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Foreword

Punjab School Education Board has continuously been engaged in preparation
and review of syllabi and texibooks, In today’s scenario, impariing right education
to students is the joint responsibility of teachers as well as parents. With a view Lo
carry oul enirusied responsibility, some important changes pertaining Lo present
day educational requiremenis have been made in the textbooks and syllabus in
accordance with NCF 2005.

Mathematics has an important place in school curriculum and a good texthook
is the firsi requisiie lo achieve desired learning outcomes, Therelore, the content
matier of Mathematics for the class VIII has been so arranged so as (o develop
reasoning power of the sindents and to enhance their understanding of the subject.
Graded questions and exercises have been given to suit the mental level of ihe
students. This book is prepared by NCERT, New Delhi for class VIII and is being
published by Punjab School Education Board with the permission of NCERT, New
Delhi. This step was taken to maintain the uniformity in the Mathemaiics Subject
so that Mathematics student will have no preblem while facing the common
entrance tesi at a senior secondary stage,

Every cffort has been made to make the book useful [or students as well as [or
the teachers. However, conslructive suggestions lor its further improvement would
be gratefully acknowledged.

Chairman
Punjab School Education Board
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E'; Rational Numbers

1.1 Introduction

In Mathematics, we frequently come across simple equations to be solved. For example,
the equation x+2=13 (1)

is solved when x = 11, because this value of x satisfies the given equation. The solution
1115 a natural number. On the other hand. for the equation

x+5=5 (2)

the solution gives the whole number O (zero). If we consider only natural numbers,
equation (2) cannot be solved. To solve equations like (2), we added the number zero 1o
the collection of natural numbers and obtained the whole numbers. Even whole numbers
will not be sufficient to solve equations of type

x+18=5 (3)

Do you see “why’? We require the number —13 which is not a whole number. This
led us 1o think of integers, (positive and negative). Note that the positive integers
correspond to natural numbers. One may think that we have enough numbers to solve all
simple equations with the available list of integers. Consider the equations

r =3 (4)
5x+7=0 (3)

for which we cannot find a solution from the integers. {Check this)
3 . =7

We need the numbers E o solve equanon (4) and ? o zolve

equation (5). This leads us to the collection of rational numbers.

We have already seen basic operations on rational

numbers. We now try to explore some properties of operations
on the different types of numbers seen go 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.

Operation Nombers Kemarks R
Addition 0 4 5=35, a whole number Whole numbers are closed
4+ 7=...Isita whole namber? | underaddinon.
In general, a+ bis a whole
number for any two whole
numbers g and b.
Subtraction 5-T7=-2,whichisnota Whole numbers are not closed
whole number. under subtraction.
Muliphication | 0% 3 =0, a whole number Whole numbers are closed
3xT7=...Isitawhole number? | undermultiplication.
In general, if @ and b are any two
whole numbers, their product ab
is a whole number.
) = L
Division 5+8= 3 which 1s nota Whole numbers are not closed
g whaole number. UpCer A, v
Check for closure property under all the four operations for namiral numbers.
{ii) Integers
Let us now recall the operations under which integers are closed.
(" R
Operation Nuombers Remarks
Addition —6+5=-1, aninteger Integers are closed under
Is =7+ (-5) an integer? additon.
Is 8+ 5 aninteger?
In general, a + b is an integer
for any two integers a and b.
Subtraction 7—-5=2, aninteger Integers are closed under
I3 57 an integer? subtraction.
—6-8=- 14, an integer
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—6—(—8)=2, an integer

Is 8 — (—6) an integer?

In general, for any two integers
aand b, a— b is again an integer.
Check if b - a is also an integer.

Multiplication | 5 % 8 =40, an integer Integers are closed under
Is— 5 x § an integer? multiphication.

—5 % (—8) =40, an integer

In general, for any two integers
aand b, a x b is also an integer.

5
Division 5+8= 3" which is not Integers are not closed
. under divigion.
aninteger,
\ A

You have seen that whole numbers are closed under addition and multiplication but
not imder subtraction and division. However, integers are closed under addition, subiraction
and multiplication b not under division.

(iii) Rational numbers

Recall that & number which can be written in the form g . where p and g are integers

26
and g # () 15 called a rational number, For example, —g : 5 are all rational

numbers. Since the numbers (), —2, 4 can be written in the form 5 , they are also
rational nurpbers. (Check it!)

(a) Youknow how to add two rational numbers. Let us add a few pairs.
L_ (=5) 21+(-40) -19

gty = 56 56 {(arational number)

—_3+ (—4) —15+If—32]l_ Iei r— ber?

2 5= 20 = & it arational number?
4 6 ) .

-?- + Tl- — - I5 it a rational number?

We find that sum of two rational numbers 15 again a rational number. Check it
for a few more pairs of rational numbers.
We say that rational numbers ave closed under addition. Thar is. for any
two rational nuribers a and b, a + b is also a rational number.

(b) Wil the difference of two rational nurbers be again a rafional number?
We have,

-3 2 =5%3-2x7 28

7 3 21 21

(arational number)
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TRY THESE

Ts it a rational number?

Isit a ratonal number?

"Try this for some more pairs of rational numbers. We find that rational menbers
are closed under subtraction. That is, for any two rational numbers a and
b, a— b is also a rationa number.

(¢) Letus now see the product of two rational numbers.
—Exd« -8 3 2 6 di e e
3 5= 157 5 35 {bo products are rational numbers)
4,8

FAST Is it a rational number?
Take some more pairs of rational numbers and check that their product is again
arational number,

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

2 =25

(d) We note that _?j a : = > (arational number)
2.5 . ) s ) .
E + E = ... . Iz 1t a rational nurmber? E o ? =..., Iz 1t a ratnonal number?

Can you say that rational numbers are closed under division?
We find that for any rational number a, ¢ = 0 is not defined.

So ratonal numbers are not closed under division.
However, if we exclude zero then the collection of, all other rational numbers is
closed under division.

Fill in the blanks in the following table.
[ Numbers Closed under
addition | subtraction | multiplication | division
Rational numbers Yes Yes No
Integers Yes No
Whole numbers Yes
§ Natural numbers No
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1.2.2 Commutativity
(i) Whole numbers
Recall the commutativity of different operations for whole numbers by filling the

following table.
( Operation Numbers Remarks b
Addition 0+7=7+0=7 Addition is commutative.
E=d i =
For any two whole
numbers g and b,
a+b=b+ag
Subttaction | @0 ... Sublraction i$ not commutative.
Multiplication |  ........ Multiplication is commnuutative.
L Division | 0 ... Division is not conmmmitative. )

Check whether the commutaiivity of the operations hold [or natural numbers also.

{iiy Integers

Fill in the following table and check the commutativity of different operations for

Infegers;

(" Operation Numbers Remarks )
Addiion | ... Addition is commutative,
Subtraction IE5-(-3)==3-57 Subtraction is not commuative.
Multipicason | ... Multiplication is commutatve.

LDi:viai{m ......... Divigion is not conmutative. p

(iii) Rational numbers
{a) Addition
You know how to add two rational numbers. Let us add a few pairs here.

=& 3 1 §. =23 1
—+—=—and—+ =—
e

30 B 7\ B
2.5 5. (=2
So, 3 77173
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TRY THESE

Complete the following table:

(h)

(e)

(d)

T T | (4]
Is == — g

You hind that two rational numbers can be added in any order. We say that
addition is commutative for rational numbers. That is, for any twe rational
mgnbersaand b, a + b=5b + a.

Subiraction

].S E_FEZE._E'I
3 4 4 3°
i
L Ly

Is v ol ol 3

You will find that subiraction 1s not commutatve for rational nurmbers.

Multiplication

We have, _—?XE=_—42=Ex(_—?)
3 5 is § 3
:ﬁx[:ﬂ]_:ﬂx[:ﬁjq

Is 9 \7)" 779 )

Check for some more such products.

You will find that mudltiplication is commutative for rational numbers.
In general, a X b = b x a for any two rational nurmbers a and b.
Division

e o ('_5 }?

4 77 |4

You will find that expressions on both sides are not equal.

So division is not commutative for rational numbers.

Is

Numbers Commutative for

addition | subtraction | multiplication | division

Rational mumbers Yes

Whole numbers Yes

No
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1.2.3 Associativity
(i) Whole numbers
Recall the associativity of the four operations for whole numbers through this table:

|f 2

Operation Numbers Remarks

Addiion | 00000 ... Addition is associative

Subtractionn | 2000 e Subtraction is not associative

Multiplication | Is 7 x(2x 5)=(7 x2) x 57 Multiplication is associative
Isdx(6x0)=(4x6)x07
For any three whole
numbers g, band ¢
ax(bxc) =(axb)xc

Division | ... Division is not associative
>
Fill in this table and verify the remarks given in the 1ast column.
Check [or yoursell the associativity of different operations for natural numbers.
(iiy Integers
Associativity of the four operations for integers can be seen from this table
-
Operation Numbers Remuarks
Addition Is(=2)+[3+(-4)] Addition is associative

=[(=2)+3)] + (-4)?

I5(—=6)+ [(—4) +(-5)]

=[(=6) +H—=4)] +(-5)7

For any three integersa, band ¢
a+b+c)=(a+b)+c

Subtraction Is5—(7 -3)=(5-1-32 Subtraction is not associative
Multiplication | Ts 5 % [(-7) x (- 8) Multiplication is associative
=B x (7] x(-8)?

Is(—4) x [(— 8) x (—5)]

= [{(-4) % (-8)] x (3)?

For any three integers o, b and ¢
ax(bxcl={axh)xe

Drivision Is[(-10) + 2] = (-5) Division ig not associative
=(=10)+[2+(9))?
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(iii) Rational numbers

(a)

()

(c)

Addition
We have

-2 13 [=5 =2 [T =27 -9
—+ =4 — ||z—+ = p—=—
3 IS 6 3 130 30 10

-2 3],(-5) -1 (-5} -27 -9
— 4= H = =t — —=—
[3 5](13]1 (ﬁ 30 10

+

Find _—1+ E+(-—4 and ;]+E + -—4] Arethe al?
2|7 A3 REIN Y Rl
Take some more rational numbers, add them as above and see if the two sums

are equal. We find that addirion is associative for rational numbers. That
is, for any three rational numbers a, band ¢, a+ (b+c)=(a+b)+c.

Subtraction

C R

Check for yourself.

Subiraction is not associative for rational numbers.
Multiplication

Let us check the associativity for multiplication.

7 (5 2] -7 10 70 =35
— 3 —w— = = —

37147 9) 3736 108 54
[—? 5] v
— M | H—=
317°4) 0
: (352 [ T2 Y2
We find that il i 3 4%
3175 3 .05

Take some more rational numbers and check for yourself.

We observe that multiplication is associative for rational nuwmbers, That is
for any three rational numbers a, band c, a2 (bxc)=(ax bh) xe.
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{d) IMvision

9

i

|
+(—K—) {recipmcalul'j is Ej

2

{5
ws [3{5 3

Ll ae

We h LHS l+ _—1+E
e have, = - 3 75 )=

12 1 5 2 5
Is LHS = RHS? Check for yourself. You will find that division is
not associative for rational numbers.

TRY THESE

Complete the following table:
( Numbers Agsociative for i
addition subtraction | multiplication division
Rational numbers No
Integers Yes
Whole numbers Yes
kNﬁuu'a] numbers No -]

acac B BN, 12BN, 5
Example 1: Fmd? T 21 2

RN AN AN
Solution: 7 ¥ 31 o)

_ 198 ( ‘252) . [‘”5) . [’1“5 ] (Note that 462 is the LCM of
162 2 '
462" hoAeR A NA6RGT WH0LS 4 151 and 59

198 - 252 -176+ 105 —125
462 T 462
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We can also solve it as.

HE)
oo ek e
T L1l 21 | 22

(3 (8] [-6 5 _ . sy
_ ;+ H), - H+E (by using commutativity and associativity)

'9+{—3)'+[—12+5

= 21 27 } (LCMof 7 and 21 is 21; LCM of 11 and 22 is 22)

1 (7] 22-147 -125
=21 [zzf 462 462
Do you think the properties of commutativity and associativity made the calculations easier?

R O S . D ¢
Example 2: Find "5—K$XEK(?]
Solution: We have

—4..5. 15 —14]
—E R |
5 7 16 9

_4x3), 15% (—14)
_ 5x7 : 16xY

12 [—35) —12%E85 1
x = =—

I

= 35 24 | 35x24 2
We can also do it as.
-4 3 15 [—14]
— W —H— | —
R BT 9

(:‘XEJX Ex(ﬁ) - S —
=15 %16 - 9 (Using commutativity and associativity)

1.2.4 The role of zero (0)

Look at the following.
240=0+2=2 (Addition of 0 to a whole number)

-5+0=..+..=-5 (Addiion of 0 1o an integer)

-2 =21 =2
tﬁ- +..=0+ (? ): _TF { Addition of 0 to a rational number)
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You have done such additions earlier also. Do a few more such additions.

What do you observe? You will lind that when you add 0 o a whole number, the sum
15 again that whole number. This happens for integers and rational numbers also.

In general, a+0=0+a=aqa, where a 15 a whole number
b+0=0+b=05b, where b is an integer
c+0=0+c=r¢, where ¢ 18 a rational number

Zero is called the identity for the addition of rational numbers. It is the additive
identity for integers and whole numbers gs well.

1.2.5 The role of 1

We have,
SR 1L=5=1%x5 (Wultplicaton of 1 witha whole nuraber)
e RO W
?x = R s 5
3. 3.3
g T INgT g
What do you find?

You will find that when you multiply any rational number with 1, you get back that
rational number as the product. Checlk this for a few more rational numbers. You will find
that, a x | = 1 x a =a for any rational number a.

We say that 1 is the multiplicative identity for rational numbers.
Is | the muluplicative identity for integers? For whole numbers?

B THINK, DISCUSS AND WRITE Wmam

1T a property holds for rational numbers, will it also hold for integers? For whole
numbers? Which will? Which will not?

1.2.6 Negative of a number
While studying integers you have come across negatives of integers. What is the negative
of 17Itis— 1 because 1 + (- D)=(-1)+1=0
So, what will be the negative of (—1)? It wall be 1.

Also, 24 (-2)=(-2)+ 2 =0, s0 we say 2 is the negative or additive inverse of
—2 and vice-versa. In general, for an integer a, we have,a+(—-a)=(-a)+a=0;s0,a
is the negative of — g and — ¢ is the negative of a.

For the rational number = , we have,

3
2 (2 -2
)
3\ 3
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Also, [—E)ﬁ _o  (HowD)
3/ 3
: -8 -8
Similarly, —... :,,,+[—-)=ﬂ
¥ 9 9
+(—_11] ) (;H) 0
F 7
In general, for a rational number %,wehave. §+(—§] = [— %]+E—;:D.W&gay

a a a :
that — B is the additive inverse nf — and 3 is the additive inverse of (— g}

1.2.7 Reciprocal

E
By which rational number would you muluplv . to get the product 17 Obviously by

21 . g 21
— . gince — x—=1,
8 21 8

= 7
Similarly, El must be multiplied by 5 Soasto get the product 1.

7 =
and —5 is the reciprocal of —-.

21
We say that — is the reciprocal of —— -

& 21

Can you say what is the reciprocal of 0 (zero)?
Is there a rational number which when multiplied by 0 gives 17 Thus, zero has no reciprocal.
We say that a rational number i is called the reciprocal or multiplicative inverse of
g, 8. €
- g Ry x e, = lL
another rational number b if by
1.2.8 Distributivity of multiplication over addition for rational

numbers

To understand this, consider the rational numbers ';' % and :ﬁi :

—fx{%r[—?ﬁ]} _ -3 {{4‘.:4-{—-5)}

3 .2
Also o ek
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it = Distributivity of Multi-
4 6 8 plication over Addition
(_3 2 ] ( -3 -5 ) -1 5 1 and Subtraction.
Therefore —X— |t —AU— | = To= For all rational numbers a, b
4 3) \4"6) 2 8 8 o
-3 {2 _5} (._3 2 [_3 _5] a(b+c)=ab+ac
. — XA =t — | =M= || —x— N = b —
Thus, 4 3 6 Fics & alb—c)=ab-ac

Pl dissibtiviy. {% x []*—23)} G E ” %}

i) {ixi}.{;{ixﬂ}
16 12] lie” 9

Example 3: Write the additive inverse of the lollowing:
When vou use distibotivity, you

—_? L2l gplit a product as a sum or
® 19 @ 112 difference of two products.
Solution:
ST B =T ST
() Igls e additive inverse o 19 ecause < IQ 9 9 19-
i) The additivei el Check!
(i ¢ additive inverse o T 15 2 (Check!)
Example 4: Verify that— (- x) is the same as x for
13 _—
O x=17 1) 31
13
Solution: (i) We have, x= — 17
13 -13 3 3
The additive inverse of x= —- is—ax=—— since 12 - =13
17 17 17 \17

The same equality ]j + ( lf) (. shows that the additive inverse of % is 4

17
—13
or —(i] =E,i.e..—{-,t_'.l=:r.
17

17
Addi par e £ = SR
(i) rive inverse o 3l i —x= 31 gince —— il +§_
=21 21 21 -21
The same equality h."a_lh Al =10, shows that the additive inverse of 31 g

e, —(—x)=x
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Example 5: Find EP{_—B—L—EKE
: 5 7 14 7 5
Solution: EX_—S-—L-EXE :-%X'_—S"gxi-l (by commutativity)
5 7 14 7 5 5 7 7T 5 14
2 =3 =31 3 1
5"‘7*(‘—?]"55
ﬂ(LE]_-_L ¢
=3 \573) 14 (by distributivity)
AL =6-1 -
7 14~ 14 2
. EXERCISE 1.1
1. Using appropriate properties find.
2.3 5 3 1 2 3 1.3 1 2
® ~3*57375%% ® E*(‘E]‘E*i*ﬁ*g
2. Write the additive inverse of each of the following.
2 =5 -6 2 19
O 3 @ 5 @ — W =3 W g
3. Verify that— (- x) = x for.
11 ) 13
M x=13 @ x=-7
4. Find the multiplicative inverse of the following.
@ -13 (i) E (i) % (1v) ?5 * 73
) —1 x_? o) —1
5. Name the property under multiplication used in each of the following.
o —4 —4 4 . 13 -2 -2 —I13
O 5 ximsEs ® X777
19 29
W So* 19
6. Multiply 5 by the resiprocal of ——..
13 16
1 4 1 4
7. Tell what property allows you mcmnputch(ﬁxg)ag [gxﬁ)xg,

8 1
§. Is o the multiplicative inverse of — 1 3 ? Why or why not?

1
9. Ts0.3 the multiplicative inverse of 35 1 Why or why not?
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10. Write,
(i} The rational number that does not have a reciprocal.
(i) Therational numbers that are equal to their reciprocals.
(i) The rational number thatis equal to its negative.
11. Fillin the blanks.
() Zerohas reciprocal.
() The numbers and are their own reciprocals
(i) The reciprocal of —5is

1
(iv) Reciprocal of ; , where x =015
(v} The product of two rational numbers is always a
(vi) Thereciprocal of a positive rational number is

1.3 Representation of Rational Numbers on the
Number Line

You have leamt to represent natural numbers, whole numbers, integers
and rational numbers on a number line. Letus revise them.

MNatural numbers

The line extends
indefinitely only o the
right side of 1.

0 1 % 3 4 5 6 7 % The line extends indefinitely
tothe right. bot from 0,
Whole numbers There are no numbers to the
) left of .
() o g T S
7 1 2 3 4 5 4 7 B
Integers The line cxtends
indefinitely on both sides.
(i) ——— e —— f—p——f e Do you see any numbers

= o
o
e
e
£

= =9 = between 1, 05 0. 1 cte.?

Rational numbers

ﬂ\-"} -

_]I i, “ The line extends indefinitely
on both sides. But you can
now see numbers between

=1, 0; 0.1 ete.

1
2

b = -

(V) -

—X ]

1
3

The point on the nurber line (iv) which is half way between 0 and | has been
Iabelled é . Alzo, the first of the equally spaced points that divides the distance between
1

)
label the second of these division points on number line (v)!

0 and | into three equal parts can be labelled ~ , as on number line (v). How would you
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The point to be labelled is twice as far from and to the right of 0 as the point

2

1 i
labelled 3 .Soitistwotimes 7 ,ie., 7 . Youcan continue to label equally-spaced points on

3773

the number line in the same way. The nexi matking is 1. You can see that 1 1s the same as % .

Then comes

(vi)

(vi)

(ix)

| e
L | &

5 7
‘Eﬁ (or 2), 3 and 50 on as shown on the number line (vi)

2

-

Lalie A o
wls e

3
3

= 8 =
i |
e
| - =
ol o
i <
ta -1+

L]
3

1
Similarly, to represent 3" the number line may be divided into eight equal paris as
shown; «—4+—F—F+—F+—F—F+—F—4+—+—
0 1

1
We use the number 3 to name the first point of this division. The second point of

2 3
division will be labelled E , the third point E . and =0 on as shown on number
line (vii)

¢ 12345687

&8 ® B 8 B ® 8§
Any rational number can be represented on the number line in this way. In 2 rational
number, the numeral below the bar, 1.e., the denominator, tells the number of equal
parts into which the first unit has been divided. The numeral above the bari.e., the

numerator, tells "how many’ of these parts are considered. So, arational number

oo |ae o =

4
such as 9 means four of nine equal parts on the right of 0 (number line viii) and

= |
for 7 e make 7 markings of distance 1 each on the left of zero and starting

-7
from 0. The seventh marking is ) [ pumiber line {ix}].

[] i i m 1 i i L .|l
1 1 3|4]5 6 7 8 &
T 9 9\9/% 9T T 9
. _I. {-II.\ JI 4 _il L JI 4 JI >

gliels 5 4 4 2 1 0
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TRY THESE

Write the rational mumber for each point labelled with a letter.
A B C D E
) ———————s
it 2 3 » v 6372 00
5 5 5 5 5 5§ § 5§
J I H G E
(i) e %
=12 1029 4 4 26,43 5,1 0
6 "6 6 6 " 6 6 i 6

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 nurobers 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. They are -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 —— and — 7

10 0"
b have th that th | i i d 2
ou may have thought that they are only 10" 10 @d 15
ut you can alse write 10 as 100 an 10 as 100" Ow the numbers, IDD’]{I{I’IIJIJ
L all bet 3 d 1 Th nber of tl tional bers is 39
O el T | | = ween . and —— . The mumber of these rational num i539.
100 100 10 10
Al be d 2 d ! AR N that th
50 10 can be expressed as 10000 an 10 as m ow, we see that the
: 3001 3002 G998 6999 3 7
rational numbers . . are between — and — . These
10000 10000 10000 10000 10 10

are 3999 numbers in all,
In this way, we can go on ingerting more and more rational numbers between %

and % . So unlike natural numbers and integers, the number of rational numbers between

two rational nurnbers is not definite. Here is one more example.

-1
How many rational numbers are there between To and ']—u* 7
1 7

Obviously 10°10° ﬁ are rational numbers between the given numbers.
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” oo — 10000 3 30000
We wWle lﬂdﬂmtﬂl ID:,ISIE]]:E

—9999 9998 —-29998 29999 -1 3

berween — and —

100000 100000™"" 100000 100000’ 10 10°

You will find that you get countless rational numbers between any two given
rational numbers.
Example 6: Write any 3 rational numbers between -2 and (.

& 0
Solution: -2 can be written as % and () as I_[I
—-19 —18 -17 -16 -15 -1
) ) , — between —2 and ().
o 10 10

107107710
You can take any three of these.

we get the rational numbers

Thus we have

- 5
Example 7: Find any ten rational numbers between ?5 and 5"

-5 5
Solution; We Iirst converl — and = torational numbers with the same denominators,

6 8
—5x4 20 5x3 15
6x4 24 W g3,
Thus we have _19, =t ; = - 14 s e rational nunbers between =, and E .
24 24 24 24 24
You can take any ten of these,

Another Method

3
Letus find rational numbers between | and 2. One of themis [.50r | % or E . This is the

mean of | and 2. You have studied mean in Class VIL

We find that between any two given numbers, we need nor necessarily get an
integer but there will always lie a rational mupmber.

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

rational numbers.
. . 1 1

Example 8: Find a rational number between 7 and =
Solution: We find the mean of the given rational numbers.

1 1 1+2

(—~i~—]+2:(L2):—2=E:>-a’l=E 1,1y ,_3

4 2 4 472 8 st r2=%
3 I l AC/ B
3 lies between 1 and 7 . B

- 0 1 1 i 1

This can be seen on the number ling also. 4 2 4
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1 3
We find the mid point of AB which is C, represented by (E + ‘2") +2 = 3

1 3 |
i i
Weﬁndiha14 g 7

If # and & are two rational numbers, then ath

a+hb
bsuch thata < <b.

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

is a rational number bertween a and

Example 9: Find three rational numbers between i- and % ;

Solution: We find the mean of the given rational numbers.

s given in the above example, the meanis ¢ and ;/ < o< 7. i 8 3
: | 3 . -
We now [ind another rational number between 1 and E.Fm‘ this, we again find the mean
1 3 5 1 5
— and -, That s, (—+—]+2:nx_=._.
ﬂf4 8 hﬂtlh 4 E 8 .Z- I'ﬁ‘
- 1 5 3 1
4 18 g B 4168 2
1 31 7 1 7
1 _ﬂnd_‘ﬂ ("4‘“]4‘2:—)(—:—
Now [nd the mean of 3 5 We have, 32 T
Foawegsid el s Lot i
WWeER S 16 8 16 2 1524241
TI:Liéi the three rational bers be ]—Hﬂdi
us, 1o g g Methe rational num twean4 5
This can clearly be shown on the number line as follows:
) KAPEE. i e 1 N T
(4+8)'2‘15 Ia‘(s""z) :
0 1 3 1
2 4

1 3
4 8

In the same way we can obtain as many rational numbers as we want between two
givenrational nurabers . You have noticed that there are countless rational numbers between
any two given rational numbers.
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B FXERCISE 1.2

7 -5
1. Representthese numbers on the number line. (i) :1 (ii) E‘

-2 =5 -0 .
2. Eepresent TRSTRER on the number line.

3. Write five rational numbers which are smaller than 2.

=32 1
4. Find ten rational numbers between 5 and 5

5. Find five rational numbers between,

2 4 =T )
@ 7 and % @) - and 3 (ir)

6. Write five rational numbers greater than—2.

7. Findienratonal numbers between % and % .

_ WHAT HAVE WE DISCUSSED? _

1. Rational numbers are closed under the operations of addition, subtraction and multiplication.
2. The operations addition and multiplication ave

(i) commutative [orrational numbers.
(i) associative for rational numbers.
3. The rational number () is the additive identity for rational numbers,
4. The rational number | is the multiplicative identity for rational munbers.

a a
5. The additive inverse of the rational number H.!:; is — E and vice-versa.

6. The reciprocal or multiplicative inverse of the rational number g e i Sl

=
d b

on

7. Distributivity of rational numbers: For all rational numbers a, b and ¢,
alb+c)=ab+ac and alb-c)=ab—ac
8. Rational numbers can be represented on a number line.

9. Between any two given rational numbers there are countless rational numbers. The idea of mean
helps us to find rational numbers between two rational numbers.
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Linear Equations in
One Variable

2.1 Introduction

Inthe earlier classes, vouhave come across several algebraic expressions and equations.
Some examples of expressions we have so far worked with are:

S, 203, 3x+ v, v+ S ovr+ x4 v+ n A+ L v+ 2

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

You would remember that equations use the equality (=) sign; 1t 15 MISSING iN EXPIESSIONS.

Of these given expressions, many have more than one variable, For example, 2xy + 5
has two variables. We however, restrict to expressions with only one variable when we
form equations. Moreover, the expressions we use to form equations are linear, This means
that the highest power of the variable appearing in the expressionis 1.

These are linear expressions:

5
2L2x+L3y_112—ia;Lx—®+1D

These are not linear expressions:

Lrloydylted 242 (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
you studied in the earlier classes were all of this type.

Letus briefly revise what we know:

(a) An algebraic equation is arn equality :;iiamﬂ m
invelving variables. Tt has an equality sign. R\ ;

The expression on the left of the equality sign

is the Left Hand Side (LHS). The expression

on the right of the equality sign 1s the Right 7 = RHS
Hand Side (RHS).

CHAPTER
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(b) Inanequation the values of | y =5 s the solution of the equation
the expressions on the LHS Y% 3= Forr=5.

and RHS are Equﬂf. This LHS=2%5_3=7=RHS
happens to be frue only for On the other hand » = 10 iz not a selution of the

certain values of the variable. | cquaiion. For x = 10, LHS =2 % 10 -3 = 17,
These values are the This is not equal to the RHS
solutions of the equation.

(c) How to find the solution 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

Letusrecall the technigue of solving equations with some examples. Observe the solutions;
they can be any rational nomber.

Example 1: Find the solution of 2¢-3=7

Solution:
Step 1 Add 3 to both sides.
2x-3+3=T7+3 {The balance is not disturbed)

or 2x =10
Step 2 Next divide both sides by 2.

2 _10

2 2

ot r=5 (required solution)
Example 2: Solve 2y +9=4
Solution: Transposing 9 to RHS

2y =4-9
or 2y ==5

. : =3 ;

Dividing both sides by 2, y= T (solution)
To check the answer: LHS =2 (%5) +9 =-5+9=4=RHS (as required)

Do you notice that the solution [%5) is a rational number? In Class VTI, the equations

we solved did not have such solulions.
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X 5 3

Example 3: Solve §+£ = _E

3 SR == . D x 3 5 8
Solution: Transposing 3 to the RHS, we ge 33 2 32

X
or ‘g =4
Multiply both sides by 3, r=—4x3
or x==—12 (sohation)
Rk LES =~ A o= pn =T 8 0 o (as required)
< . 2 2 2

Do younow see that the coefficient of a variable in an equation need not be an integer?

15
Example 4: Solve — —Tx=9

4
15
Solution: We have Z -Tx=9
15 15
or —Tx=9—*z {u'ampnsmgztnRHS}
A
or =i 1
21 o _
or x= o (dividing both sides by —7)
__3><’?
& = T axT
3
or x=-7 {solation)
Check: LHS—E—?[2)+§+2—1*3—6*9—RHS uired
eck: LHS =7 Pl R R (asrequired)
B EXERCISE 2.1
Solve the [ollowing equations.
1. x-2=17 2. v+3=10 3 6=7+2
3 17 t
i e ENE— 5. = . ==10
4 ] X 7 bx=12 6 5
2x ¥
7. —=I18 8. 1.6=-" 9, 7x-9=16

3 13
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x 7
10, 14y—-8=13 1. 17+6p=9 12, —+1=—
3 15
2.3 Some Applications
We begin with a simple example.
Sum of two nmmbers is 74, One of the numbers iz 10 more than the other. What are the
numbers?

‘We have a puzzle here. We do not know either of the two numbers, and we have to
tind them. We are given two conditions.
(i) One of the numbers is 10 more than the other.
(it) Their sumis 74.
We already know from Class VIThow to proceed. If the smaller number is taken to

be x, the larger number is 10 more than x, i.e., x + 10. The other condition says that
the sum of these two numbers x and x + 1015 74,

This means that x + (x + 10 =74,

ot e+ 10=74

Transposing 10 to RHS, 2x=T74-10

or 2x =64

Dividing both sides by 2, x = 32. This is one number.
The other number is x+10=32+10=42

The desired numbers are 32 and 42. (Their sum is indeed 74 as given and also one
nuriber1s 10 more than the other.)

We shall now consider several examples to show how useful this method is.

=T 3
Example 5: Whatshould be added to twice the rational number 3 gty ?

=7 = =
Solution: Twice the radonal number Y is 2 x [?T] = ; . Suppose x added to this

mumber gives = e,

(—14} 3
x+ = —
3 T
143
e 377
3 14 _ .14
or x=5+? {transpusmg?tuRHS}

(Bx3+04xT) 9+98 107
= 21 SR T T
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3

107 = .
Thus Exh should be added to 2 X ) logive 7

3
Example 6: The perimeter of a rectangle is 13 cm and its width is 2 4 . Find its
length.
Solution: Assume the length of the rectangle to be x cm.
The perimeter of the rectangle = 2 % (length + width)

3

=2 72—
X(I+ 4]
— ZX(I'F u]

4

The perimeter is given to be 13 cm. Therefore,

1
2 +—)=
[1 g) =1

113
or S (dividing both sides by 2)
13 1
o =04
_6_11_15_.3
=4 4 4 "3

The length of the rectangle is 3% cm.

Example 7: The present age of Sahil’s mother is three times the present age of Sahil.
After 5 vears their ages will add to 66 years. Find their present ages.

Solution: Let Sahil’s present age be x years.

"\I
We could also choose Sahil's age ( Sahil | Mother| Sum
5 years later to be x and proceed.
Why don’t you try it that way?

Present age x 3x
@ge 5 years later | x4 5 3x4+5| dx+ II;L

Tt is given that this sum is 60 years.

Therefore, dx+ 10 =66
This equation determines Sahil’s present age which iz x years. To solve the equation,
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we transpose 10 to RHS,
dx = 66-10
or dx = 56
56 )
or = ? =14 (solution)

Thus, Sahil’s present age is 14 years and his mother’s age 15 42 vears. (You may easily
check that 5 years from now the sum of their ages will be 66 years.)

Example 8: Bansi has 3 times as many two-rupee coins as he has five-rupee coins. If he
has in all a sumof T 77, how many coins of each denomination does he have?

Solution: Let the number of five-rupee coins that Bansi has be x. Then the number of
two-rupee coins he has 1s 3 imes x or 3x.
The amount Bansi has:
(i} from 5 rupee coins, T 5 xx =T 5x
(i} from 2 rupee coins, T2 x3x=3 6k
Hence the total money he has=% 11x
But this 1s given to be ¥77; therefore,

Hx=T7
77
11
Thus. number of five-rupec coins= x =7
and number of iwo-rupee coins = 3x = 21 (solution)

(You can check that the total money with Bansiis¥77.)

Example 9: The sum of three consecutive multiples of 11 is 363. Find these
multiples.

Solution: If x is a multple of 11, the next multiple is x + 11. The next to this is
x+ 11411 orx+22. So we can take three consecutive multiples of 11 asx, x+ || and
x+ 22

L 1 1 L 1 1
L] L 1 L] i 1

0 1 22 e X xt+I x+22

Ttis given that the sum of these consecutive
multiples of 11 is 363. This will give the

Alternatively, we may think of the multiple

following equation: of 11 immediately before x. This is (x— L1).
x+x+ 11+ (x+22)=363 Therefore, we may take three consecutive
i x4+ x+ 1] +%+22 =363 multiplesof 1l asx— 11, x, x4 11,
. In thiz case we arrive at the equation
ot 3x + 33 =363
or 3y =363 33 (x-1D+x+ (x+11)=363
= -
or 3x=363

ot 3x="7330
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363
or x=3—jﬂ or x=——=121. Therefore;

S
110 |®=121,x-11=110, x+11=132
Hence, the three consecutive multiples are

H 11-]] . i IIIU] 1 I
ence, the three consecutive multiples 110, 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 rauo of the two
numbers is 2 : 5. What are the two numbers?

Solution: Since the ratio of the two numbers is 2 : 5. we may take one number to be
2x and the other to be 5x. (Note that 2x : Sxissameas 2:5.)

The difference between the two numbers is (5x — 2x). It is given that the difference
18 66. Therefore,

5x—2x=66
or Ix=06
or x:lz

Since the numbers are 2x and Sx, they are 2 x 22 or 44 and 5 x 22 or 110, respeciively.
The difference between the two numbers 18 110 — 44 = 66 as desired.
Example 11: Deveshi has a total of ¥ 590 as currency notes in the denominations of
50,T 20 and ¥ 10. The ratio of the number of ¥ 50 notes and ¥ 20 notes is 3:5. If she has
atotal of 25 notes, how many notes of each denomination she has?
Solution: Let the number of ¥ 50 notes and ¥ 20 notes be 3x and 5x, respectively.
But she has 25 notes in total.
Therefore, the number of ¥ [0 noles =25 — (3x+ 52} =25 - Bx
The amount she has
from ¥ 50 notes : 3x x 50 =7 150x
from ¥ 20 notes : 5xx 20 =7 100x
from ¥ 10 notes ; (25 —8x) x 10 =7 (250 — 8(x)

Hence the total money she has =150x + 100x + (250 — 80x) = T (170x + 25())
But she has ¥ 590). Therefore, 170x + 250 = 590

or 170x =590 - 250 = 340
or xi= s =3
170
The number of T 50 notes she has = 3x
=3%2=0

The number of ¥ 20 notes she has=5x=5x 2= 10
The number of T 10 notes she has = 25 — Bx
=25-(B8x2=25-16=9
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. EXERCISE 2.2

10.

11.

1 | .
. I you subtract 5 from a number and multiply the result by % , you get 5 What is

the nunber?

. Theperimeter of arectangular swimming pool 18 154 m. Its length is 2 m more than

twice itg breadth. What are the length and the breadth of the pool?

. The base of an isosceles triangle is % cm . The penimeter of the triangle is 4 % cm .

What is the length of either of the remaining equal sides?
Sum of two numbers ig 93. If one exceeds the other by 13, find the numbers.

Two numbers are in the ratio 5:3. If they differ by 18, what are the numbers?
Three consecutive integers add up 1o 51. What are these integers?
The sum of three consecutive multiples of 8 is 888. Find the multiples.

Three consecutive inlegers are such that when they are taken in increasing order and
multiplied by 2, 3 and 4 respectively, they add up to 74. Find these numbers.

The ages of Rahul and Haroon are in the ratio 5:7. Four years later the sum of their
ages will be 56 years. What are their present ages”!

The nuraber of boys and girls in a class are in the ratio 7:5. The number of boys is &
more than the number of girls. What is the total class strength?

Baichung’s father is 26 vears younger than Baichung's grandfather and 29 years
older than Baichung. The sum of the ages of all the three is 135 years. What is the
age of each one of them?

Fifteen vears from now Ravi's age will be four times his present age. What is Ravi's
present age? 5 5

A rational number is such that when you multiply it by 3 and add 3 to the product,
vou get — % . What is the number?

. Lakshmi is a cashier in a bank. She has currency notes of denominations
¥ 100, 7 50 and ¥ 10, respectively. The ratio of the number of these
notes is 2:3:5. The total cash with Lakshmi is ¥ 4,00,000. How many
notes of each denomination does she have?

. Ihave a total of 2 300 in coins of denominationZ 1,2 2 and 2 5. The
number ot ¥ 2 coins is 3 times the number of ¥ 3 coins. The total number of
coins is 160. How many coins of each denorination are with me?

. The organisers of an essay competition decide that a winner in the
compeltition gets a prize of T 100 and a participant who does not win gets
a prize of ¥ 25, The total prize money disuibuted is T 3,000, Find the
number of winners, if the total number of participants is 63.
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2.4 Solving Equations having the Variable on
both Sides

An equation is the equality of the values of two expressions. In the equation 2x -3 =7,
the two expressions are 2x — 3 and 7. In most examples that we have come across so
far, the RHS iz just a number. But this need not always be so; both sides could have
expressions with variables. For example, the equation 2x—3 =x + 2 has expressions
with a variable on both sides; the expression on the LHS is (2x - 3) and the expression
on the RHS is (x + 2).

o Wenow discuss how to solve such equations which have expressions with the variable

on both sides.

Example 12: Solve 2x—3=x+2

Solution: We have

2x=x+2+3
or x=x+35
or 2x—x=x+5—x (subtracting x from both sides)
or x=>5 (solution)

Here we subtracted from both sides of the equation, not a number (constant), but a
term involving the variable. We can do this as variables are also numbers. Also, note that
subtracting x from both sides amounts to transposing x to LHS.

7 3
Example 13: Solve 5x+ P el 14

Solution: Multiply both sides of the equation by 2. We get

2x(5x+ 3] = EX(E;(— [4)
2 2

(2 x5x) + (23{%) = (Zxéx)—(lx]ﬁl}

ar I0x+7=3x-28

or 10x-3x+7=-28 (ransposing 3xto LHS)
or Tx+T=-28

ar Tx=-28-7

or Tx=-35

ar X= _—:ﬁ or x==5 (sohuion)
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B X ERCISE 2.3

Solve the following equations and check your results.

1. 3x=2x+18 2. 5t-3=¥2-5 3. Sx+9=5+3x

4 d4z+3=06+12z 5 Zx=1=14-x 6. Bx+4=3ux-1)+7
4 2x T 5 26

7. x:g(.x+l{}} 8. -37+1='£;+3 9, 2y+‘i='3"—}'

10. 3m=5m—§

2.5 Some More Applications

Example 14: The digits of a two-digit number differ by 3. If the digits are interchanged,
and the resulting number is added to the original number. we get 143, What can be the
original number?

Solution: Take, for example, a two-digit number, say, 56. Tt can be written as
56=(10%x5)+6.
If the digits in 56 are interchanged, we get 65. which can be written as (10 x 6} + 5.

Let us take the two digit number such that the digit in the units place is b. The digit
in the tens place differs from b by 3. Letus take it as b+ 3, So the two-digit number
1B 10(b+3)+b=10b+30+ b= 115+730.

Could we take the tens
With interchange of digits, the resulting two-digit number will be place digit to be
10b+(h+3=11h+3 (b—3)? Try it and see
G i ; ; hat solhati t.
If we add these two two-digit numbers. their sum is it e fa s

(116+30)+(11E+3) =116+ 11b+30+3=22b+33
Itis given that the swm is 143, Therefore, 226+ 33 =143

ot 22b=143-33
y Remember, thiz is the salution
d 22b =10 when we choose the tens digies to
pe 3 more than the unit’s digits.
110 What happens il we take the tens
or b= — digit to be (b~ 3)7
22
or b=35

The units digit is 5 and therefore the tens digitis 5 + 3
which iz 8. The number is 83,

The statement of the
example 15 valid for both 58
and 8% and both are correct
ANSWars.

Check: Oninterchange of digits the number we get is
58. The sum of 85 and 58 is 143 as given,
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Example 15: Arjun is twice as old as Shriya. Five years ago his age was three times
Shriva’s age. Find their present ages.

Solution: Let us take Shriya’s present age 1o be x years.

Then Arjun’s present age would be 2x years.

Shriya’s age five years ago was (x— 5) years.

Arjun’s age five years ago was (2x—3) years.

It is given that Arjun’s age five years ago was three times Shriya’s age.

Thus, Zx-5=3x-5)
or 2x-5=3x-15
or I5-5=3x-2x
or 10=x

So. Shriya’s present age = x = 10 years.
Therefore, Arjun’s present age = 2x =2 x 10 =20 years.

B EXERCISE 2.4

5
1. Amina thinks of a number and subtracts 5 from it. She multiplies the resuli by 8, The

result now oblained 1g 3 umes the same number she thought of. What is the number?

2. A positive number 18 5 imes another number. If 21 1s added to both the numbers,
then one of the new numbers becomes twice the other new number. What are the
nurnbers?

3. Sumof the digits of atwo-digit number is 9. When we interchange the digits, it is
found that the resulting new numnber 1s greater than the original number by 27, What
is the two-digit number?

4. One of the two digits of a two digit number is three times the other digit. If you
interchange the digits of this two-digit number and add the resulting number 1o the
original number, you get 88, What is the original number?

5. Shobo’s mother’s present age is six times Shobo’s present age. Shobo’s age five
years [rom now will be one third of his mother’s present age. What are their
present ages?

6. There is a narrow rectangular plot, reserved lor a school, in Mahuli village, The
length and breadth of the plot are in the ratio 11:4. At the rate T100 per mere it will
cost the village panchayat T 75000 to fence the plot. What are the dimensions of
the plot?

7. Hasan buys two kinds of cloth materials for school uniforms, shirt material that
costs him ¥ 50 per metre and trouser material that costs him ¥ 90 per metre.
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For every 3 meters of the shirt material he buys 2 metres
of the trouser material. He sells the materials at 12%
and 10% profit regpectively. His total sale 157 36,600.
How much trouser material did he buy?

8. Half of a herd of deer are grazing in the field and
three fourths of the remainimg are playing nearby. The
rest 9 are drinking water from the pond. Find the
number of deer in the herd.

9. A grandfatheris fen times older than his grand daughter.
He is also 54 vears older than her. Find their present ages.

10. Aman’s age is three times his son’s age. Ten years ago he was [ive times his son’s
age. Find their present ages.

2.6 Reducing Equations to Simpler Form

Bx+1 x—3
+]="—
3 f

Example 16: Solve

Solution: Multiplying both sides of the equation by 6, Why 67 Becaust it is the

or 2(6x+1+6=x-3
or 12x+2+6=x-3 (opening the brackets )
or 12x+8=x-3
or 12x-x+8=-3
ot lx+8=-3
o llxy=-3-§
ok 11x=-11
o p==1 (required solution)
Ckeﬂ-LHS:ﬁE_nHﬂ: _6+l+1 peo __5+§: _5+3=—_3
' 3 3 33 3 3
(~)-3 -4 -3
6 6 3
LHS = RHS. (as required)

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

Solution: Letus open the brackets,
IHS =5x—4x+ 14 =x+ 14
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7 7 3
EHS=6x-2+ [ = Erx—i+—=ﬁ,t+—
2 LR 2
R 3
The equationis x+ [4 = 6x + >
or [4=6x—x+ 2
14=35 §
or =5x+ 7
3 .3
or 14 - 5 = 5x (transposing ;j
28=3
or =5x .
2 Did you observe how we
simplified the form of the given
23 e equation? Here, we had to
or ? =23x multiply both sides of the
equation by the LCM of the
denominators of the terms in the
o _%E _1_ = Ei‘?_ = ‘E exprossions of the equation.
ar A= K== =
205 2xs 2
Therefore, required solution is x = E g
5 5
Check: LHS = 5x%x=-2| =x2-7
2 2
25 25 25 2548 33
= —=25=1)=—=2-"2)=—+4 = =—
y A== 2(-2) 5 5
5 7 15 2y 7 2x13 7 Note, in this example we
BEHS=2| —%3-1l |[+—-= 23 +E: - ‘t'i brought the equation to a
2 2 - simpler form by opening
brackets and combining like
terms on both sidss of the

264+7 33 _ . .
= 5 =LHS. (asrequired)

= equation.

2

. EXERCISE 2.5

Solve the following linear equations.

I
| -

3 | =
[PER B
| -
]
Y
oy
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=5 =x=3 =2 Z2r4+3 2 m—1 m—2
4. —_— 5 = =—=f §, m— =1-—

3 3 T4 & 3 ’ 2 3
Simplify and solve the following linear equations.

7. 3¢-3)=52r+1) 8 15(y—-4)-20-9) +5(3+6)=0
9, 3(5z-7)—2(9z— 11)=4(8z— 13)— 17
10. 0.25(47 - 3) = 0.05(10f-9)

2.7 Equations Reducible to the Linear Form

x4l 3
Example 18: Solve 2%+3 8

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 fonm of a linear equation. We multiply both

sides of the equation by (2x 4+ 31, —
x+1 % Note that .
[_z_x+3") (2x+ 3) = = rh-3) G 2x+320WhyD
"‘H,__| 1
, _ A N "
Notice that (2x + 3) gets cancelled on the LHS We have then,
3I(2x+3)
X+l=s——7J""
8
We have now a linear equation which we know how to solve.
Multiplying both sides by 8
8lx+1)=3(2x+3) This step can be
or 8x+8=06x+9 directly obtained by
‘cross-muliiplication’
or Bx=6x+9-8 : ;
x
ot Br=6x+ 1 o T
ot 8x—6x=1
or 2r=1
|
or x=7
. I
The solution is x= e
- 1 1+2 3
Check : Numerator of LHS = 5 +1= BN g

|
Denominator of LHS =2x+ 3= E-P{E +3=1+3=4
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= - —x—=

LHS = numerator = denominator =

[
b | fwa
| -
o |

LHS =RHS.

Example 19: Present ages of Anuand Raj are in the ratio 4:5. Eight years from now the
ratio of their ages will be 5:6. Find their present ages.

Solution: Let the present ages of Anu and Raj be 4x years and 5x years respectively.
After eight years. Anu's age = (dx + §) years:

After eight years, Raj's age = (5¢ + 8) vears.

Thereflore, the ratio of their ages after eight vears = ji : :
Thisis giventobe5:6
4c+8 5
Therefore, ™
Cross-muliiplication gives 6(4x+8)=5(5x+8)
or 24x + 48 = 25x + 40
or 24x + 48 — 40 = 25x
or 24x+ 8 =25x
or 8 =25x — 24x
or B=x
Therefore, Anu’s presentage = dx =4 x § = 32 years

Raj’s present age = 5x = 5 x § = 40 years

EE EXERCISE 2.6

Solve the [ollowing equations.
i i 0 Z 4

L 8x 3=2 5 X _1s 2 _4
3x 7—6x z+15 9
3y+4 =2 Ty+4 —4

4 36y 3 S 2 3

6. The ages of Hari and Harry are in the ratio 5:7. Four years from now the ratio of
their ages will be 3:4. Find their present ages.

7. The denominator of a rational number is greater than its numerator by 8, If the
numerator 18 increased by 17 and the denominator is decreased by 1, the number

3
obtauined 15 E . Find the rational nurmber,
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— WHAT HAVE WE DISCUSSED? _

An algebraic equation is an equality involving variables. Tt says that the value of the expression on
one side of the equality sign is equal to the value of the expression on the other side.

2. The equations we study in Classes V1, V11 and VIII are linear equations in one variable. In such
equations, the expressions which form the equation contain only one variable. Further, the equations
are linear, 1.e., the highest power of the variable appeaning in the equationis 1.

o

A linear equation may have for its solution any rational number.

4. Anequation may have linear expressions on both sides. Equations that we studied in Classes V1
and VI had just a number on one side of the equation.

5. Justas numbers, variables can, also, be ransposed from one side of the equation to the other.

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

7. The uility of linear equations is in their diverse applications; different problems on numbers, ages,
perimeters, combination of currency notes, and so on can be solved using linear equations.




CHAPTER

Understanding
Quadrilaterals

GELICHOD

3.1 Introduction

You know that the paper is 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), you gel a plane curve.

Try torecall different varieties of curves you have seen in the earlier classes.

Match the following: (Caution! A figure may match to more than one type).

( Figure Type h
(n \/ (a)  Simple closed curve
2) 6 (b) A closed curve that is not simple
(3) Q (c)  Simple curve that 1s not closed
) M (d Notasimple curve

2 7

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

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

A Y= A

Curves that are polygons Curves that are not polygons
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Try to give a few more examples and non-examples for a polygon.

Draw a rough figure of a polygon 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 [igure
or vertices

3 |
4 Quadrilateral D
5 Pentagon <:l
6 Hexagon @
7 Heptagon Q
8 Octagon Q
9 Nonagon O
10 Decagon Q
n n-gon

o .)

3.2.2 Diagonals
A diagonal 15 a line segment connecting two non-consecutive vertices of a polyzon (Fig3.1).
D

K

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 TN ?
You already know what we mean by interior and exterior of a closed curve (Fig 3.2).

& {3

Interior Fig 3.2 Exterior

The mierior has a boundary. Does the exterior have a boundary? Discuss with vour friends.
3.2.3 Convex and concave polygons
Here are some convex polygons and some concave polygons. (Fig3.3)

=~y L 4
= < <<

Convex polygons Fig 3.3 Concave polygons

Can you find how these types of polygons ditfer from one another? Polygons that are
convex have noportions of their diagonals in their exteriors. Is this true with concave polygons?
Study the figures given. Then try to describe in your own words what we mean by a convex
polygon and what we mean by a concave polygon. Give tworough sketches of each kind.

In our work in this class, we will be dealing with convex polygons only.

3.2.4 Regular and irregular polygons

Aregular polygon is both “equiangular” and “equilateral’, For example. a square has sides of
equal length and angles of equal measure. Hence it is a regular polygon. A rectangle is
equizngular but not equilateral. Is a rectangle a regular poly gon? Is an equilateral riangle a

regular polygon? Why?
l\
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N

Polygons that are not regular

Regular polygons

[Note: Use of "% or " indicates segments of equal lengthl],

In the previous classes. have you come across any quadrilateral that is equilateral bul not
equiangular? Recall the quadrilateral shapes vou saw in carlicr classes — Rectangle, Square,
Rhombus etc.

Is there a triangle that is equilateral but notequiangular?

3.2.5 Angle sum property

Do you remember the angle-sum property of a triangle? The sum of the measures of the
three angles of a triangle is 180", Recall the methods by which we tried to visualise this
fact. We now extend these 1deas to a quadrilateral.

DO THIS

1. Take any quadrilateral, say ABCD (Fig 3.4). Divide
itinto two triangles, by drawing a diagonal. You get
six angles 1,2, 3,4, 5and 6.
Use the angle-sum property of a triangle and argue
how the sum of the measures of A, #B, ZC and
T amounts to 1807 + 180" = 360", Fig 34 A
2. Take four congruent card-board copies of any quadrilateral ABCD, with angles
asshown [Fig 3.5 (1)]. Amrange the copies as shown in the figure, where angles
L1, 22, 23, Z4meet at a point [Fig 3.5 (ii}).

For doing this you may
have to torm and match
appropriate comers 5o
that they fit.

Fig 3.5
What can you say about the sum of the angles £ 1. .22, Z3 and £47
[Note: We denote the angles by /1, £2, 23, etc., and their respective measures
by mZl, m£2, m£3, ete.]
The sum of the measures of the four angles of a quadnlateral 18
You may arrive 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 interior. Join Pto vertices A, B, C and D. In the figure,
cansider APAB. From this we see x = 180° — m22 —m23;
similarly from APBC, y = [80° — m24 — m.25, trom APCD,

7= 180° = mL6 — m.27 and from APDA, w = 1B80° — m8

—m 1. Use this to find the total measure me"1 + mes2 + .
+ m<8, does it help you to arive at the result? Remember
Lx+ Ly + Lz + Lw=360°

4, These guadrilaterals were convex. What would happen if the
quadrilateral is not convex? Consider quadrilateral ABCD. Split it
info fwo triangles and find the sum of the inferior angles (Fig 3.7).

B EXERCISE 3.1
1. Givenhere are some figures.

M Q ©

(1i) (iii)

O )
W S W
(v) (vi)

(vii1)

(vii)

Classity each of them on the basis of the following.

(a) Simple curve (b) Simple closed curve (c) Polygon
(d) Convexpolygon (e) Concavepolygon

2. How many diagonals does each of the following have?
{a) Aconvexquadrilateral  (b) A regularhexagon (c) Afnangle

3. Whatis the sum of the measures of the angles of a convex quadrilateral? Will this property
hiold 1f the quadrilateral 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.)
g ™
iy A
Side 3 4 5 6
Angle sum L80° 2 x 180° 3x 1807 4 % 180"
L =(4-2) x 180° [ = (5-2) x 180°| =(6-2) x 180°)
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What can you say about the angle sum of a convex polygon with number of sides?
(a) 7 (by 8 (c) 10 (d n
5. Whatis aregular polygon?
State the name of a regular polvgon of
(i) 3sides {ii) 4sides (i) 6 sides

6. Find the angle measure xinthe following fipures.

3n®
X X
F T0° Hi® >
(c) (d)
7.
o0°
300
3
(a) Findx+y+z (b) Findx+y+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
mterior angles and sides.
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DO THIS

Draw a polygon on the floor, using a piece of chalk.
(In the figure, a pentagon ABCDE is shown) (Fig 3.8).

We want to know the total measure of angles, Le.
mLl + mL2 + mL3 + mZd + mZS5. Start at A. Walk
along AB. Onreaching B, you need to turn through an
angle of m£1, to walk along BC . When vou reach at C,
you need to turn through an angle of w22 to walk along

CD . You continue to move in this manner, until you refurn ¢ Fig 3.8
to side AB. Youwould have in fact moade one complete turn.

Therefore, m2l + ms2 + ms3 + msd +ms5 =360°

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

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

Example 1: Find measure x in Fig 3.9, g“j\
Solution: x4 90" + 50 + 110° =360" (Why?)
X +250° = 360°
x = 1107 =

110° _
TRY THESE /J Fig 3.9

Take aregular hexagon Fig 3.10.
1. What is the sum of the measures of its exterior angles x. v. 2, p. . r?
2, B x=y=z=p=g=r! Why?
3. Whatis the measure of cach?
(i) exterior angle (i) inferiorangle

4. Repeatthis activity for the cases of \
(i) aresularoctagon (i) aregular20-gon Fig 3.10

Example 2: Find the number of sides of a regular polygon whose each exterior angle
has a measure of 45°.

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

FrEa

Therefore, the number of exterior angles =

The polygon has 8 sides.
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HE EXERCISE 3.2
1. Findxinthe following figures. "

%

o
=N S
7% Fo
{3 /T | A
/'{—1;5“ l .

(a) \ i)

2. Find the measure of each exterior angle of a regular polygon of
() 9sides (i) 15 sides

3. How many sides does aregular polygon have if the measure of an exterior angle 15 24°7
4, How many sides does a regular polygon have if each of its interior angles

i8 165°7

5. (a) Tsitpossible tohave aregolar polygon with measure of each exterior angle as 227

(b) Canitbe aninterior angle of aregular polygon? Why?
6. {a) Whatis the minimum interior angle possible for aregular polygon? Why?
(b) What is the maximum exterior angle possible for a regular polygon?
3.4 Kinds of Quadrilaterals
Baged on the nature of the sides or angles ol a quadnlateral. 1t gets special names.
3.4.1 Trapezium
Trapezium is a quadrilateral with a pair of parallel sides.

[ - 1.\ 1\.|II - f /X ffl - \

_,-'—"""_'_'_H ___rf\\“
{ f i \\
/
J \v__.-""ff
These are trapeziums These are nol (raperiums

Study the above fignres and discuss with your friends why some of them are trapeziums

while some are not, (Note: The arrow marks indicate parallel lines).

w1 Takeidentical cut-ouls of congruent riangles of sides 3 em, 4 ¢m, 5 cm, Amrange
? them as shown (Fig 3.11). o

n"' s ="
h&/ d% ,5?
% &

5 cm

Fig 3.11
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You pet a rapezium. (Check 1t!) Which are the parallel sides here? Should the
non-parallel sides be equal?
You can get two more trapeziurs using the same set of wiangles. Find them out and
discuss their shapes.

2. Take four set-squares from your and your friend’s instrument boxes. Use different
mambers of them to place side-by-side and obtain different trapeziums.
It the non-parallel sides of a trapezium are of equal length, we call it an isosceles
rrapezium, Did you get an isoceles trapezium in anv of vour investigations given above?

3.4.2 Kite

Kite iz a special type of a quadrilateral. The sides with the same markings in each figure
are equal. Forexample AB = AD and BC=CD.

These are kiles These are nol kites
Study these figures and try to describe whart a kite is. Observe that
(1) Akite has 4 sides (It 18 a quadrilateral).
(i) There are exactly two distinct consecutive pairs of sides of equal length.

1| [Show
\ AABC and
Take a thick white sheet. AADC are
Fold the paper once. congrient .
Draw two line segments of different lengths as shown in Fig 3.12. What do we
Cut along the line segments and open up. = Ef:,f ren
You have the shape of a kite (Fig 3.13).
Has the kite any line symmetry”? Fig 3.12
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?

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

parallel lines.
A B
ABlIDC I
/ / lllll bC /—\ j’!iBll CD
ADIIBC & 5
L M
— B C
QPlISR @ R LM/l ON A<:>D AB I ED
Qslier . ¥ Lolivn P—% BCIFE
S
These are parallelograms These are not parallelograms

Study these figures and try to describe in your own words what we mean by a
parallelogram. Share your observations with your friends.
Check whether a rectangle is also a parallelogram.

R Take two different rectangular cardboard stips of different widths (Fig 3. 14).

P i

Strip 1 Fig 3.14 Strip 2

L 4

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

Now place the other strip in a slant position over
the lines drawn and use this to draw two more lines

L

as shown (Fig 3.16). Fig 3.15
These four lines enclose a quadrilateral. This is made up of two pairs of parallel lines
(Fig3.17).

[ ]
/7 7

Fig 3.16 Fig 3.17

v
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Tt is a parallelogram.
A parallelogram is a quadrilateral whose opposite sides are parallel.

3.4.4 Elements of a parallelogram /D /C

There are four sides and four angles in a parallelogram. Some of these are
equal. There are somne terms associated with these elernents that younced
to remember.

Given aparallelogram ABCD (Fig 3.18).

B
Fig 3.18

ZAand £C are a pair of opposite angles; another pair of opposite angles would be
£ZB and D,
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.
£ A and £B are adjacent angles. They are at the ends of the same side. £B and £C
are also adjacent. Identify other pairs of adjacent angles of the parallelogram.

Take cut-outs of two identical parallelograms, say ABCD and A'B'C'D’ (Fig 3.19).
D C o 2

. [k

B pig3zw 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 say about the lengths
AB and DC? -
Similarly examine the lengths AD and BC . What do you find?
You may also atrive at this resuli by measuring AB and DC.

A

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

Take two identical set squares with angles 30° — 60° - 90°
and place them adjacently to form a parallelogram as shown
in Fig 3.20. Does this help you to verify the above property?

You can further strengihen thisidea D €

through a logical argument also, 3,
Consider a parallelogram 4 1 =

ABCD (Fig 3.21). Draw A~ B

any one diagonal, say AC. Fig 3.21
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Looking at the angles,
Ll=£2 and L3=/4 (WhyD)

Since in tnangles ABC and ADC, A1 =2, A3=/4

and AC is common, 50, by ASA congruency condition,
AABC = ACDA (How is ASA used here?)

This gives AB=DC and BC=AD.
Example 3: Find the perimeter of the parallelogram PQRS (Fig 3.22).
Solution: In a parallelogram, the opposite sides have same length.

Therefore, PQ=8SR=12cm mmd OQR=PS=7cm 5 R

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

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

i .22
3.4.5 Angles of a parallelogram Fig i
We studied a property of parallelograms concerning the (opposite) sides. What can we
say about the angles?

DO THIS D

Let ABCD be a parallelogram (Fig 3.23). Copy it on
a tracing sheet. Name this copy as A'B'C'D’. Place
A'B'C'D" on ABCD. Pin them together at the point
where the diagonals meet. Rotate the transparent sheet
by 180°. The parallelograms still concide; but younow
find A’ lying exactly on C and vice-versa; similarly B’
lies on 2 and vice-versa.

Fig 3.23

Does this tell you anything about the measures of the angles A and C? Examine the
same for angles B and D. State vour findings.

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

Take two identical 30° — 60" — 90" set-squares and form a parallelogram as before.
Does the figure obtained help you to confirm the above property?

You can further justify this idea through logical arguments.

== — L
It AC and BD are the diagonals of the 1‘ 3
parallelogram, (Fig 3.24) you find that e T TR
e e

Z1=/2 and Z3=2/4 (Why?) A Fig 3.24 E
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Studying A ABC and A ADC (Fig 3.25) separately, will help vou to see that by ASA
congruency condition,
AABC

i

ACDA (HowT)

¥

A 1

Fig 3.25
This shows that £B and £D have same measure. In the same way you can gel
mLA=m LC.

Example 4: InFig 3.26, BEST is a parallelogram, Find the values x, y and z.
Solution: S is opposite to B.
So, x = 100" (opposile angles property)
¥= 100" (meagure of angle corregponding 1o £x)
z=80° (since £y, Zzisa linear pair)

We now tum our attention to adjacent angles of a parallelogram.
In parallelogram ABCD, (Fig 3.27). D

ZA and ZD are supplementary since /

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

ZA and B are also supplementary. Can you Fig 3.27
say ‘why'?

AD || BC and BA is a ransversal, making £A and B interior opposite.
Identify two more pairs of supplementary angles from the figure.
Property: The adjacent angles in a parallelogram are supplementary.

Example 5: In a parallelogram RING, (Fig 3.28) if m£R =70°, find all the other
angles.

Solution: Given m/R=70" g =
Then mLN =707

because <R and N are opposite angles of a parallelogram. 70°

Since <R and A1 are supplementary, % Fig 3.28 .

ms1=180°-T70° = 110°
Also, m£G = 110° since £G s opposiie to £
Thus, mZR =mLN=T0" and mLI =mZG=110°
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B THINK, DISCUSS AND WRITE WS

After showing mZR = mZN = 70°, can you find m21 and m.£G by any other
method?

3.4.6 Diagonals of a parallelogram

"The diagonals of a parallelogram, in gencral, are not of equal length.
(Did you check this in your earlier activity?) However, the diagonals
of a parallelogram have an interestng property.

DO THIS B Ge—
\ "':E:--""'- \

Take a cut-out of a parallelogram, say,

A B

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

Find the mid point of AC by a lold, placing C on A. Ts the
mid-point same as O7 . N

Does this show that diagonal DB bisects the diagonal AC atthe point O7 Discuss it
with your friends. Repeat the activity to find where the mid pointof DB couldlie.

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

intersection, of course!) . : il
To argue and justify this property is not very 4 1
difficult. From Fig 3.30, applying ASA eriterion, it G
is easy Lo see that A1 ; TR Y
AAOB = ACOD (Howis ASA usedhere?) Fig 3.30

Thisgives AO=CO and BO=DO
Example 6: InFig 3.31 HELP is a parallelogram. (Lengths are in cms). Given that

OFE =4 and HL is 5 more than PE? Find OH. P L
Solution : If OE=4thenOP alsois4 (Why?) / ‘/
So PE =8, (WhyD [ 074
Therefore HL=8+5=13 s ek

. Fig 3.31
Hence OH = 7 %13 =6.5 (ctos)

E CXERCISE 3.3 " .
1. Given a parallelogram ABCD. Complete each \

o

statement along with the definition or property used. .
@) AD=.... (i) ZDCB=.... A
i) OC=.... (i) m ZDAB +m ZCDA=......
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2. Consider the following parallelograms, Find the values of the unknowns x, v, .

D C
L 50°

o

(L) (i)

B X £

(1) () (v)
3. Canaquadrilateral ABCD be a parallelogram if
i) ZD+B=180"7 (i) AB=DC=8cm, AD=4cmand BC=44¢cm?
(i) £A=70°and £C =657
4. Draw arough figure of a quadrilateral that is not a parallelogram but has exactly two opposite angles
of equal measure.

5. The measures of two adjacent angles of a parallelogram are in the ratio 3 : 2. Find the measure of each
of the angles of the parallelogram.

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

7. The adjacent figure HOPE is a parallelogram. Find the angle measures
x.y and z. State the properties you use (o find them.

8. The following figures GUNS and RUNS are parallelograms.
Find x and y. (Lengths are in cin)

0] (ii)
S 26 N S v
G U

3y=1
o K E ;.5 U
R i \a/
A
R ‘IJ' "i =, L
I C

In the above figure both RISK and CLUE are parallelograms, Find the value of x.
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10. Explain how this figure is a trapezium. Which of its two sides are parallel? (Fig 3.32)
D

E\ - =
Fig 3.32 Fig 3.33 130°
11. Findm/CinFig3.33if AB||DC.

12. Find the measure of £P and £ if SP[IRQ in Fig 334,
(I you Gnd 2R, s there more than one method (o find m2P7) p¥” Fig 3.34

3.5 Some Special Parallelograms

3.5.1 Rhombus
We obtain a Rhombus (which, vou will see, 18 a parallelogram) as a special case of kiie
(which is not a parallelogram).

DO THIS

Recall the paper-cut kite you made earlier.
A

K

g .,

o — o ——
B
B
S| G -
Kite-cul Rhombus-cut

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

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

A thombus is a quadrilateral with sides of equal
length.

Since the opposite sides of arhombus have the same
length, 1t is also a parallelogram. So, a rhombus has all
the properties of a parallelogram and also that of a
Fite. Try to list them out. You can then verify your list
with the check list surnmarised in the book elsewhere.

Rhombus
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The most useful property of arhombus is that of its diagonals.

Property: The dicgonals of a rhombus are perpendicular bisectors of one another.

Take a copy of thombus. By paper-folding verify if the point of intersection is the
mid-point of each diagonal. You may also check if they intersect at right angles, using
the corner of a set-square.

IHere is an outline justifying this property using logical steps.
ABCD is arthombus (Fig 3.35). Therefore it is a parallelogram too.
Since diagonals bisect each other, OA=0C and OB =0D.
We have o show that mAAOD = ms/COD = 907
It can be seen that by SAS congruency criterion Fig 3.35
AAOD = ACOD

Therefore, m AZA0D =m £C0OD
Since ZAO0D and ZCOD are a linear pair,

m ZAOD =m ZCOD =90°

Since AO=CO  (Why?)

AD=CD (Why?)
OD = 0D

Example 7:
RICE is a thombus (Fig 3.36). Find x, v, z. Justify your findings.
Solution:
x=0FE v=0R 7 = side of the rhombus

= OI (diagonalsbisect) = 0OC (diagonals bisect) = 13 (all sides are equal )

= 5 =12
3.5.2 Arectangle % *
Arectangle is a parallelogram with equal angles (Fig 3.37).
What is the full meaning of this definition? Discuss with your friends.
If the rectangle is to be equiangular, what could be X" x*
the measure of each angle? Fig 3.37

Let the measure of each angle be x°.

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

Thus each angle of arectangle is a right angle.

So, arectangle is a parallelogram m which every angle is aright 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 this); but surprisingly
the rectangle (being a special case) has diagonals of equal length.
Property: The diagonals of a rectangle are of equal length.

: 1 /’ ° DN
: ~lp A 1' 'B A : B

Fig

3.38 Fig 3.39 Fig 3.40

This is easy to justify. If ABCD is a rectangle (Fig 3.38), then looking at triangles
ABC and ABD separately [(Fig 3.39) and (Fig 3.40) respectively], we have

AABC=AABD
This i& because AB=AB (Common)
BC=AD (Why?)
m LA =m LB =90" (Why'?)

The congruency follows by SAS criterion.
Thus AC=BD
and in a rectangle the diagonals, besides being equal in length bisect each other (Why?)

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

Solution: OT is half of the diagonal TE, Tr- 2N
OR is half of the diagonal RN . R
Diagonals are equal here. (Why?) L
So, their halves are also equal. :'U
Therefore x4+ 1=2x+4 T

_ S
or x=3 S
3.5.3 A square RE K
A square is a rectangle with equal sides. T Fig 3.41

This means a square has all the
properties of arectangle with an additonal

requirernent that all the sides have equal T 5
length.
The square. like the rectangle. has B ; Elg
diagonals of equal length. BELT is a square, BE=EL=LT =TB

In arectangle, there 15 no requirement
for the diagonals w be perpendicular to
one another, (Check this).

/B, /F, ZL, /T are right angles,

BL=FETand BL 1 ET.
OB = 0L and OF =0T,
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In a square the diagonals,
(i) bisectone another (square being a parallelogram)
(1) are of equal length (square being arectangle) and

(ii) are perpendicular to one another.
Hence, we get the following property.

Property: The diagonals of a square are perpendicular bisectors of each other.

Take a square sheet. say PQRS (Fig 3.42).

Fold along both the diagonals. Are their muid-points the same?

Check 1l the angle at O is 90° by using a sel-square.

This verifies the property stated above. p o
Fig 3.42

:::{.'-'.:

We can justify this also by arguing logically:
ABCD is a square whose diagonals meet at O (Fig 3.43). D i
OA=0C (Since the square is a parallelogram)
By S55 congruency condition, we now see that U
AAOD=ACOD (How?)

Therefore, mLAOD = mZCOD

These angles being a linear pair, each is right angle. A .
Fig 3.43

B EXERCISE 3.4

1. State whether True or False.
(a) Allrectangles are squares (e) All kites are thombuses.
(b) Allthombuses are parallelograms (O All rhombuses are kites.
(¢} All squares are rhombuses and alsorectangles  (g) All parallelograms are trapeziums.
(d) Al squares are not parallelograms. (h) All squares are trapeziums.
2. ldemify all the quadrilaterals that have,
(a) four sides of equal length (b) fourright angles
3. Explainhow asquare is.
(i) aquadrilateral (i) aparallelogram () arhombus (iv) arectangle
4. Name the quadrilaterals whose diagonals.

(1) bisecteachother (i) are perpendicular bisectors of each other (i) are equal
A g e e

s '_'_'_'."E u

5. Explain why arectangle is a convex quadrilateral.

6. ABCisarnght-angled tiangle and O is the mid point of the side
opposite to the right angle. Explain why O is equidistant from A,
B and C. (The dotted lines are drawn additionally to help you). -
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B THINK, DISCUSS AND WRITE WS

1. A mason has made a concrete slab. He needs it to be rectangular. In what different
ways can he make sure that it is rectangular?

2. A square was defined as a rectangle with all sides equal. Can we define it as
thombus with equal angles? Explore this idea.
3. Canatrapezium have all angles equal? Can it have all sides equal? Explain.

— WHAT HAVE WE DISCUSSED? —

Quadrilateral Properties

Parallelogram: (1) Opposite sides are equal.
A, qummm,ﬂrﬂi (2) Opposite angles are equal.
with each pair of 2} Disiacrals tissd it
opposite sides [ . (3) Diagonals bisect one another.
parallel. g

S R
Rhombus: (1) All the properties of a parallelogram.
A parallelogram with sides (2) Diagonals are perpendicular to each other.
of equal length.

P Q
N M

Rectangle: (1) Allthe properties of a parallelogram.
A parallelogram (2) Eachof the angles is a right angle.
witharightangle. [0; | (3) Diagonalsare equal.

$ R
Square: A rectangle ‘
with sides of equal + t All the properties of a parallelogram,
length. thombus and arectangle.

P + Q
Kite: A quadrilateral D . .
with exactly two pairs (1) Thediagonals are perpendicular
of equal consecutive to one another
sides A C | (2) Oneofthe diagonals bisects the other.

(3) Inthe figure ms/B = ms/D but
= mLA #m/C.




4.1 Introduction

Practical
Geometry

CHAPTER

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

(of sides and angles) 1o draw a unique triangle.

Since three measurements were enough to draw a wiangle, a natural question arises
whether four measurements would be sufficient to draw a unigue four sided closed figure.

namely, a quadrilateral.

DO THIS ”

Take a pair of sticks of equal lengths, say
10 cm. Take another pair of sticks of
equal lengths. say, 8 cm. Hinge them up

suitably to get arectangle of length 10cm B

and breadth 8 cm.

This rectangle has been created with
the 4 available measurements,

Now just push along the breadih of
the rectangle. 1s the new shape obtained,
siill a rectangle (Fig 4.2)?7 Observe
that the rectangle has now become

Hoem

10 cm

10 cm

& cm

Fig 4.1

10 em /

1 cm /
{

a parallelogram. Have you altered the B
lengths of the sticks? No! The
measurements of sides remain the same.

Fig 4.2

Give another push to the newly
obtained shape in a different direction;
what do you get? You again get a
parallelogram, which is altogether different
(Fig 4.3), vet the four measurements
remain the same.

10 cm

10 cm \

Fig 4.3

This shows that 4 measurements of a quadrilateral cannot determine it uniquely.
Can 5 measurements detertnine a quadrlateral uniquely? Let us go back io the activity!
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You have constructed a rectangle with
two gticks each of length 10 cm and other

two sticks each of length 8 cm. Now 107cm

introduce another stick of length equal 1o 4 B
BD and tie it along BD (Fig 4.4). If you

push the breadth now, does the shape 8om § cm

change? No! It cannot. without making the
figure open, The introduction of the fifth
stick has fixed the rectangle uniquely, ie.. 10 em
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 uniguely.
But will any five measurements (of sides and angles) be sufficient to draw a unique
quadrilateral?

B THINK, DISCUSS AND WRITE WS

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

4.2 Constructing a Quadrilateral

We shall learn how to construct a unique quadrilateral given the following
measurements:
e  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.
e When other special propertes 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.

Example 1: Construct a quadrilateral PQRS % :

where PQ = 4 cm,QR = 6 cm, RS = 5 cm, & Tey
PS=55cmand PR =7 cm. .
Solution: [A rough sketch will help us in S _ Tem 2
visualising the quadrilateral. We draw this first and R &
mark the measurements. | (Fig4.5) % k
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Step 1 From the rough skeich, it is easy to see that APQR
can be constructed using 5SS construction condition.
Draw APQR (Fig 4.6).

Step 2 Now, we have to locate the fourth point 8. This *§°
would be on the side opposite to Q with reference to
PR. For that, we have two measurements.

Sis 5.5 cm away from P. So, with P as centre, draw
an arc of radius 5.5 em. (The point S 15 somewhere
on this arc!) (Fig 4.7).

Fig 4.7

Step3  Sis5 cmaway from R. So with R as centre, draw an arc of radius 5 cm (The
point § is somewhere on this arc also!) (Fig4.8).

Fig 4.8
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Step4 S should lie on both the arcs drawn.
Soitis the pointof intersection of the
two arcs. Wark S and cornplete PQRS.
PORS is the required quadrilateral
(Fig 4.9).

Fig 4.9

HEEE THINK, DISCUSS AND WRITE Ul

AS=6.5cm? Why?

the reason”?
[Hint: Discuss itusing a rough sketch].

i) We saw that 5 measurements of 4 quadrilateral can determine a quadrilateral
uniquely. Do you think any five measurements of the quadnlateral can do this?
(i) Can you draw a parallelogram BATS where BA = 5 cm, AT = 6 cm and

(i) Can you draw a rhombus ZEAL where ZE = 3.5 cm, diagonal EL = 5 cm? Why?

{iv) A student attempted 1o draw a quadrilateral PLAY where PL=3c¢m, LA=4 cm,
AY =45 em, PY = 2 cm and LY = 6 cm, but could not draw it. What i3

. EXERCISE 4.1
1. Construct the following quadrilaterals.
(1) Quadnlateral ABCD.
AB=4.5cm
BC=55cm
CD=4cm
AD=6cm
AC=7cm
(i) Parallelogram MORE
OR=6cm
RE=4.5¢cm
EQO=7.5cm

@ Quadrlateral JUMP
JU=3.5¢cm
M=4cm
MP=35cm
PI=45¢cm
PU=6.5¢cm

(iv) Rhombus BEST

BE=45cm
ET=6¢cm
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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 iried to locate the fourth point. The same technique is used here.

Example 2: Construct a quadrilateral ABCD, given thatBC=4.5cm, AD=35.5cm,
CD = 5 cm the diagonal AC = 5.5 cm and diagonal BD =7 cm.
Solution:

Here is the rough sketch of the quadrilateral ABCD
(Fig 4.10). Stadying this skeich, we can easily see
that it is possible to draw A ACD first (How?),

A Fig 4.10

Step 1 Draw A ACD using §SS
construction (Fig4.11).
{(We now need to find B ar a distance
of 4.5 cm from C and 7 em from D). 55cm

Fig 4.11

Step 2 With D as centre, draw an arc of radius 7 cm. (B is somewhere
on this arc) (Fig4.12).

5.5 ¢cm

Step3 With C as centre, draw an arc of
radivg 4.5 cm (B is somewhere on
this arc also) (Fig4.13).
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Step4  Since B lies on both the arcs. B is
the point intersection of the two
arcs. Mark B and complete ABCD.
ABCD 15 the required quadrilateral
(Fig4.14).

B THINK, DISCUSS AND WRITE N
1. Inthe above example, can we draw the quadrilateral by drawing A ABD first and
then find the fourth peint C?

2. Can you construct a quadrilateral PQRS withPQ=3cm, RS =3 em, PS=7.5¢cm,
PR =8 crin and SQ =4 cm? Justify your angwer.

I EXERCISE 4.2
1. Construct the following quadrilaterals.

(1) quadnlateral LIFT (i) Quadnlateral GOLD
LI=4cm OL=75cm
IF=3cm GL=6cm
TL=25ecm GD=6cm
LF=45cm LD= 5¢m
IT=4cm OD = 10cm

(ii) Rhombus BEND
BN =5.6cm
DE=6.5cm

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

Example 3: Construct a quadrilateral MIST where MI = 3.5 cm, IS = 6.5 cm,
M =757 £1=105% and £8 = 120",
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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).

Fig 4.15 M

Step1 How do you locate the points? What choice do you make for the base and what
is the first step? (Fig 4.106)

IS5em
Fig 4.16

Step2 Make ZISY =120° at S (Fig 4.17).
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Step3 Make £IMZ =75 at M. (where will SY and MZ meet?) Mark that point as T.
We get the required quadnlateral MIST (Fig 4.18).

ER. THINK, DISCUSS AND WRITE WS

1. Can you construct the above quadrilateral MIST if we have 1007 at M instead
of 75°7

2. Can you consiruct the quadrilateral PLANIfPL=6cm, LA=9.5ecm, ZP=T75%
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?

B FXERCISE 4.3
1. Constructthe following quadrilaterals.

) Quadrilateral MORE i) Quadrilateral PLAN
MO=>6cm PL=4cm
OR=45cm LA=65cm
M =607 P =907
20 =105° ZA=110°
ZR = 105" N = 85°

(i) Parallelogram HEAR (iv) Rectangle OKAY
HE=5cm OK=Tcm
EA=6cm KA=5cm

R =557
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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

in particular.

Example 4: Construct a quadrilateral ABCD, where
AB=d4cm BC=5cm, CD =65 cm and #B = 105° and
ZLC=80°,

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
(Fig 4.19).

D

6.5 ¢m

Fig 4.19

Step 1 Start with taking BC = 3 cmn on B. Draw an angle of 105° along BX. Locate A
4 cro away on this. We now have B, C and A (Fig4.20).

Sem
Fig 4.20

Step 2l  The fourth point D is on CY which is nclined at 807 to BC. So make #/BCY =8(°

atCon BC (Fig4.21).
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Step3d Disatadistance of 6.5 cm on CY, With
C as centre, draw an arc of length 6.5 cm.
Itcuts CY a1 D (Fig 4.22).

5cem
Fig 4.22

Step4  Complete the quadrilateral ABCD. ABCD is the required quadrilateral (Fig 4.23).

Scm
Fig 4.23

B THINK, DISCUSS AND WRITE U

1. Inthe above example, we first drew BC. Instead, what could have been be the
other starting points?

2. We used some five measurements to draw quadrilaterals so far. Can there be
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 with AB=5cm, BC=55cm,CD=4cm, AD=6¢cm
and £B = 80",

(i) Quadrilateral PQRS with PQ =4.5cm, £P =707, £Q = 1007, ZR = 80"
and /5 =110°,

Congtruct a few more examples of your ovn to find sufficiency/insufficiency of the

data for construction of a quadrilateral.
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B EXERCISE 4.4
1. Construet the following quadrilaterals.

(i) Quadrilateral DEAR (i) Quadrilateral TRUE
DE=4cm TR=35cm
EA=5cm RU=3cm
AR=45cm UE=4cm
LE =6 ZR=75°
LA =907 ZU=120°

4.3 Some Special Cases

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

Example 5: Draw a square of side 4.5 cm. D 4:3 o C

Solution: Initially it appears that only one measurement has been given. Actually
we have many more details with us, because the figure is a special quadrilateral,
namely a square. We now know that each of its angles 15 aright angle. (See the
rough figure) (Fig 4.24)

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

4.5 em
4.5 ¢

3=
=

4.5 cm

Example 6: Isit possible to construet a rhombus ABCD where AC=6¢cm Fig 4.24
and BD =7 ¢cm? Justify your answer.

Solution: Only two (diagonal) measurements of the rhombus are given. However,

gince itis a rhombus, we can find more help from its properties. Rough figure
The diagonals of a thombus are perpendicular bisectors

of one another.

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

Draw the thombus now, based on the method desciibed above

(Fig 4.25).

TRY THESE

1. How will youconstruct arectangle PORS il yvou know T
only the lengths PQ and QR
2. Constructthe kite EASYif AY =8 ¢, EY =4em = P 8

and SY =6cm (Fig 4.26). Which properties of the
kite did you use in the process? A Fig 4.26
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I il e

B FXERCISE 4.5

Diraw the following.

1. Thesquare READ withRE=35.1cm.

2. Arhombus whose diagonals are 5.2 cm and 6.4 cm long.

3. Arectangle with adjacent sides ot lengths 5 cm and 4 cm.

4. A parallelogram OKAY where OK =35.5 cm and KA =4.2 cm. Is it unique?

_ WHAT HAVE WE DISCUSSED? —

Five measurements can determine a quadrilateral unigquely.

A guadrilateral can be constructed uniquely if the lengths of its four sides and a diagonal is given.
A quadrilateral can be constructed uniquely ifits two diagonals and three sides are knownn.

A quadrilateral can be constructed umiquely if its two adjacent sides and three angles are known.
A guadrilateral can be constructed uniquely if its three sides and two included angles are given.




CHAPTER

5.1 Looking for Information

In your day-lo-day life, you might have come across information, such as:
(a) Runs made by a batsman in the last 10 test maiches.
{(b) Number ol wickets taken by a bowler in the last 10 ODIs.
() Marks scored by the students of your class in the Mathematics unit lesl. S

{d) Number ol story books read by each of your friends ete.

The infermation collected in all such cages 1s called data. Datais usually collected in
the context of a situation that we want to 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 a systematic manner and then interpret it
accordingly.

Sometimes, data is 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: Pictonal representation of data using svmbols.
6 =

g; = 100 cars « One symbol stands for 100 cars
July 5‘ g;& ; =250 @ denotes % of 100
N r i
September g’ ;;;l g, W’ =7
N A

(1) How many cars were produced in the month of July?
(1) Inwhich month were maximum number of cars produced?



70 W MaTHEMATICS

Mumber of stodents in Class VL —

350 +
300 T

250

200 4
150

e
b
[ l

1o
30

2. A bar graph: A display of information using bars of uniform width, their heights
being proportional to the respective values,

-+

Bar heights give the
guantity for cach
category.

Bars are of equal width ‘l“w.
with equal gaps in -s,:‘:
L between,

2003-04  2004-05  2005-06  2000-07  2007-08

80
T

Marks obtnined by a student —

il -

404
30
201
104

Academic vears —

(i) What is the information given by the bar graph?
(i) Inwhich year is the increase in the number of students maximum?
(i) Inwhich year is the number of students maximum?
(iv) State whether true or false:
“The number of students during 2005-06 is twice that of 2003-04."
Double Bar Graph: A bar graph showing two sets of data simultaneously. It is
uzeful for the comparison of the data.

t

+ O 200506 W 2006-07

Subjects —
(1) Whatis the information given by the double bar graph?
(i) Tnwhich subject has the performance improved the most?
(ii) Inwhich subject has the performance deteriorated”
(iv) Inwhich subject is the performance at par?
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If we change the position of any of the bars of a bar graph, would it change the
information being conveved? Why?

1

TRY THESE

Draw an appropriate graph to represent the given information.

3,

(Month July August | September | October | November I_'M:l.'l:inheﬂ
Numnber of 1000 1500 1500 2000 2500 1500
kwat{:hcs sold J
(Children whe prefer School A achool B School C )
Walking 40 55 15
\‘_ Cycling 45 25 35 7
Perceniage wing in ODI by 8 top cricket teams.
Teams From Champions Last 10 )
Trophy to World Cup-06 ODL in 07
South Africa 15% T8%
Australia 61% 40%
Sri Lanka 54% 38%
New Zealand 47% 50%
England 46% 50%
Pakistan 45% 4%
West Indies 44% 30%
. India 43% 56%

5.2 Organising Data
Usually, data available tous i3 in an unorgamsed form called raw data. To draw meaningful
inferences, we need to orgunise the data systematically. For example, a group of students
was asked for their favourite subject. The results were as listed below:

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

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

Which is the most liked subject and the one least liked?




72 W MaTHEMATICS

Itis not easy to answer the question looking at the choices written haphazardly. We
arrange the datain Table 5.1 using tally marks.

Tahle 5.1
é Subject Tally Marks Number of ﬁiudmﬂ;"
Art M1 7
Mathematics M 5
Science M 6
L English 111 AL =
The number of tallies before each subject gives the nurber of students who like that
particular subject.

This is 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 Mathematics is 5
The table made is known as frequency distribution table as it gives the number
of tirnes an entry ocours.

TRY THESE

1. A group of students were asked to say which animal they would like most to have
as 2 pet. The results are given below:
dog. cat, cat, fish. cat, rabbit, dog, cal. rabbit, dog. cat, dog. dog, dog. cat, cow,
fish, rabbit, 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
times. For example, Artis liked by 7 students, Mathematics is liked by 5 students and so
on (Table 5.1). This information can be displayed 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.

I 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, 0-10, 10-20 and
30 on, and obtain a frequency distribution of the number of observations falling in each
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group, Thus, the frequency distribution table for the above data can be.

Table 5.2
& Groups Tally Marks Frequency E
0-10 [l 2
10-20 M M 10
20-30 ML TR TR T 21
30-40 M TR TR T 19
40-50 M1 7
50-60 |
& Total 60 v

Data presented in thig manner 15 said to be grouped and the distribution obtained is called
grouped frequency distribution. It helps us to draw meaningful inferences like —

(1) Most of the students have scored between 20 and 40.

(2) Eight students have scored more than 40 marks out of 50 and s0 on.

Each of the groups 0-10, 10-20, 20-30, etc., is called a Class Interval (or briefly
aclass).

Observe that 10 occurs in both the classes, i.e., 0-10 as well as 10-20. Similarly, 20
occwrs in classes 10-20 and 20-30. But it is not possible that an observation (say 10 or 20)
can belong simultanecusly to two classes. To avoid this, we adopt the convention that the
common observation will belong to the higher class, i.c., 10 belongs tothe class interval
10-20 (and not to 0-10). Similarly, 20 belongs to 20-30 (and not to 10-20). In the class
interval, 10-20, 10 is called the lower class limit and 20 is called the upper class limit.
Similarly, in the class interval 20-30, 20 is the lower class limit and 30 is the upper class limit.
Observe that the difference between the upper class limit and lower class limit for each of the
class intervals 0- 10, 10-20, 20-30 etc., 1s equal, (10 in this case). This difference between
the upper class imit and lower class limit is called the width or size of the class mterval.

TRY THESE
I. Study the following frequency distribution table and answer the questions
given below.
Frequency Distribution of Daily Income of 550 workers of a factory
Table 3.3
Class Interval Frequency
(Daily Income in ) (Number of workers)
100-125 45
125-150 25
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150-175 55
175-200 125
200-225 140
225-250 35
250-275 35
275-300 50
300-325 20
L Total 550 )

(1) Whatis the size of the class intervala?
(i) Which class has the highest frequency?
(i) Which class has the lowest frequency?
(iv) 'What is 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 kg) of 20 stndents
of a class using 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 ug again consider the grouped frequency distribution of the marks obiained by 60
sludents in Mathematics test. (Table 3.4)

Table 5.4 -
Class Interval Fregquency ) 229 21
0-10 2 el 19
10-20 10 p 8
2 16¢
20-30 21 3
T 144
30-40 19 : .
50-60 1 ?5 8 1 7
L Total 60 - 69
This is displayed graphically as in the | ,
adjoining graph (Fig 5.1). 2 1
Is this graph in any way different from the O 56 o 30, w0 s 8o
bar graphs which vou have drawn in Class VII'? _
Observe that, here we have represented the i

groups of observations (i.e., class intervals) Fig 5.1
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on the horizontal axis. The height 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-intervals.

The graphical representation of data in this manner is called a histogram.

The following graph is another histogram (Fig 5.2).

L I L - T

Mumber of teachers —

—

3

Ago in vears =

(0f 5 years in this case).

Jagged line (~,~) (or broken ling) has
been used along the horizontal line to
indicate that we are not showing the

numbers hetween 0 to 20,

From the bars of this histogram, we can answer the following questions:
(1) How many teachers are of age 45 years or more but less than 50 years”?

Fig

tn

2

ars of equal widih with

L

(i) How many teachers are of age less than 35 years?

1. Observe the histogram (Fig 5.3) and answer the questions given below.

MNumber of Girls of Cluss VIT —

7
f
5
44
3
2
1

p "

7

1

.f S

no gaps in between.

=

Height of bar gives the number of
data items in a particular group
and is the frequency.

Lz'} 15 30 35 40 45 Sle— The range is divided in equal intervals

—

—

125 130 135 140 145 150 155 160

Heights in em —

Fig 5.3

(1) What information is being given by the histogram?
(i) Which group contains maximum girls?
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(i) How muany girls have aheight of 145 ems and more?
(iv) Tfwe divide the girls into the following three categories, how many would
there be in each?

150 cm and more — Group A
140 ¢m to less than 150 cm — Group B
Less than 140 ¢m — Group C

B EXERCISE 5.1

For which of these would you use a histogram to show the data”?

(a) The number of letters for different areas in a postman’s bag,
(b) Theheight of competitors in an athletics meet.
(¢) Thenumber of cassettes produced by 5 companies.

(d) The number of passengers boarding trains from 7:00 a.m. to 7:00 p.m. at a
station.

Give reasons for each.
The shoppers who come Lo a departmental store are marked as: man (M), woman

(W}, boy (B) or girl (G). The following list gives the shoppers who came during the
first homr in the morning;

WWWGBWWMGGMMWWWWGBMWBGGMWWMMWW
WMWBWGOGMWWWWGWMMWWMWGWMGWMMBGGW

Muake a frequency distibution table using tally marks. Draw a bar graph to fllustrate it.

3. The weekly wages (in ¥) of 30 workers in a factory are,

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

Using tally marks make a frequency table with intervals as 800-810, 810-820 and
S0 On.

. Draw a histogram for the frequency table made for the data in Question 3, and

answer the following questions.
(1) Which group has the maximum number of workers?
(i) How many workers earn ¥ 850 and more?

(i) How many workers camn less than ¥ 8507

. The number of hours for which students of a particular ¢lass watched television during

holidays is shown through the given graph.
Answer the following.

(1) Forhow many hours did the maximum number of students watch TV?
{ii) How many students watched TV for less than 4 hours?
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(i) How many students spent more than 5 hours in watching TV?

Mumber of siudents —

1 2 3 4 5 6 17

Hours 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 5.4)7

The time spent by a child during a day Age groups of people in 4 town
8 hours
=
g
5
£
7
3 hours
(i) Fig 5.4 (i)

These are called circle graphs. A circle graph shows the relaionship between a
whole and its parts. Here, the whole circle 15 divided into sectors. The size of each sector
is proportional to the activity or information it represents.

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

number of sleeping hours 8 hours 1

whole day ~ 24 hours 3

So, this sector is drawn as 1 rd part of the circle. Similarly, the proportion of the sector

number of school hours & hours N l
whole day "~ 24 hours 4

for hours spent in school =
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Sothis sector is drawn ith of the circle, Similarly, the size of other sectors can be found,

Add up the fractions for all the activities. Do vou gret the total as one”
A circle graph is also called a pie chart.

TRY THESE

1. Each of the following pie charts (Fig 5.5) gives you a different piece of information about your class.
Find the fraction of the circle representing each of these information.
(i)

Girts or Boys Transporl o sghool

Fig 5.5

2. Answer the following questions based on the pie chart
given (Fig 5.6 ).

i) Which type of programmes are viewed the most?

(i) Which two types of programimes have nurmaber of
viewers equal to those watching sports channels?

5.4. 1 Drawi_ng Fi-E Chﬂ.‘l’fﬂ Viewors walehing differanl ypen

; ' s . aof channals on TV,
The favourite flavours of ice-creams for
students of a school is given in percentages Fig 5.6
as follows.

Flavours Percentage of students

Preferring the flavours

Chocolate 50%
Vardlla 25%
Other flavours 25%

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

Table 5.5
= g : . - T,
Flavours Students in per cent In fractions Fraction of 360"
preferring the [lavours
Chocol 50% ;5_1'.2_1_ = 'l' 'l‘ T 360° = 180°
ocoiae 3 100 2 2 O =
Vanilla 25% D el ! f 360° = 90°
100 4 4° =
Other fl 25% oAl : f 360° = 90"
L el Piavours R qu 4 4 0 = .
I. Draw acircle with any convenient radius.
Mark its centre (O) and aradius (OA). A

2. The angle of the sector for chocolate is 1807,
Use the protractor to draw ZAOE = 1807,

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.
(i) Onwhich item, the expenditure was maximum?
(1) Expenditure on which item is equal to the total

savings of the family?
(i} Tfthe monthly savings of the family is 3000, what
is the monthly expenditure on clothes?

Solution:
(i) Expenditure is maximuum on food.

(1) Expenditure on Education of childrenis the same
(i.e., 15%) as the savings of the Tamily.
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(i) 15% represents ¥ 3000

Therefore, 10% represenis 3 % %10 =F 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 : 80
cakes and pastries : 160 | Draw a pie chart for this data.
biscuits : 120
others : 40
Total : 720

Solution: We find the central angle of each sector. Here the total sale =% 72(). We thus

hawve this table.
g '
Item Sales (in ) In Fraction Central Angle
320 4 4
Ordinary Bread 320 ;ﬁ = —g' a *360° = 160°
120 1 1 2 &
Biscuits 120 720 = E Ex 360° =60
160 2 2
Calces and pastries 160 =00 5 360° = 80°
80 1 1
Fruit Bread 80 ;_}j;ﬁ:a ExEEﬂ":&ﬂ“
40 1 1
—_— — % 360° =20°
e " 720 18 18
he s
Now, we make the pie chart (Fig 5.8):
Biscuite
Ordmary
Bread
15
o . Ovesd Fig 5.8



Data Haxounc W 81

TRY THESE

Draw a pie chart of the data given below.

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

R I HINK, DISCUSS AND WRITE WS

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

( Year 2000 | 2002 | 2003 | 2004 | 2005 | 2006)
Production 60 50 70 55 80 85
L:'m lakh tons) J
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 J
3. The daily income of a group of a factory workers.
Daily Income Number of workers
{in Rupees) (in a factory)

75-100 45
100-125 35
125-150 55
150-175 30
175-200 50
200-225 125
225-250 140

. Total 450 J
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B EXERCISE 5.2 o Eaemol)

1. A survey was made to find the type of music
that a certain group of young people liked in
acity. Adjoining pie chart shows the findings giassical
of this survey. 0%
From this pie chart answer the following:

(1) T£20 people liked classical music, how
many young people were surveyed?

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

(i) If a casseite company were to make No. of voles
1000 CD's, how many of each type
would they make? o0
2. A group of 360 people were asked to vote s
for their favourite season from the three Rainy Lk 120
seasons rainy, winter and summer.
(i) Which season got the most votes” .
(i) Find the central angle of each sector. Winter 150
(ify Draw a pie chart to show this _‘_
mformation.
Y. Draw a pie chart showing the following information. The table shows the colours
preterred by a group of people.

Find the propormion of each sector, For example,
I8 | 9

Colours Number of pr:nplé :

Hindi, English, Mathematics, Social Science and Science, If the Lotal marks obtained

by the students were 540, answer the following questions.

(i) In which subject did the student score 105
marks?

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

(i) How many more marks were obiained by the
student in Mathematics than in Hindi?

() Examine whether the sum of the marks
obtained in Social Science and Mathemarics
is more than that in Science and Hindi.
(Himt: Just study the central angles).

Hinli
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5. The number of students in a hostel, speaking different languages is given below.

Display the data in a pie chart.

[rl,anguage Mindi English | Marathi | Tamil Bengali

Total ‘]

of students

L Number 40 12 9 7 4

5.5 Chance and Probability

Sometimes it happens that duning rainy season, you carry a raincoat every day
and it does not rain for many days. However, by chance, one day you forget to
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
for 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 youreach
wellin time itis late!

You face a lot of situations such as these where vou take a chance and it
does not go the way you want it to. Can you give some more examples? 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 might get confirmed by the time you travel.

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

of occurrng,.

5.5.1 Getting a result

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

10 toss a coin to decide which team will bat first,

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

Imagine that you are the captain of one tearn and your friend is the captain of the other
team. You toss a coin and ask your friend to make the call. Can you conirol the result of
the toss? Can you get a head if yvou want one? Or a tail if you want that? No, that is not
possible. Such an experiment is 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, what are the possible ouicomes? (Fig 5.9)
List them.
(Outcome here means the sector at which the pointer stops).

Fig 5.9 Fig 5.10

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

vet (Fig 5.10).

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

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

* Would the player who played after him have alesser chance of getting a six?

» Suppose the second player gota six. 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 times and the number of imes we get head or tail is noted. Letus
look at the result sheet where we keep on increasing Lhe tosses:

(Number of tosses Tally marks (H) | Number of heads | Tally mark (1) Number of tails)
50 M M T 27 MM TR 23
M T M
60 M PN T 28 M MNP 32
M T T M P T
70 33 37
80 38 42
90 -4 46
ki 100 48 52 )
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Observe that as you increase the number of tosses more and more, the number of
heads and the number of tails come closer and closer to each other.

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

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

this aﬂm'nsf

) thi

5.5.3 Linking chances to probability

Consider the experiment of tossing a coin once, What are the outcomes? There are only
two outcomes — Head or Tail. Both the outcomes are equally likely. Likelihood of getting
ahead is one out of two outcomes, 1.6, % . In other words, we say that the probability of
1

getting ahead = 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
number on one face). If you throw it once, what are the outcomes?
The outcomes are: 1, 2, 3, 4, 5, 6. Thus, there are six equally likely outcomes.

Whai is the probability of getting the outcome “2°7
i 1« Number of outcomes giving 2

6 « Number of equally likely outcomes.

What is the probability of getting the number 57 What is the probability of getting the

number 77 What is 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 experiment of tossing a coin, getting a Head is an event and getting a
Tail is also an event.

In case of throwing a die, getting each of the outcomes 1, 2, 3, 4, 5 or 6 is an event.
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Is gefting an even number an event? Since an even number could be 2, 4 or 6, peiting an
even number is also an event. What will be the probability of getling an even number?
Ttis 3 « Number of outcomes that make the event

g «— Total number of outcomes of the experiment.

Example 3: Abag has 4 red balls and 2 yellow balls. (The balls are identical in all
respects other than colour). A ball is drawn from the bag without locking into the bag.
What is probability of getting ared 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?)

4 2
Therefore, the probability of getting ared ballis — = — . In the same way the probability

6 3
2 1
of getting a yellow ball = 6 = 3 (Why?}. Therefore, the probability of getting a red ball is
more than that of getting a yellow ball.
TRY THESE

Suppose you spin the wheel

I. (@ Listthe numberof outcomes of getting a green sector
and not getting a green sector on this wheel

(Fig 5.11).
(i) Find the probability of gefting a green sector.
(i) Find the probability of not getting a green secior. Fig 5.11

5.5.5 Chance and probability related to real life
We talked about the chance that itrains just on the day when we donot carry a rain coat.

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

]
days during arainy season? The probability that it rains is then o The probability that it

9
does noirain= 0 {Assuming raining or not raining on a day are equally likely)
The uze of probability 18 made in various cases inreal life.

1. To find characteristics of a large group by using a small
part of the group.
For example. during elections ‘an exit poll” is taken.
This involves asking the people whorn they have voted
for, when they come out after voling at the centres
which are chosen off hand and distributed over the
whole area. This gives an idea of chance of winning of
each candidate and predictions are made based on it

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. Listthe outcomes you can see in these experiments.
{a) Spinning awheel 4» (b} Tossing two coins together

o

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

(i) (a) aprime number (b) not a prime number.
(i) (a) anumber greaterthan5 (b) a number not greater than 5.
3. Findihe.

(a) Probability of the pointer stopping on D in (Question 1-(a))7?
(b) Probability of getting an ace from a well shuffled deck of 52 playing cards?
(¢) Probability of getting a red apple. (See figure below)

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

(i) getting anumber 67
(i} getting a number less than 67
() geiting a number greater than 67
(iv) getting a |-digit number?
5. IF'youhave aspinning wheel with 3 green sectors, 1 blue sector and | red sector,

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

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

WHAT HAVE WE DISCUSSED?

1. Data mostly available to us in an unorganised formis called raw data.
2. Inorder to draw meaningful inferences from any data, we need to organise the data systematically.
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= i

Ln

Frequency gives the number of times that a particular entry occurs.
Raw data can 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 horizontal 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
intervals.

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

7. 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,

10.

=

Outcomes of an experiment are equally likely if each has the same chance of occurring.

Number of outcomes that make an event

SRSty o an ~ Total number of outcomes of the experiment esstient )
are equally likely.

One or more oulcomes of an experiment make an event.
Chances and probability are related 1o real life.
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Squares and
Square Roots

6.1 Imtroduction

You know thai the area of a square = side x side (where ‘side’ means ‘the length of

aside™). Smdy the following table.

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

87 a0 5 B
2% ==
IxI=9="¢
5% 5 =255
§x8=64=8§
axa=a

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

Since, 4 can be expressed as 2 X 2 =24 9 can be expressed ag 3 x 3 = 34, all such

numbers can be expressed as the product of the number with itself.
Such numbers like 1,4, 9. 16, 25, ... are known as square numbers.

In general, if a natural number 7 can be expressed as n®, where s is alzo a natural

number, then #1is a square number. Iz 32 a square number?

We know that 52 = 25 and 6% = 36. If 32 is a square number, it must be the square of
anatural number between 5 and 6. But there 18 no natural number between 5 and 6.

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

1 Iwd=i
7 2x2=4

CHAPTER
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‘ Ix3=9
4x4=16 Can you
Sx5=25 complete 117

= D00 =1Dth koW

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

The numbers 1, 4,9, 16 ... are square numbers. These numbers are also called perfect
sguares,

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

6.2 Properties of Square Numbers

Following table shows the squares of numbers from 1 to 20.

Number Square Number Square

1 | 11 | 121
2 4 12 144
3 9 13 169
4 16 14 196
5 25 15 225
6 36 16 256
T 49 17 289
8 64 I8 324
g 81 19 361
10 100 | 20 | 400

Study the square numbers in the above table. What are the ending digits (that is, digitsin
the one’s place) of the square numbers? All these numbers end with 0, 1,4, 5,6 or 9 at
unit’s place. None of these end with 2, 3.7 or 8 af unit's place.

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

TRY THESE

1. Can we say whether the following numbers are perfect squares? How do we know?
iy 1057 i) 23453 (i) 7928 (iv) 222222

(vi 1069 (vi} 2061
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Write five numbers which you can decide by looking at their one's digit that they
are not square nimbers,

2. Write five numbers which you cannot decide just by looking al their unit’s digit
(or ome’s place) whether they are square numbers or not.

s Siudy the following table of some numbers and their squares and observe the one’s

place in both,
Table 1

Stjuare Number Square Number Square
1 1 11 121 21 441
2 4 12 144 22 484
3 9 13 169 23 329
4 16 14 196 24 576
5 25 15 225 25 625
6 36 16 256 30 900
¥ 49 17 289 35 1225
8 64 18 324 40 1600
9 81 19 361 45 2025
10 | 1o 20 400 50 2500

The following square numbers end with digit 1.

I
] ' i

Which of 1232, 772, 822,
8 ‘ 9 1612, 109 would end with
121 i igiti?
361 19
441 ‘ 21

Write the next two square numbers which end in | and their corresponding numbers.
You will see that if a number has 1| or 9 in the unit's place, then it's square ends in 1.

& |eatus consider square numbers ending in 6.

16 4 Which of the following numbers would have digit
36 ‘ 6 6 at unit place.
196 14 @ 19 @) 24 @) 267

256 | 16 (v) 36* (v) 342
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We can see that when a square number ends in 0, the number whose square it (s, will
have either 4 or 6 in unit's place.
Can you find more such rules by observing the numbers and their squares (Table 1)?

What will be the “one’s digit” in the square of the following numbers?

@) 1234 (i) 26387 i) 52698 (iv) 99880
(v) 21222 (vi) 9106

® Consider the following numbers and their squares.

102= 100 p—
We have MR = But we have
OME ZETH r ;i igﬂ bW ZErOs
1002 = 10000
We have 200° = 40000
B h
WO Zeros T00% = 490000 ut we have

four zeros

9002 = 810000

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 al 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 | with numbers and their squares.

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

TRY THESE

1. The square of which of the following numbers would be an odd number/an even
number? Why?
W 727 (i) 158 (i) 269 (iv) 1980

2. What will be the number of zeros in the square of the following numbers?
(1) 60 (@) 400

6.3 Some More Interesting Patterns

1. Adding triangular numbers.
Do you remernber triangular mumbers (numbers whose dot patterns can be airanged

as triangles)? 2
£ # %k
ES sk sk ockk
& sk shoshisk i
% % % ko txd e ki ook

1 3 6 10 15



SOUARES AMD Squake Roots B 93

If we combine two consecutive triangular numbers, we get a square number, like

Byl

1+3=4 3+6=9 G+ 10=16
=2 =32 =4

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

Two non square numbers
between the two square .J\
numbers | (=17} and 4(=2%). T'_,

6 non square nuimnbers belween L(=1%
the two square numbers 9(=37) _{\

and 16(=49). | 2.3,4:=2)

8 non square 5.60.7.8,9(=3)
nuntbers betwesn |
the two Squars
numbers 16(=4%) 10,11, 12, 13, 14, 15, 16 (= 4%
and 25(=5%), &

4 non sguare numbers
befween the two sguare

nurithers 4{=24) and 9134,
17,18, 19,20, 21, 22, 23, 24, 25 (= 5%) K';/'~--.._____..--v"""'--—-""l

Between 1%(=1) and 2%(=4) there are two (i.e.. 2 x 1) non square numbers 2, 3.

Between 23(=4) and 3%(=9) there are four (i.e., 2 x 2) non square numbers 3, 6, 7, 8.
Now, =0, =16
Therefore, F_P=[6-9=7

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

We have $=16 and 5°=25
Therefore, 2_42=9

Between 16(=4%) and 25(=5%) the numbers are 17, 18, ... , 24 that is, eight non square
numbers which is | less than the difference of two squares.

Consider 7* and 62 Can you say how many numbers are there between 6% and 727
If we think of any natural number nand (r + 1), then,

(n+1P-ri=m+2n+1)-nl=2n+1.

We find that between n? and (n + 1)2 there are 2n numbers which is 1 less than the

difference of two squares.

Thus, in general we can say that there are 2n non perfect square numbers between
the sgquares of the numbers n and (n + 1). Check for n =35, n =6 etc., and verify.
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1. How many natural numbers lie between 9% and 10? ? Between 1 1% and 1227
2. How many non square numbers lie between the following pairs of numbers
@ 100° and 101* Gi) 90fand 91* @) 1000 and 10012

3. Adding odd mumbers

Consider the [ollowing

1 [one odd number] =1 =12
| +3 [sum of first two odd numbers| =4=2¢
| +3 +5 [sum of first three odd numbers] =9=3?
L+3+5+7[...] =l6=4*
143454749 [.] =25=5
1+3+5+7+9+11 [...] =36 =6

So we can say that the sum of first n odd natural numbers is n*,

Looking atit in a different way, we can say: ‘I the number is a square number, it has

tobe the sum of successive odd nombers starting from 1.

Consider those numbers which are not perfect squares, say 2, 3, 5,6, ... Can you
express these numbers as a sum of successive odd natural numbers beginning from 17

You will find that these numbers cannot be expressed in this form.
Consider the number 25. Successively subtract 1, 3, 5,7, 9. ... from it

1 25-1=24 (M) 24-3=21 () 21-5=16 () 16-7=9

(v) 9-9=0
This means, 25 =1+ 3+ 5+ 7+ 9. Also, 25 is a perfect square.
Now consider another mamber 38, and again do as above.

@ 38-1=37 (i) 37-3=34 (i) 34-5=29 (iv) 29-7=22

(v) 22-9=13 (viy 13-11=2 (vii) 2-13=-11

Thig shows that we are not able to express 38 as the

m— sum of consecutive odd numbers starting with |. Also, 38 is

] ) not a perfect square.
Find whether each of the following

numbers is a perfect square or not?
1 121 i) 55 (m) 81
(v) 49 (v) 69

starting with 1, then it is not a perfect square.

SUATE OT NOL,

4. A sum of consecutive natoral nnmbers
Comsider the following

=04 4+5=——( Semndlﬂumber
M=25=12+13
Te=40=24 125

First Nurnber
32
S

So we can also say that i a natural number cannot be
expressed as a sum of successive odd naturgl numbers

We can use this result to find whether a number is a perfect
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92=81=40+4] C
0. e ! we can express the
11#=121'=60 + 6] g;e;}'Mdnmbﬂas
152=225=112+ 113 the sum of two consecutive
positive iAlegers.
TRY THESE
I. Expressthe following as the sum of two consecutive integers.
G 21° () 132 i) 11° ) 19

2. Dovyouthink the reverse is also true, i.e., is the sum of any two consecutive positive
integers is perfect square of a number? Give example to supporl your answer.

5. Product of two consecutive even or odd natural numbers

11x13=143=122-1

Also Nx13=(12-1)x(12+1)

Therefore, 11x13=(12-1)x(12+1)=122-1

Similardy, I3x15=(14-Dx(14+1)=14-1
20x31=(30-1)x 30+ 1)=30FP-1
ddxd6=(45-1x 45+ 1)=45 -1

Soin general we can say that (a + 1) x(a—1)=a*- L.

6. Some more patierns in square numbers

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

1% 1
113 = 1 2 i
1114 = l 2 3 2Z 1
1111%= 2 3 4 3 2
111112= 1 2 3 4 5 4 3 2 1
=1 2 3 4 5 & 7 8 7 & 5 4 3 2 |1
Another interesting patterm.
72 =49 : .
2 Write the square, making use of the above
67 = 4489 pattern.
6677 = 444889 @M 111111 (@) 11111112

6667* = 44448889
66667 = 4444488RR9
666667 = 444444888EEO
The funis in being able to find out why this happens. May
be it would be interesting for you o explore and think about
such questions even if the answers come some years later.

Can you find the square of the following
numbers using the above pattern?
(i) 6666667 (i) 6O66666T?
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B EXERCISE 6.1

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

i &l ) 272 (i) 799 (iv) 3853

(v) 1234 (vi) 26387 (vii) 52698 (vii) 99880
(ix) 12796 (x) 53555

The following numbers are obviously not perfect squares. Give reason.

@ 1057 () 23453 () 7928 (ivy 222222
V) 64000 (vi) 89722 (vity 222000 (viy 505050
The squares of which of the following would be odd numbers?

i 431 (i} 2826 (iii)y 7779 (iv) 82004

Observe the following pattern and find the missing digits.
112=121
1012 = 10201
10012 = 1002001

Observe the following pattern and supply the missing numbers.
112=121
1012=10201
101012 = 102030201
TR gy sya ey
............ 1= 10203040504030201
Using the given pattern, find the missing numbers,
12422428 =32

243346 =T To find patiern

P44 1222132 Third number is related to first and second
2+524 2 =213 number. How?

51, 2. 90p2= 312 Fourth number is related to third nomber.
G+ =_2 i

. Without adding, find the sum.

@ I+2+5+7+9
() 1+3+5+T7+9+I1+13+15+17+19
i) 1 +34+5+7+9+11+13+15+17+19+21+23

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

(i) Express 121 as the sum of 11 odd numbers.

. How many numbers lie between squares of the following numbers?

(1) 12and13 {i) 25and 26 (i) 99 and 100



6.4 Finding the Square of a Number

Squares of small numbers like 3, 4,5, 6,7, ... etc. are easy (o
square of 23 so quickly?
The answer is not so easy and we may need to multiply 23 by
There is a way to find this without having to roultiply 23 x 23.
We know 23=20+3
Therefore 23 =(20+31=20020 +3) + 3(20 + 3)
=200 +20x3+3 %20+ 32
=400 + 60 + 60 + 9 =529
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find. But can we find the

23.

Example 1: Find the square of the following numbers without actual multiplication.

{1y 39 (m) 42
Solution: (i) 39°=(30+92=30(30+9) + 930+ 9)
=30 +30x9+9%x30+9
=900 + 270 + 270 + 81 = 1521
(i) 422=(40+272=40(40+2) +2(40+ 2)
=4P+40x2+2 x40+ 2%
= 1600 + 80 + 80 + 4 = 1764
6.4.1 Other patterns in squares
Consider the following pattern:

252 =625 =(2 x 3) hundreds + 25
352 = 1225=(3 x 4) hundreds + 25
T5% = 5625 = (7 % 8) hundreds + 25
125% = 15625 = (12 x 13) hundreds + 25
Now can you find the square of 957

Consider a number with unit digit 5,1.e., a5
(a5 = (10a + 5)*
= 10a(10a + 5) + 5(102 + 5)
= 100a? + 50a + 50q + 25
= [00a(a + 1) + 25
=a(a + 1) hundred + 25

Find the squares of the following numbers containing 5 in unit’s place.

) 15 i) 95 i 105

() 205

6.4.2 Pythagorean triplets

Consider the following
P+4=9+16=25=5

The collection of numbers 3, 4 and 5 is known as Pythagorean triplet. 6, 8, 10 is

also a Pythagorean wiplet, since
6P+ 81=36+64=100=
Agrain, observe that

10

5%+ 12 =25+ 144 =169 = 132 The numbers 5, 12, 13 form another such wiplet.
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Can you find more such triplets?

For any natural number m > 1, we have (2m)* + (m® — 1)* = (m* + 1)~ So. Zm.
m*—1 and m? ++ 1 forms a Pythagorean triplet.
Try to find some more Pythagorean triplets using this form.

Example 2: Write a Pythagorean triplet whose smallest memberis 8.

Solution: We can get Pythagorean (riplets by using general form 2m, m*— |, m* + L.

Letus first take m—-1=8

So, m=8+1=9

which gives m=13

Therelone, 2m=6 and mi+1=10
The tripletis thus 6, 8, 10. But 8 is not the smallest member of this.
So. let us try 2m=24§

then m=4

We get m—1=16-1=15

and m+l=16+1=17

The tripletis 8, 15, 17 with 8 as the smallest member.

Example 3: Find a Pythagorean triplet in which one memberis 12.
Solution: If we take m-1=12

Then, m=12+1=13

Then the value of m will not be an integer.

So, we ry to take ! + 1 = 12. Again s’ = 11 will not give an integer value for .

Sa, let us take 2m=12
then m==6
Thus, m—1=36-1=35 and mi4+1=36+1=37

Therefore. the required mipletis 12, 35, 37.
Note: All Pythagorean triplets may not be obtained using this form. For example another
triplet 5, 12, 13 also has 12 as a member.

. EXERCISE 6.2

1. Find the square of the following numbers.

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

« 2 Wriie a Pythagorean triplet whose one member is.
) 6 ) 14 ) 16 av) 18

6.5 Square Roots

Study the following situations.
(a) Areaofasquare is 144 cm®. What could be the side of the square?
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We know that the area of a square = side?
If we assume the length of the side tobe ‘a’, then 144 =a?
To find the length of side 1t is necessary 1o find a number whose square is 144,

(b) Whatis the length of a diagonal of a square of side 8 cm (Fig 6.1)7 A D
Can we use Pythagoras theorem to solve this 7
We have, AB*+BC = AC?
1., 3+ 8=AC
or 64 + 64 = AC? |
or 128 = AC2 B . c
Again to get AC we need to think of a number whose square is 128. Fig 6.1
(¢) In aright triangle the length of the hypotenuse and a side are
respectively 5 cm and 3 cm (Fig 6.2).
Can you find the third side? o 5 i
Let x cm be the length of the third side.
Using Pythagoras theorem $=x+3
25-9= x* e
6 mx? 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 munber whose square is known. Finding the
number with the known square 1s known as finding the square rool.
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, 12 = 1, therefore square root of 1 is |

2% = 4, therefore square root of 4 is 2 -
, Since 0 = &1,
3* =0, therefore square root of 9 is 3 and  (~9) =81
We say that square
roots of 81 are 9 and -9.

(i) 11?=121. What is the square root of 1217
(@) 14°=196. What is the square root of 1967

BN, THINK, DISCUSS AND WRITE W

(1) =1.Is-1, a square rootof 1? (-2 = 4.1s -2, asquare root of 4?
(~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. In this chapter, we shall take up only positive square root of a natural number.
Posiuve square root of a number 18 denoted by the symbol J_ .

For example: J::._ = 2 (not -2): -.ﬁ =3 (not -3) etc.
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12=1 Ji =1 6 =36 J36 =6
22=4 Ja =2 72 =49 J49 =7
3=9 Vo =3 82 =64 J64 =3
42 =16 Vi6 =4 92 = g] V81 =9
50=125 J25 =5 102 = 100 V100 = 10

6.5.2 Finding square root through repeated subtraction

Do you remember that the sum of the first  odd natural numbers is n*7 That is, every square
number can be expressed as a sum ol successive odd natural nurnbers starting from 1.

Consider JEH . Then,

) 81-1=80 (i) 80-3=77 (i) 77-5=72  (v) 72-7=65
V) 65-9=536 (i) 56-11=45 i) 45-13=32 (i) 32-15=17
@) 17-17=0

From 21 we have subtracted successive odd

TRY THESE

By repeated subtraction of odd numbers starting
from 1, find whether the following numbers are
perfect squares or not? If the number is a perfect
square then find ils square root.
@ 121
() 55

numbers starting from | and obtained 0 at 9™ step.
Therefore -Jﬂ_f =09,

Can you find the square root of 729 using this method?
Yes, but it will be time consuming, Letus try to find itin
asimpler way.

6.5.3 Finding square root through prime factorisation

'{ﬁi} ig Consider the prime tactorisation of the following numbers and their squares.
{g; g[j (" Prime factorisation of a Number Prime factorisation of its Square
E=2%3 3G =223 N3
B= D22 61=2%2%x2 %2 R2 %2
12=2%2x%x3 144 =2x2%x2x2%x3x3
i 15=3%5 225=3x3%X5%3 i

How many times does 2 occur in the prime factorisation of 67 Once. How many times
does 2 occur in the prime factorisation of 36? Twice. Similarly, observe the occurrence of
3in6and 360f 2in 8 and 64 etc.

2| 324
You will find that each prime factor in the prime factorisation of the
A ; ; . 21 162
square of a number, occurs twice the number of times it occurs in the 3 3—
prime factorisation of the number itself. Let us use this to find the square .
root of a given square number, say 324, 327
We know that the prime factorisation of 324 is 319
324=2x%2%3x%x3x3x%x3 3
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By pairing the prime factors, we get
324=2%2x%3x3x3x3 =2x¥xF=(2LxIx3I?

So, J324=2%x3Ix3=18

Similarly can you find the square root of 2567 Prime factorisation of 256 is 2| 256
25%=2X2x2x2x2x2x2x%x2 2| 128
By pairing the prime factors we get, 2| 64
256=2x2x2x2x2x2x2x2=(2%x2%x2x2)? 2| 32
Therefore, /256 = 2x2x2x2= 16 2| 16
Is 48 a perfect square? 2| 8
We know A8 =2x2x2x2x3 2| 4
Since all the factors are not in pairs o 48 is not a perfect square. 2
Suppose we want to find the smallest multiple of 48 that is a perfect square, how
should we proceed” Making pairs of the prime factors of 48 we see that 3 is the only
factor that does not have a pair. So we need to multiply by 3 to complete the pair.
Hence 48 x 3 = 144 is a perfect square. 2| 6400
Can you tell by which number should we divide 48 o get a perfect square? 21 3200
The factor 3 is not in pair, so if we divide 48 by I we get48+3=16=2x2x2x2 2| 1600
and this number 161s a perfect square to. 2| 800
Example 4: Find the square root of 64(0). 2 400
Solution: Write 6400 =2x2 % 2% 2 x2x2x2%x2x5x%5 2| 200
Therefore  JGA0D =2X2X2X2x 5 =80 2| 90 2| 100
4| 45 2| 50
Example 5: Is 90 a perfect square? 17158 5[ 25
Solution: We have 90=2x 3 x 3 x5 5 [ s
The prime factors 2 and 5 do not occur in pairs. Therefore, 90 is not a perfect square.
That 90 is not a perfect square can also be seen from the fact that ithas only one zero.
Example 6: [s 2352 a perfect square? I not, find the smallest multiple of 2352 which 2| =2352
15 a perfect square, Find the square root of the new number. 21 1176
Solution: Wehave 2352=2x2x2x2x3x7x7 2| 588
As the prime factor 3 has no pair, 2352 is not a perfect square. 21294
If 3 gets a pair then the number will become perfect square. So, wemultiply 2352by 3w get. ™ 3| 147
2352m3=2x 2 222w 3 nIwTw] 7| 40
Now each prime factor is in a pair. Therefore, 2352 % 3 =7056 is a perfect square. | 7
Thus the required smallest multiple of 2352 is 7056 which is a perfect square.
And, J7056 =2%x2%x3x7=84

Example 7: Find the smallest number by which 9408 must be divided so that the
quotient is a perfect square. Find the square root of the quotient.
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Solution: Wehave, 408 =2 x 2 x 2 x 2 %2 x 2= 3% Tx7T

If we divide 9408 by the factor 3, then

9408+ 3=3136=2x2x2x2x2x2x 7 x7 which is a perfect square. (Why?)
Theretore, the required smallest number is 3.

And, J3136 =2%x2%x2%x7=56

6,9, 15 E=xample 8: Find the smallest square number which is divisible by each of the mumnbers
3.9.15 6,%and 15,

1,3,5  Solution: This hasto be done in two steps. First find the smallest common multiple and
; e O then find the square number needed. The least number divisible by each one of 6, 9 and
11,1 15is their LCM. The LCM of 6,9 and 15is 2 x 3 x 3 x 5 =90.
Prime lactorisation of 90 is90=2x3x3x 5.
We see that prime factors 2 and 5 are not in pairs. Therefore 90 is not a perfect
square.
In order to get a perfect square, each factor of 20 must be paired. S0 we need to
make pairs of 2 and 5. Therefore, 90 should be multiplied by 2 x 5, i.e., 10.
Hence, the required square number is 90 x 10 =900.

L )

. EXERCISE 6.3
1. What could be the possible ‘one’s” digits of the square rool of each of the following

numbers?

(i) 9801 (i) 99856 () 998001 (iv) 657666025
2. Without doing any calculation, find the mumbers which are surely not perfect squares.

@ 153 (i) 257 (i) 408 (iv) 441

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

@ 729 (i) 400 (i) 1764 (iv) 4096
V) 7744 (vi) 9604 (vil) 5929 (viiiy 9216
x 529 x) 8100

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

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

6. Foreach ol the following numbers, find the smallest whole number by which it should
be divided so0 as to get a perfect square. Also find the square root of the square

number so obtained.
i 252 i} 2925 (i) 396 {iv) 2643
(v) 2800 (vi) 1620

7. The students of Class VII1 of a school donated ¥ 2401 in all, for Prime Minister's
National Relief Fund. Each student donated as many rupees as the number of siudents
in the ¢lass. Find the number of students in the class.
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8. 2025 plants are to be planted in a garden in such a way that each row contains as
many plants as the number of rows. Find the number of rows and the number of
planis in each row.

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

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

6.5.4 Finding square root by division method

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

For this we need to determine the number of digils in the square rool.

See the following table:

" Number Square 3
10 100 which is the smallest 3-digit perfect square
3l 961 which is the greatest 3-digit perfect square
32 1024 which is the smallest 4-digit perfect square

L. 99 9801 which is the greatest 4-digit perfect square |

So, what can we say about the number of digits in the square root if a perfect
square is a 3-digit or a 4-digit number? We can say that, if a perfect square is a
3-digit ora 4-digit number, then its square root will have 2-digits.

Can you (ell the number of digits in the square root ol a 5-digit or a 6-digit
perfect square?

The smallest 3-digit perfect square number is 100 which is the square of 10 and the
greatest 3-digit perfect square number is 961 which is the square of 31. The smallest
d-digit square number 15 1024 which is the square of 32 and the greatest 4-digit number is
9801 which is the square of 99,

B THINK, DISCUSS AND WRITE W
it
3

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

W + 1)
digits if n iseven or % if 7is odd?

The use of the numbser of digifs 1 square root of a number is useful in the following method:
® Consider the following steps to find the square root of 529.
Can you estimate the number of digits in the square root of this number?

Step 1 Place a bar over every pair of digits starting from the digit at one’s place. If the
number of digits in it is odd, then the lefi-most single digit too will have a bar,
Thus we have. 529. 2
Step 2 Find the largest number whose square is less than orequal to the numberunderthe 2 | 529
extreme left bar (2° < 5 < 3%). Take this number as the divisor and the quotient  |_ 4

with the number under the extreme lefl bar as the dividend (here 5). Divide and
get the remainder (1 in this case).
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43

129
—-129

4096
36

4096

—36

496

4096
- 36
496

64

4096

- 36

496

_ 496

Step 3

Step 4

Step 5

Step 6

Bring down the number under the next bar (i.e., 29 in this case) to the right of
the remainder. So the new dividend is 129.

Double the quotient and enter it with a blank on its right.

Guess a largest possible digit to fill the blank which will also become the new
digit in the quotient, such that when the new divisor is multiplied to the new
quotient the product is less than or equal to the dividend.

In this case 42 x 2 = B4,
As 43 x 3 =129 so we choose the new digit as 3. Get the remainder.

Since the remainder is 0 and no digits are left in the given number, therefore,

J529 =23.

® Now consider {4006

Step 1
Step 2

Step 3

Step 4

Step 5

Step 6

Place a bar over every pair of digits starting from the one’s digit. (40 96 ).

Find the largest number whose square is less than or equal to the number under
the left-most bar (62 < 40 < 72). Take this number as the divisor and the number
under the lefi-most bar as the dividend. Divide and get the remainder i.e., 4in
this case.

Bring down the number under the nextbar (i.e.,96) tothe right of the remainder.
The new dividend is 496.

Double the quotient and enter 1t wiith a blank on 1ts right.

Guiess a largest possible digit o fill the blank which also becomes the new digit in the
quotient such that when the new digit is multiplied (o the new quotient the product is
less than or equal to the dividend. In this case we seethat |24 x 4=496.

So the new digit in the quotient is 4. Get the remainder.

Since the remainder is 0 and no bar left, therefore. /1006 = 64.

Estimating the number

We use bars to find the number of digits in the square root of a perfect square number.

570 =23 and  [4096 =64

In both the numbers 529 and 4096 there are two bars and the number of digits in their
square root i3 2, Can vou tell the nomber of digits in the square root of 144007

By placing bars we get 144 (. Since there are 3 bars, the square root will be of 3 digit.



Sausres axp Sauare Roors B 105

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

(1) 25600 (i) 100000000 (i) 36864
Example 9: Find the square root of : (i) 729 (i) 1296
Solution:
@ 27 T -
2 [ 729 2 e
—d O e T
T71 329 Therefore +/729 =27 66| 396 Therefore 1296 =36
379 396
.. i T Y
0 0
Example 10: Find the least number that must be subtracted from 5607 so as to get T4
a perfect square. Also find the square root of the perfect square. 7| 35607
Solution: Let us try to find ,[5607 by long division method. We get the - 49
remainder 131. Tt shows that 742 1s less than 5607 by 131. 144 | 707
This means if we subtract the remainder from the number, we get a perfect square. —376
Therefore, the required perfect square is 3607 — 131 =5476. And, /5476 = 74. 131
Example 11: Find the greatest 4-digit number which is a perfect square. _9_9__
Solution: Greatest number of 4-digits =9999. We find /9999 by long division 9] 9999
method. The remainder is 198. This shows 99%is less than 9999 by 198, - 81

This means if we subtract the remainder trom the number, we get a perfect square. 189 | 1899
Therefore, the required perfect square 1s 9999 — |98 =9801. — 1701

198
And, \fag01 =99
Example 12: Find the least number that must be added to 1300 so as to geta %_
perfect square. Also find the square root of the perfect square. 3 1300
Solution: We find /1300 by long division method. The remainderis 4. =3
This shows that 362< 1300, 66 400
Next perfect square number is 37% = 1369, =30
Hence, the number to be added 15 372 — 1300 = 1369 — 1300 = 69. 4
6.6 Square Roots of Decimals
Consider /] 7.64

Step 1 To find the square root of a decimal number we put burs on the integral part
(i.e., 17) of the number in the usual manner. And place bars on the decimal part
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17.64
— 16

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

as usnal. We get 17.64.

Step 2 Now proceed in a similar manner. The left mostbarison 17 and 42 < 17 <5
Take this number as the divisor and the number under the left-most bar as the
dividend, i.e., 17, Divide and get the remainder.

Step 3 The remainder is 1. Write the number under the nexi bar (i.e.. 64) to the rightof

this remainder, to get 164.
a - - a . 4. 2
Step 4 Double the divisor and enter it with a blank on its right. 4 T 17.64
Since 64 is the decimal part so put a decimal point in the —16
quotient.
- — 82 164
Step 5 We know 82 x 2 = 164, therefore, the new digit 1s 2. 164
Divide and get the remainder. 0

Step 6 Since the remainder is 0 and no bar lef, therefore /17.64 =4.2.-

Example 13: Find the square root of 12.25,

Solution: 35
3 12,25
-9
- = Therefore, 12.25=3.5
63 325
325
0
Which way to move

Congider a number 176.34 1. Put bars on both integral part and decimal part. In what way
is putting bars on decimal part different from integral part”? Notice for 176 we start from
the unit’s place close to the decimal and move towards left. The first bar is over 76 and the
second bar over 1. For 341, we start from the decimal and move towards right, First bar

i3 over 34 and for the second bar we put () after 1 and make 3410.
Example 14: Areaof a square plotis 2304 m?, Find the side of the square plot.
Solution: Area of square plot=2304 m?

Therefore, side of the square plot= /2304 m
We find that, J2304 =48

Thus, the side of the square plot is 48 m.

Example 15: There are 2401 students in a school. PT. teacher watits them to stand
inrows and columns such that the number of rows 15 equal to the number of colurmns, Find
the number of rows.
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Solution: Let the number of rows be x __;1'3.3__
So, the number of colunms =x 4 2401
Therefore, number of students = x x x =22 ~16
Thus, x? = 2401 pives x= f240] =49 59 801
The number of Tows =49, 801

0

6.7 Estimating Square Root

Consider the following situations:

1. Deveshi has a square piece of cloth of area 125 cm?®. She wants to know whether
she can make a handkerchief of side 15 cm. IT that 18 not pessible she wants o
know what is the maxinoum length of the side of a handkerchief that can be made
from this piece.

2. Meena and Shobha played a game. One told a number and other gave its square
root. Meena started first. She said 25 and Shobha answered quickly as 5. Then
Shobha said 81 and Meena answered 9. It went on. till at one point Meena gave the
number 250, And Shobha could not answer. Then Meena asked Shobha if she
could atleast tell a number whose square is closer to 250.

In all such cases we need 1o estimate the square root.

We know that 100 < 250 < 400 and 1}1 00 = 10 and /400 = 20.
So 10< 250 <20

But still we are not very close to the square number.
We know that 158 =225 and 16 =256

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

Estimate the value of the following to the nearest whole mumber.

M 30 (i 1000 (i) /350 ) 500

. EXERCISE 6.4
1. Find the square root of each of the following numbers by Division method.

(1) 2304 () 4489 () 3481 (iv) 529
(v) 3249 (vi) 1369 (vil) 5776 (vi) 7921
(i) 576 () 1024 (xi) 3136 (xi) 900

2. Find the number of digits in the square root of each of the following numbers (without
any calculation).

D 64 (i 144 (i) 4489 {v) 27225
(v) 390625
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. Find the square root of the following decimal numbers.
@ 2.56 (i) 7.29 (i) 51.84 (iv) 42.25
(v} 31.36
. Find the least numober which must be subtracted from each of the following numbers
50 a8 to get a perfect sguare. Also find the square root of the perfect square so
obtained.
@ 402 (@ 1989 {ii) 3250 (iv) 825
(vi 4000
5. Find the least number which must be added to each of the following numbers so as
o get a perfect square. Also find the square root of the perfect square so obtained.
U 525 @ 1750 {m} 252 (iv) 1825
(v) 6412
Find the length of the side of a square whose area is 441 m?.
In aright triangle ABC, £B =90~
(a) TAB=6cm.BC=8cm, find AC (b} HTAC=13cm, BC=5cm, find AB
8. A gardener has 1000 plants. He wants to plant these in such a way that the number
of rows and the number of columng remain same. Find (he minimum number of
plants he needs more for this.

9. There are 500 children in a school. For a P.T. drill they have to stand in such a
manner that the nuraber of rows 15 equal o number of columns. How many children
would be left outn this arrangement.

— WHAT HAVE WE DISCUSSED? _

Il a natural number m can be expressed as n?, where # is also a natural number, then m is a
square number.
2. All square numbers end with 0, 1,4, 5, 6 or 9 at unit’s place.

3. Square numbers can only have even number of zeros at the end.

ot

4. Square root is the inverse operation of square.
5. There are two integral square roots of a perfect square number.

Positive square root of a number is denoted by the symbol ./ .

For example, 33=9 gives Jo =3
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7.1 Introduction

This is a story about one of India’s great mathematical geniuses, S. Ramanujan. Once
another famous mathematician Prof. G.H. Hardy came to vigithim in a taxa whose number
was 1729, While talking to Ramanujan, Hardy described this number
“a dull number”", Ramantjan quickly pointed out that 1729 wasindeed | Hardy - Ramanujan

interesting. He said itis the smallest number that can be expressed el
as i sum of two cubes in two different ways: 1729 15 l:he smallest Hardy-
1729 = 1728 + 1 = 120 + I Rﬂmﬂl‘lll.l_]ﬁn _Number. There
are an infinitely many such
1729 =1000 +729 = 10° + & numbers, Few are 4104
1729 has since been known as the Hardy — Ramanujan Number, (2, 16: 9, 15). 13832 (18, 20;
even though this feature of 1729 was known more than 300 years 2, 24y, Check it with the
before Ramanujan. numbers given in the brackets.

How did Ramanujan know this? Well, he loved numbers. All
through his life, he experimented with numbers. He probably found
nurnbers that were expressed as the sum of two squares and sum of
two cubes also,

There are many other interesting patterns of cubes. Let us learn about cubes, cube

roots and many other interesting facts related to them.
.-"'_'_""‘-h"'r'_‘_\-‘\'

¢ Fi hich have -
Figures which have
7'2 Cuhﬂs J-dimensions are kaown as =
You know that the word ‘cube” is used in geometry. A cube is L solid figures. ~
“‘q___.--"‘x______._,_,f“'-._-ﬂ"'}

asolid figure which has all its sides equal. How many cubes of
side | cm will make a cube of side 2 cm?

How many cubes of side | cm 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
iiself three nmes.
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Wenotethat 1=1x1x1=1% 8=2x2x2=2%27=3x3x3=3"
Since 5 =95 x 5 x 5=125, therefore 125 is a cube number.

159 a cube number? No, as 9 = 3 x 3 and there is no natural number which multiplied
by itself three times gives 9. We can see alsothat 2x 2% 2=8and 3 x 3 x 3 =27, This

shows that9 isnotap

erfect cube.

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

F
The aumbers 729, 1000, 1728
., are also perfect cubes. \

\'L_/-\_____,/\_____/H

NG Be ) O on AR 3 —

[o—
=

Tahie 1

P=1

2=8

F =27

4 =064
Y=
63=_
'?3=—
E3=—
¥=__
1P=__

- E -

~ Complete it. «

There are only ten perfect cubes from 1 1o 1000. (Check thig). 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 numbers from 11 to 20.

.

We are even, so )
are our cubes

P i

-~ . -HR.
> Wearsoddsoare
b our cuhes )

L =

"'.,___A%__#__.-M__,,-*

1 '

12
\13
14

.

16
—17

18
10

20

Table 2

1331
1728
2197
2744
3375
4096
4913
5832
6859

8000
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Consider a few numbers having |1 asthe one’s digit (or unit’s), Find the cube of each
of them. What can you say about the one's digit of the cube of a number having | as the
one’s digit?

Similarly, explore the one’s digit of cubes of numbers ending in 2, 3, 4, ... . etc.

Find the one’s digit of the cube of each of the following nurnbers.
m 3331 (i) 8888 () 149 (iv) 1003
) 1024 i) 77 (vii) 5022 (vii) 53

7.2.1 Some interesting patterns

1. Adding conseculive odd numbers
Observe the following patterm of sums of odd numbers.

1 = 1= I

3 % 5 = 8= 2

7+ 9 + 11 = 27 = 3

13 + 15 + 17 + 19 = 64 = 4

21 + 23 + 25 4+ 271 + 29 = 125 = &
Iz itnot interesting? How many consecutive odd numbers will be needed to obtain
the sum as 1077

TRY THESE

Express the following numbers as the sum of odd numbers using the above pattern?
(@ 6 ) 8 (© 7
Consider the following pattern,

P-DP=1+2x1x3

P_22=1+3x%x2x3

$-3=14+4%3x%x3
Using the above pattern, find the value of the following.

mn 7*-¢ G 12°-11° (i) 20°—19° () 51 -50°
2. Cubes and their prime factors
Consider the following prime factorisation of the numbsers and their cubes. B i T
Prime factorisation Prime factorisation ij'f d{:afh prime factor d,
ol a number of its cube o appears three 1imes <
¥ - milscobes:
4=2x%x2 F=64=2RTRINIRIRL=DV XD =, )
6=2x3 6'=216=2x2x2x3%x3%x3=22x3 —
15=3x5 =337 =3 %Ik INSxInF=F x5
12=2%2%3 122=1728=2x2x2%2%x2%x2%x3%x3x%x3

=2 P A3
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2| 216
2| 108
54
27

9

3
A

Lid

Y

(Observe that each prime factor of a number appears f_.f"_“wﬁf—-m\

three times in the prime factorisation of its cube. ‘. Doyourememberthat )
In the prime factorisation of any number, if each factor \‘“*L_ﬂ” ®b={gxk™

appears three times, then, is the number a perfect cube? e

Think aboutit. Is 216 a pertect cube?

By prime factorisaiion, 216 =2x2x2x3x3x3

Each actor appears 3 times. 216 =23 x 3 = (2 x 3)° —TR
— 6% whichisaperfectcube!  factors canbe "y

Is729aperfectcube?  729=3x3x3x 3x 33 o FORm Rl D

Yes, 729 is a perfect cube. o

Now let us check for 500.

Prime Tactorizsaton of 50018 2 % 2 % 5% 5% 3.
So, 500 is not a perfect cube.

. - 9 There are three
Example 1: Is 243 a perfect cube’ e Suin the pr e
b _ E only two 27z j
Solution: 243 =3 %3 %3 x3x3 \_[ﬁuu

In the above factorisation 3 x 3 remains after grouping the 3's in wiplets, Therefore, 243 is
not 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 cuboid are 15 cm,
30 cm, 15 em respectively.

Anu asks how many such cuboids will she need to make a perfect cube? Can you tell?
Raj said, Volume of cuboid is 15230 15 =3x5x2x3x5x3x5
=2x3Ix3xIxINIXS

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

Solution: 392 =2 x 2% 2w Tu7

The prime factor 7 does not appear in a group of three. Therefore, 392 is not a perfect
cube. To make its a cube, we need one more 7. In that case
3N W T=2w2xqxTxTx]=2744 which iz a perfect cube.
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Hence the smallest natural number by which 392 should be muluplied 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 x11x11 x5

The prime factor 5 does not appear in a group of three. So, 53240 iz not a perlect cube.
In the faciorisation 5 appears only one time. If we divide the number by 5, then the prime
Factorisation of the guotient will not contain 5.

So, 33240 =5 =2 x2x2x 11 x 11 x 11

Hence the smallest number by which 53240 should be divided to make it a perfect
cubeis 3.

The perfect cube in that case is = 10648,

Example 4: Is 1188 a perfect cube? IT not, by which smallest natural number should
1188 be divided so that the quotient is a perfect cube?
Solution: 1188 =2x2x3x3x3 x11

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 15 44.

And the resulting perfect cube is 1188 +44 =27 (=37).

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

Solution: Wehave, 68600=2x 2% 2% 5% 5 %7 %7 % 7. In this factorisation, we
find that there is no triplet of 5.
So, 68600 15 not a perfect cube. To make it a perfect cube we multiply it by 5.
Thus, GO0 x5 =2 x2x2 x5 x5x5xTxTx7
= 343000, whichisa perfect cube.
Observe that 343 is a perfect cube. From Example 5 we know that 343000 is also
perfect cube.

B THINK, DISCUSS AND WRITE W

Check which of the following are perfect cubes. (i) 2700 (ii) 16000 (iii) 64000
(iv) 900 (v) 125000 (vi) 36000 (vii) 21600 (viii) 10.000 (ix) 27000000 (x) 1000.
What pattern do vou observe in these perfect cubes?
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. EXERCISE 7.1
1. Which of the following numbers are not perfect cubes?

L 216 (i) 128 (i) 1000 {iv) 100
(v) 46656
2. Find the smallest number by which each of the following numbers must be multiplied
to obtain a perfect cube.
D 243 (ii) 256 (@) 72 (iv) 673
(v) 100
3. Find the smallest number by which each of the following numbers must be divided to
obtain a perfect cube.
n 81 (i) 128 (i) 135 (iv) 192
(v) 704

4. Parikshit makes a cuboid of plasticine of sides 5 cm, 2 cm, 5 cm. How many such
cuboids will he need to form a cube?

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 tolknow 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; 50 we say that the cube root of 8 is 2.
We write 4§ =2. The symbol 3/ denotes ‘cube-root.’

Consider the following:

Statement Inference Statement Inference

=1 =1 6'=216 3216 =6
2=3 ‘ P=3r=2 T =343 paz =7
3177 | 327 =33 =3 82 =512 512 =8
4 =64 Yea =4 9*= 729 Y729 =9
5=125 |25 =5 10° = 1000 1000 = 10

7.3.1 Cube root through prime factorisation method
Consider 3375. We find its cube root by prime factorisation:
3375=3%x3%x3%x5%x5x5=3¥x5=(3 x5y

Therefore, cuberootof 3375= ¥f3375=3x5=15

Similarly, to find ,3',"?41333 .we have,
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T4088 =2 % 2x2x3IxFIxIxTxTIxT=2xFxP=2x3IxT)
Therefore, 374088 =2 x 3 x7=42
Example 6: Find the cube root of §000.
Solution: Prime factorisation of 800015 2% 2% 2% 2x 2% 2% 3x5x 5

So, Y3000 =2x2x5=20
Example 7: Find the cube root of 13824 by prime factorisation method.

Solution:
13824 =2x 2% 2% 22X 2252 %2 %3 x3xI=22xPx2?x3
Therefore, 313824 =2X2x2x3=24

B, THINK, DISCUSS AND WRITE VS
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
1 4
gecond group first group

We can estimate the cube root of a given cube number through a step by
slep 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 thai 5 comes at the umit’s place ol a
number only when it’s cube rootends 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. Alzo, 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 857375 = 95.
Example 8: Find the cube root of 17576 through estimation.

Seolution: The given number is 17576.
Step 1 Form groups of three starting from the rightmost digtof 17576.
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17 576. In this case one group i.e., 576 has three digits whereas 17 has only
two digits.

Step2  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.

Cubeofl 212 8 and cube ol 318 27, 17 liez between 8 and 27,
The smaller number arong 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, 317576 =26 (Checkit!)

B EXERCISE 7.2

1.

3.

Find the cube root of each of the following nurnbers by prime factorisation method.

i 64 @ 512 (i) 10648 {ivy 27000
(v) 15625 (vi) 13824 (vii) 110592 (vii) 46636
ix) 175616 (x) 91125

State true or false.

(1) Cube of any odd number 18 even.

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

(i) Ifsquare of anumber ends with 5, then its cube ends with 25.

{(Iv) Thereis no perfect cube which ends with 8.

(v) The cube of a two digit number may be a three digit number.

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

You are told that 1,331 is a perfect cube. Can you guess withow factorisation what
ig 118 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, ... efc

3. Ifin the prime factorisation of any number each factor appears three times, then the number is a
perfect cube.

4. The symbaol {F denoies cube root. For example {fﬁ =3,
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Quantities
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8.1 Recalling Ratios and Percentages

We know. ratio means comparing two guanties,
A basket has two types of fruits, say, 20 apples and 5 oranges.
Then, the ratio of the number of oranges o the number of apples =5 : 20,
I
5 1
The comparison can be done by using fractions as, o0 = 4

|
The number of oranges are 1 th the number of apples. In terms of ratio, this is

l:4,readas,"listo4”
OR

20 4

Number of apples to number of oranges = 7 = 1 which means, the number of apples

are 4 limes the number of oranges. This comparison can also be done using percentages.

There are 5 oranges out of 25 fruits. By unitary method:
S0 percentage of oranges is Out of 25 fruits, number of oranges are 3.
5 4 20 So out of 100 fruits, number of oranges
e X—=—2=20% ORr 5
23 4 100 = L %100 =20,
[Denominator made 100]. 235

Sﬂme@ coniains 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 8(1% apples.

Example 1: A picnicis 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 i3 55 km from the school and the transport company is charging at the rate
of T 12 per km. The total cost of relreshments will be T 4280.



118 M MATHEMATICS

Can youtell.
1. The ratioof the number of girls to the number of boys in the class?
2. The cost per head if two teachers are also going with the class?
3. Iftheir first stop 18 at a place 22 km lrom the school, what per cent of the total
distance of 55 kmis 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 wtal 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 E students,
Therefore, 60% of x = 1§ So, 18 girls are out of how many students?
D & OR. | Number of stud 0 18
100 = | umber of students = 60
18 x 100 Aif 5
or, X= 60 = =
Number of students = 30.

50, the number of boys =30-18 =12

18 3
Hence, ratio of the number of girls to the number of boysis 18: 12 or el
3
5 iswrittenas3: 2 andread as 3 isto 2.

2. To find the cosi per person.
Trangportation charge = Distance both ways x Rate

=T(5%x2) %12
=T110:x 12 =T 1320
Total expenses = Refreshment charge
+ Transportation charge

=¥4280+7% 1320
=T 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 be T 5600.

The amount spent for 1 person=% 5;’% =T 175.

3. The distance of the place where first stop was made =22 km.
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To find the percentage of distance:

Ashima used this method: John vsed the unitary method:
ZE—ZZX Ii)i]_m% Outol 55 km, 22 km led
55 55 100 to s are irave .
r : inlving | 22
s By Ul ip ly g OR Outof | km, = km are travelled.

100
the ratio by —=l1 -

2, )
400 Out of 100k, — x 100 km are travelled
and converbin gto 55

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

Both came out with the same answer that the distance from their school of the place where
they stopped at was 40% of the total distance they had to travel.
Therefore. the percent distance left to be travelled = 1009% — 40% = 60%.

TRY THESE

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

1
in helping their children to do homework, There were 90 parents who helped for 3 hour

1
0 15 hours, The distribution of parents according to the time forwhich, hﬂ‘: ;ﬂ;u
they said they helped is given in the adjoining figure ; 20% helped for
1
maore than IE hours per day;
1 i |
309 helped for 3 hour to 1&' hours; 50% did not help at all.
Using this, answer the following: helped for
(i) How many parents were surveyed? 1y onvte Helped for mor
(i) How many said that they did not help? { 2 than 1 hour

1

(i) How many said that they helped for more than 1 7S hours?

S, EXERCISE 8.1

1. Find the ratio of the lollowing.
(a) Speedofacycle |5 km per hour to the speed of scooter 30 km per hour.

(B} Smuo l0km () S50paiseoT5
2. Convert the following ratios to percentages.
{a) 3:4 by 2:3

72% of 23 siudents are good in mathematics. How many are not good in mathematics?
A tootball team won 10) matches out of the total nurmber of matches they played. It
their win percentage was 40, then how many matches did they play inall?

5. If Chameli had ¥ 600 left after spending 75% of her money, how much did she have
in the beginning?

=1
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6. I 60% 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 are 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.
(i) 25% off on marked prices (i) 109 hike in the price of petrol
Letus consider a few such examples.

Example 2: The price of a scooter was ¥ 34,000 last year. [thas increased by 20%
this year. What is the price now?

Solution:

Amita said that she would first find
the increase in the price, which is 20% of
¥ 34,000, and then find the new price.

20
20% of T 34000 =7 o % 34000

=T 6800
New price = Old price + Increase

OR

Sunita used the unitary method.
20% increase means,

T 100 increased to T 120,

So, T 34,000 will increase w?

120
Increased price = ?ﬁ % 34000

=¥ 40}, 800

=T 34,000 +T 6,800
= 740,800

Similarly, a percentage decrease in price would imply linding the actual decrease
followed by its subtraction the from onginal 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 =¥ 34000
Reduction= 5% of ¥ 34000

3
=F — % 34000 =
T 100 T 1700

New price = Old price — Reduction
=% 34000 -2 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 aitract custorners to buy
goods or o promote sales of the goods. You can find
the discount by subiracting its sale price from itg
marked price.

So, Discount = Marked price — Sale price
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Example 3: An item marked at T 840 is sold for ¥ 714. What is the discount and
discount %7

Solution: Discount = Marked Price — Sale Price
=T840-%714
=7 126

Since discount 18 on marked price, we will have 1o use marked price as the base.

On marked price of 7 840, the discount is¥ 126.
On MP of 7 100, how much will the discount be?

D 20 w00 = 15%
840

You can also find discount when discount % is given.[—_

Example 4: The list price of a [rock is T 220.

A discount of 20% is announced on sales, What 15 the amount
of discount on it and its sale price.

20% off

Seolution: Marked price is same as the list price.
20% discount means that on T 100 (MP), the discount isZ 20. 2930
By univary method, on %1 the discount will be ¥ T‘%% :

20
On %220, discount=% — x 220 =¥ 44
. discoun T
The sale price=(T220-F4d)or 2176

Rehana found the sale price like this —
A discount of 209% means for a MP of T 100, discount is T 20. Hence the sale price is
T 80. Using unitary method, when MP is ¥ 100, sale price is ¥ 80;

) 1
When MPisT 1, sale priceis T 0o Even though the
g0 discount was not
Hence when MP is ¥ 220, sale price =% 00 X 220 =T 176. found, 1 could find
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 marked ar¥ 120 (b) A pair of shoes marked at¥ 750
(¢) Abagmarked ar3 250

2. Atable marked at ¥ 15,000 is available for ¥ 14,400, Find the discount given and
the discount per cent.

3. Analmirah is sold at¥ 5,225 after allowing a discount of 5%. Find its marked price.
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8.3.1 Estimation in percentages

Your bill in a shop is¥ 577.80 and the shopkeeper gives a discount of 15%. How would
you estimate the amount to be paid?

() Round off the bill to the nearest tens of ¥ 577.80, 1.2, to T580.
(i) Find 10% of this, i.e.,? %x 580 = 258,

{11} Takelnﬂ_fnf[his‘i.e..-,]ix58= T20.

(iv) Add the amounts in (ii) and (iii) to get ¥ 87.
You could therefore reduce your bill amount by T 87 or by about 2 85, which will be
T495 approximately.
I. Tryestimating 20% of the same bill amount. 2. Try finding 15% of T 375.

8.4 Prices Related to Buying and Selling (Profit and Loss)

For the school fair (mela) T am going to put a stall of lucky dips. T will charge T 10 for one
lucky dip but T will buy items which are worth ¥ 5.

So you are making a profit of 100%.

'.'.

No. T will spend ¥ 3 on paper to wrap the gift and tape. So my expenditure is T 8.

2
This gives me a profit of T 2, which is, 5 100 = 25% only.

Sometimes when an article 1s bonght, some additional expenses are made while buying or
before selling it. These expenses have to be included in the cost price.

These expenses are sometimes referted to as overhead charges. These may include
expenses like amount spent on repairs, labour charges, ransportation etc.

8.4.1 Finding cost price/selling price, profit % /loss%
Example 5: Sohan bought a second hand refrigerator for 72,500, then spent T 500 on
its repairs and sold it for ¥ 3,300. Find his loss or gain per cent.
Solution: Cost Price (CP) =% 2500 +% 500 (overhead expenses are added to give CP)
=T 3000
Sale Price (SP)= ¥ 3300
Az SP = CP, he made a profit =3 3300 —% 3000 =% 300
His profit on ¥ 3,000, 15 T 300). How much would be his profit on ¥ 1007

300 30 P
Profit =——x100%=—%=10% PR =—x100
O = 3000 3 CP
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TRY THESE

1. Find selling price (SP) if a profit of 5% is made on
(a) acycle ol T 700 with 50 as overhead charges.
(b) alawn mower bought at ¥ 1150 with ¥ 50 as transportation charges.
(¢) afan bought for T 560 and expenses of T 40 made on its repairs.

Example 6: A shopkeeper purchased 200 bulbs for T 10 each, However 5 bulbs
were fused and had o be thrown away. The remaining were sold at ¥ 12 each. Find the
gain or loss %.

Solution: Cost price of 200 bulbs =% 200 x 10 =¥ 2000

5 bulbs were fused. Hence, number of bulbs left =200 - 5= 195

These were sold at ¥ 12 each.

The SP of 195 bulbs =% 195 x 12 =3 2340

He obviously made a profit (as SP > CP). CPisTIO i,
Profit =¥ 2340 - T 2000 =3 340 y \
On T 2000, the profitis ¥ 340. How much profit is made on ¥ 1007 Profit

340
= —— %100 =
2000 17%.

Example 7: Meenu bought two fans for ¥ 1200 each. She sold one at
a loss of 5% and the other at a profit of 10%. Find the selling price of
each. Also find out the total profit or loss.

Solution: Overall CPof each fan=7% 1200. One is sold ai a loss of 5%.
This means if CPis ¥ 100, SPisT95.

5
Therefore, when CPi2Z 1200, then SP =% i}—[} x 1200 =7 1140

Also second fan is sold at a profit of 10%.
It means, if CPis ¥ 100, SPis¥ 110.

110
Therefore, when CPis ¥ 1200, then SP =% 100 x 1200 =% 1320

Was there an overall logs or gain?

We need to find the combined CP !Mx
whether there was an overall profit or loss, \

Total CP =2 1200 + % 1200 =% 2400 Lol

Total SP =% 1140 +% 1320 =7 2460 S

Since total SP = total CP, a profit of ¥ (2460 — 2400) or T 60 has been made.

1. A shopkeeper bought two TV sets at ¥ 10,000 each. He sold one at a profit 10%
and the other at a loss of 10%. Find whether he made an overall profit or loss.
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8.5 Sales Tax/Value Added Tax
The teacher showed the clags a bill in which the following heads were written.

i Bill No. | Date )
Menu
S5.No. liern Quanniy | Rate | Amount
Bill amount
+ ST (5%)
L Tl J
ST means Sales Tax, which we pay when we buy items.

This sales tax is charged by the government on the sale of an item.

It is collected by the shopkeeper from the customer and ziven to the govemment.
This is, therefore, always on the selling price of an itern and 18 added to the value of the bill.
These days however, the prices include the tax known as Value Added Tax (VAT).

Example 8: (Finding Sales Tax) The cost of a pair of
roller skates at a shop was 450, The sales tax charged was
5%. Find the ll amount.

Solution: On?T 100, the tax paid was T 5.

5
On T 450, the tax paid wouldbe =% 100 %450

=¥2250
Bill amount = Cost of item + Salestax =7 450 + T 22.50 =7 472.50.

Example 9: (Value Added Tax (VAT)) Waheeda bought an air cooler for ¥ 3300
including 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 VAT is 3 100 then price including VAT is % 1 10.

Now, when price including VAT is ¥ 110, original price is ¥ 100.
100 ;
Hence when price including tax is ¥ 3300, the original price = ¥ EKSEDD = T3000.

Example 10: Salim bought an article for T 784 which included GST of 12%. What
is the price of the article before GST was added ?

Solution: Letoriginal price of the article be T100. GET=12%
Price after GST isincluded =3 (100+12)= 7112
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When the selling price s 7112 then original price =100,

100
When the selling price is ¥ 784 then original price =3 e 784 =3 700

. THINK, DISCUSS AND WRITE W

1. Twotdmesanumberiza 1009% increasze in the number. I we take halfl the number
what would be the decrease in per cent?

2. By what per cent is T 2,000 less than 2 2,400? Is it the same as the per cent by
which 7 2,400 is more than  2,0007

. EXERCISE 8.2

1. A man gota 10% increase in his salary. If his new salary is ¥ 1,54,000, find his
original salary.

2. On Sunday 8435 people went to the Zoo. On Monday only 169 people went, What
15 the per cent decrease in the people visiting the Zoo on Monday?

3. A shopkeeper buys 80 articles for ¥ 2,400 and sells them for a profit of
169%. Find the selling price of one article.

4. The costof an article was T 15,500, T 450 were spent on its repairs. Il atis
sold for a profit of 15%, find the selling price of the article.

5. A VCR and TV were bought for ¥ 8,000 each. The shopkeeper made a
loss of 496 on the VCR and a profit of 89 on the TV. Find the gain or loss
percent on the whole transaction.

6. During asale, a shop offered a discount of 10%
on the marked prices of all the items. What would a
cusiomer have to pay for a pair of jeans marked at
T 1450 and two shirts marked at ¥ 850 each?

7. A milkman sold two of his buffaloes for¥ 20,000 each. On
one he made a gain of 5% and on the other a loss of 10%.
Find his overall gain or loss. (Hint: Find CP of cach)

8. Thepriceof a TV is ¥ 13,000, The sales tax charged on
it is at the rate of 12%. Find the amount that Vinod will
have Lo pay il he buys it

9. Arun bought a pair of skates at a sule where the discount given was 20%. If the
amount he pays is¥ 1,600, find the marked price.
10. Iputchased a hair-dryer for ¥ 5,400 including 8% VAT, Find the price before VAT
was added.

8.6 Compound Interest
You might have come across staiemenis like “one year interest for FD (fixed deposit) in
the bank @ 9% per annum™ or ‘Savings account with interest @ 5% per annum’.
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Interest is the extra money paid by institotions like banks or post offices on money
‘ / deposited (kept) with them. Interest is also paid by people when they borrow money.
| We already know how to calculate Simple Interest,

Example 10! A sum of ¥ 10,000 is borrowed at a rate of interest 1 5% per annum for 2
years. Find the simple interest on this sum and the amount to be paid at the end of 2 years.

Solution: On ¥ 100, interest charged for 1 yearis T 15.

15
So, on ¥ 10.000, interest charged = 00 x10000=7 1500

Interest for 2 years =2 1500 % 2 =T 3000
Amount to be paid at the end of 2 years = Principal + Interest

=7 10000 + 7 3000 =T 13000
TRY THESE

Find interest and amount to be paid on T 15000 at 5% per annum after 2 years.

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

We have some money in the bank. Every year some interest is added to it, which is
shown in the passbook. This interest is not the same, each year it increases.

Normally, the interest paid or charged is never simple. The interest is calculated on the
amount of the previous year. This is known as interest compounded or Compound
Interesi (C.1.).

Let us take an example and find the interest year by year. Each year our sum or
principal changes.
Calculating Compound Interest
A s of 20,000 is borrowed by Heena for 2 years at an intercst of 8% compounded
annually. Find the Compound Interest (C.1.) and the amount she has to pay at the end of
2 years.

Aslam asked the teacher whether this means that they should find the interest year by
year. The teacher said “yes’, and asked him to use the following steps :
1. Find the Simple Interest (S 1) for one vear.

Let the principal for the first year be P . Here, P, =¥ 20,000

200008
ST, =STal 8% p.a. for Ist year =% 100 =7 1600
2. Then find the amount which will be paid or received. This becomes principal for the

next year.
Amount at the end of 1st year= P + SI, =3 20000 + ¥ 1600
=¥ 21600 =P, {Principal for 2nd year)
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3. Again find the interest on this sum for another year.

21600 x 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 Znd year=P, + SI,
=3 21600 +3 1728
=¥ 23328
Total mterest given=7% 1600 + T 1728
=¥ 3328
Reeta asked whether the amount would be ditferent for simple interest. The teacher
told her to find the interest for two years and see for herself.

20000%8%2
SIfor2years=% T T T 3200

Reeta said that when compound interest was used Heena would pay ¥ 128 more.

SI,= ST at 8% p.a.for 2nd year=2%

Let us look at the difference between simple interest and compound interest, We start
with ¥ 100, Try completing the chart.

( Under Under h
Simple Interest Compound Interest
First vear Principal T 100.00 T 10000
Interestat 10% T 10.00 F 10.00
Year-end amount T 11000 T 11000
N
Second year | Principal T 100.00 T 11000 ,-'"f.\; ™
Interest at 10% T 10.00 2 1100 [ Y )
| means yoo O
Year-end amount | F(110+ 10) =% 120 T 121.00 l.} ‘f"a-“;;“&:’:“‘ {
A . |, interest
Third vear Principal T 100.00 T 121.00 l, sttt )
Interest at 10% T 10,00 T 1210 \_ tillthen! |
\ 1 -"\._/'II
Year-endamount | Z(1204 10) =% 130 T 13310 k""ﬂ\-f"
%
Note that in 3 years,

Interest earned by Simple Interest =% (130 — 100) =7 30, whereas,
Interest earned by Compound Interest =¥ (133.10 - 100) =T 33.10

Note also that the Principal remains the same under Simple Interest, while it changes
year after vear under compound interest.
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8.7 Deducing a Formula for Compound Interest

Zunbeda asked her teacher. “Ts there an easier way to find compound interest?” The teacher
said “There is a shorter way of tinding compound interest. Letus try to find it.*
Suppose P, is the sum on which interest is compounded annually at a raie of R%

Per annur.

Let P, =% 5000 and R = 5% per annum. Then by the steps mentioned above

5000 % 5x]1
R el

100
&, e atin 4 2D
o * T o0

5
= 75000 (1+ﬁ) =¥,

I+ 5” ¥ Sxl
2. SIJ.:?S!]EH] 100 ?'H:—ﬂ

ﬁﬂﬂﬂxﬁ[ 5 J
-f:
100 10D

3
A, = 5000 1+—
: [ IUDJ

Sﬂﬂﬂxﬁ[ 5 ]
+3 I+

100 100
=F ﬁﬂ[}l}[H 2 ][H -5 J
100 100

5 )2
=3 5ﬂﬂﬂ[l+—) =P
100

3

or

P xR x1
SI =% 100
A =P +5I= l:'1+ﬂ
100

P|[1+ il - P,
“ 100

P, xRxI
3 100

R\ R
I DR Sy (oL
J(erﬂ)xmu
F'lf{[ R]
= S g
100\ 100

A, =P, +SL,

1l

ST

Proceeding in this way the amount at the end of i vears will be

Or, we can say
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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 n vears. and not the formula for compound interest.

Aruna at once said that we know CI = A — P, so we can easily lind the compound
interest too,

Example 11: Find CT on ¥ 12600 for 2 years at 10% per annum compounded
annually.
R . 4
Solution: We have, A=P [14— 100 ] . where Principal (P) =% 12600, Rate (R)= 10.
Number of years (n) =2

=z 125{m[1+£ " _z12600[ 1)
- 100) 10
1. Find Clon asum of ¥ 8000 for
=% lﬁﬁmxmkﬁ =¥ 15246 2 years at 5% per annum
Cl=A-P=% 15246 — T 12600 =T 2646 compounded annually.

8.8 Rate Compounded Annually or Half Yearly

(Semi AIIIIIIHHY] 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 anything? time to form a new principal is called the conversion

Tt does, because we-can also have interest period. When the interest is compounded half yearly,
, there are two conversion periods in a year each after 6
raies compounded half yearly or quarterly. Let months. In such situations, the half yearly rate will be

us see what happens to ¥ 100 over a period of half of the annual rate. What will happen if interest is

one year if an interest i compounded annually compounded quarterly? In this case, there are 4
or half yearly. conversion periods in a vear and the quarterly rate will
be one-fourth of the annual rate.
(" P=% 100 at 10% per P =2 100 at 10% per annum
annum compounded annually compounded half vearly
I
The time period taken is | year The time period 18 6 months or o Year J _R;:e:
~~ becomes
,Iﬂ'ﬂ'x Iﬂxl _41—)-—-' half _.:
I ?lﬂﬂ)(lﬂx]_?]ﬂ [—2 2 _ 35 o
- 100 ~ 100
A=3 100+ 10 A=2100+T5=2 105
=¥ 110 Now for next 6 months the P=% 105
10510 *
=t ——————= =30
So, 100 2
&z and A=F105+%5.25=%11025
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Do you see that, if interest is compounded half yearly, we compute the interest two
% times. So time period becomes twice and rate is taken half.

TRY THESE

Find the time period and rave for each .

I
1. Asum taken for 1 3 years at 8% per annum is compounded half yearly.

2. Asum taken for 2 years at 4% per annum compounded half yearly.

B THINK, DISCUSS AND WRITE Ul

A sum is taken for one year at 16% p.a. If interest is compounded after every three
memths, how many times will interest be charged in one year?

1
Example 12: What amount is to be repaid on a loan of ¥ 12000 for | 7 yearsat 10%

per annum compounded half yearly.
Solution:
-
Principal for first 6 months =3 12,000 Principal for first 6§ months = ¥ 12,000
0l 6 1
There are 3 half years in li years. Time =6 months = ‘E}‘EW:E year
Therefore, compounding has to be done 3 times.| Rate=10% 1
12000 % 10 XE
Rate of interest = half of 10% =% 100 =T 600
= 5% half yearly A=P+T =% 12000 + T 600
R R
A=P| 1+ 100 = ¥12600. Tt is principal for next 6 months.
1
5 3 12600 x10 x E
. — I=% =% 630
L4 IEEIEID(H mﬂj 100
21 21 .21 P :
=3 12{]{]{}:(56)-: 5{-}—:& 0 Principal for third period =3 12600 + 3 630
=% 13,891.50 =¥ 13,230.
13230 X 10 X ;
I 100 T661.50
A=P+I1=% 13230 + % 661.50
=% 13,891.50
4 o
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Find the amount to be paid
1. Atthe endof 2 years on ¥ 2,400 at 5% per annum compounded annually.
2. Attheendof 1 yearon ¥ 1,800 at 8% per annum compounded quarterly.

Example 13: Find CI paid when a sum of T 10,000 is invested for 1 year and

1
3 months at 8 5 Fe per annuum compounded anmually,

Solution: Mayuri first converted the time in years.

1

3
1 year 3 months = 1 E}fﬂal'=]  years

Miyun tried puning the values in the known formula and camme up with:

o 3"
A =% 10000 200

Now she was stuck. She asked her teacher how would she find a power which is fractional?
The teacher then gave her a hint:

Find the amount for the whole part, i.e., 1 year in this case, Then use this as principal

|
1o get simple interest for 7 yearmore. Thus,

S
A =7 10000 [1+ M)

200
10000 £ 10,850
=X * 20 =%
1
Now this would act as principal for the next 3 Year We find the ST on ¥ 10,850
e
or 7 year,
10850 % - %17
SI= % 4
100x2

” 10850 % 1x17
800

=% 230.56
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Interest for first year =¥ 10850 — 3 10000 =¥ 850
1
And, interest for the next — year=7% 230.56

4
Therefore, total compound Interest = 850 + 230.56 =¥ 1080.56.

8.9 Applications of Compound Interest Formula

There are zome situatons where we could use the formula for caleulaton of amount in CT,
Here are a few.

(i) Increase (or decrease) in population.
(i) The growth of a bacteriaif the rate of growth 1s known.

(i} The value of an item, if its price increases or decreases in the intermediate years.
Example 14: The population of a city was 20,000 in the year 1997, It increased at
the rate of 5% p.a. Find the popuolation at the end of the year 2000.

Solution: There is 5% increase in population every vear, so every new year has new
population, Thus, we can say itis increasing in compounded form.
Population in the beginning of 1998 =20000 (we treat this as the principal for the 1st year)

5
Increase ai 3% = ﬁ % 20000 = 1000

Treal as
Population in 1999 = 20000 + 1000 = 21000 <3 ﬂwfiﬂls;lll’ﬂl
r the
3 2nd year,
Increase at 5% = —— 21000 =10350
160
Population in 2000 = 21000 + 1050
Treat a8
=20050" —~———"""" | Panail
5 for the
Increase at 5% = T * 22050 3rd year,

=1102.5
Atthe end of 2000 the population = 22050 + 1102.5=23152.5

3
S
or, Population at the end of 2000 = 20000 (l - —]

100
; ?

= 20000 % 2L 2Ly 2L
20 20 20

=23152.5
So, the estimated population = 23153,
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Aruna asked what is to be done if there is a decrease. The teacher then considered
the following example.
Example 15: ATV was bought at a price of ¥ 21,000, After one year the value of the
TV was depreciated by 5% (Depreciation means reduction of value due to use and age of
the item). Find the value of the TV afier one year.
Solution:

Principal = ¥ 21,000
Reduction = 5% of T 21000 per vear

leﬂﬂﬂxjxl 7 1050
- 100 S
value at the end of 1 year =T 21000 — % 1030 =T 19,950

Alternately, We may directly get this as follows:

b
vilue at the end of | year= % 21000 [ 7 ﬁj

19
=7 21000 x 20 =%19,950

1. A machinery worth ¥ 10,500 depreciated by 5%. Find its value after one year,
2. Find ihe population of a city afier 2 years. which 1s at present 12 lakh. if the rate
of increase 15 4%.

B EXERCISE 8.3

1. Calculate the amount and compound interest on
I
(a) ¥ 10,800 for 3 years at 12 % per annum compounded annually.

1
(b) 18,000 for2 5 Years at 10% per annum compounded annually.

1
(c) TH2500for1 3 Years at 8% per annum compounded half yearly.

() T8,000for 1 year at 9% per annum compounded hall vearly.
(You could use the year by year calculation using SI formula to verify).
(e) T10.000for 1 year at §% per annum compounded half yearly.

2. Kamala borrowed T 26,400 from a Bank to buy a scooter at a rate of 15% p.a.
compounded yearly. What amount will she pay at the end of 2 years and 4 months to
clear the loan?

{Hint: Find A for 2 years with interest is compounded yearly and then find 51 on the

2nd year amount for E years).
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10.

11.

12,

Fabina borrows T 12,500 at 12% per annum for 3 years at simple interest and
Radha borrows the same amount for the same time period at 10% per annum.
compounded annually. Who pays more interest and by how much?

I borrowed ¥ 12,000 trom Jamshed at 6% per annum simple interest for 2 vears,
Had 1 borrowed this sum at 6% per annum compound interest, what extra amount
would I'have to pay?

Vasudevan invested T 60,000 at an interest rate of 12% per annum compounded
half yearly. What amount would he get

(1) after 6 months?
(i) atter | vear?
Axif took a loan of ¥ 80,000 from a bank. If the rate of interest is 10% per annuwm,

find the difference in amounts he would be paying after 1 % years if the interest is
i) compounded annually,
(i) compounded half yearly.
Maria invested ¥ 8,000 in a business. She would be paid interest at 5% per annum
compounded annually, Find
(1) The amount credited against her name at the end of the second year.
(i) Theintcrest for the 3rd vear.

1
Find the amount and the compound interest on ¥ 10,000 for IE years at 10% per

annum, compounded half yearly, Would this interest be more than the interest he
would getif it was compounded annually?

1
Find the amount which Ram will get on T 4096, if he gave it for 18 months at 125 Yo

per annum, interest being compounded half yearly.
The population of a place increased o 54,000 in 2003 at a rate of 5% per annum
(1) find the populationin 2001,
() what would be its population in 20057
In a Laboratory, the count of bacteriain a certain experiment was increasing at the
rate of 2.5% per hour. Find the bacteria at the end of 2 hours if the count was initially
5, 06,000.

A scooter was bought at 42,000, Its value
depreciated at the rate of 8% per annum.
Find its value after one year.
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_ WHAT HAVE WE DISCUSSED? —

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

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

3. Additional expenses made after buying an article are included in the cost price and are known
as overhead expenses.
CP = Buying price + Overhead expenses

4. Sales taxis charged on the sale of an item by the government and is added to the Bill Amount.
Sales tax = Tax% of Bill Amount

5. Compound interest is the interest calculated on the previous year’s amount (A=P +1)

6. () Amountwhen interestis compounded annually

100
(i) Amount when interest is compounded half yearly

n
=p (i+ l] ;  Pisprincipal, R is rate of interest, i is time period

=amlenol

: R
2 — 18 half vearly rate and

2i = number of half-years'
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9.1 What are Expressions?
In carlier classes, we have already become familiar with what algebraic expressions
(or simply expressions) are. Examples of expressions are;

x4+ 3, 2y— 5, 3, dxy + T elc.

You can form many more expressions. As you know expressions are formed from
variables and constants. The expression 2y — 5 is formed from the variable y and constants
2 and 5. The expression 4xy + 7 is formed from variables x and y and constants 4 and 7.

We kenow that, the value of y in the expression, 2y — 3, may be anything, 1i can be

5 7
2,530, E = E 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. Wheny=2, 2y-53=2(2)-5=-1; when
y=0.2y-5=2x0-5==5, etc. Find the value of the expression 2y — 5 for the other
given values of y.

Number line and an expression:

Comsider the expression x+ 5. Let us say the variable xhas a position X on the number line;

< x — 5 —
- 1 f Eo
O X r

X may be anywhere on the number line, but it is definite that the value of x+ 5 is given by
apoint P, 5 units to the right of X. Similarly, the value of x — 4 will be 4 units to the left of
X and so on.

What about the position of 4x and 4x + 57

AT N

(&) X A B C D

The position of 4x will be point C; the distance of C from the origin will be four times
the distance of X from the origin. The position D of 4x+ 5 will be 5 units to the right of C.

CHAPTER
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1. Give five examples of expressions containing one variable and five examples of
expressions containing two varizbles.
2. Show on the number line x, x—4, 2v+ 1, 3x - 2.

9.2 Terms, Factors and Coefficients

Take the expression 4x + 3. This expression is made up of two terms, 4xand 5. Terms
are added to form expressions. Terms themselves can be formed as the product of
factors. The term 4x is the product of its factors 4 and x. The term 5
is made up of just one factor, i.e., 5.

The expression 7xy — 5x has two terms Ty and —5x. The term
Txy 18 a product of factors 7, x and y. The numerical factor of a term

Identify the coefficient of each
term in the expression is called its numerical coefficient or simply coefficient, The coefficient

x% — 10xdy + Sxy* — 20

in the term 7xy is 7 and the cocfficient in the term —5x is -5.

9.3 Monomials, Binomials and Polynomials

Expression that contains only one lermis called a monomial. Expression that contains two
terms is called a binomial. An expression containing three terms is a trinomial and so on.
Tn general, an expression containing, one or more terms with non-zero coefficient (with
variables having non negative exponents) is called a polynomial. A polynorial may contain
any number of terms, one or more than ane.

Examples of mononuals:  4x%, 3ay, <7z, 5% 10y, -9, 82mnap, etc.

Exarmples of binormials: a+b,4+5ma+4,5 3y -4, ete.

Examplesof rinomials: @+ b + ¢, 2x+ 3y -3, ¥y —»? + %, ete.

Examplesof polynomials: a + &+ ¢ + d, 3%y, Tayz — 10, 2x + 3y + 7z, eic.

1. Clagsafy the following polynomials as monomuials, binormals, mmormials.
—z+5,x+y+z,y+7+ 100, ab—ac, 17
2. Construct
(a) 3binomials with only x as a variable;
(b) 3 binomials with x and y as variables;
(c) 3monomials with xand v as variables;
(d) 2 polynormials with 4 or more terms.

9.4 Like and Unlike Terms

Look at the following expressions:
Tx, 14x, —13x, 522, Ty, Txy, 92, 9%, Syx
Like terms from thesc are;
(i) Tx ldx, —13x are like terms.
(i) 522 and —9x? are like terms.
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(@) 7xyand—3yx are like terms.
Why are 7x and 7y not like?
Why are 7x and 7xy not like?
Why are Tx and 5x° not like?

Write two terms which are like
M Txy (i) dmn? (i) 2/

9.5 Addition and Subtraction of Algebraic Expressions
In the earlier classes, we have also learnt how to add and subtract algebraic expressions.
For example, to add 72 —4x + 5 and 9x— 10, we do

Tt —4dx+ 5
+ Oy — 10
T2+ 52— 5

Observe how we do the addition. We write each expression to be added in a separate
row. While doing so we write like terms one below the other, and add them, as shown.
Thus 5+ (—10) =510 =-5. Similarly, — 4x + 9x = (— 4 + 9x = 5x. Let us take some
more examples.
Example 1: Add: Txy + 5yz— 3zx, dyz + 9zx — 4y, —3xz + 5x— 2xy.
Solution: Writing the three expressions in separate rows, with like terms one below the
other, we have

Txy + Syz —3zx

+ vz + Ozx ~ 4y
+ —2xy —3zx + 5x (Note xz is same as £x)

Sxy + Oz 43+ 5x— 4y

Thus, the sum of the expressions is Sxy + 9yz + 3zx 4+ 5x —4y. Note how the terms, — 4y
in the second expression and 5x in the third expression, are carried over as they are, since
they have no like terms in the other expressions.

Example 2: Subtract 5x* — 4y? + 6y — 3 from 7x? — dxy + 8y + 5x — 3y.
Solution:
T —dxy + 8% + Sx — 3y
Bt - 4y +6y—=3
=) (+) (=) (+)
202 —day+ 12y + 52—y + 3
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Note 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 is the same as
adding — 6y; subtracting — 4y* 15 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.

B EXERCISE 9.1

1. Identify the terms, their coefficients for each of the following expressions.
@ Sxyz—3zy (i 1+x+x (i) daty? — datyizt 4+ 22

@) 3-pg+gr—-m ) §+§_,;}. (vi) 0.3a - 0.6ab+0.5b

2. Classify the following polynomials as monomials, binomials, trinomials. Which
polynomials do not fitin any of thege three calegories?
x+v, 1000, x+ 2+ + 2, T+ v+ 5% 2v =393, 2y — 3t + 407, Sx — 4y + 3y,
dz = 1522, ab + be + cd + da, pagr, pPg + pg*, 2p + 2q

3. Addthe following.

© ab-—bc, be —ca, ca—ab () a-b+ab b—c+be,c—a+aqgc
(i) 2p'g*—3pg+4,5+Tpg-3p*¢* (V) F+mim+nint+F,
2m + 2mn + 2nl

4, {a) Subtract 4a-Tab+3b+ 12 from 12a-9ab + 56 -3
(b) Subtract 3xy+ Syz— Tzx from 5xy — 2yz — 2zx + 10xyz
(c) Subtract 4p’q—3pg+Spg*—8p+7g— 10 from
18-3p—11g + 5pg — 2pg* + S5p*g

9.6 Multiplication of Algebraic Expressions: Introduction
(1) Look at the following patterns of dots.

é Pattern of dots Total number of dats"\
& & 5 ® & © &8 ® @
" & 8 &8 8 & @ @ @
* B ® 8 ® @ @ @ @8 4x9
s © ® ® & ® @ & ®
e & & & ®» ® @8
s & ® o ® ® @
® & ® ® 8 ® @ z
* & ® & ® @& @° 3x7
s & 8 ® 5 & @
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w
/'_"'——"/\‘—-'_'_\ To find the nomber of
M e - - — 2 @B dots we have o moltiply
o the expression for the
o = 2 == == el sl nurnber of rows by the
----- - = = = ml A R expression for the
e . - 3 & number of columns,
mEnR
At3
— A =
- : : : S : : : : : Here the number of rows
_____ el SR SR is increased by
f: ______ o o b s S 2, i.e..m + 2 and number
S et noene Sroiss e T T R OE 7 (m+2)x(n+3) of columns increased by
a8 & B - - - 5 ® @B ® @ Jie.n+5
= = B 8 - — — 8 8 B B @
s 8 8 8 - — — & 8 % 8 @
) S
{if) Canvyounow think of similar other situations im which T
twio algebraic expressions have to be multiplied? I 1
' b i
Ameena gets up. She says, “We can think of area of jp-3
arectangle.” The area of arectangle is / x b, where [ J, l
+ I .

is the length. and b 1g breadth. If the length of the

rectangle is increased by 5 units, i.e., ([ + 5) and
breadth is decreased by 3 umits |, 1.e., (b —3) units,
the area of the new rectangle will be (7 +5) x (b—3).
(i) Can vou think about volume? (The volume of a
rectangular box is given by the product of its length,
breadth and height).
(v} Sarita points out that when we buy things. we have o
camry out multiplication. For example, if
price of bananas per dozen=3¥ p
and for the school picnic bananas needed = z dozens,
then we havetopay=3p % z

f+5 o

To find the area of a rectangle, we

have w multiply algebraic
expressions like [ x bor

(I+3)x{H~-3).

Suppose, the price per dozen was less by ¥ 2 and the bananas needed were less by

4 dozens.
Then, price of bananas per dozen= 3T (p - 2)
and bananas needed = (7 —4) dozens,

Therefore, we would have to pay =TAp-2)x(z-4)
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Can you think of rwo more such situations, where we may need to multiply algebraic
expressions?
[Hint: » Think of speed and time;

» Think of interest to be paid. the principal and the rate of simple interest: etc. |

In all the above examples, we had to carry out multiplication of two or more quantities. It
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 loolk at the pultiplication of two monomials.

9.7 Multiplying a Monomial by a Monomial
9.7.1 Multiplying two monomials
We begin with

4 xx=x+x+x+x=4x asscen carlicr.
Similarty, 4% (G3x)=3x+3x+ 3x+3x=12x
Now, observe the following products.

Motice that all the three

products of monomials, 3xy,

1 5xy, = Sy, are also

(1) XXR3y=xXIXy=3xXxXy=1xy monomials.

(i) Sxx3y=5xxx3xXy=5%x3xxxy =15xy
(i) Sxx(-3y)=5xxx(-3)xy

=53x(=3)xaxy =-15xy

Some more useful examples follow. Note that 5% 4=20

(1v) S dxf =(5 x 4) % (x x 2% i.e., coefficient of product = coefficient of
= 20 % i = 20x firsi mil:-m:-mjal » coefficient of second
& mongmial;
(V) Sxx(—dayz)=(5 x—4) = (x x xyz) i e i
=20 % (x xx X ¥7) =-202%yz ie, algebraic factor of product

= algebraic factor of first monomial

Observe how we collect the powers of different variables 2 b
® algebraic factor of sccond monomial.

in the algebraic parts of the two monomials. While doing
50, we use the rules of exponents and powers.

9.7.2 Multiplying three or more monomials
Observe the following examples.
(i) 2x xSy xTz=(2x x5 x Tz = 10xy x Tz = T0xyz
(i) day x Saty? x 65 = (day x 5257 % 6xy* = 2047 x 67 = 12007 x 2y
=120 (' x a7 % (0 x ) = 12025 ¢ y° = 120x%°
Itis 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 monorials.
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m_ We can [ind the product in other way also.
4xy % Sz % 627

Find 4x x 5y x 7z . ={dxdx6)x (xxxF)xFxyFxy)
First find 4x x 5y and multiply it by 7z; — 120 25
or first find 5y x 7z and multiply it by 4x. -

Is the result the same? What do you observe?
Does the order in which you carry out the multiplication matter?

Example 3: Complete the table for area of a rectangle with given length and breadth.

Solution: (c length breadth area i
3x Sy Jx ¢ 5y = 15xy
Oy dve ) s
4ab Fhe | e
. 2Pm lmt | i i

Example 4: Find the volume of each rectangular box with given length, breadth
and height.

( length breadth height )
(i 2ax by Scz
(i) mAn n'p pim
5 2 3

| (i) 2q 4q 8¢ )

Solution: Volume =lengih x breadth x height
Hence, for (1)  volume= (2ax) x (3by) x (5c7)
=2x3 x5 % (ax) % (by) % (cz) = 30gbcxyz
for (@) volume=min X n'p % p*m
= (m? % m) x (1 % 12 % (p % p*) = pPn’p?
for (i) wvolume=2g x44®x 8g°
=2x4x8xgxgtx g =64q"

B FXFRCISE 9.2
1. Find the product of the following pairs of monomials.
M 4,7p (i) —4p.7p (i} —4p, Tpq (iv) 4p* -3p
W) 4p,0
2, Find the areas of rectangles with the following pairs of monomials as their lengths and
breadths respectively.
(m, g); (10m, 5m); (20x%, 557); (4. 3x%); (3mn, 4np)
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3. Complete the table of products.

[ Firstmonomial —
Second monomial ~

2x —5y Ix? — dxy Tty | —Oxh?

2x 4x?
-3y : o | 152y

3x*

7.3 4@
Txty

s %3 y

4, Obtain the volume of rectangular boxes with the following length, breadth and height
respectively.
i 3a. 3k 7a* (@) 2p.dq, 87 i) xy. 2%, 2o* (V) a, 2k, 3c
5. Obtain the product of
() xy,yz.zx i a,- . @ i) 2, 4y, 8y*. 16y*
(v) @, 2b, 3¢, babe (V) m, — mn, map

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 5y + 2, 1.e., find 3x % (5y+2)="7
Recall that 3x and (5y + 2) represent mumbers. Therefore, using the distributive law,
3xx(5y+2)=03xx5+ 3xx2)= 150+ 6x

We commonly vse distibutive law in our calculations. For example:
Tx106=Tx(100+6)
=T=x100+T=6 (Here, we used distributive law)
=700+ 42 =742
Tx3B=Txdd-2)
= Taed—T w2 (Here, we used distributive law)
=280- 14 =266

(=3x) % (=5y + 2) = (-3x) x (=5y) + (-3x) % (2) = 15xy - Ox
5oy % (0 + 3= Bxy % ) + (5xy % 3) =57 + 15xy.

What about a binomial x monomial? For example, (5y+2)x3x="7

We may use commutative law as: 7x 3 =3 x 7, orin general gxb=5bxa
Similarly, (5y+ 2) % 3x=3x % (5y + 2) = 15xy + 6x as before.

Find the product A 2x (3x + 5x) (i) a° (2ab—50)
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9.8.2 Multiplying a monomial by a trinomial
Consider 3p % (4p? + 5p + 7). Ag in the earlier case, we use distributive law:
px (A +5p+T)=Cpx4p) + Bpx5p)+3pxT)
=12p* + 15p% + 21p
Multiply each term of the trinomial by the monomial and add products.

Observe, by using the distributive law. we are able to carry out the Find the product:
multiplication term by term. (4p*+5p+ T x 3p

Example 5: Simplify the expressions and evaluate them as directed:
i x@-3+2forx=1, @ 3yQy-T-3(—4)-63fory=-2
Solution:
W x(xr-3)+2=x*-3x+2
For x=1,22-3x+2=(1¥-3(1)+2
=1-3+2=3-3=0
() 3v(2y-T)=-3(3-4)-63 =617 21y —3y+ 12 - 63
= 632 — 24y — 51
For y=-2, 6y —24v - 51 =6 (-2)* - 24(-2)-51
=6x4+24x%x2-51
=244+48-51=72-51=21
Example 6: Add
@) Sm (3 —m) and 6m? — 13m @) 4y (3P +Sv—T)and 2 (y* — dy? + 5)
Solution:
(i) First expression =5t (3 —m)= (Smx 3)—(Smxm)= 15m - 5m*
Now adding the second expression to it, | 5m — Sm? + 60— 13m = m* + 2m
{fi) The first expression =4y (3y* + 5y - T)=(dy X Iy} + (v x Sy} + (v = (-T))
=12y + 20¥* — 28y
The second expression=2 (Y —4y?+5) =2y + 2 x (- ) + 2% 5

=2y -8y + 10
Adding the two expressions, 12y + 20— 28y
+ ¥ - B + 10

Example 7: Subtract 3pg (p—g) from 2pg (p + g).

Solution: We have 3pg (p-ag)=3p'g-3pg* and
2pq (p + q) = 2p%q + 2pq’
Subfracting, g+ 2pg
g - 3pg’
= +

-rq + 5pg
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B FXERCISE 9.3
1. Carry out the multiplication of the expressions in each of the following pairs.
i 4p.g+r (i) ab,a-b (i) a+b, Ta’* (V) a*=9,4a
v) pg+qgr+rp,0
2. Complete the table.

[ First expression Second expression Product
(i} a b+c+d
(it} x+y-3 3xy
(i) p 6p-Tp+35
(iv) dpiqt P-q
k“f"} a+b+c abc u
3. Find the product.
. [ 2 =% 34
@ (@Y% (20" x {4a™) ® (3 X}] K[ T ]
(i) (‘%} anlx(g Piff] @) Ptk wxt
1

4. (@) Swoplity 3x(4x-35)+ 3andfindits valuesfor (Nx=3 (i) x= <.
(b) Simplifvy a(e*+a+ 1)+ 5and find its value for (D a=0, (iha=1
(i) a=-1.
3. (a) Add plp—=g)g(g-r)andr(r-p)
(b) Add: Ix(z—x—y)and 2y (; —y—x)
(c) Subtract: 3l(/-4m+5Sn)from H(I10n-3m+21)
(d) Subtract: 3a(a+b+c)-2bla-b+ c)from de(-a+b+c)

9.9 Multiplying a Polynomial by a Polynomial
9.9.1 Multiplying a binomial by a binomial
Let us multiply one binomial (2a + 3b) by another binomial, say (3a + 4b). We do this

step-by-step. as we did in earlier cases, following the distributive law of multiplication.
(Ba+4b)x(2a+3b)=3a % (2a+3b)+4b x (2a + 3b)

binomial multiplies every =6t + Oab + Sha + 12k
term in the other binomial. =6 1Tab+ 135 (Sirice ba=ub)

When we carry out term by term multiplication, we expeci 2 x 2 =4 terms 1o be
present. But two of these are like terms, which are combined, and hence we get 3 terma.
In multiplication of polynomials with pelynomials, we should always look for like
terms, if any, and combine them.
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Example 8: Muliiply
i) (x—4)and (2x+3) () (x-y)and (3x + 5y)
Solution:

0 (-4 x2r+3=xx2x+3)-4x2x+3)
=(ax20)+xx3)-Ex) - (dx3)=2x+3x-8x-12
=22 -5x-12 {Adding like terms)

) (x—vIXxBx+3yl=2xGx+3y) —yx(3x+5y)
={xx 3x)+ (xx 3y) = (¥ x3x) - (v x 3¥)
= 3xt + Say — By — 537 =32 + 2xy - 5»* (Adding like terms)

Example 9: Multiply

(i) (a+7)and(b-3) {0 (g*+2b%) and (5a - 3b)
Solution:

M a+Nxb-S=axb-5+Txb-5

=ab-5a+7Tb-35

Note that there are no like terms imvolved in this multiplication,

(i) (a*+ 2b* x(5a—3b) =a* (5a —3b) + 2F* x (5a - 3b)

= 5a° — 3a’b + 10ab* - 61°

9.9.2 Multiplying a binomial by a trinomial
In thiz multiplication, we shall have to multiply each of the three terms in the trinomial by

each of the two terms in the binomial. We shall getin all 3 x 2 = 6 terms, which may
reduce to 5 or less, if the term by term multiplication results in like terms. Consider

(@+7) x .{ﬂ: +3a + S)=ax(@®+3a+5)+7Tx(@ +3a+5)
binomial trinomial [uging the distributive law]
=a’+3a’ +5a+Tat+2la+35
=a*+ (3a + 7a%) + (Sa + 2la) + 35
=a’+ 10a* + 26a + 35 (Why are there only 4
terms in the tinal result”)

Example 10: Simplify (a+ b) (2a-3b+¢) - (2a-3b) c.

Solution: We have

(a+b)(2a-3b+c)=a(2a-3b+c)+b(2a-3b +¢)
=2a* -~ 3ab + ac + 2ab - 36* + be
=2a*—ab-3b* + bc + ac (Note, —3ab and 2ab
are like terms)
and (2a-3b)c=2ac-3bc
Therefore,

(6 +B) (2t — 3b + ¢) - (20— 3b) ¢ = 242 — ab — 307 + be + ac — (2a¢ — 3b¢)
=2a’ —ab —3b* + bc + ac — 2ac + 3be
=2a? — ab - 3# + (bc + 3bc) + (ac — 2ac)
=2a*— 3b* — ab + 4b¢ — ac
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B EXERCISE 9.4

1. Muliply the binomials.
0 (2x+35)and (4x - 3) (i (y-8)and (3y-4)
m) (2.51=0.5m)and (2.5 + 0.5m) (iv) (a+3b)and (x+ 5)

(V) (2pg+ 34%) and (3pq - 2¢°)

o (oo 22)

2. Find the productL.

0 5-223+x) i (x+79(Tx—v)
(i) (a*+b) (@+b%) av) @*-¢)(2p+g)

3. Simplify.
@ (2-5) (x+5)+25 (i) (@*+5) (B +3)+5

@ (t+ ) (-5

(iv) (a+b)(c—d)+(a-b)(c+d) +2(ac+bd)

0 +2x+ )+ +20x—y) ) @+ -y + )
(vil) (1.5x—4y)1.5x + 4y + 3) —4.5x+ 12y
(vil) (a+b+ca+b—c)

9.10 What is an Identity?

Consider the equality (a+ 1) (a+2)=a*+3a+2
We shall evaluate both sides of this equality for some value of a, say a = 10.
For a = 10, LHS=(@+1)(a+2)=(10+ 1) (10+2)=11x12=132
RHS=a’+3a+2=10F+3x10+2=100+30+2=132
Thus. the values of the two sides of the equality are equal fora= 10.
Let us now take g =5
LHS=(a+1){a+2)=(5+ D) (S5+D)=(-x(=F)=12
RHS=a*+3a+2=(-5Y+3(-5+2
=25-15+2=10+2=12
Thus, for 2 =-3, also LHS =RHS.
We shall find that for any value of a, LHS = RHS. Such an equality, true for every
value of the variable in it, is called an identity. Thus,
(a+1)(a+2)= g*+3a+2 is an identity.
An equation is true for only certain values of the variable in it. It 15 not true for
all values of the variable. For example, consider the equation
at+3a+2=132
It is true for & = 10. as seen above, but it is not true for a =5 or for a= 0 etc.
Try it: Show that 2% + 3a + 2= 132 is not true fora = -5 and fora = (.

9.11 Standard Identities

We shall now study three identities which are very useful in our work. These identities are
obtained by multiplying a binomial by another binomial.
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Let us first consider the product {a+ b) (a + b) or {a + b)Y
(a+b¥=(a+b)(a+h)

=ala+b)+b(a+b)

=a’*+ab+ba+

=at + 2ab + b (since gb = ba)
Thus fa+by=a*+2ab+ P (T

Clearly, this is an idennity, since the expression on the RHS is obtained from the LHS by
actual multiphcation. One may venfy that for any value of a and any value of b, the values of
the two gides are equal.

® Nextweconsider(a—-bY¥={(a-b){a-bl=ala-b)-bla->b)
We have =a*—ab-ba+ ¥ =a’-2ab+ b
ot (a—b)=a?—2ab+ b | ()
® Finally, consider (a+ b) (a—b). Wehave (a+b) (a—b)=a(a-b)+b(a-b)
=a® —ab + ba - b* = a* - B (since ab = ba)
or (a+b)(a=-b)=a*- (T}
The identities (I), (IT) and (IIT) are known as standard identities.

1. Put—pinplace of b in Identity (I). Do you get Identity (TI)7

® We shall now work out one more useful identity.
(x+a)(x+b)=x{x+b)+a(x+b)
= x* + bx + ax + ab
or (x+a)(x+bh)=+(a+h)x+ab TV)

TRY THESE

1. Verify Identity (TV), fora=2,b=3,x=35.

2. Consider, the special case of Identity (TV) with a = b, what do you get? Is it
related to Identity (I)?

3. Consider. the special case of Identity (IV) with & = — ¢ and b =~ ¢. What do you
get? Is it related to Identity (IT)7

4. Consider the special case of Identity (TV) with b =—a. What do you get? Is it
related to Identity (IIT)?

We can see thar Identity (IV) is the general form of the other three identities also.
9.12 Applying Identities

We shall now see how, for many problems on multiplication of binomial expressions and
also of numbers, use of the identities gives a simple alternative method of solving them.
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Example 11: Using the [dentity (0, find (1) (2 + 3y)? (i) 103*
Solution:
(1) (2x + 3v)* = (2202 + 2(2x) (3») + (3vP [Using the Identity (T)]
=4+ 12xy + 97

We may work out (Zx + 3y)* directly.
(2x + 3P = (2x+ 3y) (2x + 3y)

= (2x) (2x} + (2x) (3y) + (3y) (2x) + (3¥) (3y)

= dx* + Gxy + 6 yx + H? (as xy = yx)

=4x* + 12xy + H?
Using Identity (1) gave us an alternative method of squaring (2x 4 3v). Do vou notice that
the Identity method required fewer steps than the above direct method? You will realise
the simplicity of this method even more if you try to square more complicated binomial
expressions than (2x + 3y).

(ii} (1033 = (100 + 3)

=100P+2% 100 x3+3? (Using Identity I)

= 10000 + 600 + 9 = 10609
We may also directly multiply 103 by 103 und get the answer. Do vou see that Idenuty (T)
has given us a less tedious method than the direct method of squaring 1037 Try squaring
1013. You will find in this case, the method of using identities even more atiractive than the
direct multiplication method.
Example 12: Using Identity (IT), ind (i) (4p-3g)* (i) (4.97

Solution:

) (4p—3g) =(4p) - 2 (4p) (3g) + (3g)* [Using the Identity (IT)]
= |6p* - 24pg + Y¢*

Do you agree that for squaring (4p —3¢)* the method of identities is quicker than the
direct method?
i) (4.97=(5.0-0.12=(50-2(5.0) (0.1)+(0.1)
=25.00- .00+ 0.0l =24.0!
Is it not that, squaring 4.9 using Identity (11} is much less tedious than squaring it by
direct multiplication?
Example 13: Using Identty (IIT), find

3 2 3 2
() Em+§ﬂ -;m—;jn (1i) 0832 — 17 (i) 194 x 206

Solution:
] 4 2 5 2 - :
{i} (.3:”1.'.:”] [Em_gﬂ) = [Em] = EH- Tf'jrdﬂing{hlﬁljufﬂﬂ.}'q
P 3 2 3 2 3 You will realise how easy
9 4 our meshod of using
== mt — = n Tdentity (ITT) is.

(@ 983 -17"=(983+ 17)(983-17)
[Here a =983, b =17, a*— B =(a+ b) (a— b)] ,
Therefore, 9837 — 172 = 1000 x 966 = 966000
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(i) 194 x 206 = (200 - 6) x (200 + 6) = 200* - 6
= 40000 — 36 = 39964
Example 14: Use the Identity (x + a) (x + b) = ¥* + (a + b) x + ab to find the
following:
1 501 x 3502 @ 95x 103
Seolution:
(i) S01=502=(500+ 112 (500+2) =500+ (1 +2) =500+ 1 %2
= 250000 + 1500 + 2 = 251502
(ii) 05 103 =(100-5)x (100 +3)=100F +(-5+3) = 100+ (-5)x3
= 10000 - 200 - 15 = 9785

B, FXFERCISE 9.5

1. Use asuitable identity to get each of the following products.
D (x+3)(x+3) M) (2y+3)(Zy+3) () (2a-T7)(2a-T)

V) {3-:1—%}(3&—%} ) (Llm—04)(L1lm+04)
W) @+ (-a+b) (i) Bx-T)(6x+T) (i) (—a+e)(-a+c)

: X IFNEE - 3y
(1x) (;* MJ == _) (x} (Ta—9b) (Ta—9b)

2 4 J\2 4
2. Usetheidentity (x+ g) (x+ b)=x"+ (a+ ) x+ ab 1o {ind the following products.
a0 xx+3)E+7) M (dx+5)dx+1)
(i) (dx=35)(dx=1) V) (dx+35) (dx-1)
(V) (2x+5y) (22 + 3y) (W) (22 +9) (2a?+ 5)

(Vi) (ovz—-4) Goz—-12)
3. Find the following squares by using the identities.

W (b-TR (i) (xy + 3707 (i) (6a* - Sy)*
. Y _
iv) [5 m > n) (v) (0.4p—05gF () (2ay +5yP
4. Simplify.
i) (a*-Pb*P i) (2x+5P-(2x-57
(i) (7w —8n) + (Tr + 8n)? (iv) (4w + 30 + (5m + 4n)?
(v) (2.5p-1.5¢P—(1.5p-2.5g)0
(i) (ab+bc) - 2abic i) (m? — nam)? + 2mn
5. Show that.
@ BGx+7y-84x=03x-7) (i) (9p—35g)°+ 180pg =(9p + 5g)
(4 3 Y 16 ;.9
(i) (EJ’H—EH] + 2w = gm +l'ﬁn

(iv) (4pq+3q) - (4pg—3qY =48pq®
W) (a-bBila+bi+b-c)b+c)+(c—a)(c+a)=0
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6. Using identities, evaluate,

M 712 iy 992 iy 1022 (iv) 9983
() 5.2° (vi) 297 %303  (vi) 78 x 82 (vii) 8.92
() 1.05%95

7. Using a?— b= (a+b) (a—Db), find
Q) 512 - 49 (i) (1.02)% - (0982 Gii) 1532 1472

(v) 12.12-7.92
8 Using(x+a)(x+b=x+(a+b)x+ab,find
@ 103 x 104 @) 5.0%52 i) 103 x 98 av) 9.7x938

_ WHATHAVE WE DISCUSSED? _

1. Expressions are formed from variables and constants.

2. Terms are added to form expressions. Terms themselves are formed as product of factors.

3. Expressions that contain exacily one, two and three terms are called monomials, binomials and
trinomials respectively. In general, any expression containing one or more terms with non-zero
coefficients (and with variables having non- negative exponents) is called a polynomial.

4. Like terms are formed from the same variables and the powers of these variables are the same,
too. Coefficients of like terms need not be the same.

While adding (or subtracting) polynomials, first look for like terms and add (or subiract) them;

then handle the unlike terms.

6. There are number of situations in which we need to multiply algebraic expressions: for example, in
finding area of a rectangle, the sides of which are given as expressions.

7. A monomial muliplied by a monomial always gives a monomial.

8. While multiplying a polynomial by a monomial, we multiply every term in the polynomial by the
rmonoal.

9. Incamying out the multiplication of a polynomial by a binomial (or trinomial ), we multiply term by

term, 1.., every term of the polynomial is multiplied by every term in the binomial (or trinomial ).

Note that in such multiplication, we may get terms in the product which are like and have to be

combined.

10. Anidentity is an equality, which is true for all values of the variables in the equality.
On the other hand, an equation is true only for certain values of its variables. An equation is not an

n

identity.

11. The following are the standard identities:
(a+ b)Y =a*>+2ab + I (T
(a—bY =a*-2ab+ P (I
(a+by(la—b)=a*-1 (TIT)

12. Another useful identity is (x+a) (x+ b)) =x*+{a+b)x+ab (IV)

13. The above fouridentities are uscful in carrying out squares and products of algebraic expressions.
They alzo allow easy alternative methods to caleulate products of numbers and so on.




Visualising
Solid Shapes

10.1 Introduction

In Class VII, you have learnt about plane shapes and solid shapes. Plane shapes have two
measurements like lengih and breadth and therefore they are called two-dimensicnal shapes
whereas asolid 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 etc., are 2-D figures while cubes,
cvlinders. cones, spheres ete. are three-dimensional figures.

DO THIS

Match the following: (First one is done for you)
( Shape Type of Shape Name of the shape

Idimensional Sphere

/\ \

R 2 Dimensional Cylinder

f——= \\

3-dimensional Square

foN 2-dimensional Circle

CHAPTER
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" 3-dimensional Cuboid
3-dimensional Cube
2-dimensional Cone
3_dimensional Triangle
\ N P

Note that all the above shapes are single. However, in our practical life, many a times, we
come across combinations of different shapes. For example, look at the following objects.

A tent Atin Softy (ice-cream)
A cone surmounted A cylinderical shell A cone surmounted by a
on a cylinder hemisphere

A photoframe A bowl Tomb on a pillar
A rectangular path A hemigpherical shell Cylinder surmounted
by a hernisphere

DO THIS Match the following pictures {objects) with their shapes:

Picture (ohject) Shape

(i) Anagricaltural field Two rectangular crogs paths inside a

rectangular park,
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@ A groove A circular path around a circular ground.
(i) Atoy A miangular field adjoining a square field.
(iv) A circular park A cone taken oul of a cylinder.

(v} Acrosspath * A hemisphere surmounted on a cone.

10.2 Views of 3D-Shapes

You have learnt that a 3-dimensional object can look differently from different positions so
they can be drawn from different perspectives. For example, a given hut can have the
following views.

A hue Front view Side view Top view

similarly, a glass can have the following views.

A glass Side view Top view

Why is the top view of the glass a pair of conceniric circles” Will the side view appear different if taken from
some other direction? Think about this! Now look at the ditferent views of a brick.
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A brick Front view Side view [op view

We can also get different views of figures made by joining cubes. For example.

Top
il Side
-
Froad Solid Side view Fromt view Top view
made of three cubes
Top
Vs
¢ Side
Solid Top view Front view Side view
raade of Tour cubes
‘Top

L

Front Side

Solid Side view Fromt view Top view
made of four cubes

DO THIS

Observe different things around you from different positions. Discuss with your friends
their various views.
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B EXERCISE 10.1
1. For each of the given solid, the two views are given. Match for each solid the
corresponding top and front views. The first one is done for you.
Object Side view Top view

(b)

©

@

(&) ) (v)
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2. Foreach of the given solid, the three views are given. Identify for each solid the corresponding top,
front and side views.

(a) Object ® (1i) (i)

Side

Front

A Match box

(d) Top
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3. Foreach given solid, identify the top view, front view and side view.

(a) Top
Side
m{ i) (it} (i)
Tap
(b 2 l
Side
Pragt ) o) (i)
() Top
l
— Kide
Fl.'mft/ (i) (i} (iii)
(d) Top
Side
Front (0 (if) (ii)
) TT'
Side

m’fﬂ (i) (i} (i)
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4. Draw the front view, side view and rop view of the given objects.

(a) Amilitary tent Top (b) Auable Top

Side

Side

“— ide

F'Tm‘l{

10.3 Mapping Space Around Us

You have been dealing with maps since you were in primary, classes. In Geography, you
have been asked to locate a particular State, a particular river, a mountain etc., on a map.
In History, you might have been asked to locate a particular place where some event had
occured long back. You have traced routes of rivers, roads, railwaylines, traders and
nany others.

How do we read maps? What can we conclude and understand while reading a map?
What information does a map have and what it does not have? Is it any different froma
picture? In this section, we will try to find answers to some of these questions. Look atthe
map of ahouse whose picture is given alongside (Fig 10.1).

o 3
{' .:.l.:’;
AR, A | i
(,4 -,....::t N ._'ilrl, 1 Ar
= = et J_.' =
EEI
=2 i T T r_J
|| - J -1 - _] — -t —

Fig 10.1
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What can we conclude from the above illustration? When we draw a picture, we attemnipt
torepresent reakity asitis seen with all its details, whereas, a map depicts only the location of
an object, in relation to other objects. Secondly, different persons can give descriptions of
pictures completely different from one another, depending upon the position from which they
are looking atthe house. But, this is not true in the case of a map. The map of the house
remains the same irrespective of the position of the observer. In other words, perspective
is very important for drawing a picture but it is not relevant for a map.

Now, look at the map (Fig 10.2), which has been drawn by My house ;s
seven year old Raghav, as the route from his house to his school: My sistariyacheot

From this map, can you tell -
(i} how laris Raghav's school from his house?
(i) would every circle in the map depict a round about?
(i) whose schooli2 nearer to the house, Raghav's or his gister’s?

Ttis very difficult to answer the above questons on the basis of
the given map. Can you tell why?

The reason ig that we do not know il the distances have been Fig 10.2
drawn properly or whether the circles drawn are roundabouts or
represent something else.

Now look at another map drawn by his sister,
ten year old Meena, to show the route from her
house o her school (Fig 10.3).

This map is different from the earlier maps. Here,
Meena has used different symbols for different
landmarks. Secondly, longer line segments have
been drawn for longer distances and shorter line
segiments have been drawn for shorter distances,
i.e., she has drawn the map o ascale.

Now, you can answer the following questions:
¢ How far is Raghav's school from his Fig 10.3
residence?
® Whose school is nearer to the house, Raghay’s or Meena’s?
® Which are the important landmarks on the route?

Thus we realise that, use of certain symbols and mentioning of distances has helped us
read the map easily. Observe that the distances shown on the map are proportional to the
actual distances on the ground. This is done by considering a proper scale. While drawing
(orreading) a map, one must know. 1o what scale it has to be drawn (or has been drawn),
1.e., how much of actual distance 1s denoted by Imm or lemin the map. This means, that if
one draws a map, he/she has to decide that 1cm of space in that map shows a certain fixed
distance of say 1 kmi or 10 km. This scale can vary from map to map but not within a map.
For instance, look at the map of India alongside the map of Delhi.
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You will find that when the maps are drawn of same size, scales and the distances in
the two maps will vary. That is 1 cm of space in the map of Delhi will represent smaller
distances as compared to the distances in the map of India.

The larger the place and smaller the size of the map drawn, the greater is the distance
represented by | cm.

Thies, we can summarise thal:
1. A mapdepicts the location of a particular object/place in relation to other objects/places.
2. Symbols are used to depict the different objects/places.
3. There is no reference or perspective in map, L.e., objects that are closer to the
observer are shown Lo be of the same size as those that are farther away. For
example, look at the following illustration (Fig 10.4).

Fig 10.4

4. Maps use a scale which is fixed for a particular map. It reduces the real distances
proportionately to distances on the paper.

I. Look atthe following map of a city (Fig 10.5).

(a) Colour the map as follows: Blue-water, Red-fire station, Orange-Library,
Yellow-schools, Green-Parks, Pink-Community Centre, Purple-Hospital,
Brown-Cemetry.
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(b) MarkaGreen ‘X" at the intersection of 2nd street and Danim street. A Black
“Y" where the river meets the third street. A red “Z’ at the intersection of main
street and 151 street.

(c) Inmagenta colour. draw a short street route from the college to the lake.

2. Draw a map of the route from your house to your school showing important
landmarks.

EE EXERCISE 10.2
1. Look at the given map of a city.

Angwer the following.

(a) Colour the map as follows: Blue-water, red-fire station, orange-library, yellow
- schools, Green - park, Pink - College, Purple - Hospital, Brown - Cemetery.

(b) Mark a green “X" at the intersection of Road ‘C" and Nehru Road, Green YY"
at the intersection of Gandhi Road and Road A.

(¢) Inred, draw a short street route from Library to the bus depot.

(d) Which is further east, the city park or the marke(?

() Which is further south, the primary school or the Sr. Secondary School?

Draw a map of your class room using proper scale and symbols for different objects.

Drraw a map of your school compound using proper scale and symbols for various

features like play ground main building, garden ete.

4. Draw amap giving instructions to your {riend so that she reaches your house without

any difficulry.

W

10.4 Faces, Edges and Vertices

Look at the following solids!

Verleg f.--"\k
s’ A Riddle
| &——Face > /?J [ have no vertices.
......... i & ;,f’ . I have no flat
% ¥ faces. Who am 17
Edge \]/,/
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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.

ol

These are polyhedrons These are nol polyhedrons

How are the polyhedrons different from the non-polyhedrons? Study the figures
carefully. You know three other types of common solids.

Curved Lateral
surface snrince

Sphere Cone Cylinder

Liareral surface

Convex polyhedrons: You will recall the concept of convex polygons. The idea of

convex polyhedron is similar.
g L/ >
These are convex polyhedrons These are nol convex polyhedrons

Regular polyhedrons: A polyhedron is said to be regular il 18 faces are made up of
regular polygons and the same number of faces meet at each vertex.
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.
i
#

p=r

This polyhedron is regular. This polyhedon is not regular. All the sides
Itz faces are congruent, regular are congruent; but the vertices are not
polygons, Vertices are formed by the formed by the zame number of faces.
same number of faces 3 faces meef at A but

4 faces meet at B.
Two important members ol polyhedron family around are prisms and pyramids.

These are prisms Ihese are pyramids

We say that a prism is a polyhedron whose base and top are congruent polygons
and whose other faces, i.e., lateral faces are parallelograms in shape.

On the other hand, a pyramid is a polyhedron whose base 18 a polygon (of any
number of sides) and whose lateral faces are triangles with a common vertex. (If you join
all the corners of a polygon toa point not in its plane, you get a model for pyramid).

A prism or a pyramid is named after its base, Thus a hexagonal prism has a hexagon
as 1ts base; and a riangular pyramid has a riangle as its base. What, then, 15 a rectangular
prism? What1s a square pyramid? Clearly their bases are rectangle and square respectively.

Tabulate the number of faces, edges and vertices for the following polyhedrons:
{Here “V" stands for number of vertices, “F' stands for niomber of faces and ‘E’ stands
for number of edges).

I N
Solid F v E F+V E+2

Cuboid
Triangular pyramid
Triangular prism

Pyramid with square base

i\ Prism with square base
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What do you infer from the last two columns? In each case, do you find
F+V=E+2 ie,F+V-E=2"This relationship is called Euler’s formula.
In fact this formula is wue for any polyhedron.

B THINK, DISCUSS AND WRITE W

What happens to F, V and E if some parts are sliced off from a solid”? (To start with,
yvou may take a plasticine cube, cut a comer off and investigate).

EEE. EXERCISE 10.3

1. Can apolyhedron have lorits [aces
(1) 3triangles? (i) 4triangles?
(i) & square and four rangles?
2. lIsitpossible to have a polyhedron with any given number of faces? (Himt: Think of

apyramid).
3. Which are prisms among the following?
® (ii) .
A nail Unsharpened pencil
& I @) E
A table weight A box

4. (1) How areprisms and cylinders alike?
(i) How are pyramids and cones alike?
I a square prism same as a cube? Explain.
Verify Euler's formula for these solids.

@ "'i..“-
(@)

P

(if)
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7. Using Euler’s formula find the unknown.

'FF'aces ? 5 2 )
Vertices i} i, 12
D

L Edges (2 9 !

8. Can apolyhedron have 10 faces, 20 edges and 15 vertices?

_ WHAT HAVE WE DISCUSSED? _

EE S S

‘edges. This relationship is called Euler’s formula.

. Recognising 2D and 3D objects.
Recognising different shapes in nested objects.
3D objects have different views from different positions.
A mapis different from a picture.
A map depicts the location of a particular object/place in relation to other objects/places.
Symbols are used to depict the dilferent objects/places.
There is no reference or perspective in amap.
Maps involve a scale which is fixed for a particular map.
For any polyhedron,
F+V-E=2
where ‘F' stands for number of faces, V stands for number of ventices and E stands for number of

oy
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CHAPTER

Mensuration

HES2CHI

11.1 Introduction

We have learnt that for a closed plane figure, the perimeter is the distance around iis
boundary and its area is the region covered by it. We found the area and perimeter of
various plane figures such as tnangles, rectangles, circles etc, We have also learnt 1o find
the area of pathways or barders in rectangular shapes.

In this chapter, we will try to solve problems related to perimeter and area of other
plane closed figures like quadrilaterals.

We will also learn about surface area and volume of solids such as cube, cuboid and
cylinder.

11.2 Let us Recall

Let us take an example to review our previous knowledge.
This is a figure of a rectangular park (Fig 11.1) whose length is 30 m and width is 20 m.
(i) 'What is the total length of the fence surounding it? To find the length of the fence we

need to find the perimeter of this park, which 1 100 m. &

(Checkir)

(@) How much land is occupied by the park? To find the =ty

land occapied by this park we need Lo find the area of

this park which is 600 square meters (m?) (How?).
(i) There is a path of one metre width running inside along ;s .,
the perimeter of the park that has to be cemented.

_,[

; : a Im i |
If | bag of cement is required to cement 4 m* area, how b 30m i
many bags of cernent would be required to construct the Fie 11.1
cemented path? N
arex of the path

We can sav that the number of cement baps used = :
Y & area cemented by | bag

Area of cemented path = Area of park — Areaof park not cemented.
Path is 1 m wide, so the rectangular area not cemented is (30— 2) x (20 -2) m?.
That is 28 x 18 m?.
Hence number of cement bags used= ---------—————-—-

(iv) There are two rectangular flower beds of size 1.5 m % 2 m each in the park as
shown in the diagram (Fig 11.1}and the rest has prass on it. Find the area covered
by grass.
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Area of rectangular beds = --———-——--
Area of park left after cementing the path = --—--——-ceeeeee
Area covered by the grass = ——————- -
We can find areas of geometrical shapes other than rectangles also if certain
measirements are given tous. Try torecall and match the following:

P ™
Diagram Shape Area
- rectangle axa
]
? square bxh
)
A R "4
I
i~ 4 1
parallelogram =% bxh
il
@ circle axbh
Can you write an expression tor the perimeter of each of the above shapes? 5
TRY THESE
() Maich the following figures with their respective areas in the box. LS
Vo Wan Y i Nk
1 ! 1 ;
b——14 em | — 14 ¢tm — —1ldtm — 77 emi
e S 98 cm?

(b) Write the perimeter of each shape. | 14 em i =7 em—i
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B EXERCISE 11.1

1. A square and a rectangular field with
measurements as given in the figure have the same
perimeter. Which field has a larger area?

f— &l m —f 80 m—

2. Mrs. Kaushik has a square plot with the (a) )
measurement as shown in the figure. She wants to Al
construct a house in the middle of the plot. A garden is developed i 20m

around the house. Find the total cost of developing a garden around
the house at the rate of ¥ 35 per m?.

—15m —i

3. The shape of a garden is rectangular in the middle and semi cireular 2> ™ House
at the ends as shown in the diagram. Find the area and the perimeter
T of this garden [Length of rectangle is
) 7m 20 -(3.5+3.5) metres]. | Garden
1 25 m

f 20 m

4. A flooring tile has the shape of a parallelogram whose base is 24 ¢m and the
corresponding height is 10 cm. How many such tiles are required to cover a floor of
area 1080 m?*? (If required you can split the tiles in whatever way you want to fill up
the corners).

5. Anantis moving around a few food pieces of different shapes scatered on the floor.
For which food-piece would the ant have to take a longer round? Remember.
circumference of a circle can be obtained by using the expression ¢ = 2nr, where r

is the radius of the circle.

(a) (b) ]_ (c) — 2.8 cm—
= P =1
—2.8 cm—i —28 oI — 'l

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.itis nearly a trapezium in shape. Can
you find out its area?

Let us name the vertices of this plot as
shownin Fig 11.3. b
By drawing EC || AB, we can divide it ——12 m——
into two parts, one of rectangular shape ] Jm——— —
and the other of triangular shape, (which 12 m— Fig 11.3

is right angled at C). as shown in Fig 11.3. Fig 11.2 (b=c+a=30m)

20 mj 2W0Wm a
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1 1
Area of ABCD = S Jix ¢ = Exlleﬂ = 60 m?.
Area of rectangle ABCE=hxa=12 x 20 =240 m®.

Avrea of trapezium ABDE = area of AECD + Area of rectangle ABCE =60+ 240=300m?

We can write the area by combining the two areas and write the area of trapezium as

1
arca of ABDE = Eh Xethxa=Hh (E+ﬁ.)

2
(r+2a] [r+a+a]
=h =h|—
2 2
_h {h+a) _ height (sum of pazrallﬂ]mdes}
{(b+a)

By substituting the values of i, b and @ in this expression, we find A =300 m?

TRY THESE
. Nazma's sister also has a trapezium shaped plot. Divide it into three parts as shown
{(Fig 11.4). Show that the area of trapezium WXYZ =4 (a.-l-.b} ;
o s s = e mim e |
z  GaREEE
} 2. Ifh=10cm,c=6cm,b=12cm,
! ¢ =4 ¢m, find the values of each of
h ils parts separetely and add to find
; the area WXYZ. Verify it by putting
W g ] - X+ the values of & a and b in the
e e
e L R T T —— o ﬂxpressiﬂn h(ﬂ-l_ b} !
Fig 11.4
Z b L%

. Draw any trapezium WXYZ on a piece HJ f

of graph paper as shown in the figure .
and cut it out (Fig 11.5). ~
Fig 11.5
Z Y
2. Find the mid point of XY by folding A
the side and name it A (Fig 11.6).
W X

Fig 11.6
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3. Cuttrapezium WXYZ mto two pieces by cutting along ZA, Place AZYA a8 shovwn

inFig 11.7, where AY is placed on AX. 7

What is the length of the base of the larger h A

triangle? Write an expression for the area of l—l .
e - W .

this tnangle (Fig 11.7}. Fig 11.7 é}

4. 'The area of this triangle and the area of the trapezium WXYZ are same (How?).
Get the expression for the arca of trapezium by using the expression for the area
of mangle.

Soto find the area of a trapezinm we need to know the length of the parallel sides and the
perpendicular disiance between these two parallel sides. Halfl the product of the sum of
the lengths of parallel sides and the perpendicular distance between them gives the area of

rapezium.

TRY THESE

Find the area of the following wrapeziums (Fig 11.8).
@) (1i)

—T7m—

"fc-m

9em

Fig 11.8

DO THIS

In Class VI we learnt to draw parallelograms of equal areas with different perimeters.
Can it be done for rapezium? Check if the following trapeziums are of equal areas but
have different perimeters (Fig 11.9).

T B

10
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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 figures congruent?

Draw at least three trapeziums which have different areas but equal perimeterson a
squared sheet.

11.4 Area of a General Quadrilateral

A peneral quadrilateral can be splitinto two triangles by drawing one of its diagonals. This
“triangulation’ helps us to find a formula for any general quadrilateral. Study the Fig 11.10.

Area of guadrilaeral ABCD

= (area of A ABC) + (area of A ADC)
&
2

1
=1 ﬂthIH{EAthz}

ACX(&]_'_ hz} Fl.g 11.16

b3 | =

|
=% d(h,+ h)where d denotes the length of diagonal AC.

Example 1: Find the area of quadrilateral PQRS shown in Fig 11.11.

Solution: Inthis case,d=5.5cm, h =2.5cm, h,= 1.5 cm,

Area

Il
2 | =

a(h,+ h,)

®¥55%x(25+ 1.5 c?

bt | =

Fig 11.11

® 55 %wdemé=11cm?

TRY THESE

We know that parallelogram is also a quadrilateral. Letus
also split such a quadrilateral into two triangles, find their
areas and hence that of the parallelogram. Does this agree
with the formula that you know already? (Fig 11.12)

o

Fig 11.12

11.4.1 Area of special quadrilaterals

We can use the same method of splitting into triangles (which we called “triangulation™) to
find a formula for the area of a thombus. In Fig 11,13 ABCD is arthombus. Therefore, its
diagonals are perpendicular bisectors of each other.

Area of rhombus ABCD = (area of A ACD) + (area of A ABC)
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] C
1 | 1
=(ExACxDD}+{ExACx(}B}=5AC:<(DD+(}B]
1 1
=—-—ACxBD=—-d xd. where AC=d andBD =4, 4 B
2 20 : ! Fig 11.13

In other words, area of a rhombus s half the product of 1t diagonals.
Example 2: Find the area of a rhombus whose diagonals are of lengths 10 cm and 8.2 cm.

|
Solution: Areaof the thombus = 3 d, d, where d,, d, are lengths of diagonals.

1
= E ¥10% 8 2ecmE=41 cm?.

EEEEES. THINK, DISCUSS AND WRITE S ‘@'

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
(Fig11.14).

i)

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)
B (&

Fig 11.16
Fig 11.15

By constructing one diagonal AD and two perpendiculars BF
By constructing two diagonals ACand ADthe  3pd COG on it, pentagon ABCDE is divided into four parts. So,
pentagon ABCDE is divided into three panis.  aren of ABCDE = area of right angled A AFB + area of
So, area ABCDE =area of A ABC +area ol rapegium BFGC + area of right angled A CGD + area of
A ACD + area of A AED. A AED. (Identify the parallel sides of trapezium BFGC.)
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TRY THESE

(1) Divide the following polygons (Fig 11.17) into parts (triangles and trapezium) to

find out its area.
i o r
G
. | N +Q
5 Fig 11.17
Flis a diagonal of polygon EFGHI NQ is a diagonal of polygon MNOPQR

(i) Polygon ABCDE is divided into parts as shown below (Fig 11.18). Find its area if
AD=8cm, AH=6cm, AG=4cm, AF =3 cm and perpendiculars BF =2 cm,

CH=3cn. EG=25cm. C
Area of Polygon ABCDE =area of A AFB +.... ﬂ
I I
AreaﬂfﬁAFB=ExAFHBF=Ex3x2=.... 2 L EE & D
, (BF+CH) |
Area of trapezium FECH = FH x 3 !
E
2+3 T
=l ! ) (FH = AH _ AF] Fig 11.18
1 1
Area of ACHD = ExH_DxCH =...; Areaol AADE= ExADxGE =
So, the area of polygon ABCDE = ...

(i) Find the area of polygon MNOPOQR (Fig 11.19)1f
MP=9¢cm MD=7cm, MC=6cm MB=4cm,
MA=2cm
NA, OC, QD and RE are perpendiculars to
diagonal 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.

Solution: One of the parallel sides of the rapezium is @ = 20 m, let another parallel side
be b, height h=15m.
The given area of trapezium = 480 m?.

|
Area of a trapezium = 3 hla+h)

1 _ 480 % 2
S50 43G=E>(lixf2l]+b} or =20+b

15
of 64=204b or b=44m
Hence the other parallel side of the trapezium is 44 m.
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Example 2: The area of arhombus is 240 cm? and one of the diagonals is 16 cm. Find
the other diagonal.

Solution: Letlength of one diagonald, = 16 cm

and length of the other diagonal = d,
1
Area of the thombus = E d] .cilzlfl-ﬂ
1
Sﬂ, E 1ﬁ T d_}__ == M}

"Therefore, d,=30cm

Hence the length of the second diagonal is 300 cm.

Example 3: There is a hexagon MNOPQR of side 5 cm (Fig 11.20). Aman and
Ridhima divided it in two different ways (Fig 11.21).

Find the area of this hexagon using both ways.

7 ™
s 0
11
H P
L]
Ridhima’s method Aman's methoed

Fig 11.20

FLII 2
Solution: Aman’s method: ig 11.21

Since itis a hexagon so NQ divides the hexagon into two congruent trapeziums. You can
verify it by paper folding (Fig 11.22).

_ (11+5) ]
Now area of trapezium MNQR = 4 x B =2x16=32cm?
So the area of hexagon MNOPQR = 2 x 32 = 64 cmo®. o

M 013 " Ridhima’s method: Fig 11.22

5 em A MNO and A RPQ are congruent triangles with altitude
- o Jem(Fg 11.23).

Ia em You can verify this by cutting off these two triangles and
Q placing them on one another.

Fig 11.23 |
Area of AMNO = —~ x8x 3 =12 cm?= Area of ARPQ

2
Area of rectangle MOPR =8 x 5 =40 cm?,
Now, area of hexagon MNOPQR =40+ 12 + 12 =64 cm?.

B EXERCISE 11.2

1. The shape of the top surface of a table 18 a rapezium. Find its area
if its parallel sides are 1 m and 1.2 m and perpendicular distance
between them is (.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 em and its height is 4 em. Find the length of the other parallel side.

3. Length of the fence of a trapezium shaped field ABCD 15 120 m. If

BC =48 m, CD =17 mand AD =40 m, find the area of this field. Side

15m

—24 cm — 5

28 cm

C AB is perpendicular to the parallel sides AD and BC.

The diagenal of a quadrilateral shaped field is 24 m Ve R

and the perpendiculars dropped on it from the ’d 13 .:‘xx

remaining opposite vertices are 8 m and 13 m. Find / 24 m

the area of the field. _ “mﬂ___hm Sull

The diagonals of a rhombus are 7.5 cm and 12 cm. Find e /

its area. o

Find the area ol arhombus whose gide 18 5 cm and whose altitude is 4.8 cm.

If one of its diagonals is 8 cm long, find the length of the other diagonal.

The tloor of a building consists of 3000 tiles which are rhombus shaped and each of

its diagonals are 45 cm and 30 cm in length. Find the total cost of polishing the floor,

if the cost per m*is T 4. Road

Mohan wants to buy a trapezium shaped ffeld. - — - —-—-—-—-—-

Its side along the river is parallel to and twice

the side along the road. If the area of this field is 100 m

10500 m*® and the perpendicular distance

between the two parallel sidesis 100 m, findthe ————————— -

length of the side along the river. S e

9. Top surface of araised platform is in the shape of aregular octagon as shown in
the figure. Find the area of the octagonal surface.

10 There is a pentagonal shaped park as shown in the figure.

For finding its area Jyvoti and Kavita divided it in two different ways.

15 m—-:m Joyli's diagram  Kavila's diagram

R I e T -

Hind the area ot this park using both ways. Can you suggest some other way
of finding its area?

11. Diagram of the adjacent picture frame has outer dimensions =24 cm x 28 cm
and inner dimensions 16 cm x 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 you 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
(Fig 11.24).
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> yeriex

el | n—

Cuboid Cylinder Cone Cube Pyramid

Fig 11.24
Obsgerve that some shapes have two or more than tvwo 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
cylindrical boxes. Collect, such boxes (Fig 11.25).

f"dl gix faces arc recmngular
and opposites faces are
identical. So there are three

pmrs of identical faces.

; All #ix J'.m:es ;
¢ are sqnares
= Cylindrical Box 7 andidentical. _/
_.,/'—'“f e 1 Sy e
(Om} curved surface :L“u "
and two circular < =
\? faces whichare ) E Circular base
\_, identical 7o and top are
—A S 2 identical
=
o

Now take one type of box at a time. Curt 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 vour observations.
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e
r—

Fig 11.26

(Thisis a right
circular cylinder)

Did vou notice the following:
The cylinder 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

cylinders are known as right circolar cylinders. We are only s

going to study this type of cylinders, though there are other Fie 11.27

types of cylinders as well (Fig 11.27). o
{This is not a right
circular cylinder)

B, THINK, DISCUSS AND WRITE WS

an

Why is it incorrect to call the solid shovwn here a cylinder?

11.7 Surface Area of Cube, Cuboid and Cylinder

Imran, Monica and Jaspal are painting a cuboidal, cubical and a cylindrical box respectively
of same height (Fig 11.28).

agl N

Fig 11.28

They try to determine who has painted more area. Hari suggested that finding the
surface area of each box would help them find it out.

To find 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.

i
11.7.1 Cuboid e
. o e o f e e ey

Suppose you cut open a cuboidal box
and lay it flat (Fig 11.29). We can see T
anet aslshownbelﬂw (Fig 11.30). " eon o1 lml wl v ila

Write the dimension of each side. %
You Enow thal a cuboid has three A
pairs of identical faces. What 4 == . Ik
expression can you use 1o find the 71— .-—F;—-H'
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 IT + area ITT +
area TV +area V +area VI

=hxl+bxl+beh+h+bxhs+Ixb
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Sowotal surface area=2(hx{+bxh+ bx )=2(b+Eh + hl)
where i, / 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 ¢cm and
10 cm respectively.
Then the total smtace area=2 (20 % 15 + 20x 10 + 10x 15)

=2 (300 + 200 + 150) = 1300 m2.

TRY THESE

Find the total surface area of the following T
cuboids (Fig 11.31): 10 em
IZ cm J
":&fi /ﬁ
0 cm I"" Fig 11.31 A" Y
® The side walls (the faces excluding the top and L3

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
is the lateral surface area of this room (Fig 11.32).
Hence, the lateral surface area ol a cuboid ig given :
by 2(hx [ + b x k) or 2k (I + b). Fig 11.3

DO THIS

(i) Cover the lateral surface of a cuboidal duster (which your teacher uses in the
class room) using a strip of brown 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
ared 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.

(¢) the total area of the room which is to be white washed.

B THINK, DISCUSS AND WRITE _|
|. Canwe say that the total surface area of cuboid =
lateral surface area + 2 % area of base?
2, II'we interchange the lengths of the base and the height "'I bf"
of a cubeid (Fig 11.33(i)) to get another cuboid —— 7%
[F"ig 11.33(i1)), will its lateral surface area change? (i) Fig 11.33 ki

m_‘\
——~—

(i)
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11.7.2 Cube

DO THIS

Draw the pattern shown on a squared paper and cut it out [Fig 11.34(i}]. (You
know that this pattern is a net of a cube. Fold it along the lines [Fig 11.34¢1)] and
tape the edges to form a cube [Fig 11.34(iii)].

TN T Ty | 1 171 17 —
| | == 1
tj ......
Fig 11.34 I
/
/ I
/ I
i : / :
® Fig 11.35 (w)

(a}) Whatis the length, width and height of the cube? Observe that all the faces ofa
cube are square in shape. This makes length, height and width of a cube equal
(Fig 11.35(1)).
(b) Write the area of each of the faces. Are they equal?
(c) Write the total surface area of this cube.
() Tfeachside of the cubeis [, what will be the area of each face? (Fig 11.35(ii)).
Can we say that the total surface area of a cube of side [ 15 617

TRY THESE

Find the surface arca of cube A and lateral surface area of cube B (Fig 11.36).

1lem HEI:IE
A
r'fll.li:m .I 35;;1
—10 cm— —Bom—it
A B

Fig 11.36
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B THINK, DISCUSS AND WRITE WS

(i) Twao cubes each with side b are joined (o form a cuboid (Fig 11.37). What is the
surface area of this cuboid? Is it 125*? Is the surface area of cuboid formed by
joining three such cubes, 186*7 Why?

> i
) h bb;, 5

"

—en —|

y
S A

S T I T

—a—

Fig 11.37

(i) How will vou arrange 12 cubes of equal length to form a
cuboid of smallest surface area?

(i) Affer the surface area of a cube is painted. the cube is cut
into 64 smaller cubes of same dimensions (Fig 11.38).
How many have no face painted? | face painted? 2 faces
painted? 3 faces painted? Fig 11.38

11.7.3 Cylinders
Most of the eylinders we observe are right circular cylinders. For example, atin, round
pillars, tube lights, water pipes etc.

(i) Take acylindrical 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 width 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 11.39(i)].

Tape the pieces [Fig 11.39(iii)] together to form a cylinder [Fig 11.39(iv)]. Whatis
the shape of the paper that goes around the can? O
== = & : ! -

0 ) i O @

Fig 11.39
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Of course it is rectangular in shape, When you tape the parts of this cylinder together,
the length of the rectangular sirip is equal to the circumference of the circle. Record
the radius (r) of the circular base, length (/) and widih (k) of the rectangular strip.
Is 2mr = length of the strip. Check if the area of rectangular strip is 2rrfi. Count
how many square units of the squared paper are used (o form the cylinder.
Check if this count is approximately equal to 2rr (r -+ h).

(i) We can deduce the relation 2rtr (r + A1) as the surface area of a cylinder in another
way. Imagine cutting up a cylinder as shown below (Fig 11.40).

BoT ol “'; = — > area=m/
_m., S Xitr {
ST I i
j area =2nrh
1 +
— = —— area=7r
Fig 11.40

22 : ; :
Mok i ol ool = The lateral (or curved) surface area of a ¢ylinder 18 2nrh.

unless otherwise staied.| 10 total surface arca of a cylinder = e + 2nrh + T
=2 + 2nrhor 2nre (e 4+ B)

TRY THESE

Find total surface area of the following cvlinders (Fig 11.41)
14 cm

cm Jt:l
I 1

Fig 11.41 —2m—

B THINK, DISCUSS AND WRITE S

Note that lateral surface area of a cylinder is the circumference of base x height of
cylinder. Can we write lateral surface area of a cuboid as perimeter of base % height
of cuboid?

Example 4: An aquarium is in the form of a cuboid whose external measures are
80 cm x 30 cm x 40 cm. The base, side faces and back lace are 1o be covered with 4
coloured paper. Find the area of the paper needed?
Solution: The length of the aquariom = { = 80 cm

Width of the aquarium= b =30 cm
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Height of the aquarium = i = 40 ecm
Area of the base = { x b= 80 x 30 = 2400 cm?®
Area of the side face = b x h = 30 x 40 = 1200 c?
Area of the back face=Ix h=80x40=3200 cm* &
Required area = Area of the base + area of the back face
+ (2 % area of a side face)
= 2400 + 3200 + (2 x 1200) = 8000 ¢m?
Hence the area of the coloured paper required is 8000 cm?.

Example 5: The internal measures of a cuboidal room are 12 m x 8 m x 4 m. Find the
total cost of whitewashing all four walls of a room. if the cost of white washing is¥ 5 per
m*. What will be the cost of white washing if the ceiling of the room is also whitewashed.

Solution: Letthe lengthoftheroom =/=12m
Widthoftheroom=b =8 m
Height of theroom=h =4 m
Area of the four walls of the room = Perimeter of the base x Height of the room
=2({+b)xh=2(12+8yx4
=2 %20 x4 =160 m?
Cost of white washing per n®=2% 5
Hence the total cost of white washing four walls of the room =% (160 % 5)=F 800
Arcaofceilingis 12 x 8= 96 m?
Cost of white washing the ceilmg =¥ (96 x 5) =T 480
So the total cost of white washing = 2 (800 + 480) =3 1280
Example G: In abuilding there are 24 cylindrical pillars. The radius of each pillar
is 28 cm and height is 4 m. Find the total cost of painting the curved surface area of
all pillars at the rate of T 8 per m*.
Solution: Radius of cylindrical pillar, r= 28 cm=0.28 m
height, i=4m
curved surface area of acylinder= 2arh

3 22
curved surtace area of a pillar= 2 X - %028 x4 =7.04 m?

curved surface area of 24 such pillar=7.04 x 24 = 168.96 m?
costof painting an area of 1 m? =% 8
Therefore, cost of painting 1689.6 m*= 168.96 x 8 = ¥ 1351.68

Example 7: Find the height of a cylinder whose radivs is 7 cm and the
total surface area is 968 cm?,

Solution: Let height of the cylinder = A, radius =r=T7cm
Total surface area= 2nr (h 4 1)
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) 22
iLe., 2x —xTx(7+h)=968

7
h=15cm
Hence, the height of the eylinderis 15 em.

B EXERCISE 11.3

1. There are two cuboidal boxes as
shown in the adjoining figure. Which
box requires the lesser amount of ;"
material to make? | ;

“em

2. A sopitcase with measures 80 cm % 40 T
[a— | — S0 em

48 cm x 24 cm s (o be covered with (a) i)
atarpaulin cloth. How many metres of tarpaulin of widih 96 cm is required 1o cover
100 such suitcases?

3. Find the side of a cube whose surface area is
600 cm®.

4. Rukhsar painted the outside of the cabinet of
measure 1 m * 2 m x 1.5 m. How much
surface area did she cover if she painted all except the bottom of the cabinet.

5, Danielis painting the walls and ceiling of a

cuboidal hall with length. breadth and height 1

of 15 m, 10 m and 7 m respectively. From Lm Tem
each can of paint 100 m? of area is painted. i )l
How many cans of paint will she need topaint  “5 ;77 o e (P
the room?

6. Describe how the two figures at the right are alike and how they are different. Which
box has larger laieral surface area”?

7. Aclosed cylindrical tank of radius 7 m and height 3 m is
made fror a sheet of metal. How much sheet of metal is
required?

8. Thelateral surface area of a hollow cylinderis 4224 ¢,
Itis cut along its height and formed a rectangular sheel
of width 33 cmo. Find the perimeter of rectangular sheet?

9. Aroad roller takes 750 complete revolutions to move
once over to level aroad. Find the area of the road if the
diameter of aroad roller1s 84 cm and length iz | m.

10. A company packages its milk powder in cylindrical
container whose base has a diameter of 14 cm and height
20 cm. Company places a label around the surface of
the container (as shown in the figure), I the label is placed
2 ¢m [rom top and bottom. what 18 the area of the label.
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11.8 Volume of Cube, Cuboid and Cylinder

Amount of space occupied by a three dimensional object 1s called its volume. Try to
compare the volume of objects sumounding you. For example, volume of aroom is greater
than the volume of an almirah kept inside it. Similarly, volume of your pencil box is greater
than the volume of the pen and the eraser kept inside it.
Can you measure volume of either of these objects?

Remember, we use square units to find the area of a
region, Here we will use cubic units to find the volume ot a
solid, as cube is the most convenient solid shape (just as
square 8 the most convenent shape (o measure areaof a

region),

For finding the area we divide the region into square
units, similarly, to find the volume of a solid we need to
divide it into cubical unats.

Observe that the volume of each of the adjoimng sohds is

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

Lenbicem=1emx1emx 1 em=1 cm?

=10mmx I0mmx 10mm=....ccccceeens mm?
lcubicm=ImxImxIm=1m
B b 0 SO SRS SR cm’
| cubicmm= 1 mmx 1 mm X | mm=1 mm’
=01lemx0.1emx 0.1 CM=.rcrrerreerraann, CHE

We now find some expressions to find volume of a cuboid, cube and cylinder. Letus
take each solid one by one.
11.8.1 Cuboid

Take 36 cubes of equal size (1.e., length of each cube i same). Arrange them o form a cuboid.
You can arrange themn in many ways. Observe the following table and fill in the blanks.

[ cuboid length | breadth | height | Ixbxh=V)

: 3 units

@ I
i
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(iii)

(iv)

\ : ’ J
What do vou observe?
ﬁ | It Since we have used 36 cubes to form these cuboids, volume of each cuboid
e g — is 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
=1{xbx h. Since [ x b is the area of its base we can also say thai,

Volume of cuboid = area of the base x height

Take a sheet of paper. Measure its
area. Pile up such sheets of paper
of same size 10 make a cuboid
(Fig 11.43). Measure the height of
this pile. Find the volume of the
cuboid by finding the product of
the area of the sheet and the height
ﬂflhiSPilE of sheets. Fia 11.43
This activity illustrates the idea

that volume of a solid can be deduced by this method also (if the base and top of the
solid are congruent and parallel to each other and its edges are perpendicular to the
base). Can vou think of such objects whose volume can be found by using this method?

Find the volume of the following cubeids (Fig 11.44).

S

il —y —3 e

I
{
!
\
l

Fig 11.44




11.8.2 Cube

The cube is a special case of a cuboid, where I=h=h.
Henece, volume of cube =[x x| =]"

MensuraTion Il 189

Find the volume of the following cubes
(a) with asided4 cm (b) withaside 1.5 m

DO THIS

Arrange 64 cubes of equal size in as many ways a8 you can to form a cuboid.
Find the surface area of each arrangement. Can solid shapes of same volume have

same surface area?

B THINK, DISCUSS AND WRITE N

which has the same volume but s more economical than these?

A company sells biscuits. For packing purpose they are using cuboidal boxes:
box A—3cmx8cmx20em, box B — 4 cmx 12 em x 10 cm. What size of the box
will be economical for the company? Why 7 Can you suggest ary other size (dimensions)

11.8.3 Cylinder

We know that volume of a cuboid can be found by finding the

product of area of base and its height. Can we find the volume of

a cylinder in the same way?

Tust like cuboid, cylinder has got a top and a base which are

congruent and parallel to each other. Its lateral surface is also

perpendicular to the base. just like cuboid.

S0 the Volume of a cuboid = area of base x height
=1 xbx h=1Ibh

Volume of cylinder= area of base x height

=nrEx h=arh

TRY THESE

cubuoid

Find the volume of the following cylinders.

@ 7em i) |
2

—10 ¢m —

250 m*




190 W MaTHEMATICS

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.
(b) Capacity refers to the quantity that a container holds.

Note: If a water tin holds 100 cm?® of water then the capacity of the water tinis 100 cm?,

Capacity ig also measured in lerms of litres. The relation between litre and em’ is,
I mL=1ecm’1L=1000cm® Thus, 1 m*= 1000000 cm’=1000L.

Example 8: Find the height of a cuboid whose volume is 275 cm® and base area

1825 cm?.
Solution: Volume of a cuboid = Base area x Height
Volume of cuboid
Hence height of the cuboid = —
Base area
s
=55 = lem

Height of the cuboidis 11 cm.

Example 9: A godown is in the form of a cuboid of measures 60 m x 40 m x 30 m.
How many cuboidal boxes can be stored in it if the volume of one box is 0.8 m* 7

Solution: Volume of one box = 0.8 n’
Volume of godown = 60 % 40 x 30 = 72000 m’
Volume of the godovwn

Number of boxes that can be stored in the godown =
Yolume of one box

G0 x40 » 30 90.000
- 0.8 B

Hence the number of cuboidal boxes that can be stored in the godown is 90,000.

Example 10: A rectangular paper of width 14 cm is rolled along its wiclth and a cylinder
22

of radius 20 cm is formed. Find the volume of the cylinder (Fig 1 1.45). (Take ) for 1)

Solution: A cylinderis formed by rolling arectangle about its width. Hence the width of
the paper becomes height and radius of the cylinder is 20 cm.

20 cm
14 em 14 ¢m
Fig 11.45

Height of the cylinder=h = |4 cm
Rads=r=20cm
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Volume of the cylinder=V =1 2 A
= 2?—2 »20x 20 % 14 = 17600 cny’

Hence, the volume of the cylinder is 17600 cm’.

Example 11: A rectangular piece of paper 11 cm x 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
width becomes heighr.

Letradius of the cylinder = rand height=h
Perimeter of the base of the cylinder = 2rr = 11

szxr 11
or 7 =
Fi
Theretore, r=1cm
Volume of the cylinder=V = n2h
22 7.7
=—X—%X-—-x4 iz 3
7 BN e 38.5 cm?.

Hence the volume of the cylinder is 38.5 ey’

. EXERCISE 11.4

1. Given acylindrical tank, in which situation will you find surface area and in
which sitnation volune.
(a) Tofnd how muoch it can hold.
(b) Number of cement bags required to plaster it.
(¢) Tofind the number of smaller tanks that can be filled with water from it
2. Diameter of eylinder A is 7 cm, and the height is 14 cm. Diameter of "

cylinder B is 14 ¢m and heightis 7 cm. Without doing any calculations | T
can you suggest whose volume is greater? Verify it by finding the 14 em 7 om
volume of both the cylinders. Check whether the cylinder with greater J — m_|l
volume also has greater surface area”? o

3. Find the height of a cuboid whose base area is 180 cm? and volume A B
i5 900 cm??

4. A cuboid is of dimensions 60 cm x 54 cm x 30 cm. How many small cubes with side
6 cm can be placed in the given cuboid?

5. Find the height of the cylinder whose volume is 1.54 m’ and diameter of the base is
140em ?

6. A milk tank is in the form of cylinder whose radius 1s 1.5 m and
length is 7 m. Find the quantity of milk in litres that ¢an be stored
in the tank?

7. I eachedge of a cube is doubled,

(1) how many times will its surface area increase?
(i) how mamy Gmes will its volume increage?
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8.

1.

2.
a0

2

Water is pouring into a cubiodal reservoir at the rate of 60 litres per
minute. If the volume of reservoir is 108 m*, find the number of hours it
will take to fill the reservoir.

Areaof

(i) atrapezium= half of the surn of the lengths of parallel sides x perpendicular distance between

them,

(i) arhombus=halfthe product of its diagonals.
Surface area of a solid is the sum of the areas of its faces.
Surface area of
a cuboid = 2(1b + bh + k)
acube = 60° — A
acylinder = 2nrir+h)

Amount of region occupied by a solid is called its volume.
Volume of

acuboid=Ixbxh

acube =7*

acylinder=mnrh

(i) lemP=1mL

(i) 1L=1000cm*
fiil) 1 m*= 1000000 cm’ = 1000L SR

P Sy m—

o —

|--—--.|‘-—}|""'!I

_ WHAT HAVE WE DISCUSSED? —

—a —




- CHAPTER
e  Exponents

& and Powers

OESRHILE

12.1 Introduction

¢
Do kn 9 exXponcnt
‘jﬂu‘ 0w . y JM
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 1“14

conveniently using exponents, as, 5.97 x 10% kg,

We read 10* as 10 raised to the power 24.
22 2% base <

We know =2 TN N2 Nl th_,ﬂk__,\_f

and P=2x2x2x2%..%x2x2... (mtimes) We say:
10 raised to the power 24.

Letus now find what is 2-2_is equal 10?

12.2 Powers with Negative Exponents

Exponent is a

You know that, 10°=10x 10 =100 negative integer,
—— @ LL/\_/\-))
B (1
10
=] =—
10 Ag the exponent decreases byl, the
0t=" value becomes one-tenih of the
' previous valos,
1
Continuing the above pattern we get, 10" = T
Sirnil Y e S e e
4 =10 10710 100 107
1 1 1 1 1
iz —+llem— X = ——= —
100 100 10 1000 10F

What is 10 “equal to?
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Now consider the following,
FP=3%FK3= 2T
2? The previous numher is
P=3x3= divided by the base 3.
F=3 E
A
=1 :
R
So looking at the above pattern, we say
|
| = - = —
3 1+3 3
| 1 1
3"!‘— -3 — — =
3 Ix3 3
1 1 |
-3 — e —3 —— T — T
= #3337
You can now find the value of 2-?1in a similar manner.
| |
We have, 10i= F or 102 = l'l}_z
10-%= . or 105= .
i 0
| |
F¥= 32 or = 32 ete.

In general, we can say that for any non-zero integera, a ™= —,  wheremisa
a
positive integer. o™ is the multiplicative inverse of &,

Find the multiplicative inverse of the following,.
@ 24 @ 10% @) 7°? iv) 53 (v) 1010

We learnt how to write numbers like 1425 in expanded form using exponents as
I3 1P +4x 100+ 2% 10" + 5 x 10°.
Let us see how to express 1425.36 in expanded form in a similar way.

6

3
We have 142536 = 1 x 1000 +4x 100+2x 10+ 5 x 1+ 75+ 1=

=IX10P+4x 1P+2x10+5% 1 +3x 107" +6x 102

TRY THESE

Expand the following numbers using exponents.
@ 1025.63 (i) 1256.249
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12.3 Laws of Exponents

We have learnt that for any non-zero integer a, a® x a" = a™*", where m and » are natural
numbers. Does this law also hold if the exponents are negative? Let us explore.

1 1 . 1 }
(i) We know that 2 3= 3 and2 2= = a "= a_"‘ for any non-zero integer 4.
3

1 1 | 1
Therefore, 273 x 27 = $K2—1= 2% x o2 = 2342 =327

() Take (-3)*x(-3)7

-5 15 the sum of two exponents — 3 and - 2

1
)(‘.—.
(-3 (-3

{r‘ "\-_.—._,H
A4 3)=-T 2
| 1 P (—4}+1{-3) ‘:)

= - ary = i—a)" e U o S
(=3)*x (=37 (3 ==

(B4 x(=3)*=

(iii) Now consider 52x 5* C { 2‘}‘:4 ” 2 \ In Class VIL, you have learnt that for any
5 f'\

g-2 4 1 54_54_54-1_ i —— f ﬂm_ me-n
3 KE_S—EX —5—2— =3 non-zero integer a, —- =4 ., where
(iv) Now consider (=5)*x(-5)% m and 5 are natural numbers and m > n.
l 2 (=5 1
Sy 4% (5= —— X (=5)° = = 5 -
& 3 (-5y* (-5 (-5 x(=5)

= {_'5}4 2 = {_5}_ & "{:-}j,j’ijhi:
In general, we can say that for any non-zero integer a,

g™ x a"=a™"", where m and » are integers.

Simplify and write in exponential form.
@) (2)Ix(27* @ pPxph (@) 3% %39 %3¢

On the same lines You can verily the following laws of exponents, where g and b are non
zeTo integers and 1, i are any integers.

Q) -Z— =a™" @) (@)= a i) a™ % b" = (ab)"

a _(aY i
(v} B (b) (V) a®=1

Letus solve some examples using the above Laws of Exponents.

Thesze laws you have sudied
in Clazs VII for positive
exponents only,
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Example 1: Find the value of

o 27 (i) 5“5
Solution:
a1 1 .
® 2 Ty 3¢
Example 2: Simplify

@ (—4yPx-4" @ 2°+2°°
Solution:

1 1
i) (4P (4N=(-H5O (4= —— (g"xag*=g"*" a " =—)
(—4) a

ﬁI) 25 ¥ 6_25 —{~- 8 — zil (a‘"—?a”:ﬂ” n}
Example 3: Express 4 % as a power with the base 2.

Solution: Wehave, 4=2x2=2¢

Therefore, 4y ¥=2x2y¥*=(23=22"3=726 [(e™) = a™]
Example 4: Simplify and wrile the answer in the exponential form.
O (2429 %2 @ (-4)x(5) % (-5)*
IS (- WEN
(i) "E"{ (3) ivy (=3 x 3
Solution:
1
{i} {"‘}5 EE}EKE 5_{25 S]ixz 5_{2 E}SXZ 5_2 15 :_zlﬂ_ EIU

i) (472 () % ) = [ 4) x5 x ()2 =100 *= —

1
[uslngnhelawa**xb’“=(ab]f".ﬂ'“‘=ﬂ_ﬂ]
i 1 ,.‘..3_]- 33_ ] 33_.2 3"3_ ""3_
(iif) gx{:} = ST =T KT 2 =6 =—3

5 5 5¢
(iv) {-3]4x(§] = {—lx3j"’xq—d =(=1)x3x 7

=(-1yx5 =5 [(-1y=1]
Example 5: Find m so that (-3)"*! x (-3)%=(-3)"
Solution: (3" "!'x(-3Y=(-3)
L 3}1114- I+5 = {,_3}F
(=3)ymee=(-3Y
On both the sides powers have the same base different [rom 1 and - 1, so their exponents
must be equal,
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Therefore, m+6=7 a”= 1 only if n= 0. This will work for any a
or m=7-6 =1 excepta=lora=-1.Fora=1,1'=1*=1°
=1“4=..=1lor (1= 1 for infinitely many n,
452 For a=-1,
Example 6: Find the value of (‘] P =1 =1y = D)7=..=lor
3 (=1} =1 for any even integer p.

2V? 22 3 g9
Solution: (E] :FZZT=E

e sesiyo () -] ()

Solution:

o (-} -55hn

¥ 22| 4 i
=y — 1+ 5 ={9-8+16=—
{]3 13} g 16

(YT (YRS 80 5T 87 mt g8t
() (8] X [5) S el e am X8
= j_zxglzﬁi:_ﬁi
5 25
B EXERCISE 12.1
1- E‘I-"ﬂ]uﬂtc.
-5
@ 32 ) (-4)2 () (%)

2. Simplify and express the result in power notation with positive exponent.
. L
O o @ ()
5 4
a4
@iy ) "‘(3] W) GT+3Mx33 (V)2
3. Tind the value of.

= =] 2
O G +4Hx2 () 2'x4H+2? G GJ +G] +(_|]
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= A 4
(iv) (3 '+4'4+51yW (v) {(3) }

=] 3
4 Evelate(i 3—;5‘- (i) (57 x 21 x 6

5. Find the value of m for which 5%+ 5 %= 5%

Yty T gy
6. Evaluate (i) {(;J = (i) J (ii) E) x(%)
7. Simplify.
25 oo 37107 %125
Fixtoxr® 7Y B e
12.4 Use of Exponents to Express Small Numbers in
Standard Form

Observe the following facts.
1. The distance from the Earth to the Sun 15 149,600.000,000 m.
The speed of light is 300,000,000 m/sec.
Thickness of Class VI Mathematics book is 20 mm.
The average diameter of a Red Blood Cell is 0.000007 mum.
The thickness of human hair is in the range of 0.005 cm to (.01 cm.
The distance of moon from the Earth 1z 384, 467, 000 m (approx).
The size ot a plant cell is 0.00001275 m.
Average radius of the Sun is 695000 km.
9. Mass of propellant in a space shuttle solid rocket booster is 503600 kg.
10, Thickness of a piece of paperis 0.0016 cm.
11. Diameter of a wire on a compuier chip is 0.000003 m.
12. The height of Mount Everest is 8848 m.

Obszerve that there are few numbers which we can read like 2 cm, 8848 m,
6,95,000 km. There are some large
numbers like 1350,000,000,000 m and
some very small numbers like
0.000007 m.

Identify very large and very small 150,000,000,000 0.000007 m
numbers from the above facts and | = | —rmre———
write them in the adjacent table: eI L

89 b oo 1

Very large numbers | Very small numbers

We have learnt how to express R S W ot A
very large numbers in standard form meesetney | el
in the previous class.

For example: 150,000,000,000=1.5 =% 10
Now. let us try to express 0.000007 m in standard form.
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lﬁ.ﬂlﬂlﬂ “lﬂlﬂ‘ﬂ‘ﬂ n,“r- Decimal is moved

= =— =
1000000 10 110987654321 11 placesio thelefi.

0.000007 m="7x 10-*m
Similarly, consider the thickness of a piece of paper
which is 0.0016 cm.

16 L6x10

0000007  decimal is moved
& places to the right,

0016 = = =1.6x10x10"* Ll
0.0016= 15000 = 1¢
=16 162 -
: g v 3 uin notice
Therefore, we can say thickness of paper s 1.6 x 10" cm. “[H]! 6 decimal is moved
123 3 placesto the right.

1. Write the following numbers in standard form.
@ 0.000000564 (i) 0.0000021 @) 21600000  Gv) 15240000
2. Write all the facts given in the standard form.

12.4.1 Comparing very large and very small numbers

The diameter of the Sun is 1.4 x 10° m and the diameter ol the Earth is 1.27536 x 107 m.
Suppose you want to compare the diameter of the Earth, with the diameter of the Sun.
Dizmeter of the Sun= 1.4 % 10 m
Diameter of the earth= 1.2756 x 10" m

14x10°  1.4x10*7 1.4x100

1.2756 %107 ~ 1.2756 ~ 1.2756

S0, the diameter of the Sun is about 100 times the diameter of the earth.
Letus compare the size of a Red Bloed cell which iz 0.000007 m to that of a plant cell which
150.00001275 m.

Therefore which is approximately 100

Size of Red Blood cell = 0.000007 m=7 x 10" m
Size of plantcell= 000001275 =1.275% 10 m

_IXI0° 0 ot 07 07 L.
1.275x107 1375 1275 1275 13 2 PRo,

So ared blood cell is half of plant cell in size.
Mass of earth is 5.97 % 10™ kg and mass of moon is 7.35 % 10* kg. What is the
total mass?

Total mass = 5.97 x 10 kg + 7.35 x 10# kg.
=597 x 100 x 102 + 7.35 x 102
=597 x 102 + 7.35 % |(%
= (597 + 7.35) x 107
= 604.35 x 10%2kg.

The distance between Sun and Earth is 1.496 x 10''m and the distance between
Earth and Moon is 3.84 x 10°m.
During solar eclipse moon comes in between Earth and Sun.
At that time what is the distance between Moon and Sun.

Therefore,

When we have 1o add nurmbers in
standard form, we convert them into
nunbers with the same exponents,
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Distance between Sun and Earth = 1.496 x 10'm
Distance between Earth and Moon = 3.84 x 10°m
Distance between Sun and Moon= 1.496 % 10" —3.84 » 108
=1.496 x 1000 x 10* —3.84 x 10*
=(1496-3.84)x 108 m = 1492.16 x 10¥m

Example 8: Express the following numbers in standard form.
(0 0.000035 (i) 4050000
Solution: @@ 0.000035=35%x107% @@ 4050000 =405 x 10¢
Example 9: Expressthe following numbers in usual form.
i) 3.52x10° (i) 7.54x 10 (i) 3x10°°
Solution:

@ 352x10°P= 3:;%; lﬂgﬂf?f = 352000 Again we need to convert
i A e nusribets in standard form into
@ 7.54x107= 1wt 10000 =0.000754 a fumbers with the sams
3 sxponents,
- 5
iy Ix10°= 1[!5 100000 = 0.00003

. FXERCISE 12.2

1. Express the following numbers in standard form.
i) 0.00000000000835 (i) 0.00000000000042
(i) 6O20000000000000 (iv) D.00000000837
(v) 31860000000

2. Dxpress the following numbers in usual form.
@ 3.02x10°° i) 4.5x 100 (i) 3x 108
(v) 10001 x 10° () 5.8 x 1022 (vi) 3.61492 x 108

3. DExpress the number appearing in the following statements in standard form.

{ i :
@@ | micron is equal to 1000000 m

(i) Charge of an electron is 0.000,000,000,000,000,000,16 coulomb.
(i) Size of a bacteriais 0.0000005 m
(iv) Sizeofaplant cellis 0.00001275 m
(v) Thickness of athick paper is 0.07 mm
4, In astack there are 5 books each of thickness 20mm and 5 paper sheets each of
thickness 0.016 mm. What is the total thickness of the stack.

— WHAT HAVE WE DISCUSSED? _

Numbers with negative exponents obey the following laws of exponents.

E,a} amxat=a™ (b) a"+da*=ag™" @) (a")yr=g"
(@) " x b= (aby" © =1 ® ;_=[§.]

2. Very small numbers can be expressed in standard form using negative exponents.
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i Direct and Inverse

[=)°2-¥ Proportions

13.1 Introduction

Maohan prepares tea for himself and his sister. He uses 300 ml of
water, 2 spoons of sugar, 1 spoon of tea leaves and 50 mL of milk.
How much quantity of each item will he need, if he has to make tea
for five persons?

1If two students take 20 minutes to arrange chairs for an assembly,
then how much time would five students take to do the same job?

We come across many such situations in our day-to-day life, where we
need fo see variation in one quantity bringing in variation in the other
qUANTLY.
Forexample:
(i} 1f the number of articles purchased increases, the total cost also increases.
(i) More the meney deposited in a bank, more 1s the interest earned.

(i) As the speed of a vehicle increases, the time taken o cover the same distance
decreases,

(iv) Foragiven job, more the number of workers, less will be the time taken to compleie
the work.

Observe that change in one quantity leads to change in the other quantity.

Write five more such situations where change in one quantity leads to change in
another quantity.

How do we find out the quantity of each item needed by Mohan? Or, the tme five
students take o complete the job?

To answer such questions, we now study some concepis of variation.

13.2 Direct Proportion

If the cost of 1 kg of sugaris T36, then what would be the cost of 3 kg sugar? Itis T 108,

CHAPTER
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Similarly, we can find the cost of 5 kg or 8 kg of sugar. Study the following table.

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

Observe that as weight of sugar increases, cost also increases in such a manner that
their ralio remains constant.

Take one more example. Suppose a car uses 4 litres of petrol to travel a distance of
60 km. How far will it travel using 12 litres? The answer is 180 km. How did we calculate
it? Since petrol consumed in the second instance is 12 litres, Le., three times of 4 litres, the
distance ravelled will also be three tumes 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
y km . Now, complete the following table:

(Petml in litres (x) | 4 8 12 15 20 25}

)

We find that as the value of x increases, value of y also increases in such a way that the

LDistanm in km (y)| 60 180

Tatio Zz does not change; 1l remains constant (say k). In this case, itis 1%. (checlit!).

}' -
We say that x and y are in direct proportion, if T okorx= ky.
y
4 12
In this example, ﬁ_ﬂ = 150" where 4 and 12 are the quanttes of petrol consumed in

litres (x) and 60 and 180 arc the distances (v) in km. 50 when x and y are in direct

proportion, we can write N 33 [v,. , are values of y corresponding to the values x.,
Y X

x, ol xrespectively]

The consumption of petrol and the distance travelled by a car is a case of direct
proportion. Sirnilarly, the total amount spent and the number of articles purchased is also
an example of direct proportion.
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Think of a few more examples for divect proportion. Check whether Mohan [in the initial example] will

1
take 750 mL of water, 5 spoons of sugar, 2 5 Sboons of tea leaves and 125 m1 of milk to prepare tea for

five persons! Let us oy to understand further the concept of direct proportion through the following activities.

DO THIS

) ® Takeaclockand fix its minute hand at 12.

® Record the angle turned through by the minute hand from its original position
and the tme that has passed. in the following table:

(TimePassed(T) | () (T (T) (T,)
{in minutes) 15 30 45 60
Angle mmed (A) (A) (A,) (A,) (A)
(in degree) 90
T
LA y

What do you observe about T and A? Do they increase together?

Is A Sameevery time?

Is the angle tumed throwgh by the minute hand directly proportional
to the time that has passed? Yes!
From the above table, you can also see
T,:T,=A, : A, because
T.:T =15:30 =12
A A,=90:180 =1:2
Check if T M= A s Arand ToT, =4 -4,
You can repeat this activity by choosing your own time mterval.
(i) Ask your friend to fill the following table and find the ratio of his age to the

corresponding age of his mother.
( Age Present Age
five years ago age after five vears
Friend's age (F)
Mother's age (M)
F
M )
What do you observe?

Do F and M increase (or decrease) together? Is ﬁ same every time? No!
You can repeat this activity with other friends and write down your observations.
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Thus, variables increasing (or decreasing) together need not always be in direct
proportion. For example:

(1) physical changes in human beings occur with time but not necessanly in a predeter-
mined ratio.
(i) changesinweight and height among individuals are not in any known proportion and
(i) there is no direct relatonship or ratio between the height of a tree and the number
of leaves growing on its branches. Think of some more similar examples.

TRY THESE

1. Observe the following tables and find if x and y are directly proportional.

@ (x| 20|17 ||l |l s| s 2
©. 40 a4 28 22 16 10 4

A

a N
@ | x| 6 | 10|14 18 | 22| 26| 30

.7 - 8 12 | 16 20 24 ESJ

' N

(i) x 5 8 12 15 18 20
¥ 15 24 | 36| 60 [ 72 | 100

-

2. Principal =3 1000, Rate = 8% per annum. Fill in the following table and find
which type of interest (simple or compound) changes in direct proportion with

time period.
\fﬁma period | year | 2years | 3 }FEEIS‘H
Simple Interest (in )
%k&mpmmd Interest (in¥) )

B THINK, DISCUSS AND WRITE WS

If we fix time period and the rate of interest, simple interest changes proportionally
with principal, Would there be a sirnilar relationship for compound interest? Why?

Let us consider some solved examples where we would use the concept of
direct proportion.
Example 1: The costof 5 metres of a particular quality of cloth is3 210. Tabulate the
costof 2,4, 10and 13 metres of cloth of the same type.

Solution: Suppose the length of cloth is x metres and its cost, in T, is y.
( x 2 4 5] 10| 13 "]
LY AEIEJESES
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Asthe length of cloth increases, costof the cloth also increases in the same ratio. Itis
a case of direct proportion.

Wﬂmakauwafmc-mlaﬁﬂnuftype-x—’=ﬁ-
B 5
() Herex =3, y=210andx,=2
5 2 2% 210
..-.1..:!.:..1_:.... = —_— = = =
Therefore, v Vs gives — - 210 v, or3y,=2x2100r ¥; 5 84
| 5 _4 . _4x210
(i) Ifx,=4, then 210 3, or 5y,=4x2100r ¥: = 3 =168
X
[Canweuse;z' ﬁher&‘?Try'l]
2
S i 5 _10 10210
(xi) x_lﬂthenzm hm‘h— 5 =
) Tx =13, th 5 _13 3 lBYﬁ]ﬂ
(1) X, en 210y, or ¥Ys = 5
2 4 10 . 5
(Note that here we can also use 5 DI'— or ﬁm the place of ﬁ)

Example 2: An electric pole, 14 metres high, casts a shadow of 10 metres. Find the
height of a tree that casts a shadow of 15 metres under similar conditions.

Solution: Let the height of the tree be x metres. We [orm a table as shown below:

[ height of the object (in metres) 14 b w
Llengl'h of the shadow (in metres)| 10 15 J

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

Hence, this 1s a case of direct proportion. That s, ‘,ﬁ .
oY
Weh A Why?
SRS 16" 15 WD
14
— %15 =
o 10 g
14x3
ar 2 =k
So 21=x

Thus, height of the tree is 21 metres.

Alternately, we can write A58 A8 N
¥ oW oo¥
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50 XK=y LY,

or 14:x=10:15

Therefore. 0xx=15x14
15 14

ol —t :2

o x 5 |

Example 3: If the weight of 12 sheets of thick paperis 40 grams, how many sheets of

|
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:
(Numher of sheets 12 x w
Lﬁ’ﬂght of sheets (in grams) 40 zstJ

More the number of sheets, the more would their
weight be. S0, the number of sheets and their weights
are directly proportional to each other.

1 kalogram = 1000 grams

1
ZE Ylograms = 2500 grams

S P
e 40 ~ 2500
12 x 2500
= 40 S
or 150 =z
Thus, the required number of sheets of paper = 750.
Alternate method:

X
Two quaniities x and v which vary in direct proportion have the relationx=kyor _ = k
1 §= number of sheets _ 12 _ 3 Y
s ~ weight of sheets in grams ~ 40 10

I
Now x is the number of sheets of the paper which weigh 2 3 kg [2500 g].
3
Using the relationx =ky, x= 10 » 2500 =750
1

Thus, 750 sheets of paper would weigh 2 3 kg.
Example 4: A train is moving at a uniform speed of 75 knm/hour.

(i) How far will ittravel in 20 minutes?

() Find the time required to cover a distance of 250 km.
Solution: Lel the distance travelled (in km) in 20 minutes be x and time taken
(in minutes) to cover 250 ki be y.

_ﬁ\ ( Distance travelled (in km) | 75 x 250 w
| houwr = 60 minutes -
LThne taken (in minutes) 60 20 y J

o SN
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Since the speed is uniform, therefore, the distance covered would be directly
proportional to Lime.

G Fichawn B
(1 eav&m 20

75

or E w20 = x

o x=25

So, the train will cover a distance of 25 kmin 20 minutes.
) 75 _ 250
m)  Alse, 60 y
_ 250 %60

75

Theretore, 3 hours 20 minutes will be required to cover a distance of 250 kilometres.
250

¥

or ¥ = 200 roinutes or 3 hours 20 minutes.

Alternatively, when x is known, then one can determine y from the relation % =

You know that a raap is a miniature representation of a very large region. A scaleis
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 o the actual distance between
two points on the large region.

For example, if 1 cm on the map represents 8 km of actual distance [i.e., the scale is
lem: 8kmor 1 :800,000] then 2 cm on the same map will represent 16 km.
Hence, we can say that scale of a map is based on the concept of direct proportion.

Example 5: The scale of a map is given as 1:30000000. Twoe cities are 4 cm apart on

the map. Find the actual distance between them. MNB ﬁ“&f

Solution: Let the map distance be x cm and actual distance be y cm, then " La
1:30000000 = x : y o A

1 x "-.:{‘-"." :

e 3x10" ¥ S e

. 1 4 F RO ¥ s

Since x=4 5o, 310y Seale 1em=300km

or y=4x3x%x10"=12 % 10" cm = 1200 km.

Thus, two cities, which are 4 cro apart on the map, are actually 1200 lom away from
each other.

DO THIS

Take a map of your State, Note the scale used there, Using a ruler, measure the "“map
distance” between any two cites. Calculate the actual distance between them.
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B EXERCISE 13.1

. Following are the car parking charges near a railway station upto

4hours Z 60

8 honrs 100
12 hours 140
24 hours Z180

Check if the parking charges are in direct proportion to the parking time.
2. A muxtore of paint is prepared by mixing | part of red pigments with & parts of base.
In the following table, find the parts of base that need to be added.

(_Parhsufmdpigmmt 1 4 | 7 | 12 zﬂ
LParts of hase 8 J

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

4. A machine in a soft drink factory fills 840 bottles in six hours. How many bottles will
it fillin five hours?

5. A phetograph of a bactenia enlarged 50,000 times
attains a length of 5 cm as shown in the diagram.
What is the actual length of the bacteria? If the
photograph is enlarged 20,000 times only, what
would be its enlarged length?

6. Inamodel of aship, the mastis 9 cm high, while
the mast of the acmal shipis 12 m high. If the length
of the ship is 28 m, how long is the model ship?

7. Suppose 2 kg of sugar contains 9 x 10° crystals.
How many sugar crystals are there in (1) 5 kg of sugar? (i1) 1.2 kg of sugar?

8. Rashmi has a road map with a scale of | cm representing 18 km. She drives on a
road for 72 km. What would be her distance covered in the map?

9. A5 m60cmhigh vertical pole casts a shadow 3 m 20 cm long. Pind at the same time
(i) the length of the shadow cast by another pole 10 m 50 cm high (ii) the height of a
pole which casts a shadow 5m long.

10. A loaded truck travels 14 lam in 25 minutes, If the speed remains the same, how far
can ittravel in 5 hours?

DO THIS 1. Onasquared paper, draw five squares of different sides.
Write the following information in a tabular form.

-~

Square-1 | Square-2 | Square-3 | Square-4 Sqnarc-ﬁ_\\

Length of a side (L)
Perimeter (P)
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Find whether the length of a side is in direct proportion 1o:
(a) the perimeter of the square.
(b) the area of the square.
2. The following ingredients are required to make halwa for 5

persons. W (window) W (window)
Suji/Rawa =250 g, Sugar =300 g, — —
Ghee =200 g, Water = 500 mL. I

Using the concept of proportion, estimate the
changes in the quantity of ingredients, to
prepare halwa for your class. I

| — |
B (board)

3. Choose a scale and make a map of your
classroom, showing windows, doors,
blackboard etc. (An example is given here).

| See < 200

| E— | | — |
W (window) D (door)
e 5 cm >

. THINK, DISCUSS AND WRITE WS

Take a few problems discussed so far under ‘direct variation”. Do you think that
they can be solved by "unitary method'?

13.3 Inverse Proportion
Two quantities may change in such a manner that if one quantity increages, the other
quantity decreases and vice versa. For examaple, 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.

Zaheed: can go to her school in four different ways. She can walk, run, cyele or go by
car, Study the following table.

Speed in km/hour 3 6 9 45
Time taken (in minutes) 30 15 10 2
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Observe that as the speed increases, time taken to cover the same distance decreases.

As Zaheeda doubles her speed by running, time
reduces to half. As she increases her speed to three | Multiplicative inverse of a number
times by cycling, time decreases to one third. | ) 1
Similarly, as she increases her speed to 15 times, | ke apocal. Tus, n 1
time decreases to one fifteenth. (Or, in other words | inverse of 2 and vice versa. (Note
the ratio by which time decreases is inverse ol the
ratio by which the corresponding speed increases).
Can we say that speed and time change inversely
inproportion”?

Let us consider another example. A school wanis to spend T 6000 on mathemancs
textbooks. How many books could be bought at 740 each? Clearly 150 books can be
bought. If the price of a textbook is more than T 40, then the number of books which
could be purchased with the same amount of money would be less than 150. Observe the

1 1
I —=—wd=|
that 373 L

following table.

( Price of cach book (in ¥) 40 50 60 75 R0 100 ]
Number of hooks that 150 120 | 100 80 75 60
can bhe hought

What do you observe? You will appreciate that as the price of the books increases,
the number of books that can be bought, keeping the fund constant, will decrease.

Ratio by which the price of books increases when going from 400 50154 : 5, and the
ratio by which the corresponding number of books decreases from 150 o 120155 : 4.
This means that the tworatios are inverses of each other.

Notice that the product of the corresponding values of the two quantities is constant;
that is, 40 x 150 = 50 x 120 = 6000.

If we represent the price of one book as x and the number of books bought as v, then
as x increases v decreases and vice-versa. It is important (o note that the product xy
remains constant. We say that x varies inversely with y and y vanes inversely with x. Thus
two guantities x and y are said 1o vary in inverse proportion, if there exists a relation
of the type xy = k between them, k being a constant. If v, y, are the values of y

. X !
of x respectively then x v =xy, (= k), or —-= Yz
¥

corresponding to the values x , x,

We say that x and y are in inverse proportion.

Hence, in this example, cost of a book and number of books purchased in a fixed
amount are inversely proportional. Similarly, speed of a vehicle and the time taken to
cover a fixed distance changes in inverse proportion.

Think of more such examples of pairs of quantities that vary in inverse propaortion. You
may now have a look at the furniture — arranging problem, stated in the introductory part
of this chapter.

Here is an activity for better understanding of the inverse proportion.
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DO THIS & |

Take a squared paper and arrange 48 counters on it in different number of rows as
shown below.

4 Rows, 12 eolwmnns

6 Hows, 8 columns
Number of R) (R,) R,) (R,) (R.) o
Rows (R} z 3 4 (i} ] ‘
Number of | @ | @@ el e
Columns (C) 12 8

What do you observe? As R increases, C decreases.
(1) Ist:R7=C1:Cl? (i) IsRﬁ:R“zc‘i:C]?
() AreR and 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 y) are in

INVerse proportion.

@ x|50] 40| 30 20) @ [ x |100|200| 300 | 400]
vy |s|e6] 7] 8) Ly |60 ]30] 2] 15
r 3\

Gi) [ x [90 |60 | 45| 30 [20] 5|

y [10]15] 20 25 | 30 | 35 )

Let us consider some examples where we use the concept of inverse proportion.

When two quantities x and y are in direct proportion (or vary directly) they are also written as x=<y.

1
When two quantities x and y are in inverse proportion (or vary inversely) they are also written asx < 3
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Example 7: 6 pipes are required to fill a tank in 1 hour 20 minutes. How long will it
take il only 5 pipes of the same 1ype are used?

Solution:

Let the desired time to fill the tank be x minutes. Thus, we have
the following table.

(Humher of pipes (5] 5 X]
A

)

Lesser the number of pipes, more will be the time required by
it to fill the tank. So, this is a case of inverse proportion.
Hence, 80x6=xx3 [x ¥ =x,Vl
BOx6
3
or x=96
Thus, time taken to fill the tank by 5 pipes is 96 minutes 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?

LTimn (in minutes) | 80

ot

Solution: Suppose the provisions last for y days when the number of students is 125.
We have the following table.

(Nurnher of students| 100 | 1 Zﬁw
LNumher of days 20 y J

Note that more the nomber of students, the =ooner would
the provisions exhaust. Therefore, this is a case of inverse

proportion.
So, 100 % 20=125x ¥
100 x 20 16
or o5 =Y o =y
Thus, the provisions will last for 16 days, it 25 more students join the hostel.
Alternately, we can write x y, =x,y, as i=y—2.
X ¥

That is, X IX,=Y,0),
or 100:125=y:20

100 20
or ¥= 125 =16

Example 9:1f 15 workers can build a wall in 48 hours, how many workers will be
required to do the same work in 30 hours?

Solution:
Let the number of workers employed to build the wall in 30 hours be y.
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We have the following table.
r Number of hours 48 30 )
LNnmber of workers 15 ¥ J

Obviously more the number of workers, faster will they build the wall.
50, the mumber of hoors and mamber of workers vary in inverse proportionn.
So 48%x 15=30xy

4813

30
i.e., to finish the work in 30 hours, 24 workers are required.

I EXERCISE 13.2
1. Which of the following are in inverse proportion?

Therefore, =y or y=24

(i) 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) Areaof cultivared land and the crop harvested.
(iv) The time taken for a fixed journey and the speed ol the vehicle.

(v) The population of a country and the arca of land per person.

2. InaTelevision game show, the prize money of ¥ 1.00.000 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 proporiional to the number

of winners?
ernher of winners 1 2 41 5| & | 10 Eﬂ]
| Prize for each winner (in %) | 1,00,000| 50,000 .. |

3. Rehmanis making a wheel using spokes. He wanis 1o fix equal spokes in such a way
that the angles between any pair of consecutive spokes are equal. Help him by
completing the following table.

r Number of spokes 4 6 8 10 12

Angle between J

a pair ol consecutive | 907 607
spokes
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10.

11.

i) Are the number of spokes and the angles formed between the pairs of
consecutive spokes in inverse proportion?

(ii) Calculate the angle between a pair of congecutive spokes on a wheel with 15
spokes.

(i) How many spokes would be needed, if the angle between a pair of consecutive
spokes is 40°7

If a box of sweets 1s divided among 24 children, they will get 5 sweets each. How

many would each get, il the number of the children is reduced by 47

A farmer has enough food to feed 20 animals in his catile for 6 days. How long

would the food last if there were 10 more animals in his cattle?

A contractor estimates that 3 persons could rewire Jasminder's house in 4 days. If,

he uses 4 persons instead of three. how long should they take to complete the job?

A batch of bottles vere packed in 25 boxes with 12 bottles in each box. IT the same

batch is packed using 20 bottles in each bex, how many boxes would be filled?

A factory requires 42 machines o produce a given number of articles in 63 days.
How many machines would be required to produce the same number of articles in
54 days?
A car takes 2 hours to reach a destination by travelling at the speed of 60 km/h. How
long will it take when the car travels at the speed of 80 km/h?
Twao persons could fit new windows in a house in 3 days.

(i) One of the persons fell ill before the work started. How long would the job

take now?

(i) How many persons would be needed to fit the windows in one day?
A school has 8 periods a day each of 45 minutes duration. How long would each
period be, if the school has 9 periods a day, assuming the number of school hours 1o
be the same?
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DO THIS

1. Takeasheet of paper. Fold it as shown in the figure. Count the nwmber of parts and
the area of a part in each case.

Tabulate your observations and discuss with your friends. Is it a case of inverse proportion? Why?

( Nimmpier of parts 1 2 4 | 8 15)

2

1
{ Area of each part| areaof the paper | - the area of the paper

2. Take a 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 observartions. Is it a case of
inverse proportion?

—
—

IL’C::J

L J+  —
P d, :

—d— ! d,

I

| Diameter of container (in cm) \|
I
-

L Height of water level {in cm)

PR WHAT HAVE WE DISCUSSED? [

1. Two quantities x and y are said to be in direct proportion if they increase (decrease) together in

such a4 manner that the ratio of their corresponding values remains constant. Thatis if e k [kis

a positive number], then x and v are said to vary directly. In such acase il y . y, are th values of

y corresponding to the values x,, x, of x respectively then L
Y P
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P ™,
2. Two quantities x and y are said to be in inverse proportion if an increase in & causes a proportional
decrease in y (and vice-versa) in such a manner that the product of their corresponding values
remains constant. That s, if xy =k, then x and y are said (o vary mversely. In this caseif y,, y, are

the values of y corresponding to the values x , x, of xrespectively thenx y =x, y, or b O 4
X N
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Factorisation

14.1 Introduction

14.1.1 Factors of natural numbers

You will remember what you learnt about factors in Class V1. Letus take a natural number,
say 30, and write it as a product of other natural numbers, say
30=2x15 We know that 30 can also be written as
=3 1D=5%6 I0=1x%x30
Thus, 1,2, 3, 5, 6, 10, 15 and 30 are the factors of 30. jf'hw?- !tf“‘i 30 e ﬂ";ﬂ_ '"mffst“" 3:_}
. ~ 3 O WL MoTice at 15 a4 Tactor or any
Of'these, 2, 3 and 5 are the prime factors of 30 (Why?) mober. For example, 101 = 1% 16

A number written as a product of prime factors issaid t0 | However, when we write a number as a
be in the prime factor form: for example, 30 written as | product of factors, we shall mot write | as
2 x 3 % 5ig in the prime factor form. a factor, unless it is specially required.
The prime factor formof T0is 2 x 5x 7.

The prime factor formof 90182 % 3 % 3 % 5. and so on.

Similarly, we can express algebraic expressions as products of their factors. This is
what we shall learn to do in this chapter.

14.1.2 Factors of algebraic expressions

We have seen in Class VII that in algebraic expressions, terms are formed as producis of
factors. For example, in the algebraic expression Sxy + 3x the term 5xy has been formed
by the factors 5, xand v, i.e.;

Sxy = 5Xxxy Note 1 is a factor of Sxy, since
Observe that the factors 5, x and y of Sxy cannot further Sxy = Ix5xxxXy

be expressed as a product of factors. We may say that 5, | f face 1is a factor of every lerm, As
xand y are "prime’ factors of 5ay. In algebraic expressions, | in the case of natural numbers, unless
we use the word “irreducible” in place of “prime’, Wesaythat | it is specially required, we do not show
5 % xx yis the irreducible form of 5xy. Note 5 x (xy)isnot | | 8 a separate (actor of any term.
anirreducible form of 5xy, since the Tactor xy can be further
expressed as aproduct of xand y, e, xy =x x y.
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Next consider the expression 3x (x + 2). It can be written as a product of factors.
3,xand (x + 2)
3a(x + 2) =3xxx(x+2)
The factors 3, x and (x +2) are irreducible factors of 3x (x + 2).
Similarly, the expression 10« (x+ 2) (v + 3) is expressed in its irreducible factor form
as 10x (x+2) (y+3)= 2x5xax(x+2)x(y+3).

14.2 What is Factorisation?
When we factorise an algebraic expression, we write it as a product of factors. These
factors may be numbers, algebraic variables or algebraic expressions.

Expressions like 3xy, 5x*y, 2x (y+2). 5 (v + 1) (x + 2) are already in factor form.
Their factors can be just read off from them, as we already know.

On the other hand consider expressions like 2x +4, 3x + 3y, 2 + 5x, x4+ 5x+ 6,

Itis notobvious what their factors are, We need to develop systematic methods to factorise
these expressions, i.e., to find their factors. This is what we shall do now.

14.2.1 Meithod of common factors

® We begin with a simple example: Factorise 2x + 4.
We shall write each term as a product of irreducible factors;

Q=2 %X
4=2%2
Hence x+4=2xx)+ (2 x2)

Notice that factor 2 is common to both the terms.
Ohszerve, by distributive law
2x(x+2)=2xx)+(2%2)
Therelore, we can wrile
xx+4=2x(x+2)=2(x+2)
Thus, the expression 2x+ 4 is the same as 2 (x+ 2). Now we can read otf its factors:
they are 2 and (x + 2). These factors are irreducible.

Next, factorise 5xy + 10x.

The irreducible factor forms of Sxy and 10x are respectively,
Say=S5x%xxxy
10x=2%x5xx

Observe that the two terins have 5 and x as common factors. Now,

Siy+ 10x={3XxxXy) +(Exxx2)
=(Gxxy) +(5xx 2}
We combine the two terms using the dismbutive law,
(Bxxe v+ Gxx 2)=5xx(v+2)
Therefore, Sxy + 10x =3 x (v + 2). (This is the desired factor form.)
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Example 1: Factorise 124%b + 15ab?

Solution: We have 1222h =2 % 2x3xaxaxh
15abt=3x3xaxhxh

The two terms have 3. @ and b as common factors.
Therefore, 12880 + 15aP =3 xaxbx2%2xa)+(Axaxbx5xhb)

=3xaxbx[(2x2xa)+(5xb)] (combining the terms)
= 3ab % (4a + 5b)
= 3abh (4a + 5b) (required factor form)

Example 2: Factorise 1042 — 18x° + 14x*
Solution: 102=2x5xxxx

185 =2x3Ix3Ixxxaxx
44 =2 8 TRXRXARE R
The common factors of the three terms are 2, x and x.
Therefore, 1032 — 1827 + 14 = (2% xxx X ) - (2 xxxxxIx T xx)
+(2xrxzxTxxxx)
=2 xxrxx[(5-(3x3xx)+ (7 % x%x)] (combining the three terms)

.1 #
=222 x (594 Ty = =X (?"2:9”5)

>_ Do vou notice that the factor
.\? form of an expregsion has only

Factorise: (i) 12x+36 (ii) 22v—33z (iii) 1d4pg+35pgr ot fep

14.2.2 Factorisation by regrouping terms
Look at the expression Zxy + 2y + 3x+ 3. You will notice that the first two terms have
common factors 2 and y and the last two terms huve a common factor 3. Bul there is no
single factor common to all the terms. How shall we proceed?
Letus write (2xy + 2y) in the factor form:
200+ 2v=2xxx¥V+2xy)
=2xyxx)+(2xyx1)
=(2yxx)+(2yx1)=2y(x

"*?—:::': Note, we need 1o
+1)

showl as a factor

Similarty, x+3=0(x0+Bx1) =——"1 here. Why’
=3%(x+ )=3(x+1)
Hence, 2y + 2+ 35+ 3=2y (x+ 1) +3 (x +1)

Observe, now we have a common [actor (x + 1) in both the terms on the right hand
side. Combining the two terms,
2oy + 2y + 3x+ 3=y (x+ D+3 G+ D=(x+1)(2¥y+3)
The expression 2xy + 2y + 3x + 3 is now in the form of a product of factors, Its
factors are (x+ 1) and (2y + 3). Note, these factors are irreducible.
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What is regrouping?
Suppose, the above expression was given as 2xy+ 3+ 2y + 3 then it will not be easy to
see the factorisation. Rearranging the expression, as 2xy + 2y + 3x+ 3, allows us to form
groups (2xy + 2y) and (3x + 3) leading to factorization. This is regrouping.
Regrouping may be possible in more than one ways. Suppose. we regroup the
expression as: 2xy + 3x+ 2y + 3, This will also lead 1o faciors. Let us try:
2oy +3x+ 2y +3=2xxxy+3Inx+1lxy+3
=xx(2y+3)+1x(2y+3)
=(2y+3Nx+1)
The factors are the same (as they have to be), although they appear in different order.
Example 3: Factorise 6xy—4y+6-9x
Solution:
Step 1  Check if there is a common factor among all terms. There is none.
Step2  Think of grouping. Notice that first two terms have a common factor 2y,
bay — 4y =2y (3x - 2) ()
What about the last two terms? Observe them. If you change their order to
—9x + 6, the factor ( 3x—2) will come out;
Ox+6=-3(3x)+3(2)
=-3(3x-2) ®)
Step3  Putiing (a) and (b) together,
by — 4y +6-9xr=6ay—dy-9x+6
=2y (3x-2)-3(3x-2)
=(3x-2)(2y-3)
The factors of (6xy—4y + 6 -9 x) are (3x —2) and (2y - 3).

B EXERCISE 14.1

1. Find the common factors of the given terms.

(i) 12x, 36 (i) 2y, 22xy (i) 14 pg. 28p°¢*
(iv) 2x, 3x%, 4 (v) 6 abc, 24k, 12 g%
(Vi) 16 %, — 4x?, 32x (vii) 10 pg, 20gr, 30rp

(vilid 3x2 42, 1002 36 22 v
2. Faciorise the following expressions.

@ Te—42 (i) 6p-12g (i) 7at+ 14a
(iv) —16z+202 (V) 20Pm+30alm
(vi) 5xty—15x? (vii) 10a*- 158 +20c
(vili) —~4a*+4ab-4ca ) Pyz+ xyr+xyd
X)) axry+bxyvi+cxyz
3. Factorise.

M 2+ xy+8x+ 8y (@ 15xy—6x+5y-2
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() ax+ bx—ay—by (iv) 15pg+15+9g+235p
VI z2=T+Txy-=xvyz

14.2.3 Factorisation using identities

We know that (a+bY =a’+2ab+ 1 (D
(@ —bY =a?- 2ab + b? (In
(a+b)(a—b) =a*— b (I1I)

The following solved examples illustrate how to use these identities for factorisation. What
we do is to observe the given expression. IT it has a form that fits the right hand side of one
of the identities, then the expression corresponding to the left hand side of the identity
gives the desired factorisation.

Example 4: Factorise ¥+ 8x + 16

Solution: Observe the expression; it has three terms. Therefore, it does not fit
Tdentity ITI. Also, it's first and third terms are perfect squares with 2 positive sign before
the middle term. So, it is of the form o + 2ab + ¥ where a=xand b=4

such that a+2ab+ b= x4+ 2(x)(4) + 42 .
Obscrve here the given
=x'+8x+16 cxpression is of the form

Since @+ 2ab + b= (a + b, o! —2ab + .

Whereg=2y.and =3
with2eh=2xTyx3=12y.

by comparison x* + 8x+ 16 =(x+4) (the required factorisation)

Example 5: Factorise 4y*— 12y +9

Solution: Observe 4y* = (2y)*, 9=3and 12y =2 x 3 x (2y) _

Therefore, - 12y +9=(2yP -2 x 3 x (2y) + (3
={2y-3p¢ (required factorisation)

Example 6: Factorise 49p*—36

Solution: There are two terms; both are squares and the second is negative. The
expression is of the form (a?— b*). Identity Il is applicable here:

490 - 36=(TpP-(6)F
=(Tp—6)( Tp+6) (required lactorisation)
Example 7: Factorise a*— 2ab + b* —
Solution: The first three terms of the given expression form {a—b)*. The fourth term is
asquare. So the expression can be reduced to a difference of two squares.

Thus, a*-2ab+ b -c*=la-by-c* (Applying Identity II}
=[la=-b)-¢)(la=b)+c)] (Applying Identity ITT)
=la-b-c)(a-b+c) (required factorisation)

Notice, how we applied two identities one after the other to obtain the required factorisation.
Example 8: Factorise m*—256
Solution: We note prt= (m?) and 256 = (16)?
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Thus, the given expression fits Identity TIL
Therefore, mt—256 = (m*)? - (16)*
=(m*—16) (m* +16)  [(using Identity (TIT)]
Now, (m*+ 16) cannot be factorised further, but (#* —16) is factorisable again as per

Tdentity TI1.
=16 = m? — 4*
=m-4H(m+4)
Therefore, mt—256=(m-4) (m+4) (m*+16)

14.2.4 Factors of the form (x+a) (x+5)

Let us now discuss how we can faclorise expressions in one variable, like x* + 5x + 6,
V—Ty+ 12, 7 —4z— 12, 3m* + 9m + 6, etc, Observe that these expressions are not
of the type (a + &) or (a—b)? i.e, they are not perfect squares. For example, in
¥* + 5x + 6, the term 6 is not a perfect square. These expressions abviously also do not
fir the type (a® - b%) either.

They, however. seem to be of the type x* + (a + b) x + a b. We may therefore, try 1o
use Identity TV studied in the last chapter to factorise these expressions:

x+a)(x+b)=+(a+b)x+ab (TV)
For that we have to look at the coefficients of x and the constant term. Letus see how
itis done in the following example.

Example 9: Factorise x*+ 5x + 6

Solution: If we compare the R H.8. of Identity (TV) with x*+ 5x+ 6, we find ab =6,
and g4 + b = 5. From this, we must obtain g and b. The factors then will be
(x+a)and (x+ b).

If ab =6, 1t means that ¢ and b are factors of 6. Letuswy a=6, b= |, For these
values a+b="7, and not 5, So this choice is not right.

Letustry a=2, b=3. Forthis a+ b =15 exactly as required.
The factorised form of this given expression isthen (x+2) (x+ 3).

In general, for factorising an algebraic expression of the type * + px + ¢. we find two
factors & and b of ¢ (i.e., the constant term) such that
ab=g and a+b=p

Then, the expression becomes x* + (g + b)) x +ab

or P +ax+bx+ab
or dx +a) +bix+al
or x+a)(x+b) which are the required factors,

Example 10: Find the factors of y*—7y +12.
Solution: We note 12=3 x4 and 3 +4 =7. Therefore,
¥=-Ty+12=y-3y-4y+ 12
=y (-3 -4@-3) =3 -4
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Note, this time we did not compare the expression with that in Identity (IV) 1o identify
aand b. After sufficient practice you may not need to compare the given expressions for
their factorisaton with the expressions in the identities; instead you can proceed directly
as we did above.

Example 11: Obtain the factors of 22— 4z - 12.

Solution: Here g b=—12 ; this means one of @ and b is negative. Further, a + b=-4,
this means the one with larger numerical value is negative. We ry a =—4. b= 3: but
this will not work, since a + b =—1. Next possible values area=—6. b =2, s0 that
a+ b =-4 as required.

Hence, £ -dz-12=*—-6z+2z-12
=z(z—0)+2(z—-6)
={z—-6)(z+2)

Example 12: Find the factors of 3m*+ 9m + 6.

Solution: We notice that 3 is a commmon factor of all the terms.

Therefore, It + 9 + 6 = 3(m*+ 3mi + 2)

Now, mi+Im+2=mt+m+Im+2 (as2=1%2)
=mm+1)+2(m+1)
=(m+1)(m+2)

Therefore, Im*+9m+6=3m+ 1) (m+2)

B EXERCISE 14.2
1. Factorise the following expressions.
(i) a*+8a+16 @) p*—10p+25 i) 250 +30m+9
@) 4972 + 8dyz + 3622 (v) 43— Bx+4
(V) 121h* — 88be + 16¢2
(i) (I+my—4lm  (Hint: Expand ( [ + m)? first)
(vil) & + 2a*h* + b*
2, Factorise.
@) 4p?-9g° () 63a2— 1126 (i) 49x®— 36
() 1655 — 1442 (V) (T+mpP—(I—m)
(vi) 9y —-16 (i) (F-20+3)-2
(vill) 25a° — 4b* + 28bc — 49¢?
3. Faciorise the expressions.

i) ax®+ bx i Tpt+2lg* (i) 2x7 + 2 + 2t
(iv) am®+ b + bn® + an® vi (m+D4+ m+ |
(V) yr++90+2) (vii) 53220y — 8z 4+ 2z

(vili) 10ab+4a +5b +2 (ix) Guy—dy+6-—9%
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4. Factorise.
Q) a -» (i) p*-81 (i) x*—(y+z)
(iv) 2*—(x—z)* ) a*-2a'h* + b
5. Factorise the following expressions.
@ pr+6p+8 (i) ¢#-10g+21 (i) p*+6p-—16

14.3 Division of Algebraic Expressions

We have learnt how to add and subtract algebraic expressions. We also know how to
multiply two expressions. We have not however, looked at division of one algebraic
expression by another. This is what we wish to do in this section.

We recall that division is the inverse operation of multiplication. Thus, 7 x 8 =56 gives
56 +8=Tor56+7=8.

We may similarly follow the division of algebraic expressions. For example,

@ 2x % 342 = 67
Therefore. 6 + 22 =327
and also, 61 + 3xf = 2x.

(ii) Sx(x+4) =52+ 20x
Therefore, (5x* + 20x) +Sx=x+ 4

and also (5x* + 20x) + (x + 4) = 5x.
We shall now look closely at how the division of one expression by another can be
carried out. To begin with we shall consider the division of amonomial by another monomial.

14.3.1 Division of a monomial by another monomial
Consider 6x* + 2x
We may write 2x and 6x° in irreducible factor forms,
u=2xx
6P =2x3Ixaxmaxx
Now we group factors of 617 to separate 2x,
6 =2 xxx (3 xxxx)=(2x) % (32

Therefore, 6% + 2x =342,
A shorter way to depict cancellation of common factors is as we do in division of mumbers:
L 77 Tx11 ii
: 6x°
Sirmalarly, 6%+ 2y = —
2x

X 3K xXEXX )
= =3xxxx=3x
2xx

Example 13: Do the following divisions.
N —20x% + 1022 i Txlyiz! + 1dxyz
Solution:
0 20 =-2X%x2X5 XxXETXXXX
10x2=2x5xxxx
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—2H2HIN IR XK X
Therefore, (=206 + 10x* = =-2xrxx=-2x
2wSwawx

THRXXxXYyXyxIxz
IXTwaAXyxz

I

@ Txh'Z -+ ldxz

I
l
|
3
1

Divide.
@) 24077 by 6y22 () 63aHcS by Tahe?

14.3.2 Division of a polynomial by a monomial
Letus consider the division of the trinomial 4y + 5v* + 6y by the monomial Zy.
AW +5P+ =2 x2xyxyx N +Gxyxy+@x3Ixy
(Here, we expressed each term of the polynomial in [actor form) we find that 2 x yis
commeon in each term. Therefore, separating 2 x v from each term. We get

5
4y3+5y1+ﬁ}i=2xyx{2x}rxyj+2xyx(EKJ’) +2xyx3
5

=2y (2¥) + 2y (E }’] +2v(3)

5
=2y [2}"2 tz¥k 3) (The commeon factor 2y is shown separately.

Here, we ﬂhﬁdh\
each term of the

polynomial in the
nuigerator by the <
monomial in the 1’}

denorminaror.

Therefore, (4y* + 5% + 6y) + 2y

5
M
_ 4y +5y2 +6y 22y Y49

2y 2y

Alternatively. we could divide each term of the trinomial by the
monotmial using the cancellation method.

(4 + 597 +6y) + 2y =

=2t —y
2_1|+2}+3

4y* + 5y + 6y

2y
4y 5y* 6y 5
= e e e =
2y T2y T2y 2}?’+2}J+3

Example 14: Divide 24(x*yz + xy?z + xy2%) by 8xvz using both the methods.

Solution: 24 (x%yz + xy'z + xy7%)
=2x2x2x3x[xxxxyxD+@axyxyx)+xxyxzxz)l
=2x2x2xIxxxyxoxX(x+yv+)=8x3xnrx(x+y+2) (By taking out the

Therefore, 24 (x3vz + oz + o) + 8o common [actor)

Bx3xxyzx(x+v+2)

o =3x@E+y+2)=3x+y+2)
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24x*y:  Uxy’z 24wz
) + XY + XY
8xyz Bxyz Bayz

=3+ 3y+3r=3x+y+2)

Alternately, 24(x*vz + xy*z + 078 + 8z =

14.4 Division of Algebraic Expressions Continued (Poly-
nomial + Polynomial)

o Consider (722 + 14x) = (x + 2)
We shall factorise (722 + 14x) first to check and match factors with the denominator;

/\f‘"\,—n\ Tt 4 1dx = (T xxxx) + (2% 7 x x)
Will it help here to £, =7Txxx(x+2)=Txx +2)

divide each term of B
the numerator by o 5 e B x x
7 the binomial in the Now (7x*+ l4x) + (x+2) —x T

\_(ij:j‘nminamr'? Tx(x +2)
\;/\) = ——— ="7x (Cancelling the fuctor (x +2))

x+2
Example 15: Divide 44(x* — 5x° — 24x%) by Llx (x - 8)
Solution: Factorising 44(x* — 5x" — 24x7), we get
M0 -5 - 24x%) =2 % 2 % 1] x F(x* = 5x - 24)
(taking the common factor x* out of the bracket)

=2x2 %11 %x%4x*—8x+ 3 —24)

=2x2x 11 x2®[x(x-8)+3(x—8)]

=2x2x1lxxXx+Hx-8)
Therefore, 440" — 52— 2428 + 11x(x — 8)

2x2xIxaxax{x+X(z-8)

Il xax{x-8)
N g We cancel the factors 11,
=2X2Xx (w4 3] =Aupt3) x and (x — 8) common 1o
Example 16: Divide z(522— 80) by 5z(z +4) both the numerator and
Solution: Dividend= 252 — 80) i

=z[(5 x )~ (5 x 16)]

=zX3x(Z-106)

=5zx(z+4) (z-4) [using the identity
al—b=(a+b){a-h)]

z(z—4)(z+4)
Sz(z+4)

Thus, 75372 -80)+ 5z(z+ ) = =(z—-4)
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Carry out the following divisions.

(i) 28x* + 56x (il) =36y + %H? i) 66pgY + 1lgr
(iv) 34x%y7? + Sl (V) 12a%% + (- 6a'h*)
Divide the given polynomial by the given monomial.

@ (5% —6x) = 3x () (398 — 4y + 5y%) =
(1) B3z + xhPz + a3 + delyiz2 (W) (7 + 247+ 3x) + 2x

W) @¢* -p'¢) = ¢’
Work out the following divisions.

1 (10x-25)+5 @ (10x—25)+(2x-35)

(i) 10v(6y +21)+52y+7) (iv) 9x%?(37-24) + 27xy(z— 8)
(v) Q6abe(3a—-12)(5h-30)+ 14d(a-4) (b-0)
Divide as directed.

@ 5Q2x+1) (3x+5)+@x+ 1) () 26xy(x+ S5)(y—4) = [3x(y—4)
@) 52Zpgr(p+q)(g+r)(r+p)+ 104pgig +71) (r+p)
iv) 2000 +4) (V+5y+3)1+5(y+4) (v} alx+Dx+2x+3)+xx+1)
Factorise the expressions and divide them as directed.

M OA+7y+10) = (y+5) (i) (m2—1dm—32) + (m+2)
(i) (5p*-25p+20)+(p-1) (iv) dyz(+ 62— 16) + 2y(z + 8)
) Spg(p®-g°) + 2p(p + q)
WD) 123x0(9x% — 16y?) + 4xy(Bx + 4y)  (vil) 39950y — 98) + 2625y + 7)

14.5 Can you Find the Error?

Task 1 While solving an equation, Sarita does the following. rm {

terrn is usually not

Ix+x+5x=72 shown. But while
Therefore Bx=72 adding like terms,
72 9 Lwe inclode it in
anl sty T g \_;h\&f_mw —T
Where has she gone wrong? Find the correct answer. Remernber to make
Task 2 Appudid the following: use of brackets, <

For x=-3,5x=5-3=2 while substiluting a
i : egative value,
Is his procedure correct? If not, correct it. w
Task 3

MNamrata and Salma have done the
muliiplication of algebraic expressions in the
following marmer.

Remember, when you multiply the
expression enclosed in a bracker by a
constant (or a variable) ontside, each
term of the expression has to be
multiplied by the constani
{or the variable),
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Namrata Salma

5 (@ 3x—4)=3x- Ix-4)=3x-12
,a'“'f;:k () (23 =242 (Zx)? = dx? Remermber, when you

e sure, | - ; square a monoinial, the
[ before (0 (2a-3)(a+2) (2a-3)(@+2) raiiesical CosBieat i
; ﬂpmg]anv | =25T_ 6 =2 4+a—6 each factor has to be

ia squared.

\ T <. @ (r+87=2+64 G+ 8
' reaﬂjf ' =x+ 16x + 64

I

ﬂnpm\/’ (€) (x—35) =x-125 (x—5P=u*~10x+25

Is the multiplication done by both Namrata and Salma correct”? Give reasons for your
AnSwer.

Task 4

r,r+5:Iﬂ+1

Joseph does a division as :

While dividing a
polynomial by g
monarmial, we divide
each term of the
polynoraial in the
numerator by the
monomial in the
denorinator,

a+5

His friend Sirish has done the same division as: 5 =a

a+d _a
And his other friend Suman does it this way: s =§+l

Who has done the division correctly? Who has done incorrectly? Why?

Some fun!
Atul always thinks differently. He asks Sumathi teacher, "Il what you say is true, then

! 64 4 -
why do I get the right answer [or E=T =4F
64 16%4 4

because 64 happens tobe 16 x4 [~ 1771

and not 6, as you can see. In fact, 6 is not a [actor of either 64 or of 16.” The teacher

- e, 004 _4 6664 _4
her, Ay = e 1

64
help Atul 1o find some other examples like 16 ?

The teacher explains, * This is 80

. In reality, we cancel a factor of 16

and s0 on”. Isn't that interestng? Can you

B EXERCISE 14.4

Find and correct the errors in the following mathematical siatements.

1. 4x-5)=4x-5 2. x3x+2)=3x+2 3. 2x+3yv=15xy

4 x+2x+3x=5x 5 59+2y+v—Ty=0 6. 3x+ 2x =5+

7. 2oV +42x)+T7=2"+8x+7 8. (2xP+5x =4x+5x=9x
9 (Bx+2P=3+6x+4
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10. Substituting x=—31in
(@) X+5x+4dgives(—3P+5(-3)+4=9+2+4=15
(b) #—-Sx+dgives (-3 -5(-3)+4=9-15+4=-2
(©) *+5xgives(-3)2+5(-3)=-9-15=-24

1. (-3=y*-9 12, (z+5°2=72+125

13. (2a +3b) (a—b) =24 — 3b 14. (a+4)(a+2)=a*+8
3 2
15 (a-4)(a-D=a"—38 16, =—==0
Ix”
3xt+1 3x 1 3 Ik
17. —7=11=2 B 3,577 19 43T ay
20, 4x+5:5 21. ijﬁz?x
dx 5

_ WHAT HAVE WE DISCUSSED? _

1. When we factorise an expression. we write it as a product of factors. These factors may be
numbers, algebraic variables or algebruic expressions.

2. Anirreducible factor is a factor which cannot be expressed further as a product of factors.

3. A systematic way of factorising an expression is the common factor method. It consists of three
steps: (i) Write each term of the expression as a product of irreducible factors (ii) Look for and
separate the common factors and (1i1) Combine the remaining factors in each term in accordance
with the distributive law.

4. Sometimes, all the terms in a given expression do not have a common factor; but the terms can be
grouped in such a way that all the terms in each group have a commeon factor. When we do this,
there emerges a common factor across all the groups leading to the required factorisation of the
expression. This is the method of regrouping.

5. Infactorisation by regrouping, we should remember that any regrouping (i.e., rearrangement) of
the terms in the given expression may not lead to factorisation. We must observe the expression
and come out with the desired regrouping by trial and error.

6. Anumber of expressions to be factorised are of the form or can be put into the form : a* + 2 ab + B2,
a‘—2ab + b, a* — b* and x* + (a + b) + ab. These expressions can be easily factorised using
Identities I, T, IIT and TV, given in Chapier 9,

a4+ 2ab+ b =(a+ b

a*—2ab + B = (a— by
B-F=(a+bh)(a-5F
¥+(a+b)x+ab=(x+a)(x+b)

7. Inexpressions which have factors of the type (x+ a) {x + &), rernember the numerical term gives ab, Tts
factors, @ and b, should be so chosen that their sum, with signs taken care of, is the coefficient of x.

8. 'Weknow that in the case of nurnbers, division is the inverse of muliiplication. This idea is applicable
also to the division of algebraic expressions.
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P

9.

10.

11.

In the case of division of a polynomial by a monomial, we may carry out the division either by
dividing each term of the polynomial by the monomial or by the common factor method.

In the case of division of a polynomial by a polynomial, we cannot proceed by dividing each term
in the dividend polynomial by the divisor polynomial. Instead, we factorise both the polynomials
and cancel their common factors.

In the case of divisions of algebraic expressions that we studied in this chapter, we have
Dividend = Divisor X Quotient.

In general, however, the relation is

Dividend = Divisor x Quotient + Remainder

Thus, we have considered in the present chapter only those divisions in which the remainder
18 Zero,

There are many errors students commonly make when solving algebra exercises. You should avoid
making such errors.

N




i Introduction

O to Graphs

DM E

15.1 Introduction

Have you seen graphs in the newspapers, television, magazines, books etc.? 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 alsobe presented in the foren of a table: however a graphical presentation is easier o
understand. This is true in particular when there is a trend or comparison to be shown.
We have already seen some types of graphs. Let us quickly recall thero here.

15.1.1 A Bar graph

A bar graph is used to show comparison ameong categories. [tmay consist of two or more
parallel vertical (or horizontal) bars (rectangles).

The bar graph in Fig 15.1 shows Anu’s mathematics marks in the three terminal
examinations. It helps vou to compare her performance easily She has shown good progress

50
= 40
=30
e
_g 20
cal-"
Ist 2nd 3rd

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 various fruits over a two-day period. How is Fig 15.2 ditferent
from Fig 15.1? Discuss with your friends.

CHAPTER
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B Monday [[] Tuesday
40
35
30

25

20

Sales (in kg) —

15

10

Fig 15.2

15.1.2 A Pie graph (or a circle-graph)

A pie-graph is used o compare parts of a whole. The circle represems the whole. Fig 15.3
18 a pie-graph. Tt shows the percentage of viewers watching different types of TV channels.

Informative

Entertainment
Sports : 50%
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 illnstrates the distribution of weights (in kg) of 40 persons of
alocality.

[ Weights (kg) 40-45 45-50 50-55 35-60 60-65

| No. of persons 4 12 13 6 5 J
N
14
12
.10
2
8
£,
E 6 In Fig 15.4 ajagged line
4 [=s~=) has boen used along
horizontal ling (o indicate
that we are not showing
£ numbers between 0 and 440.
L]
40 45 S0 55 ol o5 70
Woelght (in kg) —
Fig 15.4

There are no gaps between bars, because there are no gaps between the intervals.
What is the information that you gather from this histogram? Try to list thern 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. It was in the form of a graph (shown in Fig 15.5 and Fig 15.6).
We may call this a “time-temperamnure graph”.
Itis a pictorial representation of the following data, given in tabular form.

(Ti_me 6am. | 10am.| 2pm. ﬁp.rn)
35 |

L’l‘emperatu re(*C)y| 37 40 38

The horzontal line (usually called the x-axis) shows the imings atwhich the tlemperatures
were recorded. What are labelled on the vertical line (usually called the y-axis)?
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42 | : | : 42
40 @ ]
] i &
%) 33 t L L
2 . 3
= 36 £ 6
= =
: ¢
= 34 g 4
= . &
g : ! : 2
30 |- | . 1]
& s & » L ] - L L ]
[ 10 2 6 @ 10 2 ]
ﬂ.[l'l. H.m. I]‘-m- P-m- oa.0. a_m_ P__m_ P'm_
Time — Time —
Fig 15.5 Fig 15.6
Each piece of data is shown The points are then connected by line
by a point on the square grid. segments. The result is the line graph.

‘What all does this graph tell you? For example you can see the pattern of temperature;
moore at 10 a.m. (see Fig 15.5) and then decreasing till 6 p.m. Notice that the temperature
increased by 3° C(=40° C - 37° C) during the peried 6 a.m. to 10 a.m.

There was no recording of temperature at 8 a.m,, however the graph suggests that it
was more than 37 °C (How?),

Exzample 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 maiches in the year 2007, Study the graph and answer the
following questions.
(i What information is given on the two axes?
(i) Which line shows the runs scored by batsman A?
(iii} Were the run scored by them same in any match in 20077 If so, in which match?
(v} Among the two batsmen, who is steadier? How do you judge it?
Solution:
(i} The horizontal axis (or the x-axis) indicates (the matches played during the year
2007. The vertical axis (or the y-axis) shows the total runs scored in each match.

(i) The dotted line shows the runs scored by Batsman A. (This is already indicated at
the top of the graph).



(1ii)

[iv)

During the 4th match, both have scored the same
nurnber of 60 runs. (This is indicated by the point
at which both graphs mieet).

Batsman A has one great ““pealk’” 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
only 100 in comparisonto 115 of A. Also A has
scored a zero in two malches and in a total of 5
matches he has scored less than 40 runs. Since A
has alotof ups and downs, B ig amore consistent
and reliable batsman.

Example 2: The given graph (Fig 15.8) describes
the distances of a car [rom a city P at differemt limes
when it i3 travelling from City P to City ), which are
350 km apart. Study the graph and answer the following:

i
(i

(i}
(iv)
(V)
{vi)

(Vi)

What information is given on the two axes?
From where and when did the car begin its
journey?

How far did the car go in the first hour?

Runs scored —=

1240
110

=== RBaltsman A

How far did the car go during (i) the Znd hour? (i) the 3rd hour?

Was the speed same during the first three hours? How do you know it?
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Did the car stop for some duration at any place? Justufy yvour answer.

When did the car reach City Q7

50
300
250
200

150

Distance from P {in km) —

o* N

& g 10 11 12

a0, B Lif. AL Degn par. pan.

Thine —=
Fig 15.8

2

3
p.ni.

5 6
Matches —»

Fig 15.7

-

w— Batsman B

¥
' +
N
il
-
al 0
|
o
o
o
L 3

10
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Solution:
(i) The horizontal (x) axis shows the time. The vertical (y) axis shows the distance of the
car from City P,
(i) The car started from City P at 8 a.m.
(i) The cartravelled 50 km during the first hour, [This can be seen as follows,
At8 am. it just started from City P. At9 a.m. it was at the S0th km (seen from graph).
Hence during the one-hour tme between 8 am. and 9 am. the car ravelled 50 km)].
{(iv) The distance covered by the car during
(a) the 2nd hour (i.e.. from 9 am to 10 am) is 100 k., (150 —50).
(b) the 3rd hour (i.e., trom 10 am to 11 am) is 50 km (200 — 150).
(v) From the answers o questions (ii1) 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).
(vi) Wefind that the car was 200 km away from city P when the time was 11 a.m. and
also at 12 noon. This shows that the car did not travel during the interval 11 am. (o

12 noon. The horizontal line segment represeniing “iravel” during this period is
illustrative of this fact,

(v} 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 | p.m. ?
(b) When was the patient’s temperature 38.5° C?

us

33e

37e

3ae

Temperature (*Cy —

ase

34

. - . . ® . .
] 10 1 12 1 2 3
Adn. A, Adm. noon pum. P, P
Time —
Fig 15.8
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(c) The patent’s temperaiure was the same two times during the period given.
What were these two times?

(d) What was the temperature at 1.30 p.m.7 How did you arrive at vour answer?

(e} During which periods did the patients’ temperature showed an upward trend?

2. The following line graph shows the vearly sales figures for a manufacturing company.

(a) What were the sales in (i) 2002 (i) 20067

(b) What were the sales in (1) 2003 (1) 20057

(c) Compute the difference between the sales in 2002 and 2006,

(d) Inwhich year was there the greatest difference between the sales as compared
Lo ils previous year?

12

10

Salkes {in Rs crores) —
o

2002 2003 2004 2005 2006

Yenrs —

3. Foranexperiment in Botany, two different plants. plant A and plant B were grown
under similar laboratory conditions. Their heights were measured at the end of each
week for 3 weeks. The resulis are shown by the following graph.

14

11

-
=] =]

t=a

Heighi {in cm) —

R 1 Weelis — 2 3
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lemperiture (FL) —

tn

(a) How high was Plant A afier (i) 2 weeks (ii) 3 weeks?

(b) How high was Plant B after (1) 2 weeks (i1} 3 weeks?

(¢} How much did Plant A grow during the 3rd week?

(d) How much did Plant B grow from the end of the 2nd weck to the end of the
3rd week?

(e) During which week did Plant A grow most?

(D) Dumng which week did Plant B grow least?

(£) Were the two plants of the same height during any week shown here? Specify.

The following graph shows the temperature forecast and the actual temperature for

each day of a weelk.

(a) Onwhich days was the forecast temperature the same as the actual temperature?

(b} What was the maximum forecast temperature during the week?

(c) What was the minimum actoal temperature during the week?

(d}) On which day did the actual temperature differ the most from the forecast
temperature?

L ——_ FJJ recas — ﬂt"lll?l.l

15

3o

25

0

15

10

e L ] - & - L ] e L 8 E - L ] R
Mon Tue Wed Than Fri Sat Sun
hays —

Use the tables below to draw linear graphs.
(a) Thenumber of days ahill side city received snow in different years,

( Year | 2003 [ 2004 | 2005 | 2006)

\ows| 8| 0] 3 12 )
(b} Populaton (in thousands) of men and women in a village in different vears.
 Year 2003 | 2004 | 2005 | 2006 | 2007 )
Number of Men 12 12.5 13 13.2 13.5

. Number of Women 11.3 11.9 13 13.6 128 )
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6. A courier-person cycles from a town to a neighbouring suburban areato deliver a

parcel to a merchant. His distance from the town at different times is shown by the
following graph.

() Whatis the scale taken for the tirne axis?

(b) How much time did the person take for the wavel?
(c) How faris the place of the merchant from the town?
(d) Dudthe person stop on his way? Explain.

(¢) During which period did he ride fastest?

2-2 "
pd |}
o 3l
= 16
= 14
=12
E 1
= §
B 3
4
I
: e - o .
8 a.m. 9 fm. 10 . 11 a.m. 12 noon
Time —
7. Can there be atime-temperature graph as follows? Justify vour answer
1) (1)
T Lt
£ £
= -
Time — Time —
(1ii) A {iv)
£+ 1; !
= | ;.".
B
L2 [Bs
& £

| Time> | || | | | |Time|
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15.2 Linear Graphs

A line graph consists of bits of line segments s
joined consecutively. Sometimes the graph may
be a whole unbroken line. Such a graph is called
a linear graph. To draw such a line we need wo
locate some points on the graph sheet. We will
now learn 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).

edge of the
. board

Fig 15.9

Can any one of these statements help fix the positon of the dot? No! Why not?
Think about it.

John then gave a suggestion. He measured the distance of the dot from the leftedge 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 helpful? (Fig 15.10)

LT ¢ LT
[ T% éAt
o, A
2 g ? 1
et '
oA, E< $A,
Lo '
B
B
| o0 em E
90 cm
Fig 15.10 Fig 15.11
A, A A A, are all 90 cm away Ais 9 em from lefl edge and

from the left edge. 160 cm from the botiom edge.
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Rekha then came up with a modified statement : “The dotis 90 cm from the leftedge
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 poi
(160, 90) be different from (90, 16()? Think about it.

The 17th century mathematician Rene Descartes, it is said, noticed the movement
of an insect near a corner of the ceiling and began to think of determining the
pogition of a given point in a plane. His svstem of fixing a peint with the help of
mwo measurements, vertical and horizontal, came to be known as Carfesian system,
in his honour,

R Descartes
15.2.2 Coordinates F ]u ;'m-lr.su:

vertical axis
Suppose you go to an auditorium and (called y-axis)
search for your reserved sear. You need to v /
know two numbers. the row number and
the seat number. This is the basic method ¢
for fixing a point in a plane. 5

tells how many units
Lo move o the right

Observe in Fig 15.12 how the point tells how
(3, 4) which is 3 units from left edge and 4 a 4,.-=='L':3$“£ ‘:‘:]i]“
units from bottom edge is plotted on a graph E

sheet. The graph sheet itself is a square grid.
We draw the x and y axes conveniently and
then fix the required point. 3 is called the CEE R RS
x-coordinate of the poini; 4 is the  origin horizontal axis
y-coordinate of the point. We gay that the  0(0. 0) (ealled 2acls)
coordinates of the point are (3, 4). b4
Example 3: Plot the point (4, 3) on a graph
sheet, Is it the same as the point (3, 4)?

X

Fig 15.12

Solution: Locate the x, v axes, (they are
actually number lines!). Start at O (0, 0).
Move 4 units to the right; then move 2 units
up, you reach the point (4, 3). From
Fig 15.13, youcan see that the points (3. 4)
and (4, 3) are two different points. Y
Example 4: From Fig 15.14. choose the L2323 438
letter(s) that indicate the locaiion of the [I!i]]IS» [ i i ' Fig 15.13
given below: 5 | |
@ (1)
m (0,5)
(m) (2,0)
Also write o

o = b e e Uy

(iv) The coordinates of A.
(v) The coordinates of F. Fig 15.14
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Solution:
(0 (2, 1)is the point E (Tt is not D!),
(@ (0.5)is the point B (why? Discuss with vour friends!). (@) (2,0)1s the point G.

(iv) Point Ais(4,5) (v) Fis(5.5.0)
Example 5: Plotthe following points and verify if they lie on a line. If they lie on a line,
name it
@ (0,2),(0,5). (0, 6),0,3.5) i A, DB(,2),C(1,3.D,4
@ K(1,3),L(2,3.M(3,3,N4,3) (v W(2,6,X(35).Y(53),2(6,2)
Solution:
v Y
7 Gl
i
4 (00) gl
10,9 Py 10 108
: {0, 3.5) " |, 4)
i cla,3)
210, 2 sla,2)
1 1 4la,n
! X - X
0O 12345467 0 123 4567
(i) (1)
These lic on a line, These lie on a line. The line is AD.
The line is y-axis. ('You may also use other ways
of naming it}. It is parallel to the y-axis
Y Y
N2, 6}
6 =
] { =1 g
4 T T Y 4 !
IS S : 6.3)
K:LMN
2 . : ) [ﬁ‘_.l]
1 L 1
. X . X
0 12 3 456 O 12345056
(i) (av)
Fig 15.15
Thesze lie on a line. We can name it as KL These lie on a line. We can name
or KM or MN ele. Tt is parallel to x-axis it as XY or WY or YZ etc.

Note that in each of the above cases, graph obtained by joining the plotied pointsis a
line. Such graphs are called linear graphs.
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B EXERCISE 15.2

1. Plotthe following points on a graph sheet. Verify if they lie ona line
(a) Ad4,0), B4, 2),C4,6),D4,2.5)
(b PB(1,1),Q(2,2). R(3, 3), S(4, 4)
(c) K(2,3),L(5, 3). M(5,5),N(Z,5)
2. Draw the line passing through (2, 3) 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
of each of these adjoining figures.
4. State whether True or False. Correct
that are [alse,
(i) A point whose xcoordinate is zero
and y-coordinate is non-zero will
lic on the y-axis.
(i) A pointwhoseycoordinate is zero
and x-coordinate is 5 will lie on
Y-axis.
(iiiy The coordinates of the origin _ _ .
are (0, 0). A Q

L R O T E I SR I R R -

e

15.3 Some Applications

In everyday hife, you might have observed that the more you use a facility, the more you
pay for it. If more electricity is consumed, the bill is bound to be high, If less electricity is
used, then the bill will be easily manageable, This is an instance where one quantity affects
another. Amount of electric bill depends on the quantity of electricity used. We say that the
quantity of electricity 1s an independent variable {or sometimes control variable) and
the amount of electric bill 1s the dependent variable. The relauon between such variables
can be shown through a graph.

B THINK, DISCUSS AND WRITE WS

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 gives the quantity of petrol and 1ts cosL.

(Nu. of Litres of petrol 10 15 20 25

Lﬂnﬁt of petrol in ¥ 500 750 1000 Ili{'.lj

==l e=ciy

Plot a graph to show the data.

123456780910

X
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Solution: (i) Let us take a suitable scale on both the axes (Fig 15.16).
¥
1300
{15, 1250)
1100

E

Cost{inT)—

e e e

5 10 15 20 25 E1l
Litres —
Fig 15.16
() Moark number of hires along the horzontal axis,
(ii} Mark cost of perol along the vertical axis.
(iv) Plot the points: (10,500}, (15,750), (20,1000), (25,1250).
(v} Join the points.
‘We find that the graph is a line. (Itis a inear graph). Why does tis graph pass through
the origin? Think aboutit.
This graph can help us to estimate a few things. Suppose we want to find the amount
needed to buy 12 litres of petrol. Locate 12 on the horizontal axis.
Follow the vertical line through 12 till vou meet the graph at P (sav).
From P you take a horizontal line to meet the vertical axis, This meeting point provides
the answer.
This is the graph of a situation in which two quantities, are in direct variation. (How 7).
In such situations, the graphs will always be lingar.

In the above example, use the graph to find how much petrol can be purchased
for T 800.
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Example 7: (Principal and Simple Interest)
A bank gives 10% Simple Interest (S.1.) on deposits by senior citizens. Draw a graph to
illustrate the relation between the sum deposited and simple inlerest eamned. Find from
your graph

(a) the annual interest obtainable for an investment of T 250,

(b) the investment one has to make to get an annual simple interest of 2 70.

Solution:
~
Sum deposited | Simple interest for a vear
100x1x10
Z 100 T IXT =T 10 Steps to follow:
1. Find the quantities to be
plotted as Deposit and ST
# 200 7 200x1x10 =770 2. Decide the quantities to be
100 taken on x-axis and on
y-axis.
300% 1210 3. Choose a scale.
a0 T 4. Plotpoins.
5. Join the points.
s 500110
T 500 T—— =750
100
L T 1000 F 100 y
We get a table of values.
( Deposit (in 2) 100 200 300 500 | 1000 ]
L Annual S.L (in ¥) 10 20 30 50 100 J

(1) Secale: 1 unit=% 100 on horizontal axis; 1 unit=7 10 on vertical axis.
(1) Mark Deposits along horizontal axis.
(i) Mark Simple Interest along vertical axis.
(iv) Plot the points : (100,10), (200, 20), (300, 30), (500.50) etc.
(v) Join the points. We geta graph thatis a line (Fig 13.17).
(a) Corresponding to¥ 250 on horizontal axis, we
get the interest to be ¥ 25 on vertical axis.

(h) Corresponding to ¥ 70 on the vertical axis, _ N
we get the sum to be Z 700 on the horizontal | IsExample 7, acase of direct variation?

dXTE.
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Amnnual Simple Interest {in Rs) —

100 200 200 400 =00 600 700 S00 200 1000

Depnsits (in Rgy —
Fig 15.17

Example 8: (Time and Distance)
Ajit can ride a scooter constantly at a speed of 30 kins/hour. Draw a tirne-distance graph

for this sitnation. Use itto find

1
(1) the time takenby Ajittoride 75 km. (i) the distance covered by Ajitin3 — howrs.

2

Distance covered

30 km
2% 30 km=60km
3%30km=9km

43 30 km = 120 km and =0 on.

J

Solution:
(" Hours of ride
1 hour
2 hours
3 hours
g 4 hours
‘We get atable of values.

r- Time (in hours)

L Distance covered (in km) 30 Gl a0

120
J

(i) Scale: (Fig 15.18)
Horizontal: 2 units = | hour
Vertical: 1 unit=10km
() Mark time on horizontal axis.
(i) Mark distance on vertical axis.

(iv) Plot the points: (1, 30), (2, 60), (3, 90), (4, 120).



130
120
110
LMy

Distance Covered (in kin) —

-

I
i60)
I
'

Y

.

B

{4, 120)
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(v) Jointhe points. We get a linear graph.

2z

Time (in honrs) —

3

Fig 15.18

(8) Corresponding to 75 km on the vertical axis, we get the time to be 2.5 hours on
the horizontal axis. Thus 2.5 hours are needed to cover 75 km.

|
(h) Corresponding to 3 5 hours on the horizontal axis, the distance covered is

105 km on the vertical axis.

B EXERCISE 15.3
1. Draw the graphs for the following tables of values, with suitable scales on the axes.

(a) Costof apples

(Nmnher of apples [ 1 2 3 4 5 ]

Lc:m (in 7) 5 10 15 20 | 2 J
(b) Distance travelled by acar

( Time (in hours) Gam. | Tam. % am. 9am, ]

Lﬂistaﬂm {(in km) 40 80 120 160 J
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(i) How much distance did the car cover during the period 7.30 a.m. to 8 a.m?

(i} What was the ome when the car had covered a distance of 100 km since
it's start?

(¢) Interest on deposits for a year.

(Dep-usil (in ¥) 1000 2000 3000 4000 Sﬂﬂﬂw

LSImple Interest (in ¥) | 80 160 240 320 400 J

{1} Does the graph pass through the origin?
(@) Use the graph to find the interest on ¥ 2300 for a year.
(i) To getan interest of T 280 per vear, how much money should be deposited?
2. Draw a graph for the following.

) ( Side of square (in em) | 2 3 35 5 6 w

LPEL'im{:ter (in em) 8 12 14 20 24 J
Isitalincar graph?

(i) | Side of square (in ¢m) 2 3 4 5 6 w

Lm-ea (in em?) 4 9 16 | 25 | 36 J
Isitalinear graph?

— WHAT HAVE WE DISCUSSED? _

1. Graphical presentation of data is easier to understand.

2. (i) A bar graphisuscd to show comparison among categories.
(ii) A pie graph is used to compare parts of a whole.
(i) A Histogram is a bar graph that shows data in intervals.
3. Aline graph displays data that changes continuously over periods of time.
4. Aline graph which is a whole unbroken line is called a linear graph.
5. For fixing a point on the graph sheet we need, x-coordinate and y-coordinate.
6. The relation between dependent variable and independent variable is shown through a graph.




] CHAPTER

7 Playing with
= Numbers

IASICH IS

16.1 Introduction

You have studied various types of numbers such as natural numbers, whole numbers,
integers and rational mumbers. You have also studied a number of interesting properties
about them. In Class VI, we explored finding tactors and multiples and the relationships
among them.
In this chapter, we will explore mumbers in more detail. These ideas help in justifying
testg of divisibility.
16.2 Numbers in General Form
Let us take the number 52 and write it as
52=50+2=10x5+2
Similarly, the number 37 can be written as
I7=10%x3+7
Inn general, any two digit number ab made of digits a and b can be writlen as

ab=10xa+b=10a+b (. Hereabdoesnor
., ]
What about ba’? ba=10xb+a=10b+a E T4 «
LS -, e

Let us now take number 351. This is a three digit number. It can also be written as
351=300+50+1=100x3+10x5+1x1

Similarty 497 =100% 4+ 10x9+ 1 %7

In general, a 3-digit number abc made up of digits a, b and ¢ is written as
abe=100xa+10xb+1xc

=100a+ 10b +¢
In the same way,
cab=10c+ 10a + b
bea= 10086+ 10¢ +a and so on.
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1. Write the following numbers in generalised form.
i 25 (i) 73 (i) 129 (iv) 302
2. Write the following in the usual form.
i 10x5+6 i) 100x7+10x1+8 (1) 100 xa+ 10xc+b

16.3 Games with Numbers

(i) Reversing the digits — two digit number

Minakshi asks Sundaram to think of a 2-digit number, and then to do whatever she asks
him to do. to that number. Their conversation is shown in the following figure. Study the
figure carefully before reading on.

Conversations beiween Minakshi and Sundaram: First Round ...

Alright
[Chooses 49]

Reverse the digits
to get a new number,

Um..., OK.

the number (Gets 143)

yon started
with

Mow divide
the answer

Y& ym;! are
ht. But
how did you
know?

Ii so happens that Sundaram chose the number 49. So, he got the reversed number
94: then he added these two numbers and got 49 + 94 = 143. Finally he divided this
number by 11 and got 143 + 11 = 13, with no remainder. This 15 just what Minakshi
had predicted.
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Check what the result would have been if Sundaram had chosen the numbers shown
below.
1. 27 2. 39 3. 64 4. 17

Now, let us see if we can explain Minakshi’s “trick”™.

Suppose Sundaram chooses the number ab, which is a short form for the 2-digit
number 10a + &. On reversing the digits, he gets the number ba = 10b + a. When he adds
the two numbers he gets:

(10a+b}+ (106 +a)=1la+ 11b
=11 {a +b).
So, the sum is always a multiple of 11, just as Minakshi had claimed.

Observe here that if we divide the sum by 11, the quotient is @ + b, which is exactly the
sum of the digiis of chosen number ab.

You may check the same by Laking any other two digit number.

The game between Minakshi and Sundaram continues!

Minakshi: Think of another 2-digit number, but don’t tell me what it is.

Sundaram: Alright.

Minakshi: Now reverse the digus of the number, and subtract the smaller number from
the larger one.

Sundaram: Thave done the subiraction. What next?

Minakshi: Now divide your answer by 9. I elaim that there will be no remainder!
Sundaram:  Yes, you are right. There is indeed no remainder! Bur this time I think T know
how you are so sure of this!

In fact, Sundaram had thought of 29. So his calculations were: first he got
the number 92; then he got 92 — 29 = 63; and finally he did (63 + 9) and got 7 as
quotient, with no remainder.

Check what the result would have been if Sundaram had chosen the numbers shown

below.

i G A | 3. 96 4, 37
Letus see how Sumdaram explains Minakshi's second “irick”. (Now he feels confident
of doing so!)

Suppose he chooses the 2-digit number ab = |0a+ b. After reversing the digits, he
gets the number ba = 105 + a. Now Minakshi tells him to do a subtraction, the
smaller number from the larger one.
® [fthe tens digit is larger than the ones digit (that is, a > b), he does:
(10a+b)—~(10b+a)=10a+ b - 10b-a
=92 -9 =9(a- b).
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o If the ones digit is larger than the tens digit (that is, & > a), he does:
(10b + a) — (10a + b) = 9(b — a).
®  And, of course, ifa=D5, he gets 0.

In each case, the resulting number is divisible by 9. So. the remainder is (). Observe
here that if we divide the resulting number (obtained by subtraction). the quotient is
d—borb—aaccording as a > bor a< b, Youmay check the same by iaking any
other two digit numbers.

(i) Reversing the digits — three digit number.
Now it is Sundaram’s turn to play some tricks!
Sondaram: Think of a 3-digit number, but don’t tell me what it is.
Minakshi: Alnght
Sundaram: Now make a new number by putting the digits in reverse order, and subtract
the smaller number from the larger one.

Minakshi:  Alright, [ have done the subtraction. What next?
Sondlaram: Divide your answer by 99, I am sure that there will be no remainder!
In fact, Minakshi chose the 3-digt number 349, So she got:
o Reversed number: 943: o Difference: 843 — 349 =594:
¢ Division: 594 + 99 =6, with no remainder.

TRY THESE

Check what the result would have been if Minakshi had chosen the norabers shown
below. In each case keep a record of the quotient obtained at the end.

1. 132 2. 469 3. 737 4. 501

8 Letus see how this trick works.
Let the 3-digit number chosen by Minakshi be abe = 100a + 105+ c.
Afier reversing the order of the digits, she gets the number cba = 100c + 105 + a. On
subtraction:
® [fa> ¢, then the difference between the numbers is
(100a+ 106 + )= (100c + 105 +a)=100a + 10b + ¢ — 100c - 10b - a
=99¢ — 99¢ = 99(a — ¢).
® If ¢ > q, then the difference between the numbers is
(100c + 105 + a) — (100a + 10b + ¢) = 99¢ — 99a = 9%(c — a).
e  And, of course, if a = ¢, the difference is 0.

In each case, the resulting number is divisible by 99, So the remainder is (). Observe
that quotient is @ — ¢ or ¢ — ¢.. You may check the same by taking other 3-digit numbers.

1) Forming three-digit numbers with given three-digits.
Now it is Minakshi’s turn once more.
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Minakshi: Think of any 3-digit number.
Sundaram: Alright, [ have done so.
Minakshi: Now use this number to form two more 3-digit numbers. like this: if the
number you chose 18 abe, then
® ‘the first number is cab (i.e., with the ones digit shifted o the “left end” of
the nomber);
® the other number is bca (i.c., with the hundreds digit shifted to the “right
end” of the number).
Now add them up. Divide the resulting number by 37. T claim that there will
be no remainder.
Sundaram: Yes. You are right!
In fact, Sundaram had thought of the 3-digit number 237. Afier doing what Minakshi had
asked, he got the numbers 723 and 372. So he did:

237
% ToE Form all possible 3-digit numbers using all the digits 2. 3 and
T and find their sum. Check whether the sum 15 divisible by
4 FTD 371 Iz itvue for the sum of all the nombers formed by the
digits o, b and ¢ of the number abc?
1352

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 mumbers
shown below.

1. 417 2. 632 3. 117 4, 937
Will thig ek always work?
Let us sec. abc=100a + 10b +¢

cab=100c + 10a + b
bea= 1006+ 10c + a
abe +cab +bea=111(a+ b+ ¢)
=37 x 3(a+ b+ c), which is divisible by 37

16.4 Letters for Digits

Here we have puzzles in which letters take the place of digits in an arithmetic "sum’, and
the problem is 1o find out which letter represents which digit; soitis hike cracking a code.
Here we stick to problems of addition and multiplication.
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Here are two rules we follow while doing such puzzles.
l. Each letter in the puzzle must stand for just one digit. Each digit must be
represented by just one letter:
2. The first digit of a mumber cannot be zero. Thus, we write the number “sixty
three™ as 63, and not as 063, or 0063,
A rule that we would [ike to follow is that the puzzle must have just one answer.
Example 1: Find Q in the additon.
3
il

1
Q
0

— | s WD

5

Solution:

There is just one letter Q whose value we have to find.
Study the addition in the ones column: from Q + 3, we get *1°, that is, anumber whose

ones digitis 1.
For this to happen, the digit Q should be 8. So the puzzle can be solved as shown below.
318
+ 183
501
Thatis, Q=28
Example 2: Find A and B in the addition.
A
+ A
I
B A

Solution: This has fwo letters A and B whose values are to be found.
Study the addition in the ones column: the sum of three A’s is a number whose ones digit
15 A. Therefore, the sum of twe A’s must be a number whose ones digit is ().
This happens only for A=0and A=3.
it A =0, then the sum is 0 + 0+ 0 =0, which makes B =0 too, We do not want this
(as it makes A =B, and then the tens digit of BA too becomes 0), so we reject this
possibility. So, A =35.
Therefore, the puzzle is solved as shown below.
5
+

5
5
Thatis, A=5and B=1. 1 5
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Example 3: Find the digits A and B.
B A

» B 3

5 7TA

Solution:
This also has iwo letiers A and B whose values are (o be found.
Since the ones digitof 3 x Ais A, itmustbe that A=0o0r A=35.

Now look at B. If B=1, then BA x B3 would at most be equal to 19 x 19; that is,
it would at most be equal to 361. But the product here is 57A. which is more than 500, So
we cannothave B = 1.

IfB =3, then BA % B3 would be more than 30 % 30: thatis, more than 900, But 57A
is less than 600. So, B can not be equal to 3.
Putting these two facts together, we see that B = 2 only. So the multiplication is either
20x 23, or 25 x23.

The first possibility fails, since 20 x 23 = 460. But, the

2
second one works out correctly, since 25 x 23 =573, 2
7

L | L Lm

o
Sothe answeris A=5.B=2. 5

Write a 2-digit number ab and the number obtained by reversing its digits i.e., ba. Fing
their sum. Let the sum be a 3-digit number dad

ie., b + ba = dad
(10a + b) + (10b + a) = dad
11(a+ b)=dad
The sum a + b can not exceed 18 (Why7).
Is dad a multiple of 117
Is dad less than 1987
Write all the 3-digit numbers which are multiples of 11 upto 198.
Find the values of aand d.

H EXERCISE 16.1

Find the values of the letters in each of the following and gmve reasons for the steps involved.

1. 3 A 2 4 A 3. f A
+ 2.3 D X A
B 2 C B3 2 A
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4. A B 5. A 6 B
+ 3 7 ® 3 ¥ 5
6 A CA B CA B
7 A B 8. A 1 9 2 4B
¥ 6 + 1 B +A B 1
BB B B 0 B 1%
10. | 2 A
+6 A B
A O 9

16.5 Tests of Divisibility
In Class V1, you learnt how to check divisibility by the following divisors.
10,5,2,3,6,4, 8,9, L1.

You would have found the tests easy to do, but you may have wondered at the same
time why they work. Now, in this chapter. we shall go into the “why” aspect of the above.
16.5.1 Divisibility by 10
This is certainly the easiest test of all! We first look at some multiples of 10.

10, 20, 30, 40, 50, 60, ...,
and then at some non-multiples of 10.
13, 27, 32, 48, 535, A9,

From these lists we see that if the ones digit of a number 1s (), then the numberis a
multiple of 10: and if the ones digit is not (), then the number is noy a multiple of 10, So, we
get atest of divisibility by 10.

Of course, we nust not stop with just stating the test; we must also explain why it
“works™. That is not hard to do; we only need to remember the rules of place value.
Take the number. ... cha; this is a short form for

e+ 100+ 100+ a

Here a 13 the one’s digit, b is the ten's digii. ¢ 1s the hundred’s digit, and so on. The
dots are there to say that there may be more digits to the lefi of ¢.

Since 10, 100, ... ave divisible by 10, so are 10b, 100c, ... . And as for the number a
is concerned, it must be a divisible by 10if the given number is divisible by 10. This is
possible only when a = 0.

Hence, a nunber is divisible by 10 when its one’s digitis 0.
16.5.2 Divisibility by 5
Look at the multiples of 5.

5. 10, 15, 20, 25, 30, 35, 40, 45, 50,
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We see thai the ones digis are alternately 5 and 0, and no other digit ever
appears in this list.
So. we get our test of divisibility by 5.
If the ones digit of a number is O or 3, then it is divisible by 5.
Let us explain this nile. Any number ... chba can be written as:
e + 100 + 105 +a

Since 10, 100 are divisible by 10 so are 105, 100c, ... which in turn, are divisible
by 5 because 10 =2 x 5. As far as number a is concerned it must be divisible by 5 if the
number iz divisible by 5. So a has to be either Q or 5.

TRY THESE

(The first one has been done for you.)

1. Ifthe division N =+ 5 leaves a remainder of 3, what might be the ones digit of N7
(The one’s digit, when divided by 5, must leave aremainder of 3. So the one’s digit
must be either 3 or 8.)

2. IHthe division N = 5 leaves aremainder of 1, what might be the one’s digit of N?

3. Ifthe division N + 5 leaves a remainder of 4, what might be the one’s digit of N7

16.5.3 Divisibility by 2
Here are the even numbers.
2,4,6,8, 10, 12, 14, 16, 18, 20, 22, ...,
and here are the odd numbers,
] B S S0 T B i O B R S L o 3 P

We see that a natural number is even if its one’s digit is

2,4,6,80r0
A number 15 odd if its one’s digit 1s

1,3,5,7Toc9
Recall the test of divisibility by 2 learni in Class V1. which is as follows.
If the one’s digit of a nurnberis 0, 2, 4, 6 or § then the nurnber i divisible by 2.
The explanation for this is as follows.
Any number cha can be written as 100c + 106+ a

First two terms namely 100¢, 10b are divisible by 2 because 100 and 10 are divisible
by 2. So far as a is concerned, it must be divisible by 2 if the given number is divisible by
2. This is posaible only when =0, 2,4, 6 or 8.

TRY THESE

(The first one has been done for you. )

1. Ithe division N +2 leaves a remainder of 1, what might be the one’s digit of N7
{N is odd; so its one’s digit is odd. Therefore, the one’s digitmustbe 1, 3,5. 7 ar9))
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2. Ifthe division N + 2 leaves no remainder (i.e., zero remainder), what might be the
one's digitof N7

3. Suppose that the division N + 5 leaves a remainder of 4, and the division N + 2
leaves a remainder of 1. What must be the one’s digit of N7

16.5.4 Divisibility by 9 and 3

Look carefully at the three tests of divisibility found till now, for checking division by
10, 5 and 2. We see something common to them: they use only the one’s digit of the
given number; they do not bother about the ‘rest’ of the digits. Thus, divisibility
i decided just by the one s digit. 10, 5, 2 are divisors of 10, which is the key
number in our place value.

But for checking divisibility by 9, this will not work. Let us take some number say 3573.
Tts expanded form is: 3x 1000+ 5% 100+ 7 x 10+ 3
Thisisequalto 3 x (999 + ) +5x (99 + 1)+ Tx {9+ 1) +3

=3 x990 +5xW+Tx9+(3+5+7+3) -~
We see that the number 3573 will be divisible by Qor 31 (3 + 5+ 7 +3) is divisible
by 9 or 3.
We see that 3 + 5+ 7+ 3 =18 is divisible by 9 and also by 3. Therefore, the number
3573 iz divisible by both 9 and 3.
Now, let us consider the number 3576. As above, we pet
3576=3x999 + 50 + T 9+ (3+5+T+06) e .4

Since (34 5+ 7+6)1.e., 21 is not divisible by 9 but is divisible by 3,
therefore 3576 i3 not divisible by 9. However 3576 is divisible by 3. Hence,
(i) AnumberN is divisible by 9 if the sum of its digits is divisible by 9. Otherwise itis
not divisible by 9.
(i) A numberN is divisible by 3 if the sum of its digits is divisible by 3. Otherviise itis
not divisible by 3.
I the number is “cba’, then, 100c + 106+ a=9c+ 9 + (a+ b+ )
= Yllc+b) +la+b+rc)
L
divisible by 3 and 9
Hence, divisibility by 9 (or 3} is possible if @ + b + ¢ 15 divisible by 9 (or 3).
Example 4: Check the divisibility of 21436587 by 9.

Solution: The sum of the digits of 21436587 is2+1+4+3+6+35+8+7=36.
This number is divisible by 9 (for 36+ 9=4), We conclude that 21436587 is divisible by 9.

We can double-check:;

21436587

9 = 2381843 (the division 18 exact).
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Example 5: Check the divisibility of 152875 by 9.

Solution: The sum of the digits of 152875181+ 5+ 2+ 8 + 7+ 5=28. This number
is not divisible by 9. We conclude that 152875 is not divisible by 9.

Check the divisibility of the following numbers by 9.
1. 108 2. 616 3. 294 4. 432 3. 927

Example 6: If the three digit number 24x is divisible by 9, what is the value of x7

Solution: Since 24x is divisible by 9, sum of ir’s digits, i.e., 2 + 4 + x should be
divigible by 9, i.e., 6+ x should be divisible by 9.

This is possible when 6 +x=9or 18, ....
But, since x i3 a digit, therefore, 6+ x=9,ie.x=3.

. THINK, DISCUSS AND WRITE N

1. You have seen that a number 450 is divisible by 10. It is also divisible by 2and 5
which are factors of 10, Similarly, a number 135 is divisible 9. Itis also divisible
by 3 which is a factor of 9.
Can you say that if a number is divisible by any number #z, then it will also be
divisible by each of the factors of m?

2. (i) Write a 3-digit number abc as 100a+ 106+ ¢
=Wa+ 1lb+{a-b+¢)
=11{9a+b)+{a—b+c)
If the nuraber abe is divisible by 11, then what can you say about
(@-b+¢)?
Is it necessary that (a + ¢ — b) should be divisible by 117
(i) Write a 4-digit number abed as 1000a + 1008 + 10c +d

={100la+99% + llc)—(a-b+c—d)
=119la+9b+c)+ [(b+d) —(a+c)]
It the number abed is divisible by 1 1, then what can you say about
[(b+dy—(a+c)]?
(1) From(i)and (i) above, can you say that a number will be divisible by 11 if
the difference between the sum of digits at its odd places and that of digits at
the even placesis divisible by 11?

Example 7: Check the divisibility of 2146587 by 3.

Solution: The sum of the digits of 2146587182+ 1+ 4 +6 + 5 + 8 + 7=133. This
number is divisible by 3 (for 33 + 3 = 11). We conclude that 2146387 is divisible by 3.
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Example 8: Check the divisibility of 15287 by 3.

Solution: The sum of the digits of 15287 is 1 + 5+ 2+ 8+ 7 =23. This number is not
divisible by 3. We conclude that 15287 oo 18 not divisible by 3.

Check the divisibility of the following numbers by 3.
1. 108 2. 616 3. 294 4. 432 5. 927

B EXERCISE 16.2

1. H21y5isamultiple of 9, where yis a digit, what is the value of y?
2. If31z5is amultiple of 9, where z is a digit, what is the value of z?

You will find that there are two answers for the last problem. Why is this so?
3. I 24xis amultiple of 3. where x 1s a digit, what is the value of x/

(Since 24.r is a multiple of 3, its sum of digits 6 + x is a multiple of 3; 80 6 + xis one
of these nurnbers: 0, 3,6, 9, 12, 15, 18, ..., But since x is a digit, it can only be that
64+x=60rYorl2or 15 Therefore, x =00r3 or 6 or9. Thus, x can have any of
four different values,)

4, II31z5is amaluple of 3, where 2 is a digit. what might be the values of 27

— WHAT HAVE WE DISCUSSED? _

Numbers can be written in general form. Thus, a two digit number ab will be writien as
ah = 10a + b

2. The general form of numbers are helpful in solving puzzles or nimber games.

3. The reasons for the divisibility of numbers by 10, 5, 2, 9 or 3 can be given when numbers are
written in general form.
' oy




I ANSWERS A
B EXFERCISE 1.1

y 5 .

A I S 19

. () 3 (1) p (i) 5 (iv) 9 (vl 6

4 -1 e =18 s s an 22 = 5 i
O 3 @ T ) W 1 ™ 5 o) -

5. () listhemultphicativeidentity (i) Commutativity (1i1) Multiplicative inverse
—06

6. o1 7. Associativity 8. No, because the productis not 1.

| 3 10
Bs = il
9. Yes, because 0.3 x 3 =10 3

10, @ O @ land(-1) (@m) 0O

i |
1. @ No @@ 1,-1 fiii)? (iv) x (v) Rational number (vi) positive

B X FRCISE 1.2
1 -1
1. @ —+H+++—+—+—+0> 5 it
9 0 1 23 45 6 7 Sy % o o ey
4 4 4 4 4 4 4 6 6 6 6 & &
-1
2, ——————————
“1-10-% -8 -7-6-5-4-3 -2 -1 0
1111 o1 o111 o111
3. Some of these are 1. l,ﬂ'. -1, l]-
o 2
4._—?H—6H—5:1_—3_—2h—] LiTtl an be h rational numbe
Zﬂ'EG'ZD'Eﬂ'EU'ZG'ZG'""'213‘2{1{ ere can be many more such rational n s
s o Aesadss 8712 o 9 101 1213
» 0 60" 607607607 60 ) 6§ 66 6 () 327327327327 32
(There can be many more such rational numbers)
3 =1 1
6. —E,—L?,ﬂ',i (There can be many more such rational nurmbers)
7 97 98 99 100 101 102 103 104 105 106

160" 16071607 1607 1607160 160 160" 160" 160
(There can be many more such rational numbers)
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B EXERCISE 2.1
1. x=9 2 y=7 3. z=4 4 x=2 5 x=2 6. 1=50
i 8. y=24 9 =2 10 &2 11. p= 2 12. x= -
. k= . ¥y=2 L X= - ¥=3 » P=-73 P A=
B EXERCISE 2.2
3
1. 1 2. length=52m, breadth=25m 3. lécm 4. 40and 55
5. 45,27 6. 16,17,18 7. 28R, 296 and 304 8 7,89
9. Rahul’s age: 20 years: Haroon's age: 28 years 10, 48 students
11. Baichung’s age: 17 years; Baichung's father’s age: 46 years;
I
Baichung’s grandfather’s age =72 years 12, 5years 13 )

14. T 100 — 2000 notes; T 50 — 3000 notes; T 10 — 5000 notes
15. Number of ¥ 1 coins = §0; Number of T 2 coins = 60; Number of 5 coing = 20) in. 19

B EXERCISE 2.3

3
1. =18 2 t=<1 L ox==-2 4. z=3 8 =3 6. x=0
7 4
7. x=40 8. x=10 9, ¥=z 10. m=
B . XERCISE 2.4
1. 4 2. 7,35 3. 36 4. 26(or62)
5. 5Shobo’s age: 5 years; Shobo’s mother’s age: 30 years
6. Length=275m;breadth= 100 m 7. 200m 8. 72
9. Grand daughter’s age: 6 years; Grandfather’s age: 60 years
10. Aman’s age: 60 vears; Aman's son’s age: 20 years
. - XERCISE 2.5
27
1 I=E 2. n=36 3 x=-5 4 2=8 8 I=2
7 7
6. m=¢ 7. t=-2 8 y=3 9. z=2 10. f=0.6
B EXERCISE 2.6
L xm= 2 ams 3. z=12 4. y=-8 5 e
! BT C AT i > I=ETS
13

6. Hari's age =20 years; Harry's age = 28 years 7 Pl o
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B EXERCISE 3.1
1. (@) (), i), (v), (vi), (vil) (b)) (i), (D), (v). (vi), (vil) () (@), (i), (d)2 (@) 1
2. (@ 2 {b) 9 {cy O 3. 3607 yes.
4. (a) 900° (b) 1080° (c) 1440° d) (n—2)180°
5. Apolygon with equal sides and equal angles.
(i) Eguilateral griangle (i) Square (i) Regular hexagon
6. (a) 60° (b 140° (c) 140° dy 108°
7. (@ x+y+z=360° (b) x+y+z+4w=360°
B X FERCISE 3.2
1. (@) 360°-250°=110° by 360°-310°=50°
.. 360° R 1 L 360 . :
2 Q) 9 =407 (ii) 15 =24" 3. H = 15 (sides} 4. Number of sides= 24

5. () No:(Since 22 is nota divisor of 360)
() No:(because each exterior angle is 180" — 22" = I587, which is not a divisor of 3607).
6. (a) Theequilateral triangle being a regular polygon of 3 sides has the least measure of an interior

angle= 060"
(b} By (a), we can see that the greatest exterior angle is 120°,
B EXTERCISE 3.3
1. () BC(Opposite sides are equal) (i) .~ DAB (Opposite angles are equal)

(i) OA (Diagonals bisect each other) (iv) 1807 (Interior opposite angles, since AB I DC)
2. () x=80°%y=100%z=80" (i) x=130%y=130"7=130°
(i) x=90° y=60% z=60" (@)x=100% y=80° z=80° (v) y=112°x=28°z=28"
3. @ Canbe,butneed not be.
@) No: (in a parallelogram, opposite sides are equal; but here, AD #BC).
(iiiy No; (in a parallelogram, opposite angles are equal; but here, £A = 2C).
4. Akite, for example 5. 108%,72% 6. Eachisarightangle.
7. x=110% y=40°% z=30" 8. (x=6; y=9 (i) x=3; y=13; 9. x=50

10. NM || KL (sum of interior opposite angles is 180°). So, KLMN is a trapezium.
11. 607 12, £P=50° L8 =90°

B X ERCISE 3.4

1. (b), (), {f). (g). (h) are true; others are false.
2. (a) Rhombus; square. (b) Square:rectangle
3. (@ Asquareis4—sided; soitis a quadrnilateral.
(i) A square has its opposite sides parallel; so itis a parallelogram.
(iii) A square is a parallelogram with all the 4 sides equal; so it is a rhombus.
(iv) A square is a parallelogram with each angle a right angle; so itis arectangle.
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4. (i) Parallelogram;rhombus; square; rectangle. (ii) Rhombus; square

5. Bothofits diagonals lie in its interior.
6. AD| BC; AB Ilﬁ .80, in parallelogram ABCD, the mid-point of diagonal AC isO.

B EXERCISES.1

1. (b), (d). In all these cases data can be divided 1o class intervals.

2.

4. (@) 830-840

5. () 4-5hours

(iii)

@)

rﬂhnpper Tally marks Number
W ML TN MY PN PN T 28
M M PR T 15
B M 5
G ML P T 12
L iy
rIIIIEH’M Tally marks Freguency )
800 - 810 (11 3
810 - 820 ' 2
820 - 830 | I
830 - 840 M LT 9
840 - 850 M 5
850 - 360 | 1
860 - 870 11 3
870 - 880 I I
880 - 890 | l
890 - 900 111 4
L Total 30 J
@) 10 o
20 £s
5
i) 34 ! B
14 Z1

B EXERCISE 5.2

1.

W

200 (@) Lightomusic (@) Classical - 100, Semi classical - 200, Light - 400, Folk - 300

(iii) Square; rectangle

1

. |

SO QP P P P P g0 P P P
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2. (1) Winter (i) Winter- 1507, Rainy - 120°. Summer - 90° (i)

Bangla

1. (a) Outcomes - A.B,C,D
(b) HT,HH, TH, TT (Here HT means Head on first coin and Tail on the second coin and so on),
2. Outcomes of an eventof getting

{0 (a) 2,3.5 (b} 1.4.6 (i) (a) 6 (b) 1,2,3,4.5
SN O B D B R |
e {ﬂ‘} 5 {b} 13 {C) '-I'r ' I;n lﬂ {."'} 2 5 {IV) 1['
3 4
5. Probability of getting a green sector = 5 probability of getting a non-blue secior = 5

| 1
6. Probability of getiing a prime number = 70 probability of geriing a number which is not prime = 5

Probability of getting a number greater than 5 =
Probability of genting a mumber not greater than 5=

B EXERCISE 6.1

1. @ 1 i) 4 i) 1 (i) 9 ) 6 (vi) 9
(vil) 4 (viii) 0 (ix) 6 (x) 5
2. Thess numbers end with
M 7 G 3 (iii) & (iv) 2 v) 0 (v 2 (vi) O (vii) 0
3. (1), (i) 4. 10000200001, 100000020000001
5. 1020304030201, 1010101012 6.20,6,42. 43 T7.() 25 Gi) 100 Gid) 144
8. ) 143+5+7+9+11+13 (i1 +3+5+7+9+11+134+15+17+19+21
9. iy 24 iy 50 () 198
B FXERCISE 6.2
1. @ 1024 @@ 1225 (my 7396 (ivi 8649 (v) 5041 (vi) 2116
2. (i) 6810 @ 144850 (m) 16,6365 (v) 18,80,82
B EXERCISE6.3

L @ L9 @@ 4.6 i) 1.9 (v) 5 2.40).GD.Gi))  3.10, 13
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4, O 27 iy 20 iy 42 vl 64 {v) 88 {vi) O8
(vii) 77 (vil} 96 ) 23 (x) 90

5. @ 742 () 5:30 (i 7, 84 vy 3;78 (v) 2;54 (vi) 3:48

6, (O 7:6 G 13;15 iy 11;6 (vi) 5:23 (vi 7:20 (i) 5:18

7. 49 8. 45 rows; 45 plants in each row 9, 900 10. 3600

. - RCISE 6.4

1. () 48 (i) 67 (i) 59 {ivi 23 (vi 57 (viy 37
(vii) T6  (wii)) 39 () 24 x) 32 (xi) 56 (xiy 30

2. @ 1 i 2 (i) 2 fivi 3 (vi 3

3.0 16 @ 27 iy 7.2 (ivl 6.5 (vi 5.6

4. 0 2;20 (i) 53;44 (@) 1:57 (ivi 41;2R (vl 31:63

5 M 423 (W 14;42 () 416 (iv) 24:43 (v) 149; 81

6. Z21m 7.(@) 10em (B 12c¢m 8. 24 plants 9. 16 children

. =X RCISE 7.1

1. (i) and (jv) 2. M 3 ) 2 @ 3 v 5 (v 10

3. @) 3 @ 2 Gi) 5 Gv) 3 W) 4.20 cuboids

. EXERCISE 7.2

1. @ 4 () 8 @@ 22 (@) 30 (v) 25 (vi) 24 (vii) 48(vii) 36 (@x) 56
2. (i) False (i) Troe (i) False (iv) False (v) False (vi) False (vii) True 3.11.17,23,32

B - X FRCISE 8.1

2
1 (@ 1:2 (b 1:2000 {(c) 1:10 2. (a) 75%b) 66'1'% 3. 28% students
4. 23 matches 5. F2400 6.10%. cricket —» 30 lakh; football 15 lakh; other games — 5 lakh

B - X RCISE 8.2

1. T1,40,000 2. B0% 3. FI480 4. T 18,342.50 5. Gainof 2%
6. 72835 7. Lossof¥126084 8 714560 9. 2000 10. T 5,000
B - XFRCISE 8.3

1. (a) Amount=7%15.377.34; Compound interest =¥ 4,577.34
b} Amount =% 22,869; Interest =3 4869 {¢) Amount=7%70,304, Interest=3 7,804
(dy Amount =% 8,736.20, Interest =% 736.20
() Amount=% 10,816, Interest=7 816

2. T 36.659.70 3. Fabina pays ¥ 362.50 more 4. T4320

5. (ii) T63.600 (i) T67416 6. (i) T92.400 (i) 292610
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7. @ T8820 (i)T441 8. Amount=% 11,576.25, Interest=% 1,576.25 Yes.
9. 4913 10, (i) About 48,980 (1i)59,535 11. 5,31.616 (approx) 12. 38,640

B X ERCISE 9.1 4 ) 3 2 o
e " = =
1. Term Coefficient Pq :
qr 1
Eﬂ 51?31 5 —rp =1
—3zy -3
) - 2
(i) 1 | \ 2 2
X 1 ¥ 1
x® 1 2 2
—xy =f
(iif) 4x%y? 4
= 4x3}1122 — 4 {'ﬂ} 0.3a 0.3
L z ) — 0.6ab 0.6
2. Monomisls: 1000, pgr L S 93

Binomials: x +y, 2v— 3% 4z - 1523, plg + pg’. 2p + 29
Trinomials:7 + v + 5x, 2y — 3v* + 4", Sx — 4y + 3xy
Polynomials that do not fitin these categories: x+ ¥ +x +x*. ab+ bc + cd + da

3 ()0 (i) ab+bctac (i) -pP¢g+4Apg+9 (iv) 2P +m*+n*+ Im+mn+nl)
4. (a) S8a—2ab+26—15 (b)2xy—Tyz+5zc+ 10z  (c) pPg—Tpag” + 8pg — 18Bg + 5p + 28
B EXERCISE 9

1. ) 28y (W -28p? (i) —28p*q (v} -12p* (v) 0
2. pg: 50 mn; 100 2% 12273 12mn’p

3

.~ : : ™

First monomial — 2x —Sy 332 —4xy Txty | Oxy?

Second monormial 4
2% 4x? —10xy 6x° —8xty | 14x%y |=18xy2
Sy —10xv | 25y | —15x% | 2057 | —35x%2 | 45357
3l 627 |-158y | 9% | -122% | 2L% 27447
— dxy -8x%y | 20xy* | —12x°%y | 16x%* | —28x v | 36xy°
Tx*y l4xty  |=35x%° | 21xfy | =28 | 492 |- 63xY°
—Oxy? —18x%2 | 45xh7 | 27x%*| 36a%? |- 63xY| BlaYy?

L -

4. () 10547 (@) 64pgr () daty? (iv) 6abe

5.0 2P M -4 (i) 10248 (iv) 36a*bic® (V) - mrip
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B FXERCISE 9.3

1. ) dpg+dpr (i) a*b—ab? @) 74P+ Ta?ht (V) 4a°—36a (v) O
2. @ ab+ac+ad @) Sy + Sx?—25%y (i) 6p°—Tp*+5p (Wdp'? — 4pig

(v} a*bc+abic+ gbcﬂ
3. () 8a® (i) ——x%y i) - 4pigt (iv) x'

5
-3
4, (a) 12°-15x+73; i 66 (ii) N
b) d+ai+a+5; M 5 i) 8 (i) 4
5. (@ pPP+g+r-pg—gr-pr (b) — 2% =29 —dxy + 2yz + 2ox
(€ SP+25n (@ - 3a* — 26 +4c* — ab + 6bc — Tac
B FXERCISE 9.4
1. @ 8xl+14x—15 (i) 3y2—28y+32 (i) 6.25F —0.25m?
(V) ax+5a+3bx+ 156 (V) 6pig*+ 5pg’ - 64° (vi) 3+ 10tk — 8b*
2 0 15-x-24 i)y 7xf+ 48xy - TH? (i) a®+ a*h?+ab+ b
(v) 2p+p'q-2pg*- g
3 (@ FX+52-5x i) b’ + 3%+ 555+ 20 {1y P —sr+ -5
(iv) dac (V) 3xt+dxy—3* (vij x+4°
(i) 2.25%%— 16y (i) @®+ b — c*+ 2ab
B EXERCISE 9.5

1. () #+6x+9 (i) 4+ 20y + 25 (i) 4da®-28a+49

(v L2lm*-0.16 M) b -d (vi) 36a%—49
¥ 3y, 9 _
@) T+ () 496 - 126ab + 812
2, @ 2+ 10x+21 (i 16x*+ 24x+5 (i)
() 162+ 16x—5 (V) 4o + 162y + 1552 (vi)
(vii) #yrzt—6xyz+8
3. () bi—14b+49 @) xy*+ 6xyz + 92 (i)
4 9
(iv) 9 m* + 2 + er”“ (v) 0.16p% + 0.04pg + 0.254° (vi)
4 () a-2a0+b (i) 40x (i) 98m* + 128n*
(iv) 41m®+ 80mn + 41n*  (v) dp*—dg*  (vi) a*h* + bt (vil)
6. (1) 5041 (iiy 9801 (i) 10404 (iv)
V) 27.04 (v) 89991  (vii) 6396 (vi)
7. @ 200 @) 0.08 (@) 1800 V)
8. @ 10712 () 26.52 @) 10094 @)

. EXERCISE 10.1

1
(vl 9a*—3a+ y

(vili) & —2ac + ¢

1622 —24x + 5
da* + 28a* + 45

362 — 60x3y + 25y

4y + 20my? + 25)°

Bt + nim?

996004

7921  (ix) 9.975
84

95.06

1. (a—=ai—=0v) (b=l—=0{ (@={v)—=) (d—=(v)—=3{n) (e) = (i) =)
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2. (a)} (i) —Front, (ii) — Side, (iii) — Top (b} (1) — Side. (ii) — Front, (iii) — Top
(c) (i) — Front, (i} — Side, (iii) — Top (d) (1} — Front, (it) — Side, (iii} — Top
3. (a) (i) — Top, (ii) — Front, (iii) — Side (b} (i) — Side. (i1) — Front, (iii) — Top
(c) (i) — Top, (i1) — Side, (ii1) — Front (d) (i})— Side, (i1) — Front, (iii) — Top
(e) (i) — Front, (ii) — Top, (iii) — Side
B EXERCISE 10.3

1. (i) No (ii) Yes (iii) Yes 2. Possible, only if the number of faces are greater than or equal to 4
3. only (i) and (iv)
4. (i) A prismbecomes acylinder as the number of sides of its base becomes larger and larger.
(i) A pyramid becomes a cone as the number of sides of itz base becomes larger and larger.
5. No. Tt can be a cuboid also 7.Faces — 8, Vertices — 6, Edges — 30 8. No

B EXERCISE 11.1
1. (@ 2. 17875 3. Area=129.5m%Perimeter=48m 4. 45000tles 5. (b)

B EXERCISE 11.2

1. 0.88m? 2. Tem 3. 660m? 4, 252 m?
5. 45em? 6. 24em? 6em 7. TRID 8. 140m

1. 15 ;
9. 119m’ 10. AreausingJyoti's way=2X— X — X (30 +15) m* =337 5m’,

Area using Kavita's way = % x15x15+15%15=337.5m’
11. 80cm? 96 cm? 80 cm?, 96 cm?

B CXERCISELL.3
1. (a) 2. 144m 3. 10¢cm 4. 11m? 5. Scans
6. Similarity — Both have same heights. Difference — one is a eylinder, the other is a cube, The cube has
larger lateral surface area
7. 440m? 8. 322cm 9. 1980 m? 10. 704 cm?
B - XERCISE 11.4
1. (a) Volume (b) Surface area (c) Volume
2. Volume of cylinder B is greater; Surface area of cylinder B is greater.
3 S5om 4. 430 5 1Im 6. 49300L
7. (1) 4umes (i) 3tmes 8. 30hours

B EXERCISE 12.1

1
1. ) (ii) 16 (iii) 32

e =
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1 o 3 y oA |
2 0 — @ e (i) (5) ® aF 9 T
1 81 1
A 5 (1} E my 29 @vi | (v} E 4. (1) 250 (i) E
" , 512 625" T
5 m=2 6. (1) =1 (i) 125 7. {i) 2 (i 35

B - XFERCISE 12.2
1. 6 85x10°2 @) 942x10°2 @) 6.02x 105 (W) 837x10?  (v)3.186x 10%

2. @ 000000302 @ 45000 ) 000000003

(iv) 1000100000 (v 3800000000000 (i) 3614920
3.0 1x10¢ @ 1.6x10¥ G 5x107 () 1.275% 107 (v) 7x102
4.1.0008 x 104
B EXERCISE 13.1
1. No 2. (Partsufmdpjgment L |4 7|12 E’ﬂ

Ll‘ar_ts of hase g8 [32 [s6 |96 15{1J

3. 24pans 4. T00botiles 5 10%cm:2cm 6. 2lm
7. @) 2.25x 107 crystals ) 5.4 % 106 crystals 8. dem

9. () 6m () 8m75cm 10. 168 km
B - XERCISE 13.2

1. (@), 0v), (v) 2. 4—-25,000; 5— 20,000; 8§ — 12,500; 10— 10,000; 20 — 5,000
Amount given to a winner is inversely proportional to the number of winners.
3. 8457 10367 12— 30° (i) Yes i) 24° (i) 9
4. 6 5 4 6. 3days 7. 15boxes
1
8. 49 machines 9, lE hours

10, (i) 6days (ii) 6persons 11. 40 minutes

B X RCISE 14.1
Lo 12 G 2y Gi) 14pg GV 1 (v) 6ab i) 4x (i) 10 (i) x%y?

2. () 7x—-6) M) 6(p-2g) () Tal@+2) (v) 4z(—4+52%)
(V) 10 bn(2{+ 3a) (vi) Sxy(x—3y) (vii) 5(2¢* - 36 +4c?)
(vii) dal-a+b-c) (ix) xyz(x+y+2) (x) xy(ax+ by +cz)
3 O G+ GE+y) @ (3x+1)(Gy-2) ) (a+b)(x—y)

(iv) (5p+3)(3g+5) V) (z-T)(1—xy
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B EXERCISE 14.2

1. @
(v}
2. ()
(1v)
(vii)
3om
(iv)
(vii)
4. (i)
(i)
(v}
5 )

(a+4)* (i)
4(x - 1) (vi)
(2Zp - 3¢) (2p + 34) (i)
16xx—3) (x+ 3) ()
(x-y-o)(x—y+z) (v
x(ax + b) (ii)
(m* +n*) (a+b) (v)
(5y+22) (y—4) (v}

(a—b){a+b)(at+bY) (i)

(x—y—2(x+y+2) ¥+ +2

(a—b¥(a+b)

P+ (p+4) (i)

@-5¢ i) Gm+3) (v) (7y+62)°

(11b -4y (vil) (J—m)  (vii) (a®+ b¥)
T3a—4b) (3a + 4b) (i) (7x—6)(7x+6)
41 ) (Bry—4) Gry+4)
(5a-2b+7Tc)(ba+2b-T¢)

T(p* +3g7) (i) Zx(x* +y + 79

(+1)(m+1) V) y+Dy+2)
(2a+ 1) (5b+2) (ix) (3x-2)(2y-3)
-3 (p+3) (P +9)

(V) z(2x—2) (2P -2z + 3

B EXERCISE 14.3

L ()

2. ()
(iv)
KT
4. )
(v}

5 ()
(vi)

3
5 -4 (i)
1

3 (5x—-6) (ii)
é (' +2x+3) (W)
2x-5 (@ 5 ()
5(3x +5) (@)
(x+2) (x+3)

y+2 () m-16 (i)
3(3x —4dy) (rvi)

(g-3(g-7) (W) (+8)(p-2)

opgr ) Zx¥ ) —2a*b*

-4+ 5 (i) 2(x+v+z)

q-p

6v (V) xv vy 10abe

2v(x+5) (i) % rip+q) i) 4072 +5y+3)
5

Sp—-4) (@) 2zz-2) (V) 3 glp —4q)

3y(5y-T)

B EXERCISE 14.4

o B B o

10.
(c)
11.

dx-5)=4x-20
X+2x+3x=0x
(2P 4+ 42+ T=4d + Bu+ 7
(Bx+27=02+ 12x+4

(8) (—3P+5(-3)+4=9-15+4=-2

(y-3P=y"-6v+9

(-3)* 4 5(-3)=9-15=—6

2. 3x+2)=3"+2%
5. v+ 2y+y—-Ty=y

Y x4+ 3y=2x+3
6. 3x+2x=5x
8. (2x)*+5x=4x"+ 5x

(b) (-32-5(-3)+4=9+15+4=28

12; (z+5P=2+10z+25
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13. (2a+3b) (a—b) =2a% + ab — 3 14. @+ (a+2)=cP+6a+8
A2
15. (a-4)(a—2)=c?—6d+8 16. %=1
x
41 3 | 3x 3x
17. - + =1+ 18. =
3% 3t 3xt 3x* 3x4+2  3x+2
3 3 4x+5 4x 5 5
19. = 20. =4 " =]+=
4x+3  4dx+3 4x  4x 4x 4x

1545 T3 5_Tx
5 5 5 5

21. +1

B - X RCISE 15.1

1. {a) 365°C (b)Y 12 noon (¢} lpm, 2pm.

(d) 36.5° C: The point between 1 p.m. and 2 p.m. on the x-axis is equidistant from the two points
showing 1 p.m. and 2 p.m., so it will represent 1.30 p.m. Similarly, the point on the y-axis,

between 36° C and 37° C will represent 36.5° C.
() 9am.tol0am., 10am toll am.,2p.m. to 3 p.m.

2. (a) () T4crore (i) T8 crore
(b) (1) 7 crore (i) TR.5 crore (approx.)
() ¥4 crore (dy 2005
3 (a) O 7cm M Y9cm
() @) Tem (i) 10cm
() 2cm (d) 3cm (e) Second week (f) Firstweek
(g) Attheendofthe 2nd week
4. (a) Tue, Fri, Sun (by 35°C () 15°C (d) Thurs
6. (2) 4units=1 hour (b) 3% hours () 22km

(d) Yes: This 1y indicated by the horizontal part of the graph (10 am. - 10.30 a.m.)
(e) DBetween8a.m.and9 a.m.
7. (i} isnotpossible

B X RCISE 15.2

1. Pointsin (a) and (b) lie on 4 line; Ponts in (¢) do not lie on a line

2. Theline will eut x-axis at (5, 0) and y-axis at (0, 5)

3. 00, 0), A2, 0), B(2, 3), C(0, 3), P(4, 3), Q(6, 1), R(6, 5), 5(4, T}, K(10, 5), L(7. 7), M(10, 8)
4. () Tme (i) False (i) Toe
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B EXERCISE 15.3

1. (b) (i) 20km (i) 7.30 am. (c) 1) Yes (i) T200 (i) ¥3500
2. (a) Yes (b) No

B EXERCISE 16.1

1. A=7,B=6 2. A=5B=4,C=1 3 A=6

4. A=2,B=5 5. A=5B=0,C=1 6. A=5B=0.C=2
7. A=7.B=4 8. A=7,B=9 9. A=4,B="7

10. A=§,B=1

B X ERCISE 16.2

1. y= 2. z=0o0r9 3 z=0,3,60r9

4. 0,3.60r9

JUSTFORFUN

More about Pythagorean triplets

We have seen one way of writing pythagorean triplets as 2m, m* — |, 5 + 1.

A pythagorean triplet a, b, ¢ means a + b* = ¢2. Il we use two natural numbers m and n{m > n), and
take a =m? — n’, b = 2mmn, ¢ = m* + n?, then we can see that ¢2 = a® + b

Thus for different values of m and n with m > n we can generate natural numbers a, b, ¢ such that they
form Pythagorean triplets.

For example: Take,m=2,n=1.

Then, a=m?—n*=3,b=2mn=4, c = m?*+n*= 35, is a Pythagorean triplet. (Check i1!)
For,m=3,n=2. we get.

a=5.b=12,c= 13 whichis again a Pythagorean triplet.

Take some more values for m and n and generate more such triplets,

When water freczes its volume increases by 4%. What volume of water is required to make 221 cm?®
ofice?

If price of tea increased by 20%, by what per cent must the consumption be reduced to keep the
expense the same?

Ceremoeny Awards began in 1958. There were 28 categories to win an award. In 1993, there were 81
calegories.
(1} The awards givenin 1958 is what per cent of the awards givenin 19937
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(i) Theawards given in 1993 is what per cent of the awards given in 19587

Out of a swarm of bees, one fifth setiled on a blossom of Kadamba, one third on a flower of Silindhir,
and three times the difference between these two numbers flew to the bloom of Kufgja. Only ten
bees were then left from the swarm. What was the number of bees in the swarm? (Note, Kadamba,
Silindhiri and Kinaja are flowering trees. The problem is from the ancient Indian text on algebra.)
In computing the area of a square, Shekhar used the formula for area of a square, while his friend
Maroofl used the formula for the perimeter of a square, Interestingly their answers were numerically
same. Tell me the number of units of the side of the square they worked on.

The area of a square is numerically less than six times its side. List some squares in which this happens,

Is 1t possible to have a right circular cylinder to have volume numerically equal to its curved surtace
area? If yes state when.

9. Leelainvited some friends for tea on her birthday. Her mother placed some plates and some preris on
a table to be served. If Lecla places 4 puris in each plate 1 plate would be left empty. Butif she places
3 puris in each plate | puri would be left. Find the number of plates and number of pusis on the table.
10. Is there a number which is equal to its cube but not ecual to its square? If yes find it.
11. Arrange the numbers from | to 201n a row such that the sum of any two adjacent numbers 12 a perfect
square.
Answers
2. 212 : cm?
2
2
3. 16 5 To
4. (i)34.5% (i) 289%
5. 150
6. 4umis
7. Sides=1,2, 3. 4, 5 units
8. Yes. whenradius =2 units
9. Number of puris = 16, number of plates =5
10, -1
11. Oneofthe waysis. 1,3,6,19,17,8(1 +3=4,3 + 6 =9 etc,). Try some other ways.



