 5 10 15 20

(b) Distancetravelled by acar
(Time (in hours) 6am. | 7am. 8am. 9am.\
LDistanc&e (in km) 40 80 120 160 )
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(i) How muchdistancedidthecar cover duringtheperiod 7.30am.to8am?

(i) What wasthetimewhen the car had covered adistance of 100 km since
it sstart?

(©) Interestondepositsfor ayear.

(Deposit (in3) 1000 2000 3000 4000 50001

LS'mpIe Interest (in %) 80 160 240 320 400J

(1) Doesthegraph passthroughtheorigin?
(i) Usethegraphtofindtheinterest onz 2500 for ayear.
(i) Togetaninterest of ¥ 280 per year, how much money should bedeposited?
2. Draw agraphfor thefollowing.

(0] ( Side of square (in cm) 2 3 35 5 6 )
Perimeter (in cm) 8 12 14 20 24

- J

Isitalinear graph?

 ( A
(i) | Side of square (in cm) 2 3 4 5 6
Area (in cm?) 4 9 16 25 36

- J

Isitalinear graph?

— WHAT HAVE WE DISCUSSED? —

1. Graphical presentation of dataiseasier to understand.

2. (i) Abar graph isusedtoshow comparisonamong categories.

(i) A piegraphisusedtocompare partsof awhole.

(i) A Histogram isabar graph that showsdatainintervals.

A linegraph displaysdatathat changes continuoudy over periodsof time.

A linegraphwhichisawholeunbrokenlineiscalled alinear graph.

For fixing apoint on the graph sheet we need, x-coor dinate and y-coor dinate.

o U A~ W

Therelation between dependent variable andindependent variableisshown through agraph.
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CHAPTER

Playing with Numbers

16.1 Introduction E

You have studied varioustypes of numbers such as natural numbers, whole numbers,
integersand rationa numbers. You have also studied anumber of interesting properties
about them. In Class V1, we explored finding factorsand multiplesand the rel ationships
among them.

Inthischapter, wewill explorenumbersinmoredetail. Theseideashelpinjustifying
testsof divighility.

OES2CH1E

16.2 Numbers in General Form
L et ustakethe number 52 and writeit as
52=50+2=10x5+2
Similarly, thenumber 37 can bewritten as
37=10x3+7
Ingeneral, any two digit number ab made of digitsaand b can bewrittenas
ab=10xa+b=10a+b
What about ba? ba=10xb+a=10b+a
Let usnow take number 351. Thisisathreedigit number. It can also bewritten as

351=300+50+1=100x3+10x5+1x1
Smilady 497=100x4+10x9+1x7

Ingeneral, a3-digit number abc madeup of digitsa, band ciswrittenas
abc=100xa+10xb+1xc
=100a +10b +c

Here ab does not
meana x b!

Inthesameway,
cab=100c +10a+b
bca=100b + 10c + a and so on.
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TRY THESE

1. Writethefollowing numbersingenerdised form.
@i 25 @iy 73 (i) 129 (iv) 302
- 2. Writethefollowingintheusua form.
() 10x5+6 () 100x7+10x1+8 (ili)100xa+10xc+b

16.3 Games with Numbers

(i) Reversingthedigits—two digit number

Minakshi asks Sundaram to think of a2-digit number, and thento do whatever she asks
himto do, to that number. Their conversationisshowninthefollowingfigure. Sudy the
figurecarefully beforereadingon.

Conversations between Minakshi and Sundaram: First Round ...

Alright
[Chooses 49]

Choose
2-digit
number

you started
with

Now divide
the answer
by 11.

Yes, you are
right. But
how did you
know?

There won't
be any
remainder!

It so happensthat Sundaram chose the number 49. So, he got the reversed number
94; then he added these two numbers and got 49 + 94 = 143. Finally he divided this
number by 11 and got 143 + 11 = 13, with no remainder. Thisisjust what Minakshi

had predicted.
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TRY THESE

Check what the result would have been if Sundaram had chosen the numbers shown
below.
1. 27 2. 39 3. 64 4. 17

Now, let usseeif wecan explain Minakshi’s*trick”.

Suppose Sundaram chooses the number ab, which isashort form for the 2-digit
number 10a + b. Onreversing thedigits, he getsthe number ba=10b + a. When headds
thetwo numbershegets:

(10a+b) + (10b + a) = 11a+ 11b
=11 (a+b).
S0, thesumisawaysamultipleof 11, just asMinakshi had claimed.

Observeherethat if wedividethesumby 11, thequotientisa+ b, whichisexactly the
sum of thedigitsof chosen number ab.

You may check the same by taking any other two digit number.

The game between Minakshi and Sundaram continues!

Minakshi: Think of another 2-digit number, but don’ttell mewnhatitis.

Sundaram: Alright.

Minakshi: Now reversethedigitsof the number, and subtract thesmaller number from
thelarger one.

Sundaram: | have donethesubtraction. What next?

Minakshi: Now divideyour answer by 9. | claim that there will be no remainder!

Sundaram: Yes, youareright. Thereisindeed no remainder! But thistimel think | know
how you are so sureof this!

In fact, Sundaram had thought of 29. So his calculations were: first he got
the number 92; then he got 92 — 29 = 63; and finally he did (63 +~ 9) and got 7 as
quotient, with no remainder.

TRY THESE

Check what the result would have been if Sundaram had chosen the numbers shown

below.

1. 17 2 21 3. 96 4. 37
L et usseehow Sundaram explainsMinakshi’ssecond “trick”. (Now hefedsconfident %
of doing so!)

Suppose he choosesthe 2-digit number ab=10a + b. After reversing thedigits, he
getsthe number ba = 10b + a. Now Minakshi tellshim to do asubtraction, the
smaller number fromthelarger one.
® |f thetensdigitislarger thantheonesdigit (that is, a> b), hedoes:
(10a+b)—(10b+a)=10a+b—-10b—a
=9a-9b=9(a—h).
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® |ftheonesdigitislarger thanthetensdigit (thatis, b> a), hedoes:
(10b + &) — (10a + b) =9(b—a).
® And, of coursg, if a= b, hegetsO.

Ineach case, theresulting number isdivisibleby 9. So, theremainder isO. Observe
herethat if wedividethe resulting number (obtai ned by subtraction), thequotientis
a—borb—aaccordingasa> b ora<b. Youmay check the same by taking any
other two digit numbers,

() Reversingthedigits—threedigit number.
Now it isSundaram’sturn to play sometricks!
Sundaram: Think of a3-digit number, but don'ttell mewhat itis.
Minakshi: Alright.
Sundaram: Now makeanew number by putting thedigitsin reverseorder, and subtract
thesmaller number fromthelarger one.

Minakshi: Alright, | have donethe subtraction. What next?
Sundaram: Divideyour answer by 99. | am surethat therewill be no remainder!
Infact, Minakshi chosethe 3-digit number 349. So shegot:
® Reversed number: 943; ® Difference: 943—-349 =594,
® Division: 59499 = 6, with no remainder.

TRY THESE

Check what the result would have been if Minakshi had chosen the numbers shown
below. In each case keep arecord of the quotient obtained at the end.

1. 132 2. 469 SHTET 4. 901

L et ussee how thistrick works.
L et the 3-digit number chosen by Minakshi beabc = 100a + 10b + c.

After reversing theorder of thedigits, she getsthe number cba=100c + 10b+a.On
Subtraction:

® |f a>c, thenthedifference betweenthe numbersis
(100a + 10b + ¢) — (100c + 10b + @) =100a + 10b + ¢ —100c — 10b —a
=99a—99c = 99(a—c).
® |f c>a, thenthedifference betweenthe numbersis
(100c + 10b + a) — (100a + 10b + ¢) = 99¢c —99a = 99(c — a).
® And, of coursg, if a=c, thedifferenceisO.

In each case, theresulting number isdivisibleby 99. So theremainder isO. Observe
that quotientisa—cor c—a. You may check the same by taking other 3-digit numbers.

(i) Formingthree-digit numberswith given three-digits.
Now itisMinakshi’sturn once more.
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Minakshi: Think of any 3-digit number.
Sundaram: Alright, | have done so.
Minakshi: Now usethisnumber to form two more 3-digit numbers, likethis: if the
number you choseisabc, then
® ‘thefirst numberiscab (i.e., withtheonesdigit shiftedtothe“left end” of
the number);
® theother numberisbca (i.e., withthehundredsdigit shifted to the“ right
end” of thenumber).
Now add them up. Dividetheresulting number by 37. | clamthat therewill
benoremainder.
Sundaram: Yes. Youareright!
Infact, Sundaram had thought of the 3-digit number 237. After doing what Minakshi had
asked, he got the numbers 723 and 372. So hedid:

237
+ 723 Formall possible 3-digit numbersusing all thedigits2, 3and
7 and find their sum. Check whether the sumisdivisible by
+ 372 37! Isit truefor the sum of all the numbersformed by the
digits a, b and c of the number abc?
1332

Then hedivided theresulting number 1332 by 37:
1332 + 37 = 36, withnoremainder.

TRY THESE

Check what the result would have been if Sundaram had chosen the numbers |
shown below.

1. 417 2. 632 3. 117 4. 937

Will thistrick alwayswork?
Let ussee. abc =100a + 10b + ¢
cab=100c + 10a+b
bca=100b + 10c + a
abc +cab+bca=111(a+b+c)
=37x3(a+b+c), whichisdivisibleby 37

16.4 Letters for Digits

Herewehave puzzlesinwhich letterstakethe place of digitsinan arithmetic‘sum’, and
the problemisto find out which letter representswhich digit; soitislike cracking acode.
Herewe stick to problemsof addition and multiplication.
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Herearetwo ruleswefollow while doing such puzzles.

1. Each letter in the puzzle must stand for just one digit. Each digit must be
represented by just one letter.

2. Thefirst digit of a number cannot be zero. Thus, we write the number “sixty
three” as 63, and not as 063, or 0063.

A rulethat wewould liketo follow isthat the puzzle must havejust oneanswer.

Example 1: Find Qintheaddition.
31Q

+1Q3
501

Solution:

Thereisjust oneletter Q whosevauewehavetofind.

Study theadditionintheonescolumn: fromQ+ 3, weget ‘1’ that is, anumber whose
onesdigitisl.

For thisto happen, thedigit Q should be 8. So the puzzle can be solved as shown bel ow.
318
+ 183

501
Thatis, Q=8
Example 2: FindA and B intheaddition.

+

+

B A

> > >

Solution: Thishastwoletters A and B whosevaluesareto befound.

Study the addition inthe ones column: the sum of three A’'sisanumber whose onesdigit
isA. Therefore, the sum of two A’smust be anumber whose onesdigitisO.
Thishappensonly forA =0andA =5.

If A =0, thenthesumisO+ 0+ 0=0, whichmakesB = 0too. We do not want this
(asit makesA = B, and then the tens digit of BA too becomes 0), so we reject this
possibility. So,A =5.

Therefore, the puzzleis solved as shown bel ow.

gl o1 o1 O

Thatis,A=5andB =1. 1
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Example 3: FindthedigitsA and B.
BA

x B 3
5 7TA
Solution:

Thisalso hastwo letters A and B whose valuesareto befound.
Sincetheonesdigit of 3x A isA, it must bethatA=00rA =5.

Now look at B. If B =1, then BA x B3would at most beequal to 19 x 19; that is,
itwould at most beequal to 361. But the product hereis57A, whichismorethan 500. So
wecannot haveB = 1.

If B =3, then BA x B3 would be morethan 30 x 30; that is, morethan 900. But 57A
islessthan 600. So, B can not be equal to 3.

Putting these two factstogether, we seethat B = 2 only. So the multiplicationiseither
20 x 23, or 25 x 23.

Thefirst possibility fails, since 20 x 23 = 460. But, the 2 5
second oneworksout correctly, since 25 x 23 =575. x 2 3
SotheanswerisA=5,B=2. 5 7 5

DO THIS

Writea2-digit number ab and the number obtained by reversingitsdigitsi.e., ba. Find
their sum. Let the sum bea 3-digit number dad

i.e, ab + ba =dad
(10a+ b) + (10b + a) = dad
11(a + b) = dad
Thesum a+ b can not exceed 18 (Why?).
Isdad amultipleof 11?
Isdad|essthan 198?
Writeall the 3-digit numberswhich aremultiplesof 11 upto 198.
Findthevauesof aandd.

B EXERCISE 16.1

Find thevaluesof thelettersin each of thefollowing and givereassonsfor thestepsinvol ved.

1. 3 A 2. 4 A 3. 1 A
+ 2 5 + 90 8 x A

B 2 C B 3 9 A
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4 A B 5, B 6 A B
+ 3 7 x 3 X 5
CA B CA B
7 B 8. A1 9. <2AB
x 6 + 1B tA B
BB B B 0

10. 1 2 A

16.5 Tests of Divisibility

InClassV1, youlearnt how to check divisibility by thefollowing divisors.
10,5, 2,3,6,4, 8,9, 11.

You would havefound thetests easy to do, but you may havewondered at the same
timewhy they work. Now, inthischapter, weshal gointo the“why” aspect of theabove.
16.5.1 Divisibility by 10
Thisiscertainly theeasiest test of all! Wefirst ook at some multiplesof 10.

10, 20, 30, 40, 50, €0, ... ,
and then at some non-multiplesof 10.
13, 27, 32, 48, 55, 69,

From theselistswe seethat if the onesdigit of anumber is0, thenthe number isa
multipleof 10; and if the onesdigit isnot 0, then the number isnot amultipleof 10. So, we
get atest of divisihility by 10.

Of course, we must not stop with just stating thetest; we must also explainwhy it
“works’. That isnot hard to do; we only need to remember therules of placevalue.
Takethe number. ... cba; thisisashort form for

..+100c+10b+a

Hereaistheone'sdigit, bistheten’sdigit, cisthe hundred’'sdigit, and soon. The

dotsarethereto say that there may be moredigitsto theleft of c.

Since 10, 100, ... aredivisible by 10, so are 10b, 100c, ... . And asfor the number a
isconcerned, it must beadivisibleby 10if the given number isdivisibleby 10. Thisis
possibleonly whena=0.

Hence, anumber isdivisibleby 10whenitsone'sdigitisO.
16.5.2 Divisibility by 5
Look at themultiplesof 5.

5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
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We see that the one’s digits are alternately 5 and 0, and no other digit ever
appearsinthislist.

So, weget our test of divisibility by 5.

If the ones digit of a number isO or 5, then it isdivisible by 5.
Let usexplainthisrule. Any number ... cbacan bewritten as.

...+100c+ 10b+ a

Since 10, 100 aredivisibleby 10 so are 10b, 100, ... whichinturn, aredivisible
by 5 because 10 = 2 x 5. Asfar asnumber aisconcerned it must bedivisibleby 5if the
number isdivisibleby 5. Soahastobeeither Oor 5.

TRY THESE

(Thefirst one hasbeen donefor you.)

1. IfthedivisionN +5leavesaremainder of 3, what might bethe onesdigit of N?
(Theon€ sdigit, whendivided by 5, must leavearemainder of 3. Sotheone'sdigit
must be either 3or 8.)

2. IfthedivisonN +5leavesaremainder of 1, what might betheone'sdigit of N?
3. IfthedivisonN +5leavesaremainder of 4, what might bethe one’sdigit of N?

16.5.3 Divisibility by 2
Herearethe even numbers.
2,4,6,8,10, 12, 14, 16, 18, 20, 22, ...,
and herearethe odd numbers.
1,357,911, 13,15, 17,19, 21, ...,

We seethat anatural number isevenif itsone' sdigitis

2,4,6,80r0
Anumberisoddif itsone'sdigitis

1,3,570r9
Recall thetest of divigibility by 2learntin ClassVI, whichisasfollows.
If theone'sdigit of anumberis0, 2, 4, 6 or 8 then the number isdivisibleby 2.
Theexplanationfor thisisasfollows.
Any number cba can bewritten as100c + 10b + a

First two termsnamely 100c, 10b aredivisibleby 2 because 100 and 10 aredivisible
by 2. Sofar asaisconcerned, it must bedivisibleby 2 if thegiven number isdivisbleby
2. Thisispossibleonly whena=0, 2,4, 6 or 8.

TRY THESE

(Thefirst one hasbeen donefor you.)

1. IfthedivisonN +2leavesaremainder of 1, what might betheone'sdigitof N? £
(Nisodd; soitsone'sdigitisodd. Therefore, theone' sdigitmustbel, 3,5,70r9.) -
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2. IfthedivisonN + 2leavesnoremainder (i.e., zero remainder), what might bethe
one'sdigit of N?

3. Supposethat thedivision N + 5leavesaremainder of 4, and thedivision N + 2
leavesaremainder of 1. What must bethe one’sdigit of N?

16.5.4 Divisibility by 9 and 3

Look carefully at thethreetestsof divisibility foundtill now, for checking division by
10, 5 and 2. We see something common to them: they use only the one’sdigit of the
given number; they do not bother about the ‘rest’ of the digits. Thus, divisibility
is decided just by the one’'s digit. 10, 5, 2 are divisors of 10, which is the key
number in our place value.

But for checking divisibility by 9, thiswill not work. L et ustake some number say 3573.

Itsexpanded formis: 3x 1000+5x 100+ 7 x 10+ 3

Thisisequal to3x (999+ 1) +5%x (9+1)+7x (9+1)+3
=3x999+5x99+7%x9+(3+5+7+3) .. (1)

We seethat the number 3573 will bedivisibleby 9or 3if (3+5+ 7+ 3) isdivisible
by 9or 3.

Weseethat 3+5+ 7+ 3=18isdivisbleby 9and aso by 3. Therefore, the number
3573isdivisbleby both9and 3.

Now, let usconsider the number 3576. Asabove, we get
3576=3x999+5%x99+7%x9+ (3+5+7+6) ..(2
Since(3+5+7+6)i.e,2lisnotdivisbleby 9butisdivisibleby 3,

therefore 3576 isnot divisibleby 9. However 3576 isdivisibleby 3. Hence,

(i) A number Nisdivisbleby 9if thesumof itsdigitsisdivisibleby 9. Otherwiseitis
not divisbleby 9.
(i) A number Nisdivisbleby 3if thesumof itsdigitsisdivisibleby 3. Otherwiseitis
not divisbleby 3.
If thenumber is‘cha’, then, 100c + 10b+a=99c+9b+ (a+b+c)
= 91lc+b) +(a+b+c)
——
divisibleby 3and 9
Hence, divisibility by 9 (or 3) ispossibleif a+ b+ cisdivisibleby 9 (or 3).
Example 4: Check thedivisibility of 21436587 by 9.

Solution: Thesum of thedigitsof 21436587 is2+1+4+3+6+5+8+7=36.
Thisnumber isdivisbleby 9 (for 36+ 9=4). Weconcludethat 21436587 isdivisbleby 9.

We can double-check:

21436587

5 = 2381843 (thedivisionisexact).
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Example 5: Check thedivisbility of 152875 by 9.

Solution: Thesumof thedigitsof 152875is1+5+2+ 8+ 7+ 5=28. Thisnumber
isnot divisible by 9. We concludethat 152875isnot divisibleby 9.

TRY THESE

Check thedivigbility of thefollowing numbersby 9.
1. 108 2. 616 3. 294 4. 432 5. 927

Example 6: If thethreedigit number 24xisdivisibleby 9, what isthevalue of x?

Solution: Since 24x isdivisibleby 9, sum of it'sdigits, i.e., 2 + 4 + x should be
divisibleby 9,i.e., 6+ xshould bedivisibleby 9.

Thisispossiblewhen6+x=9o0r 18, ....
But, sincexisadigit, therefore, 6 + x=9,i.e,,x=3.

HEEE THINK, DISCUSS AND WRITE Ul

1. Youhaveseenthat anumber 450isdivisibleby 10. Itisasodivisibleby 2and 5
which arefactorsof 10. Similarly, anumber 135isdivisible9. Itisalsodivisble
by 3whichisafactor of 9.
Canyou say that if anumber isdivisible by any number m, thenit will a'so be
divisibleby each of thefactorsof m?

2. (1) Writea3-digit number abcas100a+ 10b+c
=99+ 1lb+ (a—b+c)
=11(9a+b)+(a—b+c)
If thenumber abcisdivisibleby 11, then what can you say about
(a—b+0)?
Isit necessary that (a + c—b) should bedivisibleby 117?

(i) Writea4-digit number abcd as 1000a + 100b + 10c +d
=(1001a+99b + 11c) —(a—b+c—d)
=11(91a+9b+c) +[(b+d)—(a+c)]

If the number abcdisdivisibleby 11, then what can you say about
[(b+d)—(a+c)]?

(i) From (i) and (ii) above, canyou say that anumber will bedivisibleby 11 if
thedifference betweenthesum of digitsat itsodd placesand that of digitsat
theeven placesisdivisbleby 117?

Example 7: Check thedivisibility of 2146587 by 3.

Solution: Thesum of thedigitsof 2146587 is2+1+4+6+5+8+7=33.This
number isdivisibleby 3 (for 33+ 3 =11). We concludethat 2146587 isdivisibleby 3.
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Example 8: Check thedivisibility of 15287 by 3.

Solution: Thesumof thedigitsof 15287is1+5+ 2+ 8+ 7 =23. Thisnumber isnot
divisibleby 3. Weconcludethat 15287 tooisnot divisible by 3.

TRY THESE

Check thedivisgbility of thefollowing numbersby 3.
1. 108 2. 616 3. 294 4. 432 5. 927

B EXERCISE 16.2

1. If 2ly5isamultipleof 9, whereyisadigit, what isthe value of y?
2. If 31z5isamultipleof 9, wherezisadigit, what isthevaueof z?

Youwill find that there aretwo answersfor thelast problem. Why isthisso?
3. If 24xisamultipleof 3, wherexisadigit, what isthe value of x?

(Since24xisamultipleof 3, itssumof digits6 + xisamultipleof 3; 06+ xisone
of thesenumbers: 0, 3,6, 9, 12, 15, 18, ... . But sincexisadigit, it can only bethat
6+x=60r9or12or 15. Therefore, x=0o0r 3or 6 or 9. Thus, x can have any of

four different values))
4. |f 31551isamultipleof 3, wherezisadigit, what might bethevauesof z?

— WHAT HAVE WE DISCUSSED? —

1. Numbers can be written in general form. Thus, a two digit number ab will be written as
ab=10a+ b.

2. Thegenera form of numbersare helpful in solving puzzlesor number games.

3. Thereasonsfor thedivisibility of numbersby 10, 5, 2, 9 or 3 can be given when numbersare
writteningenerd form.

J
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B EXERCISE 1.1

: !
1. () 2 (i) )

. =2 5 .. —6 2 19
2.0 5 @ g i) = ™) 3 V) &
4. (I) 13 (il) 13 (i”) 3) (iV) 15 (V) 2 (VI) -
5. () 2listhemultiplicativeidentity (i) Commutativity
(i) Multiplicativeinverse
6. _9—916 7. Asodidivity 8. No, becausethe product isnot 1.
31 3 o 10 1
9. Yes, because 0.3 x 371073
10. (i) O () land(-1) (i) O
1. () No (i) 1,-1 (iii) %1 (iv) x (v) Rational number
(vi) pogtive
B EXERCISE 1.2
1 -1
1. () —F———F+—+—+—+—+— i) «—+——+—F+—+—+——+—
0 1 2 3 4 5 6 7 -6 5-432-1°090
4 4 4 4 4 4 4 6 6 6 6 6 6
2 < O Bt

11 11 11 11 11 11 11 11 11 11 1

3. Someof thesearel, % ,0,-1, —

-7 -6 -5 -4 -3 -2 -1 1 2
20°20°'20°20°'20°20°20° "' 20' 20

4 o A A A A A A (There can bemany more such rational numbers)
41 42 43 44 45 . 8 -7 _12 . 9 10 11 12 13
5. (l) R R R TR (il) _1_10a_a_ (i”) PR R R T
60 60 60 60 60 6 6 66 32 32 32 32 32

(There can bemany more such rational numbers)
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3 -1 1 .
6. 5T 1, o 0, 5 (There can bemany moresuch rational numbers)

97 98 99 100 101 102 103 104 105 106
160160 160 160° 160160 160 160 160 160
(There can bemany more such rational numbers)

B EXERCISE 2.1

1. x=9 2. y=7 3. z=4 4, x=2 5. x=2 6. t=50
7. x=27 8. y=24 g—é 10 _3 1_1—512——
. X= . y=2. L X= y=3 P=-3 S X=-
B EXERCISE 2.2
3 2
1 1 2. length=52m, breadth=25m 3. 1§cm 4. 40and 55
5. 45,27 6. 16,17,18 7. 288,296 and 304 8. 7,809
9. Rahul'sage: 20years, Haroon'sage: 28years  10. 48 students
11. Baichung'sage: 17 years, Baichung'sfather’sage: 46 years,
1
Baichung'sgrandfather’sage= 72 years 12. Syears 13 5

14. % 100 — 2000 notes; ¥ 50 — 3000 notes; T 10 — 5000 notes
15. Number of ¥ 1 coins= 80; Number of ¥ 2 coins= 60; Number of ¥ 5 coins= 20
16. 19

B EXERCISE 2.3

I
o

3
1. x=18 2. t=-1 3 x==2 4. Z:E 5. x=5 6. X
7
7. x=40 8. x=10 9. y:§ 10. m=—

B EXERCISE 2.4

4 27,35 3. 36 4. 26 (or 62)
Shobo’sage: 5 years, Shobo'smother’sage: 30 years

Length=275m; breadth=100m 7. 200m 8 72
Grand daughter’sage: 6 years, Grandfather’sage: 60 years

10. Aman’sage: 60years, Aman’'sson’sage: 20 years

© o U
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B EXERCISE 2.5

27

1. le—o 2. n=36 3. x=-5 4, x=8 5. t=2
7 2

6 m:g 7. t==2 8. y:§ 9. z=2 10. f=0.6

B EXERCISE 2.6

3 35 4
1 X:E 2. x:—3 3. z=12 4, y=— 5. y:—g
: 13
6. Hari’'sage=20years; Harry’'sage =28 years 7. 1
H EXERCISE 3.1
1. @ 1,2,56,7 b 1,2,56,7 (© 1,2
d 2 € 1
2 @ 2 b 9 (© O 3. 360°; yes.
4. (& 900° (b) 1080° (0 1440° (d) (n—2)180°
5. A polygonwith equal sidesand equa angles.
() Equilaerd triangle (i) Square (i) Regular hexagon
6. & 60° (b) 140° (0 140° (d)y 108°
7. (@ x+y+z=360° (b) x+y+z+w=360°

B EXERCISE 3.2
1 (@ 360°-250°=110°  (b) 360°-310°=50°

5 360° 40° . 360° e
360 _ :
3. — =15(sides) 4. Number of sides=24

24
5. () No; (Since22isnot adivisor of 360)
(i) No; (because each exterior angleis180° —22° = 158°, whichisnot adivisor of 360°).
6. (& Theequilateral trianglebeingaregular polygon of 3 sideshastheleast measure of aninterior
angle=60°.
(b) By (a), wecanseethat thegreatest exterior angleis120°.

B EXERCISE 3.3
1. () BC(Oppositesidesareequal) () « DAB (Oppositeanglesareequal)
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4,
7.
8.
10.
1.

(i) OA (Diagonalshbisect each other)
(iv) 180° (Interior oppositeangles, since AB||DC)

() x=80°y=100° z=280° (i) x=130° y=130° z=130°
(i) x=90° y=60° z=60° (v) x=100° y=80° z=80°
(v) y=112°;x=28°2=28°

(i) Canbe, but need not be.

(i) No; (inaparalelogram, oppositesidesareequal; but here, AD = BC).
(i) No; (inaparalelogram, oppositeanglesareequal; but here, ZA # £C).

A kite, for example 5. 108°; 727, 6. Eachisarightangle.
x=110° y=40° z=30°

() x=6;y=9 (i) x=3;, y=13; 9. x=150°

NM ||KL (sumof interior oppositeanglesis 180°). So, KLMN isatrapezium.
60° 12. £P=50°, £S=90°

HE EXERCISE 3.4
1. (b), (0, (), (9), (h) aretrue; othersarefalse.

2.
3.

4.

5.
6.

(& Rhombus, square. (b) Square; rectangle
() Asguareis4-—sided; soitisaquadrilateral.
(i) A squarehasitsoppositesidesparalel; soitisaparalelogram.
(i) A squareisaparalelogramwithall the4 sidesequal; soitisarhombus.

(iv) A sguareisaparallelogram with each anglearight angle; soitisarectangle.

(i) Pardldogram; rhombus, square; rectangle.
(i) Rhombus, square (i) Square; rectangle
Bothof itsdiagonalslieinitsinterior.

AD||BC; AB ||DC- So,inparallelogram ABCD, themid-point of diagona AC isO.

B EXERCISE 5.1
1. (b), (d). Inall these casesdatacan bedividedinto classintervals.

2.

(" Shopper Tally marks Number )
W | TINTINTNTN NI | 28
M HELELY 15
B Y 5

G | NI 2
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(Interval Tally marks Frequency\
800 - 810 [1] 3
810 - 820 [ 2
820 - 830 | 1
830 - 840 NG 9
840 - 850 NN 5
850 - 860 | 1
860 - 870 [1] 3
870 - 880 | 1
880 - 890 | 1
890 - 900 [1]] 4
Total 30
. Y,
4. () 830-840 @) 10 Tlg o
(i) 20 £ 5
£ 7
£6
<5
= 4
5. () 4-5hours (i) 34 E g
@iy 14 Z 1 I—I_’_ l
.\/\

%:QQ %é %ﬂ"“ Tt %‘;“ %.@ COEE 9.@
Wages (in Rs) —
(i) Lightmusic (i) Classical - 100, Semi classical - 200, Light - 400, Folk - 300

B EXERCISE 5.2
1. () 200
2. () Winter (i) Winter - 150°, Rainy - 120°, Summer - 90° (ii)

3. Yellow

Blue
180°
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4. (|) Hind (il) 30 marks (ill) Yes B. Bangla

B EXERCISE 5.3
1.

(& Outcomes—A,B,C,D
(b) HT,HH,TH, TT (HereHT meansHead onfirst coinand Tail on the second coin and so on).
Outcomesof an event of getting

0 @ 235 (b) 1,4,6

i)y (@ 6 (b) 1,23 4,5

1 1
@z O ©
1

ol N~

. .1 . 9
O 5 O 3 (iii) ™ 15

3 4
Probability of getting agreen sector = 5 probability of getting anon-blue sector = 5

1 1
Probability of getting aprimenumber = o probability of getting anumber whichisnot prime= 5

1
Probability of getting anumber grester than5= s

Probability of gettinganumber not greater than5= —

[e2RNé)!

B EXERCISE 6.1

1.

2.

i 1 @iy 4 @iy 1 (iv) 9 v) 6 i) 9
(i) 4  (vii) O (ix) 6 *x 5

Thesenumbersendwith

M 7 @) 3 (i) 8 (iv) 2 v) O wi) 2
(i) O (viii) O

(@), (i) 4. 10000200001, 100000020000001

1020304030201, 1010101012 6. 20,6,42,43

@i 25 (i) 100 @iy 144

() 1+3+5+7+9+11+13

@[ 1+3+5+7+9+11+13+15+17+19+21

i 24 @iy 50 (i) 198
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1. () 1024 (i)
2. (i) 6,810 (i)

B EXERCISE 6.3

1 (@) 1,9 (i

2. (i), (i), iii)

4. G 27 (i)
Vi) 77 (viii)

5. () 7:42 (i)

6. () 7:6 (i

7. 49

B EXERCISE 6.4

1. () 48 (i)
(i) 76  (viii)
2 () 1 (i)
3. (@) 16 (i
4. () 2,20 (i)
5 (@) 4,23 (i)
6. 21m
8. 24plants

B EXERCISE 7.1

1. (i) and (iv)
2. () 3 (i)
3. (@ 3 (i)
4. 20cuboids

B EXERCISE 7.2

1. () 4 (i)
(vii) 48  (wii)

2. () Fas= (i)
(vii) True

3. 11,17,23,32

1225 (i) 7396 (iv) 8649
14,4850  (jii) 16,63,65 (iv) 18,80,82
4,6 @y 1,9 (iv) 5
3. 10,13
20 (i) 42 (iv) 64
96 (ix) 23 ) 90
5; 30 (i) 7,84 (iv) 3;78
13; 15 (i) 11;6 (i) 5;23
8. 45rows, 45 plantsin eachrow
67 (i) 59 (iv) 23
89 (ix) 24 x 32
2 (i) 2 (iv) 3
2.7 (i) 7.2 (iv) 6.5
53; 44 (i) 1;57 (iv) 41;28
14; 42 (i) 4;16 (iv) 24;43
7. (& 10cm (b) 12cm
9. 16children
2 (i) 3 (iv) 5
2 (i) 5 (iv) 3
8 (i) 22 (iv) 30
36 (ix) 56
True (i) Fese (v) Fdse
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v)

v)

v)
v)

5041

88

2: 54
7: 20

9. 900

v)
(x1)
v)
v)
v)
v)

v)
v)

v)

v)

57
56

5.6

31; 63
149; 81

10

25

Fase
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(i) 2116

(vi) 98
(i) 3:48

i) 5;18
10. 3600

Vi) 37
(xii) 30

(Vi) 24

(i) Fse
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B EXERCISE 8.1

1. @ 1:2 (b) 1:2000 (¢) 1:10

2. 75% (b 66%% 3. 28%students 4. 25matches 5. %2400
6. 10%, cricket — 301akh; football — 15lakh; other games— 5lakh

B EXERCISE 8.2

1. ¥1,40,000 2. 80% 3. ¥34.80 4. %18,342.50
5. Ganof 2% 6. 32,835 7. Lossofz1,269.84
8. % 14,560 9. 2,000 10. % 5,000 11. %1,050

B EXERCISE 8.3

1. (@ Amount=315,377.34;, Compound interest =% 4,577.34
(b) Amount =% 22,869; Interest =3 4869 () Amount =% 70,304, Interest =3 7,804
(d) Amount=%8,736.20, Interest =% 736.20
(8 Amount=% 10,816, Interest =% 816

2. %36,659.70 3. Fabinapaysz 362.50 more 4. T43.20

5. (ii) ¥63,600 (ii) ¥67,416 6. (i) ¥92,400 (ii) 92,610

7. () %8820 (i) 441

8. Amount=%11,576.25, Interest=3 1,576.25Yes.

9. 4,913 10. (i) About 48,980 (ji) 59,535 11. 5,31,616 (approx)
12. ¥ 38,640

B EXERCISE 9.1

1. ( Term Coefficient ) f (iv) 3 3

_ 1

() 5xyZ2 5 q'?q 1

—3zy -3 —rp -1

(i) 1 1 X 1

X 1 V) 2 2

X2 1 X l

(i) axzy? 4 _f(y 4
— A7 -4

L z 1) (vi) 0.3a 0.3

—0.6ab -0.6

L 0.5b 0.5
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2. Monomials: 1000, pgr

Binomials: x +y, 2y —3y?, 4z— 152, p?q + pg? 2p + 2q

Trinomials:7 +y + 5x, 2y — 3y? + 4y®, 5x — 4y + 3xy

Polynomialsthat do not fit in these categories: x + x2 + X3+ x*, ab + bc + cd + da
3. @ O (i) ab+bc+ac @) —p’g®+4pq+9

(iv) 2012+ m?+n?+Im+mn+nl)
4. (8 8a—2ab+2b-15 (b) 2xy —7yz+ 5zx + 10xyz

(©) p*q—7pg?+ 8pq—18q+ 5p + 28

B EXERCISE 9.2

1. () 28p (i) —28p? (i) —28p7q (iv) —12p* v) 0
2. pg; 50 mn; 100 x3y?% 12x3; 12mn?p

3.
= : N
Firstmonomia — 2x By 3 | —axy | Ty | -9y
Second monomial 4
2X 4x? —10xy 6x3 | 8%y | 14¢y |-18x3y?
By —10xy | 25y? | —15x%| 20xy? | —35x%y?| 45x%y®
3x? 6x3 | —15x%y | 9x* | —12¢y| 21xYy |-27x%?
— 4Axy -8y | 20xy? | —12x3%| 16x%y? | —28x%y?| 36x%°
>y 14x%y | =35x%y2| 21x% | —28x%?| 49x%y? |— 63x%y?
L —Ox?y? =18x3y2 | 45x%y® | =27x%?| 36x3%y® | — 63x%y? 81X4y4/
4. (i) 105a’ (i) 64pgr (i) 4xty* (iv) 6abc
5 () xyZ2 (i) —a° (i) 1024y° (iv) 36a?’c?  (v) —mPnp
B EXERCISE 9.3
1. () 4pqg+ 4pr (i) alb—ab? (i) 7a%?+ 7a%b®
(iv) 4a®-36a v) 0
2. () ab+ac+ad (i) 5x% + 5xy? — 25xy
(i) 6p°—7p*+5p (v) 4p'd? —4pg’

(v) a?bc + ab’c + abc?
3. () 8a° (i) —:§3x3y3 (i) —4p*g* (iv) x*
4. (@ 12x¢—15x+3; i) 66 (ii) _—23
by a*+a2+a+5; @ 5 i) 8 (i) 4

5 @ p*+g+r’—pg—qr—pr (b) —2x*—2y>—4xy + 2yz + 22X
(©) 512+ 25In (d) —3a2-2b?+4c?>—ab + 6bc—7ac
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B EXERCISE 9.4

1. () 8x+14x-15 (i) 3y>—28y+32 (iii)
(iv) ax+5a+3bx+15b  (v) 6p%g? + 5pg® - 64 (i)

2. () 15—x—-2¢ (i) 7x2+ 48xy — 7y? (iir)
V) 2p°+ p*q—2pcf - ¢

3. () x®+5x-5x (i) a%®+ 3a?+5b*+ 20 (iii)
(iv) 4ac (V) 3C+4axy—y? (Vi)
(Vi) 2.25x2— 16y? (vii) a?+b?—c?+2ab

B EXERCISE 9.5

1. () x*+6x+9 (i) 4y>+20y+25 (iii)
(iv) 9a?-3a+ % (v) 1.21nm?-0.16 (Vi)
(vii) 36x%—49 (viii) a®—2ac+c? (ix)

(X) 49a’-126ab + 81b?

2. () ¥+10x+21 (i) 162+ 24x+5 (iii)
(iv) 16x2+16x-5 (V) 4%+ 16xy + 15y2 (i)
(Vi) x®y*Z—6xyz+ 8

3. () b*—14b+49 (i) x®y?+ 6xyz+ 92 (iii)
@iv) g n? + 2mn + % n? (v) 0.16p? + 0.04pq + 0.25¢¢ (Vi)

4. () a*-2a’+b* (i) 40x (i) 98n? + 128
(v) 41n?+80mn+41n?  (v) 4p*-4g> (Vi) a?? + b*c® (vi)

6. () 5041 (i) 9801 (i) 10404 @iv)

() 27.04 (vi) 89991 (vii) 6396 (viii)
(x) 99.75
7. () 200 (i) 0.08 (i) 1800 @iv)
8. () 10712 (i) 26.52 (i) 10094 (iv)

B EXERCISE 10.1

1. (@ —(iii))—>(iv) (b) = (i) > (V)
(d) — (v) — (iii) @ —@)—(@

2. (@ (i) —> Front, (ii) — Side, (iii) —> Top (b)
(©) (i) > Front, (ii) — Side, (iii) > Top (d)

3. @ (i)—>Top,(ii) — Front, (iii)) > Side (b)
(©) (i) > Top, (ii) — Side, (iii) — Front (d)

(©

(i) — Front, (it) — Top, (iii) > Side

2019-20

6.251> — 0.25n7
3a* + 10a’h? - 8b*
a+a’+ab+Db?

t—st+st2—-¢°
X3+ y?

4a>—28a+ 49

b*—a’

X 3y, 9
4 4 16
16x2—24x + 5
4a* + 28a% + 45

36x* — 60x%y + 25y2

4x2y? + 20xy? + 25y?

mt + n*n?
996004
79.21

84
95.06

() = (iv) = (ii)

(i) — Side, (i) — Front, (iii) —> Top
(i) = Front, (ii) — Side, (iii) — Top
(i) — Side, (i) — Front, (iii) —> Top
(i) — Side, (i) — Front, (iii) —> Top
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B EXERCISE 10.3

(1) No (ii))Yes (iii) Yes 2. Possble, only if thenumber of facesare greater than or equal to 4
only (if) and (iv)

4. (i) Aprismbecomesacylinder asthe number of sidesof itsbase becomeslarger and larger.

(i) A pyramid becomesacone asthe number of sidesof itsbase becomeslarger and larger.

5. No. It canbeacuboid also 7. Faces— 8, Vertices— 6, Edges— 30
8. No

w =

B EXERCISE 11.1

1. 3@ 2. 217,875 3. Area=129.5m? Perimeter =48 m
4. 45000tiles 5. (b)
B EXERCISE 11.2
1. 0.88m? 2. 7¢cm 3. 660 m? 4, 252 m?
5. 45cm? 6. 24cm? 6¢cm 7. T810 8. 140m
1 15
9. 119m? 10. Areausing Jyoti'sway = 2 X 25X X (30+15) m* =337.5m?

Areausing Kavita sway = % x15x15+15x 15=337.5m?
11. 80cm?, 96 cm?, 80 cm?, 96 cm?

B EXERCISE 11.3

1. @ 2. 144m 3. 10cm 4. 11m?
5. 5cans

6. Similarity — Both have sameheights. Difference— oneisacylinder, theother isacube. The cubehas
larger laterd surfacearea

7. 440nv 8. 322cm 9. 1980nv 10. 704 cm?
B EXERCISE 11.4

1. & WVdume (b) Surfacearea (¢ Voume
2. Volumeof cylinder B isgrester; Surfaceareaof cylinder B isgreater.

3. 5cm 4. 450 5 1m 6. 49500 L
7. (i) A4times (i) 8times 8. 30hours

B EXERCISE 12.1

1 L1 y
1. @) 9 (i) 16 (i) 32
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, 1 L1 . 1
2. — 5)4 —
O @) (i) (5) ™ G W e
3. @ 5 ) = i) 29 1 o
.0 (O (i) (v) v 6
4. (i) 250 ) = 5 =2 6. (i) -1 ) 2
. () (i) 60 . m= () = (i) 125
4
7. () o2t @)y 5°
2
B EXERCISE 12.2
1. () 85x10% (i) 9.42x101 (i) 6.02 x 10"
(iv) 837x10° (v) 3.186 x 10"
2. (i) 0.00000302 (i) 45000 (i) 0.00000003
(iv) 1000100000 (v) 5800000000000 (vi) 3614920
3. () 1x10° (i) 1.6x 107 @iy 5x10°°
(iv) 1.275x 10° (v) 7x107
4. 1.0008 x 10?
B EXERCISE 13.1
1. No 2. (Parts of red pigment| 1 4 7 |12 20\
LParts of base 8 [32 |56 |9 160)
3. 24parts 4. 700 bottles 5. 104cm;2cm 6. 21m
7. () 2.25x107crystas (i) 5.4x10°crystas 8. 4cm
9. () 6m (i) 8m75cm 10. 168km
B EXERCISE 13.2
1 (i), (iv),(v) 2. 4— 25,000; 5— 20,000; 8 — 12,500; 10 — 10,000; 20 — 5,000
Amount givento awinner isinversely proportiona to the number of winners.
3. 8—45° 10— 36°, 12— 30° (i) Yes @iy 24° @iy 9
4. 6 5 4 6. 3days 7. 15boxes
1
8. 49machines 9. 15 hours 10. (i) 6days (ii) 6persons 11. 40 minutes

B EXERCISE 14.1
1 () 12 () 2 (i) 14pq iv) 1 () 6ab (Vi) 4x
Vi) 10 (i) x2y?
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2. () 7(x—6) (i) 6(p—2q) (i) 7a(@+2) (v) 4z(-4+52)
(v) 10Im(2l + 3a) (Vi) 5Sxy(x—3y) (vii) 5(2a2—3b? + 4c?)
(vii) 4da(-a+b-c) (iX) xyz(x+y+2) (X)) xy(ax+ by +c2)
3. () (x+8)(x+y) i) (3x+1)(by-2) (i) (a+hb)(x-y)
(v) (5p+3)(3q+95) V) (z-7(1-xy)
B EXERCISE 14.2
L () (a+4 @) (=52 (i) (Gm+3)? (V) (7y+6°
v) 4(x—1) (Vi) (11b—-4c)? (vii) (I-m)2  (vii) (a®+ b?)?
2. () (2p—309)(2p+309) (i) 7(3a—4b) (3a+4b) (i) (7x—16) (7x + 6)
(iv) 16x3(x—3) (x+3) v) 4lm (i) (3xy—4) (3xy+4)
(Vi) (x-y—-2 (x—-y+2 (viii (5a—2b+7c)(5a+2b-7c)
3. () x@x+bh) (@) 7(p*+307) (i) 2x(x* +y* + Z)
v) (mP+r?)(a+b) V) (I+1)(m+1) M) (y+9)(y+2
(vii) (5y+22) (y—4) (viii) (2a+ 1) (5b+2) ) (3x—2)(2y-13)
4. (@) (a-b(atb(@+b’) (i) (p—3)(p+3)(p*+9)
(i) (x—-y—-2(x+y+2) [+ (y+27 (v) z(2x—-2) (2¢—2xz+ 2
() (a-b)*(a+b)
5 @0 (P*+2)(pt+4 @ (@-3)(q-7) (i) (p+8)(p-2)
B EXERCISE 14.3
X . ) 2 5
1 () > i) —4y (i) 6par (iv) 3 X7y (v) —2a®b*
2. () % (5x—6) (i) 3y'—4y’+5 (i) 2(x+y+2)
(iv) % (x> +2x+3) v) gF—p3
3. () 2x-5(i) 5 (i) 6y (iv) xy (v) 10abc
4. () 5(3x+5) (i) 2y(x+5) (i) % r(p+a) (iv) 4(y?+5y+3)

V) (x+2)(x+3)
5. @) y+2 (i) m-16 (i) 5(p—4) (@) 22z-2) (V) gq(p—q)

(V) 3(3x—4y) (vii) 3y(Sy—7)
H EXERCISE 14.4
1. 4(x—5)=4x—20 2. X(3x+2)=3x+2x 3. 2x+3y=2x+3y

4, X+ 2x+ 3Xx=6X 5. Syt+t2y+y-7y=y 6. 3X+ 2Xx=5X
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7. (2*+4(2X)+7 =42+ 8x+7 8. (2¢)% + 5x = 4x* + 5x
9. (x+22=9¢*+12x+4
10. @ (J)*+5(-3)+4=9-15+4==2 (b)) (3)°-5(-3)+4=9+15+4=28

(© (-3)?+5-3)=9-15=-6
1. (y—3)?’=y*-6y+9 12. (z+5)*=Z2+10z+25

13. (2a+ 3b) (a—b) =2a*+ab-3b? 14. (a+4)(a+2)=a*+6a+8
3x?
15. (a—4)(a-2)=a*—-6a+8 16. yzl
+1 3 1 1 3x 3x
. = + =14+—— . =
1 3 3¢ 3% 3x? 18 3X+2 3x+2
3 3 4x+5 4x 5 5
19. = 20. =—+—=1+—
? 4x+3 4x+3 4x  4Ax  4Ax 4x
o1 7x+5=2 5—7X+1

5 5 5 5
B EXERCISE 15.1

1. & 365°C (b) 12noon (© 1p.m,2p.m.

(d) 36.5°C; Thepoint between 1 p.m. and 2 p.m. onthe x-axisisequidistant from thetwo points
showing 1 p.m. and 2 p.m., so it will represent 1.30 p.m. Similarly, the point on the y-axis,
between 36° C and 37° C will represent 36.5° C.

(& 9am.tol0am., 1l0am.tollam. 2p.m.to3p.m.

2. (@ () R4crore (i) % 8crore
(b) () X7crore (i) %8.5crore(approx.)
() R4crore (d) 2005
3@ () 7cm @) 9cm
(b) (@) 7cm @) 10cm
(© 2cm (d) 3cm (e) Secondweek () Firstweek
(9 Attheend of the2nd week
4. (@ Tue Fri,Sun (b) 35°C (© 15°C (d) Thurs
6. (@ 4units=21hour (b) 3% hours (c) 22km

(d) Yes, Thisisindicated by thehorizontal part of thegraph (10am. - 10.30am.)
(e) Between8am.and9am.
7. (i) isnotpossble

B EXERCISE 15.2

1. Pointsin(a) and (b) lieonaline; Pointsin(c) donotlieonaline
2. Thelinewill cut x-axisat (5, 0) and y-axisat (0, 5)

2019-20




3.
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0(0, 0), A(2, 0), B(2, 3), C(0, 3), P(4, 3), Q(6, 1), R(6, 5), S(4, 7), K(10, 5), L(7, 7), M(10, 8)

4. () True (i) Fase (i) True

B EXERCISE 15.3

1.
2.

(b) (i) 20km (ii) 7.30am. (o) (i) Yes (ii) 200 (iii) ¥3500
@ Yes (b) No

B EXERCISE 16.1

1.
4,
7.
10.

A=7,B=6 2. A=5B=4C=1 3. A=6
A=2,B=5 5. A=5B=0,C=1 6. A=5B=0,C=2
A=7,B=4 8. A=7,B=9 9. A=4,B=7
A=8B=1

B EXERCISE 16.2

1.
4,

y=1 2. z=0o0r9 3. z=0,3,60r9
0,3,60r9

JUST FOR FUN

M oreabout Pythagorean triplets
We have seen oneway of writing pythagorean tripletsas2m, m? —1, ¥ + 1.

A pythagoreantriplet a, b, c meansa? + b? = ¢ If we usetwo natural numbers mand n(m> n), and
take a = n? —n? b =2mn, c = n? + n?, then we can see that ¢ = a + b

Thusfor different valuesof mand nwith m>nwe can generate natura numbersa, b, ¢ such that they
form Pythagoreantriplets.

For example: Take, m=2,n=1.

Then,a=m?P—n?=3,b=2mn =4, c=n?+n?=5, isaPythagorean triplet. (Check it!)

For, m=3, n= 2, weget,

a=5,b=12,c=13whichisagain aPythagoreantriplet.

Take some morevaluesfor mand n and generate more such triplets.

When water freezesitsvolumeincreasesby 4%. What volume of water isrequired to make 221 cm?
of ice?

If price of teaincreased by 20%, by what per cent must the consumption be reduced to keep the
expensethesame?
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4. Ceremony Awardsbeganin 1958. Therewere 28 categoriesto win an award. In 1993, therewere 81
categories.

(i) Theawardsgivenin1958iswhat per cent of theawardsgivenin 19937
(i) Theawardsgivenin1993iswhat per cent of theawardsgivenin 1958?

5. Out of aswarm of bees, onefifth settled on ablossom of Kadamba, onethird onaflower of Slindhiri,
and three timesthe difference between these two numbersflew to the bloom of Kutaja. Only ten
beeswerethenleft from the swarm. What wasthe number of beesinthe swarm? (Note, Kadamba,
Slindhiri and Kutaja areflowering trees. The problemisfromtheancient Indiantext onalgebra.)

6. Incomputing theareaof asquare, Shekhar used theformulafor areaof asquare, while hisfriend
Maroof used theformulafor the perimeter of asquare. Interestingly their answerswere numerically
same. Tell methe number of unitsof the side of the squarethey worked on.

7. Theareaof asguareisnumerically lessthan six timesitsside. List somesguaresinwhich thishappens.

8. Isitpossibletohavearight circular cylinder to havevolumenumerically equal toitscurved surface
area? If yesstatewhen.

9. Ledainvited somefriendsfor teaon her birthday. Her mother placed some plates and some purison
atabletobeserved. If Ledaplaces4 purisin each plate 1 platewould beleft empty. But if she places
3purisineach plate 1 puri would beleft. Find the number of platesand number of purisonthetable.

10. Isthereanumber whichisequal toitscube but not equal toitssquare?1f yesfindit.
11. Arrangethenumbersfrom 1to 20inarow such that the sum of any two adjacent numbersisaperfect
square.
Answers
1
2. 212—-cm?
2
2

3. 165 %

4. (i)34.5% (ii) 289%

5. 150

6. 4units

7. Sides=1, 2, 3,4, 5units

8. Yes, whenradius=2units

9. Number of puris= 16, number of plates=5

10. -1
11. Oneof thewaysis, 1, 3,6,19,17,8(1+3=4,3+ 6=9etc.). Try some other ways.
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