Rational Numbers

1.1 Introduction

Tr b ervatics, e Fewuently corme across simple suations o besolved. Tor esample,
the couahon r—2=13 i

e solvid whenx= 17, bovause this valus of v satisfice the mven cguation. The soluton
11 is & nadoeal mumber. On the other haod, torche eguation

LA

g 3-8 )
the sasltiom gmives the wlwle nommber O eera), TR consader enly nalural roomkaes,
copuatiom (27 camnet b solved, To sebee coguations Rhed 200w alided the number e 1o
the collection of natural nmirbers and obtained the whaole mimbers. Even whale mimbers

will not be sutficient ro sobie equations of e

¢ 13 S i3

Thpwimy s “why™? W veuive the nomber 13 which s nol a whele onber. This

led us to think of infezers, {positive and negative) ot thar the positive mfesery

correspond to natural numbers, Cng may think that vee have eneuah numbers to sobae all
sinple equations with the available list of intezers. Mow consider the equations

2y 3

a7l

fom ez v cammiad fmil g solunom from thesntesgers, (Check this)

Yz need the numbers 1 to solveequanion i and o solve

L
e ivm {5 ThsJesul s o Thecollection o mal o nmmbeers.

W have wlrendy seen basic aperaiions on talicensl
numbers. Wy oty to cxplore seme propomics of eporations
on the different tipes of numbers seen so far

CHAPTER
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1.2 Properties of Rational Numbers

1.2.1 Closure

(i} Whole numbers

Let us revisit the closure property for all the operations on whole numbers in brief

I

-

(rperation Numbers Remarks
Addition 0+ 5=35, awhole number Whaole numbers are closed
4+7=__ Isitawhole number? | under addition
In general, a + fisa whole
number for any two whole
numbers aand &
Subtraction 5—7=-2.whichisnota Whole numbers are not closed
whole number under subtraction.
Multiplication | 0 = 3 =10, a whole number Whele numbers are closed
3=T7=_, lsitawholenumber? | under multiplication.
In general, if g and & are any two
whole numbers, their product ab
15 & whole number,
S B ol
Divisicon S+8= 2 which is nota Whole numbers are not closed
! vk e under division. y
Check for closure property under all the four operations for natural numbers.
(ii) Integers
Let us now recall the operations under which integers are closed,
-~ ~
Operation Numbers Remarks
Addition -6+ 5= |, an integer Integers are closed under
Is - 7+ {~5)an integer? addition.
Is & + 5 an integer?
In general, & + b isan integer
for any two integers  and b,
Subtraction 7—5=2 aninteger Integers are closed under
155 — 7 an integer? subtraction,
—6—8=— 14, an integer
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=i —{=H)1=2_an intcwer

=% { O)aninteger!

T wememal_ for amy e inteaners
gand & @ Hisa00nin an Inceser,
Check 100 — s also mninleze:

Sduboplication | 3 ¢ 8 =10, an immeger Intesers arc closed under
5 5 = &an inlegper? emilliplicatic.

=5 =Ry 40 gnntesor

Lo meneral, for anv toao intesers
cramd e < s s an inleger

Lipdsion S+d= -ﬁ’ wluch iz not Lntesers are not ¢losed
: ungir divigicm
AN TR,
. .
o have seer Lhat whole noebers are closed under addivion and muoltiphcation but
ot usler subtrachon amd diviaon Thoseser, micgers sre closed under adkhen, subirachon
and multipbcarion ot netuncler division.

(i) Raabional mombers
, _— . ; :
Pecall thay a number which can be wrilen inothe Brm if cwhere pand g ave inlegers
a0

S q g Are all rational

we | b

and ¢ = 0 13 called a rational number. For examnle,

y L . 4
nwmbers, Hince the numbers & 2, 4 can be writlen in ke rm ::_,' Ly are alan
remomal nombers. (Check il

fnd Ve ko Duwe Tovadid beco rabiemad nornherss Tl vl n Tews s

% | i__:} - il_;‘; 0 _1:] {arational number
—3 (=4 153 o
2 - 5 = 40l . L= 1t & raconal anmber?
4 i/
T T I= it & vacienal mumber?

W find that sum of two ratienal numbers s asan o rational number. Cheelk i
[exr @ lewe moce paics ol rational numbers.
W gty that eceficarnd veeimlcrs e el pesefer crelobifione el dx, for wey
rww rerforad mumbers o aned b, @ L s alve g potional inmnber.

(b WAAT e dhllerence al ve racionil eembens be agam a valional mormle
Wi haee,

-5 2 Awmi-2wmT -0 _
= Carational nurmber )
3

E 2] ]
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sS4 25-32 -
- _ FO el Tl ITLATEeL] TTILTTT I
[l I 1 T
b B Ail
5O -%
:_|L I Lz it a rational mimber?

Ly thia tor gome moee pairs of rational oumbers. Wi tind thar ool monbers
e clraveed senscdey sauliracteer T ax, fone oeeev i roarioescd el o ol
boa Bivalsoorafional nnerber.

{ol Ll s neew see e product of Bwa ralional normhens.

4 R _
Pl gt 3 == (borth the produets are rational numbers)

o
=
—_—

3 3

15 7

4 —i ) )
5 ® T = . Lz it a rational mimber?

Tabkw somi: mere pairs of ranona] numbery gnd check that their prodost iy agam
a raticnal nomber,

W siy Thal radeno nemmhers are ofised wader morlnpleceiog. o
v, forcenye v eadioned sembare o and Boa B il e rad el

It e
. 02 25 )
W) Wenptethar — + CS . (4 rativmal number)
A S
4 & [ —
. = 3 = ... lsit a ranons] number? . - a = ... Isit g ravional number?

Can vou say that rational numbsrs ane closed andar divigion?
Yye find that tor aoy ratdonal number g, q < s not defined.

S varlimal momabsers ave: i L oclased ander disasion
Howrever, fwre execlud e zero then the collecrion of all ocher rational mimbers is
cliosas] rsden divdision,

TRY THESE

Fill imthesblanks inthe fellowang tablo.

Numbcry Closed under b
addition | subdrselion | multiplication | division
Bational nombers es Yes Mo
[nleneis Wik, [V
Whaole: numbers s
| atral nuirethess. Mo .
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1.2.2 Commutativity

(1 Whale numbers
Recall the commurativity of ditferent aperations tor whole nombers by tilling the

Lellerwanas Labsls

-
Chperadivn Mumbers Ermarks
Addition N—7F=7+0=7 Acldicion is acnumnutative.
FR g
Bor anvetwo whole
T R
o+ ﬁ = .EP =l
Subtraction e Subtraction 1s oot commaative.
Avlulipsicanion Al iplicat icnn is i ive
% L¥rasion g Direision 15 0ot oonurtative.

Check whether the commutalivitey ol the o pearaticns hold G naweal nuebers also.

{ii) Tmtegers
Fill inthe following, table and check the compwrat rity of different ope rations for

Il BT
1 Crperation Mumbers Eemarks &
] 10 S Acldicion is eomitntative,
Sublrachiomn Tnd—{=3} —-53-357 SubalraCtiom s el ConrnLa e,
Sdalaplication - N Mdultiplication is commuratre.
\ Divisdtt | @ AN Drvisioon s ol coimrulalive.

(il Rational numbers
() Acddition

ane e T o adlil L raliomal mombers: Tt s add o lew pairs hee

o R
T——=—3.HL‘|—— =
T2 L3 )2
- o 3 S S
, A 2
fiy, —+=-=—| = |
i 77T LA
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15 —t —=—+ i
8 7 7 La.

Yong find that two raworee menebers cooe Do rudfefed i oo order: e sy

efededirien (5 codeetelennive S pationg! o, e i for arv g pationa!

smmbery a5 oo — B =hH+ 0

(b Subiradction
A 5% & 2
T
s 04 4 57
I 2 1 ]
Tu —_—— =1
2 5 5 2

A el e Clvan Aubevac o g vl cornrnoata e Don raicmal sarmibsers,
Moole [hal subiraction s ol commrmlilive [or inlepers and inlegers are alsaralional
riernbers S soblrmetor weall vl Te commrlaiive G rabora] monahers oo

{v) WMulciplivition

i N A L | -7
kI T I T R
—4 ’—4] —4 ’—:iﬁ]
T — | — _—}:l g
. L’.-‘ 7 4

Checl [or sornermers such producls
o will finel that smrifripfoadon iy commuriaive for ratforal inmbers,
I peretad, o b b g fog gt T peeliodsond B b o enfiel
(d) Division
g i
1

Ao wll lindd thal espoessions oo doth sicdes are ol gl

a

%

-1 | e

3 I

hl'_.'l

i

Sovdivision is nod comm ntative for rational mymbery

TRY THESE

Cooplete the Fllowing alle:

Pomnibers Commmntplive [or o
addition | subtraction | mubtiplication | division
[ accnal aucebers s
lntepers Mo
Whole: numbers ey
5 Iatural munbers Mo )
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1.2.3 Associativity
(i} Whale nnmbers
[tecall the associativity of the four operaticns tor wwhole nombecs chrounh chis cabls:

.
Crperalion Munibers Eemarks
Adidmipm ek Adddifion i ggsocitive
Subtraction | 0000 ... Subiraction 1= not azsociative
Mulophcanion | Ts T~ (2 =3 (T =2y & Slulhiplication is associahve
la = i~ =1 - Gyp=q?
Far any Lhree whole
rpthere e, B o
a~[Exy) =fagsh~e
[ TR | R THrvisiomi5 mal assoucialive
&
Fll inthis table and verferhe remarks gveninthe last columm,
Chesk L voursel'The associativity olUduTeren operations o calural nuebers.
{ii} Tmicgers
Asgoeiativily olLhe lowr operations [oe integers can be seen lrom Lhis table
-
Crperatlion L T TR Remrls
Addmion [s =23 - [3+1—1]] Adddition i assocative
=|{ Z}=3) +0 42
Tn{=6Y 1 [(—4) {-3)]
=i 61+ )]+ 51
Tion iy Lheess inlegers o, Dand ¢
Gy = At
Subtraction les-{71-N={5-71-1 Subtraction 1= not a3sociative
Mulopshcanions | Ts05 « [{~7p~ [ R} Sl hiplication is associa e
s [ ST e e
la{ 4|0 3)y={ 3}
S| al (e =
Few any Lhress inlegers o, &and o
sy (ux b))
Lipasion ls [{-T¥ = 2] = (-5 1misiomn 13 mot associative
—10y : [2 : (= ST
| (10 [2: (-5 ]




a | Memeeeamiss

(i) Ratieoal nombers
(a)  Addiion

CI B S A B A G
. | _ _ _
"r"n"E-'hﬂ"r"E: a 5 |I & I| 4 |.~ 3|':l| A 1
o3l o5y 1 f sy 2706
—+= —|— =t — ===
3 0a & 13 L6 30010
-3 F f’—i‘J S B
S0, —_ =+ = |- ==+ —
S [ T R S T R
Tl _]+ 3+ 4 andd _]+3 +[f_4] Arex1l 1
s - ? 3 - = - 3 AT U e HJT[I!-.I.‘-’L[IJ}

_—

= L

‘l'ake soume mere raticna] mumbers, add them as above and see ifthe toro sums

are equal. Ve Uod that addition i assaciotive for rationad nambers. That

iw, o o e peallowetl smlen e, Baml e a Vb 2 e 1) 1 e
(b) Subtraction

Wow alrveaddy Lo Thal subdraction is nasn associalive Jor inlecers, then whal

abourt ranonad mymbers

~4

-2
L= -
A

Check I yoursel
Subtraction s not associptie for rational mambors

Alultiplicaticn

Tt s check The associatisaly for nadiphicadion.
-7 (s 1% -7 1 -0 =33
R A |—.—={—— -
o0 W, 3 a3

Wi find that — | -

Is —:

Tale Avrnae e rrivnal nombers and check Ravoursel

W obwores that muadeiodicaisear o s feetive fram reeteanmal seimbeary. T is
For oy e ratforsel marbers g, band o, a2 0b o =g b)) oo
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() DHvision
Fonall that dinasiom s not asseantin forintegers, then what abaet renonal mymbens?

Letuzaesit -

1 —
1
HE R B
|
|
- 1
h_'l j—
- -
ua|
- -~
I |
| pa

" k £
- _ T4
W have, LHS = | \ ’5J=::LT?’: [merocalnfq 15 ]
. T ) -1 - - -
| a)
> L 4,
1 =1%oz
A A
|"1x—3"‘|_: -3 2
2 1) = 2 3

Is LITS  RITS? Check Ton yorsel U Yoo wAll Gnd thal division is
not associative for rational nombers.

TRY TIHESE

Complete Lhe oo Lable.

-
Mumbers Associative Tor
additien sublraciion | mwoliiplication divizion
Ralizsnal rwrmbyers )
Inreszery ey
While mumbers et
L “alural nurmibers Toit )
E le 1: Tind 3_-’_5‘]_ a—EnI— R
Fampie b e ) a2z
ERE R T A
Soluation: - | |' o |'| e
! W, I I A L _'I r L o=——
19 7 -232 —1767 103
+ [ ] - [ J + [ ] iPorte Lhat 462 s e LUK of
Ad 102 402 J0Z

T, ED w22

I =252 =170 — 103
A5

—125

403
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Woa can also sobee il as

IR AN

Tl L2 2z

TRy T A

. a1 i waing eamrmotalivily and agsocialivily
_.' W= ___.'_ _]] 11 . - - -

Gr{-R} |23 .
TR {LUM of 7and 213 21 LOCM of 11 ancl 22 15 22]

|77 22 147 |2A

LY I e 462 Ji2

Lo think the propemicy of commumat sy and sssocativing madathe caleulations casior®
. 4 1 15 147

Exﬂ..ﬂlplf: 2 F'lTl'j -T 4 ?3{ E'}i [TJ

Solution: We have

4 3 15 (-4
— MoK x|—
5704 ( : ]

_ (_4:-: %Jx[l.‘x{ I4}|)
w7 g =9 y,

L
—12}{[—35‘_—13:{(—3.%;_1
as L2 aswaa oz

W cam lsay dir il s,

-4 3 15 (—14]
—_— =N — | —
s 7 14

-1 15 3 If -14
- ( : 7 E} " [: . L‘Tﬂ (TTimpe comnmutativity and gssecativife

1,2,4 The role of zera ()

Lk at the follomdirng.
200 202 {Addition ol D awhole number’
-AS+ll= + =-=5 ¢ Addition of O animeser,
- P T ]
—= < < . .. . : )
— 1 0l T - {Aulliviom al T o avaticmal nurntie’
. E !
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rooa Tvce Ao soch adadivicms eaclier also, Tod Fews e such addilion s

What divow abserwe? Voa wall Bl that edhesvon add D g eehodemgrmber, the som
13 azaln that whele munber. '1lus happens for inteszers and rational mumbers also.

Trn o, o IR VR BT whiere oima wehole number

h+0=0+b=F where B i an integer

c 1l Ole o wheladisa ralional numler

Ay ik cenlleed e selendfd) for She acdifateee of veelacmon memebers, 58 0 She adlduine
feheety Jor teaery coud vhole Ruprbers gy well

1.2.5 The role of 1

Wi haw,
il 5 1=z ChAlupalica i s 1 withia whoke monley
2 2
w | = =
7 q
3 ) LI
37 8 B

What doyou fimd ?

o will find that when vou nmiltply any rational monber wich 1 von 2et back che same
ritivmal nurnibaer as The product Check: This e Tewe oore ralivmal nmibers %o will Rl
that,qr 1 =1 %= for any rational number e

W say dicd | s elie stefrpdicative ialendin for radioncal sienbors,
Ts | themultiphaate wdomty for ntegers” Tor whaole nombers?

EE. THINK, DISCUSS AND WRITE Wi

If a property haldds for raticnal mombecs, will 1t alao hold tor intesers”! For whole
ritbrers? Whiach weall™ Whaeh wall nissl 7

1.2.6 Negative of a number

While studying integers you have come aeross negalves alinegzecs. What is the negatie
of 17T s — | hesmse |- (= D= (=17 +1 =11

So, what will be the nepatse of {18 Towill be 1.

A, 200027 21020 DA wee say 2 Dhe negalive or additive inverse ol
=2 and wes-versa. Ineenetal, foran mteser . we have, g — (- =(—m+a =10 50, a1
i Lhe negzalive ol aand o5 the negative ol .

]
Foar the matiomal mambor 7w b,

2 [ 1) -2,
3
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2
Also, -
A

4 gy
Similarty: + =+ =|=0

i i £ &
L o ) () L
Ln peneral, fora rational oonbe 5o e harve, P [ N IC AN Wk aay

i o i
hal — 5 i i ccdediive fnerse of T cned — on e ciflidoe: srnvemne of h ] .
.,

& T B
1.2.7 Reciprocal

%
By which rational number waould you multiphy Al 1o zet the product 17 Obyviouely
Zl B2l
— ﬁlﬂt&—}i——l-
B’ i -

- -
i

5 . .
Sirmlarly, — vowst ke rnudoplice by T dds e et the prod ot |
; —

21 3 b ~5
Wo sny Thal F 14 The reapreeal of ; il = 14 [l veaapreeal of —
& - N
Com o save whal = Che reciprocal a0 o g?
L= theve a mtional mumber wAuch when rultiplied by 0 ermes 17 'Ulwis. zero has ne reciprocal

_ ¢
Wee saw thal a rational number —
<

; ia called 1he vecipeacal or mulliplicative imverse ol

another nor-mero ramioml |1um|::-m' — 1f — = £ =1
hoohoAf
1.2.8 Distributivity of multiplication over addition for rational

numbers

l'oundersrand ths. consider the raticenal munbers

i ] -3
PR PR [ i

Alsa -




And S Distributivity of Multi-
4 6 4 plication over Addition
3 2} (-3 -5y =1._5 1 and Subtraction,
Therefore (T 5]+[—; —ﬁ—]=—;+g=§ For all rational numbers o, &
2 =i
-5 . [2 =8 =3 .3 =3 =5 a (b +e)=ab+ac
o i Eaary B ) M Gt B 2 e

TRY THESE

Find using distributivity. (i}

Example 3: Write the additive inverse of the following:

Rational Musaess B 13

e o) e

When vou use disinbutivity, you
split @ product a5 & sum or

21

) Ry (i) 112 difference of two products.
Solution:
e he addi f_?h _"F F_TEi_ 8.
{i) 5 15 the additive inverse o ecause 0"+ 1o T
21 ., «=21
(i) Ti'hea:ddiﬁvei.mfemenf‘mlsﬁ (Check!)
Example 4: Venfy that — (—x}isthe same as x for
B N
fih x= 13 i)y X=-3
Solution: (i) We have, r= 7
—~ S -3 l3+[—]3] i
The additive inverse of x = 7 §—x= o singe 1o TP ik
S ot o -13, 13
The same equality == +| —= | =0, shows that the additive inverse of —— is
17 17 17 17
[l 5, )
or T 17 LE, ={=%X)=%
(i) Additivei fx= s R AL Al
i} itive inverse o 1 ’B—X= 31 since —— = 3]
=212 s I |
The same equality :it 31 =0 _shows that ﬂlendd.lmemverseufﬁ Is =7

e, —(—-x)=x




14 W MeaTHEWSTICS

Example 5: Tind

Solution: :f’_—}—L—EHi = _—E—EHE—L {hy conmnutalivly
(N o I - T O B ) I o
23 A5
— % — [ ES
I T
32 i S
= 7(j + E) Y ¢l disrributiaty
R T R  \a
T 14 14 2
B EXERCISE 1.1
Lo Dhsimappropmiale praqerhes Gnd.
2053 % 31 2 i I3 | Z
WTENETITRY o ::-:( ?] 62 14
S R WTle Lhe acddilive nvesse oleachalThe Ellosang
2 -3 —0 P |
iy U (i) == - vl
J. Venily thar— (- oo
. 'l I3
Q) %= weET .
4. Find the multiplicative iverse of the followins,
i i
0= @ @ s m)
) =1 (ui) — 1
5. Mamnethe [Ir-:;I:-::TI}- e mud hplicaion wsed meeach ol The ol
— -1 1% =2 =2  —I3
il Tx] I};T -— {il —E}CT T}CF
. =192
i) g 7 g

: : 7
f, Multiply & b the reciprosal of —
13 15

&
B. Iz

|
3 I Wby o whne noe!

the multiplicatye inverse of 5

|
4, 150.5 che multiplicative irverse of 3 | Why or why por!
-1

R T A B S
. lell whar propemy allows vou to compute | = Lu:-p o ]aﬁ[ LHE J| > .
R L b .
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10, Write.
{i) The rational number that does not have a reciprocal
(it} The rational numbers that are equal to their reciprocals
(i) The rational number that is equal to its negative,
11. Fillinthe blanks.
(i} Zerohas reciprocal,
(i1} The numbers and are their own reciprocals
(i) Thereciprocal of - 5is

1
{iv) Reciprocal of '_;_' ,wherex#0is

(v} The product of two rational numbers is always a
(v} The reciprocal of a positive rational number is

1.3 Representation of Rational Numbers on the
Number Line

You have learnt to represent natural numbers, whole numbers, inegers
and rational numbers on a number line, Let us revise them.

The line exiends
indefinttely only o e
right side ol 1,

Natural numbers
i e e e -
” 1 2 3 4 5 & 7 % The liee extends indafininely
: i the righ. bt o 6,
Whole numbers There are no numbers 1o the
) lefl o 0,
(it} Fh——————
o 1 2 3 5 6 T &
Integers The line extends

indelinitely on bodh zides.
P D wou see any numbers
between—1, (5, Laic?

{1} —_—

E
.
Lind wf
-
b
3

th
¥a
i
=
ot
=
=

Rational numbers
() « — +
=1 =1 0 1 1 The line extends indefiniely
2 -2 on bodh sides, Bt vou can
monw s pumbers bebween
vl — t t -—t =1, o, 10, Jetp
(1] + |

1
3

The point on the number ling (iv) which is half way between 0 and 1 has been
labelled % Also, the first of the equally spaced points that divides the distance between
1

3
label the second of these division points on number line (v)7?

0 and 1 into three equal parts can be labelled 7 . as on number line (v). How would vou




16 I MarHEmsmics

The point to be labelled is twice as far from and to the right of 0 as the point

1 ] 2
labelled 3 Soitistwo times E,i.&, 3 You can continue to label equally-spaced pomis on

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

-

seethaﬂisﬂ'resmneaa%.

T
Then comes g {or2), 7 and soon as shown on the number line {vi)

(vi)

|
Similarly, to represent -, the number line may be divided into eight equal parts as

-

afa
-
W

shown: «——+
L[] 1

|
We use the mumber g o nanme the first point of this division, The second point of

2 i
division will be labelled E , the third poant E . and s0 on as shown on number

e {van)
[

vii) ——b—"9—A——t
P 1l 3 8 & 1 &
8 K % % B & K H
Any rational number can be represented on the number hine in this way, In a rational
number, the numeral below the bar, 1€, the denominator, tells the number of equal
parts inle which the first unit has been divided The numeral above the bari e, the

numerator, tells “how many” of these parts are considered. So, a rational number

4
such as 5 means four of nine equal parts on the right of O (number line viii) and

=7 1
for Pk make 7 markings of distance 1 each on the leff of zero and starting

=T
from 0. The seventh marking 1s ? [murmber hine ()]
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TRY THESE

Write the rational number for each point labelled with a letier.
B

A D E
) =—t————s—2—0—2—+——s—+—a—+
‘ & ¢ 2.8 7 P4 ¥ Yo o813
5 5 3 5 5 5 5 5
J 1 H G F
(i) e _
;Ewﬁl..-*_q?;&u;iiu__l.q
6 " & 6 LA T (T R

1.4 Rational Numbers between Two Rational Numbers

Can vou tell the natural numbers between | and 57 They are 2, 3 and 4.
How many natural numbers are there between 7 and 97 There is one and it is 8
How many natural numbers are there between 10 and 117 Obviously none.
List the integers that lie between—5 and 4, Theyare—-4,-3,-2,-1,0,1,2. 3,
How many integers are there between —1 and 17
How many integers are there between -9 and - 107
You will find a definite number of natural numbers (integers) between two natural

numbers (integers).
3 7

How many rational numbers are there between 0 and E‘“
4.5 ﬁ
You may have thought that they are only 6" 10 and Ty
5 ﬂ.i£M1EWh g 1 2 3
Ul youl can also wnte H}ﬂ-ﬂ- I.{H]a lﬂﬂ-ﬁ O e numibers 100" 100" 100
B S it lmln ber of these rational nusnibersis 39
g ]D[} 100 k=g == "}ﬂ e rumber of these rational numbers 15
Al 8 b d SR d =, it N hat 1l
S0 10 CHN DE eXPressad as 10000 AN 10 a5 1— 0w, we see that the
rational numbers gL s il are between i and l These

10000 10000 ™ 100007 10000 11 10
are 3999 numbers in all.

In this way, we can go on inserting more and more rational numbers between — T

and % Sounlike natural numbers and integers, the number of rational numbers between

twio rational numbers is not definite. Here 1s one more example.

3

ol |
How many rational numbers are there between I_D and ]—n'?
1 2

Obviously I.'Ij 5

10" 1o e rational numbers between the given numbers.
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-1 — 1 Q0D 3 EDU{H]

If we write T8 * Tooooo ™ 10 ™ Tooom> ™° get the rational numbers
—0990 0993 —29908 20000 e =l and 3
i W . e
100000° 1000007 " 100000 " 100000 107 10

You will find that vewr ger conntless rational members between any iwo given
raiionnl mimbers,

Example 6: Write any 3 rational numbers between -2 and 0.

- LB
Bolution: -2 can be written as % and 0 as =

1t':|"
=19 =18 =17 =16 —ES
Thas we have : e ; ) — hetwem ~Zand 0,
o010 " 10 10 77710
You can take any three of these.
_t 5
Example 7: Find any ten rational numbers between ?5 and E
-5 5
Solution: We first convert Fi ar'u-.i to rational numbers wath the saume denominators,
~5x4_~2ﬂ 5«3 13
6x4 24 Wd G ST
i = 2 =20 15
Thus we have |9} m., I?. ,M as the rational numbers between —— and ——
24 24" 24 T 24 24 24
You can take any ten of these
Another Method

3
Let us find rational numbers between | and 2. One of themas 1500 1 % or E This is the
mean of 1 and 2. You have studied mean in Class VTI

We find that besween any two siven mnmbers, we need ot necessarily gei an
ateger but theve will abways lie a rational mimber,

We can use the idea of mean also to find rational numbers between any two given
rational numbers.

Example 8: Find a rational number between i and %

Solution: We find the mean of the given rational mumbers,

4 2 4 4 2 8 4 7))+
. | | ACS B
Ehe:sbelwwn;nndi. e R B ¢
. . v 1 1 a1
This can be seen on the number line also. 4 X 4




Ratiotiar Nuwaezs Bl 19

1, .4 3
We find the mid point of AB which is C, represented by [E o E] +2 - Y
I3 1
We find that 4{ 5 = 2
If @ and & are two rational numbers, then

a+h
h such that a < <

This again shows that there are countless number of rational numbers between any
two given rational numbers.

a4+ h

is a rational number between o and

-

F-]

1
Example 9: Find three rational numbers between % and —

2
Solution: We find the mean of the given rational numbers.
As given in the abo be, th 'idl*ﬁé*‘-ﬁl ‘!‘ '&' ‘1
given in the above example, themeanis = and <2< o 4 m 3

1 -
We now find another rational number between n and % . For this, we again find the mean

1 3 3 5.1 |
—and = i [—+—J-r-.1=—.;.;...=._.
Df'd 3.']'hﬂt!s, g3

16
T R 1 153 1
416 & 2 4 16 8 )
Now find the F2and= Weh [E+1J+i—?x]—l
W ik | TI'IlE&I'I'EIg 2 £ A, g 2 _E 3—15
- dlq:Sq:j::?f:I B
uswege S = Sos TS 1 8. 3 1.1
4 16, 8 16 12 T 16 8 16 2
Th L heth ional mumbers bet ]andl
Uﬂ,lﬁnﬂulﬁﬂ'ﬁﬂ ree ran umoers HEE'I'I.4 2

This can clearly be shown on the number line as follows:

S Kty I P
(-ﬁa) Lt T

i

=
i
Ty
20 [ras
+
i |
e
1
ot

r

i
1

l-I-—- -+
Y R
b +
.|_|_d_||.. o

In the same way we can obtain as many rational numbers as we wanl between two
given rational numbers . You have noticed that there are countless rational numbers between
any two given rational numbers
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EE. EXERCISE 1.2

7 5
1. Represent these numbers on the number Ting, (1) 3 £y r
-1 -5 -0

R cnt ——.——.— on thenumber hng,

L:]:lrnm’rll TR the:mumher Fng
J. While livermional mermhes s welash arestnaller i 2.

- . =z I
4, Find ten rational mimbers between . and -
% Find Averational numbers hetwveen,

L2 i L T 2 e L

(il n and z (it = aid n (il y and =

G, Wrile Jive ristional numbers mealer than 2

-

Find ten rarienal mambers between = and E!

PR VELAT HAVE WE DISCUSSED? [,

1. LRarienal numbers are elosed nnder the operations of addinon. subtraction and multiphcacon. I

2. Theoperatons adlbibomn aned voadbphcahom are
{1l commutative for moonal numbers.
(] Aassocialive o raticnal nurmbes,
The:rativmal mamber 0 s the: gddifive identity for ratoral numbers
I'he rational mumber 1€ the multiplicative identity tor raoonal nombers.

. : il o .
The: sldivive inwerse al the: matomad e E s — E AT vl v Hy

]
A

il (24

6. 'I'he reciprocal or nnuUeiplicative inverse of the rational number Yl 1.

T
T Destribubeiy ol rational normbsrs, Tor gl ralional nosmb=es o) dand
i —cy=abtoe and  wlh—o)=ab -0
B.  Rational mumbers can be represented on g munber lne.

9. Heweon any tyen mven mahonal numbers thers gre coumcless ranomal nomhers. Theiden of naean
helps s to find rational munbers between two ratonal numbers.

—




CHAPTER

Linear Equations in
One Variable

2.1 Introduction

In the earlier classes, you have come across several algebraic expressions and equations.
Some examples of expressions we have so far worked with are:
Sy, 2y 3. 3x+y. 2o+ Far+x+y+ el v+t

L
Some examples of equations are; Sx =25 2x -3 =9, 2_|.-+5= 3 bzt l0=-2

You would remember that equations use the eguealin (=) sign, it 15 missing in expressions.

Of these given expressions, many have more than one variable. For example, 2Zxy + 5
has two vanables. We however, restrict to expressions with only one variable when we
form equations. Moreover, the expressions we use (o form equations are linear. This means
that the highest power of the variable appearing i the expressionis |

These are linear expressions:

%
v, 2x+1,3y-7, 125z, 4'[1' 4)+10

These are not linear expressions:
E o © a2 Mg L b (since highest power of variable = 1)
Here we will deal with equations with linear expressions in one vanable only. Such

equations are known as linear equations in one variable. The simple equations which
vou studied in the earlier classes were all of this type.

Let us briefly revise what we know:

(a) An algebraic equation is an equality :I::.i“.,h. equality
imvolving variables 1t has an equality sign
The expression on the lefl of the equality sign xr—3=7 -4 equation
is the Left Herd Sicle (LHS), The expression -
. e : 2y -3 =LHS
on the nght of the equality sign is the Kight 7= BHS

Hand Side (RHS),




22 W MaTHEMATICS

(b) Inanequation the valies of % = 5 is the solution of the cquation
the expressions on the LHS Xx-3=7 For x=5,
and RHS are equal. This LER=2%5-3=7=RHS
happens to be frue only FOU | oy he orher hand = 10 is not a solution of the
certam values of the vanable. eguation, For x = 10, LHS=2 = 10<=3=1T.
These wvalues are the This is not equal to the RHS
solutions of the equation.
(c) How o find the solwiion of an equation?

We assume that the two sides of the equation are balanced.
We perform the same mathematical operations on both
sides of the equation, so that the balance is not disturbed,
A few such steps give the solution.

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

Let us recall the technigue of solving equations with some examples. Observe the solutions;
they can be any rational number,

Example 1: Find the solution of 2x—3 = 7

Solution:
Step 1 Add 3 to both sides:

-3 +3=T+3 { The balance is not disturbed)
or 2=t
Step 2 Next divide both sides by 2.
2x 10
2 2
or Xx=25 (reguired solution)
Example 2: Solve 2y + 9= 4
Solution: Transposing 9to RHS
2y =4-9
or 2y =3
-5
Dividing both sides by 2, = { sobution)
To check the answer: LHS =2 [_—5] +9 =-5+0=4=RHS (as required)

Do vou notice that the solution [%5] is a rational number? In Class VI, the egquations

we solved did not have such solutions.
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r 4 3
Example 3: Solwe 5+: =-T
= <<
N s £ -3 5 &
Salution: Transposing - to the RHS, we ger = ?_T=_:
) - iZ “
= =_4
r 3 = —
Meluliaple Taalh sides Ty 3, ¥ =4
or r=-12 i 3ohutiom)
; 12 = T —A45 =3 i
Checl: LIS —— —=—4#1 5T T3 T3 RITH (as required)
A = )

Dxer o nevw sese Lhal the coelicient ola varahle inan ecuation need nole an e’

| 5
Example 4: Sobve 1" Tu=4

1%
Solution: We have ry Tr -9
N | 5 . LA .
or - Tr=0= —4 CHranspoging '4 1R H S
21
or =,
2
L £ 4 i T (thiwiching Tath sides Ty )
_3AT
Hr T awT
3 - -

LT x —T it ol hwm
. . E_,(—_JJ 18 23 _ .
Check: LHS = 7 \FlEaty T EHS (a5 roquired )
H. EXERCISE 2.1
Aobes the Bllowing egualions,

1, x=2=7 2, y+E3=100 5 h=z+2

17 _
$oSre-= T R 6. ——IU
2x
T =14 %8 la 2 O, Tr—9 &
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x ?
10, 1y—3=13 . T+ep=y 12, —=1=3

2.3 Some Applications

W begin with g simple creampple.

Sum of pao numbs=rs is 74, One ot'the numbersis 10 more than che ochar, What are the
b s?

W have a puzzle here. We do not koow eicher ofthe two nombers. and we have tc
Il thiern, W ane wven T contlilons,

(1 Ome of the numbers g 1O morne than the other
(i Their surniz 74
W alrendy bowree [rom Class WTTheas b proseed. TN he sivaller niombaas 14 waben e

b ¥, the lareer nomber is 10 merethan x. Le.. v — 1), Lhe orher condition savs that
Uhe s ol these Lwoo numbess Yand & 1 100 74,

L hig mcana thar v+ (v + 1001 =74

or 2y —10=74

Tranzposing 10w RS, Zr—T4 - 1In

or v =10
Trviding bl sides Ty 2, o 320 This s ome nwrnher
The ather mymbser iy P =324+ [0h=42

The desiced nuenbers are 32 and 42, (Their sum s indesd 74 a3 given and alse one
mummbgr s 10 more than the cther )

Wi shall now censider several examples to show hovss usefill this method is.
3

Exzample B: Whal should be added g vwdee e ralions] monber —/— 1o el <"
3 ]

—7 7 1.
Salution: Twice the rational miniber ~ 50w (TJ] = 1 L Suppaose v added ro the
a A

£

rirpber fives. ? -

[—14‘ 3
X+ —| =,
. PO
8] 3 - 7
i 14 1+l _
or y=—+—= (Lransposinn — 1o LHS)
! a A

(303 (14xT) 940k 0T
2] Y I
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]J shonld be added to 23’1[1] o 2ive ,1. .

3

1
Thos

-

4
Example 6 'he perimeter of'a recranple iz 13 cm and s wadth s 2 4 o Find iLs
length.

Solutlon: Asome the lenzth ol The vectangle o bex e,

The:perimerer ofthe roctangde = 2 (lengeh — wadth)

3
Tufy 24

The perimerar is eiven to be 13 em. Therefore.

‘E[\:+£J 3
1

Il
-

ar N+ RN (dividing borhsides b 2)
N
o Ty
_ 153

- . .o
Lhe lemath of the: rectansls is 3 2 £,

Example 71 Uhe prosent qus of Sahils mether s three times the progent g of Sahl
Adier 5 vears lheir azes will add 1066 vears. Fiod dhelr presenl anes.

Solution: T.on Sals prosent nae by s vears

2 o i N B
W conld alse choese Salil's aes Sahil | Mother| Sum
T T | v

e e e e e ee s D)

Il 15 riven thal his surm i 56 years,

Therelioe, dr 110 Bh
Thiz couation determines Sahil's present age which s v years, To solve the equation,
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we transpose 10 1o RHS,

4y = 66 - 10
or 4y = 56
36
or X s 14 {solution)

Thus, Sahil's present age is 14 years and his mother’s age is 42 vears. {You may easily
check that 5 years from now the sum of their ages will be 66 vears. )

Example B: Bansi has 3 times as many two-nupee coins as he has five-rupee coins, If
he has in all a sum of ¥ 77, how many coins of each denomination does he have?

Solution: Lei the number of five-rupee coins that Bansi has be x. Then the number of
two-rupee coins he hasis 3 times x or 3x
The amount Banst has
(1) from 5 rupee coms, TS5 = x=T 5r
(i) from 2 rupee coins, T2 » 3xr=7T 6x
Hence the total money he has =7 1 1x
But this is given to be T 77, therefore,

Hx=T7
77
or r=—=7
L1
Thus, number of five-rupee coms=x =7
and number of two-rupee coins = 3x = 21 {solution)

{You can check that the total money with Bansi isT 77 )
Example 9: The sum of three consecutive multiples of 11 is 363, Find these

maiktiples

Solution: If x is a multiple of 11, the next multiple is x + 11, The next to this is
X+ 11+ 11 orx + 22, So we can take three consecutive multiples of 11 asx, x + 11 and
gy R

i i i i i iq i 5
el T T T T T T r

L[] I n e X x4+ 11 p422

It is given that the sumof these consecutive
multiples of 11 is 363. This will give the

Alternatively, we may think of the multiple

following equation: of 11 immediately before = This is (c— 113,
x+{x+11)+{x+22)=363 Therefore, we may take three consecutive
; In this case we arrive at the equation
33 =353
' ar 3r =363

or Jx =330
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363
or = % or HEETS 121, Therefore,
: 110 x=121. =11 =110, %+ 11 =132
Hence, the three consecutive multiples Henee, the three consecutive multiples are
, 114, 121, 132,

are 110, 121, 132 {answer)
We can see that we can adopt different ways to find a solution for the problem.

Example 10: The difference between two whole numbers is 66, The ratio of the two
mumbers1s 2 | 5, What are the two numbers?

Solution: Since the ratio of the two numbers s 2 : 5, we may take one number to be
2x and the other to be 5x. (Mote that 2x ; Srissameas2:5.)

The difference between the two numbers is (5x — 2Zx). 1t is given that the difference
i5 66, Therefore,

Ay — Zx = Ah
or Ix =066
or x =23

Since the numbers are 2y and 5x, they are 2 = 22 ord44 and 5 = 22 or 110, respectively,
The difference between the two numbers is 1 10— 44 = 66 as desired.
Example 11: Deveshi has a total of T 590as currency notes in the denominations of
750,720and 7 10. The ratio of the number of ¥ 50 notes and T 20 notes is 3:5. Ifshe has
& total of 25 notes, how many notes of each denomination she has?
Solution: Let the number of T 50 notes and T 20 notes be 3x and 5x, respectively.
Burt she has 25 notes in total,
Therefore, the number of ¥ 10 notes =25 - (3x + 5x) =25 - Bx
The amount she has
from ¥ 50 notes | 3x = 50 = ¥ 150x
from T 20 notes : 5x = 20 =2 100x
from T 10 notes | (25— 8x) = 10 =% (250 — 80x)

Hence the total money she has=150x = 100x + {250 — 80x) =7 {170x + 250}
But she has ¥ 590. Therefore, 170x + 250 = 590

or 170% =390 - 250 = 340
or X = E‘['J' =2
' 170 7
The number of T 50 notes she has= 3x
=3x2=06

The number of T 20 notes she has=3x=5= 2= 10
The number of T 10 notes she has= 25 — 8x
=25 - (8 = E]I=25 |&=190
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B EXERCISE 2.2

LIR

11,

12,

13,

I ] 1 [ ;
Ifvousubmact 7 from anumber and muloply the result by — youget | What s
2 2 S
the mumber?
The perimeler ol'a reclanpular swimming pool is 134 m. I lengtis 2 e maors tban
tedces s breadth ¥What are the lenath and the breadth of the pool ?
: .4 . , S
I'he base of an 1sosceles ranele iz — em . The permeter of the tiangle is < 5o
A i
Whiat iz the leneth ot either ofthe remaining equal sides
Sum oftwo nymbery s 25 TRene cocceds theother be 15, find the numbory
T numbers arezin the atie 53 TEthey differ by TR what are the: numbers?
Thiee comgeculive intepers add up o 5 1. Whal are (hess incegers?
T'he sium ot three sonsecutive mualoples of ¥ iz 8R4, Fincl che maltiples.

T'hree consecutive Wwitezers are such that when they are taken n mcreasing erder and
raltiplicd by 2, 3 and < respoctvely, they add vp to 71, Find these nombers.
Thizaues ot Rahul amd Tlaroom arein the raho 57, Four wears later the: sum of thear
apes will hae 36 venrs. Whal ave their present ges?

T'he nutiher o bovs and picls n a class aren the ratie 723, The number of boyvs s &
more than che mimber of gicls. Y hat i3 che toral class strengeth?

Raichungs fathor iy 268 voars voynaer than Baichuna’s arandtiather and 240 vears
ctldden (hean Thaichumg The sumal the ages oCall he threeis 135 vewr s, What 1= the
ape vl each one o Thern'?

Fiftesn vears trowm now avi's ape will be four tines lus present age. What iz lavi's
preset ase” ) .
A raticmal nymber iy sach that when you maltiphe b % ] il % tothe produc,

YL et —é What is the number!

14, Takshimiisacashermabank She has corremey nates ol denonamations
T100, T30 and 710, recpectively. T'he ratio of the oumber of these
malus s 203 5 The votal cash with Taksbom i 3 000000 Thew nuw
notes of each denomination dees she have!

T havee g total of T 3000 comg of dengmingtion T, 72 and 75 The
Purler ol 2 cong is 2 wmes The nuwmber ol 3 5 coing, The todal oummber of
ooing is 10 Hows many coins of each denominariorn are with me?

o Tho drganisers ol an osany compeilion decide that o winmer e
competition 2ecs a prize of T 100 and a partcipant wha does oot win nets
g priz: of 25 The total prize money distnbored 14993 0060 Find the
nurrther ol winnsis, iF0he tolal numbee ol parhicnpants s 63,
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2.4 Solving Equations having the Variable on
both Sides

An cipuation s the cyuahty of thevalues of bwa cxpressions Tn the cgquation 2e—3 =7
Chie Ly e gnesaivns are 2o — 3wl 7 Tt esarnyles il we have cone across s
far, the BTTR i qust a number Tut this necd net alveavs e so; both sides coulil have
erpressions wilh vimahles Tor evample, Theequalion 2o — 3 & 2 has espressions
wathe variakle on hoth sides | the eapressiom on the TITS 3 (2 =3 ) and the esprosdon
um the RTT s 1 2)

& W N discuss B Lo solve suchedualions which Tave expressions with the variable

o both sicles.

Example 12: Solve 2y - 3I=xv+3

Salution: We have
Ir=r—-F+3%
A
Lir 2’:’ -y =x-+

LT 2y

]

— .+ (subtmcting x fromhoth sidos)
LT x =k (sl b

Here wee subtmacted from borh sides ofthe cyuation, not a number (eenstant s, bot g,
Lot meslving The vamable W can o s as vanahles are alse numbers. Alse, naie thal
subitrgeting v from hoth sdes grounts o trangposting 1o THS,

=1'r—|4
=

Exzample 13: Solve 5r |

] -l

Solution: Multiply boch sides of the equation by 2. YWe zer

E ? I.-_\_
2x[5.~:+—] -~ 2|2 —14]
. 2 L2

- E

(2% S} o [2:{%] szzx] (27 14)

ar Ty — F=3x - 28

or e Iv+7= 28 itransposing 3x o LHY)
[T Ty =T—=--214

or Ty =-3-7

o Ty 35

—35 _

ar T = ar v =—3 (sodtiomn)
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. EXERCISE 2.3
wilve the following equations and check your results.
1, 3x=ix+18 Y St-3=3-5 ¥ Sg+9=5+3x
4 dz+3=6+1 § k—-1=14-x 6 Bx+d=3(x-1)+7
4 2x Tx 5 B
= == —— = ——— 3 "_I‘l _— = — == |}
- 5fx+li}} 8. 3+1 ]5+ 9, d),+3 3 !

0 3m= :
1, m—im—ﬁ

2.5 Some More Applications

Example 14: The digits ofa two-digit number diffesby 3, IFthe digits are interchanged,
and the resulting number is added to the orginal number, we get 143, What can be the
onginal number?

Solution: Take. for example, a two-digit number, say, 56. It can be written as
a6 =(10= 5)+6.
Ifthe digits in 36 are interchanged, we get 65, which can be writtenas (10 < 6} + 5,

Let us take the two digit mumber such that the digit in the units place is &, The digit
in the tens place differs from » by 5. Let ustakeit as#+3. 5o the two-digit number
is10(h+=3+h=100+30+H= 115+ 30

; - x ook " Could we take tha t

With interchange of digits, the resulting two-digit number will be pl?m t:"l:'rt e Ens

10b+(h+3)=116+3 (& —3)? Try it and see
whialt solution you get.

I we add these two two-digit numbers, their sum s
(116+30)+(115+3) =116+ 115+ 30+3 =22h+33
It 1s given that the sum is 143 Therefore, 225 +33= 143

or 22h= 143 - 33
- Femember, thisis e salution
ar 22h=110 when we choose the tens digits o
be 3 more than the unir's digits,
110 What lnppens if we take the tens
or b= digit to be (h— 337
22
oF =5

The units digit is 5 and therefore the tens digit is 5 +3
which is 8. The number is 85.

Check: Oninterchange of digits the number we get is
38, Thesumof 85 and 581s 143 as given

The statement of the
example is valid for both 58
and 35 and both are comrect
AEEWETS
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Example 15 Arjun is twice as old as Sheiva. Five vears ago bis ape was thees times
Shriva's ase. Finc cheir present ases.

Solution: Let us take Shriva'a present age Lo be v vears.

Then Arjun's present ane would be 2y vears.

Shriva's aee Ove vears aoo was (x5 vears.

Arjon’s pze Dve vears ano was [ 1r 3] vears,

It i3 piven chat Arjun’s ane fve vears azo was three Lmes Shriva's ape.

Thuz v 3=35ix &)
o 2y :=3x 1z
o 15 5=3x 2x
o 10 =x

Ho, Shriva’s present aze =v = 10 vears,
Theretore, Arun's pregent aze = 2y =2 = 10 =20 vears.

B EXERCISE 2.4

3
1. Arana thinks ot anumber and subtracts T fromit She mubtiphos the resalt by 8 The

result nowe obaned 15 3 fmey the same nurnber she thovght of What 3 the numbes”

2, Apestira:mumber g 5 times gnother number, TH2 s added to beth the numbers, 4:,“,
then one of the new numbers becomes twiee the other new mimber. What are the
nurmbers?

G sumof the digits of atwo-digit number s @ When we mmrerchange the digits, it
tound thar the resulting new mimber 15 srearer thanthe coginal mamber by 27, What
15 the evo-thagit nymbgr?

4, One ofthe o digits of g tweo digin number 3 three imes the other digie T8 yvou
imterchanse the digms of this two-dige nomber and add the resulting nomber tothe
orignal mamber vougen 88 Whar s the ongmal nomber?

*-q.,c-*'“’#

5. Shebe’s mather’s prosent age s sis times Shobo's present age. Shobo's age five
wears from now will be one third of his maother’s presene aec. What are their
[resent g

fv.  Therzis g narrow reorangular plot. resered for g school in Mabolovillage The
lenerh and breadth of the plot are e the vamo 1101 At the race 71K por merns 1t wall
cost the vallaee panchavat © 7530001 fenee the plot What are the dimensons of
the plot?

7. Hasan s two kinds of cloth matenials for school nniforms. shict marcrial that
eogty him T 510 por metre and trovser matenal that costs bim T 590 per matrs,
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Forevery 3 meters ol the shurt macenal he buva 2 metres
of the tronzer material He sells the marerials at 1244
and 19% profit respectively. His total sale s F 36,600,
Hew: mch crouser matenial did Le boy?

. TTallols herd eldeer are araang i Che Feld anad three

are drinking waler v the pond Find the mwmber ol
losr m thiz laard
4, Aprandfather is ten tees older than s oracddaozhter.
TTu v alsor 5 voears elider than her Tand hoir preson | ages
1. Aman's ageisthree rimes his son's aze. 'len vears aso he was five tines iz son's
age. Find thedr presenl apes.

2.6 Reducing Equations to Simpler Form

e x—3

Example 16: Solve ——— | =
A

Solution: Multiplying borh sides of the equariar by &, ither S0 T e T
snallesl roalliple foa LOM)

@+"J}il % of the iiven denomumalors,
0r 2 Y E x-3
Qar [ldr—24+0=v—3 topenmg the brackers
o 12¢ %5 » 1
ar 2y —x—H— -2
ar INy+4d= 3
0 [fr 2 B
ar llxr=-I1
ar r= 1 i recjuired solution)
{',hﬂt!k:LH"i=E[_H I _]=—ﬁ | |+l _ —_5+i= =593 =—_1
) J K 3 1 L 3
i3 4 2
RHS= — — ==
T H: = RHA. g reguired)
-

Example 17: Sclve 5x 2i2x T)=2{3x DI+ 1

Solution: Letus openthe bracksts,
[I18 3x 4114 x1 14
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7 4 T . -3
BHS = fx — 2 + 7 ﬁI—E-l'E—ﬁI'FE
3
The equationisx + 14 =6x + 3
3
or l4=0x-x+ 3
- 3
I g —
or 4 = 5 3
i - A
or 14— Gl Sx (transposing EJ
28-3 -
& g o Did vou observe how we
simplificd the form of the given
e equation” Here, we had o
or Ei multiply both sides of the
= gouiation by ihe LOM of the
denomimators of the lerms in e
o &l _E_Ex,l_= x5 _3 expressions of the equation,
3 2w 2

. - 5
Therefore, required solution s = 5

5 5
Check: THS SK;—ZLE :-:1—?]

) a !
s 2:5—?}=2—;'-z{-3}=£+4 e D

gtV 4 ) 2 2
RHS = E[EH3—1]+1=E(E—E}+1= zMl:}l+1 Neste, in Uns exmmple we
2 2 2 .3y 2 2 2 brought the equation 1o 2
simpler form by opening
25+7 33 . brackets and combining like
= —5 = ~LHS. (asrequired) rerms on botl sides of the

v

coiHion,

B EXERCISE 2.5

Solve the following linear equations.
X | M3 an
e W e e )
L 37573 % el iy 3
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4‘ .:'—5__.'5’—3 s BI—E_EHS_E_; c m_m—1_t_m—2
3 5 x 4 i K| 1 2 3

Simplify and sobve the following linear equations.
7. Hr-3)=5+1) & 15p-4)-2p-9+5y+6)=0
9. 3(52-7)-2(92-11)=d(Bz~ 13}~ 17

10, 0.25(4f— 3) = 0.05(10f— 9)

2.7 Equations Reducible to the Linear Form

*+] 3

—

Zy+3 8

Example 18: Solve

Solution: Observe that the equation is not a linear equation, since the expression on its
LHS is not linear. But we can put it into the form of a linear equation. We multiply both
sides of the equation by (2x + 3,

Made that

X+ \ 3
[2I+3JH(?~“+3} gLl 2x+3 20 (Why?)

Notice that {2x + 3) gets cancelled on the LHS We have then,

I(2x+3
I Lo
)
We have now a linear equation which we know how 1o solve,
Multiplying both sides by 8
Bix+1)=3({2x+3) : This step can be
or Sr+8=6r+0 oy diroly obaized ty
i T CIOSS=IL m:nll..:a!.l:m
or Br=6x+1 ,:l—-i-_]j %
or Bx-dx=1 i
or 2=
- 1
or X = 3
oy |
The solutionisx = 3
1 1+2 3
Check : Numerator of LHS = e g T=E

|
Denominator of LHS = 2+ 3 = EKE 3w ]+ 3=y
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1 2
W—= =
4B

[ A

) ] 3
LHS = numeratar + densninator = ST 4 =

1118 RITS

Example 19: Mresent ages of Ann and Kaj arcin the ratio 1:5. Eiaht vears from now
The ratio ol thelr ages will Te 3060, Tisd thenr present apes

Solution: Totthe prosent ages of Ang and Bl he-de years and Svovears respoenividly
Aller eizhy vears, Anu’s ape — {4x B vears;

Aller caghl e, Bl s oage (50 0 B vonrs

. e g . . Ju+ ¥
Theaottre, the ratio of their awes afler cight voars "

Thisisgivem o hed &

. i +E A
I'hersfore, rra
Crosss-rnul iphicabion g fdr 181 Sihr 1 R
b 2 — 3R = Zv + 40
o e 4% 40 25x
o 2w — % =3E5x
b B=2 Mdx
or o
Therefore, A spresentage=Avy=1 ¥ =32 vears

Rag'spesenioee 5c 5= 8 40 vears

. EXERCISE 2.6

Sobve the followans equations.

Ry —1 Gy _ = 4
1. &2 2, =1z 3. -==
x 7=l z+13 9
Byl =2 C o Tp4d -1
LT s LT

. Thoe sz G TTand ancd TTarey srcan theraie 57 Towr vears Fron o the rahio of
their aeeswill e 3:4. Find their present apes.

The demarmmalor ol w ralivmed narhar 15 greatenr leanil= nomersior by &1 e
mumeraror 13 increased by 17 and the denomunator 15 deereased by 1, the nomber

3
abdaimed is —  Fincdthe vabismal miarnler
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PN v/1AT HAVE WE DISCUSSED? [N

1. Analychras causmon s an coquality wvalvng vanaliles, Tssvs thar thevalag of the ceprossion an
one side ol the equality sign s equal to the valoe ol the expression on the other side.

T Thescpuations we shly in Clagses W8T ancd %TIT are ineare couaiions noone vamable Tnsuch
equations, the expresaions which fiorm rhe equation contain enlv one variable. Fither, the equations
arelingar, 1.e., Thahizhest poveer ol The variable appearing in the equationis 1.

3. Ahngar cquation may havee for ity gelunon any ratonal npmber

5

Adnedpuaticn ey have lnear expressions o both sides. Equations that we stdied indlasszes ¥l
amicl WTT haal Just w vwrnher emone side o0 the coguastion

Jusr as mambers, variables can, also, be transposed trom one side of the equation to the other.

:JI

=)

Crccasiomally, the expressions [rmme equalions bave 1o be simplilied baliore we can solve them
e wsval merhods. Soma couations mey nor even b inear me begam with, o thy can be brouhi
B linear toem by multiplving both zsides of the equation by a suitable expression.

- Thuuiahiy ol tmer coueahons wan thear tverse spplicaliones: ilcvent problens on mernbers, aees,
perumeters, combination of cumency notes, and so on can be sobved vaine linear equations.




Understanding
Quadrilaterals

3.1 Introduction

You know that the paper 1s a model for a plane surface. When you join a number of
points without lifting a pencil from the paper (and without retracing any portion of the
drawing other than single points), vou get a plape curve

Try to recall different varieties of curves you have seen in the earlier classes,
Match the tollowing: (Caution! A figure may match to more than one type).

b Figure Type i
(1) \/ (a)  Simple closed curve
(2) 6— (b) A closed curve that is not simple
{(3) Q {c} Simple curve that is not closed
{4) (d)  Notasimple curve

b A

Compare your matchings with those of your friends. Do they agree?

3.2 Polygons
A simple closed curve made up of only line segments is called a polygon,

2\

Curves that are polygons Curves that are not polygons

CHAPTER
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Try to give a few more examples and non-examples for a polygon.

Draw a rough figure of a polyzon and identify its sides and 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 ligure
or vertices

a | N
4 Cuadrilateral D
5 Pentagon G
: oot <o
7 Heptazon Q
8 Okctagon Q
Q Nonagon Q
10 Decagon O
" =

% il J

3.2.2 Diagonals
A diagonal is a line segment connecting two non-eonsecutive vertices of a polveon (Fig 3.1).

52

E
I
A
¥ Fig 3.1
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Can you name the diagonals in each of the above figures? {Fig 3.1)
Is PQ adiagonal? What about LN ?
You already know what we mean by interior and exterior of a closed curve (Fig 3.2).

Inteérior Fig 3.2 Exterior

The intenor has a boundary. Does the extenor have a boundany” Discuss with vour fiends
3.2.3 Convex and concave polygons
Here are some convex polyezons and some concave polygons (Fig3.3)

Convex polygons Fig 3.3 Concave polygons

Can you find how these types of polygons differ from one another? Polvaons that are
convex have no portions of their diagonals in their exteriors or any line segment joining any
twiy different points, in the interior of the polygon, lies wheolly in the interior of it . 1s this true
with concave polygons? Smdy the tigures given. Then try to describe in your own words
what we mean by a convex polygon and what we mean by a concave polveon. Give two
rowigh sketches of each kind

In our work in this class, we will be dealing wath comvex polyzons only

3.2.4 Regular and irregular polygons

Aregular polygon is hoth “equiamgular’ and “equalateral’. For example, a square has sdes of
equal length and angles of equal measure. Hence it is a regular polvaon, A rectangle is
eduiangular but not equalateral. 15 a rectangle a regular polygon? Is an equilateral tnangle 3
regular polygon? Why?

] H N

T 1 H [
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O O T

Regular polygons Polygons that are not regular

[Mote: Use uf'/.("u\ ﬂr}/\iudicates segments of equal length].

In the previous classes, have you come across any quadnlateral that is equilateral but not
equiangular? Recall the quadnlateral shapes vou saw in earlier classes— Rectangle, Square,
Rhombus etc

Is there a triangle that is equilateral but not equiangular?

3.2.5 Angle sum property

D vou remember the angle-sum propenty of a triangle? The sum of the measures of the
three angles of a tnangle is 180%, Recall the methods by which we tried to visualise this
fact. We now extend these ideas to a quadnlateral.

DO THIS

1. Take any quadrilateral, say ABCD (Fig 3.4). Divide
itinto two triangles, by drawing a diagonal, Youget |,
sixangles 1, 2,3, 4, Sand 6.
Use the angle-sum property of a tnangle and argue
how the sum ofthe measures of ZA, 2B, ZC and -
2D amounts to 1807 + 1807 = 3607 Fig 3.4

2 Take four congruent card-board copies of any quadrilateral ABCD, with angles
as shown [Fig 3.5 (1)]. Arrange the copies as shown in the figure, where angles
2122, 23, L4 meet at a point [Fig 3.5 (i)].

. B
For deing this vou muay
I hawve b b and match
Tale COTTRTS 50
at they fir.
i :
(i)

Fig 3.5
What can you say about the sum of the angles 21, 22, <3 and =47

[Note: We denote the anglesby = 1, 22, 23, etc., and their respective measures
bymsl, ms2, ma3, ete ]

The sum of the measures of the four angles of'a quadrilateral is

You may amive at this result in several other ways also.
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3. As before consider quadrilateral ABCD (Fig 3.6), Let P be any
point in its intesior, Join P to vertices A, B, C and D. In the figure,
consider APAB. From this we see x = |80° — w22 — m.23,
similarly from APBC, = 180° —m.24 — m5, from APCD,

= 180" -~ m 6 —m-7 and from APDA, w= 180" —m28
—m<1. Use this to find the total measure m<1 + m22 +
+ m 28, does it help you to arrive at the result? Remember
Lr A+ A Aw=360" A B

4. These quadnlaterals were convex, What would happen if the
quadrilateral is not convex? Consider quadrilateral ABCD, Split it o
into two triangles and find the sum of the interior angles (Fig 3. 7).

B EXERCISE 3.1

1. Given hereare some figures.

MY

(1) (2) (3)

(3] {6} {7)

(%)
Classify each of them on the basis of the following.
{a) Simplecurve (b} Simple closed curve fc) Polygon
{d) Convex polygon e} Concave polvgon
2. How many diagonals does each of the following have?
(a) Aconvex quadnlateral  {b) Aregular hexagon {c) Atnangle

3. What is the sum of the measures of the angles of a convex quadnlateral? Will this property
hold ifthe quadnlateral is not convex” (Make a non-convex quadrilateral and try!)
4. Examine the table. (Each figure is divided into triangles and the sum of the angles

deduced from that.)
||"' T
Figure A 6
Side 3 4 3 LY
Angle sum 180° 2 = 180° 3 = 180° 4 = 1807
\ =(4-2) = 180°F | =(5-2) = 180" ﬁ{ﬁ—ljxiﬂﬂj
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What can you say about the angle sum of a convex polygon with number of sides?

(@) 7 (b) 8 (c) 10 @
5. What is a regular polvgon?

State the name of a regular polygon of

(i} 3 sides (i) 4sides () O sides

6. Find the angle measure ¥ inthe following figures,

(b

{a) Findx+y+z (b} Findx+yp+z+w
3.3 Sum of the Measures of the Exterior Angles of a
Polygon

On many occasions a knowledge of exterior angles may throw light on the nature of
intenior angles and sides,
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DO THIS

Draw a polygon on the floor, using & piece of chalk.
{In the figure, a pentagon ABCDE is shown) (Fig 3 .8),

We want to know the total measure of angles, ie
mel + me2+ me3 + mad + meS, Start at A, Walk
along AR On reaching B, you need to turn through an
angle of m.2 1, to walk along BC . When you reach at C,
you need to turn through an angle of w22 to walk along
CD . You continue to move in this mannes, until you return il Fig 3.8
1o sicde AB. You would have in fact made one complete tum.

Therefore, mZl +ms2 +m=3+msd+ms5 =360°

This is true whatever be the number of sides of the polvgon.

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

Example 1: Find measurexinFig3.9,

ot
Solution: x+90%+ 50+ 110°=360°  (WhyT)
x +250° = 360°
x = 110° -
L
[
Take a regular hexagon Fig 3.10. :

1, What is the sum of the measures ofits exterior angles x, y, =, p, 4. 7
1 ]a_ Y ‘_}"_ﬂ'-P -&'u j'l"? W
3. What is the measure of each”?

(i) exteriorangle (i) interior angle
4. Repeatthis activity for the cases of ,
(i) aregular octagon (i) aregular 20-gon Fig 3.10

Example 2: Find the number of sides of a regular polvgon whose each exterior angle
has a measure of 457,

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

; 360
Therefore, the number of exterior angles = P 2

The polygon has 8 sides.
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B EXERCISE 3.2

Find x in the following figures.
}\( Z\j

115"
(a) {b)
Find the measure of each exterior angle of a regular polygon of
i) 9 sides (i) 15 sides

How many sides does a regular polygon have if the measure of an exterior angle is 2477
How many sides does a regular polygon have if each of its interior angles
s 1657

{a) Tsit possible o have aregular polyzon with measure of each exterior angle as 2277
{b} Can it beaninterior angle of a regular polygon? Why?

{a) What is the mirimum interior angle possible for a regular pelyzon? Why?

(b) What is the maximum exterior angle possible for a regular polygon?

3.4 Kinds of Quadrilaterals

Based on the nature ol the sides o angles of a quadrilateral, it gets special names,
3.4.1 Trapezium

Trapezium is a quadrilateral with a pair of parallel sides.

S eSYas
=17 >

These are trapeziums These are not trapeziums
Study the above figures and discuss with your friends why some of them are trapeziums

while some are not. {Note: The arrew marks indicate parallel lines).

. Takeidentical cut-outs of congroen trhmg'!es of sides 3 em, 4 cm, 5 cm, Arrange

them as shown (Fig3 11)

RN

Fig 3.11
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You get a trapezium. {Check it!) Which are the parallel sides here? Should the
non-parallel sides be equal?
You can gef two more trapeziums using the same set of triangles. Find them out and
discuss their shapes.

2. Take four set-squares from your and your fnend’s instrument boxes. Use different
numbers of them to place sde-by-side and obtain different trapeziums.
If the non-parallel sides of a trapezium are of equal length, we call it an isosceles
fregpxezitem. Did vou get an isoceles trapeziumin any of your investigations givenabove?

3.4.2 Kite
Kite is a speaial type of @ quadnilateral. The sides with the same markings in each figure
are equal. For example AB =ADand BC =CD.

Z 0F

Thesze are kites These are not kites

Study these figures and try to describe what a kite is. Observe that
(i) A kite has 4 sides (1t is a quadnlateral ),
(i) There are exactly two distinet consecutive pairs of sides of equal length,
Check whether a squareis a kite

——r
Take athick white sheet i
Fold the paper once. congruent
Draw two line segments of different lengths as shown inFig 3,12 What do w
Cut along the line segments and open up, mfer from
You have the shape of a kite (Fig 3, 13). e i
Has the kite any line symmetry? Fig 3.12 A

Fold both the diagonals of the kite. Use the set-square to check if they cut at
right angles. Are the diagonals equal in length?
Verify (by paper-folding or measurement ) if the diagonals bisect each other
By folding an angle of the kite on its opposite, check for angles of equal measure. b
Observe the diagonal folds; do they indicate any diagonal being an angle bisector?
Share your findings with others and list them. A summary of these results are -

given elsewhere in the chapter for your reference, Fig 3.13




A6 W MaTHEMATICS

3.4.3 Parallelogram
A parallelogram is a quadnlateral. As the name suggests, it has something to do with

parallel lines.
A |
/ / AB|IDC A i
5 ¢ AD | BC /—\ AB||CD
P C (b
L M _
s LM ||ON 2 R e
QPJISR 0 i @D AB||ED
o A -
QS| PR 0 i TR ./ BC|FE
bl
These are parallelograms These are not parallelograms

Study these figures and try 1o describe in your own words what we mean by a
parallelogram, Share your observations with your tiends,
Check whether a rectangle is also a parallelogram

DO THIS

Take two different rectangular cardboard strips of different widths (Fig 3.14)

P 0O

Strip 1 Fig 3.14 Strip 2

W

Place one strip horzontally and draw lines along
its edge as drawn in the figure (Fig 3.15).

Mow place the other strp i a slant position over
the lines drawn and use this to draw two more lines Fig 3.15
as shown (Fig 3.16). :

These four lines enclose a quadrilateral. This is made up of twa pairs of paralle lines
(Fig3.17)

O /A
[ [ L]
/ / / ¢

Fig 3.16 Fig 3.17

L
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It 1z a parallelogram.
A parallelogram is a quadrilateral whose opposite sides are parallel

3.4.4 Elements of a parallelogram /“

v

There are four sides and four angles in a parallelogram Some of these are
equal. There are some terms associated with these elements that youneed
to remember,

Ciiven a parallelogram ABCD (Fig 3 18).

AB and DC, are opposite sides. AD and BC form another pair of opposite sides.
2 A and 2C are a pair of opposite angles; another pair of opposite angles would be
“Band 2D,
AB and BC are adjacent sides. This means, one of the sides starts where the other
ends. Are BC and CD adjacent sides too? Try to find two more pairs of adjacent sides,
2 A and 2B are adjacent angles. They are at the ends ol the same side, < Band 2 C
are also adjacent, Tdentify other pairs of adjacent angles of the parallelogram

DO THIS

Take cut-outs of two identical parallelograms. say ABCD and A'B'C'LY (Fig 3.19).

A B Figam A B’

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

Place A’B" over DC . Do they coincide? What can you now sav about the lengths
AB and DC? D
Similarly examine the lengths AD and BC  What do you find?
You may also arrive at this result by measuring AB and DC .

Fig 3.18

Property: e opposite sides of a paraliclogram are of equal lengih.

TRY THESE

Take two identical set squares with angles 30° — 607 — 90°
and place them adjacently to form a parallelogram as shown
inFig 3.20. Does this help you to verify the above property?

You can further strengthen thisidea D e

through alogical argument also Hﬁ,_---}f g
Consider a parallelogram 4 f_],---f '

ABCD (Fig 321). Draw A&~ B

any one diagonal, say AC . Fig 3.21 Fig 3.20
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Looking at the angles,
Z1=22 and £3=24 (Why?)
Since in triangles ABC and ADC, £1=22 23=.4
and AC is common, so0, by AS A congruency condition,
AABC = ACDA (How is ASA used here?)
This gives AB=DC and BC=AD,
Example 3: Find the perimeter of the parallelogram POQRS (Fig 3.22)
Solution: In a parallelogram, the opposite sides have same length,
Therefore, PQ=5R=12¢m and QR=PS=Tcm 8 i

So, Perimeter=PQ + QR + RS + SP / /?'f*"
P Q

= 1 2em+ Tom-+ 12em-+7em= 38 cm IZem

3.4.5 Angles of a parallelogram Fig22

We studied a property of parallelograms concerning the (opposite) sides. What can we
say about the angles?

DO THIS

Let ABCD be a parallelogram (Fig 3.23). Copy iton
a tracing sheet Name this copy as A'B'C'TY . Place
A'B'C'D’ on ABCD. Pin them together at the point
where medmgmulsmm. Rotate the transparent sheet
by 180° The parallelograms still concide, but you now
find A lying exactly on C and vice-versa, similarly B’
fies on D and vice-versa,

Fig 3.23

Does this tell you anything about the measures of the angles A and C7 Examine the
same forangles B and D, State vour findings.

Property: The opposite congrles of a perallelogram are of egual measure,

TRY THESE

Take two identical 30° — 607 — 907 sel-squares and form a parallelogram as before
Does the figure obtained help you to confinm the above propetty?

¥ You can further justify this idea through logcal arguments.

AC and BD D= B8 g
If AC and BD are the diagonals of the Wy et
parallelogram, (Fig 3 24) vou find that i 1"';-"#.-““'
o 'I-P- P

G i 1
Zl=22 amd £L3=.24  (Why?) Fig 3.24
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Studying A ABC and A ADC (Fig 3.25) separately, will help vou to see that by ASA
congruency condition,

A ABC = ACDA {How'?)
C - C
T
-3 e
.-""-‘- ‘r_.-—‘"r-
r_.-H'r -‘_‘.ﬂ
..-'"‘-- e
A Il B

Fig 3,25

This shows that ZB and 2D have same measure. In the same way you can get
miA=mLC.
Alternatively, 1 =2 and £3= 4, wehave moA=LN1+24= £2+C msC

Example 4: InFig 3.26, BEST is a parallelogram. Find the values x, yand z.
Solution: 5 isopposite to B.

S0, = 1007 {opposite angles property)
¥ =100° {measure of angle corresponding to -x)
z=280" (since .y, <zisa linear pair)

We now tum our attention to adjacent angles of'a parallelogram.

I parallelogram ABCD, (Fig 3.27).
ZA and 2D are supplementary since D

DC || AB and with transversal DA, these
two angles are interior opposite.

2 Aand 2B are also supplementary. Can vou
say “why'?

AD||BC and BA is a transversal, making A and . B interior opposite.

A

Fig 3.27

Tdentify two more pairs of supplementary angles fiom the figure
Property: The adjacent angles in a parallelogram are supplemeniary:

Example 5: Inaparallelogram RING (Fig 3 28)ifm R =T0", find all the other angles

Solution: Given m-R=7T0" G ~

Then N = T0°

because <R and <N are opposite angles of a parallelogram.

Since <R and -1 are supplementary, & 7 |
sl = 180°% — 707 = 1107 Fig 3.28

Also, m2G = 1107 singe =G is opposite to 21

Thus, MR =msN=7Fand m1=msG= 110°
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B THINK, DISCUSS AND WRITE Wl

After showing m R = moN = 707, can you find m.T and m .2 G by any other
method?

L ¥ 3.4.6 Diagonals of a parallelogram

= The diagonals of a parallelogram, in general, are not of equal length,
{Dnd you check this in your earlier activity”) However, the diagonals
of a parallelogram have an interesting property.

DO THIS . N

Take a cut-out of a parallelogram, say, LI .

ABCD (Fig 3.29). Letits diagonals AC and DB meetatQ.  Fig 3.29

Find the mid point of AC by a fold, placing Con A Is the
mid-point same as (7 L -

Dhoes this show that disgonal DB bisects the disgonal AC at the point O7 Discussit
with your friends Repeat the activity to find where the mid point of DB could lie

Property: he diagonals of a pavallelogram bisect vach ather (ai the point of theiv

intersection, of conrse) D 4 C
To argue and justity this property is not very i"-x }-" & X
difficult. From Fig 3 .30, applying ASA eriterion, it G
is easy to see that APl . % Y
AAOBR = ACOD (How is ASA used here?) Fig 3.30

Thisgives AQO=C0 and BO=DO
Example 8: In Fig 3.31 HELP is a parallelogram. {Lengths are in cms). Given that

OFE =4 and HL is 5 more than PE? Find OH. P "
Solution : If OE=4then OPalsois4 (Why?) /'L%"'n.%‘w rrrr e /
59 PE=E, Why?y i u"‘=-.:{‘h
Therefore HL=8&+5= 13 H =g

| Fig 3.31
Hence OH = = %13 =65 (cms)

B EXERCISE 3.3

¥ s = C
1. Given a paraliclogram ABCD. Complete each Rl
staternent aloniz with the definition or property used T
) AD=.... (i) £DCB=... AY "

) OC=.... (W) msDAB+m 2CDA= ..
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x, v and z. State the properties you use to find them.

Lrggrstannivg QuapriLaTera: Il 51

Consider the following parallelograms. Find the values of the unknowns x, ¥, z.

X C
N
(1)
7 A
x 3 >
\2/ .
(i) (iv) (v)

Can a quadnlateral ABCD be a parallelogramif’
iy <D+ B=180°7 (i) AB=DC =8 ¢m, AD =4 ¢cmand BC = 4.4 cm?
(i) ~A=70%and £C =657
Draw a rough figure of a quadrilateral that is not a parallelogram but has exactly two opposite angles
of equal measure.

The measures of two adjacent angles of'a parallelogram arein the ratio 3 - 2. Find the measure of each
of the angles of the parallelogram.

Two adjacent angles of a parallelogram have equal measure. Find the
measure of each of the angles of the parallelogram.

The adjacent figure HOPE 15 a parallelogram. Find the angle measures

The following figures GUNS and RUNS are parallelograms.
Find x and y. ( Lengths are in cm}

i) (i)
5 16 N S v
j/ /H
0 u

Jp-1

u

%\

i % Tk,
R 1 C L

In the above figure both RISK and CLUE are parallelograms. Find the value of'x,
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10. Explaim how this figure is a trapezium. Which of its two sides are parallel” (Fig 3.32)
| L] L

e
) B
Fig 3.32 Fig 3.33 | 307
11. Findm.CinFigd 33if AB||DC. ¥
12. Find the measure of ZPand =S if 8P || RQ in Fig 3.34
{1 you find m B is these more than one method to find . P7) pb" Fig 3.34

3.5 Some Special Parallelograms

4.5.1 Rhombus

We obtain a Rhombus (which, vou will see, is a parzllelogram) as a special case of kite
{which is not a a parallelogram}).

DO THIS

Recall the paper-cut kite vou made earlier.

Kite-cut Rhombus-cut

~When vou cut along ABC and opened up, vou got a kite. Here lengths AB and
BC were different. IM'vou draw AB = BC, then the kite you obtain is called a rhombus

Mote that the sides of rhombus are all of same
length; this is not the case with the kite.

A rhombus is a quadrilateral with sides of equal
length

Since the opposite sides of a thombus have the same
length, it 1s also a parallelogram, So, a b hos all
the properties of a parallelogram avd also that of a
Aite, Try 1o list them out, You can then verify your hist
with the check list summarised inthe book elsewhere, Kite Rhombins
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The most useful property of a rhombus 1s that of its diagonals.
Property: The diagomals of a hombus are perpendicilar bisectors of one another.

DO THIS

Take a copy of rhombus. By paper-folding verify if the point of intersection is the

mid-point of each diaponal. You may also check if they intersect at right angles, using
the comer of a set-square.

Here is an outline justifiing this property using logical steps.
ABCD isa rhombus (Fig 3 35). Therefore it 15 a parallelogram too
since diagonals bisect each other, OQA=0C and OB=0D
We have to show that m 2 AQD = m 2COD =9(F

It can be seen that by S55 congruency criterion Fig 3.35
algh, = A00h Since AO=CO  (Why?)

Theretore, m ZAQD=m 200D

Since < AOD and ZCOD are a linear pair, AR=L0: (W)

m ZAQD = m £COD = 90° 0D = 0D

Example 7:
RICE is & rhombus (Fig 3.36). Find x, v, = Justify your findings.
Solution: o
x= 0E v=0R = = side of the thombus :
= O (diagonals bisect) = OC {diagonals bisect) = 13 {all sides are equal )
=5 =17 Fig 3.36

3.5.2 Arectangle
A rectangle 15a parallelogram with equal angles (Fig 3 37)
What 15 the full meaning of this definition? Discuss with vour friends,

It the rectangle is to be equiangular, what could be x
the measure of each angle? Fig 3.37

Let the measure of each angle be ¥

Then 4x° = 3607 (Why)?
Therefore, x? m o

Thus each angle of a rectangle is a ight angle

Sa, a rectangle is a parallelogram in which every angle is a right angle.

Being a parallelogram, the rectangle has opposite sides of equal length and its diagonals
bisect each other.
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In a parallelogram, the diagonals can be of different lengths. {Check ths), but surprisingly
the rectangle (being a special case) has diagonals of equal length.
Property: The diagonals of a rectangle are of equal length.

¥ = ¥ e L [ L

A k= ' e ' A ' B A + B
Fig 3.38 Fig 3.39 Fia 3.40
This is easy to justify. IFABCD is a rectangle (Fig 3.38), then looking at tnangles
ABC and ABD separately [(Fig 3.39) and (Fig 3 40) respectively], we have

AABC = AABD
This is because AB=ABR {Common)
BC = AD {Why™)
m LA =m LB =90 (Why™)

The congruency follows by SAS criterion,
Thus AC =BD
and i er rectangle the diggonals, besides being equel i lengith biveot each other (Why?)

Example 8: RENT is a rectangle (Fig 3.41). Its diagonals meet at O. Find x, if
OR=2x+4and OT=3x+ 1

Solution: OT is halfof the disgonal TE T AN
OR is half of the diagonal RN W/
Diagonals are equal here. (Why?) o
So, their halves are also equal, o
Therefore Sr+1=2x+4 ¢ A
or x=3 £ 3
S 4

3.5.3 A sguare RE JE
A square is a rectangle with equal sides. Te e Fig 3.41

This means a square has afll the j‘-,u o
properties of a rectangle with an additional S S
requirerment that all the sides have equal : *"’5““-
lenzth

The square, like the rectangle, has P i I o

diagonals of equal lenuth,

In a rectangle, these is no requaremient
for the diagonals to be perpendicular to
one another, (Check this).

BELT 15 .a square. BE= EL=LT=TB
LB, £E 1., £T are right angles,
BL=ETand BL L ET

OB = 0L and OFE = 0T,
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In & square the diagonals.

{1) bisect one another {square being a parallelogram)
{ii) are ofequal length {square being a rectangle ) and
(i) are perpendicular to one another.

Hence, we get the following property.

Property: The diagomals of a square are perpendicular biseetors of each other.

DO THIS

Take a square sheet, say PORS (Fig 3 42).

Fold along both the diagonals. Are their mid-points the same?
Check ifthe angle at O is 907 by using a set-square.

This verifies the property stated above.

We can justily this also by anguing logically Fig 3.42

ABCD 15 a square whose diagonals meet at O (Fig 3 43) D -
0A=0C (Sincethe square is a parallelogram) . p

By 555 congruency condition, we now see that 0
AAOD = ACOD (How?) K

Therefore, m2 AOD = moCOD - '-

These angles being a linear pair, each is right angle, Ak

B EXERCISE 3.4

1. State whether True or False,
{a) All rectangles are squares {e}  Allkites are rhombuses.
(b} All rhombuses are parallelograms (Al thombuses are kites.
(¢} All squares are thombuses and also rectangles (g} All parallelograms are trapeziums
(d) Al squares are not parallelograms. (h)y  All squares are trapeziums
2, ldentify all the quadnlaterals that have.
{a) four ssdes of equal length {b) fournght angles
3. Esxplain how a square is.
(i) agquadrnlateral (i) aparallelogram (i) arhombus (iv) arectangle
4. MName the quadrilaterals whose diagonals.

(i) bisect eachother (i) are perpendicular bisectors of each other (mi)  are equal
: ; ; . 0
Explain why a rectangle is a convex quadrilateral. * T

-‘--r-
6. ABC isaright-angled triangle and O'fs the mid point of the side '
opposite to the nght angle: Explain why O 1s equidistant from A,
B and C. (The dotted lines are drawn additionally to help you), - &

L
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HE THINK, DISCUSS AND WRITE W

1. Amason has made a concrete slab. He needs it to be rectangular, In what different

- ways can he make sure that it 1s rectangular?

L. | 2 A square was defined as a rectangle with all sides equal Can we define it as
. rhombus with equal angles” Explore this idea.

3 Cana trapezium have all angles equal? Can it have all sides equal? Explain.

— WHAT HAVE WE DISCUSSED? _

Quadrilateral Properties

Parallelogram: {1} Opposite sides are equal
ii l‘;‘:ﬁ: :’;ﬁrg:. {2) Opposite angles are equal,
opposite sides {3) Diagonals bisect one another
paraliel, A

5 R
Rhombus: (1) Allthe properties of a parallelogram,
A parallelogram with sides (2) Diagonals are perpendicular to each other
ofequal length.

F Q
™ M

Rectangle: {1) All the properties of a parallelogram.
A parallelogram (2) Eachofthe anglesis aright angle.
with a nght angle. i [0, | (3) Diagonalsare equal

] 1
Square: A rectangle _
with sides of equal + 1 All the properties of a parallelogram,
length rhombus and a rectangle.

P ' 0
Kite: A quadrilateral D 1 ;
of equal consecutive toone another
sides A € | {2) Oneofthe diagonals bisects the other,

(3) Tnthe figure m . B = 2D bt
i mEAFmlC




4.1 Introduction

You have learnt how to draw tnangles in Class VII. We require three measurements

{of sides and angles) to draw a unique triangle.

Since three measurements were enough to draw a triangle, a natural question anses
whether four measurements would be sufficient to draw a unique four sided closed figure.

namely, a quadnlateral.

DO THIS ‘

Take a pair of sticks of equal lengths, say
|0 em. Take another pair of sticks of

equal lengths, say, 8 cm. Hinge them up

suitably to get arectangle of length 10 cm B

and breadth 8 cm,

This rectangle has been created with
the 4 available measurements.

Mow just push along the breadth of
the rectangle. Isthe new shape obtained,
still & rectangle (Fig 4.2)? Observe
that the rectangle has now become

Practical Geometry

CHAPTER

10 cam

10 cim

K cm

Fig 4.1

1icm

10 &em

& om

a parallelogram, Have vou altered the W
lengths of the sticks? No! The
measurements of sides remain the same, A

Fig 4.2

Ciive another push to the newly
obtained shape in a different direction,
what do you get? You again get a
paralledogram, which is altouether different
(Fig 4.3), yel the four measurements
remain the same.

Bem

10 em

113 ¢mm

Hoem

B*

Fig 4.3

This shows that 4 measurements of a quadrilateral cannot determine it uniquely.
Can 5 measurements determine a quadslateral uniquedy? Let us go back to the activity!

il
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You have constructed a rectangle with
two sticks each of length 10.cm and other
two sticks each of length 8 cm. Now 10 cmi
introduce another stick of length equal to.~~ *
BD and tie it along BD (Fig 4.4). If you
push the breadth now, does the shape 8om 8 cmi
change? No! It cannot, without making the
figure open. The introduction of the fifth
stick has fixed the rectangle uniquely. i.e., Wem
there is no other quadrilateral (with the Fig 4.4
given lengths of sides) possible now,

Thus, we observe that five measurements can determine a quadrilateral uniquely.
But will any five measurements { of sides and angles) be sufficient to draw a unique
quadrilateral?

H THINK, DISCUSS AND WRITE Wi

Arshad has five measurements of a quadrilateral ABCD. These are AB = 5 ¢m,
LA 50° AC =4 c¢m, BD = 5¢m and AD = 6 ¢cm. Can he construct a unique
guadrilateral? Give reasons for your answer,

=4.2 Constructing a Quadrilateral

We shall learn how to construct a unigue quadnlateral given the following
MEasurements:

When four sides and one diagonal are given.
When two diagonals and three sides are given.
When two adjacent sides and three angles are given.

When three sides and two included angles are given.
*  When other special properties are known
Let us take up these constructions one-by-one,

4.2.1 When the lengths of four sides and a diagonal are given
We shall explain this construction through an example.

Q

Example 1: Construct a quadnlateral PQRS
where PO = 4 cm,QR = 6 cm, RS = 5 cm,
Ps=55cmand PR=7cm.

Solution: [A rough sketch will help us in
visualising the quadrilateral, We draw this first and
mark the measurements. | (Fig4.5)




Pracricar Geowmerry B 59

Step 1  From the rough sketch, it 1s easy to seethat APOQR
can be constructed using 558 construction condition.
Draw APOR (Fig 4.6).

Step2 Now, we have to locate the fourth point 5. This *8'
would be on the side opposite to () with reference to
PR.. Forthat, we have two measurements.

515 5.5 cm away from P. S0, with P as centre, draw
anarc of radius 5.3 cm. ( The point 5 1s somewhere
onthisarc!) (Fig 4.7).

Fig 4.7

Step3 5155 cmaway from R. So with R as centre, draw an arc of radius 5 em (The
point § is somewhere on this arc also!) (Fig 4.8).

Fig 4.8
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Step 4 S should lie on both the arcs drawn.
So it is the pomt of intersection of the
twoarcs. Mark S and complete PORS
PORS is the required guadrilateral
{Fig4.9)

Fig 4.9
B THINK, DISCUSS AND WRITE W

(i) We saw that 5 measurements of a quadrilateral can determine a quadrilateral
uniquely. Do you think any ﬁwmmurnnwmanf the quadrilateral can do this?
(i) Can you draw a parallelogram BATS where BA = 5 cm, AT = 6 cm and
; AS=6.5 cm? Why?
(i) Canvoudraw a rhombus ZEAL where ZE = 3.5 cm, diagonal EL = 5 cm? Why?
(iv) Astudent attempied to draw a quadnilateral PLAY where PL=73 cm, LA=4 cm,
AY =45 cm, PY =2 cm and LY = 6 cm., but could not draw it. What is
the reason?
[ Hint: Discuss it using a rough sketch].

. EXERCISE 4.1
1. Construct the following quadrilaterals,

(i} Quadnlateral ABCD. (i) Quadrilateral JUMP
AB=45cm H=35cm
BC=5%5%cm UM=4¢m
CD =4 ¢cm MP = 5 cm
AD=06cm Pl=45¢cm
AC="Tem PU=65cm

{m) Parallelogram MORE i) Rhombus BEST
OR = 6 cm BE = 4.5 ¢m
RE=45¢cm ET=6cm

EQ=7.5cm
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4.2.2 When two diagonals and three sides are given

When four sides and a diagonal were given, we first drew a triangle with the available data
and then tried to locate the fourth point. The same technique is used here.

Example 2: Construct a quadnfateral ABCD, giventhat BC =4 3 cm AD=353cm,
CD =5 cm the diagonal AC = 5.5 cm and diagonal BD =7 em.

Solution:

Here 1s the rough sketch ofthe quadrilateral ABCD
(Fig 4.10) Studying this sketch, we can easily see
that it is possible to draw A ACD first (How?),

Step 1 Draw A ACDusing 555
construction (Fig 4.11).
{We now need to find B at a distance
of 4.5 ¢m from Cand 7em from D).

55 em

Fig 4.11

Step2  With D as centre, draw an arc of radius 7 cm. (B is somewhere
on thisarc) (Fig 4. 12},

55cm

Step 3  With C as centre, draw an arc of
radius 4.5 cm (B is somewhere on
this arc also) (Fig 4.13).

Fig 4.13
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Step 4 Since B lies on both the arcs, B is
the point intersection of the two
arcs. Mark B and complete ABCD.
ABCD s the required quadnlateral
{Fig4.14)

E THINK, DISCUSS AND WRITE W

| Inthe above example, can we draw the quadrilateral by drawing A ABD first and
then find the fourth point C? ‘

2. Can you construct a quadrilateral PORS with PO =3 cm, RS=3cm, PS=75cm.
PR = 2 cm and SO = 4 cm? Justify your answer,

B EXERCISE 4.2
1. Construct the following quadnlaterals.

(i} guadnlateral LIFT (i) Quadnlateral GOLD
Ll=4cm OL=75¢cm
IF=3cm GL =& cem
TL=2.5¢cm G =6cm
LF=435cm LD= 5cm
IT=4¢cm OD=10cm

(m) Rhombus BEND
BN=56cm
DE=65cm

4.2.3 When two adjacent sides and three angles are known
As before, we start with constructing a triangle and then look for the fourth point to
complete the quadrilateral.

Example 3: Construct a guadnlateral MIST where MI = 3.5 ¢m, IS = 6.5 ¢cm,
ZM=T5% L= 105%and £5=120°




Pracricar Geowerry B 63

Solution:

Here is a rough sketch that would help us in deciding our steps of
construction. We give only hints for various steps (Fig 4.15),

Step 1 How do you locate the points? What choice do you make for the base and what
5 the first step? (Fig 4.16)

A5 em
Fig 4.16

Step2 Make ZISY =120%at S (Fig4.17).
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Step 3 Make JIMZ=75"at M. (where will 5Y and MZ meet?) Mark that point as'T.
We get the required quadnlateral MIST (Fig 4.18)

B THINK, DISCUSS AND WRITE W

1. Can you construct the above quadnlateral MIST if we have 100° at M instead
of 75°7

2. Canyou construct the quadrilateral FLAN ifPL=6 cm, LA=9.5 cm, ZP=75",
ZL=150° and A= 140°7 (Hint: Recall angle-sum property).

3. Inaparallelogram, the lengths of adjacent sides are known. Do we still need measures
of the angles to construct as in the example above?

o IR EXERCISE 4.3
m 1. Construct the following quadrilaterals
- Tl | (i} Quadrilateral MORE (i) Quadrilateral PLAN
G 3 MO =6 cm PL=4cm
M a OR=4.5cm LA=6.5cm
b g £ M = 50° P =0
£0=105° LA=110°
#R=105° #N=85"
{m} Parallelogram HEAR (v) Rectangle DKAY
HE=35¢cm OE=Tcm
EA=6cm KA =5¢m

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

Under this type, when you draw a rough sketch, note carefully the “included” angles
i particular,

Example 4: Construct a quadrilateral ABCD, where »
AB=4ecm BC=5cm, CD=635 cmand #B = 103 and
ZC=80°,

B3 cm

Solution:

We draw a rough skeich, as usual, to get an idea of how we can

start off. Then we can devise a plan to locate the four points A & cm
(Fig 4 19) Fig 4.19

Step | Stant with taking BC =5 emon B, Draw an angle of 105" along BX. Locate A
4 cm away on this. We now have B, C and A(Fig 4.20),

L[l

Soem

Fig 4.20

Step2  The fourth point D is on CY whichisinclined at 807 to BC. So make <BCY =807
at ConBC (Fig4.21).

Sem
Fig 4.21
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Step 3 Disat a distance of 6.5 om on CY. With Y
C as centre, draw an arc of length 6.5 cm. %
Ttcuts CY al D (Fig4.22)
=
Tn
E
T 75105 &0
H Sem .
Fig 4.22

Step 4 Complete the quadrilateral ABCD. ABCD is the required quadnlateral (Fig 4.23),

5 em
Fig 4.23

B THINK, DISCUSS AND WRITE W

ather starting points?
. We used some five measurements to draw guadrilaterals so far Can there be

In the above example, we first drew BC. Instead, what could have been be the

different sets of five measurements {other than seen so far) to draw a quadnlateral?

The following problems may help you in answering the question

{i) Quadrilateral ABCD withAB=5cm, BC =55 cm, CD=4 cm, AD=6cm
and B = 80°, _

(i} Quadnlateral PQRS with PQ=4.5 em. 2P =707, 20Q = 100°, #R=80°
and £S= 1107,

Construct a few more examples of your own to find sufficiency/insufficiency of the

data for construction of a quadrilateral
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B EXERCISE 4.4
1. Construct the following quadnlaterals.

(i) Quadrilateral DEAR (i) Quadrilateral TRUE
DE=4cm TR=33cm
EA=35cm RU =3 cm
AR=45¢cm UE=4cm
ZE=60° ZR="75°
LA=H" U= 120°

4.3 Some Special Cases

To draw a quadnlateral, we used 5 measurements in our work. 1s there any guadrilateral
which can be drawn with less number of available measurements? The following examples
examine such special cases. Rengh figure

Example 5: Draw a square of side 4.5 cm. D L C

Solution: Inmally it appears that ondy one measurement hasbeen given. Actually
we have many more details with us, because the figure is a special quadrilateral,
namely a square, We now know that each ofits angles is a right angle. {See the
rongh fzure) (Fig 4 24)

This enables us to draw A ABC using SAS condition, Then D can be easily
located, Try yourself now to draw the square with the given measurements, A

4.5 em

4.5 ¢

=

4.5 cm
Example 8: s it possible to construct a rhombus ABCD where AC =6 ¢m Fig 4.24
and BD= 7 emT Justify your answer.

Solution: Only two (diagonal) measurements of the rhombus are given. However,
since 1t 1s a rhombus, we can find more help from its properties. Rongh figure
The diagomals of'a rthombus are perpendicular bisectors
of one another.

So, first draw AC =7 cm and then construct its perpendicular bisector.
Let them meet at 0. Cut off 3 cm lengths on either side of the drawn
bisector. You now get B and [,

Draw the rhombus now, based on the method described above
(Fig 4.25)

TRY THESE

1. Howwill you construce s rectangsle PORS ifyou know
only the lengths PQ and QR?

2. Construct lh:];ttaEESﬂ['eﬂiY' 8 om, EY = 4 ¢m
and §Y - 6 m (Fig 4 26) Which properties of the
Kite did you use in the process? A Fig 4.26
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. EXERCISE 4.5
Draw the following,
1. The square READ withRE = 5,1 em,
2. Arhombus whose diagonals are 5.2 cm and 6,4 cm long,
3. Arectangle with adjacent sides of lengths 5 cmand 4 cm.
4. Aparallelogram OKAY where OK =5 5 cmand KA=4 .2 cm. Is it unigque?

PR AT HAVE WE DISCUSSED? [,

1. Five measurements can determine a quadrilateral unigqueky.

2, A qguadrilateral can be constructed uniquety if the lengths ofits four sides and a diagonal is given.
3. A quadnlateral can be constructed uniquely ifits two diagonals and three sides are known.

4. A quadrilateral can be constructed uniquely if its two adjacent sides and three angles are known.
5. A quadnlateral can be constructed uniquely ifits three sides and two included angles are given
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Data Handling

5.1 Looking for Information
In vour day-to-day life, you might have come across information, such as:
{a) Runsmade by abatsman in the last 10 test matches.
(b} Number of wickets taken by a bowler in the last 10 ODls
{c)} Marks scored by the students of vour class in the Mathematics unit test
{d) Number of story books read by each of your frends etc.

The information collected in all such cases is called data. Data is usually collected in
the context of a situation that we want 1o study. For example, a teacher may like to know
the average height of students in her class. To find this, she will write the heights of all the
students in her class, organise the data in & svstematic manner and then interpret it
accordingly.

Sometimes, data s represented graphically to give a clear idea of what it represents.
Do you remember the different types of graphs which we have learnt in earlier classes”

1. A Pictograph: Pictorial representation of data using symbaols.

-
@g= LM} cars «— One symbol stands for 100 cars

5 5 !
July Eapl gl & =250 g denotes 5 of 100

AEE, PR s,

August w e L o =300

September | Grogd Geopd Gopd gl
\ J
{1} How many cars were produced in the month of July?

(i) Tn which month were maximum mumber of cars produced?
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2. Abargraph: Adisplay of information using bars of uniform width, their heights
being proportional to the respective values,

Bar heights give the
quantity for each
category

.!‘.H.. E

I8N =
2w =

150 +

Bars are of equal width
1Y+ with equal gaps in
5 + Btz

Sumber of students In Class Yl —

W

Ti03-0d 2004-05 2005-06  2006-07  HNT-08
Academie years —

{1y What is the information given by the bar graph?
(i) Inwhich year is the increase i the number of students maximum?
(i} Inwhich year is the number of students maxirmum?
(iv) State whether true or false:
“The number of students during 2005-06 is twice that of 200304

3. Double Bar Graph: Abar graph showing two sets of data simultaneously. It is
usefidl for the comparison of the data.

o [ MHEES-O6 [H 2600607

va
z

Maths 8. Sclence Beicnce English Himndi
Subjocts —»

{1y 'What 15 the imformation @iven by the double bar graph?
{i) Inwhich subject has the performance improved the most?
{in} Inwhich subject has the performance detenorated?
() Inwhich subject is the performance at par?
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B THINK, DISCUSS AND WRITE Wl

1 wee chimnnge The posibon ol any el the bars al s har waph, would 11 change e

nfarmation being comeevod? W

TRY THESE

Thave anappapmate maph o vepresent the mven mlarmalion

1. Moath July Angust | Scptember | October | November | Dice r:mh:.'_r‘]
Mumber of Lvariry L0 L=0ar 20000 23000 L3100 J
walches sold

3. {Children whe preler Schvel A School B Schoul )

Wralkmg 41 55 |5
Cyeling 43 i3 33

",

3. Percentans wins in QD[ Ty & Lop cnickel Leams

Teams From £ hampions L.ast 14 o
Trophy w Yorld Cup-08 | ODI i 07

Mot Aty TR Ak,
Ansrralia a1 %y ity
S Tanika 54qhy, &0
MNew: Aaland 475 S0
Lexzland 48 S0ty
Palastam 450 440
Wiest Lndies LEL 30ty

Tneliz 43% St

5.2 Organising Data

Llanally. data available tous is In an vnoreanised fonn called raw data. Lo draw meararne il
inlEremices, vee teed Loy orea se e data syalermatically Ton example, a oo ol slodens
weel§ asboel o Thaar Gevour e sahjecl, Thae resal s were s Naled el

Art Mdathematics, Saence, Frglish, Wathemahos, Art Timalish, Mathernahics, Fnghsh,
Art, Scence, At Belence, Selence, Machematics, An, Enelish Act, Science. Mathemnstics.
Heience, ALL.

Which is Lhe mavst liked subject and Lbe one least liled!
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It 1s not easy to answer the question looking at the choices written haphazardly. We
arrange the data in Table 5.1 using tally marks.

Table 5.1
[ Subject Tally Marks Mumber of Ei".‘wulmﬂ;s_ﬁ~
Anl M 4
Mathematics [ 5
Saence T ]
| Engish 1] 3 )
The number of tallies before each subject gives the number of students who like that

particular subject
This 1s known as the frequency of that subject
Frequency gives the number of times that a particular entry occurs.

From Table 5.1, Frequency of students who like Englishis 4
Frequency of students who like Mathematicsis 5
The table made 15 known as frequency distribution table as it gives the number
of timies an entry oceurs

TRY THESE

| A group of students were asked to say which animal they would like most to have
‘asapet The results are given below:
dog, cat, cat, fish, cat, rabbit, dog; cat. rabbit, dog, cat. dog. dog, dog. car, cow,
fish. rah'bﬁt, dog, cat, dog, cat. cat, dog, rabbit, cat, fish, dog,
Make a frequency distribution table for the same.

5.3 Grouping Data

The data regarding choice of subjects showed the occurrence of each of the entries several
ames. For example, Art 18 iked by 7 students, Mathemancs s iked by 5 students and so
on ( Table 5.1). This information can be displaved graphically using a pictograph or a
bargraph. Sometimes, however, we have to deal with a large data. For example, consider
the following marks (out of 50) obtained in Mathematics by 60 students of Class VIII

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 make a frequency distribution table for each observation, then the table would
be too long, so, for convenience, we make groups of observations say, (-10, 10-20 and
0 on, and obtain a frequency distribution of the number of observations falling in each
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arop. Thns, cthe frequency discrilbution table for the abosse daa can be.

Tahle 3.2

i Caronuns lally Marks Frequency 2
(-14 || 2
[[-201 =4 [t [0
2130 P T T 21
3040 NPT E
A-30 M | i
-6 | 1

\ Taotal Gl i

Drata pregented in this mannes i3 said o be growped and the distribution obraned 15 called
gromprel Mrequeney distribmbion T hefps s o dreses rnesming (ol mlerences hiloe -

(1) Wt of the srudents have seored betwsoon 200 and A0,
{23 izl swodens have seored moce than 40 marks ool ol 39 and g0 en

Toaeh ef he groups 0- 10, 10-20, 20-30 et s called o Class Tndereal (or hrcfly
a class).

Chaserye Uhad 10 coers anchoth the clasaes, e 0= 1005 woll aq 10-200 Sitmlandy, 20
occurs nclasses [O-20and 20-310. But it 15 not possible that an observation Czay Lar 20}
car Telong simuellareeously o Lwo classes, To avoid this, wes adopt the conventlion that the
commen abservation will beleng re the iighor class. ve, 10 belenzs e the class mberal
10-24 (and oot te O-160). Simularhy, 20 belenzs wo 20-30 (and not e 10-24. 1o cthe class
mlerval, T0=200 100 1% callend e Tower elass Timid nnd 2000 calles] ihe opper olass Tmil.
sularky, inche class mrereal 20-34 30 s che lowrer class bowr and 3015 the upper class lmit.
CHrserve thal the diflerence belween e upper clags Timivand lower clags Tiri Ko each ol e
clags memenly C= 10 [0-200 20- 300 et s cogquad, [ HOmchig caseh. This differonee bhetweon
the upper class linue and lower class limit i3 called che width or sige of the class interval.

TRY THESE

1. Biody e Tallowing Fequency disteibulion table aimd answer the questions
givien below

Frequency Distribution af Daily Income of 550 workers ol a Inctory

Takle 5.3
Cloaes Toterval Frequency
(Draily Tocomte in T} {Wumber of workers)
100-125 45
125-150 25
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150-175 55
175-200 125
200-225 140
225-250 55
250275 35
275-300 S0
300-325 20
! Total o .

(i) What is the size of the class intervals?
(i) Which class has the highest frequency?
(i) Which class has the lowest frequency?
(iv) What s the upper limit of the class interval 250-2757
(v} Which two classes have the same frequency™
2. Construct a frequency distribution table for the data on weights (in k) of 20 students
of'a classusing 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

Let us again consider the grouped frequency distribution ot the marks obtaned by 60
studentsin Mathematics test. ( Table 5 4)

Table 5.4
“ 21 21
Class Interval Frequency
20 4 19
0-10 2 2
10-20 10 el
20-30 21 | Z7!
30-40 19 Z 14
s 10
40-50 ¥ 2 K]
S0-60 1 ?E ie -
L Total Gl ) i*
This iz displayed graphically as in the 41 ,
adjoming graph (Fig 5.1) 2 I
Is this graph in any way different from the o l
b graphs which vou have deawn in Class V7 i 20 3 4 50 6
Observe that, here we have represented the Marks of the students —

groups of ohservations (1 ¢.. class intervals) Fig 5.1
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o the hariecntal axis. The heighi o the bars show the frequency ol the class-inlerl.

Alse therois no@ap botween the lars gs there 1y no ap botwasen the class-nnoreals,
The graphical representation of data in chis manner is callad 2 histogram.

The Gl werapsh s anud bor haslmam(Tig 5 20

4 Apes ul 23 eachers ol

74 HETITE
[ Ll
LY —
| s )
8 Bavs of cqual width wich
:j 4% 4 e g pes in el ween.
= 3
it
| z Ilvight of bar gives the numaber of
;- aluty ilemms ima pariicoluar privnp

1% and is the eguency,

o
IS5 M 35 il 45 Sil+— The rawge I= divided in equal intervals
Amp i Yoars — fuf & ey in this ansch,

Jawued line &1 Tor brokaoo linet bas

Beeeern awsenl aliermg Ll havrigsomdol lime e
indenbe chat we ace wnt showing che
numhers hebvecs:m 6t 2410

Fig 5.2

Tavain the b al s Bstogearn, we can answeer Lhe ellowing queslions.
(1 Hovsr many teachers are of gae 45 voears or more but less than 30 yeas?
(i) Howw many teachers are ol ape less than 33 vears!

TRY THESE

I CHuserves the histogran (0 53 el aosweer the guesiions wven below

"
VA4l s
::
g bt
&g
T
= 4
A :
S gl :
=
zal p 2
ey
= | |
2 |+
=

A = #

1k

125 15N 135 14 1= 150 |35 160
Hebobiz In . —
Fia 5.3

{11 What informatioe is being oiveen by Uhe Bistogram?!
) Which smoup contaims masimgm girs?
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qii) TTovee ramy g@irls have o heighl al 145 cms and moe?!
i1 e dhvids the saels into the follewanas three cavegones, howse many waould
there he in each?

[T I T Y TR — Group A

1401 cm e Less than 130 cm — Group B

[2ss than 140 cm Crroup €
B EXERCISE 5.1

Forwhich of these would wou nse a histoaram to show the data?

{al The nucnb=er ol letiers e dillereo areas in o puoslean s bag.
(b1 The heighr of compatitors i an athletics met,
fo) Lhenumber of cassetres produced by 3 companies.
() Thaevwbser of passenaers hoearding franes (oo 7 000 w0 L 700 pons alag
station.

Give reasans lor each,
Thix shoppiers who come to A departrmental store are markoed as man (), waomem
(W, o (B or pir {0 The following list eives the shoppers who came charing che
[ L Foar i Lhe e ming
WOW W (r BOW W M GG AR W WY W OB MW B GG MWW A AW W
WARWEWOMWWWWOWMMWWMWOWMOWMMDGOW
Mlakoa fregueney drambotien table usimeg talbe mares, T g bar graph to o #
The weehly wages (LT ol 30 workers ina Gewry are.
S0 B3R BO0 R0 B35 RI6 60 RIS ADR KO0, K0 BEO RIT, K33 RSS A4E
B, B0, BLE B0, BES RIS BI5 R0, BTE B0, BOE, BA0, B0, B0

Cosing tally imarks make @ lrequency rable aith intervals a5 800 810, 510 820 and
200m
Drvaw & histonram for the trequency table made for the cata in {Jueatioen 3, ancl
amswen The [l iveimng o« i

il W hich eroup has che masdooom oamber of workers?

i Thow many workers earn 3 830 and more?
() Howr gy workers carn less than 7 8507
I'he oaenber of howrs torwhich stucdents ofa panicolar class walched television durings
Tl cleae 1 thovseny thongdy thie wven graph
Answir the fallowing,

(1] Tror e vty Towes did (he et ool ol siodents watch T

g oo mamy shudents weatched TV for less than 3 hogre?
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(i) How many students spent more than 5 hours in watching TV?

32

M7 22
2“ -
L
1} &+

Mumber of students

=
-

W

I 2 I 4 5 & 7
Houors of TV watched per day —

5.4 Circle Graph or Pie Chart
Have you ever come across data represented in circular form as shown (Fig 5,437
The time spent by a child dunng a day Age groups of people in a town

A hours

15=hi
Vieiire

S thoeeand

3 hours
(1) Fig 5.4

These are called circle graphs, A circle graph shows the relationship between &
whaole and its parts, Here, the whole circle is divided into sectors. The size of each sector
15 proportional to the activity orinformation it represents
For example, in the above graph, the proportion of the sector For hours spent in sleeping

]

_ number of sleeping hours ~ B hours 1
whole day 24 hours 3

So, this sector is drawn as ;rd part of the circle. Similarly, the proportion of the sector

.
_ number of school hours 6 hours |
for hours spent in school = whols day ~ R 4




T8 B MarHEamsTics

Suthissmt{:riﬁdmﬂ-ﬂ%th of the circle. Similarly. the size of other sectors can be found.

Add up the fractions for all the activities. Doyou get the total as one?
A circle graph is also called a pie chart.

TRY THESE

- Eachofthe following pie charts (Fig 5.5) Mmadﬁuﬂnpmaﬁﬁmmahqtmdm&
Find the E:aa:tmofthumﬂemprmgmdmfﬂuuhﬁﬁmwm

lfiﬂn- or Bovs: Tramsport tn_idq_-l Love/Hate Hlll'ﬂ:rllﬁ:f

F& 55 Informative
2. Answer the following questions based on ﬂ'rEpIe chart _ ([}
given (Fig5.6). '

() Which type of programmes are viewed the mos?

(i) Which two typasafpmgrmmhm mmbu-;f"
méwm equal mmnmwam channels?

5.4.1 Drawing pie charts Viewers warching different tvpes
The favourite flavours of ice-creams for of channels on TV,
students of a school is given in percentages Fig 5.6

as follows. .

Flavours Percentage of students

Preferring the Mavours

Chocolate 0%
Vamlla 2504
Oher favours 25%

Let us represent this data in a pie chant
The total angle at the centre of a circle is 360°, The central angle of the sectors will be
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a fraction of 360°. We make a table to find the central angle of the sectors (Table 5.5).

Table 5.5
..-Fl“m Students in per cent In fractions Fraction of 360° k
preferving the flavours
Ch S0 ﬂ'l L of 3607 0
ocolate 0 oo 2 5 3 18
Vanilla 25% 25, = 2 1 f 360° = 90
% 100 4 4"? '
Other fla 25% £=1 1 f 3607 = 00°
g VOUTS : 00 3 3.° = )
1, Draw a circle with any convenient radius.
Mark its centre (O) and a radius (OA), A
2. The angle of the sector for chocolate is 1807
A B

Use the protractor to draw < AOB = [80°

3. Continue marking the remaining sectors.

Example 1: Adjoining pie chart (Fig 5.7) gives the expenditure {in percentage)
on various items and savings of a family during a month. E—
(i) Onwhich item, the expenditure was maximum®? 10% ““S.T?Ef:n“"
(i) Expenditure on which item is equal to the total Transpart 15%,
savings of the family? %
{in} TFthe monthly savings of the Bamily is ¥ 3000, what
15 the monthly expenditure on clothes? B

Solution:

{1) Expenditure is maximum on food.

(i) Expenditure on Education of children is the same
(i.e., 15%) as the savings of the family, Fig 5.7
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(o) 13% represents T 3000

-
ful

Therefore, 10% represents ¥ P 10 =% 2000

Example 2: On a particular day, the sales (in rupees) of different items of a baker’s

shop are given below.
ordinary bread ; 320
fruitbread : B0
cakes and pastries | 160 | Draw a pie chart for this data.
biscuits | 120
others | 40
Total : 720
Solution: We find the central angle of each sector. Here the total sale =¥ 720, We
thus have this table.
o "
ltem Sales (in 7) In Fraction Central Angle
320 4 4
- b — % 3607 = 160°
Ordinary Bread 320 20 9 5
120 1 |
iscui : s L — % 360° = 60°
Biscunts 120 =0 B F
160 2 2
; Py g =% tal" = RO
Cakes and pastries 160 =0- 0 o 60" =8
B 1 1 .
: — — % 360° = 40°
Fruit Bread &0 720 @ 5
. 40 | n L
Others 40 SE T X 360%=20"
' J

Now, we make the pie chart (Fig 5.8) "G,%
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TRY THESE

Draw a pie chart of the data given below.

The time spent by a child during a day.
Sleep — 8 hours
School — & hours
Hoeme work — 4 hours
Play — 4 hours
ihers — 2 hours:

B THINK, DISCUSS AND WRITE W

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

(Year 2001 | 2002 | 2003 | 2008 | 2005 | 2006)
Production &1k 500 70 35 B} RS
{in lakh tons)
2. Choice of food for a group of people.
[ Favourite food Number of people )
North Indian 30
South Indian 40
Chinese 25
Others 25
. Total 120 2

3. The daily income of a group of a factory workers.

s Daily Income Number of m:nrk:rs\'
{in Rupees) {in a factory)
75-100 45
100-125 35
125-150 23
150-175 30
175-200 S0
200-225 125
225-250 140
\ Total 451 .




82 W MaTHEmATICS

B EXERCISE 5.2
Semi Classival -

1. A survey was made to find the type of music %
that a centain group of voung people liked in
a city. Adjomning pie chart shows the findings

nfﬂ'lissl._:rvg}-. . [";*:if" l.'.i'g;l
From this pae chart answer the following. “'
(i) 120 people liked classical music, how
many young people were surveyed?
{n} Which type of music 1s liked by the
maximum mamber of people?
{m) [Ifa cassette company were o make No:of vodea]
1000 CD's, how many of each type .
would they make? Summer 90
2. A group of 360 people were asked to vote
for their favourite season from the three | Rainy L 120
seas0Ons rainy, winter and summer
{i) Which season got the most votes? @
() Find the central angle of each sector. | Winter 58", 150
(i) Draw a pie chart to show this b
3. Draw a pie chart showing the following information. The table shows the colours
preferred by a group of people.
g 1 9 1
Blue | & Bilueis gt_:_l'.ﬂreenisq'[_=¢ ind s0 on. Use
Gireen g this 1o finel the mnﬂpmuljng mmgles,
H'ﬁj ﬁ Wea
Yellow 3 - :
. D F
Total 36 N i

4. The adjoining pie chart gives the marks scored in an examination by a student in
Hindi, English, Mathematics, Social Science and Science. if'the total marks cbtamed
by the students were 54(), answer the following questions
{i) Inwhich subject did the student score 105

marks?
{ Himt: for 540 marks, the central angle = 36407
So, for 105 marks, what is the central angle”)

{n) How many more marks were obtained by the
student in Mathematics than in Hindi?

(i} Examine whether the sum of the marks
obtained in Social Science and Mathematics
is mare than that in Science and Hindi
( Hint: Just stedy the central angles),
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5. The number of students in a hostel, speaking different languages is given below:

Display the data in & pie char.

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

5.5 Chance and Probability

Sometimes it happens that dunng rainy season, you carry a raincoat every day
and it does not rain for many days. However, by chance, one day you fonget 1o
take the raincoat and it rains heavily on that day.

Sometimes it so happens that a student prepares 4 chapters out of 5, very well
fior atest. But a major question is asked from the chapter that she left unprepared.

Everyone knows that a particular train runs in time but the day you reach
well in time it 15 late!

You tace a lot of situations such as these where you take a chance and 1
does not go the way you want il o, Can you give some more examiples? These
are examples where the chances of a certain thing happening or not happening
are not equal. The chances of'the train being in time or being late are not the
same. When you buy a ticket which is wait listed, you do take a chance. You
hope that it rmght get confirmed by the time vou travel.

We however, consider here certam experiments whose results have an equal chance

of pecuring.

5.5.1 Getting a result

You might have seen that before a cricket match starts, capraing of the two teams go out

Lo 1055 a coin 1o decade which team will bat first.

What are the possible results you get when a coin is tossed” Of course, Head or Tail

Imagine that vou are the captain of one team and vour friend 18 the captain of the other
team. You toss a coin and ask vour friend to make the call. Can you control the result of
the toss? Can you get a head if you want one? Or a tail if you want that? No, that is not
possible. Such an experiment 15 called a random experiment. Head or Tail are the two

outcomes of this expenment.

TRY THESE

1. Ifyoutry to start a scooter, what are the possible outcomes?
2. When a die is thrown, what are the six possible outcomes?
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3. When you spin the wheel shown, whal are the possible outcomes? (Fig 5.9)
List them. ' '

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

4, You have a bag with five identical balls of different colours and you are to pull out
(draw) a ball without looking at it list the outcomes you would
~get(Fig 5.10)

B THINK, DISCUSS AND WRITE W
In throwing a die:

¢ Does the first player have a greater chance of getting a six?

e Would the plaver who played after him have a lesser chance of getting a six?

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

5.5.2 Equally likely outcomes:

A coin is tossed several imes and the number of times we get head or tail 1s noted. Let us
look at the result sheet where we keep on increasing the tosses:

[ Number of tosses | Tally marks (H) | Number of heads | Tally mark (T) | Number of tails
50 M T T 27 M THE TH 23
e R VY M1
60 M MY T 28 M P TR 32
s S AN PR M T
70 33 37
81 38 42
90 44 ; 46
100 48 . 52
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Observe that as you increase the number of tosses more and more, the number of
heads and the number oftails come closer and closer to each other.

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

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

P Do nol Worr)y h;h
Cates will nof be |,
b consadeced ag the
g Basibilidy B

5.5.3 Linking chances to probability

Consider the experiment of tossing a coin once. What are the outcomes? There are only
twr outeomes - Head or Tl Both the outcomes are equally kely. Likelihood of getting

. 1 -
a head is one out of two outcomes, 1,6, 5 - Inother words, we say that the probability of

EY

1
wetting & head = 3 What is the probability of getting a tail?

Now take the example of throwing a die marked with 1, 2, 3, 4, 5, 6 on its faces (one
mumber on one face), INyou throw it once, what are the outcomes?

The outcomesare: 1, 2, 3,4, 5, 6. Thus, there are six equally likely outcomes,

What is the probability of getting the outcome *2™7
i 1+ Number of outcomes giving 2

B % « Number of equally likely outcomes.

What is the probability of getting the number 57 What is the probability of getting the
number 77 What 1s the probability of getting a number | through 67
5.5.4 Outcomes as events
Each outcome of an experiment or a collection of outcomes make an event,
For example in the expenment of tossing a coin, getting a Head 15 an event and getting a
Tail is also an event.

In case of throwing a die, getting cach of the outcomes 1, 2, 3,4, 5 or 61s an event.
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Is getting an even number an event? Since an even number could be 2, 4 or 6, getting an
even number i3 also an event. What wall be the probability of getting an even number”
s 3 4~ Number of cutcomes that make the event

6 + Total number of outcomes of the experiment.
Example 3: Abag has 4 red balls and 2 vellow balls (The balls are identical in all
respects other than colour), A ball is drawn from the bag without looking into the bag,

What is probability of getting a red ball? Is it more or less than getting a yellow ball?
Solution: There are in all (4 + 2 =) 6 outcomes of the event. Getting a red ball
consists of 4 outcomes, (Why') i

Therefore, the probability of getting a red ball is 6 3 In the same way the probability

21
of getting a yellow ball = 53 {Why?). Therefore, the probability of getting a red ball is
more than that of zetting a vellow ball.

TRY THESE

Suppose you spin the wheel
I @) Listthe mimber of outcomes of getting a green sector
and not getting a green sector on this wheel
(Fig5.11).
(i) Find the probability of getting a green sector
(i) Find the probability of not geting a green sector Fig 5.11

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

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

days during a rainy season” The probability that it rains is then 0"

The probability that it

9
does not rain = 10 { Assuming ratning or not raining on a day are equally hikely)

The use of proballity i made in various cases in real life

I Tofind characteristics ofa large group by using a small
part of the group
For example, dunng elections “an exit poll” is taken,
This imvohves asking the people whom they have voted
for, when they come out after voting at the centres
which are chosen off hand and distnbuted over the
wheole area. This gives an idea of chance of wanmng of
each candidate and predictions are made based ont
accordingly.
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2. Metrological Department predicts weather by observing trends from the data over
many years in the past.

B EXERCISE 5.3

1. List the outcomes you can see in these experiments
(a) Spinningawheel 4» (b} Tossmg two coins together

o/

2. Whena dieis thrown, list the outcomes of an event of getting

(1) {(a) a prime number {b) not a prime number.
(i} {a) anumber greater than 5 (b) a number not greater than 5,
3. Findthe.

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

@OW
®©®
©

4. MNumbers | to 10 are wntten on ten separate shps {one number on one shp), kept in
a box and mixed well. One ship 1s chosen from the box without looking into it. What
15 the probability of .

(i) getting a number 67

{11} getting a number less than 67
(i) wetting a number greater than 67
(iv) metting a I-digit number?
It you have a spinning wheel with 3 green sectors, | blue sector and | red sector,
what is the probability of getting a green sector” What is the probability of getting a
o blue sector”

6. Find the probabilities of the events grven in Question 2,

th

WHAT HAVE WE DISCUSSED?

1. Data mostly available to us in an unorganised formis called raw data.
2. Inorder to draw meaningfil inferences from any data, we need 1o oreanise the data systematically,
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3.
4.
L

Frequency gives the number of times that & particular entry ocours
Raw datacan be ‘grouped” and presented systematically through ‘grouped frequency distribution’

Grouped data can be presented using histogram. Histogram is a type of bar diagram, where the
class intervals are shown on the honzontal axis and the heights of the bars show the frequency of
the class interval. Also, there is no gap between the bars as there is no gap between the class
miervals.

Data can also presented using circle graph or pie chart. A circle graph shows the relationship
between a whole and its part,

There are certain experiments whose outcomes have an equal chance of occurring,

8. A random experiment is one whose outcome cannot be predicted exactly in advance.

9, Outcomes of an experiment are equally likely ifeach has the same chance of occurring.

1.

11.
12

Number of outcomes that make an event
Probability of an event = = . when the outcomes
Total number of outcomes of the expenment

are equally likely.
One or more outcomes of an experiment make anevent.
Chances and probahility are related to real life.




CHAPTER

Squares and Square
Roots

6.1 Introduction

o ko thal the area ola sguire side © side Dechere “side’ means “ihe length ol
aoaide’ ) St the tellowang talile,

Side of @ sguare (in cm) Area of the sgquare {in cm?)

& g

Whal 14 sapecial aboud the numbers 4, 9 25 44 and ouher such nombers”
Since. A can be cxpressed a5 2 2=27, Y can be expressed as 3 = 3 = 37 all such
rulnbers can be exprassed o3 e produst ol the number witl sl

Such rarnhers Tloe 14090 [0 25, me loowem as sqpuare nonmbors,

o eeneral. ifa namral mumber me can be expressed as /77, where » i3 also 2 natural
rirmibae, Ther s asiquare number T4 352 5w sguare mombea?

W know thar 57 = 25 g 7= 38 T332 15 0 souare number, @nst bethe square of
a natwral number between 3 and ¢, But there is oo nawral nomber berween 5 ancl 6.
Theredpre 32 1ot g square nymber
Consider the tollewing numlers and their squares.
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i jujmy

4 4=24=]6 Can voi
5 § x5 w35 complete i’
O [ S

N e

O (N s

g 1 s

| et

From the above table, can we enlist the square numbers between 1.and 1007 Are
there any natural square numbers upto 100 left out?
You will find that the rest of the mumbers are not square numbers.

Thenumbers 1,4, 9, 16, are square numbers. These numbers are also called perfeet
S uAares.

TRY THESE

| Find the perfect square numbers between (i) 30and 40 (i) 50 and 60

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

Mumber Squire N umber Square
| | 11 121
2 4 12 144
3 9 13 169
4 16 14 196
5 23 15 225
fa 36 16 256
7 49 17 189
8 64 18 324
9 LY 15 36l
10 105 20 400

Study the square numbers in the above table. What are the ending digits (that is, digits in
the units place) of the square numbers? All these numbersend with0, 1,4, 5, 6 or 9
units place. None of these end with 2, 3, 7 or 8 at unit's place.

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

TRY THESE

vdﬂhﬂthafaﬂnwlgmui:mmpmﬁutmﬂﬂuwdnwaw
i @ 23455 ) 7928 i) 222222
(vl 1069 (v} 2061




BOJARCS & Sodert Foors W91

Wihile Fve narmbsers which v can desicde Ty Tooking at their wnits digin hal they are
rist rpuan: mambers,

Wiile (ve numbers which vou cannot decide just by Jocking al tbew unics digit
for it pelacs: pechather these are syuare numbers ornot,

I

& Smdy the felowing table of seme monbers ancl chen squares and observe the one's
plivce in bl b

Tuble 1
Number Square Number Square N umber Square

1 1 11 121 21 441
2 4 | & [ e 22 i
3 e 13 Ling 13 320
4 I & 4 96 24 576
= 23 1= A B n3s
£ 36 16 256 in a0
7 4L |7 2 3= 225
b g 1% 324 40 Liarary
o Bl |4 Jal 45 202s
L L} 20 i 30 2300

The Dolloweinig sejuare maonbers end with digil |

Square i een®

TRY THESE

1 ] Which of 1237 77 B2,
g 0 161, 109 weuld end wich
121 17 gL
gl [
ehel | 21

Write the next oo squars nombers wiuchend in 1 and their cotresponding mumbers,
Feawr woalf wee tfownd o e recnoeloenr Freay o W ne v eovaes ploae, Sheent of ¥ sopecive vy vve .

®  Toebus consider squars numbuers endhing m 6

Lty 1 Wluch of the followan e nounbers weoold heree digat
15 & @ al vl place.

|0 14 i) 1% iy 217 () =4
256 16 (vl 347 {¥) 3
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We can see that when a square imamber ends in 6, the nmumber whose square it is, will
Frave either 4 or 6 in wnit s place.
Can yvou find more such rules by observing the numbers and their squares (Table 1)?

TRY THESE

What willbe the “one’s digit” in the square of the following numbers? |
i) 1234 (i) 26387 (in) 52698 (1v) 99880
() 21222 (v) 9106

&  Consider the following numbers and their squares

¢ 107= 100
o Jaw-a0 |
| B0 = 6400 |
¢ 100°= 10000
W o _ ; 40000 i Rz
woseros == | TOOF = 490000 it

SO0 = §1000:0

If a number contains 3 zeros at the end. how many zeros will its square have 7

What do you notice about the number of zeros at the end of the number and the

number of zeros at the end of its square?

Can we say that square numbers can only have even number of zeros at the end?
& See Table | wath numbers and their squares.

What can vou say about the squares of even numbers and squares of odd numbers?

TRY THESE

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

® 727 (H) 158 (i) 269 (i) 1980
2. What will be the number of zeros in the square of the following numbers?
@ 60 (i) 400

6.3 Some More Interesting Patterns

. Adding triangular numbers.
Do you remember tnangular numbers (numbers whose dot patterns can be ammanged

as triangles)” %
® % %
® w®w % k&
* * % REk%® f kR
% * % k%% Rk % * dhhk

1 3 & Lk 15
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If we combine two consecutive tnangular numbers, we get a square number, like

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

Two nen sguane numbers
bepwgen the (oo squiare
mumbers 1 =1 und 4(=27,

6 fo sguare. monbers bebwesn 1(=1)
he wao square nommbers Y(=317)

and 164= 47,

2.3.4(=2)

5 100 SO
numbers between
the wo square
mnmbers Lal= 4°)

and 25H=5).

5.6.7,8.9(=3)

10, 11, 12, 13, 14, 15, 16 (= 4°) X

17, 18, 19, 20, 27,232,323 24 25 (= §)
Between 17{=1) and 2°(= 4) there are two (1€, 2 = 1) non square numbers 2, 3
Between 29(=4) and 3(= 9) there are four (i.e.. 2 = 2) non square numbers 5,6, 7, 8.
Now, =0 =16

Therefore, 4 -3F=16-9=7

Between N =37y and 16(~ 4°) the numbers are 10, 11, 12, 13, 14, 15 that is, six
non-square niembers which is 1 less than the dilference of two sguares

We have =16 and 5'=25
Therefore, 5-4=0

Between 16(=4")and 25(= 5")the numbers are | 7, 18, .. . 24 that is, eight non square
numbers which is 1 less than the difference of two squares.

4 mon sguang nombees
hetween the two square
pammbers 40=2"pand 17,

Consider 7° and 6. Can you say how many numbers are there between 67 and 77
If we think of any natural number #and (i + 1), then,

(m+ 1P —w=(r+2n+ 1) —r=2n+1

We find that between o and (7 + 1) there are 2 numbers which is 1 less than the
difference of two squares.

Thus, in general we can say that there are 2n non perfect square rumbers befween
the squares of the niembers i and (n + 1). Check for n =5, n= 6 etc., and venty.
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TRY THESE

NE Hnwnunynmﬂmbﬂshehﬂtmﬁaﬂﬂ]ﬂwﬂmlljmﬂ111'*
2. How many non square numbers fie between the following pairs of numbers
(i) 100°and 101° (@) 9Fand91° () 1000° and 1001°

3. Adding odd numbers

Consider the following

I [one odd number] ] = }2
| +3 [sum of first two odd numbers] v ff a3
1+3+5 [sum of first three odd numbers] = 9= 37
1 +3+5+7 [..] 16 = 42
1 +3+5+7+9[..] 75 = §°
| +34+5+T+9+11 Lii ] 6™ &

So we can say that the sun of first n odd nainrad nmbers is o,

Looking at it in-a different way, we can sav: “[fthe number is 4 square number, it has
to be the sum of successive odd numbers starting from |,

Consider those numbers which are not perfect squares, sav 2, 3,5, 6, .. Canyou
express these numbers as a sum of suceessive odd natural numbers beginning from 17

You will find that these numbers cannot be expressed in this form.
Consider the number 25. Successively subtract 1,3.5, 7,9, .. fromit
i) 25-1=24 (i) 24-3=121 iy 21-5=16 (iv) 16-7=9
(v} 9-9=0
This means, 25 = 1 + 3 # 5+ 7+ 9_Also, 25 is a perfect square.
Now consider another number 38, and again do as above,
iy 38-1=37 @ 37-3=34 (m) 34-5=120 (iv) 29-7=22
(¥) 22-9=13 ) 13-11=2 (vm) 2-13=-11
This shows that we are not able to express 38 as the

TRY THESE sum of consecutive odd numbers starting with 1. Also, 3815

Find whether each of the following

not a perfect square.

Sowe can also say that if a natwral ramber cannot be

Gt e expressed as-a sum of successive odd natwral mmbers
(i) ii".":-l __m _5? (i) 81 starting with 1, then it is not a perfect sguare.
() 49 (v) 69 We can use this result to find whether a number is a perfect
SquAre or not.

4. A sum of consecutive natural numbers
Consider the following

Fmgmd 4§
5 = 25 = |2+ 13

T=49=24+125
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9 =81 =40+ 41
[1°=121=60+4l
157 =225=112+ 113

TRY THESE

| Expressthe following as the sum of two consecutive integers.
@ 21° Gy 13 @i 117 (iv) 19*
2. Doyewthink the reverse isalso true, e, isthe sum of any two consecutive positive 1
integers is perfect square of a number? Give example to support your answer. i
5, Product of two consecutive even or odd natural numbers
11 =13=143=12"-1
Also 1] = 13= (12 -1) % (12+1)
Therefore, 11 = 13=(12-1)={12+ 1)=12" -1
Similarty, 13=15=(l4-1D=(l4+1)=14-1
29 %31 =(30-1}= {30+ 1)=3- -1
44 = 46=(45- 1) = (45 +1)=45 -1
Soin general we can say that (g + 1) = (g~ 1)=a - |,

o] wcan express the
square of any odd number as
the sum of bwo consecutve
posilive inlegers,

6. Some more patterns in square numbers

Observe the squares of numbers; 1, 11, 111 . ete. They give a beautiful pattem:

I-|

b3 —

11° = | |
117= 1 2 3 2 1
1111%= 1 2 3 4 3 2
RRNA b 1 2 3 4 5 4 3 2 1
Inmmywis=1 2 3 4 5 6 7T B T 85 5 4 3 2 1
Another interesting pattern. TRY THESE
T=49 —
i Write the square, making use ofthe above
patiem: , _
667 = 444889 i 1 (i) 11111117

6667 = 44448889

60667 = 4444488889 TRY THESE

GHGOGT = 444444888880
e R Can you find the square of the following
The fimn is in being able to find out wiy this happens, May At i b e s

be it wiould be interesting for you to explore and think about o :
such questions even if the answers come some vears later. () 866657 (i) 66666667
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HE. EXERCISE 6.1

tn

What will bs: the umit dhgit ot the soquares of the followmyg numbsers?

il &l i) 272 iy 7o i) RS3
(1 1234 (il 26387 (vill 52698 Pl 9850
fix) 12796 [x] 55553
The alleswing swmbrers are Shrdiously nel perlecl wouares. Oive reason.
il 1057 i) 27457 il 7925 (fiv] 222222
{01 G (i #9722 vl 222000 vl S05050
'I'he squares of which of' the tallowing would be odd wamnbers?
i 431 (L] ZHZGO iy 7T (V1 HI00
Chhaeree the follossany patteny and find the nissing digrs,

11 =131

[0 = 10z
[oo® 100200

) R R
[ R
Obaerve (e lolloseng patlern and sopply he suseing norkthers,
11-=121

101F=10201
LOLGLE = 102030201
[l =
........ C = 1004050403 020]

Llwmg thoediven patten, find the nisang numbers,
P2 Y

Fryae Tor ind pattecn

R I R T DR Thicd mmmbeer 3 reluatsd we ficst and second
RIS T - nutnher. Howe?

52 Yot +;[:.;= 312 Franth number 15 telated o third mamber,
o N . - Him

N

Wy ithour adcling. find the som.
i 1+3i-3+7+4
i) 1+3-5+7+9—11+13-15-17+19
6T T L Y N Y I A I T N Y B B
i) Towpress 42 s the sum of 7 eldd numbers,
i) Dlwprreess [21 s the sweval [ ocd surnhers

TTuwwe tranry mrnlie = Tie betweeen sopusres e Tallowang maombers™
i 12 amils lfli] 25 amd 26 (i 99 and 100
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6.4 Finding the Square of a Number

Squares of amall mumbers likke 3,4, 3.0, 7, ... etc. are easy to find. But can we tind the
mupare ol 23 5o oouickly!

The ansveer s not 3o casy and we may need to mmltply 23 by 23,

There is o way 1o Oad Lhis witlow basving e moiply 23 = 23,

W ke Mi=1-3
‘Therefore A= -3 =20020+ 31— 320+ 3]
BET 1 O Tt - B ) IR

= 4001 + Al — @Bl 4+ 5= 524

Example 1: Find the square of the followans manbers without actoal muliplication.
{1 39 (i) 42
Solution: (i) 3% = {30 9 = 3530 H9) - S50+ 9
T It O Y B T Y
AU EFTO 2T R 15T
{ii) 2% = (40— 29 =0+ 2) - 20405 + 2]
4050140 21 2w 40 24
PEl R0 Bhor d - (784
5.4.1 Other patterns in squares
Consicler the tollowinez pactern.
25 = AR (2 2 3 hundr]s + 25

' —— N i bkl 5, e, o
354 = 1225 =¢34 ~ 1) hondreds + 25 r"“"’d:ff‘"ﬂhﬂ “;1}?1 umil dhigil 5, 1.2, 005
= N iz = [l =2
T SEZS S| PR
;?J-I k ﬁ?ﬂ (7 ;R.I ]'ILJ.TI(]]EL].:- 2 ) T e G s
25" = 158625 = (12 = 13) hyndrods + 25 0T S S0k 1 IS

B can vou [ind the square ol 957 Liisgia 1 1) 1 25

cfer 1 1) bowenlie] 1 23
TRY THESE

Tl tha squares ot the follosang mambers contaming 5 i ognit’s place:
W 1S MR () 105 205

6.4.2 Pythagorean triplets
Consider the followang

Fr4=as1g=25=F
The gellection of numbera 3, 4 and 515 known as Pythagorean triples & 8 10y
alse a I'vthaeorean tripler. since
61 & da a4 1000 10
A phsorve that
S5+ 12°=25+ 144 = 149 =13, The numbers 5. 12, 15 form anether such triplet.
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Can ven lind e such triplecs?

For amy natural number ar s 1 we have (Zen7 4 Gec = 1= (e + 1) B, 2m
w1 and s — 1 torms a Pythagorsan triple.
Trw o Gl sernes o e Prelhigzoresm mplets wang as oo,

Example 2: Wrile a Pylhagorean iplel whose stalles) meabser is 8.

Solution: We can gel Pythagoeean tiplews by using penscal Lorm 2o, e 1o 1

Tzl v st Tk mi—1 8

S0, m=E—-1=u

which gives mo 3

Thergforg:, m=06 gnd w41 =10
‘Thetriplet s thus 4 8. 10, But 4§ 1s not the smallest member of this.
B, el s Iy Om A

thon m=1

Woe el P R I VR B

amil =l =16— =7

Thetripleciz ¥, 15, 17 with # a3 the smallest member.

Example 37 Find a Pethagarsan eiplet in which cne member is 12,

Solution: fwetake meo1=1Z

‘Ihen m=1z-1=13

Thien the: value of ee wall ot b an imtouer,

S0, we tnrto take s + 1 = 12, Again v = 11 will not aive an inreger vahe for m.

b, lel s Lale w12
then m=i
Thus, wrt 1=3 1=35% and m+1=30-1=137

Thevebomes, (he regquivel imapleris 12,330 537
Mote: All I'vthaperean criplets may not be obtained vsing this fanm. For example anocher
tripler 5, 12, 13 alao hasz 12 a3 a member,

B EXERCISE 6.2

. [Find the sopuare alkse Gllowin g numbess,

[y 3z (i) 35 (i) #6 tiv] W
{1 71 AGTE

20 WTIe a Pelhagonoan Inplel wlose one memiie is
i (i 141 (i) 1 il 1%

6.0 Square Roots

Sty e lloreini siluations.
) Ares of g squareis 144 om0 What conlil be the side ofthe sguare®
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We know that the area of a square = side-
[fwe assume the length of the side to be "a’, then 144 =g
To find the length of side 1t is necessary to find a number whose square is 144,

(b} What isthe length of a diagonal of a square of side 8 em (Fig 6.1)7 A b
Can we use Pythagoras theorem to solve this 7
We have, AR+ BC?* = AC?
Le., g H= AR
o 64 + 64 = AC* N
oF 128 = AC? L C
Again to get AC we need to think of a number whose square is 128. Fig 6.1

{c) Ina right triangle the length of the hypotenuse and a side are
respectively 5 cmand 3 cm (Fig 6.2).

Can you find the third side” e s
Let x em be the length of the third side.
Using Pythagoras theorem il S B
B-9=x xem
o= Fig 6.2

Again, to find x we need a number whose square is 16

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

6.5.1 Finding square roots
The inverse (opposite) operation of addition is subtraction and the inverse operation
of multiplication is division, Similarly, finding the square root is the inverse operation
of squaring,
We have, 17 = 1, therefore square oot of 1151

2% = 4 therefore square root of 452 =

. : Since =3l

3* =9, therefore square root of @is 3 wad 0¥ =1

We say that square

TRY THESE roots of 81 are 9 and 9.

(i) 11°=12].What is the square root of 1217
(i) 14*= 196 What is the square root of 1967

HE THINEK, DISCUSS AND WRITE Wi

(=17 =1.1Is-1, a square root of 17 (-2¥ = 4. Is-2, a square root of 47
(-9) =81 Is—9 a square root of 817

From the above, you may say that there are two integral square roots of a perfect square ™
number. Inthis chapter, we shall take up only positive square root of a natural mumber.
Positive square root of a number is denoted by the symbol |/

For example: ‘.ﬁ =2(not-2);, +9=3 (not -3)etc;
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SLalennernl Lulerence Siatenent Lufevence
=1 =1 of = 3y N =0
2i=4 si=7 7= 4 S =7
3= =3 e = 4] Ed =4
40 18 6 4 Ry JEI 4
5 =23 W23 =S 107 = 1) 100 = 10

6.5.2 Finding square root through repeated subtraction
Droveonn retnenber that the sum of the first 2r odd natural mumbers wq57? Lhar iz, every square

nurnbier can e espressed an o som sl soaccesve adid nalival vumbers sterting hom 1
Consider /81 Then,
] %l —1=4d0 () s0-=3=77F ) TI-5=72 iyl PR =6a
vloas 9=360 Wl M 11=45 i) 45 13=32 v 3z 15=17
] 17— 17 =1

From %1 we have subrracted successive oclil
TRY THESE nurrtheers starting Gom Tand ohilaned 0al a- ale
B repeatond subtracmon of odd mimbers starting

Tiven 1, linel whetber the lleneiog oumbes are . o
perfist s usmes ornot? The numbris  perfot Can yaa find th squane root of 229 usng this methed”

Therelie 31 9.

square then find its square roet, e, bl il will be tne consuming, Let ws iy e find in
i 121 a spler vy,
(ij =3 6.5.3 Finding sguare root through prime factorisation
“JF' ig Cuonsider the prme Jactorisaion ol The olloeimg nuenbers gl then sguares
I:E:rg 0 " Prime factorisation of a Number Prime factorisation of its Square |
ST x 3 B AR Dt S
p/= 1% w2 Gd=2~2 2 x2x2=3]
SRR, l4d=2» I~ 2~ 23 =3
[ 15 3x58 335 A%3 - 5%5 1

Honws iy times descs 2 oceur inthe prime fietensanon of 67 Onee. How many times
eoes 2 ooewr i the prime factovisaunn of 367 Twice, Similarky, ohsarve the occurrenss ol
Ain Gl 30 ol 2m s aml 6d

2 32
You will find chat each prime facoer in the prine tactorization ofthe Iij
e ol n mombier, pocars Peice Lhe noraber ol brnes i oceaes e : —
prime: factorization of the moamber itself. et usvzethis to find the square " 41
ol ol A piven spuare iumber, sav 334, a2t
W kmoowe thas the prime facmomsaiicem of 324 15 alow
A2 =T 2 FNE 3 &
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[y pairing the prime [clors, we pel
AZd =2 o IR I G =T A =2 Y

5o, L334 2 31 IR
Sirvilarly can o fmd the sguare root ol 2587 P fuetonization ol 25615 2] 230
2R -2 2 222w 11 12
Ty preurimg the prirng Gaclors we e, 2| G
T =31%2 .70 I wI T 3d=(2x7 %3y 13
Therlore, Jasg — 272522 |6 21 1a
Is 1% g perfeer square® 2] %
We ke 4 2 =1 2= =3 21 4
simes all the factors are mot 0 pairy so 4% 5 not g perfeet squans, Pl
Suppose we want to find the smallest multple of 38 that i3 & pertect squarce, how
shonalad woe prrocee ] ? Wluking pairs ol The privng Factors o 38 we sec a3 s the only
factor thar does not have a paw 5owe peed to multiphy by % to complete the pai.
Hence 48 <3 144080 perlecl sguare. 2 b0
Can v tell by which nomber should vee divids 8 tooger o perteos squame? 2 32
Lhe facror 3 15 oot In pair. so fwe divide 38 by 3 weget 8 +3=10=2-2-2%2 2| 1n00
anil this mommbeer 16 per Facl souane 1o < | &0
Example 4: Tind the aguare veol olMad400 2 4o
Solution: Wrile 6400 2=x2%2<2x2 2x2 3 &x3 [ 20l
Thersfore  Joaon 2x2-2 2x5 80 2| o 2] 100
1] da 2| =0
Example 5: 15 %0 a perlect square? 1015 s | 74
Solution: We have 90=2 =3 ~3 ~ § &
The prime Getors 2 and 5 do notocear in pairs, Thereloee, S0 s nola perlecl syoare,
That s not o perfeet square can alue e seen from the fact thar 1 hay anly ome ser,
Example &; Ts 2352 g portoor sguare” T net_ fmd the smallest multiple of 2352 which 2| 2332
e 4 porioet gquare. Fmd the squarne root of the news number 1 1174
Solution: Wehave 2332=2 2 2x2 -3 T%7 2| 38%
Az the prinetactor 3 has no pal, 2352 15 not a perfect square. 2 294
105 s a i Then The rorebser wall bscorees perlect square. Se s mudliply 2332 T 3 oo el 3] 147
R T R B B I T I R 2 [ a0
Monw each prime [actoris o a pair Therelore, 2352 3 = 70358 15 a perlect square. T
Thus tha: reguives] sl riulaple of 2352 1 7056 which a8 perfcet square
And, SIsn =30 2xiaT =5

Example 7: Tind the smallest number beowhich 9408 s be divided so thar che
guotiet s b perfoct souare, Fingd the squgre moot ofthe quoticn,
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Solution: Wehave, (5=~ 22+ T~ 292 J~Tx7T
[fwe divide 9408 vy the factor 3. then
G408 - 5 3136 ZAZo2x 38 F w2 T T owhich ama perlect sguare. [Whe™)

‘Iherefore. the required smallest mimber s 3.

—_—

A, Wil36 =2 =2~ 2 7 =50

2] 6,915 Example 8 Find the amallest square number wwhich iz divizible b each of the mimbers

1 3,908 G, %and 13

LS Solution: Thishas o bedene in two sleps, Fira fiod the smallest comamon muluple anc

T I A B then lind the square nomler needed. The least number divisilile Dy each sne ale, % and
1.1.1 TSqethar T.OR The T W of e, Ggnd 1515223 x 3 =3 =00

I*rime tactorization ol 908 S0 =2 - 3 =3 - 3.

W wer That prmne factors 2 mnd 5 ave nal in paies, Therelfong S0 6w ned g perlee)
SUALE.

[roorder o gel a perlect aquars, sach oo ol 90 mwsl ba paired. 5o owe nead 1
make paars of 2 and 5 Therefore, @0 should bemulophed by 2 - 51610
Henee, the required square noomber is 90« 10 =904,

B EXERCISE 6.3

1, Wheat Gould be the possihle "ome™s™ digits of the souare roor of grech of the follewing

munxers?

{in S80I i) 80 (i B (vl BATAGG0ZS
2. wWichowt doane amye caloulation. find the numbers which are surey nor pertoer sguarcs.

i 133 fin 257 (i) 408 {iv] 441

3. Find the square roots of 100 and 1648 by the method of repeated subtraction.
4o Find the seuace roets olube Tllowdng numbers by e Prime Fac lovigauon Methedd.

i 72 i) 400 iy 1764 (i) 400
&) 774 (vi) S ivil) 5929 (vii] 9216
i) 529 {x1 B100

1

Furcach ofthe following numbers, find the smallost wdwale mombor by wdnch @ shogls
be muldplied w0 a8 1o oot a periect aquare nomber. Alao fined the square rooc of the
Aruare nurnber s ok,

il 252 iy 1E0 (i 10005 (V) 20TE
{=1 L1458 (vil Tk
6, Torcach ofthe follosing numbers, find the smallozt sdwsle mombser by which 1 shooli
be dividec so a5 to per a perfect square. Also find the squars root of the square
mierniher s oblained.

1 252 fi) ZUEs (o) 340 (] 2045
v 2800 (il 1620
The students of Class VIHof o school donated T 2400 in gll, for Prime binister ™
M alicenal Relel Fund. Each stuclent donated as many napees as e owmnbar ol sludents
wrthe slass T the rambser of stodents imothe class
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B 2025 plants are Lo he plancad Tna parden i sweh a way thal each rme conlains as
gy plamey as the nomber of roves, Find the number of rows gl the number of
plants i each row.

. Tmad The anallesl souere siombaer (el 3 diasable by cachol e romsbers 4, 3 and 10

10, rind che smallest square mumber that 15 divisible by each of the mmberz 8, 13 and 310,

6.3.4 Finding square root by division method

When the nymnbers gre Targe, aven thesmethoed of Brdhing souare reet Ty pime Bactomisg hon
becoumes lengetlry and difficuls. ‘Lo overcome this problem we nse Long Division Method.

T this wee mesed 1o determime e roomber ol diggn s mhe souane 1o
S the: follosang rahbl e

" Number Squarc N
[0 ) wehich is the smallest 3=digit porfost syuarns
Sl a0 ] wrhich iz che erearear 3-dinit pertizet square
32 (24 wehich 12 Choe srredlest d=dia | porost @ e

g LI L] wehich 13 the arearest A-digit portisst square ?

A, what can we sy aboul theniermber ol digisim the wouare el poer el
sequarg 15 4 -t or a A-digt nomber? Yo can say thats ifa porfoct square s a4
J-digit ora d-dizit mumber, then its zquare root will base 2-dizits.

Can von tell the number of digits in the square root of a 5-dizit o a S-dizit
perlact syuare?

The srallesl 3-thgnl per Fect siuare maender s 100 which 3 0w spare ol 1 and e
grogest -digmn porfost square number 1396 1 which s the square of 51 The smallest
A-dizit square nomber 1s 1027 which i3 the squane of 32 and the greatest 1-diuit number 15
QR0 which 15 the square of ¥4,

HE. THINEK, DISCUSS AND WRITE W

(Can we say that ifa perfect square s cf p-dizits, thenits square oot will hise

TR
L Jif'nisu-ﬂd"’

#
&

dints ife iy even or

1 heuse ofthe nomber of digits in square oot of & mimber 15 usetial inche follosans method:
& Congider the follovwing steps to find the square roor of 324
Chan vow et the numbser of dhgilts mthe square root ofthis b
Step 1 Place o har over every pair of dhugits staring From the dissmat one’s place. 1Fthe:
tumber of digzivs n it 1s odd, then the left-nost single digr too wall hase a bar

Lhuswe have, 329 2
Step 2 Tind helarzest nurmber whose souare isless him or egqual e Gwsmlerunderte 2| 320

cabrerne ledl ke (2090500 37 Taka thas ronhe e the iasen and the gueient —4

wiith the numbgr under the extrome Teft baras the dividend there 51 Trade and 7

et the remaind eri 1 1o chis casc).




104 W WSTHEsAT S5

[ ]

1d

43

64

s

.

“
Ak

"

3la

24
|25

150

20

A
f
096

— b

50
&

A096
— 30

494

A0

3n

406

— 150

[

Step 3 Bring doven e cwmiber vesder the nestlar (e, 2900 this case) o the righi ol
tha: remginader, Sethe newe divadend 1y 129

Stepd  Double the quotient and encer it with a blank on s cieht.

Slep 5 Cooesaw lavges possble it e G The blank which wall alao become thenew
dieit in the quotient, such that wwhen the new divisor is multiplied to the new
uiitient the product s less than o equal o the dividend.

Tnthis case 37 2 — 54
A3~ 3 =129 30 we choose the new cligic as 3. Ger the remaincer.

Hlep 6 since the rennder 15 0 amd nee dipats ave leli in the mven nurmbser, Therelore,

L3320 =25

* Nowy comsider 4006

Step 1 Place d bar oot cvery pair of dists stamng from the one’s digit. ¢ 40 987,

Step 2 Fing the laraest number whose guane 5 1ess than or cgoal fo thenumber under
the left-mest bac (62240 = 723 Take this mumber as the drssor and the nomber

wnler the Tefi-mved Bar ps e dividend. Disade and ged e remaimdert o, 4

this easa,

Slep 3 Brngedoven the nernberomder themes e (e, 9670w the vight olehe renndes
The: neve divagdend s A58

Stepd  Double the quotient and encer it wich a blank on s cishr.

Step S Couess g largest possble bt o All the blmle which also bosomes thenescdizn m the
quatient Aach that when the newr digt 15 nnttiplied tothe news quetient the product 13

Tess, Tharor equal o the dividend. n his case we ses hal 124 <4 496,

S0 thenewy digmm thequonentis 4 Get the remeanider

Step 6 Simow The remainder s 0aml oo bar Tell therelove, Jqnong 64
Estimating the mumber

Yeuse bars to find the nomber of dizies in the square root of a perfect squane number.
— .

528 =25 and G = 6
Trvkseth il mumnbers 3245 sl 208G hare are two bars and The nommber ol digtsim ther

sonare root 15 2. Can vou rell the mimber of digits in the square coor of L1007

By placing bars we get 11400, Since thereare 3 bars, the square root will be ol 3 dipit.
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TRY THESE

Willwoot caleulatiog square rools, lind the aumber o digits in Qe souare ool o he
fillemadng s,

(L 250 ST AT AT (i) FaHEad
Example 97 Find the souare root ol {i] 724 (1} 1250
Solution:
(il 27 ) - R—
a 770 1 [ 256
dq =
47| 320 Therelure 729 =27 gl 394 Therelore -‘i-"l G =58
320 S L R
— T
Example L Fmal e Tewst noroher thal st b substveled From SG07 w0 a5 To el 74
o prerfosct syuare, Alds tnd the sguare reet of the perfiact aquare, 2 | sa07
Solution: Let vz wy e find /seo7 by long divizion method. We pet the L
rernainder 131, TLshoes thal 745 s less than 3807 by 131, 144 i
Tz s 1 wee: subtvact e remeannder [Fom the number, s wel a perlec) sguar 70
Therefove, the required perfect square i3 53607 - 131 =5476. And. /5476 = 74 131
Example LL: Find the grearest-1-dieit number wluch 1s 2 perfoer square. _H#
Solution: Greatest munber of 4-dipits = 9999 We find oo by long division B v
miethod, The vermainder is 198 This shos s 997 15 less 1han 9990 Ty [958 31
T'hiz means if we subtrace the remainder firom the number, we ger a perfeet square. 182 ! ’iﬂﬂ
Theretore, che required perfect squere i3 9999 198 = 4801 SRRl
- [ 9%
And, Joaop @9
Example 12: UVind the least number thal muost be added 1o 1356 so a3 1o ez %
petlect souare Also ind the sguare ool ol the perleel sguare, 3 1300
Solution: Wefind |/ 300 by long division methed. Uhe remainder is . 7
- 25
I'his shoas chat 367 1300, el fg};
Muslperlecl spuare number 1w 37 1369 —
Henge, the number te besgadded 3 37— 1300 = 1369 — 1300 =60 4

6.6 Sguare Roots of Decimals

Consicler .17 a4

Step 1 I'ntind che square root of a decimal number we puc bars on the incepral part
(e, 1ol The b The waal meemes Al place bard on e desal parl
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il
4 1764
~ 14
1
4
4| 17.61
Rt
8 14
4
1 17 6
— 4
F 64
1%
1 23014
14
s | 704
S L
1

(Le B o every pan ol dipits bepioning witbs thye sl decimal place. Procesd
as sl We et 176,
Step 2 hoow procesd ina similar manner ' The left most bar s on 17 aed 49017 < 35

Talce This roomber s e divrsor and ee roemmibes ovler Che Teli -1 e s (e
drvidend. Le.. 17, Dride and get the remainder

Sepd  Theremaimlais | OWrile the nambe under the nescbar {1 e . 64 G Theshe ol
this remaind er, toaet 164

4.2
Step 4 Double the divizor and eoter owith a blank anits right. T ed
Sine: Fd iz the decarl part 2o pot g decmal point inthe —l&
qustient. -
. . : o . "2 63
Slep 5 Webknow 32 2 184, therelore, Lhe new dipil i3 2 15
Tl gwd got the remainder 5

Step 6 Smoe the renianader = O and noban Teli, therelore S 764 = 4 2

Example 13: Tind the souargrool ol 12 25,

Solution: is
3 L2253
_I'.] —_—
Therefore, 1223 —25
5 3Z5
125
[l
YWhiclh way to move

Cuonitlen a rornben 17624 1 Pl hars om both mileoal partamd decimed pare Tiowhal way
15 putting bars on decimal part difforent fromoamteeral part? Mootics for 176 we stam trom
thes unit’s place close Lo Lhe decimal and move Loneards lell The list Lar is over 75 and Lhe
socondd harover | Tor 341w sfart fromm the decmal and mows toneards right, Fre bar

tm o 34 ancd Lor the secomd bar wee put Falier | and maloz 3414
Example L4: Argnofa syuare plot iz 2304 me Taul the side: of the sguare plot,

Solution: Arvenolsgquareplor 2304 me

Therefore sicle of the square plot= /2304 m
We lined Than, W20 4R

Tlwa, the side of the sguare plot 15 1% m.

Exampls 15: There are 21071 students n g school. 1* 1 teacher weants them to stanc

1 rows and columng soch that the mumber of rows s equal to che nomber of cehimens. Fincd
The Ticvbser o Ty
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Solution! Let the number of rows be v _d0
So. the number of calumnz =y 4 2410
Theveloae, onber ol slodents o~ x° 14
Thus, == — 2451 glves x — 240 — 49 B Bl
The mennbser il roes 49 Rill

Il

6.7 Estimating Square Root

Comsiler thes followsang stusmnons:

1. Deenveshi has a square piece of cloch of area 125 cmé. She wanes ro ko wehether
she can make g handleerchiel alade Ty em. I0al 15 nol poesdible she wants o
ks what i the maximum length ofthe side of 3 handkerchictthat can e made
Ticm this puece.

2 Aleena sl Bhebrha plaves] o game Ome fold a sosber and other gave s souare
root. Meena started firse. She said 2% and Shobha answered quickly 2= 5. Then
Shobha smd 51 and hMeennansewersd 210 wenlon, [7a0 one poind Mesnagnee Lhe
rumber 2300 And Shobha could not answeer Then Mecna ssked Shobha if she
could alleast tell a number whese square is loser o 250,

T el suich casess we necal ta evteeeede the sgquare oot

W ke that 100 < 230 = 400 and 100 10 and J360 20
5o L= s < 20

Thial AT et v meel wery elosse Lo Che syuare nomber
W knowthat  137=223 and 167 = 256

Therediae, |5« _,‘."-35.:] LG Al 256 3= much closer 1o 230 than 225
Hiv, W 230 18 approximately 14,

TRY THESE

Toalimmeate Uhe walue al e Glliwing G b nearesl whole raomls.

RN () T iy 350 () w00

EE. EXERCISE 6.4

1. Tl the souare root of each e the follesang normbers b Thvisiom methd,

{230 TV R B fmy 311 () R2W
(vh o 3240 (] 1369 vy STTH Y 02
vy 576 oy 103 () 3156 (< O

2. Felthe mmber of dinits o the souare root of eaclhy of the fellowing mmbers (widont
anny calouilalicn.
(04 iy 144 fuiy 40 () 27233
(v} 3IO062S
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3. Tind (he square ool althe llosdion decimal mombers.
(1) 256 my .29 iy 5184 ey 4225
oV 31.36
d. Tmed [he Tesesd ol which must hesabiracled Frormn cach ol e fallosang rormhes
5o A5 to ept a pertoct square. Also find the square root of the perfecr square so
ol e,
() 402 Gy 680 iy 3250 ey #25
(v 4000
S Tl the Tessl vuarnTen webich mowsd b added o each al the Tollovsan g oo nbsers s s
to gt A perteet square. Adso find the square root of the perfect square se obtained.
[y =23 iy 17ae iy 232 iy 1825
ey 2
6. Find the lenoth of the side of 2 souare whose area 1541 mé
T Tonanghl mangle AT, T8 W17,
gy IAB=60cm BC =8om, find AC (b I£AC= 13 cm BC =5 cm. find AB
& Apardener bas 1900 placits, e wartts 1 plant thess i such ey that the numbser
of reovwes g the number of columns remain sgme Find che minimygm nomber of
plants he neels mere tor this.

@, Thers are 300 chaldven ina school. Tor a BT didll thes Tave 1o stiend insuch a
manner that the numibxer of rows 15 coual o mumber of columns, How many childien
wonild bes lell owt oibis arrangzerment.

WHAT HAVE WE DISCUSSED? —

1o 1 malural swrbser or can be eopressed as o7 where o s mlse nonaloral nwober, hen e is a
square number,

Adlayuare numibers end with 0, 14, 3, & o P alonils place

muars numbers can only have even normber of weros e end.

Square roolis the verse eperalion of sguare.

r

There ave woimesral sopuer e vees ola perles] s uare onber

Positive square root of a number is denoted b the symbel .

Torexample, 37 0 wmives 8 =3




7.1 Introduction

Cubes and Cube Roots

CHAPTER

This is a story about one of India’s great mathematical geniuses, 5. Ramanujan. Once
another famous mathematician Prof. (2 H. Hardy came to visit him in a taxi whose number

was 1729 While talking to Ramanujan, Hardy described this mumber
“adull mumber”. Ramanujan quickly pointed out that 1729 was indeed
interesting. He said it is the smallest number that can be expressed
as a sum of two cubes in two different ways:

17290=1728+1=12"+ I}
1720 = |00 + 729 = | (F + 9
1729 has since been known as the Hardy — Ramanujan Number,

even though this feature of 1729 was known more than 300 vears
before Ramanujan.

How did Ramanujan know this? Well, he loved numbers. All
through his life, he experimented with numbers. He probably found
numbers that were expressed as the sum of two squares and sum of
two cubes also.

Hardy -
MNumber

172% iz the smallest Hardv-
Famanujan Number. There
arg an fimtely many such
numbers. Few are 4104
(2. 16:9, 15), 13432 (18, 20,
2, 24), Check 1t with the
nimmbers given i the brackets.

Ramanujan

There are many other interesting patterns of cubes. Let us leam about cubes, cube

rocts and many other interesting facts related to them

7.2 Cubes

You know that the word “cube’ isused in geometry, Acube is

a solid figure which has all its sides equal How many cubes of
side 1 cmwill make a cube of side 2 em?

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

These are called perfect cubes or cube numbers. Can you say why
they are named so? Each of them is obtained when a number is multiplied by

taking it three times,

—— T %
Figures which ]uuﬁ
F-dimensions are known as
solid faures,

S e __F-}
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Wenotethat =1 x1=x1=1% 8=2x2x2=2%27=3x3x3=3,
Since 57 =35 = 5 » 5 =125, therefore 123 is a cube number,

Is 9 a cube number? Mo, as9 =3 = 3 and there is no natural number which multiphed
by taking three times gives 9, Wecan seealsothat 2= 2=2=8and 3 =3 = 3= 27, This
shows that @ is not a perfect cube,

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

Table 1
| =1
E Ei:ﬂ T,
3 P =197 fﬁ )
The numbers 7249, 1, 1728 . Complete il
4 4'=04 :
arg alzo perfect cubes, . 6 2
& &
i e
) B'=
!.] 1
10 10¢=

There are only ten perfect cubes from 1 to 10 {Check this). How many perfect
cubes are there from 1 to 1007

Observe the cubes of even numbers. Are they all even? What can you say about the
cubes of odd numbers?
Following are the cubes of the nambers from 11 to 20

Tahle 2

T e
We e aven, so Number Cube
arc our cubes

b 11 1331
12 1728

H“Hhhhh]3 2197
2744

14
15 3375

- 16 4095

We are odd so ane e | 7 4913
our cubes 18 S832

B 9 6850

20 BOO0
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Consider a few numbers having 1 as the one’s digit {or umit's). Find the cube of each
of them. What can you say about the one's digit of the cube of a number having 1 as the
one's digit”

Similarty, explore the one’s digit of cubes of numbers endingin 2, 5, 4, ., ete.

TRY THESE

Find the one’s digit of the cube of each of the following numbers.
(i) 3331 (i) S888 (i) 149 () 1005
(v} 1024 (vi) 77 (vii} 5022 (vil) 53

7.2.1 Some interesting patterns

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

1 = |

3 5 8 M

'? I -Fj | I'l P 2? 3]

13 + 158 + 17 + 19%¢= 54 41

21 + 23 + 25 4+ 27 4+ W)= 125 5

Is it not interesting? How many consecutive odd numbers will be needed to obiain
the sum as 1077

TRY THESE

Express the ﬂ:llﬂv-mgmmi:ﬂmuihemnfﬂdd numbers using the above pattern?
(a) & (b & e 7
Emﬁd&ﬂmﬁ:ﬂmﬂngpqgem,

>z* Pml+2Zx]x3

L S B R ik |

$-F=1+4x3=3
umgumlﬁp-epﬁ:mﬂﬂmevﬂumrumfnﬂum
i T=6 @ 121 @) 20 — 19 (iv) 51*-s0'

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

Prime factorisation Prime [actorisation cach prime factor
of a number of its cube appeirs three imes
in its cuhes
4=2%1 =64=2x2x2xIxTuF=2
b=2a%3 6'=216=2%x2%2x3Jx3xF=T=xF
15=3%35 15°=3375=3%3 x3xfx§x5=3 =5
12=2%2xn3 [2P=1728=2%2 x 2= xIxTuIxFx}

=l 5 9 % 3
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led  Lid Lad P R B2

216
108
54
27

5

-

Observe that each prime factor of a number appears ——T T

three times in the prime factonsation of its cube Do vou remembser that
In the prime factorisation of any number, if each factor e '["/”I’\:'H_j
appears three times, then, is the number a perfect cube? e

Think aboutit. 1s 216 a pertect cube?

By prime factorisation, 216 = 2« 2= 2% 3= 3 = 3

Each factor appears 3 times, 216 = 2" = 3*= (2 = 3¥ [P——— N
=" whichis a perfect cube! factors can be B
Is 729 4 perfect cube? 729=3x3x3x3x3x3 groppalte tripics
R ml

Yes, 729 1s a perfect cube.
Now let us check for S00.
Prime factorisation of S00ig 2« 2 « 5« §x 8
So, 200 is not & perfect cube.

There are throe
g i the product bl
only 2’5,
Solution: 243 =3 3« 3% 3 %3 peREl 3

In the above factorisation 3 * 3 remains after grouping the 3's in tnplets, Therefore, 243 is
not a pertect aube.

TRY THESE

Example 1: 15243 a perfect cube?

‘Which of the following 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 a cuboid of plasticine. Length, breadth and height of the cubeid are 15 cm,
30em, 15 cmrespectively.

Anu asks how many such cuboids will she need to make a perfect cube” Can vou tell?
Raj said, Volume of cuboid is 13«30 < 15 =3 = §«2x3x5=3 x5

=233 eFxSuS=S

Since there is only one 2 in the prime factorisation So weneed 2 = 2, i, 4 1o make
it a perfect cube. Therefore, we need 4 such cuboids to make a cube
Example 2: 15 392 a perfect cube? Ifnot, find the smallest natural number by which
392 must be multiplied so that the product is a perfect cube,
Solution; 392=2>2=2xT7=7

The prime factor 7 does not appear ina group of three. Therefore, 392 1s not a perfect
cube. To make its a cube, we need one more 7. In that case
IO T=2=x2udxTeTxT=2744 which is a perfect cube.
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Hence the smallest natural number by which 392 should be multiplied to make a perfect
cubeis 7.

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

Solution: 53240=2x2x2x 11 x 11 x 11 x5

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

So, 53240 +5=2x2x2x 11 x11x11

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

The perfect cube in that case is = 10648.

Example 4: [s 1188 a perfect cube? If not, by which smallest natural number should
1188 be divided so that the quotient is a perfect cube?
Solution: 1188=2x2x3x3x3x11

The primes 2 and 11 do not appear in groups of three. So, 1188 is not a perfect cube. In
the factorisation of 1188 the prime 2 appears only two times and the prime 11 appears
once. So, if we divide 1188 by 2 x 2 x 11 = 44, then the prime factorisation of the
quotient will not contain 2 and 11.

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

And the resulting perfect cube is 1188 +44 =27 (=3°).

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

Solution: We have, 68600=2x2x2 x5 x5 x 7 x 7 x7.In this factorisation, we
find that there is no triplet of 5.
So, 68600 is not a perfect cube. To make it a perfect cube we multiply it by 5.
Thus, 68600 x5=2Xx2%x2x5x5x5xTx7Tx7
= 343000, which s a perfect cube.

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

EEE THINK, DISCUSS AND WRITE Ul

Check which of the following are perfect cubes. (i) 2700 (i1) 16000 (iii) 64000
(iv) 900 (v) 125000 (vi) 36000 (vii) 21600 (viii) 10,000 (ix) 27000000 (x) 1000.
What pattern do you observe in these perfect cubes?
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B EXERCISE 7.1

Which of the following numbers are not perfect cubes?
@ 216 @) 128 (i) 1000 @) 100
(v) 46656

Find the smallest number by which each of the following numbers must be multiplied
to obtain a perfect cube.

@i 243 i) 256 (i) 72 @iv) 675

(v) 100

Find the smallest number by which each of the following numbers must be divided to
obtain a perfect cube.

i 81 i) 128 @) 135 i) 192

(v) 704

Parikshit makes a cuboid of plasticine of sides 5 cm, 2 cm, 5 cm. How many such
cuboids will he need to form a cube?

7.3 Cube Roots

If the volume of a cube is 125 cm?, what would be the length of its side? To get the length
of the side of the cube, we need to know a number whose cube is 125.

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

finding the cube root is the inverse operation of finding cube.
We know that 2° = 8; so we say that the cube root of 8 is 2.

We write 3/§ =2. The symbol 3/ denotes ‘cube-root.’

Consider the following:

Statement Inference Statement Inference

1P=1 =1 6° =216 J216 = 6
23 =38 ¥ =3 =2 73 =343 a3 =7
3 =27 7= =3 8 =512 Js512 =8
4 =64 Jos = 4 9 = 729 329 =9
5 =125 Yas5=5 10° = 1000 J1o00 = 10

7.3.1 Cube root through prime factorisation method

Consider 3375. We find its cube root by prime factorisation:

3375=3x3x3x5x5x5=3x5=B3x%x5)}

Therefore, cube root of 3375= /3375 =3 x5=15

Similarly, to find 3/74088, we have,
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74088 =2 x2x2x3x3x3xTxTxT=2x33x7=2x%x3x%x7)

Therefore, 3/74088 =2x3x7=42
Example 6: Find the cube root of 8000.

Solution: Prime factorisation of 8000is 2X2X2Xx2Xx2Xx2x5xX5X5

So, 38000 =2x2x5=20
Example 7: Find the cube root of 13824 by prime factorisation method.

Solution:
13824 =2 X 2X2X2X2X2%x2X2x2x3x3x3=23%x23x23x33
Therefore, 3/13824 =2x2x2x3=24

B THINK, DISCUSS AND WRITE Ul

State true or false: for any integer m, m* < m*. Why?

7.3.2 Cube root of a cube number

If you know that the given number is a cube number then following method can be used.

Step 1 Take any cube number say 857375 and start making groups of three digits
starting from the right most digit of the number.

857 375
l \2
second group first group

We can estimate the cube root of a given cube number through a step by
step process.

We get 375 and 857 as two groups of three digits each.

Step 2 First group, i.e., 375 will give you the one’s (or unit’s) digit of the required
cube root.

The number 375 ends with 5. We know that 5 comes at the unit’s place of a
number only when it’s cube root ends in 5.

So, we get 5 at the unit’s place of the cube root.
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’s place, of the smaller number 729 as the ten’s place of the required

cube root. So, we get 3/857375 =95 .
Example 8: Find the cube root of 17576 through estimation.

Solution: The given number is 17576.

Step 1 Form groups of three starting from the rightmost digit of 17576.
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17 576. In this case one group i.e., 576 has three digits whereas 17 has only
two digits.

Step 2 Take 576.
The digit 6 is at its one’s place.
We take the one’s place of the required cube root as 6.

Step 3 Take the other group, i.e., 17.
Cube of 2 is 8 and cube of 31s 27. 17 lies between 8 and 27.
The smaller number among 2 and 3 is 2.

The one’s place of 2 is 2 itself. Take 2 as ten’s place of the cube root of
17576.

Thus, 17576 =26 (Checkit!)

B EXERCISE 7.2

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

1 64 @ 512 @) 10648 @v) 27000
(v) 15625 (vi) 13824 (vin) 110592 (vii) 46656
x) 175616 (x) 91125

2. State true or false.
(1) Cube of any odd number is even.
(i) A perfect cube does not end with two zeros.
@) If square of a number ends with 5, then its cube ends with 25.
@iv) There is no perfect cube which ends with 8.
(v) The cube of a two digit number may be a three digit number.
(vi) The cube of a two digit number may have seven or more digits.
(vii) The cube of a single digit number may be a single digit number.
3. Youare told that 1,331 is a perfect cube. Can you guess without factorisation what
is its cube root? Similarly, guess the cube roots of 4913, 12167, 32768.

— WHAT HAVE WE DISCUSSED? —

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

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

3. Ifin the prime factorisation of any number each factor appears three times, then the number is a
perfect cube.

4. Thesymbol 3/ denotes cube root. For example 3/27 = 26.




CHAPTER

Comparing Quantities

8.1 Recalling Ratios and Percentages

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

5 1
The comparison can be done by using fractions as, 20> 1
The number of oranges is—th the number of apples. In terms of ratio, this is

1:4,read as, “l1isto4”

OR

Number of apples to number of oranges = 2—50 = ;: which means, the number of apples

is 4 times the number of oranges. This comparison can also be done using percentages.

There are 5 oranges out of 25 fruits. By unitary method:
So percentage of oranges is Out of 25 fruits, number of oranges are 5.
5 4 20 So out of 100 fruits, number of oranges
— x—=—=—=20% OR
25 4 100 5
=—x100 =20.
[Denominator made 100]. 25

Since @ contains only apples and oranges,

So, percentage of apples + percentage of oranges = 100
or percentage of apples + 20 = 100

or percentage of apples = 100 — 20 = 80

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

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

The picnic site is 55 km from the school and the transport company is charging at the rate
of * 12 per km. The total cost of refreshments will be X 4280.
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Canyoutell.
1. Theratio of the number of girls to the number of boys in the class?
2. The cost per head if two teachers are also going with the class?
3. If their first stop is at a place 22 km from the school, what per cent of the total
distance of 55 km is this? What per cent of the distance is left to be covered?

Solution:

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

Ashima did this John used the unitary method
Let the total number of students There are 60 girls out of 100 students.
100

be x. 60% of x is girls. There is one girl out of a students.
Therefore, 60% of x = 18 So, 18 girls are out of how many students?

60 x x=18 OR | Number of students = 100 x 18

100 60
o e il gy =130

60

Number of students = 30.

So, the number of boys =30- 18 =12.

Hence, ratio of the number of girls to the number of boysis 18 : 12 or LN .

12

3
7 is written as 3 : 2 and read as 3 is to 2.

2. To find the cost per person.
Transportation charge = Distance both ways x Rate

=T (55x2)x 12
=3 110x12=7%1320
Total expenses = Refreshment charge

+ Transportation charge
=3 4280+31320
=3 5600 .
Total number of persons =18 girls + 12 boys + 2 teachers
= 32 persons

Ashima and John then used unitary method to find the cost per head.
For 32 persons, amount spent would beZ 5600.

The amount spent for 1 person =X 5?% =X 175.
3. The distance of the place where first stop was made = 22 km.
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To find the percentage of distance:

Ashima nsed this method: John wsed the unitary method:
22_22, 100_ 400 Out of 55 km, 22 km are travelled,
55 55 100

: . 22
She is multiplying OR Cutof | km, = kmare travelled,

: 100 )|

the ratio by o0~ 1
and converting to Out of 100 km, % ¢ 100 kam are travelled,
percentage That is 405 of the total distance is travellad.,

Both came out with the same answer that the distance: from their school of the place where
they stopped at was 405 of the total distance they had to travel,
Therefore, the percent distance left to be travelled = 10095 — 405 = 6%,

TRY THESE

In a primary school, the parents were asked about the number of hours they spend per day
in helping their children w do bomework, There were 90 parents whuhnlrpudfm'—;hmr
ml—hnma Th:dmnﬂ:mmnfpmmmmﬂngwﬂrﬂm&rm hﬂﬂ!
ﬂi&}r rwdﬂleylﬁlpadmgwmmﬂﬁadjmm:@ﬁm 20% helped for i
miwe than 13 hours per day;
E{I%helpﬂdfnr'%hnmtﬂléhuurﬁ:'mdidmhﬂpmaﬂ. |
Using this, answer the following: belped for a

(i How many parents were surveyed? %mm Helped For mare

(M) How Imany ﬂﬂiﬂmm‘ oid not lﬂlﬂ? [% b ikan l %h_ll
(i) How many said that they helped for more than1 — hntlr&"

. EXERCISE 8.1

1. Findthe ratoof the following,
(2} Speed of acycle 15 km per hour to the speed of scooter 30 km per hour.

(b Smuo 0 km ic) Spaseto - 3

2. Convert the following mtios (o percentages.
(a) 3:4 () 2:3

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

4. A tootball team won 10 matches out of the otal number of matches they plaved. If
their win percentige was 40, then how many matches did they play in all?

5. If Chameli had I600 left after spending 75% of her money. how much did she have
in the beginmng!
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6. If60% people in a city like cricket, 30% like football and the remaining like other
games, then what per cent of the people like other games? If the total number of
people is 50 lakh, find the exact number who like each type of game.

8.2 Finding the Increase or Decrease Per cent

We often come across such information in our daily life as.
(1) 25% off on marked prices @) 10% hike in the price of petrol
Let us consider a few such examples.

Example 2: The price of a scooter was 334,000 last year. It has increased by 20%
this year. What is the price now?

Solution:
Amita said that she would first find Sunit'fl used the unitary method.
the increase in the price, which is 20% of 20% 1D RS eans,
334,000, and then find the new price. < 100 increased to X 120.

20 So, X 34,000 will increase to?
20% of T34000=% 1—00 x 34000

120
Increased price = T—— X 34000
_ OR . 100
New price = Old price + Increase =340,800
= 334,000 + 36,800
= 340,800

Similarly, a percentage decrease in price would imply finding the actual decrease
followed by its subtraction the from original price.

Suppose in order to increase its sale, the price of scooter was decreased by 5%.
Then let us find the price of scooter.

Price of scooter = 334000
Reduction = 5% of 34000

5
=¥ ——x%34000 =
3 100 %1700

New price = Old price — Reduction
= ¥34000 - ¥1700 = 32300
We will also use this in the next section of the chapter.

8.3 Finding Discounts

Discount is a reduction given on the Marked Price
(MP) of the article.

This is generally given to attract customers to buy
goods or to promote sales of the goods. You can find
the discount by subtracting its sale price from its
marked price.

So, Discount = Marked price — Sale price
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Example 3: Anitem marked at ¥ 840 is sold for ¥ 714. What is the discount and

discount Ya7

Solution: Discoumt = Marked Price - Sale Price
=FR4D-F T4
=¥ 126

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

On marked price of T 840, the discount i5 T 126,
On MP of 7 100, how much will the discount be”

; 126
Discount = ﬁxmﬂ% = ]15%

You can also find discount when discount % is given.

Example 4: The list price of a frock is T 220,
A discount of 20% is announced on sales. What is the amount
of discount on it and its sale price

1'.1"51} LFE’-

Solution: Marked price is same as the list price.

20%s discount means that on ¥ 100 (MP), the discount is ¥ 20. Rs 220
By unitary method, on 2| the discount will be ¥ %

2u
15 =F — 3220 =
On 7 220, discount =7 — Ta4

The sale price =( 220 -T4d)or T 176

Rehana found the sale price like this —
A discount of 20% means for a MP of 2 100, discount is ¥ 20. Hence the sale price is
¥ 80, Using unitary method, when MP is 2 100, sale price is 7 80,

When MP is ¥ 1, sale price is ﬁ:::] ; Even though the
a0 discount was mo

Hence when MPis 2 220, sale price =3 — x 220 =2 176, found. | could find
100 the sale price

directly.
TRY THESE

1. A shop gives 20% discount. What would the sale price of each of these be?
(a) A dress markedat? 120 (b) A pair of shoes marked at 7 750
() A bag marked at 2 250

2. Atable marked at ¥ 15,000 is available for 7 14,400, Find the discount given and
the discount per cent. ' '

3. Analmirahis sold at 2 5,225 after allowinga discount of 5%. Find its marked price.
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8.3.1 Estimation in percentages
Your bill iy a shop is 7 577 80 and he shapkesper pives 2 discount ol 13% How would
vour eshimnate theammeunt to bepad®

il Round offthe bl to the nearest tens of % 577 80, e to T 580

il Tind 1990 olthis 1e T & ¥ AR - T AN
Lat

. . . |
i lake hall olths, e, S RE=T 28

vl Acdid the aovovmlbs an (i) il (98] Ly gel TRY
You could therefore reduce vour bill ameonnr by # ¥7 or by abour 2 5, which will be
T 495 apposamalely.
I Trw cstirwtimg 20 of the samae Wl amont, 2 Try finiling |3% of 7375

8.4 Prices Related to Buying and Selling (Profit and Loss)

Toar the sclooned Gor femelad Tam moioe b pul astall of locks dipe. Twall chaces T 00 for eoe
Tuckys dip bul T ewil] Bus dtems which are weorth 3 5

Sa v are malang o prelil ol 1209, ::h‘%k
"d.-,_

Mo Dl spand T 5 anpape toowerap the 2 and tape. 5o my cxpenditges 12 ¥ 8

1 -
Thiz aivgs me o pealic ol § 2, which s, 3 A0 23N anly

Bormgtimes v b amarochs o houeht, some addivicmal expanacs are madds v lule s mg o
beloge sellune i, Theee expenses ave w be jocluded w s cos0 priee.

Thiese eapenses e suelicoes relereed Lo oas overbead clearzes, These may wclode
enpeises lhe ameunn spent oo repais, Libowr chacrges. ranspoaalion el

8.4.1 Finding cost price/selling price, profit % /lossY

Example 5 Sohan bovughn g second hand refrgeranor for T 22300, then spent  500en
15 repairs and aold itlor 73,300, Fied his loss or pain per cent,

Solution: Cosl Prce (CPy 72300017 500 foverhwad eapensos e sdded o gmee CPy
=3 A
Sale Price{51*1— T 3504
Ay SO he made s profit = 7 3300 =7 3000 =17 300

His proditon T 3,000, 57 3000 How mwet would e his prodic oo ® 100

F0 . i . P
LI = =T = [ 17 Py —— 3 LI
I 3 L

Prafli, =
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TRY THESE
I Find selling price (SP) ifa profit of 5% is made on
(a) acycleof? 700 with 2 50 as overhead charges,
{b) alawnmowerbought at ¥ 1150 with 2 5(}as transportation charges.
{c) a fanbought for 2 560 and expenses of 2 40 made on its repairs.

Example 6: A shopkeeper purchased 200 bulbs for T 10 each, However 5 bulbs
were [used and had to be thrown away. The remaining were sold at T 12 each. Find the
o or loss %4

Solution: Cost price of 200 bulbs = 7 200 = 10 = 7 2000

5 bulbs were fused. Hence, number of bulbs left = 200 -5 = 195
These were sold at 7 12 each

The SP of 195 bulbs = 7 195 = 12 =7 2340

He obviously made a profit (as SP> CP), CPisTI 0,
Profit = 7 2340 — 7 2000 = 7 340 i

On 7 2000, the profit is 7 340 How much profit is made on ¥ 1007 Profit

340
Example 7: Meenu bought two tans for ¥ 1200 each. She sold one at
a loss of 3% and the other at a profit of 10%. Find the selling price of

each. Also find out the total profit or loss.
Solution: Overall CP of each fan =¥ 1200. One 1s sold at a loss of 5%.
This means iFCPis ¥ 100, SPis¥ 95,

Therefore, when CPis 2 1200, then SP=7% % ®* 1200 =7 1140

Also second fan is sold at a profit of 1084
It means, ifCPis ¥ 100, SPis¥ 110,

s BPis T 12

110
Therefore, when CPis ¥ 1200, then SP=1 ‘]ﬁ ¥ 1200 =7 1320

Was there an overall loss or gain!

S—

We need to find the combined CP and SP 1o sav
whether there was an overall profit or loss

Total CP =3 1200 + 7 1200 =7 2400
Total SP=2 1140+ 7 1320 = 7 2460 i
Since total SP = total CP, a profit of ¥ (2460 - 2400} or ¥ 60 has been mad& '

TRY THESE

- Ashopkeeper bought two TV sets at 2 10,000 each. He sold one at a profit 10%
and the other at a loss of 1095, Find wl:u:ﬂmrlwmademwefnll profit or loss.
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8.5 Sales Tax/Value Added Tax/Goods and Services Tax
The teacher showed the class a bill in which the following heads were written.

" Bill No. | Date
Menu

& Mo, ltem Quantity | Rate | Amount

T

Bill asount
+ 8T (5%)

L Total 9

Sales tax (5T} is charged by the government on the sale of an item. 1T ig collected by the
shopkeeper from the customer and given to the government. This is. theretore. alwayvs on
the selling price of an wem and 15 added to the value of the hill. There 15 anather tvpe of tax
which is included in the prices known as Value Added Tax (VAT).

From July 1, 2007, Government of India mtroduced GST which stands for Goods and
Services Tax which is levied on supplv of poods or services or both.

Example 8: (Finding Sales Tax) The cost of a pair of
roller skates at a shop was 7 450, The sales tax charged was
5%, Find the bill amount,

Solution: On? 100, the tax paid was? 5.

3
On 7 450, the tax paid would be =17 ﬁ*‘ 450

=322.50
Bill amount = Cost of item + Sales tax = ¥ 450 + 3 22,30 =1 47250

Example 2: (Value Added Tax (VAT)) Waheeda bousht an air cooler for 7 3300
inchuding a tax of 10%. Find the price of the air cooler before VAT was added

§ Solution: The price includes the VAT, i.e., the value added tax. Thus, a 10% VAT
means if the price without YAT i1s ¥ 100 then price including VAT 1s ¥ 110,

MNow, when price including VAT is ¥ 110, onginal price is ¥ 100
00
Hence when price including tax is 2 3300, the onginal price = ¥ ‘:T{.I: <3300 = ¥ 3000,

Example 10: Salim bought an article for 7 784 whichincluded GST of 12% . What is
the price of the article before GST was added?

Solution: Let original price of the article be 7 100, GST = 12%

Price after GST isincluded = T (100+12) =7 112

When the selling price 15 ¥ 112 then onginal price =7 100

¥ When the selling price 1s 7 784, then original price =7 L w T84 =T TOO
12
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EE. THINK, DISCUSS AND WRITE Wi

L. 1w tines a number is 8 10U%% inerease in the nomber. 1 wa take half the mualser
whal wold Te the decrease in per cenl”

2 Rowhat pergont g 3 2 000 Tess them 72 4007 Ty 3t the same ay the por cont by
wilich = 2,400 i3 more chan 2 2, (o0?

B EXERCISE 8.2

1. Avrnan ol a [0% moreede i his saloy TU g news salare 2 70 54 0000 il s
orgingl salary,

2. O Sundav 15 people went to the £oo. On Monclay only 169 people went. YW hat
15 the per cent decrease inthe peeple visiting the oo en Monday! gy

3. A shopkeeper buvs B8 articles Tor T 2,400 and sells them tor a pralic of
[E%%, Tinad The selhmg prace el ome arhicle

d. Theeest ofanaricle was 7 15 5000 7 450 wero spent an ity repairs, TR i
soaldd for g profit of 5%, find the selling pree of the arhicle.

5 AV and IV wrere bousht for # 8.000 each, ‘The shopkeeper made a
livss b %6 o Lhe WOIL annd & prolic ol %6 on the TV Find the zaio oc loss
percenl on lhe whole ansachion

G, Thmina g sale, a shep otforad a discount of [0% on the
mgrked prices of gl the tems, Whar would o custoamoer
have Lo pay Lo apair ol jeans macked al 7 1450 and
L shirls marked al T 820 each”

Lo Acrnilknman sonld Leeo s has Tad Taloes Lo T 20,000 @ach.
Om ong he made 2 gan of 5% and on the ethera koss of
L. Find his everall gain or less. {Hint: Find
I ot each]

B The price ol TV 5T 130000 The sales 1ax charpged on

i1 al therafe al 1 2% Tind the ameont Cheal Vimesd wall

b e iy e e it

. Amnbousht a pair of skates at o sale where che discounr erven was 20%, Ifthe
amount he pava 13 T 1,000, find the marked peice.

L 1 purchased a hadr-dever G T 5,400 inclodiop 3% VAL Find (e price belire VAT
wed i addied

11, Anarticle was purchased for 71230 meluding GST of 1825 Find the price ofthe
armiale before GST way added ?

8.6 Compound Interest

Vo mmight Fuvg come goress statements ke “one vear mterest for FLCed depoasir) i
thes bank & W3 poranmum ™ o *Savinms pecount wach immerest e 3% por gnnum’
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Toterest is the cotry money paid by imstitutions ks banks or post ofhices onmongy
deposited (koprbwith chom. Interest s alsoopaid by people when they bomowe money:
e already know how to celeualare Simple Interest.

Example 10: AxumolT 000 3 bormresweed ata vale ol mteres) 13% pes avo fon 2
vears. Hind the simple inrerest onthis som and the amoant to be paid at che end of T vears.

Solution: (n7 100, interes charged for 1 vear 27 15,
5 N
S0, on F 10000, mterest charged = o = LRI = 71 300

[rterst for 2ovears =T 15060 = 2 =T 30010
Aot e be paid al e end ol'2 vears — Principal — [ntecest

1O 1 F 30007 13000
TRY THESE

Fing inrerest anc amennt to be paid on 3 15000 at 5% per annu atter 2 vedrs.

My father bas kepr some money in the post office for 3 wears. Every vear the money
irtcredsas as more than the previous vear.

W hive soems money 1 the bank, Fvere vear some interest 13 added toit, which s
sheweryin Lhe pasalooh. This ioerzst iz ool Lhe same, eacl vear il increases,

Bourrrially, the imterest paid or charoed is neser sirmple. The milerest s calcolaled on e
amaunt ofthe previows vear Ths is knoven as imergst compounded or Componnd
Interest {1}

Let n3 take an example and find che interest wear bv vear. Each vear our sum or
principal chanses.
Calenlating Compound Tnterest
A s ol T 200000 3 borronweed by TTewenn Tor 2 yeenss al an imlerest ol 8% compuound ed
ansually. Find uhe Compound Dneeress (€13 and the armounl she has we pay al the end ol
2 VeEars.

Aaslam asked the reacher whether this means that they shonld find che rerese vear b
vurr Theteacher sad Sves® anad asleed himm to gse the followang steps

I Tl che Sirnple Tnierest (5.1 p Gor ane yea
Lt the principal tor the Oesl vear be 12 . Heee, ', — 7 20,000
2000060 R

51 =51at ¥% p.a. for lstvear=2 o - * 140K

2. Thenting the amount wiuck will be paicl or recersed. T'his beoomes prinsipal tor cthe
mext v,
Ameunt gt theend of lyryear=T1 + 5T =7 200+ 7 1R0OD

T21e00 P {Prancipal for 2nd yeary
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3. Agan find the mterest on this sum tor another vear

21600« 8
100
=¥ 1728
4, Find the amount which has to be paid or received at the end of second year.
Amount at the end of 2nd year= P, = 51,
T2Ie00+T 1728
T 23328
Total interest given=1 600 + 7 | 728
=23328
Reeta asked whether the amount would be different for simple interest. The teacher
told her to find the interest for two vears and see for herself.

20000 = 8= 2
Slfor2 years=*% T 3200

Reeta said that when compound interest was used Heena would pay 7 128 more.

Let us look at the difference between simple interest and compound interest. We start
with 7 100, Try completing the chart.

SL, =8I at 8% p.a_for 2nd year =2

{ Unier Under
Simple Interest Compound Interest
First year | Principal T 100.00 T 100,00
Interest al 10%4% T 10, 00 T 10 00
Year-end amount Fooln0 P 1000
Second year | Principal T 100.00 T 11000
Which
Interesy at 1084 T 10.00 (4 11.00 et
Year-end amount | (110 + 10) =% 120 T 121.00 FEE.TEH
. R imierest
Third year | Principal T 100.00 T 121.00 Mol
Interest at 10°%% T 1000 T 1210 \UJJI\IJ-:-:;U
Year-end amount | 120+ 10)=2 130 T 13310
| y

MNote that in 3 years,
Interest eamed by Simple Interest = 2 (130 — 100) =¥ 30, whereas,
Interest eamed by Compound Interest =% (133,10 - 100y =7 33.10

Note also that the Principal remains the same under Simple Interest, while it changes
yvear after year under compound interest.
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8.7 Deducing a Formula for Compound Interest

Aubsgila ashoosd her tescher, T there anessier aany to fmd compoural mtesess The fencher
aaicl ~Lhere Is a shorter way of fnding coupounc interesr. Letus trv oo find i

Suppoae Poas the suen onowhich inleres 15 compouanded annually al arate of By
pLTanmLm.
Let P, =7 3000 and 14— 3. "Then by Lthe steps menticned above

SO0 S [N
1. 5] =7 M o 5] =7 B
160 [0
St aw FE
s A =7 5000 - o A=D+SL= P+ !
| Gl ! | 0
5 12
7 30 [Hf\l F, Ik [1+—]—Lﬁ
L Lo 1404 -
_ [Iu 50,5 U3 S
2. 5L 7 3000 TR AT i . LI
Eﬁfmxﬁ( 3 \] [ It It
=3 1+ =1 14— |x—
100 4100, H mmJ 1030

PR _R
mn[ |00
CO8 Y _ElEhesd F 0

AT HIO0 | -— -7 1+= T L
- o 100y 100 1, S

5 3 Ry, R
Il =Rl Il ]
I In.‘ [ I Y [0 I 1 100

[ (
[
=1 Emﬁ[lu =R I ]
L 1o [ |r||_’|f,
e J
oo Lo

Prowesading in [His way The amounl al the end aliryears will e

R
A ﬂl(l+f]
1o

R

=% S0

.Fvl.. K
O weg Gun say A= P(I +_)
Lo
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So, Zubeda said, but using this we get only the formula for the amount to be paid at
the end of w years, and not the formula for compound mterest

Aruna at once said that we know C1 = A - P, 50 we can easily find the compound
inferest too.
Example 11: Find Cl on 2 12600 for 2 years at 10% per annum compounded
anmusally. o
Solution: We have, A= P [l+ﬂ1—-[-]—uh] . where Principal (P) = 7 12600, Rate (R) = 10

Number of vears (n) = 2

: 10y
=:1za{m[1+m] |'?ﬁm}[]$] TRY THESE

1.1 1 Fmdﬂnuammnftm}ﬂﬁ:{
—7 12600 % — % — = .
* & 15240 o Jéw's at 5% per annum

010
Cl=A—P=7 15246 — 7 12600 = 7 2646 annually

8.8 Rate Compounded Annually or Half Yearly

(Semi Annually) Time period and rate when interest not compounded
You may want to know why ‘compounded annually
annually’ was mentioned after *rate’. Does it The time period after which the interest is added each
mean anvthing? time to form a new principal is called the conversion

It does, because we can also have mterest E“d When the interest '?ﬂ"’g“]’ﬂ““"‘d hﬂ]{; ‘":f':"f!g
are Two SOnversian Fﬂ 1 3 »Ear each a
rates compounded half yearly orquarterdy, Let ) | e oot Stistions. the half vesrly rats will be

us see what happens to 7 100 over a period of half of the annual rate. What will happen if inlerest is
one year if an interest is compounded annually compounded guarterlv? In this case, there are 4
or half vearly, conversion periods in a vear and the quarterly rate will
be one-fourth of the annual rate.

(" P=1% 100 at 0% per P =% 100 at 1084 per annum b
annum compounded annually compounded half vearly
I —~
The time penod taken is | year The time period 15 & months or 5 year ,_r““ o)
_,_l', '=
becomes i-
100 %10 % -—‘—'ﬁ:{, hatf
(=g 10X Ry 10 I=1 g5 i
100 o
A=z 100+ 10 A=z 100+75=37 105
=1110 Now for next 6 months the P=1 105
105 %10 % 4
So, 1=7 ———= =525
100
. and A=T105+3¥525="F11025 e
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Do vou see that, if interest 1s compounded half yearly, we compute the interest two
times. So time peniod becomes twice and rate1s taken half

TRY THESE

Find the time period and rate for each .

| ;
1. Asum taken for ]E years at 8% per annum is compounded half vearly.
2 Asumtaken for 2 vears at 4% per annum compounded half vearly.

HEEE THINK, DISCUSS AND WRITE Ul

A sum is taken for one year at 16% p.a. finterest 1s cumpcrunﬂﬂd after every three
months, how many times will interest be charged in one year”

|
Example 12; What amount is to be repaid on & loan of 2 12000 for | — yearsat 1026

per annum compounded half vearly.

Solution:

2

Principal for first &6 months = T 12,000

Principal for first & months = T 12,000

-,

|
There are 3 halfyearsin | 5 years

Therefore, compounding has to be done 3 times.

Rate ofinterest = half'of 1%

= 5% half yearly

A= P[1+i]
100y

—% 12000 [1+.5_]'
100

-
=112{H]D:-::-]-x~g-—1-xg-]—

200 2% 20
= 7 13.89] 50

& |
ime = = — year = — year
Time =6 months T 1!{

Rate= 10%%

12000 = [0 = !

=1 =¥ 600

Lo
A=PF+1 =2 12000+ %600
= 12600, Itis principal for next 6 months.
12600 = 10x :

e
60 T a3l

Principal for third period =7 12600 + 7 630

<7 13,230,
13230 % [0x ‘l;
=1 = =2661.50
A=P+T=713230 47 661 50
=7 13,891 50
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TRY THESE

T The arnoumnl e he prind
1. Attheend of Z vears on? 2,100 at 5% per annum componncled anmaall.
2. Altheend ol 1 vearon® 1,800 a1 % per aonum com peunded quarterls,

Example 13 Tmd CT pandd when a sum of T 100000 34 imvested Tor T oyvear and
a 1 :
3 otk at B o % per annoc compounced acnoally.
“

Solution: Mawr first convermed the tune in vears.

ki 1
| war 3 menths = 13 AT 1 7 yuars

Mlaywri ried pulting the values i the koo Frmola and came wp with

17 %+
AT 109 (I——]
200

Poonae st weas soacks. She askes] her teacher how waoulcl she tind a powerwhich is tractional?
The teacher then aave bor g it

Find the amount far the whole parc. L., 1 vearinthis case. Then use thus as principal
1
for wet sitnple nkerest for 7 yesrmors Thu,

( L ]
A= 10000 2 )

)

T 104940 T 10,85

200

1
T this wonrld net g pringipal for the nesxt 1 wuar, Ve fnd the 5T on T 108510

1

ir 7 yean

[0S0 l w17
al= 4 1

NN
LnEsnee [ =17

230056
I 23056
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Inieresl [or rslvear T OB 7 10000 7 {50

1

And, imerest for the nest 3 yar= T A

Lherefore, total compound literesr= 530 — 230,30 = ¢ [0 30,

8.9 Applications of Compound Interest Formula

These are sormee sihalicens wheee we could use the ormola Tor caleolalisn ol ameownt oL
TTere wie s Tew

{1 Tocresese Do decreased in popalation
(i1 The greveetlyol s buctenta il ihe vate olaroseth is ks

) The valve ol ibem, 1508 price ncteases or decieases 11 the intenediole vears

Example 14: The papulalion ol civy was 200000 50 the year 1997 T inoreased al
the rate ol 5% pa. Tind the populalion at the eod ol the year 280,

Solution: Thereis 3% increase in populalion evely vear, s every New vear his new
population. Uhos, we can 38y 0 i3 increazing in eompounded foem.

Populatien inthe besmmng: of 1998 = 200000 (e troat this 4s the poneipal for the st yoan

&
[nerease al S — ——= 20 =[O0
[ 1313 :
Treul ax
Populalion in (993 20000 1000 2TCLE =] the Frnerpal
frr the
5 ) End yiear
Tnorense gt 3% = —— x 2 10 = 1050
100
ropulation n 20060 = Z1000 — [050 —
R Frear as
= _'._'.L'I_,U { Ill.': P] |-.L|.||.|.r.|.:|l
5 Iy Lhe
[crense al 5% m et d T el vear

12 5
AL e end ol Z000 the popualalion 22050 102 5 2315258

5
o Papualarian at the end of 2000 = 20000 [HE]

2 I 21
ZO000 o
00 2 20
=73]152 5

S0 the cstimated population= 23153
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Avna asked whal is o e dome 1 eheie s decrease The leacher then considead

Lhe [ollone ing example.

Example 15: A’V was booght at a price of ¢ 21,000, After one vear the value of the
T weas depreciaied by 5% (Dhepreciation means redaction o valoe dwe o use and age ol
thesitem . Findd the valucofthe TV gftor ong woar
Solution:
Principal 7 21,000
Reduetion= 2% of 2 21000 por year
Z1000 =3 o]
- 5
7 ™ 7 1050
vithe al [heend ol | vear 720000 7 1030 7 14650

Alternately, Woemay dircet by got this oy followes:

5
viluoe at the cnd of | wear =7 21000 (1 - ﬁ]

[
=T =000 E =T |0 a0

TRY THESE

I Amaehimery worth 3 10 500 depreeiared by 5% Find s value sfter one year,
2. Find che papulation of a city after 2 vears. which is at present 12 Lakh. if the rate
vilimerense 14 4%

-

EE. EXERCISE 8.3

1. Calenlare the aunoune and compoun interest on

I
() 7 10R00for 3 vews ot 12 T % por anogm sompeunded anmaglih,
)

(b 7 IR000 Tor 2 5y al |06 peer annm cornpseanded anmoally.

I
fey TaZ s00for 15 wears at 5% per annum compaounded half yoarly,

febd TR0 o | e m 9% por wmarn comipoundeld hall vy,
{You could uze the vear bvvwear calculation naing 51 formla to wearfy).
ey 7 L0000 B 1 yearal B per anowm compoucsded hall vearhs.

2, Eamaly borroeed 1 20400 firom a Hank to by g seooter at g rate of 15% poa.
coenpunded vearly. What amownt will she pay al the end o2 vears and 4 mans o
clear the: lean™
{ Hint: Find A for 3 wears with wterest 1s compounded vearly and then find 51 onthe

1
Znd year amounl R = vears),
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3

140,

12,

Fabina borrows ¢ 12,300 at 12% per aium for 3 vears at simple terest anc
Radha homrows the same amount Lo the same time period at [9% per aniam,
compounded aually, Who pavys more itercst and by howe much?

L bowrowed @ 12,000 frean Jamshed ac 6% per anmim sinple interest for 2 vears.
TTined [ hotronesgcd this sarm al &% per annuen compsonned interes, whal el amounl
wontld 1 e to pay?
Vasudevan imvested T 00,000 al an mnweresl rate ol 12% per annum compounded
halfyearly What wmasumt, would he wet

it aftero months?

i aller | pen™

Ariftook a logn of T 800K from g bank. IFthe rate of imferest 13 107 per annum,

e [hes lilTerence nansonnts he weendd be payvng aller L= yeursilhe e sl s
i) empoundsd annually. J
g} compounded haltvearhs
Mlavia ivested 3 80400 na business. She would be paid inrerest at %0 per annam
conponded annually. Tind
it The amennt creclitecd against ber name arthe end of the second vear
(i1 Theinterest lorthe 3rd vear.

. . [
Fing the amaount and the compound nrerest on L0000 for 1 vears ar 108 per
=

anmum. compounded halfvearhe Would thiz interest e mare than the intercst he
wonld zed i1l was compounded annually?

1
5

-

Fmil the: amnaumt wehach Bam eall ges om T 4006 1Fhe wree it for TR monthaat 12="

e anrnnn, arleresd heang commpoondesd halUyerly

‘I'he populacien of 4 place increased to 540,000 In 2005 at a rare of 3% per anoam
i) i Lhe popualation 1o 2458

) what would hoe s population in 20037

Lna Labarator: the couat of bacteria in a certamn experiment was lncreasing ar the

ratle 002 5% per bemr Pl e Taclenta al the end al 2 Towes 10 the coumt wees v hally
S, (o G

Acseneer was hought al T 42,000 115 valoe
dopreciated ar the rate of 8% por anmum
Find itz value alier one vear,
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— WHAT HAVE WE DISCUSSED? —

Dhiseonnt s redusction given on marloed prge
Discount = Marked Price  Sale Price.
2. MAscoum can b coleulaled wdwen iscoan | percen e 5 mven
Disconnt = Dizconnt o of dMarked Price
3. Additicnal expenses made aller buvinn an arlicle are included in the eosl price and are known
as overhead expenscs
C1* = Buving price + (hverhead expenses

4. Sales tae s chavzed om The sade olan ilen by the meveanrmen ! andis addisd Lo the ThT ArooumlL

Sales tow = laxy of Bl Ameaant

5. GET slands lior Goods and Services Tax and is levied on supply ol poods or services or both,
f,  Compaund iterest s the imterest caleulated on the presiows year™y wmaymt ¢ A= T —T)
7.l Amount when interest is compounded anmaally

i e Wk S - : : P o :

=Pl T 1* 1= principal. I is rate of interest, # 15 thve peciod

i) Amount whenmierest is sompoumcdead hallweearly

: L
Ry i—n.ﬂ- hall vearly cate and
I [1 + —] 2

200

=
]EH nmbae ol Tl =yeans'
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2.11 Marmup and its Arithmetic

The Titesal mearinge ol the Muanmpun wiond MARUP & Iresd. Tenwsever, i ihe
presenl conlest o g means 2 Goemaal mstibabion whose pimare abjective is L
petiodically Jorm a subslantiz] amownt ol money T wiay ol recwiriog subscriplions [Tors
armomg [Fends and acuanbness who work o rootual andersdanding and cood wall
These Riendds and acepaindances wee called mernbers ol the Wamp, Perhaepes i term
Marup mmeaning Iriend have been adopied foe such a body asl is orgamsed by lriesds
andl acouainlances, The Tund so realised peviodically i given we o memnher called a
wAtier The warmer % chosen either by Ton en by negoiabion mmd This process of chosme
a winner is cilled a dreaw, For esery pecksd 2 wanner is chosen, A penod may Tea month,
awesl o even i day, Crenerally & pies] winmes combitbales a oerlam normml amount
v amicd b e il sdbsorpiion As g oread] every warmer pels an eslra siom el
Ler the wotal aresouel ol additional contribalicn om all the previous winners. Ao manp
wlh i cerlimn rurmber ol mernbes s saod e have commpleted s Tile wlen eeay member
brevvimes wowanmer by lwems Mommedly, o ek s aelecied ooron the allice ol The
regargy, practcodarly o collact the parixdic subscription Irom e mambers and hand oocer
the assured mmouml e the Tonalied wanner This mermber is ks as e agent ol the
mamnqt Giemerallv o cerlan ardsanl 3 sel e Buom e collected aneaml s awent™s (e
and also o meel other incidenial charges, This rom ol moteal nancial sappoit anssng
Inends has been prevalent in Mamipu rom early dises. There are maraps i ned only
lewr camb b sty Joe comsumner poods Bl we shiall comsaden tnarups am Lor cash amly:
Drepending on the way o making a draw and also the maode ol subscripiion, mangs
e classihed wnder illerent names such as Cash payment marag. Tender margs,
Schoiwes Stop paynenl ele W shall iiseuss the Besl Bea Dyyres omly

The working and mechansm ol seme tepes ol marup are illuslrated in he
follosang cxamyples

Exaraple 1. TAml the ameunt recvvable, by a wanning member a0 g ddap has 30

mernbers, @nch subscrtnmg BRa [0 per month and he agent®™s fee 5 Ra.
120
Solution! Here, namber of members of the Mamp = 30
Arnounr subseribes] by each member = s 100 per menth
- asumed sum of the Wamp — T0-30

= lis 3000
Agomm's fon = Rs 120
el feceivable Iy @ winning meesher (ncluding His o
sibscription] = A0 - 120

= Kz 7 8%01
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Example 2. 21 rerailers in a macket areg constinted a ddanip subscribing R 30 per
day per member. T'he selection of winner 13 made on every weels. Pl
the ameunt receivable v a wnwoineg member if the aoent’s fee 15 Ks 40

per ol
Solution: Heve mmber of member = Il
Aoy fo = Hs A0 por draw
subhsemphion of 8 mgnther = R 50 per day
submmption of g member per week = R 5002 7
Fs 340
azuregd sum ot the Marup = Rs 21350
B T3R50
arneml receraahle hy each wimen R {7350 - 40
Rs 7310

Example 3. A MMamp with 100 members. @ach subseribing Bs 30 each per day has
drawi achedukes on everlay, I the Arent's tee i 15 30, find the anonnt
to the received by a winner.

Solution ! Heve. mumber of members = |0

Subscnption of & momber ey 50 et monch,

Ry a0

Aty f

assured s af the harup 0 00
Ros 3000,

amowmt 1ecercahle Ty each winmng member
L3000 — 50

Tos 240540

Example 4. In a Marup with 30 members. each subscribing K3 300 per manth,
each pasc winner has o pav an additonal amoonc of Ba 30 per draw. IF the
aoent's tee per craw is B3 230, tind the amouat to be receives] b the winner
of the 17th draw.
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Solutien: Here munber of members = 30
Sulscriplion ol a memhes R 3740 per month
Ao’y fo = Hx 250
assured s of the Mamp = 300 = 3
Fs G000,

Sames: the warmer of the 1rh drawe wall recerve addmonal amount from 16 past
wanmgers gt the rate of Bs 30 per head,
anmeant receivable by the winner = (9000 2500 + (30 < 14)
- e QRE{
Example 5. In a Tender Marup* with 100 members each subscribing Rs 200 each per month,

a member tendering Rs 12000, is declared the winner. Find the amount to be refunded to
each member, if the agentis fee together with the other expenses for the draw is Rs 150.

Solution : Here, number of members = 100.

Subscription of a member = Rs 200 per month.

Agentis fee and other expenses = Rs 150.

Tendered amount = Rs 12000.

Assured sum of the Marup = Rs (200 x100)
= Rs 20000.
= Rs 20000 - 12000 - 150
= Rs 7850.

Since it is a tender marup, the total refunded amount is to be distributed equally
among all the members (including the past winners).

.. amount to be refunded to each member = %

= Rs 78 50.

* A tender marup is one in which a winner is chosen neither by lot nor by negotiation.
In this type of marup, interested members who are not the previous winners, tender to
accept different sums of money in lieu of the assured amount of the marup. The member
who tender the least amount is normally chosen as the winner. The difference between the
assured amount and the winneris award is divided equally among the members.
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CHAPTER

Algebraic Expressions
and Identities

9.1 What are Expressions?
In earlier classes, we have already become familiar with what algebraic expressions
{or simply expressions) are. Examples of expressions are:
x+3 2¥=5, 37, 4y + T ete
You can form many more expressions. As you know expressions are formed from
variables and constants. The expression 2y — 5 is formexd from the varable v and constants
2 and 5. The expression 4xy + 7 1s formed from variables x and y and constants 4 and 7.

We know that, the value of v in the expression, 2y = 5, may be anything, It can be

5 7
2.8 =110, -l *3- etc.; actually countless different values. The value of an expression
changes with the value chosen for the variables it contains. Thus as y takes on different
values, the value of 2y — 5 goes on changing. When y =2, 2y - 5=2(2) - 5=-1, when
y=0,2y—5=2 = 0-5=_5_ etc. Find the value of the expression 2y — 5 for the other
given values of v.

Number line and an expression:
Consider the expressionx + 5. Let us say the vanable x has a position X on the number fine;

o x s ) e
- - 4 b
0 X r

X may be anywhere on the number line, but it is defimite that the value of x + 5 is given by
a point P, 5 units to the right of X Similarly, the value of v — 4 will be 4 units to the left of
X and 50 on;

What about the position of 4x and 4x + 57

the distance of X from the origin. The position D of 4+ 5 will be § units to the right of €. ===l
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TRY THESE

1. Chive live el e pressivms conlaiming smae varigble and live coarnpsles of
CHpPression s contaming two wanablos,
2. Show an the number linex, 2 4, 2% 01, 3 2

- 9.2 Terms, Factors and Coefficients

O Take he expression e 5 This expression is made up ol learerms, deand 3. Terms
are added to form expressiony Terms themyelees can be formesd se the prodoet of
lactors. The term 4y 15 the prodoct ofits tactors 4 and x. The tenm 5
18 e upr ol st one acter e 5,

P I 8 Ih2 expression T — 33 has owo terms vy and -5x. Lhe term
ldE”L_"tf"- the ':"}Eﬂlf:'m of each ey s a proddust of Tcwers 7, cand v The somerical Baclor o a term
il lhﬁ.,“'““"m_m ] 13 alksd its numerical coeffivient or simply coeffickent, The coefficien:
¥y = luv+ S - 20 i the term Tev e 7 and che coethicient wn the term 3n 03 &

9.3 Monomials, Binomials and Polynomials

Coaupression thal comtams onby o e s called o momamiaal Txpression Wil conlains fwo
terms s called 4 binomial, An ceprosyion comtaimng three torms i3 8 trinomigl and 20 on
L zeaeral, an expresaion Sontaininn, one or mere @erms wich noo-zero costTicient {with
wartallos hiary nom e e imlegers as capomeniad 9 callel o paolyoommial, A pelenenmal
JIE OO By umler of terms, ene or mere than oue.

Caarples olmonorsials. 4 Jew, 7z 307, 10 9 82, ele

Foagmplos of binomigls: o= Bl =R a4 5 =dve 5 = s

Examples of teinomals: gt A+ I -3 3Ty a1 el

Caamples ol polynomials. o & 0o 0 3ap, e 106, 20 3 Tz ale

i, TRY THESE

I Classily he Following polynaamals a5 eonoreials, Bincanial s, mareials
-Gt oy e+ 100, wb — e, 17
2. Constnact
(o] 3 Timonmalaath only g ms o vamable,
ib) 3 bipowuals with v and v as vanalbles:
{c] Xranomials with x and prasvanables,
() 2 pobmonmials warh 4 or mome terms.

9.4 Like and Unlike Terms
Lok at the tollossrinn xpresaions:
T, e, =132, 50 T, Ty, =09 9% —Fwr
Like terms fon thess are:
1] Ty 1dx, 13x arelike l2rms.
i) St and =S are ik terms,
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i) Ty and —3vy ace like terms.
Why are Vo and 7 oo like?
Wl gre: e anad T nat kg™
Why are Ty and 3x° oot ke

TRY THESE

WAL e et which e Tilke

T e oy (my 2f

9.5 Addition and Subtraction of Algebraic Expressions

I the earlier clasaes, we have alze learnt how o add and subtract aloebrae spressions.
Taow weninple, woondd Vo =4 5wl B — 100w di

Twt — Ay — 3
Gy 10
i R

C¥haerve biows we do the addition. We wrice each expression to be added in a separare
rome Wl duing ses e e Tloe teams ome helew the olher, ansd adid thern, as showen,
Lhis 5 (=107 =5—10==3 Similarly. — 1r — v ={=1+ v =57 Letus rake some
i exaimples
Example 1: Add: Tve+ Svr— dox, Avz— Yow — <y L —dvz + 50— 3y
Solution: Wriling the bree ex pressions il separale roes, with like werms e below
thesother, wi has

Tyt Svn—dcy

dvr e 4y
- =y — o 4 Sy (Mot oz 35 swne a% zv)

Sxpe btz L3z Sxo 4

Thus, the durn ol The cspresaiong s 5o s Jze D e — 4 Wale oo e Lerms, — 3
w1 the second expression anc 5y o the third exgpression. ave carmed over a5 they are. since
Lhie have o ik terms in the alber exprassions

Example 2: Subtracs 50’ — -7+ Gy — 3 from 79" — ge— 7 — Sy — 41
Solution:
Tt =g 1 B L S = 3y
- S -0y d
Ll L LF 4

A e T B B e
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MNote that subtraction of a number is the same as addition of its additive inverse
Thus subtracting —3 is the same as adding +3. Similarly, subtracting 6y 1s the same as
adding - &y, subtracting - 4y~ is the same as adding 4y~ and so on. The signs in the
third row written below each term in the second row help us in knowing which

operation has to be performed.
. EXERCISE 9.1

1. Tdentify the terms, their coetficients for each of the following expressions,

(i) Sxy=? - 3zy iy 1+x+x (i) da’y® — dxyic+ 3

(iv) 3—pg+gr—rp (vl §+-;_'_;y fvi) 0.3a—0.6ah+0.5h

2. Classify the following polynomials as monomials, binomials, trinomials. Which
polynomials do not fit in any of these three categories”
e+ 1000, x4+ + 0 +x%, T+y+ S0, -3 2y - Do + @y, Sx—dp+ 3y,
dz—152°, ab =+ be +od +da. pgr.prg+ pg, 2p + 2g
3. Addthe following
i} ah—be, be—ca, ca—ab i) a—b+ab b-c+be,c—a<ac
() 2p'g’-3pg+4,5+Tpg—3pF () F+m' m+w, i+ F,
2ine + 2pee + 2nl
4. (a) Subtract 4a-— Tab+3b+ 12 from 120 — Qb+ 5h -3
{b) Subtract 3xy + 3z~ Tzx from Sxy - 2yz ~ 22x + 10xy=
{¢) Subtract dprig—3pg + Spg — &p + Tg — 10 from
18 - 3p— llg+ Spg - 2pg* + Spg

9.6 Multiplication of Algebraic Expressions: Introduction
(i} Look at the following patterns of dots.

-
(- Pattern of dots Total number of dots

& & & & ® & & ® @

® & 8 &8 8 & & & @

" ® ® @ ® 8 ® @ ® 4%0

& 8 B & 8 8 & & @

. & 8 8 & 8 @

e & 8 8 & & @

] L § ] L ] w» - ] q " 'I'll

[ ] L ] L ] i L 3 ] [ ]

. 8 8 8 ® & @
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"
,-'_"-—'A"—-—'_"\ T find ihe numbser of
LB L Rt diois we have 1o multpky
e R Eetectema BE Ihe expression for the
a T i e mnber of rows by Lhe
...... g S Mo expression for the
"""" T nunber of colummns,
- = 5 &8 - - - = ®
mEn
n+d
A - o =y
: : : : S, : : : : : Here the number of rows
............ i5 increased by
et Bl Sl e St i el e e e 2. 12, m o+ 2 giwd number
s N S e e (A1) xin+3) of columns mcreased by
" & ®B &% - = = @& @ @ &% =@ e mtd
- & 8 8 - — — & % ®% & #
- & & B — — — & & & % &
L

(i} Canyou now think of similar other situations in which
two algebraic expressions have to be mulnplied?
Ameena gets up. She says, “We can think of area of
a rectangzle.” The area of a rectangle is / = &, where /
15 the length, and b is breadth. If the length of the
rectangle is increased by 5 units, 1e., (/ + 5) and
breadth is decreased by 3 units | i.e., (b~ 3) units,
the area of the new rectangle will be (f + 5) = (h-3),

(i} Can you think about volume? (The volume of &
rectangular box is given by the product ofits length,
breadth and height),

{ivd Sarita points out that when we buy things, we have (o
carry out multiplication. For example, if

T fimed the arca of 2 reclangle, we

have to muliiply algebraic
expressions like [ = bhor

{{+5) % (h—31.

price of bananas per dozen=2 p
and for the school picnic bananas needed = z dozens,
then we haveto pay=Tp = z
Suppose, the price per dozen was less by T 2 and the bananas needed were less by
4 dozens.

Then, price of bananas per dozen=¥ {p - 2}
and bananas needed = (=~ 4) dozens,
Therefore, we would have to pay TP-2)={z-4)
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TRY THESE

[Hint: » Think of speed and time, | |

s Think of interest tobe paid, the principal and the rate of simple inerest, ete |
2 |1 all the above examples, we had to carry out multiplication of two or more quantities. If
the quantities are given by algebraic expressions, we need to find their product. This

means that we should know how to obtain this product. Let us do this systematically. To
begin with we shall look at the multiphication of two monomials,

9.7 Multiplying a Monomial by a Monomial

9.7.1 Multiplying two monomials
We begin with
4 % x=x+x+x+x=4c asseen earlier,
Similarly, 4 = (3x)=3x+ 3¢+ 3x+ 3x= |2¢
MNow, observe the following products.
(i} rejy=xxday=3xxy=2y=3g
(i} SExIp=xxrIxya3B0wIxixxy =15y
(i) Sex{-3P)=Sxxx(-3)xy
=5 x {-3)xxx )y =-15xy

Modice that all the three
products of monsinils, 3o
I3z, — 1 5xy, ane alsn
ol

Some more useful examples follow: Nowe that 5 «4=130

() Sexdr=(5=4) = (x % x) i.¢., coefficient of product = coefficient of
first menomial = coefTicient of second

20 x 3 = 30y :
&' msamomial,
(v} Sx={—dnz)={5*—-4)= (x* 0z) and Xt =gt

=[x wx ¥ yzy =205z i, algchraic factor of produoct
R ; . : = plgebraic factor of first monomial
intheagsbrai pars ofthe two mononials Whie dong | ~ 850aic it of s msomal
s0, we use the rules of exponents and powers.
9.7.2 Multiplying three or more monomials
Observe the following examples,
{i) 2% x Gy-w Tewm Qe x 5y) o Tew [0y % T3 TOxyz
(i) ey = Sxh7 % Gy = (day = Sy} = oyt = 200 = Gy = 1200 = !
= 120 {x? = &%) = (p* = ¥) = 1200° x " = 1 20xH¢
It is clear that we first multiply the first two monomials and then multiply the resulting

monomial by the third monomial. This method can be extended to the product of any
number of monomials,
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TRY THESE Wo can mﬁﬁnrl the produat in ether way alae
dry ® Sy x fpd 12

Tind d = 5p Tz R R R (TR R
First find <lx Sy and multiply e by 7 136 £ ;

wr liest lind 3¢ 7z and multiphy it by e, sies
Ts the result tha same? What de vou obseree?
Dyees the arder in wiuch vow cany ont the mmlciplication marter?

Erxample & Cornplete he Lable Tor area ol vectogele wAath pmven Tencd Tl breandif

Solution: i lemgth hreadth area R
dx Ay Ax % by — |y
ay: bt LR CF R el
deh She

L Em SRR ks i e B o )

Ezample 4: Find the volume ol each reclangular box with given length, breadih
] heaght,

& leng b breudih height )
{1 2urr Xhyp St
{1} m'n RN m
i} 2y it By

Solution: Volyms — length = breadh < heghi
Henee, for - () wohime= (Zav) (38070 = (52
203 Sl = (hpp s ezl 3lafboxyz
for My oselumo= e o o
S e I PR ) I I Bl T
L (@) wolume 2o o= 47 0 Byt

=Z B ge gt s g =0dg?

B EXERCISE 9.2

1. Tned the procduct ol the Blloeang pairs al mononmils,

i T iy —Ap, To iy — g, Tog (W) <, — 3p
) dp 0
2, Fmdthe wroas ofroctanglos with the follonang pams ofmoneminlz a¢ ther Tenaths and
lrreacichs respectively

e o)t D, S (2007, By (e, 3070, (Genve, degen)y
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3. Complete the table of products.

" First monomial —»
Second monomial «

2x =iy 3 | — 4wy Ty | Sy

2 45
-5y -5y

3y

= 41}.
ey

=0 .
4. Obtain the volume of rectangular boxes with the following length, breadth and height
respectively
i)y S5Sa, 3a. Ta' (i) 2p, dg, 8r () xy, ¢, 2o (V) @, 2b, 3¢
5. Obtain the product of
Gy xp, = 2x (i a-—a, a () 2,4y, 8y, 16"
(v} @, 2h_ 3c, babe (V) m. —mn, mnp

9.8 Multiplying a Monomial by a Polynomial
9.8.1 Multiplying a monomial by a binomial
Let us multiply the monomial 3x by the binomial Sp+ 2, ie., find 3x = (Sy+2)= 7

Recall that 3x and {5y + 2) represent numbers, Therefore, using the distribautive law,
3 % (Sy+ 2) = (3 = 5p)ek (3 = 2) = 15xy + G

We commanly use distributive law in our calculations. For example:
T 106 =T = (100 + &)
o T T {Here, we used distnibutive law)
=T00+42 =742
T=3=T7=(40-2)

=7=40-T =2 {Here, we used distnbutive law)
=280~ 14 = 266

Similarky, (=3x) = (=Sp+ 2) ={=3x) = (-5p) + {~3x) = (2)= [5xp - ¢

and Sxv = (07 +3) =5z = )+ (50 = 3)= 50"+ |5z,

What about a binomial » monomial? For example, {5y + 2} = 3x="7
We may use commutative lawas: 7=3=3 =7 oringeneral a= b= h=a
Sirnilarky, (3¢ +2) = Jx=3x= (S5y + 2) = 15 + Gr as before.

o~ TRY THESE

Find the product (i) 2r (3x + 5xp) (i) o (2ab-5¢)
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8. 8.2 Multiplying a monomial by a trinomial
Corwder 3 (s + 50 =T Asinthe carlior case, v use diseributive e
ipodpt Spr TI=p ARt ) HEp o Sp - Gp s T

2o 1 Ta" Zlp
Selialtijaby cach wermm of the tanemial e the mononaal and add producrs, TRY THESE
Obeerve, by wsings the distnibutiee Lo, wes are able Lo cacey oul the Find the produc.
mmtipliation e b morm

4 — 3p+ 7 - Ip

Example B: Simplily 1he expiessions and evaluiate thern as ditecied

i oy -2lorx=1, iy 3ed2p T iy 4y &STore= 2
Solntion:
i) viv—-3+2=r-3x+2
g x—lyxs et 201 il 2
= =3+2=31-31-10
W 3rezr 71 3o o4 oi=mf 2y de-17 63
e

For p=—%, & =3 =51 = (=2) = 21(-2) - 51
Bood 242 5]
=24 F4R -5 =T -5 — Z]
Example 6: Add
Y Ser (3 o and e — | S w3y Sv- Thand 20 — 40 15y
Solution;
iy Hirscexpression= Sa{3 w0 = (5w« 3) (3~ = 153m  3m°
Mo adilimg The secomd eapressaem ol | S — 5w 1 G — 15m —m* 2m
) Lhe first expression =y (3@ + 5 -T1=01v ~ 220+ Gy = S =0 - (=7
211 2 28y
The seeond expression= 2 (¢ =’ = 3p=Z + 2= (-4 + 2= 3
=Z1F B+ 10

Additimgz Lhe leon eapressions, 2y | 20— 28y
A - H =10
44 1 14 28y D
Exavaple 71 Subtrac Spap (2 — g from Zpag (0 + 40,
Solution: Ye have ingip g1=3pg 3pgt and
I b ) T Zprg b ey
Subtracring. oty G
Ity Ipgt
- +

Py Sy
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L. Carrvout the comlriplication of the expressions m each of the following paics.
i 4;!’-"1 gl {:II] ohoer A (M) o A T hs l:'_l".-':l ot 9 dn

. N ot p D
o () g =t oy

om0 Unmplete the wable,

& First expression Hecond expression Product |

{i] i b+e+id

i) SR EENE

L L gy —Tp + 3

(i) Aot =7

w +h+e e
J'-.-j i ‘ cr |

3. Find the prochict.
2 -
(1 'y (29 (A (i) [: .!.:}-] x[ﬁx ¥ ]
AT o
(i) [—T,'J‘if ) [T ,-'.'"{i] il v vy
E A

4, @) Sunplte vy — 3+ 3 and find 3 valnes for (Ibv=3% {Ljy=

thy  Swnphte wrfees bt 1)+ 5 and A s valoe for (e =0 (ipe—
(=1,

() Add: e —gh g lg—ehandrir—

ihy  Add: v iz—v—yrand Zris—-r—vl

{1 Sublrael, {0 dam o Smilem 0 0s 3wt 21}

ty Bubirach Refe o S0 ) =26 w=F0 chtrom o[ —atH o

I
-
2

I

]

9.9 Multiplying a Polynomial by a Polynomial

2.8.1 Multiplying a binomial by a binomial
Lar us multiply ooe binomial {2 + 3857 by another ioomial, say (3o + 44800, We do this
Alep-bap-slopy, s wae e e ey cases, Tolleswina The isdrhuobve lawe aladuphaation,

(do— R =2+ i =3 2a+ 30— 1= 2o -3k

Observe, every lerm i e == (der = Zan 1 (Do 2 300040 Zap 1402 30
bimanmalmultplics cveny = a4 ek 4+ B+ 125

L 1) = Gt + 1 Tak — 124° {singe fa = h)

Whem wee camry o ferm by ferm muolfphication, we eopect 2~ 2 = 2 tenmg to be
present. But two ot these are lkce rerma. which are combined, anc henes we net 3 terms.
L multiplication of polynomials with polynomiads, we should alwavs look Tor like
term, il any, and combine then.
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Example 8: Multiply
1 fx 4)and{2x+3) (i {x Maod v 3
Solution;
(NI R e N o Y TR L i A I s B A Al
(e% 2 (e =3p (4 2¢p (4-3) 2203 Br o 12
=% = 3x - 12 {Adding fke terme)
i e vl Bl Be b3y {3x 3y
(IS N I o L T W L S R R
=3I -5 hin 5F=3v - 3n SiF CAddding like terms)
Example 9: Muldply
(1 e Tland (b 35 {iiy o 1 28 and {30 38
Solution:
) (w—-Ti~{h Si=g+{h S1-T-(h 3)
=crh— S+ THh =315
Muste that there are ne hlee toerms el 1t mulophcation
(il (ot ) 20 {So 3 S {3a M 20w (5o 3D
R Jorh o 10ahe Al
9.9.2 Multiplying a binomial by a trinomial

Tov s v biplication, e shall Bave loonadhplye cach e the Three Tesms i e el bay
gact: of the cwo terms 1o the bioorual. Ye shall get inall 3 ~ 2 = & terma, which may
rechace to 3 or less. ifthe tenn b term noloplication results in like tenns. Consider
e+ T) e et S s g gt - dat DT (et - )
e — —_——
icomial  trinomial [usimg thi disrributive ]
 Sert D B ) Ve Zla 35
=+ (e + Tty H e+ 2la) — 35
=g+ W + 2y + 35 {Whiv are theve cnly
terms inthe final result™)

Example 10: Swplilyfer G {2er— 36 &) — {2 — 3o

Solution: Ye have

fee V2o 300y w(Zo 36 )V AZo 300
207 ol Dae 1 Jaf 3 N
=Zg b 30+ he oo {Mote, —3gh and Zad
are like terms)
et [(2ee— 5hpe— Do — 5he
Thurelime,
e+ B {2 Yooy i2a 38pe- 200 ol 3P e tac (Zac 3y
=2 ab I -he-me ot S3fe
=T —oth = AR (Be 4 Ao+ (e — 2o
= = AR — b+ dho — e
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B EXERCISE 9.4

1. Mukiply the binomials.
i) (2xt Srand {de 3] i Q0 Brand (3 4]
my 425 =0 Sy aml €250 05m) ] fer o 3Byamdl (1 5)
f¥) {Zpg — ot and g - 247

T T . R B
{wi) [—I a +3|‘.~"] and 4 a*- - Iy
F 1 .\...I

b

+

2. Vind the provcuc.

) ¢5=2x00(3%  x) fil g b T (T — )
(L) fer + B = B ) {5 a1 2+ gl
. Sanplily.
(1 7 =514+ 5%+ 25 STHTZ R S N R it ol I e

(i) sy 8

tv] der Pl —efy P (=AY by 82 e 1 )

] QI = -y T DV -0 W (R e - )
(0% s T U OF o I TSR i T o |

) fer— A+t -

9.10 What is an Identity?
Consider the couality + 1w t2y = +3a+2
W shiall evaluate Lok sides ol this eualivy o some value ol sava— 10,
Fora=11,  LHS=tw— e+ =010+ 1(10+2=11 17=1i3
RHE — e F 3+ 2= 10— 3« 10+ 2= 100 - 30+ 21— 132
Thu, the verluess al the Paae gides ol the coyualiny are coual e 10
Lat us now take o =—3
LIS o 13ia 1 2) €5 133 23 ( 4143 12
RHA = w50 - 2—{=3) +3¢=5) 2
23 1A 2-100 212
Thus, forer — =5 alena T.ITS — RTTS,
e shall find that for amv vahie of 3. LHS=1FH% Snch an egualicy. true for every
value ol ihe variable il is colled anidentity. Thos,
(0= 11w — 20=et' + 32— 2 1y gn wlentity
Areguarior £ frwe fop opdy corrann vadie s of the varfobde B e Seis nor e for
el veeferes of the varicelle Tor exarnple, comsader the coguaham
o A+ 2=143
s e e 1O, s seen aboses, bl 10 ds nal rue lovee —5m [oree Dele
Try it Show that o + 30+ 2 = 15213 not true fora = =5 and fora=10

9.11 Standard Identities
Wy ghall move erochy three identitics which are vorv vscfil in our weorks, Uhese identitics are
edaairted b ol lpheing a bioemibal b anothes binoeial,
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Let vs first consider the praduct (o — b o+ &) ora— -
e Oy (A e A
=l — - hla+h
=@ toh+ g+ B
D 2ale 1LY iwimca cfe fer

1= ig—hy=g +2ab+ & i1

Elearly, thaisis arlidenuy, sinee the expression on e RHS 3 obranesd [oethe LHS by
il mdoplication, Cmesmay sen B that for any waloe ofs and sy valus o6, thevalues of
the rwo sides are equal.

& Mextweconader {o AF-ie Mia A-aie & A B
We have = ol ba - B Dol bl
or (=R == 20b+ & (T}

*  bFmally. comsider e+ & e =81 We havo (o 0 (o= =wlu—- 51— 5 (u—5)
=0t —ath+ fr— & =07 = Flance wh =R
o for | Bia By ot b (101}
The wentmcg (T 1T and (T are: knowen gu standaed identitivs,

TRY THESE

1. Pul Ain place ol fin ldentivy (1), Do oeow pel Ldenuity {117

* Wie shall nove weork ol one mesre wselul idenlily.
[ TN N U ) B O - B (Y
=x —hr+ur+uah

or [ N S Y IRl N B ) R S

TRY THESE

I Sernfy [dentity (I ). fora=2 =3 x=45

3. Consider, the special case of Identite (1Y ) with o = &. what do von et 1s it
relaied to ldentity (1]

30 Consider, the special case ol ldemioe (1% Twithea candf W hat do yow
sl Tl velalil L Tdenble {TT17

1. Consider the special case of Ldentiny {1 wath & =—o. Whar do you get? 1s it
relates to ldentioe (1117

We can see that Lolentity (1% s the general form of the other three identities also.

9.12 Applying Identities
Wie ahall pove see heess, Tor maoy problams on moloplication of binomial xpressions and
alsor e mombsers, e el the lenhihos mives a sanple altermeadve e hol s =ekang then
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Example 11: Lsingthe Identite{L), find (1) (Zv — 3 (anLEs
Solution:
i £20 1 3vh —(2ep 1 2{2 G () [Tsimg th Tdentie ¢ 7]

=y = 12xy + 9
Wy work oul {2 3pp divecily.
C3r+ A = (3v+ v (e — )
= (222 2xp 0% - (30 (2 (3030
407 frw A by tes ov )
=Jdv- — 12ny + M=
[osimg Tdenlily {1 gevee s onallernabive red ol ol sgquarmea (2 1299 Dheyonnahos hal
tha: Iedentity mathod regquired feveer steps than the aboss dircer methaod 7 You wall realise
the simplicily ol thiz method even mors il yow try Lo square more complicated bingmial
copresgioms than (2 397
iy (LO3P =100 = 37
OGS 12 198 3130 {Ulsing Wlentite [
= 10000 — GO0+ = Tiae
W miay alao diresly mwltiply 1035 by 193 and pet the ansveer, Dy vow ses Lhal deatity 1)
s aven o e Tess foechions imethod fhan the darect method of squarms 1037 Try sguanmg
10013 Yo will find inthis case, the method ofuamns: identities even more artractive than che
divect rmulliplication melhisd

Example 12: Using ldenticy (Wb, find 1) (Ap =3 f) ¢4
Solution:
(] G =3 =04 = 20k (Repy + G [simyg th Tedentits {TTY]
=lop=  4pg + 9
T vy e hia (o sepeanang (e — 3o b the tnethod ol den3oes s ouicler han th
direct mechod?
G (4998 (540 00 (5408 2050000 1) 1 {OTF
=20 — [ 00 =00 =24 1]
L= it not that, squaring 4.9 vaing [danocy (11} is much le3s tedious than soquaring it by
clivect mdihoalom™
Example 13: Using ldenrite (111, find

3 2003 N
i [:T-'i' + ;ﬁ] L:m - ;ﬂ ] {iL) - R 1] 194 = 20
Solution:
;- - - - P T 1
i Tl u] [ T “] = [ S | _ EH] Trv doine this dirccrly.
z FO0LVE ER N B R 1 Yon1will Tealize o ciss

cnar mcthad of wsing

L
: 1denticy 1L is.

- ==
3 9
il 9835 17T (BRI ITI(IRY 1T
[Heroer=UR3, F=17 w — 2 ={w— &) [0 - 5
Thersline, QR3T17F = 1000 = 966 — DRG00E
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(i) 194 5 206 (200 6) < 200 1 6) 2004 — &

= OG0 — 30 = 3k
Exzample 147 Lse the Menuty (x o) v~ 8} = x5~ {or — #px + ol 1o Jind the
follownyg:

iy 501~ 302 o 95~ 103
Solution:
i1k SO 3Z =300 = 1y =S -2 =30F - (1 +2) - 300+ 1 =3
ZRO000 0 10000 20 251502
jity 95 % 0% = (00— 3 100+ 31 = 0V — (=5 4+3) [ 4+g=5) 3

= [a0oo Z00 15 = 9785

B EXERCISE 9.5

1. T asntableidentite fooger cach of the following products

ior=dv+ 8 (i (2e=SHZ2e+ 3) iy (Za— TH2a-T)
1 1

W) (A= T -0 fvd (L e =033 00 T 14014y i
A = — -a-'?

(il (e .i']{‘.llf a1 v (B T (G VT fam)y 0ot o] o2 i

. oAy x 1*."'M . )

i) ( 5 4 A I 4 ] (e (T — B For — D)

20 Tlsedheadennioy (e Veplao B 270 lee Ao Denl e il e olleswing prodins s,

(i r+3v+ 7 iy v+ 3dr+ 17

my (e 54 1 (vl fdae 0 51{de 1)

vy [+ 5P 2 4 3 () (Zes =) 2u + 3

ivil) (v 4o 2
3. Tma the ollonsang souares b vsing The deniiies
b=y iy vy + 3ZF [y o — Sy

bl

1o
(v [3"'*“”] () (Ddp D5gF (vl (2o 1 3ep

4. Hmnphle

b @ = E Wy (v + 51— 2y — 3
iy (T 84 (Tem | BEP (vl (dem | 30¥ (Smr 1 dar)f
vy (28u— 1 3g) =] =1 %)
) (el +be)r 2o Pl AERE - 2RRE
5. Rhow [hal,
(W 3y = T - Ey = G - TF () (90— 3g) + 18Upg = (95 + 37
(i |"-_]. 3 “.ll . 1fa . a -
— —_ — —_i
i} |.~ : m 4uJ ik 3 T

(i) (dpg + 3% (dpg g = dipg®
fvd o= Bl DAY DO =S ) Ve —arpde o) Al
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G, [lsimg icdeni Hes, evaliate,

i 71 l:ii] e iy 1492° {iﬁf] Qage
v 5.2° W] 297 = 303 (vil] TE = 83 (Vi) B¢
] 1685 ws
T Uwmge — 0" fer— &h{w =A% fnd
il S1F 4498 fil ({1 .:'_|-3f (1l *:lﬂ]* iy 153 147F

fiv) 12.1F 794
B Lanziv—g)v+h=yv+ig+hy+ah find
{105 10 i) 5152 Gy 10 od ] 97 DA

— WHAT HAVE WE DISCUSSED? _

I

110,

11.

. Frpregsions arg tormed from variables and constants

lenms are added to form expressions. 1erms themsehves are tarmed as produce of Factors.
FCopressaons Thal conbain escactly one, Beo and Chree Terros are called osomamaa bs, bimom ks med
trinomials respectively. In eencral, gy CxXprossion contalnng fne o mons terms with nen-zem
coellicients {and will variables having non- cegaie intszers as exponents s called a polynomial.
Like lerms ave lermned Gorn the same vanahles sl the peeveers ol these waiablos are vhe same,
too, Coefficients of Lke terms need not be the same.

Wolnle wcdilimg (o bl rachng ) pobymeamals, Gral ook Tor ke eatos and add for sobstracty hen,
then handle the unlike terms.

There are nuimber o sitoacions inwkich we need to multiply alpebraic espressions: o exarmple,
Fmlimgz aveca ol a rectamude, The sdes ewhich e @iven as copris-nons,

A manonual muoliplies] By @ onomial aksays pives 8 imenomial.

While muliiplyving a pobynadnial Ty a monormial, wee il liphy every Levm in the poelynamial Tey the
memeTmil,

Loy carrying ot the muliplication ol'a polynorial By a hinerial {or rinomial), e mliply Lecm by
torm, 1 ¢, ever term o the pebmomial i muthplicd by cvemy torman the banonial for frimomial)
Boote chat tn such multiplication. we may pet terms i the procduct wwhich are like and have to be
contharesl.

Anidentity s am cgualibe, which s trgg for allvahues of the varables m the couality,

O the ortler Band, act equation is Lue only Lor cerlain valuss ol vanables. An eguation is noLan
ety

‘I'he followine are the srandard iclentities:

for 1A o 2ab ) in
for — BY =g = Zah = B (11
(o Dita b1 & b {10
Anather usefl identibv s 0y — ey — M =x"— [+ M x+ah [TV}

The abonse four iclentities are vsefil in carmving out squares and products of aleebraic epressions.
Thesy @l alline: 2ty allesiative rmethods o calealate products ol nombens and 5o an
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Visualising Solid
Shapes

10.1 Introduction

In Class VI, you have learnt about plane shapes and solid shapes. Plane shapes have two
measurements like length and breadth and therefore they are called two-dimensional shapes
whereas a solid object has three measurements like length, breadth, height or depth. Hence,
they are called three-dimensional shapes Also, a solid object occupies some space.
Two-dimensional and three-dimensional figures can also be briefly named as 2-D and 3-
D figures. You may recall that triangle, rectangle, circle ete., are 2-D figures while cubes,
cylinders, cones, spheres etc. are three-dimensional figures.

DO THIS

Match the following: (First one is done for vou)
Shape Tvpe of Shape MName of the shape i

-

J-dimensional Sphere

\\}Dinmnsinmﬂ Cylinder
S \
-

3-dimensional Square

2-dimensional Circle
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Wi
3-dimensional Cuboid
r__.ul"
O 3-dimensional Cube
2-dimensional Cone
3-cimensional Triangle
%5 A

Mote that all the above shapes are single. However, in our practical lite, many a times, we
come across combinations of different shapes, For example, look at the following objects.

A fent Al Softy [we-cream)
A cone surmounted A cylinderical shell A cone surmounted by a

on a cvhinder hemisphere

A photoframe A bowl Tomb on a pillar

A rectangular path A hemispherical shell Cvlinder surmounted
by a hermsphere
DO THIS Match the following pictures (objects) with their shapes:
Picture {ohject) Shape

(i) Anagricultural field Twao rectangular cross paths inside a

rectangular park.
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(i) A groove A circular path around a circular ground.
{iif)  Atoy A triangular field adjoining a square field

{iv) A circular park O Accone taken out of a cvlinder.
{v} Acrosspath H A hemisphere surmounted on a cone.

10.2 Views of 3D-Shapes

You have learnt that a 3-dimensional object can ook differently from different positions so
they can be drawn from different perspectives. For example, a given hut can have the
following views,

From 4 i Fromt view Side view Top view

similarty, a glass can have the following views,

A glass Sade viow Top view

Why is the top view of the glass a pair of concentric circles” Will the side view appear different if taken from
some other direction? Think about this! Now look at the different views of a brick
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Front view
We can also get different views of figures made by joining cubes. For example.

Side view

Top
P Side
o
Fromt Solid Side view
made of three cubes
Top
Frun f e
Y salid Thpvicw
made of Tour cubes
rhl‘ L : ]
Pevad Side
Sobid Side view
made of four cubes

DO THIS

Front view Top view
Front view Side view
Front view Top view

Ohbserve different things around you from different positions. Discuss with vour friends
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EEE. EXERCISE 10.1

1. For each of che given solid. the mwao views are erven. Match for each solid che
conrespomicing loprand Ironl views, The Grsl ore s done B vou
Qhject mide view Top view

(@) (i

) (i}

()

{d) i

fe i 1
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2. Foreach of the wiven solid, the chree views are erven. Ldenofi for cach solid che corresponcding top,
lront and side views,

141 Ohbjeei i i) il

Hide

Front
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3. Foreach given solid, identify the top view, front view and side view.

(a) Top
Side
Frant I:IE} Iii'l (_Ei.‘,l
Tap
(b}
Fal
Side
lef"r!? {i} {1t} {iii)
(©) By
!
“— Side
i (i i i
(d) e
Shile
(c) Ti"
Side

- i) i) i)
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4. Draw the front view, side view and top view of the given objects.
(a) A military tent {b) Atable Top

T
/;r

Front

{c} Amu Top

Side i

(fy Asohd fup

Frnr

10.3 Mapping Space Around Us

You have been dealing with maps since you were in primary, classes. In Geography, vou
have been asked to locate a particular State, a particular river, a mountaim etc., on amap,
In History, you niight have been asked to locate a particular place where some event had
oceured long back You have traced routes of nvers, roads, railwaylines, traders and
miany others.

How dowe read maps? What can we conclude and understand whale reading a map?
What imformation does a map have and what it does not have? 1s it any different from a
picture? In this section, we will try to find answers to some of these questions. Look at the
map of a house whose picture is given alongside (Fig 10.1).

-

]
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Whar can we conchide Somthe above it stration” W henwee deane 8 plenacs, we arbemt
Ly represent reality s s seen with all s details, whereas, & map depcts only the localion ol
anobjet. mrelgtion tooother obicers Sccondly, ditferont persons can i deseriptions of
pictures completely ditferant tiom one anotber, depending upon the position from which they
ave: lerpboamg al Lhe howee That, T s mol oo The case cCa mapy The oy el Che b
remnaine the same iespectrae of the position of the observer, In other wiords, perspective
is very imporLant for deawing a pictore Dol it is ool edevand lor 2 magn

Mooy, Toezk gt the map cFiy 10200 which has been drawen bee Bl hawse ’
- - M sisier's sehool
sevan vear old laphay, a3 the route fem his houseto bis school: g a, F SIS adla
. T
Trrsrn thas mag, can you 1211 — "; T
i hoy far s Kaszhae's sehodl from his hogs:? = o
" " ' ' el
(i) would every circle ke the map depict a round abwou? A0 5 Bo _4},._._
. . __ : el R ’
(i) whose school isnearer tothe house, Raghav's or his sispers? T L
[ iz very dillicull to answer the above questions on the basis ol -
fhes v mape, Cam v tell wehy? Iy sl1oml

The: ressom 3s that wee do not ke ifthe distances have been Fig 10.2
elravert properly o whether ke careles drawn are rousdalouls or

Tepresenl sormncthin g el

Poovws Joake at atother map ceawn oy his sister.
Len year old Yleemy, te shame the 1oade From her
howse to her schaol (ki 1003,

TThis rmapr s dillerenn froen e emlier maps [ lae,
Wileeny hay owed difforem svmboly for diffenen:
landmarka. Secondly, lonzer line aezments bave
b dvawen Tor Tonuer dhislances and shorter line
seemenrs have been drawn for shorter distances.
L, ahelas drasven e man o a scale.

T, v can answier the following guesbons:
& How Uar s Raghav's school Gom his
recdenee?

Fig 10.3

& W hose sehool 13 nearer to the house, Basheas™s ar oo s?

» Which are the important landimark s on the route?

Thus wierealise that ose of certam symbols and menfiommg of distances has halped s
read the map easily. Obzerve that che disrances showin on the map are proportional ro the
acha] distances cm the zronmd. This s done by corsidentng a propes scale While drawing
for reaclings) & maga, one must koo toowhar seale it has to b draven (or has been drgsm).
Le., horwe mack el zcioal distance is denoued b Trem or Tertin the map, This means, that il
am draves g map. batshe has o decide that Tom of spase nthat map showes g certam fised
cisrance of sav 1 Jan or 190 kan. This seale can vary tiom map oo map but oot wachin a map.
T arvstance, lexde al The trap ol Tndia alongsides the oo ol Tl




186 B MaHeesar o

Yo will find that when the maps are drawmn of same size, seales and the distances in
the Loedr mapes will wvare, That 15 1 omalspace inthe map ol Delhi will represent small e
dstanees gs compared to the distancees n the rmag of Tndig,
‘I'he lareerthe place and smaller the size of the map drawn. the areater s the distance
represenled Ty | o
Ilnas, e can sununarise that:
[ A e depricts the Tocilion ol particular stjeclypacsin relatian toother shjecl s places,
T Svmboly arcused to depter the different ehicomsiplacey
3. There s no veference or perspective in map. Le., obects chat are closer to the
aheerwer are shoaen L b ol e sarne stee aq [hose That are Larther meeny Tor
cranple, ook ar the following dhistranon (ki 1A

Fig 0.1

4. Mapsuse a scale which i3 fixed for a patioalar map. It reduces the real distances
propwrGomitely o disharces an Lthe pajper.

1. Look at the tollowang map of a city (kg 12.5)

LitE ey, | 1 Polie | 0T LekE.
' '; : e |! : !#rmm’ F
1 I el i

F = — - — = -—— - — i - -

e
“ﬁhl’IE' pEPiLAL,

oL ||

=1

[

o m o

P I G i i T L

'kt
:I
§=
LR

Fig 10.5

{a) Corlomr Che rvap as ollowes: Iue-wealer, Fed-lire stadon, Chanee-1abrarny:,
YWellow=sehools, Creen-Parks. Fink-Community Centre, Pomple-Hogptal,
Browen-Cemetry.
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dby Ak a Grosen "R ab Uhe milersesliom o 2Znd stves and Tramitn stveel A THack
Y “wrhere the mver meers the third streer. Ared "2 at che interzection of main
sireel arsl 14l slreel.
ey Tnmagenta colour, drae g short stroet routs: fom the college fo the lake
2. Draw a map of the route from wour house to vour school showing important

lamicdrarks

E. EXERCISE 10.2

1. Lok at the piven map of'a aity.

Ardweer L [l dng
() Colowrthe map as folloss: Blue-varer, red-are stanon, omnge-librgms yellows
- scheels, Cireen - pack, Pink - College, Purple - Heapital, Brown - Cemestecs.
by Ak a areen X a0 the mierscetion of Beadd 2O wl eho Bl Creen =%
ar the ntersection of Gancdfu Foead and Boad A,
ey Tored, drae ashorl soveel woue Tiom Lilirary tooche os depol
(dy Which s fnther case, the emye park or the mark er?
(2% Which i furtber south, the primary school ar the 1 Seconclary School?
20 T sovwpe et vonr class oo eang prepes scale and symbaald e dillieren ] ohjeei=,
3. Drawamap of vowr schoel componnd using proper scale and symbals for vanons
lealures lukephx covnme main Toilding, warden elc.
4, Trgwy o map i Etrihions we ot ﬁxnd iy thyr shee reachas vour house wathout
aryy ditliculry.

10.4 Faces, Edges and Vertices
Toowals s Ches Fallorwan sulids!
\T Serle
Ruddle
Tl mo vemaces.

I have na flat
Taecs, Whooam 1M
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o
=

Each of these solids is made up of polygonal regions which are called its faces;
these faces meet at edges which are line segments; and the edges meet at vertices which
are points. Such solids are called polyhedrons.

These are polyhedrons These are not polvhedrons

How are the polyhedrons different from the non-polyhedrons? Study the figures
carefully. You know three other types of commaon sohds

Buse
@Hm
Biuse
];::;:::, Lateral surface
Cone Cylinder

Convex polyhedrons: You will recall the concept of convex polygons. The idea of
convex polyhedron is similar,

\=/

These are convex polvhedrons These are not convex polyhedrons

Regular polyhedrons: A polvhedron is said to be regular if'its faces are made up of
regular polvgons and the same number of faces meet at each vertex.
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This polvhedron is regular. This polvhedon i1s not regular. All the sides
Itz faces are congruent. regular are congruent; but the vertices are not
polvgons. Vertices are formed by the formed by the same number of faces.
saime number of faces 3 faces meet at A but

4 faces moect al B.
Two important members of polyhedron family around are prisms and pyramids.

These are prisms These are pyramids

We say that a prism 15 a polvhedron whose base and top are congruent polygons
and whose other faces, 1e., lateral faces are parallelograms in shape.

On the other hand, a pyramid is a polvhedron whose base is a polygon (of any
number of sides) and whose lateral faces are triangles with a common vertex. (Ifyou join
all the comers of a polyezon to a point not inits plane, you get a model for pyramid )

A prismor a pyramid is named after its base. Thus & hexagonal prism has a hexagon
a5 its base, and a triangular pyramid has a triangle as its base, What, then, is a rectangular
prism? What is a square pyramid? Clearly their bases are rectangle and square respectively,

DO THIS

Tabulate the muimber of faces, edges and vertices for the following polyhedrons:
(Here “V" stands for number of vertices, “F" stands for number of faces and “E” stands
for number of edges).

. ~
Sohid F Y E F+W¥ E+2

Cuboid
Triangular pyramid
Triangular prism

Pyramid with square base

L Prism with square base y
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What do you infer from the last two columns? I_n each case, do you find
F+V=E+1 ie,F+V-E=2?This relationship is called Euler’s formula.
In fact this formula is true for any polyhedron.

B THINK, DISCUSS AND WRITE Wi

What happens to F, ¥ and E if some parts are sliced off from a solid? (T start with,
you may take a plasticine cube, cut & comer offand investigate). |

B EXERCISE 10.3

1. Can a polyhedron have for its faces
{i} 3 trangles? (i) 4 triangles?
(Hi) asquare and four triangles?
2. Isit possible to have a polyhedron with any given number of faces? (Hint: Think of
a pyramid),
3. ‘n’r’h'h:h are prisms among the following?

,:_,:.:;:o =

Unsharpened pencil

] {iv)

A table weight A box

4. (1) How are prisms and cylinders alike?

()  How are pyramids and cones alike”
5. Isasquare prism same as a cubeT Explain.
6. Venfy Euler’s formula for these solids.

i (it}
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7. Uaing Buler’s formuola find the unknowmn,

@ Faces ! s a0 )
Yerfices 5] " |2
8 Edpes 12 o b 5

& Cavapolvhedvon e 10 e 200 aloes and 13 verhioes?

— WHAT HAVE WE DISCUSSED? [

Rechonising 20 and 3T oljects.

Breounising difforont shapes in nested abjecrs.

30 olyjects have different viess o difterent positions.

A myp 1y thfferomt, from g picterg

A map depicts the location of a particular ebject’place 1nrelationts other objectaplaces.
Symnbls are wsesd Lo demcl Che dillerent ohyjeclwpslaces

There: 15 no reforencs: or perspeciivein g map.

Maps involve a seale which is (xed o a particular maj.

R I A

a

Tror e polvhuedron,

F-%v E=2
wehetie *T7° slarsds Lor nwmber ol laces, 3 stands foe norether ol vertices and T swands Gog member ol
clees, Thiz relationship s salled Foler®s fuomunly,
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YT NOTES A,




Mensuration

11.1 Introduction

We have learnt that for a closed plane figure, the perimeter 15 the distance around its
boundary and its area is the region covered by it We found the area and perimeter of
various plane figures such as triangles, rectangles, circles etc. We have also learnt to find
the area of pathways or borders in rectangular shapes.

I this chapter, we will fry to solve problems related to perimeter and area of other
plane closed figures like quadrilaterals.

We will also learn about surface area and volume of salids such as cube, cuboid and
eylinder,

11.2 Let us Recall
Let us take an example to review our previous knowledge,
This is a figure of a rectangular park (Fig 1L 1ywhose length is 30 m and width is 20 m.
(i) What is the total length of the fence surrounding it? To find the length of the fence we
need to find the perimeter afthis park, which is 100 m

CHAPTER

{Check it) -
(i} How much land is occupied by the park? To find the n
land ocoupied by this park we need to find the area of

this park which is 600 square meters (m™ ) {How™) o
(it} Thereis a path of one metre width running inside along | £, _|

the perimeter of the park that has to be cemented.  ,

If | bag of cement is required to cement 4 m” area, how TH——7 R — |

many bags of cement would be required to construct the
cemented path?

area of the path

area cemented by | bag
Area of cemented path = Area of park — Area of park not cemented,
Path is 1 m wide, so the rectangular area not cemented is (30 - 2) = (20 - 2} m’.
That is 28 = 18 m™
Hence number of cement bagsused = -——--mmrmereeeemees

{iv) There are two rectangular Bower beds of size 1.5 m = 2 m each in the park as
shown in the diagram (Fig 11.1) and the rest has grass onit. Find the area covered

by grass.

We can say that the number of cement bags used =

Fig 11.1
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Area of rectangular beds =

Area of park left after cementing the path =

Area covered by the grass =

We can find areas of geometrical shapes other than rectangles also if certain
measurements are given tous . Try to recall and match the following:

r [¥iagram Shape Aren j
d rectangle s
b
i
square b h
ar
triangle nh
B
|
i ;" ; patallelogram 5 bxh
b
circle axh
Can you write an expression for the perimeter of each of the above shapes?

LS A

TRY THESE

(a) Mhmh_thﬁﬁil;égﬁﬁgﬁgurﬁuﬁmtheitrmpmﬁvﬁmimhequ. /".-'\

& ' &
| & I!_I'h E ?Im il 49 cnr’
Lo A F L
— 14 em — 14 em : k 14em { 7 em®
Tem 7 em 98 cm

(b} Write the perimeter ofeach shape. F— 14 em i —7 em—
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B EXERCISE 11.1

1. A square and a rectangular field with
measurements as givern in the figure have the same
perimeter. Which field has a larger area?

—6m— |—8im—

2. Mrs. Kaushik has a square plot with the . ()
measurement as shown in the ficure, She wants o
construct a house in the middle of the plot. A garden is developed
around the house, Find the total cost of developing a garden around
the house at the rate of T 55 per ny’

3. The shape of'a garden is rectangular in the middle and semi circular
at the ends as shown in the diagram. Find the area and the penmeter

T ©ofthis garden [Length of rectangle 1s
( ) Tm  20-(3.5+3.5) metres].
1

Nm 4

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 tiles are required to cover a floor of
area 1080 m? {Ifrequired you can split the tiles in whatever way vou want to fill up
the corners)

5. Anantis moving around a few food preces of different shapes scattered on the foor,
For which food-piece would the ant have 10 take a longer round? Remember,
circumierence of a circle can be obtained by using the expression ¢ = 2ar, where r
16 the radius of the circle.

(a)

I[l:} — 28 em—

(b)

2.8 crm = — 1 H e —

11.3 Area of Trapezium

Nazma owns a plot near a main road
(Fig 11.2). Unlike some other rectangular
plots in her neighbourhood, the plot has
only one pair of parallel opposite sides,
So, it is nearly a trapezium in shape. Can
you finel out its area” : 20 my Wm
Let us name the vertices of this plot as
showninFig11.3 = .

By drawing BC || AB, we can divide it N em—
into two parts, one of rectangular shape B ] p—f—

and the other of triangular shape, {which —2m— Fig 11.3

i right angled at C), as shownin Fig 11.3, Fig 11.2 (h=¢+a=30m)
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I |
Area of A ECD = 7k« = T*12x10 =60 m?,
Area of reciangle ABCE = h = @ = 12 = 20 = 240 m’
Area of trapezium ABDE = area of A ECD + Area of rectangle ABCE = 60 + 240 = 300 m’
We can write the arca by combiming the twao areas and write the area of trapezium as

| o
EIEEDFABDE=EJI }’c—hxﬂ=h[:+n]

[L‘+Eﬂ] [c'+-::.'+a],
h =h|—-
2 2N\

=h {bt”] = height (sum ﬂfpa;alle! sides)

{h+a)

=300 m’

By substituting the values of b, b and a in this expression, we find /

TRY THESE

17 Nmswﬂmmampﬁums@edpmtlwﬂmtmﬂrﬁemmm
(Fig 11.4), Show that the area of trapezium WXYZ = j:{“"'ﬂ

2. Kh=10em,c=6cm, b=12cm,
H*#mﬁuﬁﬂmvaluasnfmhm*
its parts separetely and add to find
the area WXYZ. Verify it by putting
the values of b, @ and & in the

#[a+a'r]

3

ﬂ:prﬁﬁmn

of graph paper as shown in the figure
and eut it out {Fig 11 5),

. Draw any trapezium WXYZ on a piece #

2 Find the mid point of XY by folding 4
the side and name it A(Fig 11.6),

Fig 11.6
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3. Cut trapesium WXYZ mio two preces by cutting alonez ZA. Place A ZYA as shown
in Fig 11,7, where AY is placed on AX

What is the length of the base of the larger
triangle? Write an expression for the area of J
s " “'
this triangle (Fig 11.7). Fig 11.7 :¥}
4. The area of this triangle and the area of the trapezium WXY Z are same (How?7).
Get the expression for the area of trapezium by vsing the expression for the area
of triangle,

So to find the area of a trapezium we need to know the length of the parallel sides and the
perpendicular distance between these two parallel sides, Half the product of the sum of
the lengths of parallel sides and the perpendicular distance between them gives the area of

trapezium.

TRY THESE

Find the area of the tollowing trapeziums (Fig 11.8),
(i) (if)
=

E’“" 10

DO THIS

In Class V1 we learnt to draw parallelograms of equal areas with different penimeters.
Can it be done for trapezium? Check if the following trapeziums are of equal areas but
have different penmeters (Fig 11.9).

]
P
=

Fig 11.9
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We know that all congruent figures are equal in area. Can we say figures equal in area
need to be congruent too” Are these fizures congruent?

Draw at least three trapeziums which have ditferent areas but equal perimeters ona
sjuared sheet.

11.4 Area of a General Quadrilateral

A general quadrilateral can be split into two triangles by drawing one of s diagonals. This
“tnangulation” helps us to find a formula for any general quadnlateral. Studvthe Fig 1110

Area of quadnlateral ABCD
= (area of A ABC) + (arca of A ADC)

| !
(FAC )+ (FAC )

| "
EAC Akt h) Fig 11.10

1
3 o { b, ~ k) where d denotes the length of diagonal AC.

Example 1: Find the area of quadrilateral PORS showninFig 11.11
Solution: Inthis case, d= 5.5 ¢m, b= 2.5cm, A, = 1.5 em,

|
Are=-z~di.ﬁ+h}

1
3" §.5% (2.5 + 1.5) e’

1
E~55>4cm: 11 ¢m?

W mwﬂdw*aﬂmqmmm Letus

m such a quadrilateral into two triangles, find their

areas and hence that of the paralielogram. Does this agree
B with the formula that you know already? (Fig 11, 12)

Fig 11.12

11.4.1 Area of special guadrilaterals

We can use the same method of sphitting into triangles {(which we called “tnangulation™) o
find a formula for the area of a rhombus. In Fig 11,13 ABCD is a rhombus, Therefore, its
diagonals are perpendicular bisectors of each other

Area of thombus ABCD = (area of A ACD) + (area of A ABC)
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Ik

L
| !
“AC % OD) (5 * AC * OB)= = AC * (OD + OB) (
A n

Fig 11.13

{

10 || -

1 1
EA{' “BD=7d =d, where AC=d and BD=d, A
In other words, area of a rhombus is half the product of its diagonals.

Example 2: Find the area of a rhombus whose diagonals are oflengths 10 cmand 8.2 em.
1
Solution: Areaofthe thombus= = o where d . o, arelengths of diagonals.

[
— = 0= &2 em*=4] em’

.5

B THINK, DISCUSS AND WRITE Wi

A parallelogram is divided into two congruent triangles by drawing a diagonal across
it. Can we divide a trapezium into two congruent triangles?

TRY THESE

Find the area
of these
quadrilaterals

(Fig 11.14).

-

11.5 Area of a Polygon
We split a quadrilateral into triangles and find its area, Similar methods can be used to find
the area of a polygon. Observe the following for a pentagon: (Fig 11,15, 11.16)

/.

E

Fig 11.16

Fig 11.13 B constructing one diagonal AD and two perpendiculars BF

By constructng two diagonals AC and AD the 304 G on it pentagon ABCDE is divided into four parts. So.

pentagon ABCDE is divided into thrée parts. 500 of ABCDE = arca of right angled A AFB + arca of

So. area ABCDE = arca of AABC *arcaof ypypeinm BFGC + area of right angled A CGD + area of
A ACD + area of & AED. A AED. (Identify the parallel sides of trapezium BFGC )
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TRY THESE

il Divide the following polygons (Fig 11.17) into parts (triangles and trapezium) to
find out its area.

F

Fig 11.17
Fl is a diagonal of polygen EFGHI NQ is 4 dingonal of polvgon MNOPQR

(i) Polyzon ABCDE is divided into parts as shown below (Fig 11,18). Findits area if
AD =8 cm, AH =6 cm, AG=4 cm, AF =3 cm and perpendiculars BF =2 em,
CH=3cm EG=25cm.

Area of Polygon ABCDE = area of AAFB+

.1 I |
Area of AAFB= =« AF x BF= =23 5x2=

2
Area of trapezium FBCH = FH xﬁ%ﬁﬂ.
E o
Fig 11.18

Areq of ACHD = %wtmx‘m{ = . Areaof AADE= %xm “GE =....

S, the area of polyeon ABCDE =, ]
(iii) Find the area of polygon MNOPOR (Fig 11.19)if

MP =9 cm, MD =7 em, MC =6 cm. MB =4 cm,

MA=2om_

NA, OC, ODand RB are perpendiculars 1o

diggonal MP

Example 1: The area of'a trapezium shaped field is 480 m*, the distance between two
parallel sides is 15 m and one of the parallel side is 20 m_ Find the other parallel side

Selution: One of the parallel sides of the trapezium is.a = 20 m, let another parallel
side be b, height A=15m.
The given area of trapezium = 480 m”,
|
Area of & trapezium = Eﬁr {er+ B)
480 x 2
15

|
So 480 E!lir[iﬂlb] or 20+ A

or 64=20+h or b=44m
Hence the other parallel side of the trapezium s 44 m.
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Example 2: The area of a rhombus is 240 e’ and one of the diagonals is 16 cm. Find
the other diagonal.

Solution: Let length of one diagonal &, = 16.cm
and length of the other diagonal = o,

1
Area of the rhombus = 3 d .d,=240
!
So, = 16+ d, =240
Therefore, o, = 30 cm
Hence the length of the second diagonal is 30 cm.

Example 3: There is a hexagon MNOPQR of side 5 em (Fig 11.20). Aman and
Ridhima divided it in two difterent ways (Fig 11.21).

Find the area of this hexagon using both ways.

M 4]

L5 ]

Fig 11.20 Ridhima®s method Aman's method

Fie 11.21
Solution: Aman’s method: g

Since il 15 a hexagon 50 NOQ divides the hexagon into two congruent trapezums. You can
verify it by paper folding (Fig 11.22)

: al+3) e
Now area of trapezium MNQR = 41’“—2“ =% 16=32 cmy.
So the area of hexagon MNOPOR = 2 = 32 = 64 cm”, T
Ridhima’s method: Fig 11.32
A MNO and A RPOQ are congruent triangies with altitude
Jem (Fig 11.23)

You can verify this by cutting off these two tnangles and
placing them on one another

Fig 11.23

1
Area of A MNO =7 = 8 x 3= 12 cm” = Area of A RP(Q)

2
Area of rectangle MOPR =8 = 5 =40 cm’
Now, area of hexagon MNOPOR =40 + 12 + 2 = 64 cm”,

B EXERCISE 11.2

1. The shape ofthe top surface of'a table is a trapezium. Find its area
if its parallel sides are 1 mand 1.2 m and perpendicular distance
between themis 0.8 m.
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The area of a trapezium is 34 cm” and the length of one of the parallel sides is
10 cm and its height is 4 cm_ Find the length of the other parallel side

3. Length of the fence of a trapezium shaped field ABCD is 120 m. If
BC=48m, CD=17 mand AD =40 m, find the area of this field. Side

2.
A 1]
gLl

4.

4 m

I m

=
i €

M em

28 em

C ARB is perpendicular to the parallel sides AD and BC.

The diagonal of a quadrilateral shaped field is 24 m
and the perpendiculars dropped on it from the 13m
remaming opposite vertices are 8 mand 13 m. Find Y

the area of the field

The diagonals of a rhombus are 7.5 emand 12 ¢m. Find
s area.

Find the area of a rhombus whose side is 5 em and whose altitude is 4.8 cm

If one of its diagonals is 8 ¢m long, find the length of the other diagonal.

The floor of a building consists of 3000 (iles which are thombus shaped and each ol
its diagonals are 45 cm and 30 cmoin length, Find the total cost of polishing the foor,

Em

if the cost per m-is T4, Ruad
Mohan wants to buy a trapezium shaped field. : :
Its side along the river is parallel to and twice

the side along the road. 1 the area of this field is A‘ -+ \
10500 m* and the perpendicular distance = 4

B T T e S e " R e

e o N . T R N S L . m em

between the two paralled sides 15 100m, fnd the — === = == = == = = ="=

PP vt S I OF S ey pet e
e il e il il il ol i ol il e

length of the side along the river, River

9. Top surface of a raised platform is in the shape of a regular octagon as shown in
the figure, Find the area ofthe octagonal surface,

10, There s a pentagonal shaped park as shown in the figure.

For finding its area Jvot and Kavita divided it in two different ways.

A

] [ o i I

Joyti's disgram  Kavita's diagram

Find the area of this park using both ways, Can you suggest some other way
of linding its area?

11, Dhiagram ol the adjacent pscture lkame has outer dimensions = 24 cm = 28 ¢m
and inner dimensions 16 ¢m = 20 ¢m, Find the area of each section of
the frame, if the width of each section is same.

11.6 Solid Shapes

In your earlier classes vou have studied that two dimensional figures can be identified as
the faces of three dimensional shapes. Observe the solids which we have discussed so far
(Figz 11.24),
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eries
face
vilpe
Cuhoid Cybnder Cone

Fig 11.24
Observe that some shapes have two or more than two identical (congruent) faces.
Name them, Which solid has all congruent faces?

DO THIS

Soaps, toys, pastes, snacks etc. often come in the packing of cuboidal, cubical or
ﬁyhm:imai boxes. Collect, such boxes (Fig 11.25). .

Fig 11.2%

Cuboidal Box Cubical Box

ANl =ix Taces are reciangular,
and opposiies faces are
identical, Sothere are thiree
pairs of identical Baces.

-\_H‘L-'—
Al =i Goes
ArC sqLiarcs

and identical

_-\"\-\__
e curved surface
and two circular
Lces which arc _ Lircular base
uheniical. and top are
i idemtical

MNow take one type of box at a time. Cut out all the faces it has, Observe the shape of
each face and find the number of faces of the box that are identical by placing them on
each other Write down your observations.

Cylindrical Box

Curved sorface
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Did vou notice the following;

The evlinder has congruent circular faces that are parallel
to each other (Fig 11.26). Observe that the line segment joining
the center of circular faces is perpendicular to the base. Such
— evhnders are known as right circular eylinders. We are only =t
going to study this type of cylinders, though there are other

Fiz 11.26 p & Fig 11.27
s of cvlinders as well (Fig 11 27),
{This 15 a right type o (Fig ) ( This 15 nota nght
circular cvlinder) circular cvhinder)

E. THINK, DISCUSS AND WRITE W

Why is it incorrect 10 call the solid shown herea cylinder?

11.7 Surface Area of Cube, Cuboid and Cylinder

Imran, Monica and Jaspal are painting a cuboidal, cubical and a cylindncal box respectively
of same height (Fig 11 28)

Fig 11.28

They try to determme who has pamted more area. Hari suggested that finding the
surface area of each box would help them find it out,

Tofind the total surface area, find the area of each face and then add. The surface
area of a solid is the sum of the areas of its faces. To clarify further, we take each shape

one by one.
—_—
11.7.1 Cubeoid T
§l M p= B —i}—= |
Suppose vou cut open a cuboidal box T T
angd lay it flat (Fig 11.29) We can see T

anet asshown below (Fig 11.30),

Write the dimension of each side.
You know that a cuboid has three

PARTE
|_

pairs of identical faces. What i e I | A
expression can you use to find the —i— e
area of each face? :

Fig 11.29 Fig 11,30

Find the total area of all the faces
of the box. We see that the total surface area of a cuboid 15 area T+ area 11+ area 171 +
area [V +area V4 area V1

=hxithxl+hxpt+inh+bah+inxb
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Sototal surfacearea=2(h = f+ h=h+ b= )=2{lh+ bh + hi)
where &, {and b are the height, length and width of'the cuboid respectively.

Suppose the height, length and width of the box shown above are 20 cm, 15 em and
10 em respectively
Then the total surface area =2 (20 = 15 + 20 =10 + 10 = 15)

2 ( 300+ 200 + 150) = 1300 m?
TRY THESE

Find the total surface area of the following & |
cuboids (Fig 11 31); : l N 1 e
2t

F——firm : f}lﬂlﬂ‘ 4 cm

® The side walls (the faces excluding the top and “1"'
bottom) make the lateral surface area of the )
cuboid, For example, the total area of all the four
walls of the cuboidal room in which you are sitting
15 the lateral surface area of this room (Fig 11.32).

——

i g

Hence, the lateral surface area of acuboid isgiven ' ; =
by 2(h = [+ b < Kor 2h (I +B). Fig 11.32 ¥

DO THIS i

(i) Cover the lateral surface of a cuboidal duster (which vour teacher uses in the
class room) using a strip ofbrown sheet of paper. such that it just fits around the
surface. Remove the paper. Measure the area of the paper. Is it the lateral surface
area of the duster?

(i) Measure length. width and height of your classroom and find
(a) the total surface area of the room, ignoring the area of windows and doors.
(b} the lateral surface area of this room.

{c) the total area of the room which 1s to be white washed.

HE. THINK, DISCUSS AND WRITE d

1. Can we say that the total surface area of cuboid =

lateral surface area + 2 * area of base?

If we interchange the lenaths of the base and the height 4] <a b/
of a cuboid (Fig 11.33(1)) to et another cuboid —————+ /
(Fig 11.33(il)), will its lateral surface area change? (i) g 1133 77 G

————

=3
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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{1)]. {You
know that this pattern is a net of a cube. Fold it along the lines [Fig 11.34{ii)] and
tape the edges to form a cube [Fig 11.34(iii)].

1 i Ty T
= =
i b
S
‘E=====
Fig 11.34 !
! é !
! /
F
I ! ;
0 Figiss

(a) What isthe length, width and height of the cube? Observe that all the faces of'a

cube are square in shape: This makes length, height and width of a cube equal
(Fagz 11.35(1)).

(b) Write the areaof each of the faces. Are they equal?

{c} Writethe total surface area of this cube.

(d) Ifeachside ofthe cubeis [ what will be the area of each face? (Fig 11.35{i1)).
Can we say that the total surface area of a cube of side /is 657

Find the surface area of cube A and lateral surface area of cube B (Fig 11.36)

Fig 11.36
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HEEE THINK, DISCUSS AND WRITE Wi

{i) Two cubes each with side b are joined to form a cuboid (Fig 11 37). What is the
surface area of this cuboid? Ts it 125" Is the surface area of cuboid formed by
joining three such cubes, 1847 Why”

!
B
f 3 .-41
4 A +—vb—n—ﬁ~—1r“'b
I
b
1
A
|—-ﬁ-—~||—-j|—a-—-b-—ﬂ’j
Fig 11.37
(i) How will you arrange 12 cubes of equal length to form a
cuboid of smallest surface area?
(i) After the surface area of a cube is painted., the cube s cut
into 64 smaller cubes of same dimensions (Fig 11.38)
How many have no face pamted? | face painted? 2 faces
painted? 3 faces pamnted? Fig 11,38

11.7.3 Cylinders

Maost of the cylinders we observe are tight circular cylinders. For example, a tin, round
pillars, tube lights, water pipes etc.

(i} Takeacylindncal can or box and trace the base of the can on graph paper and cut
it [Fig 11,39{1)]. Take another graph paper in such a way that its wadth is equal to
the height of the can. Wrap the strip around the can such that it just fits around the
can{remove the excess paper) [Fig 11.39i))

Tape the pieces [Fig | 1.39(ii)] together to form a evlinder [Fig 11.3%iv)]. What is
the shape of the paper that goes around the can?

- ) —
i i t";'jl i) ‘ (i) J

Fig 11.39




188 B Maruessrics

Of course it is rectangular in shape. When you tape the parts of this cylinder together,
the length of the rectangular stnp is equal to the circumference of the aircle. Record
the radius (r) of the circular base, length (/) and width (/) of the rectangular strip.
Is 2mr = length of the strip. Check if the area of rectangular stnip is 2mrk, Count
how many square units of the squared paper are used to form the cylinder
Check if this count is approximately equal to 2rr (r + i),

(i) We can deduce the relation 2rr {r + /) as the surface area of a cylinder in another
way. Imagine cutting up a cylinder as shown below (Fig 11.40).

T ———sara=mnr

—— 2nr
I +
h 4 area =2Xmrk
| LT+
L — C_T—— ———— area = fr
Fig 11.40
1:!_ . 5 "
Nt s ket o B e The lateral {or curved) surface area of a cylinder is 2k,

s atherise st | The total surface area of a cylinder= = + 2ark + 7

= 2ar- + 2arhror 2rr (r + H)

TRY THESE

Find total surface area of the following cylinders (Fig 11 41)

e Tk

Fig 11.41 I

H THINK, DISCUSS AND WRITE W

Mote that lateral surface area of a cylinder is the circumference of base = height of
cylinder. Can we write lateral surface area of'a cuboid as perimeter of base  height
of cuboid?

Example 4: An aguarium is in the form of a cuboid whose external measures are
#0.cm = 30 cm = 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: Thelength ofthe aquanum=/=280cm
Width ofthe aquarium =/ = 30 cm
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Heieht of the aquanum= A =10 cm
Area ol the base — o b — BG » 30 = 2400 ¢y
Arcyg ofthoegide face = H < =30~ 40 = 1200 gt
Ares of the back: face =17~ =80« 40 = 3200 oo

Rogqured aren Arcaolithebase  aren ol the back lace
— {2 = gren of g side faec)
240001 32 (2 = 12000 BADD cmd
TTemee the arca o the coloured papor reguired s 8000 ane
Example 5: Themtemal megsures of g cuboidal ropmoare 1I2m=sm o m. Find the
rotal cost of whitewazhing all four walls of & room. Ethe cost of white washing 157 3 per
rer. Whal will Tes the cosl ol whive washiog iMe cetling of The room is @lao whilewishbed.
Solution: leltelengholthewaom ¢ 12w
Widiholhe room & B m
Heighrofthe room=A42=1m
Adea albe Tour walls ol the coom — Perimeler ol Ue base ~ Haizht ol te reom
—E{f- by h=2(124+8)] 4
=2 20 g = 100 me
sl el while weashing por s 5
Henee the rotal cost of whire waching four walls ofthe room =T {100« 5)=T &)
Area olceilingis 12 -3 96 nv’
Cost of white washing thocaling =T (96 53 =7 A8
S0 the total cost of white washing = T (800 — 48005 =T 1287
Ezample B: Inabuilding there are 24 eylindrical pillacs. The radius oleach pillar
i 28 crmoand beighieis 4 me Taind Hhe wetal cost ol pamling the curved surlce aver ol
all pillars af the rate of T8 perm

Solution: Kadvs of cvlindrical pillar ¥= 3% cm= 1034 m
hodeht, = 1m

curved surlace area ol cylinder Zeef

22
curved sucface area of a pullar = 2x D28 x4 =704 m?

curved surfaecares of 24 such pllar= 704 21=1a8%m
cosl ol painting an area ol 1or - T8
Therefore, cost ofpanting 580 &m:— 16596 ~ B -7 [35] 68

Example 7: Find the height of g cylinder whese radivs is 7 omoand the:
total sutiee aren s 908 om?

Solution: Lot heiehr ofthe evlinder= 1, radivs=r="7am
Llotal muface area = Zar i+ )
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22
2 —T'K?>-{?+hj=963

h=[5cm

Hence, the height of the cylinder is 15 cm,

o,

B EXERCISE 11.3

There are two cubmdal boxes as

shown in the adjoining figure. Which T
box requires the lesser amount of I“ b
1 e J-
matenal to make? 1 it
A suitcase with measures 30 cm = P,,-m";m e
1|
48 cm = 24 cm s to be covered with '_ﬂ;:;“ - :Ilrcim

a tarpaulin cloth, How many metres of tarpaulin of width 96 cm is required to cover
100 such suitcases?

Find the side of a cube whose surface area is
600 cm”,

Rukhsar painted the outside of the cabinet of
measure 1 m = 2 m > 1.5 m. How much
surface area did she cover if she painted all except the bottom of the cabingt

Daniel is panting the walls and ceiling of a

cuboidal hall with length, breadth and height T T
of 15 m, 10 m and 7 m respectively. From 7 em Tem
each can of paint | 00 m" of area is painted. | !‘J.
How many cans of paint will she need to paint Tem

=T em— —7 m—ll"’

the room?

Describe how the two figures at the nght are alike and how they are different. Which
box has larger lateral surface area”

A closed cylindnical tank of radius 7 m and height 3 mis
made from a sheet of metal. How much sheet of metal is
regjuired”

The lateral surface area of'a hollow cylinder is 4224 cm,
It is cut along its height and formed a rectangular sheet
of width 33 cm. Find the penimeter of rectangular sheet?

A road roller takes 750 complete revolutions to move
once over to level a road. Find the area of the road if the
diameter ofa road roller is 84 cm and lengthis T m.

A company packages its milk powder in cylindrical
container whose base has a diameter of 14 cm and height
20 em. Company places a label around the surface of
the container (as shown in the figure), Ithe label is placed
2 am from top and bottom, what is the area of the label,

—14 cim—
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11.8 Volume of Cube, Cuboid and Cylinder

Amount of space occupied by a three dimensional object is called its volume. Try to
compare the vohuome of objects surrounding you. For example, volume of a room 1s greater
than the volume of an almirah kept insade it Similarly, vohume of vour pencil box s greater
than the volume of the pen and the eraser kept inside it
Can vou measure violume of either of these objects?

Remember, we use square units to find the area of a
resgon. Here we will use cubic units to find the volume of a
solid, as cube 15 the most convement solid shape (just as
square 1s the most convenient shape to measure area of'a

regIon),

For finding the area we divide the region into square
units, similarly, to find the volume of a sohid we need to
divide 1t into cubical units,

Ohbserve that the volume of each of the adjoming solids s

8 cubic units (Fig 11.42 ),

We can say that the volume of a solid is measured by
counting the number of unit cubes it contains. Cubic units which we generally use to measure
volume are

Fig 11.42

| cubicem=lem= lem =1 ém=1cm’

= 0mm= Wmm= 10mm=.._...... mm’
loubcm=1m=*Im=1m=1m
T - L cm’
| cubicmm= |1 mm = | mm * | mm= | mm’
=0 1lem ¥ 0l em =0 lem=.....ccooociiine cow’

We now find some expressions to find volume ofa cuboid, cube and cylinder. Let us
take each solid one by one.

11.8.1 Caubeid

Take 36 cubes ofequal size (i e, length oFeach cube is same), Arrange them to form a cuboid
You can arrange them in many ways, Observe the following table and fill in the blanks,

-~

cuboid lengih | breadih | height | 72hxh=V

(i) IL 12 3 1 |12x3x1=36

—————— 12 umity i} I units

(i} I
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(i}

{iv)

T What do vou observe?
@ Since we have used 36 cubes to form these cuboids, volume of each cuboid
e 15 36 cubic units. Also volume of each cuboid is equal to the product of length,

breadth and height of the cuboid. From the above example we can say volume of cuboid
== b= Since ! = bisthe area of its base we can also sav that.

Volume of cuboid = area ol the base = height

DO THIS

Take a sheet of paper Measure its

arey. Pile up such sheets of paper

of same size to make a cuboid

(Fig 11 43}, Measure the height of

this pile. Find the volume of the et —
cuboid by finding the product of

the area ofthe sheet and the height

of thispile of sheets. Fig 11.43

that volume of'a solid can be deduced by this method also (if the base and top of the

solid are congruent and parallel 1o each other and its edges are perpendicular to the
base), Can you think of such objects whose volume can be found by using this method?

TRY THESE

Find the volume of the following cuboids (Fig 11.44).

0 e e —
8o s o 2m'

Fig 11.44
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11.8.2 Cube

The cube is a special case of a cuboid, where /=h=#
Hence, volume of cube =1 = = =17

TRY THESE

Find the volume of the fhﬂmu‘il'lg,u.lhﬂs
{a} withasidedcm (b) withaside 1.5m

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
same surface area”

H. THINK, DISCUSS AND WRITE Wi

A company sells biscuits. For packing purpose they are using cuboidal boxes
box A—3em =8 cm= 20cm, box B—4ecm # 12¢m = 10 cm. What size of the box
will be economical for the company? Why? Can you suggest any other size (dimensions)
which has the same volume but 15 more economical than these?

11.8.3 Cylinder

We know that volume of a cuboid can be found by finding the [
product of area ofbase and its height. Can we find the volume of I X It
a cylinder in the same way? ]g l
Just like cuboid, cylinder has got a 1op and a base which are cubaid exBinder

congruent and parallel 10 each other, Tts lateral surlace is also
perpendicular to the base, just ke cuboid,

So the Volume of a cuboid = area of base = height
= = hxh=Ihh
Volume of cylinder = area of base = height

—_ —

=gurl = k= nrh "“{'_‘:rﬁ']““
TRY THESE
Find the volume of the following cylinders
() 7 em {if) |
Im
o |V | l

250 m’
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11.9 Volume and Capacity

There is not much difference between these two words.
{a) Volume refers to the amount of space occupied by an object.
(k) Capacity refers to the quantity that a container holds.

Note: 1Fa water tin holds 100 cm® of water then the capacity of the water tin is 100 ¢m’

Capacity 18 also measured in terms of litres, The refation between litre and cm” is,
1 mlo= 1 cm’ 1 L= 1000 cm’, Thus, 1 m = 1000000 cim®= 1000 L,

Example 8: Find the height of a cuboid whose volume is 275 cm® and base area

is 25 cm®
Solution: Volume of a cuboid = Base area < Height
., Volume of cuboid
Hence height of the cuboid = ———————
Base area
B 275 11
=55 T llem

Hesght of the cuboid 15 11 cm

Example 9: A godown isin the form of'a cuboid of measures 680 m = 40m = 30 m,
How many cuboidal boxes can be stored in it if the volume of one box is 0.8 m* 7

Solution: YVolume of onebox = 0.8 m’
Volume of godown = 60 = 40 = 30 = 72000 m'
: Volume of the godown
Number of boxes that can be stored in the godown =
HmREre : n m the g Volume of one box
B G0 = 40 = 30 — 90,000
- 08 s

Hence the number of cuboidal boxes that can be stored in the godown is 90,000,

Example 10: Arectangular paper of width 14 cm s rolled along its wicdth and a eylinder
22

of radss 20 cm s formed, Find the volume of the cylinder (Fig 11 45). (Take =3 for )

Solution: Acylinderis formed by rolling a rectangle about its width. Hence the width
of the paper becomes height and radius of the cylinder is 20 cm.

20 e
| I
14 cm I4 em
|
Fig 11.45

Height of the cylinder=# = 14 cm
Radius=r=20cm
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Volume ofthe cylinder=V =t r'h
= 2—:~x 0% 20 =14 = 17600 cm’

Hence, the volume of the cylinder i1s 17600 cm”.

Example 11: Arcctangular piece of paper |1 cm = 4 cm is folded without overlapping
to make a cylinder of height 4 cm. Find the volume of the cylinder.

Solution: Length of the paper becomes the perimeter of the base of the cylinder and
widih becomes height,

Let radius of the eylinder = r and height = #
Perimeter of the base of the evlinder = 2nr = 11

"HExr 11
ar - 5
T
Therefore, r= cm
Volume of the evlinder = V = rh
—sz?x?xﬁ =385 cm’
=Ty Ay cm* =385 e,

Hence the volume of the cylinder is 38.5 em’

B EXERCISE 11.4

1. Given a cylindrical tank, in which situation will you find surface area and in
which situation volume
{a) To find how much it can hold.
{b) MNumber of cement bags required to plaster it.
{¢)  To find the mmber of smaller tanks that can be filled with water from it.
2. Diameter of cylinder Ais 7 cm, and the height is 14 cm. Diameter of

cyvlinder B is 14 e and height is 7 cm Without doing any calaulations T T
can you suggest whose volume is greater? Verifiy it by finding the Hem 'iflll
volume of both the cylmders. Check whether the cylinder with greater J_

14 ¢~
volume also has greater surface area? =y 8

3. Find the height of a cuboid whose base area s 180 em’” and volume A
i5 900 cm™?

4. Acuboid is of dimensions 60 cm = 54 cm = 30 ¢m. How many small cubes with side
6 cm can be placed in the given cuboid?

5. Find the height of the cvlinder whose volume is | 54 m' and diameter of the base is
140 ¢cm 7

6. A milk tank is in the form of cylinder whose radius is 1,5 mand
lengthis 7 m. Find the quantity of milk in litres that can be stored
in the tank?

7. If each edge of a cube 1s doubled,
(i) how many times will its surface area increase”?
(it} how many times will its volume increase?
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8. Water is pouring into a cublodal reservoir at the rate of 60 litres per
minute. Ifthe volume of reservoir is 108 m’, find the number of hours it
will take to All the reservoir,

(i) atrapezium= half'of the sum of the lengths of parallel sides « perpendicular distance between

them.

(i) arhombus = half the product of its diagonals.
2. Surface area of a solid is the sum of the areas of'its faces.
3. Surfacearea of

a cuboid = 2(1h + bh + hi)

a cube =6 A

: —_——

a cylinder = 2ar{r + /1)
4. Amount of region oceupied by a solid is called its volume. T
Volume of i’
acuboid={=*h=h A
acube=F

P gy,

L

a cylinder = mrh
6. (i) lem=1mL
(i) IL=1000em’
(i) 1’ = 1000000 e’ = 1000L )




12.1 Introduction

Do you 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, S97 = 10 kg,

We read 107 as 10 raised to the power 24,

W know P=2u2x2 ]

and M=2xQH2RTFE 0P =T (mtimes)
Let us now find what is 2 2_is equal to”

12.2 Powers with Negative Expﬂn

CHAPTER

Exponents and Powers 1 2

Y Sou
10%
X
1l
We say:

10 raised to the power 24,

Expoireil is 4

You know that, 107 =10 = 0= 100 negalive inleger.
10'=10= E
10
1
r=1=—
14 As the exponent decreases by 1, the
1ot =7 vitlue becomes one-ienih of the
previous value,
P 1
Continuing the above pattern we get. 10 ' = 6
q- 1 ]U:—_.t__pl{]w_li_.){a_t.—L—
Strdlarty 10 10 10 100
ST B B N . 3
Coo 100 10 1000 10°

What is 10" equal to?
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Now consider the following.
FmIxInIm 2T

The previous number 15

27
33=3x3=9=-? divided by 1he base 3,
o :
Jmge—
A
3
=1==

g

so looking at the above pattern, w

|
(] - mith
3 ] +3 3
|
3 2= 1 — —ln = l:-
3 5 X N
1 1 1
3 = —‘+3 = e = '1
o o B T
You can now find the value of 27 in a similar manner:
| |
We have, 102 5 or 1= —
[ 10
I6-3= —I ¥ = —I
T o 10~
3-3 I 3 I
=" P=—= elc.
3 ar = clc

: i .
In general, we can say that for anv non-zero integera, a ™= g_’" where mr 15 a4

positive integer. a ™ is the multiplicative inverse of o

LXe  Fndthemiipicaseinerseo e oloing.
i {ﬁ,- 54 ﬁn 16 {ij} T.'I {'n.r} = {'"I:' 10

We learnt how to write numbers like 1425 in expanded form using exponents as
| = 10" +4 = 1P+ 2 = 100+ 5 = 10°,
Let us see how to express 1425 36 10 expanded form ina similar way,

3 B
J & ® = = S . o - ——
We have 1425 3= | = 100044 = [0+ 2= 10+ 5= TRETT

=1lx 1 +4 % 1P +2=x10+5=14+3 =100+ 6= 107

TRY THESE




Exporenrs anp Powers @l 199

12.3 Laws of Exponents

We have learnt that for any non-zero integer a, o™ = g"=a™ ", where m and # are natural
numbers. Does this law also hold if the exponents are negative” Let us explore.

I 1
(i} Weknowthat2 = — and2 *= —%

b 2°
| I I I
2 L o — — = = s
ﬁi} Take(-37* = {-3) ] —5 i the sum of two exponents — 3 and - 2
1 1 - &
PR B T T T B e o -
(-3 (-3} (-3¢ (=37
o
= — = —g - !
T T L
(i) Mow consider 57 = 57 EE'}";T'% In Class V1. vou have leamt that for any
g
5 Iy 54: ‘f_.],_:_x 54 _'E _51 1 — SI:"" NOH=ZErE wgm- '1' i‘;.zﬂlu—ﬂ1 'I.'l.'I'H:.'I'H
: i e
(iv) Mow consider (—5) » [-5)° i and # are natural nimbers and m = o
-} (=5) I
5y 4w (5P = ——x(-8)’ = = i
(-5)* (-5 {_5},. O oo
- (—5)2 - -ﬂ+2"—}
X

In general, we can say that for any non-zero integer a,
a’ =g =a" ", where mand n are integers.

TRY THESE

Simplify and writein exponential form, |
D G (i) 3w 30w 3

(O the same lines you can verify the following laws of exponents, where g and b are non .
zero Integers and me, # are any integers.

{i) % =g"™" () (o) =a™ (i) a® > b= (ab)*
£

a~ ay"
(iv) ‘_'—[“;__'] ¥} a'=

These laws vou bave studicd
i Class VI for positive
expancnis only,

Let us solve some examples using the above Laws of Exponents,
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Example 1: Find the value of

1
it 2 i) F
Solution:
- [ I ) I 2 .
i1l 2'=?=E i F=J =3ixl=9

Example 2: Sinphfe
fil ¢ 4P =i dp™ @ F+2°

Solution:
I -—
il =4 ==y "=f=4) "M==y "= . gt T =t At = —
i) -4 R D R =)
) =2 =20 =3 (gt s gt )
Example 3 Cxpress 4 “asa power with the base 2.
Solufion; W hywy 4=2 2=7
Therelore, (41 F—(2 =2} F =25 =270 12 % [{ire} = ar™]
Example 4: Sirnphly and waile the anaweer m e espone Bal Torm.,
M (=2« 27 Y N I ) B B I
v L . S
Solution:
|
rl.] |:_3:“+23_:|5 ) 5=|:.2:~ l.‘]:h w2 :~=|:1 '.-‘}:- 23=3 1 fzg = o
s

i (412 (5 SR NS S =00 =

1
[usins the law g < o= {ah)™, g™ - |
T.
, lxr,. - _L}{ T o i e 3 = _
(] " L1} BT A =4 o=l 21l = T
B & L
() (=31 = [:] =[—1x3} n 7 =(-11'=i'x —
K A A
(1P F =5 | 1r=1
Example G: Tindd wego that (=5 < (=3)"— [=3)
Solution: (—31" ' = (37 =(=3)’
I- 3}-_-\.1-'1-_'. IL 3]7
(=1 "=(=1)
O bath the sides powers have the same base citferent fiom 1 and 1, so their excponents
sl b eegual.
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Therefore, m+6=1 e =1 onlyif s = 0. This will work for any a.
or m=T7-6=1 Fora=11"=1"=1'"=1"=_.=lor(l)'=
1 for infinitely many .
5y For a=-1,
Example 6: Find the value of[d] o e ol il B 2 b L P
= 3 {—1)"= | for any even intecer p2,

3 A ol
Solution: [—3—]

Example 7: Simplify (i) {{%]— [%JS}*(
YT ey
& [E] E[EJ
Solution:

o {5 -G 1) -5

3R NG

4

3 |
S N L T e s
{f 13}+1-' PR

-7 5—7 E—j 5_? 3_!_ : ;
o (' B e

5 ~
— 5_2 3: I:Eilz-ﬁj
5= 25
EEE. P XERCISE 12.1
1. Evaluate,
W ; 2 = 1y
i) 3 (i) (-4) i) [;]

2. Simplify and express the result in power notation with positive exponent

(i) (—4Y+(—4)y @ [2]—,_]

a4
(i) {"3}4“[2) ) (37+3 "=t M= (-T)
3. Findthevalueof

x| = o
) G*+4N=2 (@) (Z'=4N+2 (@) [%] +[';'} +&]
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w3 o= =3y

=yl
o 5]

iy (502 )-8

=l =

4, Fuwalyate (i)

Find the value of ar for which 27+ 5 "=5",

- 4
A

1

=1
! 1 S gt
f. Lvaluate{i) [— - —] i [: =
atet {JJ [4 } “hE HLSJ
7. Lamphty
25wy

i — il fii}
v Fow 0T ) '

w1077 o125
T iwa"

12.4 Use of Exponents to Express Small Numbers in

Standard Form
Chhzerve the following fars
1. 'Thedistance rom the Earth o the Sun s 148600 000, G50 m.
Thi sl el Tighl 1 300000 D00 1o,
Thickness of Class VL Mathematics book i3 20 mim.
The average diameles ol'a Red Blood Cell i5 Q000007 mm.
Thiez thickness of human ham 1 the ramge c00 005 cam b O 01 cm
‘I'he disrance of moon from the Earthi is 354, 467, (00 m (ap pros).
Thiz st ol g plant codlig DO TZT 5 m
8. Avcrage radios of the Sun s G930 k.
9. Mass ol propellat ina space shutlle solid rocle ooster is 3553600 ke
[ Thickneys ofa plece of paper s 000 T8 om
11. Diameter of a wire ona computer clup is 000003 m.
12, Theheighl ol Mounl Coeresl i< 8538 m.

Ob=erve thar there are few mumbers which we can read Like 2 ool 8548 m,
G905 000 m. There are some larpe
nigmibagrs Tk T30 D000 000 m gned
aome vervy small numbers like
O

Ledemtity vy large and very amall

e

Yerv large numbers

Yervy small nombers

[ 500,000, Q00,000 1 0 Q0000

nuenbers Trom the above [hels and
write thernin the aujacemt tabl:

We have learnl how (o express
wery v niarners im slandiard fonm
i the previons class.

Foe exarmple. 150,000 000,000

1.5 101

Moo, Tesk s Py e s O DUODOT nain stamadard form
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7

)
0000007 = a5 = ToF =7 * 10

Q000007 m=7 % 10"m
Sumilarly, consider the thickness of a prece of paper
which 1s 0.0016 cm.

15 “ UL lmlﬂlﬂlﬂlﬂl- Decimel 15 moved
IIHII‘:I‘“"h‘i.I.'\.:] IJFJ.H.E"||H1J'E|:E“

DODDOD0T  decimal s mosed

16 1.6:x10 =4 Y2345 n o placeslothe right
G0016= = =1.6x10x 10 i
10000 10
N Agiin notice
o : T
Therefore, we can say thickness of paperis 1.6 = 10" cm. 0.0016" dscimal is moved

TRY THESE 113 4 places to the right,

1. Write the following numbers in standard form.
@) 0.000000564 (i) 0.0000021 (&) 21600000 . (i) 15240000
2, Wite all the facts given in the standard form

12.4.1 Comparing very large and very small numbers
The diameter of the Sunis 1.4 = 107 m and the diameter of the Earthis 1. 2756 = 107 m,
Suppose vou want to compare the diameter ofthe Earth, with the diameter ofthe Sun,
Diameter of the Sun= 1.4 = 1{0"m
Diameter ofthe earth= 12756 % 107 m

14x10" 14107 1 4x100
Therefore T 10— 12756~ 12756
S0, the diameter of the Sun is about 100 times the diameter of the earth.
Let us compare the size of a Red Blood cell which i 0.000007 mto that of'a plant cell which
5000001275 m

Size of Bed Blood cell = 0.000007 m=T = 10 *m

Size of plant cell = 0.00001275= 1275 10* m

TRl 7aior™0 g0 07 07

T fi AP T Sy = =
hersre T x10” 1275 lzns 125 13 _“‘PF"D’*J

So ared blood cell is hallof plant cell in size,
Mass of earth i5 5,97 = 10 kg and mass of moon is 7.35 = 10 kg What 15 the
total mass?
Total mass= 597 = 10 kg + 7,35 » 10% ke,
597« 100 = 107+ 7.35 = 107
= 507 = 107+ 7,35 = 107
(597 + 7.35) = 102
= 604.35 = 10%kg
The distance between Sun and Earth is 1,496 = 10" m and the distance between
Earth and Moonis 3 84 = 10%m,
During solar eclipse moon comes in between Earth and Sun,
At that time what 15 the distance between Moon and Sun

which is approcamately 100

When we have to add numbers in
standard form. we comver! them mio
numibers with the same cxponenis
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Distance between Sunand Earth= 1 496 = 10'"m
Distance between Earth and Moon= 3.84 = 1{0Pm
Distance between Sun and Moon = | 496 = [0 -3 84 = 10F
= 1.496 = 1000 = 10" — 384 = |{¢
=(1496 ~3 84y = 1P m= 149216 = 10° m
Example 8: Express the following numbers in standard form.
{iy 0000035 (i) 4050000
Solution: ) 0.000035=35=10° () 4050000 =405 = |{r

Example 9 Express the following numbers in usual form.
{i) 352 = 10° (m) 7.54 = 107 () 3= 10°°
Solution:

(i) 352« 10°= 3;%; mg'}g'f = 352000 Again we need 10 converl

. ' PO - numbers i standard fonm inio
() 7.54 = 10 1t 10000 i a nmbers with e sme
2 Lo - 23 000003 S
{m] | Uﬂ [O0000 i

. EXERCISE 12.2
1. Express the following numbers in standard form.

(i) 0 0000000000085 (i) 0000000000942
(m) GO20000000000000 (v} O.0000D00GIST
(v) 31860000000

2. Expressthe following numbers inusual form
iy 3.02=10" i 4.5 =108 (iip 3 = 107"
{iv) 1.0001 = 10° ({v) 58 = 10" (vi) 3.61492 = 10¢

3. Express the number appearing in the following statements in standard form.

. 1 |
{i) 1 micron is equal to : EH]DEI il

(1) Charge of an electron is 0,000,000,000,000,000,000, 16 coulomb,
(m) Size of abacteriais 0 000005 m
(iv) Sizeofa plant cell is 000001275 m
{v) Thickness ofa thick paperis 0.07 mm
4. Inastack there are 5 books each of thickness 20mm and 5 paper sheets each of
thickness 0.016 mim, What is the total thickness of the stack

PR WHAT HAVE WE DISCUSSED? [N

1. Numbers with negative exponents cbhey the following laws of exponents.

(a) A" xag"=g™" (b} a"=a*=a™" {c} (a"y=a™
0 g i a”_fa)
(d) a" = b= (ab) () a'=:1 {f) bl.r_i";}]

2, Very small numbers can be expressed in standard form using negative exponents.

e




CHAPTER

Direct and Inverse
Proportions

13.1 Introduction

Adohan preparcs ted for himself and his sister. He uses 300 mL of
water, 2 apoons of engar. 1 spoon of tea leaves and 30 mL of milk.
Huowy much quantity of cach item will he nead. ifhe has to make teca
for five persons”?

Iftwo smdents take 20 numites to arrange chairs for anassembly,
then hows much time would e students take todothe same Job?
Wr coam A0TosEs many such situanons i our dav-te-day e, where wee
teed to see varation 1n ene quantity bringine i vanation in the other
ALY,

Foresample
(1) 1fthe mumber of amicles purchased increases. the toral cost also Increasas

i) More the meney cleposited i a bank. move 1s the interesr earned.
my)  Aythe gpecd of @ vehiele inercases, the tme taken to cover the same distanes
clecreases.
() B g ven job, more the nomber of workers. lesy wall be the tims: takon to complete
the work.
s that chanse in one guantity leads to change i the other quantity:,

Write five more such simiarions where chanes i one quancity leads ro chanee in
anather quantity:

Haovwr dovwee find ont the quantity of each tem needed b Mohan? G, the rime frve
st dents take to complets the job?

Lo answcr such quastione, we nows sy some coneeprs of vanation
13.2 Direct Proportion

Ifthe costof | kg of sugaris T30, then what would be the cost of 3 kg suga? Tos® 108
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Similarly, we can find the cost of 5 ke or 8 kg of sugar. Study the following table.

Werght of sugar (in kg) I 3 5 6 bt L1]
Cost (in Bs) 36 [ 108 | IR0

Ohbserve that as weight of sugar increases, cost also increases in such a manner that
their ratio remains constant.

Take one more example. Suppose a car uses 4 litres of petrol to travel a distance of
60 km. How far wall it traved using 12 litres” The answer is 180 km. How did we calculate
it? Since petrol consumed inthe second instance is 12 litres, i.e., three times of 4 litres, the
distance travelled will also be three times of 60 km, In other words, when the petrol
consumption becomes three-fold, the distance travelled is also three fold the previous
one. Let the consumption of petrol be x litres and the corresponding distance travelled be
v km . Now, complete the following table;

(vewatimticres o 4 | 8 | 12 | 15| 20] 25)

)

We lind that as the value of ¥ increases, value of v also increases in such a way that the

L]}ist.um:n in km {y)| G A 180

: ; y PR ;
ratio = does not change; it remains constant (sav &), In this case, it 15 T:::-_ {check it').
H
We say that x and v are in direct proportion. if 2= =k orx=~Ay.
¥
4

In this example, o0 180" where 4 and 12 are the quantities of petrol consumed in

litres (x) and 60 and 180 are the distances (y) in km. So when x and v are in direct

proportion, we can write -'EL = I—J [v,., are values of v corresponding to the values x, .
i )

x, of x respectively]

The consumption of petrol and the distance travelled by a car is a case of direct
proportion. Similarly, the total amount spent and the number of articles purchased is also
an example of direct proportion
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Ltk of & fow more examyples for direct proporion. Check wrhether bMaoban [ the minal exanple] wall

1
take 730 mL ol waler, S spoons ol sugarn, 2= spoons oliea leaves and 125 mL ol milk Lo prepare tea Gor
Live pearscans ! Letos L 1o undersiand etk the concepl ol divect propotioes theowpb the [olloe ing acti lies.

p @ Takeacloeck and Gx s manule hand ar 12
*  Record the angle twrmed throwgh by the miowle hand om o ariginal position
and the tirme thiat Tas passed, inihe ol loesdng table.

( Lime Passed (1) | (1) () (L ry | =
[t minutes) 13 3l 43 G0
Angle turmesi (A (4] (A A (A
iindepres) Gl
I
A ,-'

YWhal o you shserve alond T and AT Tho they increase Locel ler?
T

Ts o ST tim?
15 the ansle tmed through by the mumite hand direstly proporticnal
LesLhe lime thian has passed” Yes!
From the ahove table, you can alse s
Io1,=A A becanse
T, T, 15:30 12
A A =0 lan =12
Chechk il T-; T A A and TOT,  ATA
Sy cam repest this gty by chesesimg vour ooam fime intervl
(i} Ask vour friend to £ill the following table ancl find the ratio of hus aoe to che

crrresparedinee a e s s g sl e,
) Ll

( Ane Preseni Ane N
five years apo age after five wears
Fricnd™s axe (F)
Fdother's ane [ 1}
I
M A
¥ hat do vouw vhscree?

F
D T oandd B meresss: Cor decrea se) touwcther? Ty B S every frme? g

Fow carrepeat this actaby wiath ether fenads and wente dowsen wour obsemeationg
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Thus, variables increasing (or decreasing) together need not always be in direct
proportion. For example;
{i} physical changes in human beings occur with time but not necessarily in a predeter-
mined rato.
(i} changes inweight and height among individuals are not in any known proporion and
{8i) thereisno direct relationship or ratio between the height of 2 tree and the namber
of leaves growing on its branches. Think of some more similar examples,

TRY THESE

| Observe the following tables and find if xand y are directly proportional
@ (cJo]rlu]a] s] s
Ly [ s0]3a]as] 2160 ] 4

’

@ [« 6 [w]u]w]]as] s
Ly | 4| & [ 2]ae]20] 247 2s

A

{iii) f’x s g [iz] s 15| 20
Ly | 15 ] 24a]36] 60| 72 | 100

A

2. Prncipal =¥ | &Uﬂ,ﬁme- 8% per annum Fill in the following table and fin
which type of interest (simple or compound) changes in direct proportion with
i I

« [ Time period | year | 2years | 3 years)
Y Simple Interest (in¥)
- Compound Interest (in¥)

EEE. THINK, DISCUSS AND WRITE Wi

Ifwe fix time period and the rate of interest, simple interest changes proportionally
with principal Would there be a similar relationship for compound interest? Why?

Let us consider some solved examples where we would use the concept of
direct proportion

Example 1: The cost of 5 metres of a particular guality oficloth 152 210, Tabulate the
cost of 2, 4, 10 and 13 metres of cloth of the same type.

Solution: Suppose the length of cloth is x metres and its cost, in, is ).

['x 2 4 5 10 "]

13
L AEENEA Y
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As the length of cloth increases, cost of the cloth also increases in the same ratio. It is
a case of direct proportion.

We make use of the relation of type .

BT
(i} Herex =5, y =210andy, =2
Therefore. L= ¥ g s _2 i S _2x210
efore, E_J': gives S0 . or,=2=20er }p = ; =14
(it} Efr-‘#theniziﬂrs---ﬂz]ﬂ =~=¢xsz
p s 210 ¥, ' or My 5
X, _ X
[Canweuse T~ =7~ here? Tryl]
L
5 _10 10% 210
(i} Ity =10, then ‘i_l'l:r‘— ‘1'_4. or W, = ; =42
: . 5 'H - _13x210
(iv) Tx = 13, then m—zﬂt‘h— 5 =h

2 Bl 10 5
Note that here w I — OF —— o ——in the pl f'—r—]
[ ote that here we can also use = or—2 or = in the place of —-

Example 2: Anelectric pole, 14 metres high, casts a shadow of 10 metres. Find the
height of'a tree that casts a shadow of 15 metres under similar conditions,

Solution: Let the height of the tree be x metres. We form a table as shown below:
(‘height of the object (in metres) | 14 v )
|_length of the shadow (in metres)| 10 | 15

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

), i . I X,
Henice, this isa case of direct proportion. Thatis, —= —=

Y M
We h =X o
= e s R

14

— |5
or D x

I4_:=~=:3 -
ar 2 =X
S0 2] my
Thus, height oFthe tree is 21 metres
Alternately, we can write o as od MRS

BT X ¥
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50 - TR T Y
or 14:x=10:13
Therefore, I=x=15x 14
1514
= =21
or x 0

Example 3: If the weight of 12 sheets of thick paper i3 40 grams, how many sheets of

1
the same paper would weigh 2 3 kilograms?

Solution:
Let the number of sheets which weigh 2 ';" kg be x. We put the above information in
the form of a table as shown below:
(Nmnher of sheets 12 : 5 1
| Weight of sheets (in grams) 40 zst

Maore the number of sheets, the more would their
welght be. So, the number of sheets and their weights
are directly propottional 1o each other

| kilparam = {0} grams

1
Eﬁ kilograms = 2500 grams

12 4
o 40 2500
122 2500
ar —'—1|:| I
or 150=x o
Thus, the required number of sheets of paper = 750.
Alternate method:
X
Two quantities x and v which vary in direct proportion have the relation x = kyor — =&
He p number of sheets 123 ¥
re: s [

weight of sheets in grams 40 10
|
Now x is the number of sheets of the paper which weigh 2 3 kg [2500 g]

]

Using the relation ¥ = fy. r= % « 2500 = 750

1
Thus, 750 sheets of paper would weigh 2 3 k.
Example 4: Atrainis moving at a umiform speed of 75 km‘hour.

(i} How far will it traved in 20 minutes?
()} Find the time required to cover a distance of 250 km.

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

[’ Distance travelled in km) | 75 ¥ 250 ]
LTime taken (in minutes) 60 20 ¥ J

I hour = &) amaies
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Since the speed is uniform, therefore, the distance covered would be directly

proportional to time:

7 x
1) We have 0 30
75
or oo 20 =y
o x=25
S0, the train will cover a distance of 23 km m 20 nunutes.
_ 75 250
m) Also, a0 ¥
250 = 60 . )
o ¥= 75 = 200 minutes or 3 hours 20 minutes,
Therefore, 3 hours 20 mmmutes will be required to cover a distance o 250 kilometres,

Alternatively, when x is known, then one can determine y from the relation ’*i[] B .
2 ¥

You know that a map isa miniature representation of a very large region. A scale1s
usually given at the bottom of the map. The scale shows a relationship between
actual length and the length represented on the map. The scale of the map is thus the
ratio of the distance between two points on the map to the actual distance between
twa points on the large region.
For example, if | cm on the map represents 8 km of actual distance [i e, the scale is
| em - 8 kmor | ; 800,00:0] then 2 cm on the same map will represent 16 km.
Hence, we can say that scaleof a map is based on the concept of direct proportion.

Example 5: The scale of'a map is given as 130000000, Two cities are 4 ¢m apart on
the map. Find the actual distance between them

&, aLd
Solution: Let the map distance be x cm and actual distance be y em, then |5 : Boiliesl
130000000 =x : y & e
1 X ‘:i_,_] "Tr' IL.A-\..I' _:l.-....
'}r ? g "-\-\.b; - i L2 i.._\. I -
Ix10" S
y & ?,; N j"r\}_ S *ij
Siﬁﬂﬂ X '4 m. 3 o ]ﬂ? I}:. -‘; A }‘-lf"'!&";\_, -
or y=4%3 107 =12« 107 em = 1200 km Scarn iEme e

Thus, two cities, which are 4 cm apan on the map, are actually 1200 km away from
ench other,

DO THIS

Take a map of vour State. Note the scale used there. Using a ruler, measure the “map
distance” between any two cities. Calculate the actual distance between them.
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B EXERCISE 13.1
1.

1.

Following are the car parking charges near a railway station upto

4 hours T 60

& hours T 100
12 hours T 140
24 hours T 180

Check if the parking charges are in direct proportion to the parking time.
A mixture of paint is prepared by mixing | part of red pigments with 8 parts of base,
In the following table, find the parts of base that need to be added.

Parts. of red pigpment | | s [7 1121 20
( ]
| Parts of base §

In Question 2 above, iU part of a red pigment requires 75 mL ofbase, how much
red pigment should we mix with 1800 mL of base?

A machine in a sofl drink factory fills 840 bottles in six hours. How many bottles will
it fill in five hours?

A photograph of a bacteria enlarged 50,000 times
attains a length of 5 cmeas shown in the diagram
What is the acimea/ length of the bacteria? Ifthe
photograph is enlarged 20,000 times only, what
wolthd be its enlarged length?

I a moded of a ship, the mast is 9 cm high, while
the mast of the actual shipis 12 mhigh, 1fthe length
of the shap is 28 m, how long s the model ship?
Suppose 2 kg of sugar contains 9 = 10° crystals,
How many sugar crystals are therein (i) 5 kg of sugar? (i) 1.2 I:g ol sugar‘?
Rashmi has a road map with a scale of | cm representing 18 km, She drives ona
road for 72 km. What would be her distance covered in the map?

A 5 m 60 cm high vertical pole casts a shadow 3 m 20cm long. Find at the same time
{i} the length of the shadow cast by another pole 10 m 50 cm high (i) the beight of'a
pole which casts a shadow Sm long,

A loaded truck travels 14 kmin 25 minutes. Ithe spead remains the same, how far
can it travel in 5 hours”?

| Ons st s d st s
Write the following information in a tabular form.

o~

Sqyuare-1 | Square-1 | Square-3 | Square-4 Squarf.-ﬂﬂ

Length of a side (L)

Perimeter (P)




| Area (A)
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lL

|
)

A
Find whether the length of'a side is in direct proportion to:
(a) theperimeter of'the square,
{b) the areaofthe square.

2. The following ingredients are required to make halwa for 5
persons. W {window) W iwindow)
Suji'Rawa =250 g, Sugar = 300 &, ST —1
Ghee = 200 g, Water = 500 ml.,
Using the concept of proportion, estimate the  z T
changes in the quantity of ingredients, 10 ., [ _'g‘
prepare halwa for your class, i =
3. Choose a scale and make a map of your
classroom, showing windows, doors, ¥L-IT—— ——-
blackboard etc, (Anexample is giverhiore). Nl aDion) e
scale s —

1 20M0

HEE THINK, DISCUSS AND WRITE W

Take a few problems discussed so farunder “direct variation”, Do you think that
they can be solved by “unitary method™?

13.3 Inverse Proportion

Two gquantities may change in such a manner that if one quantity increases, the other
quantity decreases and vice versa. For example, as the number of workers increases, time
taken to finish the job decreases. Similarly, if we increase the speed, the time taken to
cover a given distance decreases.
To understand this, let us look into the following situation,

Zaheeda can go to her school in four different ways. She can walk, mun, cvele or goby
car. Study the following table.

..... “I) i
————— @1 f !
4 3 &
Walking | Running | Cycling | By Car
Speed in knvhour i h o 45
Time taken {in minuies) 30 15 1
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Obseree thar asthe speed increases. fme taken to coser the same distance decreases.
A fabeeda doulles e speed Ty running, time
resfucos re half, As she insronses hor speed fothree | Mulupheative meerae of 2 momber
times by cweling, time decreases to one third.
Sinlarly, as she moreases her spead o 1S imes, T
tire decreases ro one fitteenth. (O, inother waords | mverse of 2 and vize vorsa. (Mot
the ralio by which Lime deci@ases I8 inverse ol 1he e
ratiex by which the comesponding gpeed moreazes) i) T
Can we sav chat speed and tme chanze ioversely
m pacrliom?

Lt us consider another example. A school wrants to spend T 00013 on mathemeatics
lexthoohs, o mirty hooks could be Bowpht at 40 each? Clearly 130 books can be
bowarhe, T the: g of @ tesdbook s more than T 40 then the number ot boeky which
coild be purchazesd with the same amouwnt of money wowld be less than 150, Ubsere the
[l sanr ahle

15 ws rocipracal. (s, Tois the

e

= 1= N

f' Price ol ench bool fin Th A0 s il 15 il T
S e ] e e 1501 120 | 100 0 75 i)
can e hought b

Wy hat cho vou ehserve? You will appreciate that as the price of' the books increases,
[h rmbser alhoehs that ey beheeh, Leopane the mad comabant, will deorense

ario b wrhich the price of books inereazes when ooing o <0 to 3004 ;3 aond che
ralin hy whnch e corespondime e ol ook, decrenses Gomn 13000 120043 0 4
This means thar the oo ratios ars mverses of cach other,

Mootice that che product of the corresponding values of the toao quanttes 1> constant,
that s, 40~ [50 S0« 20 &l

It we represent the price of ane book 23 ¥ ancl che mumiber of boods bovzht as v, then
as  ineremes v olecrenses and vice-versa, s mmpartant g note Thal e oot oo
TCTRAINS ConsTanT. Wy saw that v varcs iveerscly wath v and v vanes mversebewath v, Do
o cprarni s il 1 g sl to venrp B verse proporiion I there exlss o relition
eif e Qg oy =k Sefwwen themn, & bedngr o cveedoens B v v e the vediees of )

cOresoNding fo e volied X af s resgeciivedy ey Lo v k) ov £ _d
LI
W siy that v and pare ininyerse proportion,

Henee, inthis example, cost of a book and mumber of books purchased in a fixed
amaunl are inversshy praportional. Similary, speed ola vehicls and the Lime takes 1o
cover g fiesd dhstancs changes m inverss proportion.

Thinls olesore suckiexarnples ol panrs ol guantilies bal vary Ininverse proporlicn. Yoo
ey merw hepew s ook at the furmibore — arrangmae prohlem, shated motheimtroducteasy par
of this chapter.

[lere s anactivily o Belear wnderstanding al the iverss oo pocuon.
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Take a squared paper and arrange 48 counters on it in different number of rows as
shown below.

4 Rows, 12 columns

i Bovws, § eolumns
Number of R) | Ry [ ®) | R®R) | (R)
Rows (R) 2 3 4 & 8
Number of ey | €y | & ey | €D
Columns (C) o 12 8

What do vou observe? As R increases, C decreases
i) 5B R,=C, €7 ) IsR,:R,=C,:C7?
(i) AreRand Cinversely proportional to each other”
Try this activity with 36 counters,

TRY THESE

Observe the following tables and find which pair of variables (here x and v} are in
@ x|s0]ao] 30| 20) i [ x | 100 [200] 300
FAED IR R ED, {» ]s0[30] 20

i) [ x |90 |60] 45| 30 |20 5)
[ » | 1o|1s]20] 25 | 30| 35 |

Let us consider some examples where we use the concept of inverse proportion,

When two quantities x and ) are in direct proportion {or vary directly) they are also written asx s y.

l
When two quantities x and y are in inverse proportion (or vary imversely) they are also written as x = IvE
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Example 7: 6 pipesare required to fill a tank in 1 howr 20 minutes. How long will it
take if only 5 pipes of the same type are used?

Solution:

Let the desired time to fill the tank be x mimstes. Thus, we have
the following table,

rNumher of pipes 1] 5 }
LTimt iin minutes) [ B0 x J

I T

|
LRI

Lesser the number of pipes, more will be the time required by
it to fill the tank So, this is a case of inverse proportion,
Hence, B0 =6=x=3 [*, 3, =x..]
BOx6

e =

3
or x =96
Thus, time taken to fill the tank by 5 pipes 1s 96 nunutes or | hour 36 minutes.
Example 8: There are 100 students in a hostel. Food provision for them is for 20
days. How long will these provisions last, if 25 more students join the group?

Solution: Suppose the provisions last for y days when the number of students is 125,
We have the following table

(Number of students| 100 | 125)
LHumher of days 20 » J

Mote that more the mumber of students, the sooner would
the provisions exhaust. Therefore, this is a case of inverse

ar

proportion.
5o, 100 = 20=125%p
| (R = 200
or 55 =y or l6=y

Thus, the provisions will last for 16 days, if 25 more students join the hostel,

Alternately, we can write x, ¥, =x,1, 4% T 22
o T
That 15, : W S :
or 100 125=y:20
1060 2 20
— =16'
o R TT

Example 9: If 15 workers can build a wall in 48 hours, how many workers will be
required to do the same work m 30 hours?

Solution:
Let the number of workers employed to build the wall in 30 hours be y.
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We have the following table.
( Number of hours a8 | 30 )
LHnmher of workers |5 ¥ J

Obviously more the number of workers, faster wall they build the wall.
So, the mumber of hours and number of workers vary in inverse proportion.
S0 48 % 15=30%y
48x15
Therefore, =

1., to finish the work i 30 hours, 24 workers are required,

B EXERCISE 13.2

1. Which of the following are in inverse proportion”
(1) The number of workers on a job and the time to complete the job.

(i) The time taken for a journey and the distance travelled in a uniform speed
(i) Area of cultivated land and the crop harvested.
{iv) The time taken for a fixed joumey and the speed of the vehicle,
(v} The population of a country and the area of land per person.

2. Ina Television game show, the prize money of T 100,000 is to be divided equally
amongst the winners. Complete the following table and find whether the prize money
given to an individual winner is directly or inversely propertional to the number

or y=24

of winners?
[’Numbl!:r of winners 1 2 4| 5|8 |10 EE]-]
| Prize for each winner (in ) | 1,00,000| 50,000 )

3. Rehman is making a wheel using spokes. He wants to fix equal spokes i such a way
that the angles between any pair of consecutive spokes are equal. Help him by
completing the following table.

 Number of spokes 4 6 % 10 12

Angle between
a pair of consecutive | 90° | 60°
L spokes 2
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11.

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

consecutive spokes ininverse proportion?

{ii) Calculate the angle between a pair of consecutive spokes on a wheel with 15
spokes.

(i) How many spokes would be needed, ifthe angle between a pair of consecutive
spokes i1s 4077

If a box of sweets is divided among 24 children, they will get 3 sweets each. How

many would each get, ifthe number of the children is reduced by 47

A farmer has enough foed to feed 20 animals in his cattle for & days. How long

would the food last ifthere were 10 more animals in his cattle?

A contractor estimates that 3 persons could rewire Jasminder s house in 4 days, 1f,
hez uses 4 persons instead of three, how long should they take to complete the job?
A batch of bottles were packed in 23 boxes with 12 bottles in each box_ [fthe same
batch is packed using 20 bottles in each box, how many boxes would be filled?

A factory requires 42 machines to produce a given number of articles in 63 days.
How many machines would be required to produce the same number of articles in

54 days?
A car takes 2 hours to reach a destination by travelling at the speed of 60 kmv'h. How
long will it take when the car travels at the speed of B0 km/h?
Twio persons could fit new windows in a house in 3 days,

(1) One of the persons fell i1l before the work started. How long would the job

take now?

(i) How many persons would be needed to fit the windows in one day?

A school has 8 periods a dav each of 45 minutes duration. How long would cach
period be, if the school has 9 periods a day, assuming the number of school hours to
be the same?
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1. Take a sheet of paper. Fold it as shown in the figure. Count the number of parts and
the area of a part in each case.

| Epsling

Tabulate your observations and discuss with vour friends. Is it a case ofinverse proportion? Why?
r Nuniber of-parts 1 2 4 | s nﬂ

2

1
L Aren of each part| area ofthe paper | = the area of the paper| .. J

2 Takea few containers of different sizes with circular bases. Fill the same amount of
water in each container. Note the diameter of each container and the respective
height at which the water level stands. Tabulate your observations. Isit a case of
inverse proportion?

e
[
hy I . >
L | —
—A— k o, | [ i} |
r’himne‘ter of container (in cm) _1
L_I'It.ight of water level (in cm) _J

JEES WHAT HAVE WE DISCUSSED? [

1. Two quantities x and y are said to be in direct proportion if they increase (decrease) together in

such a manner that the ratio of their corresponding values remains constant. That isif Yok [kis
a positive number], then x and y are said to vary directly. Insuch acaseify | y, mn'et!'li:IP values of
Xz

v corresponding to the values x|, ¥, of ¥ respectively then sl N
- ¥ Fa




220 I NATIZwaTss

2, T yuamlilivs © ol e sned Lo B by s proa el e 15 mimerea se m e g s d proponional
doegreggem (ol vice-versal mosuch amgmer thal The producl albaie comrespoending valus

rernarms conslaml Thatis ihey & thom a1 are sand ooy wwversele Tn s cazeal e v, are

. ' ' X
the values ul'y eorrespending Lothe valuesy ¢ ol erespectively thenx v oy v or 2L

Aa

¥

-I.I

—

o



14.1 Introduction

14.1.1 Factors of natural oumbers

Factorisation

CHAPTER

Wawn wall rerncanbaer whial s Tesmml bl Tretors moClass VT Tl us aloe a mietural b,

s W and wrteat oy g prosduct of ather natural numbers. sax
A= )8
=3dnlu=3sn
Thus, 1, 20305, 6010, 13 and 30are the factors of 310,
Ofthese, 2, 7 ancl 5 are the prime factors of 30 (Whv't)
A mumberwricten a3 a prochict of prime factors is said to

e o che prime taceor fonm; for example, 30 wrirten as
23 Siman Lhe peiene [aclor Lorm.
The prmne uclor lmmal T2 = 5= 7

-

The prae Tasten [oroval s 2 < 3~ 3 7 5 and siom

W lmuree Lhal 20 can alwo be wrillen s
=1 =z
Thus, 1 ancl 300 2 alan factars of 300,
Fou will otz that T o lGeoer of any
sintber. Foy esaople, 101 1 = 1401
TTewever, when we wrile o nomber as a
pradnct of factors, we shall net stz | as
a tactor, wnless woae epesially required,

Sirmlgrly v can escpress algebege copressions ags products of their facters. Thisiy

what vz shall lesmm o doin chis chapler

14.1.2 Factors of algebraic expressions

YWe have seen in Class YL char i aleebraic expressions, terms are formed as products of
facrors. For example, incthe alosbraie expression 3xy + 3x the tenn 5y has been tonmed

bre Lhe faciors 3, v and ) Le.,

Sa Saeray
Observe thal the Tacwoes 3, % and ol Sxv canmnal Wi her
he eapresied as a product of [@elors., YWe may say thal 3,
amed pare ‘prime’ achors ol e, Tnalwebraic espressions,
wer L T waomd “trrclucihle” m place e pmme® W say thal

5w g thewreducible form of Sae Mete 5 = (nehs not

Mo 1as g fagnar ol Sy, sineg
dov=lulfrxvy

In facl. | is o faclor of every weem. As

m the cmse of natumal numbers, unloas

it s speaially requined, we denor shews

1 a8 a separate [Eenw of ams 1orm,

anirreducible form of 2, since the factor v can bs flther
ereprssed 48 a product of vand ¥, Le, xr=v -
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Foexer consider the expression 3x (v — 0. It can be wiirten as a product of factors.
Loraodiy 2
vy = I =3 n(r o 2)
‘I'he tactors 3, x and (v +2] are wrecducible tactors of 3x iz — 2].
mirnilanly, the expression e (e 0210 | 3 egnessed inils ireducible lactor [

Ay T (e =20 (r - 3)= 25wy x(v+ 20+ 3).

14.2 What is Factorisation?
When v Jachonise an algebrine espression, wewiitel asa o) ol Tactors These
tacrors may be numbers, alechbraie variahles or algehraic coprossions

Toapressatns ke 3, 5_1-3_-.,- 2o PEL RO i 0 2 pane alreandy i [aclor e
Thear factors can b just read ofF fromthem, ay we already knaowe

Ot e ather hand consider expressions ke 20 4 3e 103 6% 1 5 2 1 32 0 6

Ttis it obvien s whet, their factors are W ned to deved op speremti o moghod y to facomise
these sxpressions, Le., we tod thed tactors. s i3 what we shall do now,

14.2.1 Methoed of common factors

* W beoinwith a simple example: Factorize 2x — 4.
Wi zhall wiite each rerm as a product of trreducible tactors:
2r Znx
1=2-12
[ [ercz e td iZ=xr 120 Z)
Foomics thi factor 2 g common o heth the termy
Obaerve, by distributive law
Taqx 1My (2Ex) (247
‘Therefore. wie can wiite
Troo4 ZEix 12 2(¢ 0 2)
Thus, the cxprossion Ze— 4y the spmgge 2 (v + 21 Mow wecan road off ity faorory
thev are 2 and (v + 2}, These tactors are irreducible.
Mot factonse S 1y
‘I'he irreducible thetor torms of 530 and 10x are respestively,
Sav Swxmp
[y =2~ 5 xx
Observe Lhal the ceeo leems have 5 and # a3 common Jactors. Mow,
o R | VU R S Y B (B
=5y # P — 5y 2}
W combine the baea eerts using the disleihotive T,
(Sve yr—(3vy 2p=58v < {11 3]
Therefore, 3xe+ 10 = 5 {u— 21 {Uhiz i3 the deaired thetor torm.
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Example 1: Factonse 12a0°h+ 15ah°
Solution: We have 120°h =2 2w J g =
I5gh =3 xSug=h=h
The two terms have 3, o and 5 as common feetors,
Therefore, 1280+ 15a =3 == b=2=222@+ (3= ax bh=5h)
=3ixaxbx[(Zx2xa)t+(3=h)] { combining the terms)
= 3ah = (4a + 55)
= 3ab (4a + 3h) {required factor form)
Example 2: Factorise 10" — 18x¢" + [4¢*
Solution: D=2 = §xpxy
!axﬂ =2-.3.3.._|,'-3.¢IT_,{_.._
Mt =2 T gy xxy
The common factors of the three terms are 2, xand x.
Therefore, 10" — 185"+ Ml =2 s x = x = §)— (2 xx =xx 3 = J = x}
H{2RxxxxTAEY)
=25 x* ¥ =[{5 =(3 ¥ = x)+ (7 = x = x)] {combining the three terms)

=2« (5 -G+ 7)) = 27 (T —Ox + 5)

TRY THESE

Factorise: (i) 12¢+36 (i) 22y~ 332 (i) 14pq +35pgr

Do vou motice that ihe Factor
form of an expression has only
one ferm?

14.2.2 Factorisation by regrouping terms

Look at the expression 2oy + 2y + 3x + 3. You will notice that the frst two terms have
common Tactors 2 and v and the last two terms have a common factor 3, But there is no
single factor commaon to all the terms, How shall we proceed”?

Let uswrite (2xy + 2v) in the Factor form
2oy + 2y =(Lx x=yr+A(2 =y)

=(2xpxx)+ (2 xpx]) -
Mote. dt
=2y x5} +(2p= 1) =2y {r:-EF: weneed to

show] as a factor]
Similarty, IrHI=(GEn+E51) ——— | here Why?
=3ix{r+tl)=3tx+1)
Hence, gy +2p+3x+3=2p(x+ 1)+ 3 {x+1)

Observe, now we have a common factor (x + 1)in both the terms on the right hand
side. Combining the two terms,

2+ 2+ ix+ 3=+ 1)+ 3+ 1=+ 1){2y+ 3)
The expression 2xy + 2y + 3x + 3 15 now in the form of a product of factors. Its
factors are (x + 1) and (2y+ 3). Note, these factors are irreducible.




224 W WaaHeesar oy

What is regronping?
mupproae, The above expression was piven as 2oy 5 0 20 1 3o chenil will oot Te easy Lo
sie the factonzation. Reamanging the svpressien, gz 2o — Ly — 5+ 3 allows os to form
eroups [ 2oy — 2l and {1y — 37 leacng to tactorisation. 1'his i3 rezrouplng,
Remoupn may be possible inomore Thim one wiays Suppose, we 1emoup [he
coprossion s v+ A — S+ A This will also lead to factors. Let us toys
Zrp ldet v 03 2wy I dox w3
AR LAY 21 R
={Zr+31v— 1)
The [aclors ave the same (a4 they bave 1o be), allhoneh they appearn dillerent onider:
Example 3: bactorise &vy — -y + & -9y,
Solution:
Step 1 Chechkoafthere s g common fastar among all terms, There s none,
Step 2 lunk of zroupine. Motice that first two terma have a comumen tacter 2.
fop v 2p e 2 {i1)
¥ hat about the lasr two terms? Obserrethem 1 wou change their erder to
o &, the ctor § 3x 21 will eorme sl
—O G =4 (A A ()
=-3{v-2} ib
Step 3 Pumng (adand () cewcthor
vy Jr L vy =ovy o oy Sv -4
2p e 2 3 ldx - 2)
=(3v=21(2r = 3}
The lactors ol e 4 1 d Gxpareils 2pand {20 3)

B EXERCISE 14.1

1. Find the commmen faerers of the wiven terms.

il 12w 34 fill 21 22xy i 14 ey, ZEpRye
fivl 2, 3o, 4 {1 6 eehe, 2dedl’ 12 o'
Al 1d oy, — ) 32w (i) 10 e 20, 500

Peiil 26 v, 10 B 2T

2, Fuetomee the following cxprossions,

i Txo 4z il ap o 12g i) T+ L
fiv) 18z 202° () 205w 3alm
O Sxiy o 1Emnf il 1dgs 13 55+ 20 8
i) 4ot dal den fix] £z xpfzl xvs

) wy pHhxypFtores
3. Factonse.
i1 & xp 300 Ry fil 1Sav—tw 1 v 2




Factomrsarion l 225

(i) e + by —ay - by (V) 15 pg+15+9g+25p
v} z=TF+Txy—-xps=

14.2.3 Factorisation using identities

We know that (a+ bY =a' + 2ab+ b (1}
(a— by =a'-2ab+ ¥ (1T}
{a+ b)la-b) =a-—F (1T}

The following solved examples illustrate how to use these identities for factonisation. What
we do s to observe the given expression. [Tt has a form that fits the right hand side of ene
ofthe identities, then the expression corresponding to the left hand side of the identity
gives the desired factonsation.

Example 4: Factorise ¥+ 8x + 16

Solution: Observe the expression; it has three terms. Therefore, it does not fit
ldentity 11 Also, it's first and third terms are perfect squares with a positive sign before
the middle term. So, it is of the form o’ + 2ab + & wherea=rand h=4

such that at2ab+ b= r+2x)4)+ & _
. Obsarve here the given
= t+8x+ 16 expression 15 of the fonm
Since @+ 2ab + B = (a+ by, at - Jah+ b,

; - . 2 o Whereg=2y. and h =3

by comparison  x*+ 8r+ 16 =(x+4) (therequired factorisation) with2ab =2« 2y = 3= 125

Example 5: Factonse 47 12y +9

Solution: Observe 4" =(2yF, 9 =3"and 12y=2 = 3 = (2y} \

Therefore, 4 - 12y +9=(F -2 =3 = (Zy) + (3
= y—FY* {required factorisation)

Example 6: Factorise 4% - 36

Solution: There are two terms; both are squares and the second 15 negative. The
expression is of the form (& - #7). [dentity 111 is applicable here;
49F - 36=(Tpy¥-(6Y¥
{Tpp—6)( Tp +6) {required factorisation)
Example 7: Factorise o”— 2ab+ b - &
Solution: The first three terms of the given expression form (- Y. The fourth term
15 8 square. So the expression can be reduced to a difference of two squares.

Thus, a—dab+ir—c =g by (Applying ldentity I1)
~[la B)-c)((a-b)+c)]  (Applying dentity IIT)
“fa—b—c)la—b+c) (required factorisation)

Notice, how we applied two identities oneafter the other o obtain the required factorisation
Example 8: Factonise m' - 256

Solution: We note = () and 256 = (16)°
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‘U'hae, the siven cxpressien firs denriny L
Therelore, act 256 (el (187
=gt T80 (w161 [tusimeg Bdeotity (1]
Moo, L+ 18] cannol be aetorized fuher, bul (18303 Gactorisable apain as per

Tedemhibe TIT
w1 =ne 4
it Him H
Therefors:, m' o Esh =gm= ) (e A (et —16)

14.2.4 Factors of theform(x+ a)[ x+ &)
Tt s now thisciss how we can Fctom=e eopressions inone variable, Whex® Sc06,
T =12 2oz 13, dme 9 — 00 ete Obearve that these expressions are oot
al e ype o — A Forfa Bt i e, Ihey are not perlecl syuares For exemple, in
v = Sy the term Gois not g perfect square. Thoese cxprossions alwaously also do not
Nt the typeia® Aheinher

They, hevweever, seern o e ol ihe lepe ™ fo— 8 Lol Weomay herelire, v 1o
usc Identity LY studied in the lasr chapter ro tactorise these cxprossions:

v —adir b Ay & (et hpr oah (M

Foar that we have vo ook at the cocthoremts of e and the constant term. Teas see hoaw
It is done i the tollewing example.
Example 9: Tavlorise £ 1 52 | 6

Solution: Ifwe comparethe B H S, of Identiy (1% 1 with v+ S+ 6, we find ah =10,
and « U & 5 From this, we muosl oblan @ and b The [actors then will e
tr ol and g+ i)

s d =6, ieneans Lhal aand b are Gelors old. Lel wstry @ — & b= L Far Uhese
el C 7 wmlnot 30 Re this choice 14 ot right,
Letusroe =2, & =3, borthis o+ b= 3 cozactly as required.

The Lactonised Form ol s given expression s then (o0 23 130

In peneral [ur Gaclorizioe ao aluebeue sapression of e bype " pr o owes Iod rew
fuctors g and 5 of ¢ (el the constanl term) such that

eth=g and ath=p
Then, e Saprossion Bosongs S O [0 ) A

Ty S T R (A W
0T B S O Bl )
ar I I T wlucl are (the ceguirsd Lclors.

Example 10: Tind the aotors ol =Tp 112
Solution: Yenote 12=3% and 3 +1=7. Thorefore,
e LT S| R YO I B
=piv=5r=4 (=) ===
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Foote. this tirne v did not comypare the eepression with char in dentity LV to idenrifie
crand f AdLer sulliclenl pracuice vou may ol nesd Lo compiare e gieen eaprassiong [or
thear fucromsation with the ceprossions inthe identitios; mstesnd vou can progessd dircgtly
a3 we did above,

Example 11: Obtain the laclors ol -4z - 12

Salution: Here wh=-12 ;thizs means cne of & and b 1= negarve. Further, ¢ 1 5=-1,
this means the ooe with larger numerical valus is nepative, We ey e 4 & 3. Dl
thiy wall mot wierk, winge e+ b = =1 Mont possihlevaluey area=—&, A =2 sithat
@— A= 4 gsrequired.
TTemce, @ 4z 12 0 tw 2z 12

=zlc—m+2{z-4)

= {5 al {: F2)
Example 12: Tind the factors af 3m® 9w |4,

Solution! We notice thar 3 15 2 conunon facrer of all the terms.
Thurelime, dmt i B 3w 3w 2}
Ty miEam=Z=ptEm+2m+ 2 ay2=1 1)
o R T
S pm 2)
T'hersfone, ST 9 0= 3m+ 1 m - 2)

EER. EXERCISE 14.2
1. Fastorize the fllowing esprossons,
{1 e VB 0 1 (i pm 10p 025 i 25w 3w 1 &
fvl 497 1 B 1 362 {v] 4’ —Bre 1 4
Al 12167 BBAe — 10e°
feiil (F s e (10l Eapand {1 s [irac}
Bl @ + 2 =0

2. Hactorize.
i) =y i Ghe— 1I2E @) 40 = 56
(10w — Ly (fmr = -mre
A0 I T S T A I S s

LIS TR Tt T PR
3. Tactorise Lhe expressions.

{11 x| A iy Tt 2y TS S R R -
() awe + Bt = bt ot w1 e+ |
el Ptz 9 ) (eii] 52 20)p B30 2z

() 10eh — g + 5H + 2 (] Gvy— e+ G-y
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4. Factonss.
il o A fin g~ &1 il & (0
] &' =[x =21 ) o =2k = B

5. Factorize the fellowing expressions.
i1 0 Bl R i - 0y 2L i e S 16

14.3 Division of Algebralc Expressions

W have Tt how focadd and subtrast algehras exprossens We also koo hoe fe
roalriply twio expressions. We have not hovwever, Looked at division of one aleebraic
e presAin by anather Thos s whian wee wish o dooan this seclion.

We ecall thar dnasion s the imverse operation of multiphcanon. Thus, 7 = 5= 56 e
SR -Tor 36 +7-§

W mgy sumilarhy follonw the divdsion of sluchrgie coprossiony, For caample,

il Iy 3y = Ox?
Therelure, Bt r 2y Ji”
and als, v+ qy =2y

i Seic 41 St 2
Therfir:, [(Fx 4 20x) + Sxr=x + 4
ancl alsc (ax: + 200 +{x — 41 = 5x.

W shall no Toetk closely at booes The divasion alome espression by snother can be
camicd out. Lobown wath wae shall considorthe division of a monomial by ancther monondal

14.3.1 Division of a monomial by another monomial
Consider av' + 2x
We taw write 2y and Gx® in wreduedble Tactor forms,
2r Zax
= adEy vy
Povrwe wee piroup [actors ol das o separale 2,
U N R I SR o Bl WA B X

Therelins, Bt - 2y Jx
A shomerwaay to depict cancelaton of common factors is as we den drision of mimbers:
LT T
7= o= oo =
- A
. . oy
Siirlary:, Ly =2y =
Dy
2 iy .
I e ity
Iwx
Example 13: Do the follewinge divisions.
i 20+ 1 0 Teher + ldns

Solution:
e Tal I TN (PR
Mp =2® A=y sy
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S TR T o O T o
Therefore,  (-20v") + 10 = — =2 %y x p=-2%
2aduxsy

TEEXRER PRy HE RS
2x TR YyX:

i} Tev's + Moz

xxyxz 1
2 T
Divide _ _
(i) 24z by by’ G 63ah by Tabic

14.3.2 Division of a polynomial by 8 monomial
Let us consider the division of the trinomial 437 + 517 + 6y by the monomial 2y
G+ S By = (25 2 %y y x P} (5 X (2503 )
(Here, we expressed each term of' the polynomial in factor form) we find that 2 = pis
common in each term, Therefore, separatmg 2 = y from each term, We get

5
A+ 5+ 6y =25y X (2xy R )+ 2Ry [E”’] +2xyx3
5
=2y (D7) + 2y [EJ’J + 2¢{3)

A 5
« 2¥ [2}'2 o red + 3) { The common factor 2y is shown separately
Therefore, (497 + 537 +61) + 2y

45y 6y

2y 2y

Alternatively, we could divide each term of the trinomial by the
monomial using the cancellation method.

232y 4 S_p +3) Here, we divide

2 each term of the
pedviomial in the
mumerior by the
mioscarEal i the

=22+ S p+3
VEES

] -:i__-,r‘ + 5},_' e ﬁ}. denomimator,
(4y" + 57 +6y) + 2y - 2y
417 5y 6y 5
= =2 s Ty 4
By 5 2 gl

Example 14: Divide 24(x'yz + 57z + xpz’) by 8oy using both the methods
Solution: 24 (x)yz + xpz + x1=7)
=222 xd x ¥x [(xxpxprz)t ey pra+ixryrrzz)]
=X x2a3xgpryigxxty+)=8=3xpzx{xty+z) (Bytakingoutthe
Therefore, 24 {xyz + xp°z + x3) = Bz comimaon factor)
_8X3HpEXix+y+2)
- R

=3 x(x+y+z)=3 x+p+z)
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24x% yz e 2457z o 2dxyz’
Enz bRy g iy e
- 3x + 3y +3z=3x+ p+1)

Alternately, 24(x"yz + x37z + xp=7) + By -

14.4 Division of Algebraic Expressions Continued
(Polynomial + Polynomial)

o Consider (Tx' + 14x)+{x + 2)
We shall factorise { 7x* + 1 4x) first to check and match factors with the denominator:
T+ ldr=(Txxxx)+ (2= 7 xx)

WLE it help here o =Txxx{x+2)=Tdxr+12)
dmvede each ferm of

- Tx" +14x
the mamersor by 1 J _
- bibriwinial b NMow (7' + 1dx) +{x + 2) Sr——
denommmaio”
Tx(x+2
= HIT.,,} =Tx (Cancelling the factor (x +2})
g

Example 15; Divide 44{x* - 5x' — 24x") by 11x (x- &)
Solution: Factorising 44{x'— 5S¢ = 24x7), we get
A4 =S - 2x ) =2=2 = |1 = x{x-3x—-24)

{taking the common tactor ¥* out of the bracket)
=2x 2 x |1 =x{x’—Bx + 3Ix—24)
=2 % 2% 11'=¥ [x{x—8)+3x-8)]
=22 %11 % {x+3)(xr-8)

Therefore, 44(x* - 5¢° — 24%%) + 11x{x - 8)

2x2Zx1Ixxxxxix+3)x{x -8)
IIxxx{x-8)
We cancel the factors 11,

=2x2xx{x+3)=drx+ 3) e ard Y et
Example 16: Divide 2(5z° - 80) by 5z(z + 4) both the numerator and

Solution: Dividend= (5" - 80) deneminator
= 2f(5 % )~ (5  16)]
wzx 5 x (£ -16)
=3z x(z+4){z—4) |using the identity
&~ B = (a+ b) (a - B)]
Thiis IR T TSGR

Sz(z+4)
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B EXERCISE 14.3
1. Carry out the following divisions,
{i) 28x* + S6x (i) =360+ " (i) 66pgr + 1gr

(iv) 3xy's® + Sly's (v) 124°8 + (- 6a"h)
2. Divide the given polynomial by the given monoimial,
(i) (5 —6x) +3x @) G-+ 57+

m) 8 + 27 + ) + aE V) (P 20+ I+ 2
W - =
3. Work out the following divisions:
(i) (10xr—25)+35 () (10x—25) = (2x—-5)
(m) 10p(6p+21)+ 52+ 7) (V) 9y H3z—24)= 2Tz - 8)
(v) 96abe(3a - 12) (5h -30) = 144{g - 4) (b - 6)
4. Divide as directed.
i) S2x+ ) (Gr+5) = (2x+1) (i) 2expe+ S)iy—4)+ 13xy—4)
{mi) S2pgr (p+ ) (g = F) e+ p)+ 104pgig «8) (r 4 p)
{ivh 200y +4) (3" +5¢+3) = 50 +4) (v) ®x+1)xe+2)x+I+ax+1)
5. Factonse the expressions and divide them as directed.
i) (5 +Tr+10)+(y+5) {ii) (' — 14m —32) +(m+2)
(i) (Sp°—25p+20)+{p-1) ) dyz(z’ + 66— 16)+ 21z + 8)
V) Spalp” — ) = 2plp = 4)
() 12019 — 160°) + dx{3x + 4y) (vil) 3980y — 98) = 260°(5r + T)

14.5 Can you Find the Error?
Task 1  While solving an equation, Sarita does the following.
Ix+x+ 3x=72

Cocfficient | ofa
rerin is uswally nod
shown, Bul whilz

Therefore Br=72 adding like terms,
3 we inchade it in
and so, A== o ke sum.

Where has she gone wrong” Find the correct answer,
Task 2 Appu did the following:

For x=-3,5x=5-3=2

Is his procedure correct? If not, correct it.
Task 3 MNamrata and Salma have done the

multiplication of algebraic expressions in the

following manner.

Remember o make
sz of brackets,
while substibuting a
negative value,

Remember, when vou mudiiply the

expression enclosed inoa bracket by a

constant (of a varabler outside, each
terim of the expression las o be

mmultiplhied by the constant

(o e varable),

Mamrata Salma

(8} Hx—4)=3x-4 Jx—4)=l-12
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(b) [y =2 (Zx) = 4x°
Remember, when you
e (c) (2a-3) l;ﬁr +2) (2a—3)(w —.2] nﬂﬁm";‘gﬁ?ﬁﬁiﬁd
before =2 — 1 =2a +a—>5 each factor has 1o be
ug:l[:!!y.'ing any squarcd.
ool 4 (d) o+ BF =+ 64 (x + 8)
l"lr !‘urﬂ;ﬁm =y + |6r+ 64
applicable (€) (x—5¥=x*-25 (x—5y=x"—10x+ 25
w Is the multiplication done by both Namrata and Salma comrect? Give reasons for your
ANSWer,

a+5
=i+ |

Task 4 Joseph does a division as -

While dividing a -

polynomial by a His friend Sirish has done the same division as; it
mmcmonial, we divede
each termof the i
I ial i il r . - 3 o o
ﬂﬂ,.“,ﬂ”r;'.‘; I;'!.] :hig And his ather friend Suman does it this way: 5 +1

roanoanl in e

denammi tor Who has done the division correctly? Who has done incorrectly? Why?

Some fun!
Atul always thinks differently, He asks Sumathi teacher, “15 what you say is true, then
WO B 6‘1 4 mw . o
why do | get the right answer for 61 =47" The teacher explains, * This is so

b, ¥ 64 l6=4 4
because 64 happens to be 16 = 4; 1-':'7-*-:.1_5_1 | ='l‘ . Inreality. we cancel a factor of 16

and not 6, as you can see. In fact, 6 is not a factor ofeither 64 or of 16.” The teacher
664 4 po6d 4

adds further, “ Also, T ‘I'E“ﬁ=*1'. and so on” Isn't that interesting? Can you

64
help Atul to find some other examples like ET’

B EXERCISE 14.4

Find and correct the errors in the following mathematical statements.

1. d{x-5)=4x -5 2, ¥Ix+=3x+2 3 Ix+3p=>75xy

i x+2x+dx= ix 5 Sy+2p+y-—Ty=0 & Ix+2x=5x

7. (P +HD)+ T= D+ B+ 7 8. (26 + Sy =4y + Sy = Oy
9. (x+2F=3r+06x+4
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10, Bubstituring y=-3In
(f x5t denes 3¥ 30 3pr4-9 21415
M ox —av+Amves (=AY -5r-3]l—-d=U-1a+1==12

() x+ Sxpives) 3F-3( )= % 15= 14
m. -3¢ w0 12, (=1 3y == 28
13. (Za+3fin- B)=20  3F 14, ig—hia+2i=a -8
Ay
15, (u—d)(n-21=w' -8 h, —-0
Lot r T
Ix' +1 dro_ 30
" Ju SR SIS M 3 3
dye+3 . TE+3
2. =1 2. —Tx
1y 5

PR HAT HAVE WE DISCUSSED? [N

1. When we factorise an expression. we wiite it 45 4 procuct of factors. ['hese factors may be
nurmhers, alpebraic varahles o alpeheaic gspressions.

[

Aninecucible factor 1 4 facror which cannor be expressed famher as 4 product of facrors,

3. Acsystematie way ol lRclonising an e pression s the comam lelor method. 1L eonsise of three
steps 1) Wnte cach term ot the exprossion gs a prastust ofmestucible factors (10T .ook for gnd
separate the conunon thcters and (i) Combine the remainine fhorers i each term in accorlance
walh the disinbachve law

d. Sometimes, all thaterms i given cgpression do net havs & common factor, but the terms can be
srguped insuch 2 way Wb all the tecms ineach aroop have a comawn GBowor When wedo s,
there cmerges a comanon factor across gl the groups leadimg e the reguired fieromizatnon af the
exprezsion. Ulus is the method of renron ping.

S o lactorisation by vegroupange, wee shoadd remenhen that any regroping (ie | reananoernent) ol
the: tormes i the given capression ey not lead to factonsation. We mest abseree the cxpression
and coume cul witl the desired regrouping by Leal and e

|6, A nymber of expressions o be facremised are of the fomm or cam b pu into the form cer + 2 end — 5,
{ - Zak+ b5 B oand v+ (o — &) +ab Lhese expressions can be easily thetorizec vsing
Tedentities T, 1T, ITT amd TW, pvenam Chapler @,
o F2ah R =g —- by
= Iab+EE=im b
f = =t Ay e =)
¥Hia+hz—abh=(v+alix+h

T Tnespressions which hive lcleasalthe bye e o) dx 1A, rernernbse Uwe nrresical lemn gves e, 15
tactors, orand b gshould beso chozenthat their s, wir sins taken carc of, 18 the cocfficient of v

B, Welnome thial in e case ol mombers, divizion s e igverse ol moliplicauon. Thisidea is ap plical-le

s tox the dnasiom efalechring cuprosaons,
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%, Tnthe case of divagion of g polynomial by momomigl) e gy cares oor the divigion either by

dividing each term of the polynomial by the monaemial or by che common tactor method.

100 o the e el dvasion al apobmeanmad b polymonaal, we cannel procecd by divadimg cach lerm

i in the dividend polmomial by the diviser polvnomial. Instead, we factorise both the polrnomials |
and cancal their commsn el

M, Tnthe ease of divisions ofalechraie cepregsions that we studiesd mehig chapter, we havg
Diraiclend = Drivizor ~ {uotient.
Togemeral, herweever The relalivm s
Liricdend = raser - Ooticnt + Bemainder
Thus, we have considered in Lthe presenl chapler only those divigions inosdnch e remainder
15 Fom),

12. Thereare many ermons studeats commonly make when solving alzebra exercizes. You shonld avod
tnabk g Anch erors




Introduction to Graphs

15.1 Introduction

Have you scen graphs in the newspapers, television, magazines, books ete. 7 The purpose
of the graph is to show numerical facts in visual form so that they can be understood
quickly, easily and clearly. Thus graphs are visual representations of data collected. Data
can also be presented in the form of a table, however a graphical presentation is easier 1o
understand. This is true in particular when there 1s a trend or comparisen to be shown
We have already seen some types of graphs. Let us quickly recall them here.

15.1.1 A Bar graph

A bar graph s used 1o show companison among categories, Tt may consist of two or more
parallel vertical (or homzontal) bars (rectangies).

The bar graph in Fig 15 1 shows Anu’s mathematics marks in the three terminal
examinations. It helps vou tocompare her performance easily, She has shown good progress,

w
=

e
L =]

el
=

Marks In Mathematiies —
ek
[ =}

—_
=

Ist Ind Ird
Term —
Fig 15.1
Bar graphs can also have double bars as in Fig 15.2. This graph gives a comparative
account of sales {in ¥) of vanous fruits over a two-day penod. How 1s Fig 1 5.2 different
from Fig 15.1? Discuss with your friends.

CHAPTER

15
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E Monday [ Tuesday

40

as

b
[

=
sales (in ki) <+

—_
N

_—
=

]

Fruits —

Fig 15.2

15.1.2 A Pie graph (or a circle-graph)

A pre-graph s used to compare parts of s whole, The circle represents the whole Fig 153
i5 & pre-graph. It shows the percentage ol viewers watching dilferent types of TV channels,

Inlormative

1%

Mews

5% £

Entertainment
Sports 5%
25%

Fig 15.3

15.1.3 A histogram

A Histogram is a bar graph that shows data in intervals. It has adjacent bars over
the intervals.
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The histogram in Fig 15 4 illustrates the distribution of weights (in kg) of 40 persons of
alocality

( Weights (kg) il 5 4550 5035 5560 Gll=65 ]
L No. of persons 4 12 13 & 5 J
14
12
T 1
3
= i
£ InFig 15,4 a jagged line
i =) has boon vsed along
horsacntal line to indicate
that we are nod showing
2 memibers betwesn angd 260,
i -.vlﬁ-_ll

40 45 1] 55 fil bE T
Weight {in kg) —

Fig 15.4

There are no gaps between bars, because there are no gaps between the intervals,
What is the information that vou gather from this histogram? Try to list them out.

15.1.4 A line graph
A line graph displays data that changes continuously over periods of time,

When Renu fell sick, her doctor maintained a record of her body temperature, taken
every four hours, Tt was in the form of a graph (shown in Fig 15,5 and Fig 15.6).
We may call this a “fime-temperature graph™,
It is a pictonial representation of the following data, given in tabular form

ﬁime bam | IDam| 2pm ﬁp.m.\l
35_J

Thee honzontal hne {usually called the x-aas) shows the timmgzs at which the temperatures
were recorded. What are labelled on the vertical line (usually called the y-axis)?

LTemperiture{‘C} 37 4 38
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42 42
40 & 400
L * T F i
s i
» : g )
Fu u E
Z 36 3 36 -
z ® 2 \l
= =
32 a2
0 10
< <
gl et
f b . f & 1 7 &
LR s L L (TR TR PR % | TR 1 8
Time — Time —
Fig 15.5 Fig 15.6
Each picce of data 15 shown The points are then connected by line
by a pomnt on the squane grid segments. The result 15 the line graph.

What all does this graph tell vou'? For example vou can see the pattern of temperature;
more at 10 a.m. (see Fig 1 5.5) and then decreasing till 6 p.m. Notice that the temperature
increased by 3° C{=40"C - 377 C) during the penod 6am. to 10 a.m.

Therewas no recording of temperature at 8 am., however the graph suggests that it
was more than 37 *C (How™),

Example 1: (A graph on “performance™)

The given graph (Fig 15,7} represents the total runs scored by two batsmen A and B,
during each of the ten different matches in the vear 2007 Study the graph and answer the
following questions.
(i) What information is given on the bwo axes?
(i) Which line shows the muns scored by batsman A7
(m) Woere the run scored by them same in any match m 20077 If so, in which match?
(i) Among the two batsmen, who is steadier”? How do vou judae in?
Solution:
(i) The horizontal axis (or the x-axis) indicates the matches plaved during the year
2007 The vertical axis {or the y-axis) shows the total uns scored in each match.

{ii) The dotted line shows the runs scored by Batsman A, (This is already indicated at
the top of the graph).
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(i) During the 4th match, both have scored the same me Ak s et
number of 60 runs. (This is indicated by the poim. 120
at which both graphs meet). 1o

E 3

(v} Batsman Ahas one great “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, even though his highest score is
onby 100 m comparison to 115 of A. Also A has
seored a zéro in two matches and in a total of 5
matches he has scored less than 40 runs. Since A
has alot of ups and downs, B isa more consistent
and reliable bagsman,

Example 2: The given graph (Fig 15.8) describes 30

the distances of a car from a city P at different times 20

when it is travelling from City P to City Q, which are

=0
s
-

—=r

S
Tttt

s seired —
-t
! =

s =2
L T ===
e
T
1

- o
fatoi
FTE
:l.
|

L1 3
350 km apart. Study the graph and answer the followang :
I{:l:] What information is given on the two a:ws':’ _ o 1 2 3 4 5 6 T £ 9 10
() From where and when did the car bewn its Mabchies —»
journey? Fig 157

(m) How tar did the car go mthe first hour?

() How far did the car go dunng (i) the Znd hour? (ii) the 3rd hour?

{(v) Was the speed same during the first three hours? How do you know it?
{vi) Dhd the car stop for some duration at any place? Justify your answer.
{vi) When did the car reach City ()7

of ]

7
£ i
1 //
E g ;
] ‘,ﬂ
bl
=
E
B 1508
=
§ T 3
EYIL o
0 L £z - TS s
# 9 TR T i2 1 2 3
LEE oL BT, BT, Ao el pems P
Time =

Fig 158
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Solution:

(1) Thehorzontal (x) axis shows the time. The vertical (1) axis shows the distance of the
car from City .
{i) The car started from City Pat Ba.m.
{in) The car travelled 50 km during the first hour, [This can be seen as follows
At Bam. it just started from City P At @ a m. it was at the 50th km {seen from graph).
Hence during the one-hour time between 8 a m. and @ a.m. the car travelled 50 km].
{iv) The distance covered by the car during
(a) the 2nd hour {ie, from @am to 10am)is 100 km, {150 - 50),
(b) the 3rd hour (i.e., from 10 amto 1] am)is 50 km {200 150},
{v) From the answers to questions (iit) and {iv), we find that the speed of the car was not
the same all the time. (In fact the graph illustrates how the speed varied).
{v1) We find that the car was 200 km away from city Pwhen the time was 11 am. and
also at 12 noon. This shows that the car did not travel during the interval 11 am. 1o
12 noon. The horizontal line segment representing “travel” during this period is
illustrative of this fact.
{vil) The carreached City Qat2 p.m

B EXERCISE 15.1

1. The following graph shows the temperature of a patient in a hospital, recorded
every hour.

(a) What was the patient’s temperature at 1 pm, ?
(b When was the patient s tlemperature 38 57 C7

&1 r‘_‘
o ‘Ilr \\
o
= 1T ___..ﬁ
E / \h >
E 1hg ,J
3 ]
as
= ase
.1.1}
T
9 i i 12 i 2 3
P i1 PR P 1 TSR {4 | | PR | T i1 F.I'I'l. Pann. . L,

Timge —»
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{c} The patient’s temperature was the same two times during the period given.
What were these two times?

{d) What was the temperature at 1.30 p.m.? How did you arrive at your answer?

(e} During which penods did the patients’ temperature showed an upward trend”

2. Thefollowing line graph shows the yearly sales figures for a manufactuning company.

ia) What were the salesin (1) 2002 (1) 20067

{b) What were the salesin (i) 2003 (i) 20057

(¢} Compute the difference between the sales in 2002 and 2006.

{d) Inwhich vearwas there the greatest difference between the sales as compared
to its previous year”?

12

8 H/’\\_

Siles {in Hs crores) —
=

TiHIZ TiML3 LI s Mk
Years —

3. For an expeniment in Botany, two different plants, plant Aand plant B were grown
under similar laboratory conditions. Their heights were measured at the end of each
week tor 3 weeks. The results are shown by the following graph.

14

Frs

p 10 H'”l “"a:
E & et ah €
& P

: A

2 = 1A

“1

Sgart I Wik —
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(a) How high was Plant A after (i) 2 weeks (i) 3 weeks?
{b) How high was Plant B after (i) 2 weeks (i1} 3 weeks?
{c} How much did Plant A grow during the 3rd week?
{d} How much did Plant B grow from the end of the 2nd week to the end of the
ird week?
{e} During which week did Plant A grow most”
{fy During which week did Plant B grow least?
g} Were the two plants of the same height during any week shown here? Specify.
4. The following graph shows the temperature forecast and the actual temperature for
each day of a week.
{a} Onwhich days was the forecast temperature the same as the actual temperature?!
{b) What was the maximum forecast temperature dunng the week?
fc}  What was the minimum actual temperature during the week?
{d} On which day did the actual temperature difter the most from the forecast
temperature?

====s Forecast — Actual

fak
i

pr

=
= 3

b
T s ,L—b -
= e ¥
¥ T B e
_ 1" \ o 4
EIn R T 3
E =" " h. ‘h'h.
Munes -
£ 15 . \'6
g
-
1
5
2 b * & te 5 L
A T Wil Tl Fri Sl Sun
Iy —

3. Lse the tables below to draw linear graphs.
fa) The numberof days a hill side city received snow in different vears.

r':’ur w003 | 2004 | 2008 zmﬁ"]
{_ Days 8 1) 5 12

(b} Population (in thousands) of men and women in a village in different vears.

 Year 2003 | 2004 | 2005 | 2006 | 2007
Number of Men 12 125 I3 132 | 135
Number of Women 13 11.9 13 136 | 128
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6. A courier-person cycles from a town to a neighbouring suburban area to delivera
parcel toa merchant. His distance from the town at different times is shown by the
following graph.

{a) What is the scale taken for the time axis”

{b) How much time did the person take for the travel?
{c) How faris the place of the merchant from the town?
{d) Dndthe person stop on his way? Explain.

{e) During which period did he nde fastest”

: 8
20 7
t 18 s
E T /,I 'Ifl
= 14 &
=12 -
E ({11 /'/
5§
2 e /
Fa
M D4
./ & - - g
8 am. B w,m, 100 ., I wm, 12 naan
Time —+
7. Can there be a time-temperature graph as follows? Justify your answer
(i) {id)
m: B
HE CE
g E
1R s
Rimg — Mimap —
{ii} )

HER

Temperuiufe

Fete




244 B MaTHEsaTICS

15.2 Linear Graphs

A line graph consists of bits of line segments i JEg
joined consecutively. Sometimes the graph may
be a wholeunbroken line. Such a graph is called
a linear graph. To draw such a line we need to
locate some points on the graph sheet. We wall
now leamn how to locate points conveniently on
a graph sheet.

15.2.1 Location of a point

The teacher put a dot on the black-board. She asked the
students how they would describe its location. There were
several responses (Fig 15 9).

N The dot is

_j:‘?}i-:tn;gﬂ o very close o A
the Lefi
o Tl of the :
i uper cormer,

& of board -

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 a suggestion. He measured the distance of the dot from the left edge of
the board and said, "“The dot is 90 cm from the left edge of the board”. Do you think
John's suggestion is really helptul? (Fig 15, 10)

LI F T\
LY A,
.r‘!. A,
- = 1.I '
bt 1
.h, i< A
:
[ ]
| P em =
Qi cm
Fig 15.10 Fig 15.11
A A LALA are all ) em away A iz 90 g from left edge and

from the left edee [ 60 cm from the battom cdae.,
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Rekha then came up with a modified statement © “The dot is 90 cm from the left edge
and 160 cm from the bottom edge”™, That solved the problem completely! (Fig 15.11) The
teacher said. “'We describe the position of this dot by writing it as (90, 1607 Will the point
(160, 90) be different from (90, 16077 Think about it

i By horonr

Fhe | 7h centery mathematician Rene Descartes, it is sald, mosiced the movemuont
af an insect near a cormer of the ceiling and began io think of defermining the
positton of g given poiat in-a plae. His system of flxing o point with the help of
fwor mreasurements, verifcal and horizontal, came te be known ay Cortesian sysiem,

15.2.2 Coordinates

Suppose you go 1o an auditorium and
search for your reserved seat. You need to
know two numbers, the row number and
the seat number. This is the basic method
for fixing a point in a plane:
Observe in Fig 15.12 how the point
{3, 4} which is 3 umts from lett edge and 4
units from bottom edge is plotted on a graph
sheet. The graph sheet itself is a square gnd,
We draw the x and y axes conveniently and
then fix the required point. 3 is called the
x-coordinate of the point; 4 is the
y-coordinate of the point. We say that the
coordinates of the point are (3, 4)
Example 3: Plot the pomt (4. 3) ona graph
sheet, Ts it the same as the point (3, 4)7
Solution: Locate the x, y axes, (they are
actually number lines!), Start at Q (0, 0)
Move 4 umits to the nght; then move 3 units
up, you reach the point {4, 3). From
Fig 15,13, you can see that the points (3, 4)
and (4. 3} are two different points.
Example 4: From Fig 15,14, choose the
betterts) that mdicate the Jocabon of the pomnts
aiven below:
M (2,1)
(@) (0,3)
(i) (2,0)
Also write
{iv) The coordinates of A
(v} The coordinates of F.

= e e U

virteal axis
{eallid p-axish

Hoene Descaries
(159%- 1651))

¥ tefls how many units
to vy ta the righi
i
5
4 o
1 = ﬂiﬂ_‘._:_ tells how
A ] many units
T - ts moyve up
|
Munlrs | > X
n’\ 1 2345 6 /‘
orhEin huriontul axis
i, 0 {called v-axis)
Fig 15.12
%
B
i 4
4 (5 ‘1
1 1K
HHs
1 =
Hlundis "".
4 0§ 2 3 4 8 &
Fig 15.13
C A
| ¥
(}]
F
= L -

(8

1 234 8 87

Fig

15.14
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Solution:
(i) (2, 1}yisthe point E(ltisnot D),
(i) (0, 5)isthe point B (why? Discuss with vour friends!). (i) (2, 0)isthe point G

i) Point Ais(d, 5) {v) Fis{3.50)
Example 5: Plot the following points and verify if they lie on a line. 1fthey lie on aline,
name it
iy (0, 2), (0, 5), (0, &), (0,3.5) (i) A(1.1}LB({1, 2%C(1,3).D(1,4)
m) K{1,3)L{2 3),M({3 3, N{4.3) (iv) W(2,6) X(3,5)5Y(33),2(62)
Solution:
X ]
7 T
¥ [a 3
STE =
* 3.5 olnE
':r A iC 1
= (TR 2Bl
' ‘Al
>N >N
O 1 23 4567 0D 1 234 5467
(i} (i}
These e on a line. These he on a line. The Line s AD,
The line is y-axis. {You may also use other ways
of namng it). It 15 parallel to the 1-axis
) Y
- A
fi [ " {]‘]ﬁ]
g K i
_.l .y B H. 4 H‘
y gD 3
. E M| N
k4 2
1 |
ﬂ'|13455 % ﬂ'113455 *A
(i) Fig 15.15 @)
These lie on a like, We can name it as KL These lie on a lime, YWe can name
or KM or MN ete. It 1s parallel to c-axis it as XY or WY or Y2 ete.

Mote that in each of the above cases, graph obtained by joining the plotted pointsis a
line. Such graphs are called linear graphs,
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B EXERCISE 15.2

1. Plot the following points on a graph sheet. Venify ifthey lie on a line

(a) A4, 0), B4, 2),C(4,6), D(4,235)

(by P(1, 1), Q(2,2), R(3,3), 5(4, 4)

{c) KA{Z, 3), L(3, 3), M(5, 58}, N(2. 5)

2. Draw the line passing through (2, 3y and (3, 2) Find the coordinates of the points at
which this line meets the x-axis and y-axis.

3. Write the coordinates of the vertices 1
of each of'these adjoining tigures.

4, State whether True or False. Correct M
that are false.

(1) A point whose x coordinate is zero
amd v-coordinate is non-zero will
lie on the y-axis,

{ii) A point whose v coordinate is zero

'ITT\\
V-axis. A Q

and y-coordinate 15 5 will he on
k

(i) The coordinates of the origin 0 1 1345678910
are (0, 0).

7a\

»X

15.3 Some Applications

In evervday life, you might have observed that the more vou use a facility, the more vou
pay for it IFmore electricity 18 consumed, the bill is bound 1o be high, Ifess electricity is
usedd, then the bill will be easily manageable. This 15 an instance where one quantity aftects
another. Amount of electnic bill depends on the quantity of electnicity used. We say that the
quantity of electricity is an independent variable (or sometimes control variable) and
the amount of electric bill is the dependent variahle. The relation between such variables
can be shown through a graph.

B THINK, DISCUSS AND WRITE U

The number of litres of petrol you buy to fill a car's petrol tank will decide the amount
vou have to pay. Which is the independent variable here? Think about it

Example 6: (Quantity and Cost)
The following table grves the quantity of petrol and its cost

(No. of Litres of perrat | 10 | 15 [ 20 | 25

A MRy

L Cost of petrol in T S00 750 1000 | 1250
Plot a graph to show the data.
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Solution: (1) Letus take a surtable scale on both the axes (Fig 15.16)
¥

M
1301k
200
LF ]

£

=
!

Comi (i) —

:

p
=

B oo
=

H

M)
TiHl

A

5 1] 15 I 15 i
Litres -

Fig 15.16
()} Mark number of litres along the honzontal axis.
(n) Mark cost of petrol along the vertical axis
(1v) - Plot the points: { 10,5009, (15,7507, (20,1000}, (25,1250).
(v} Jointhe points.
We find that the graph is a line. (It is a linear graph). Why does this graph pass through
thearigin? Think about it.
This graph can help us (o estimate a few things, Suppose we want to find the amount
needed to bay 12 litres of petrol, Locate 12 on the honzontal axis,
Follow the vertical line through 12 till vou méet the graph at P (say).
From P you take a honzontal line to meet the vertical axis. This meeting point provades
the answer,
This is the graph of a situation inwhich two guantities, are in direct vanation, (How 7).
In such situations, the graphs will always be linear.

TRY THESE

In the above example, use the graph to find how much petrol can be purchased
for T 800,
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Example ¥: {Principal and Simple Inberest)

A hamle gives 10% Simple Tnterest (5.7 1 on deposits by semior atizens Tirgwe g gmaphto
tluscrate the relarion between the s deposited and sinple interest earned. Find tiom
v Lngth

ta)  the amual teres shramable for an ineestment of 725001

() the irvvesument fne has i rak e e el an annwal siraple neerest ol T 790

Solution:
I,-" ™
Sum deoposited | Simple inderest for s vear
[0 | = 0
100 J T 714 Steps to follow:
I Hind the quantitics 1o he
plaoed as Depasic and Sl
-
7 20000 e 3. Doeide the quantitics fo e
100 loken on xr-aniz aod un
JETE T
LW L0 i Cheoas a acals
¢ 00 e T 1 Plat points
3. Joo he poindz,
IR )
T A0 7 M i i
[
0
L A RN + 10 y
W pet g table ol values.
( Peposit (in T) [0 20 30 0 [ ]
L Anoud 5.1 (in 10 20 30 303 10} J

(i Roale: Do 7000 am horeomital ai: ol T 00 am veriical mos
iy dande Tropenls alomg horaembal ass
(e Blank Sample Tnferest alomyg verhical asis
el Pl thee pedons (TG DOy 1200, 200, {300, 20), 1300, 30 e,
ivd Jevin the ponnts We pet a praph thatisaline (g 13.17].
i) Corresponding toF 230 an horizontal axis, we

ser the interesr ta be ¢ 2% on vertical axis. TRY THESE

{by Cormesponding to # 70 on the verical axis.
wes ot the sum 1o be 3 700 on the horzontal
By

1z Example 7, a case of direcr variatiou?
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z

E £

-
=

Anisial Simgebe Inrerest {in its) —

i q:_ “‘

100 201 300 400 5000 600 7ol &6 900 1Mo
Depasits (in Rsp —

Fig 15.17

Example 8: (Time and Distance)

Ajit can ride a scooter constantly at a speed of 30 kms/hour. Draw a time-distance graph
for this situation. Use it to find

1
(i} the time taken by Ajit toride 75 km. (i) the distance covered by Ajit in 3 7 hours.

Solution:
(" Hours of ride Distance covered 3
| hour 30 km
2 hours 2 =30 km =60 km
3 hours 3= 30 km = 90 km
L 4 howrs 4K3ﬂkm=i2ﬂkmmdsnuﬂ.J

We get a table of values.

(Tima {in hours) 1 2 3 4 W
L irtance covered Lo kmd | 36 | 60 | 199 lz:}J

(i} Scale (Fig 1518)
Horizontal: 2 units= | hour
Vertical: 1 umt=10km
{1}y Mark time on honzontal axis,
{#i) Mark distance on vertical axis.
(v} Plot the poants: (1, 30), (2, 60), (3, 90), {4, 120},
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-~
.

Lristynmer Covered fin kanl
b
[ ]
e
1=
L=

] il s dl: ity
1 2 d 4 5

Finm {inn bnmenp 2

Fig 15.1%

(v Devies Lhe perinia, We el alinsar praph.
i) Comvespomuding o 75 koo Choe vorhcal asis, wee gel e irne o be 205 hoors on
the honzontal axs. ‘Ulws 2. % hours ane needed to cover 75 k.

I
thy  Corregsponding to 35 hours cn the horizontal axis, the distance coverad s
=<

A Lo o The vertioal anss.

HE FXERCISE 15.3

1. Drawche sraphs for the tollowange tables of values, with suitable scales on the axes.
fap  Crostolapples

([‘iu.mhﬂ‘ ol apples | 1 ¢ g | ‘] i
L Cost {in )

LA
=
s
)
=
1L
LM
o S—
2
!
B

thy Thstance rravvellod by nocar

(Iime {m howurs) Gam TATL B BT, WAL

LDi:itum:c:.li {in km) A0 an 120 1l
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(17 oo much diseance Qid thes car coreer during che period 730 @m. o 3 a.m?

() What was the time: when the: car bl coveresd g distunce of 100 km sanee
it's atar’

(o) Tolerest vmdepsosil g o woyenr

~
(D{-pnsil fin T) Loarany EAN A0 AT 2O

Lﬂimplr: Taterest (in ¥) &0 160 240 320 00 ,..'

£ Thoos che wmaph pazy throggh the ongn?
(i) Llge the araph to find the nterest on & 2300 for a vear
im) Ter g ananderest of T ZR0 per e, T ronchrnoney shoudd b dipsea lad”?

2 Dwawe goagah for the followang

fl [Sidc o s ¢ ) 2 3 e 5 5
LP-erimetel' [im gm) H |2 I < 20 24

L= it & lin=ar graph! g

(m} |'F-iide of square {in cnp 2 a 4 5 £ :

L;‘u'ﬂl (i crm®F 1 o Lia EF A [

I il a linear graph?

— WHAT HAVE WE DISCUSSED? —

1. Graphical proseotation of data 12 casicr to anderstand.

2. 0 A bar graplh iz used Lo show comparisan anmuorg cilegones.
i) A pie graph sused to compars pars at g whole
iui) A Histogean iz a bar eraph that shows data in ntersqals,

A Time graprh displizes tata thal changes conlimuously over peaiods al Gne

et

Al graph which s 4 whole unbroken ling iz called a linesir graph.

rh

Fuor lislean, & pendeal oo the praph sheel we need, e-coordinale aod p-conrd inate.

. Tharelahon beteaam dependent varia ble sl independent varighle i ghowsm through o wraph,




CHAPTER

Playing with Numbers

16.1 Introduction

You have studied variouws types of numbers such as natural numbers, whole numbers,
integers and rational numbers. You have also studied a number of interesting properties
about them: InClass V1, we explored finding factors and multiples and the relationships
among them

In this chapter, we will explore numbers in more detail. These ideas help in justifying
tests of dnasibility

16.2 Numbers in General Form

Let us take the number 52 and write it as
S2=30+2=10=5+2

Similarly, the number 37 can be written as

IT=10=3+7
In general, any two digit number o made of digits a and b can be written as e
ah=10=a+h= 10a+h Here ab does mol
What about ha’ ba=10+b+a=10h+a -ﬂﬂ_-)ﬁ

Let us now take number 351, This is a three digit number. It can also be wnitten as
351 =300+50+1=100=3+10=5+1x1
Similarty 497 =100 x4+ =9+ ] =T
In general, a 3-digit number abc made up of digits @, & and c 15 written as
abc=100=a+ 10« h+1=¢
= 100a + 10h+¢
In the same way,
cath = 100 + 10+ b
bea=100b+ 10c+a and 50 on
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b
| 1. Whitethe following nurmbersin senecalised o
@) 25 (i) 73 (i} 129 V) 302
L ) 105546 ) 1007410148 (i) 100 <at10eth

16.3 Games with Numbers

(1) Reversing the digits — two digit number

Minakshi asks Sundaram to think of a 2-digt number, and then to do whatever she asks
him to do, to that number Ther conversation is shown in the following figure. Study the
figure carefully before reading on.

Copversations between Minakshi and Sundaram: Firsg Roond ...

Chiose
2-digit
number

i A thils 1o
-l the number
you started

with

]

Y Now divide
the answer

by 11.

There womn't
be any
remalnder!

It 50 happens that Sundaram chose the number 49, 5o, be got the reversed number
94, then he added these two numbers and got 49+ 94 = 143 Finally he divided this
nmber by 11 and got 143 + 11 = 13, with no remainder. This is just what Minakshi

had predicted.
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TRY THESE

Check b [he pesd Dol o oo 0 Soonlarans bacd chosen (e orehers hosen
[l
1. 27 2. 19 a0 644 4, 17

T, lemuy see b e com explain Mgk shi®s "mck”

Muppose Sundaram chiooszes the number oh, whick i3 & short form for che 2-dieit
mrnfer [0 1A Onoreversing the digls, be gets the momber Ser 1080 e When he adids
the: twao numbers he gors:

10 {1 ) et 1R
= 1| er — &b,
%o, the som i3 alwevs a moftiple of 11, st a3 AMinakshi had claimed.

Mg brere Thal 15vwee divade the somn Ty 11 Theduotient s A, which s exactly the
sum ofthe digits of chosen mamber e
Worw may chech Lhe same by taking amy olher teeo digi numbers
The geme butween Mimakshi and Sumdlaram confimes!

Mlinalkshi: Think ofanothear 2-diait oumber, buc don’t el me wha it is.

Sumdlaram:  Ahwhl

Mlimaleshiz Moo reverse the digits ofthe number, and sufieecs the smadler number from
the largzer ooe,

Sundaram: T have done the suberaction, What nest?

Minalshi:  boow divide vour ansseer by 9. 1 claim that there will be oo remainder!

Somdaram: You voyarenght. There s indeed no remgnder! Tt this fime Tohnk Thnew
b o ave g0 sure o this!

[ lact, Sundararm bad hawehl ol 290 50 his calenlations were. sl he ool
the number B2; then e aor 92 = 29 =64 gnd fingllye he did 063 = 9) and 2ot 7 ay
cueartient, with ne cemainder.

TRY TIHESE

Check what the result would Buve been iF Sundaram hed chosen the numbiers shawsn
[relonn:
[ 2 2l L 4 27

T s e hons Sundaram cxplaims hdmakshi™s seeond “mak™ (Mow he fscls confident
ot doing eo!)

muppomt e chonses the 2-hzit momberc 1o A Alen weversing the s, he
acta the numbor beo= 108 — a0 Moo Minakshi tells bon to do g suberaction. the
ainaller number o Lhe laroer ane.

& |fthe tons digit s laraer than the ones disit (that 13, 0 = &) he docs:
(10 + fp (10A gy — L + & 106 5
S —Uh o Her =4
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& |frhe ones digr s lareer than the rens digr (that 13,5 =), he does:
1 L) (108 B =900 o)
& And, of gourae, ifo =5, hoowety O

L each case. the resulting mamber is divisible by % %o, the remainder is (. Obseryve
here thi il we divide the vesulling nwember (oblamed by sublraction ), The guotiend s
o = Bor b —eacoerdingas e = borea < b You may cheek the same by taking sy
athes v digil numbers,

] Reversing the digits— three digit numher
Boovws it g Sundaram s turn to play some tricks!
Smdaram: Thark ol -0l owrmber, T dom™ el me wehat i,
Mimakshi:  Almaht.

Sundaram: Moowe malee anewe o= e pocting the digils in reverse onder, and sulitracl
thes sller number fivns the lareer ong:,

Minakshi:  Alrght. 1 have done che subtraction. W hat nexe?!
Smmdaram: Divide your answeer bae S50 Tarn sure Thal there wallbe v remnansor!
Im faer, Minaksin chose the 3-digit number 349 S she pot
®  Jeversed mimber 943 ®  Difference; 943 - 349 =34
& vigjon: 599 = 99 = ¢ wich no remainder

TRY THESE

C ek sl e pesedn wecnnled baev Beea 10%Tmal: sba had chosen Cha narnkaceas ghsen

below. In cach case koep a record of the quotient obrained at the end.
| 132 2 469 3 7y 4 |

Lot s sos how this ek works.
Lar the 3-digit nomber chosen by Minakshi be ahce = 100g — 100 + 0.
After reverany the order af the diats, she gers the nomber cive = 100 — 106+ o Cm
abtracrion
® [ thertbe dillerence Delweeen tie sumbers is
(100 + T06 = o) = (1000 = [0h + o) = 1000 — [0k =g — [0 100 — o
=090 o =99g o
o Tt 0wy thon the ditferomees: boetween the nombers is
(L00¢ = LB+ o) — (100 = Lk + ¢} = S8 — Y8 = 990 — ),
*  And, ol cowrse, e o, The dilTerence 150
Tncach cuse, the resalting numberis divigible byt Sotha remaindor is 0 Chsemee
that quotient 15 core . You mav check the same by takinn ocher 3-digit numibers.
im) Forming three-digit numbers with given theee-digiis
Foovwr it 18 Mlinakshi's rn ence mare.
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Minakshi: Think of any 3-digit number.
Sundaram: Alright, | have dore so.
Minakshi: Now use this number to form two more 3-digit numbers, like this: if the
number you chose isabe, then
¢ “the first number is cab (i.e., with the ones digit shifted to the “left end” of
the number);
® the other number is hoa (i e, with the bundreds digit shified 1o the “nght
end”™ of the mumber),
Mow add them up, Divide the resulting number by 37, T claim that there will
be no remainder
Sundaram: Yes Youare nght!
Tn fact, Sundaram had thought of the 3-dign number 237, Aller domng what Minakshi had
asked, he got the numbers 723 and 372, So he did

237
+ TA3 Fom all possible 3-chgn numbers using all the degris 2. 3 and
Tand find their som, Check whether the sum is divisibla
+ 372 %! s 1t true for the swm of all the numbers formed by the
digits &, & anmd o of the number alc?
1 332

Then he divided the resulting number 1332 by 37:
1332 = 37 =36, with no remainder,

TRY THESE

Check what the result would have been if Sundaram had chosen the numbers

1, 417 2 632 i ong 4. 937
Will this trick always work?
Let us see. abe =100 + 10b + ¢

cath = 100¢ + 10a + b
bea = 1000+ 10¢ +a
abc+cab + bea=111{a + b +¢)
=37 = 3{a + b+c), whichis divisible by 37

16.4 Letters for Digits

Here we have puzzles in which letters take the place of digits inan arithmetic “sum’, and
the problem 15 to find out which letter represents which digit; so it s like cracking a code
Here we stick 1o problems of addition and multiplication,
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Here are tomo males we fallows while dolng such puzzles.
1o ey fedter dnohe prezzle st sioed for just one Sigin. kel dligit mrast e
viariertea S et oee fedier:
2. The firse diedt of o memdfer comnor fe zero, 'Thus, we write the number “sixoe
Three™ ax 63, atd riol s 083, o 00635
A mul g that wic would e to follaw s that the puzele must havs just one answer
Example 1: Find ) in the addivian.
110
+ 1033
5

Solution:

There s wsl vne letier £ whose value we Iidve o lind.

Stuy the sulidmion m the cmes colurmme from O 3 weget 17 thatis, a number edwsse
cnes divitiz 1.

Taor Lhis Loy bapepsem, Thedhgal O shenadil be & S the poseede can he solved a6 show holow

i1 3

1 &3

B0

That is, ) =&
Example 3: Find A gl Tin the addition

+

sl =

kB

Solution: Thishas e letters Aand Bowhose values are to he teognd
Studvy the addition in the ones column: the sum of flree A'sis a nomber whose ones digit
ig AL Therelore, The sam ol teo A8 most be g nomber whose ones dipil is 0.
Thiy happeny enly torA =0 gnd A =3
[CA -~ G thenthe sam s 00 00— 0 which makes B — 0 oo, We do nol wanl Lhis
tas it makes A = W then the fens digr of A oo hesomes ) g0 we reject Hhis
poscibility, o A =3
Theelire, The puede s sobaed as st Tl
s
I &

| 5

‘That is, A=3anl B =1. 1 &
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Example 2: Find che digits Aand B,

B M
~ T3
5 T A

Solution:

Thiz alse has twa letters A and Bowhose valoes are 1o be found.
Sioee the ooes dipi ol 3 < AdsA wmusthethal A= QoA = 5

Fow logk at B TR =1_then BA ~ B would o meed b ogqual tas 190 1958 that g,
Icwold at moat be equal to 341, But che product heee s 574, wehich 15 more than 500, 50
voce ol hawe T |

It B =4 them BA - B3 would bemore than 300 30 chat iy, mons than <00, Bat 574
ia Jess aan 600, So, Bean ao be equal o 3.
Putting these fwo facts tewether, we seethat B =1 ooy Sethe multiphcanen is ather
20«33 or 25~ 23,

. N .. . - . -

The (AL poessahilice linls, since 20« 23 460 T, The CR.
second one works out corretly, sinee 28 2 23 =575 £ 2 3
Sotheansweris A 3,0 2 50705

Write 8 Z-digm number wh and the numbsr obtamed by reversing ms digits e,
Lheir s, Lt thes suenbea 3-digil number dad

T, el | ofee ofercd
{10+ ) — (L8 + @) = oend
| % B N 35
The s e+ & eannot execed 18 0w hy?)
13w a muleiple o' 117
T cferefl loss than 19R7
vrite allthe 3-digit numbers which are nultiples of 11 upto 1494,

Fined the saloes ol o and of

B EXERCISE 16.1

Find the vahies ofthe Jetters in each of the Sallomsnge anc orme reazons for the steps involred.

L i A 2 4 A 3. | A
28 + % Y A
= S Conoa HA
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i A = A H 6 A H
F3oT = 3 x 3
B A T AT CoA T
i |
7 A E. A 9 2 Al
PR | T - A H |
EER B B AN &
14, |2 A
- oA B
A DD

16.5 Tests of Divisibility

T s % T o Tt b o chaske diviaibilne by the tollowsane divigors
16,5, 2,3, 0,4, 8 9 11,

oy el haves Towasel e fesds casy Toodo, ol e mae heve wemdened al the same
time wine thew worke, boowwy, nthis chapter, we shall eo nto the “wihy™ aspect of the above.
16.5.1 Divisibility by 10
‘Ihis 15 cortamly the casiest test of all' Wi tirst look ar some multiples of 10,

10, 20, 30, 40, 50 60,
amdd them at some non-muaitiples of 10,
13,27, 32, 4%, 55, 69,

Trrumn These Tisls woe see Chal 10 The ones il 0n momben 158 then the rarnhe s
multiple of 100 and 1f the ones disar 1@ e O thenthe nomberis soe s nwltiple of 100 80, we
el a lest ol divisbilile Iy 10

O comrse v st not scop with just stating the: test, wamust also cxplaim et
“wiorks”. That 1z not hard to do; we onlv need to remember the mles of place value.
Tetboes the puarniher, | cfier, thisis a shorn lorm For

U o TR S I

Llere s ds Lhe one’s digil, s the tee’s dipid, ¢ isthe hondred’s digil, and so on. The
dots wre thera to sy that thers gy hemere duats ta the et ot

Sinee 10, 1o - are divisible ba 10, 0 are 10d, 1ot ... And as for the mimber @
is cortcerned, in must be g divisible e 1000 he preen mwmber s divisille e 10 Thus 14
possible enly whem e =11
[leece, a nuenber s divisible by 10when its ones dipit is

16.5.2 Divisibility by 5
Lok at the multples of 5.
SO0 15, 20, 25,30, 35, 40, 45, 50,
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W gee that fhe one s oVefes are cofrernarele 3 amd O ared no other Jieft evey
SIS TS
maz, v el cur fest aldivisbality bee 5

ke ones ofot of @ numrber 13 Gor 3, e it s divisihle B 3
Toelus explaim g wle Any nuwmber cbercan be wrllin as:
= 1000 — 105+

Aince 10, 100 are divisible by 1O soare 106, 190, L which i lurn, are divisihle
by 5 bocause 10="2 5% Asfiras rumber ans concemmed womust be drasible by 5 ifthe
number s divigble by 5 50 hasto be cather 0 or 2

TRY THESE

{ Uhe first one has been done ter vow )

1o Wihe division b s 5 leaves o eemainder a3, whal might be the cees digit ol N
{ Thaz one’s i, when diagdead b 5 muast logve a remaingdor of 3. 5o the ong’s dhgit
st be either 3 ar 3.}

2 1Nthe divisiom & ¢ 3 lenwves a remamidar ol 1, whal mighl be the one’s digil ol WY

i Ifthe division I + 3 leawes 4 remainder of-1. what muzht be che one's die of 7

16.5.3 Divisibility by 2
Here are the even numbers.
o4 6 % 1001214, T, 18, 20, 22
gl hgre: arg the: odd nymbers,
L35 V9 1L 13, 15,17, 19, 21, ...,

W s Lhial o mahural nurmber s cven 0= ome’s dial s

2.l Bard
Acnaimlser 15 odd (Mg one’s digil is

I3 5 7ard
Recall ihe test ol divisibulity by 2 learnt in Class W1, which is s ollows.
e cne’s dign ol aoarnher 140, 2034 & & then The nurnher s dvasihle by 2
1he explangmon forthis s as foll o,
Ay nrnher cfier can e writlenas [O0c 0 195 1 o

Farst ey termes mamely 1000 TG gre divsihle bre 2 hecquse 100 and 10 arg divisibls

b 2. %o tar as o s concerned. it must be civisible v 2 it'the prven number s divisible by #9595 3
2 This s pessahle onle whene 002 4 607 R |

TRY TIESE

(L he first one has been done far v )
I Wik division b s 2 leavesavemainder ol | whal might be The ong’s digit ol N7 & _
(s adid; soits omes dint isedd Thorefere, the one’s diggrmustbe |35, Tors ) S s
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L-2

Lf'the division M + 2 leaves no remalnder (e, 2ero rematncdery, what misht be che
e s il ol WY

L3

Syppaesce that the dvanen ™ 0 5 Teaves o remgmader ot 4 gl the diasion ™ 5 2
leaves a remainder of 1. Wy hat most be the one s clleit of ™7

16.5.4 Divisibility by 9 and 3

O, 5o 20 W see somelbang commmnaen Lo Therne e e ol e one s cliges of fhe
wrivem maamber; they do need bodher abons e et of e digiis Thus, dfieisibilin
ix Gdecided just b the one s digit 10, 5, 2 are divizors ol L0 which is Lhe hey
namber i our placs valug,
But tor checking draaibadity by @, this will aot work. Let us take some number sav 3373,
M empanded Toemas 5 OO0 05 < [O0 037« 10 1 3
Thizsisequaleo d - (999 + L+ 5=(99-11-7 ~ (¥4 11+
JOoGRC Ax0R T Qg3 31T (1

W wie that the mambar 3573 will hedivgible by Sor 3397 (53 — 3+ 7+ 3w divisill e
b S ar 3,

Weses thal 3 1510715 1R divisible by 9 and also Ty 3. Therelore, The niernber
373 s drvisible by both % and 5.
Moo Tel s comaider the number 3378, A48 above, we o2l
ASTA SR DD S 00 - T O -5 T .y
Sice i3+ 5+ T o e, 2108 not drasible by 9 bot s divisille by 3,
tTherelime 3578 mnol divasiblely @ 1 Tmsever 33700 dvasible by 3T Tence,

i Ammber M 1z drasible by 2 if the som ofits digits 1z divisible b3 Ocherwize oo is
L clivisille by G

i) A number Mg dnasihle by 3 the sum atits diggts = divigbls b Orherwise iy
nor divisible by 3.
TC e mrmhea 3 e, them 00 WG w990 BfF (@ 1 h o)

= Wlle+dY +{a+d+)
-
aivis bl by 4l #
TTenee, thvisabiahiny bee & Qor 2004 pesssalilelen U h covgdvasible by 9 {or 33
Example 4: Check che divisibility of 211365487 by 9.
Solution: The sum ollhe digils 2143038372010 0403 16031817 36
Thigs mumbgr iy divigible ey < (for 38 5 9= 43 Wo conclude that 2 1435387 13 dvisible by &
We can double-checl.
Z1430G5ET
&l

=Z3H1%43 ithe divisionis exact).
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Example 5 Check the divisibilite of 1525873 by 9.

Solution: Thesum olihe digis ol 132875051 5 218 713 23 This nuriber
15 mot divisble b B conclude than 152875 14 not divisible by T

TRY THESE

Check the dreisibilioy of the followaine mumbers by &,
I I Z ale i 24 4 432 5 9zT

Exzample 6: IU'he theee digi number 24y is divisille by 9, what s the value ol

Solution: Smoe Z4x s divisible be Q0 murn ol 10 digins, e, 2 134 x shoodd he
divisible b % Le., & — v should be dreisible by 9

This s poasible when o —y =9 o0 15, ...
Taul, simee s gl therelore, 6 1x B, 0 3

HEEE. THINK, DISCUSS AND WRITE W
1. ¥ouhave seenthat 2 number 330 s divisible by 100 1t s also divisible w2 and 3

wnch are Tocleass ol [0 Similarhy, amurehen 135w divisible @11 walso divisble
b 3 wehich 1s a factor of &,
£2an o say Lhat il"a cumber i divisible By any number s, then il sill alsae be
divazible by cach ofthe fagrors of m?
(1) Write a 3-digit number abe gs 100g+ 106 — ¢
Q9 1 1A T {or—h o]
= 1%+ b))+ —h + )
e nusiber adfe is divisille Ty 11, ther whal can you say abaout
FTEN N T
L= it necessary that {7 — ¢ — &) should be disizible b 117
i Wrile d =il nomber gbetas 10000 1 1000 10 of
= (100 g —5eh+ 1l —(a-5F+ o=l
=1HSla— 90+l — b +al (at ol
Tt the nurmber sefeed s divisible by 11 then what can you say ahoat
[t + ) — i@+ ]!
(my Trorn (11 ancd {11) alworvee, can o Ay Chal wovrnher wall be divasible e 1130

the difference berween the sam of disits at s odd places and that of diwits ar
Lhes even places is divisille by 117

L2

Example 7: Check the divisihilioy ol 2146387 by 3.

Solotion: The sum ol the dimlal 21463872 1 41615310517 23 This
mumber is divisible by 3 for 33 <3 =117, We conclude that 2 14903457 15 divisible by 3.
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Example B: Check the divisibility of 13287 by 3.

Solution: The simofthe digits of 15287 is 1 +5+ 2+ 8+ 7= 23 This numbser is not
divisible by 3. We conclude that 15287 too 1s not divisible by 3.

1 TRY THESE

Check the divisibility of the following numbers by 3 |

'EE. EXERCISE 16.2
1. If21y5 is a multiple of 9, where y is a digit, what is the value of y”
2. If31z5 isa multiple of 9, where z is a digit, what is the value of 27
You will find that there are o answers for the last problem, Why is this so?
3. 1f24xisa multiple of 3, where xis a digit, what is the value of x?

(Since 2dx is a multiple of 3, its sum of digits 6 + x is a multiple of 3, s0 6 + x is one
of these mimbers: 0,3, 6,9, 12, 15,18, ... But since x is a digit, it can only be that
b+x=6o0r%or 12 or |5 Therefore, r=00r 3 or 6or 9. Thus, x can have amy of
four different values. )

4. If31z5 15 amultiple of 3, where zis a digit, what might be the values of 27

— WHAT HAVE WE DISCUSSED? I

Numbers can be written in general form. Thus, a two digit number af will be written as
ah = 10a+ b,

2. The general form of numbers are helplul in solving puzzles or number games

3. The reasons for the divisibility of numbers by 10, 5, 2. 9 or 3 can be given when numbers are
written ingeneral form




AT ANSWERS A=

B EXERCISE 1.1

. I §
Iy 2 {in} ETY
. . I B 19
) & W3 () — v 3 V)
. e 5 30 2 :
. 0 3 @ 3 (iii) ™ T3 vl 3 {vi) I
5. (i) 1isthe nultiplicative identity (i) Commmuativity
(i) Multiplicative inverse
—96
6. o1 7. Associativity 8. No, because the product isnot |
1 ¥ 10
w 3-— L — —_—=
9. Yes, because 0.3 3" 10° 3 |
. (i) O (i) Pand{-1) (i) ©
1. (i No (i) 1,-1 (i) :5]‘ vy x (vl Rational number
(vi)  positive
. EXERCISE 1,2
1 -1
L. (i} ——t——+————— i} ——H——F—+—+—+—
S S S ST R S o = =5 =4 1 =l 1.0
4 4 4 4 4 4 4 6 B B 6 @ A
-1
Vi —

m m 1w 1 1mmumnmnnn

3. Someofthese are |, % 0,1, _?]

RS —4 3-8 0 12 be hrati b

4. 20° 20" 20" 2030 20730 " 30" { There can be many more such rational numbers)
41 42 43 44 435 L =B =7 | R 9 10 11 12 13
5_ ﬁ‘} —_— i — — — ﬁﬂ = {I:II:.:I- —_— o — — —

607 6060 60" 60 66" 66 32°.32" 32732 32

{ There can be many more such rational numbsers)
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3 -1 I
a. oL o L. (Iherecan be many more such radonal sumbers)

A
-

OF O OGR 0D IR 18 10T N3 Ind a5 108
[E0° 1607 1607 1807 160 160 1807 1607 1607 155
" here can be mamy mone suchrational nombers )

HEE. EXERCISE 2.1

1L r U oy 7 oo 4 4. ¢ 2 5 x 2
23 3
T x=27 B r=24 49, y=— ., == 1ll. p=
[ 2 q
B EXERCISE 2.2
3 Z
L. 1 2. length=32m, breadth =25 m 3. 1?::11 4. 4 and 33
45, 27 0. 1o, 17,18 7. 2ZBE, 29 and 504 B TEQ

Blahul®s e 20 venrs, Tlaroon ™ ae: 28 yenrs 1L 48 shudenls

F e o

Bawchung ‘s ape: 17 vears: Baichuong s father's ase: 40 vears:

: . _ - 1
Fanchymg’s swramcbythar s gge = 72 vears 12, Swours 13 3
14, 100« 2000 nalea, T30+ 3000 noles, 148 » 3000 noles

15, Mumber of T | goins = 80 Wymber of T 2 going = 60 Mumber of @5 gona = 20

la. 19

B EXERCISE 2.3

Lov=18 2 i=-l 3. r=-2 1. 7= 5 ov=3
7 4
7o =10 i vr=1n o= m, m= _
- a
B, EXERCISE 2.4
L 4 2. 7,35 3. 30 4. ZOforoZi
5. Sbolo’sape 5 vears; Shobo's mother's gge. 30 vears
a., Taongth =275 m; hrowdth =100 m 7. E00m I
9. Grand dauphier's age: & vears; Grandlachers aze: 60 vears

1L Arnam’s age: G0 vears: Atnan ™ Son’s age: 20 yoews

K-
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. EXERCISE 2.5

1. « = 2 36 3 v 4 & 5 ¢ 2
- E T Lo Lox 3 5 2
7 2
L .- 2 5 or By 9.z 2 . 7 ada
E. EXERCISE 2.6
2 EEl o 5 hd
1. = iox - 3 = |2 4. ) 5 5. :.
_ 13
B Mar™saze 20 vews, TTrny™s nge 28 vews T 1
B, EXERCISE 3.1
1o (nd L2567 {2 5 67 iy 12
fdy 2 fey L
2 m 2 {by ® fey O 3. 300 ves
4, (u) WO07 qlhy o 10E0F foy e {dy (=2} IR0F
S0 A pelyoon with equal sides and squal anples.
(1 Tapalaleral hasmgle M Sipery fmy Rl hessem
6. (a) GO0F by 140¢ foy 140 fcly 10w
Toofay oxoop bz J60F (o wrp o bw 3607
B EXERCISE 3.2
L. f@p 360¢ ZR0U=110¢ flap FoiF 310" =50
oAt B 1 L
2,0 g 40 i} 15 24
2o
3. 1 | 5 {sacdis ) d. Murnber olsales 24
=<

.00 Mo (Rimes 2208000 a divisor al 360
Mo (hecaye gach coreror angle iy TR =229 = 1357 whigh w net o divdzgor of 3607
6. (a) Theequilateral trianple being & repolar polveon ol'2 sides has the least measure ol an ioterior
anule  GF
i) Bvia) we can see that che preatesr extenar anele 1s 1207,

. FXERCISE 3.3
1. () BOOpposile sdes are coual) in} DIATY{ Oipprsafe aongles ave cyual)
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() OA Diagonals hisect each orher)
() L&D {lncerier oppesite angles, since 4T3 | 1)
fij v =807 = 100% £ = 500 W= 1307 = 1300 = 130°
fml o A, B0 . G0v vl o 100v o ROV o0 BOF
W] =125 r =28 = =128"
3 {1 Canbe buol oeed not be.

ti] Mo, g parallelewram, opposite sides are coual, ot here, AT) < T8

a3

(] bo;¢in a parallclosrame opposite angles are cqual; but here, A« 2.

4. Alkale, lor esarmple a0 10 TR B, Lachisanghl angle.
Tooa=11F w=a05 o= W
Bl x—4 =900 »=3 v—13 0, ¢ - 30

LIR m| b fawm alinterior pppssite angles is 1907 So, KLWN i trapesium,
NP 12. _1F =307 Zh =00

B EXERCISE 3.4

R el P (i e true; athory are fialus,
2. (4] Bhombus, square. bl Square; rectansle

-l

1 Aspuneis 4 —waded, soilis g guadnlaieral,
i) A square has its opposte sides parallel; soir s o parallclogram.
il Asquareis a parallelograrm wath all 1he 4 sides equal, o008 o homhos.
tihv] A squareisd parallelogmamaith cach andle a bt amaele, seot s a recnamal e,
4. {1 Pacallelogram, mombos, wouare; rectanole.
il Rhasnbnas, sequoire mil S, eslmale

Borh ofies chagonals e in s ntecior.

L

6. AD| BC, AB|DC . 3o in pavallelogram ATCT, the mid-point of diagamal AC 0

B EXERCISE 5.1

1. (h), Gy Toall these cases da b cam he dieided mio class milorals

2. - Shopper Tally marks Mumber ]
W TR TR 28
Wl BT G 15
B M 5
L Y i 12
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3. IIr[ntw.-:'wl Tally marks Fr:quenq.r_\
800 - 810 I 3
R10 - 820 ] 2
820 - 830 | I
830 - 840 M1 0
840) - 850 M 5
850 - 860 | 1
860 - 870 | 3
B0 = RO | ]
580 - B%0 | |
890 - 900 111 4
Tuatal 30
h' -
4. (i) 830- 840 (i) 10 Tl= B
= 3
(m) 2 %!:
Za
w8
k d
5. (i) 4-35hours (i) 34 £3
AP ,
BN EXERCISE 5.2 Ll Al i

Wiaes {in Hs) —
L. G) 200 (5) Lightrwsic (m) Classical - 100, Semi classical - 200, Light - 400, Folk - 300

2. (i) Winter (@) Winter - 1507, Rainy - 1207, Summer - 90" {ni)

3. Yellow
K
" Blue
] 140
Crrven
wﬂ
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4.

B EXERCISE 5.3

il

1) Hindi i) 30marks (i) Yes

Loa) Outocores — A T8 CL T
ikl HI,HH.TH, I'l ¢Here H'T means Head on first oo god Fail on the second coin and so ond.
2. Oulcormies ol an event ol oeling
() tay 2, 5.5 ih 1,405
il {a)y o k1 1,2,3,4, 5
3 1 I 3
1 tﬂ..] j I:.-l:l:] 13 U"':I T
, L 2 N
. 0 iii] 5 (i) 3 tiv) 16
3 4
5 Probability of getting a groen seetor = = probabiliny of gerting a non-blue sector = r
1 I
f. Probability of getong g prime number = 3 [robabilite of aetting a number which 15 net prime= 5
I
Probability of wetting a number grogter than 5= o
b
Probability of gctting a number net arearer than 5= m
. EXERCISE 6.1
| T i) 4 (i) | tiv) v I ) s
(vl < (il 1 {ix] G %] 5
2, These ks end willy
i 7 i 3 (L) % (W) Z ) 0 ) Z
il 0 fviig 0
3.0, (i) 4, TR0 | T2 i
5, 1020304030201, 1010101014 0, 20,0,42, 43
T I T R Y i) 144
8,04 1-3+3+7-9-11-13
Gl 303079 10 13 1501709 2
9. 41 24 i) S0 (i) 19
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B EXERCISE 6.2

L. () 1024 @) 1225 (i) 739 (iv) 8649 {v) 5041 (vi) 2116
2. () 6810 @ 144850 (m) 1663065 (i) 18,8082

B FXERCISE 6.3

. ) L9 () 4.6 m) 1.9 {iv) 5

2. (i), (ii), (i) 3. 10,13

4. Oy 27 (i) 20 (i) 42 (V) 64 (v) 88 {vi) 98
fvii) 77 (viil) 96 {x) 23 {x) 90

5 i) 742 [ 530 {m) 7.84 (v) 3; 78 {v) 2;54 (vi) 3:48

6. () T.6 (i) 13.15 {iiy 11,6 (vi) 5,23 {v) 7,20 (vi) 5,18

7. 49 8. 45rows; 45 plants in each row 9. 900 10, 3600

B EXERCISE 6.4

1. (1) 48 () &7 () 59 () 23 (v} 57 fvi) 37
(v) T6 (v} 89 {mx) . 24 (x) 32 {x) 56 (i) 30

2.0 1 (i) 2 (i) 2 vy 3 (vi 3

3. ) 16 (@ 27 () 7.2 {iv) 6.5 {v) 5.6

4. () 2:20 (m) 53.44 {m) 1;57 (iv) 41,28 {v) 31;63

5 @ 4,23 (i) 14,42 {w) 416 {v) 24.43 (vi 149;81

6. 2lm 7. (a) 10cm (b} 12cm

8. 24 planis 9. 16 children

B FXERCISE 7.1

L () and (iv)

2. (i) 3 (i) 2 (i) 3 (iv) 5 {v) 10

30 3 (i) 2 () 5 (iv) 3 vy 11

4. 20 cuboids

B EXERCISE 7.2

LG 4 () 8 (i) 22 (iv) 30 {v) 25 (Vi) 24
(vi) 48  (vii) 36 {ix) 56

2. (i) False (i) Tne (i) False {iv) False (v) False {vi) False
(vil) True

& 11,17,23, 32
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. EXERCISE 8.1

. {a) 1:2 (b} 1:2000 {c) 1:10

2 {a) 75% (b) ﬁ-ﬁ'j"% 3. 28%students 4. 25matches 5, T 2400
6. 10%%, cricket — 30 fakh; football — 15 lakh; other games — 5 lakh

IS EXERCISE 8.2

1. T 1,40,000 2. 80% 3. T3480 4. T 1834250
3. Oanof2% 6. T2.835 7. Lossof¥ [,269.84
8. 714,560 9. T2000 10. ¥ 5,000 1. T 1050

EEE. EXERCISE 8.3

L. {(a) Amount==%1537734; Compound interest=34.577.34
(by Amount =% 22 869, Interest =7 4369 (c) Amount=7 70304, Interest==37 804
{(d} Amount=7T8, 73620, Interest =% T36.20
(¢} Amount=% 10816, Interest =% 816

1. T36,639.70 3. Fabina pays T 562.50 more 4, 74320
5 (i) T63.600 (i) T67.416 6. (i) T92,400 (i) T92.610
7. 1y TRE2W ) T441
8 Amount=%11,576.25, Interest =¥ 1,576.25 Yes.
9. T4913 10. (i) About 48 980 () 59 535 11. 531,616 (approx)
12, ¥380640
. EXERCISE 9.1
- z z ) fios
1. Term Coefficient () 3
= =
M| s 5 i ,
— gt -3 ¥
33y ' —rp =1
(i) | | x 1
x I tv) 2 3
x 1 ¥ 1
(i) ey 4 _iy 2
— 4y -4
C = ) (vi) 0.3a 03
~ (1 Gah -0.6
0.56 0.5
L
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2. Monomials: 1000, pgr
Binomials; x +y, 2y - 3y, dz - 15325, prg + o, 2p + 24
Trinomials |7+ y + 5x, 2y — 317 + 4y, Sx—dy + 3y
Polynomials that do not fit in these categories: ¥ +x° + x' +x', ab + be + cd + dar
3 0 0 (i} ah+he+ac (iif) —plg +4pg+ 9
) 2AF +m+ o'+ I+ i + 0l
4. () Bog-2ab+2h-15 (b) Zxy— Ty +Szx+ 10z
() prg—Tpg + 8pg— 18g + 5p+ 28

B EXERCISE 9.2

L (i) 2% (i) - 287 (i) -28p%¢  (v) -12p* ) 0
2. pa, 50 me, 100 v 126, | 2merp

3.

il = | ) ™
First mononmual —» Iy Sy ] —dxy ey | —0xh
Second monomial +

i 4x° ~10xy 6x* | -8xy | 14y [-18x%H7°
-5y -10xy | 257 | -155%y| 2007 | =35x%7 | 4507
i Gx) | =1&cy | 9xt | —12¢%]| 20xfy |-2Tah
~ Ay 8| 20;° | <12ev| leyt | 282 | 36y
Ty By | =355%0 | Z2ix'y | -2Bx%Y| 49xh7 |- 63xhY
=piye —18Bx'y* | 45xy! | <270 36y’ | - 63xh| Blxhd

L A
4. (1) 105a" (i) G4pgr (i) datyt (iv) Gabe
5 ) 52 i) -a° {iiy 1024 (iv) 36ahcs (V) —wrinp

B EXERCISE 9.3
L. () dpg+4pr (i) a’b—ab” (i) Ta'h + Tah'

(V) ' — 3bar {v) O
2. (1) ab+ao+ad (i) Sry+ 5Sx- - 25xy
(i) 6p"—Tp" + 5p ) 4pq - 4pq

{v) ahe + ab’c + ab
3
3. ) B () —Zxy () -4y () x'"

5
4. (8) 12¢—15v+3; (i) 66 (i) ?
Bl a'+a+a+s iy 5 iy & {iiiy 4

S @ prgtr-pg-gr-pr () -2 -2 — A+ Dz 2
() SF+25In {dy —3a*—20" +4¢ —ab+6be— Tae
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B EXERCISE 9.4

I. () B+ 14x - 15 (i) 3" -28y+32 (i) 6.25F - 0.25m°
{iv) ax+Sa+3bx+15h (V) 6p'g* + Spgd - g (v) 3at+ 1007k — 84
2. () M-x-2¢ (i) 7+ 4By - T)F (i) of +a'h +ab+ K
(v) 2p°+pg-Ipg-¢q
3. ) ¥+ 55k (i) b’ + 307+ 55+ 20 (if) -5+ 82F =5
{iv)  dawc (v) 34 dey — {vi) x*+ )"
(vil) 2.25¢- 16y (vil} @+ b -+ 2ab
B FXERCISE 9.5
I. ) xX*+6x+9 (o) 4=+ 20p+25 {in) 4a — 28a + 49
1
{iv) S — 3+ 3 v} 1.2l - 016 fvy & -
X T
(vil) 36w’ —49 (vil) o - 2ac + & (ix) %+%+%
(x) 494" — 126ab + B1H°
2. () ¥+ 10x+2] (i) 1627+ 24x + § (i) 162° - 24x + 5
(iv) 16+ l6x-§ (v) 4+ lexy+ 157 (Vi) St + 284" + 45
(vil) ¥y —6o:z+8
3. ) F-146+49 EYNREH Gxyz + 927 fiil) 36x' — 60xy + 257
o
{iv) %m: + 2ni + 'EJF (v} 0.16p" + 0.04ng + 0,254 {v1) 4xy? + 2007 + 257
4, () -0+ iy 40y (m) 98m° + 128"
(iv) 4lm’+80mn+dlr  (v) 4p' —dg" () @B + b (vil) ' + '
6. () 5041 (i) 9801 (i) 10404 (iv) 996004
(v) 27.04 (vi) 89991 (vii) 6396 (vili) 79.21
(ix) 9975
7. (i) <200 (i) 008 (i) 1800 {iv) 84
8. () 10712 fii) 2652 (i) 10094 (iv) 95.06
B EXERCISE 10.1
L (&) — (i) — (iv) () — (i) — (v) (€)= (iv) —» (i)
(d) — (v) —(m1) le)—»{ii) — (i)
2. (a) (1) —» Front, (i) — Side, (in) — Top (b} (i) —» Side, {i1) —» Front, (11} — Top
() (i) —» Front, (i) — Side, (iii) —+ Top (d) (i) —» From, (i1) —» Side, (iii) — Top
3. (a) (i) — Top, (i) = Front, {ii)) — Side by (i) — Side, (i) — Front, (iii) — Top
{c) (i) — Top, (i) — Side, (iii) — Front {d) (i) —» Side. (i) — Front, (i) — Top

{e) (i) —» Front, (i) — Top, (iii) — Side
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B EXERCISE 10.3

1. (i) No (ii)yYes (ii) Yes 2, Posamble, only i the number of faces are greater than or equal to 4
3. only (i) and (iv)
4. (i) A prism becomes a cylinder as the number of sides of its base becomes larger and larger,

(i) A pyramid becomes a cone as the number of sides of'its base becomes larger and larger,

5. No, It can be a cuboid also 7. Faces —+ 8, Vertices —» 6, Edges — 30
8. Mo
B FXERCISE 11.1
1. (a) 2. T17.875 3. Area= 1295 m', Perimeter =48 m
4, 45000 tiles 5 (b)
. EXERCISE 11.2
1. 088 m’ 2. Tom 3. 660m° 4. 252 m’
5. 45¢m’ 6. 24cm, 6cm T. TRIO 8. 140m
15 s :
92, 119m' 10, Ar:ausinghruﬁ’amymEHEK?K{3"]+|5}M'=33?-5TH'.

Area using Kavita's way = %x 15%15415%15=3375m"
11. 80 cm’, 96 cm’, 80 cm?, 9% cm?®

B EXERCISE 11.3

1. (a) 2, l44m 3. l0cm 4, 1lm
5. 5cans

6. Simularity — Both have same heights, Difference — oneis a cylinder, the other 1s a cube, The cube has
larger lateral surface area

7. 440 m’ 8. 322cm 9, 1980 m' 10. 704 cm’
B EXERCISE 11.4

1. (&) Volume (b) Surface arca {¢) Volmme
2. Volume of cylinder B is greater; Surface area of cylinder B is greater

3. Scm 4. 450 5 Im 6, 49500 L
T. @) 4times (i) &times 8. 30 hours

B FXERCISE 12.1

| |
L. ) 9 fit} 16 {m) 32




276 B MaThEMATICS

(i) (i) (5)° (v} iv)

4y 2t Gr (—14)
I 81
3. iy 5 (i} 3 (mj 2% () 1 (v} 16
4. (i) 250 - 5 m=2 6. (i) -1 ) =
-y 23 () 50 = ) 1) 175
A
10 2@ s
. EXERCISE 12.2
1. (i) &5x=10" (i) 942 =10 " (i) 602 = 10
w) 83T=10" (v} 3186 = 10™
2. (i) 000000302 {iiy 45000 (i) 000000003
(v) 1000 1 G000 (v)  SROOOOO0OG000 {v) 3614920
3. @ 1=10" { 1.6=10" (m) =107
(v} 1.275 = 1078 v) 7= 107
4. 1.ODOS = 10
. EXERCISE 13.1
1. No 2. LM-;:Imdpi:;nmﬂ | 4 7 | 12 Eu]
L.;I’:lrts of base 8 |32 |56 |96 iﬁﬂJ
3. 24 parts 4. 700 bottles 5 10 *%em;2cm 6. 2lm
7. () 2.25# 107 crystals (@) 5.4 = 10" crystals 8. 4cm
9. () 6m i) 8mT5em 10. 168 km
. EXERCISE 13.2
L (), () (v} 2. 4 —=25000; 5—20,000; 8 — 12.500; 10— 10.000; 20 — 5000
Amount given to a winner is inversely proportional to the number of winners,
3. B 45" 10— 367 12— 30° (i) Yes () 24° (i) <
4. 6 5. 4 6. 3days 7. 15 boxes
I
8. 49 machines 9, IE hours 10, (i) 6days {u) 6persons 11. 40 mnutes
. EXERCISE 14.1
L@ 12 @ 2¥ (i) 14pg (iv) | (v} Gab {(vi) 4x

(i) 10 (viil) ¥4
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2. () Tix-6) i) 6lp-2¢) (i) Talg+2) (V) d2(—4+55)
(v) 10 /m(2f + 3a) (v) Sapix ~ 3y) (vil) S(2a° - 35 + 4%)
(vil) da{-a+b-c) (ix) xys(x+y+z) (%) xplax + by = e2)
3. 1) (x+B){xr+y) (u) (3x+1)(5y-2) (i) (a+b)(x—y)
(v) (5p+3)(3g+5) W -1l -x

B EXERCISE 14.2

L G) (a=+4) ) (p-5¢  Gi) Sm+3) () (Tr+6e)
(v) Hx-1) (v} (115—4¢y (vit) (/—-m) (vii) (g + Iy
0 (2p-3q)(2p+3q) (i) T(3a—4b) (3a+4b) (i) {Tx-—-6)(Tx+6)
(iv) 16x(x—3)(x +3) (v) 4lm () (3x—4)(3xy +4)
(i) (x—y-z){x—p+2) (viti) (Sa—2h+T¢)(5a+26-Tc)
3. () xlax+b) () 707+ 3¢ ) 2e0¢+ ) + )
(iv) (i + ) (ar + ) (v) (/+1){m+1) (v} (v+9){y+z2)
(vi) (Sy+2:)(y-4) (vill) (2a+1)(5h+2) (i} (3x-2)(2y-3)
4. () (a-M(atbyla+F) (i) (p-3)p+3)p+9)
(W) (x-yp-z){x+y+z)[+{y+zF] (V) =(2e—2) (2% - 2z + )
{v) la-hyathy
5 M (p=2)(ptd) (m) (g-3)g-T) (m) (p+8)(p-2)
I FXERCISE 14.3
1. () IT () —4y (i) pgr (iv) %Ilj' (v) —2a'h
2, (i) %{ir—f:} (iy 3y -4+ 5 (i) 2(x+y+z)
| -
() ;q’x*+2r+3} {‘r’} I’ﬂ_P}
3.0 Zx-5 (i) 5 (i) 6y () xp (V) 10ahe
4. (i) 5(3xc+35) (i) 2ux+5) () %-“{.ﬂﬂﬂ (v} 407 +5p+3)
(V] (x+2Z)(x+13)
5
500 y+2 ) m-16 i) Sp-4) (V) 2=:=-2} () S99
(v} 33r—4) (vil) 3IN5y-7)

B EXERCISE 14.4

I. #{x-5)=4dx-20 2, H3x+2)=3x+Ix
4 r+lr+3y=6yr S Ap+dyty-=Tdy=y

3. 2x+3y=2x+3y
6. Ix+2x=1x
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7. (2P + 42+ T=4 + 8 + T 8. (Z¥) + Sx = 455 + Sy
9. (Ix+2F =0+ 12¢+4
10. (2) (-3)°+5(-3)+4=0-15+4=-2 (b) (-3)-5(-3)+4=9+15+4=28

(€) (-3F+5(-3)=9-15=-6
1. (y-3)F=r-6r+9 12, (z+5F =2+ 102425

13, (2a+3b)(a-b)=2a +ah-3F 14, {a+4){a+2)=a +6a+3
15, (a-4){a-D=d-6a+8 16, ;:[
)
3x +1 3x° | | ir ir
1'?. = ..|+ =]+ - In._ =
3t 3t Ix’ Ix+2. 3xr+2
3 3 4x+5 4x 5 5
19. = — T Mo T
dx+3 dx+3 4x 4 4x 4x
5 . S |
3, Lets TF L9 T
5 ¥ 5 5

B EXERCISE 15.1

. {a) 36.5°C (b) 12 noon (€} 1pm, 2pm,

(d) 36.5°C; The point between | p.m_ and 2 p.m. on the r-axis is equidistant from the two points
showing 1 p.m. and 2 p.m., 5o it will represent | 30 p.m. Similarly, the point on the y-axis,
between 36° C and 37° C will represent 36.3° C.

(¢) Y9amtolQam, Damtollam.,2pm todpm.

2. (a) (i) T4crore i) 78 crore
(by (i) ¥F7crore (i) ¥85crore(approx.)
{c) T4crore (d) 2005
3. (a) (i) Tem (i} 9cm
(by (i) Tem (i) 10em
¢} 2em (d) 3cm (e} Second week ity First week
{g) Atthe end of the 2nd week
4. (a) Tue, Fri, Sun (b} 35°C ey 15°C (d) Thos
6. (a) 4units= 1 hour i) 3% hours (c) 22km

(d) Yes; Thisisindicated by the horizontal part of the graph (10 a.m. - 1030 a.m.)
(e} Betweenfam and®am
7. (i) isnot possible

. EXERCISE 15.2

1. Pointsin{a)and (b} lie ona line; Points in(c) do not lie on a line
2. The line will cut x-axis at {5, 0) and y-axisat (0, 5)



Apswers B 275

F0OOn0, U ACE L B2, 30, O, 30, I, 3, Q0a, 1 Ko, 50 504, 71 KO0, 30, Lo, 7 B, 8
4. (0 Tme  (ip False {iiy e

E. EXERCISE 15.3
1 iby (i) 20km iy 7.3058m. (o (1) Yes i) T2000 (i) T3500
o Yes ikl Mo

B EXERCISE 16.1

1. A=7.B=6 L A=3B=4C=1 3 A=06
. =2 B=5 . A=A B=0,0=1 h. A=5B=0L0=2
T. A=T7.B=4 B A=T,B=U 9 A=d B=7
M, A=8 R=1
HE. EXERCISE 16.2
. ¥=1 2 o=0ory Joe= 3 hory

40,3 6ord

JUST FOR FUN

1. More about Pvthagorcean triplets
We have seen one way of writing pythagorean oriplets a5 2mom? = 1.m* + 1
A prythagoreun rplel a8, o means e+ 0= T e use twa natura] nonnbens moand aims g, and
luke qe =™ — %, b= Zepn, o = e 4 0, Lhen we can ses thal o = o' + 67
Thues for dilTeremt values ol reand mosath m = e can wenera b maloral nurmbers a, S cosuch that Theny
[omn Pythugronean riplets,
For ciample: Take. m=2.n= 1.
Then, a=m"—w' =3 b=2mr=4. c=m"+n" = 3. 15 o Pythugorcan irplel. (Cheek ity
For, =381 =2, we pet.
a =5 0=12 =13 which is again a vthagorcan triplet.
Take some more values for e and e and penerace more such oriplets.

2. When waer tieeres 5 volume increases by 4%, What voluime of water is required to male 221 e’
otice?

3. Wprice ol tey inerensed by 205 by whal percent st the consiunplion be reduced o keep the
espense the same?
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4. Ceromony Aswards bogan in 1938 There wore 28 catogones to win an award. In 1993, there wiore 81

catcgorics.
i1y The awards given in 1935 is what per cent of the awards given in 199737
{iiy Theawards given in 1993 is what per cent of the awards given in 1454Y

5. Cukol g swarrm ol bees, ong [ seleon ablossonrn ol Kechossfee, cree U cana Maoseeer ool Sl fleier,
andd three timnes he dilTerence belween these e numbers Mew woode oom ol Seiga, Only len
hiesers weeeres Theen Tee L Croerm (he searrn, Wohat wes The mumber ol bees i the swarme! [Nole, Sooamfo,
Silinahred and Keetofeoure Moweering trees. The proddaenm is fronn the ancient Tidian exion algebra.)

B, Tonconmpuling the ares ol s spuare, Shekhar used the Torrmmla Gor area ol s souare, while Tis Trend
Meluroel wses] the FormoTa for the permeter ol o souare. Tnieresting Ty thear answers were nuimencally
satne. Tell re the nomrber al unis ol the side of the soguae they worked on,

T, The arca ol o sguane s noroerically Less than sax mmes 1 side, Lisl some sgquinses o which (his huappens,

8. Isil possible (o have aghl cireolur ey linadaor o have velome nomeacally coual o ils coreed sorlace
arei? I wes stule when,

9. Leclaimvited somne fricnds for ces on her birthday. Her mother placed somne plates aind some paeis on
atableto be served. If Lecla places 4 prvis incach plage 1 plate would be left cmpty. Buc it she places
Aparismeach place 1 peri would be left. Fiod che number of plates and ouom ber of peris on the table.

10 Ischere a number which is equal to its cube bot not equal to its square? 1f ves find it

1. Arrange the numbers from 1o 20ima o such that the sum of any o adjacent num bers i3 a perfect
SQUArT.

Answers

2, 2127 em’

Y 16%%

d, (1) 335 (i1 2R

3. 150

6. dumls

T Sules=1,2,3,4. 3 umls

8. ¥osowhenradios = 2 units

9. kumber of peris = 1, munber of plates =3

Ny —1
1. Oneofthe waysis, 1,3, 0, 1917 81 + 3=4 3 + =% e Try some other ways.



