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Foreword

Mathematical knowledge is built by discovering patterns, making conjectures,
and then verifying them through logical and rigorous reasoning. This process requires
creativity, a sense of aesthetics, and an appreciation for elegance. Often, there are
multiple ways to arrive at the same solution, and many approaches to solving the same
problem. For this reason, mathematicians often describe their subject as much an art as
ascience.

Mathematics education must therefore nurture in learners a sense of creativity,
beauty, and elegance in problem-solving. This textbook has been designed with these
aims in mind. It presents the subject in a manner that helps students understand its
importance, explore ideas, and grasp the framework of mathematics-discouraging
rote learning.

The Class VIII textbook encourages students to apply logical reasoning to
problems and definitions, while emphasizing an understanding of how mathematics
works in identifying methods and solutions. It integrates different aspects of the
subject in a coherent and logical way, so that learners can gain both confidence and
enjoyment in exploring mathematical concepts.

Mathematics should emerge as a subject of exploration and creation, rather
than one limited to applying memorized algorithms to old and complicated problems.
At the upper middle stage, emphasis has been placed on the number system, algebra,
geometry, mensuration, and data handling. These topics are woven into meaningful
contexts that guide learners from concrete experiences toward abstraction, while
consolidating and expanding their knowledge through problem-solving.

A special feature of this textbook is the inclusion of QR codes, which connect
both students and teachers to chapter-specific online and offline resources, further
enriching the learning process.

The Jammu and Kashmir Board of School Education deeply appreciates the
sincere efforts of Mr. Ghulam Hassan Sheikh (JKAS), Secretary JKBOSE;



Prof. (Dr.) Sudhir Singh, Director Academics JKBOSE; the Academic Division of
JKBOSE; and all the experts who contributed to bringing out this reprint edition.
Continuous reform and improvement in the quality of textbooks remain our foremost
priority, and JKBOSE warmly welcomes comments and suggestions to support future

refinements.

Shantmanu (IAS)
Chairperson
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A Textbook of Mathematics for Class VIII

Rational Numbers

Chapter 1

1.1 Introduction

In Mathematics, we frequently come across simple equations to be solved. For example, the
equation
x+12=13 (1)

is solved when x = 1, because this value of x satisfies the given equation. The solution 1 is a
natural number. On the other hand, for the equation

x+5=5 (2)

the solution gives the whole number 0 (zero). If we consider only natural numbers, equation (2)
cannot be solved. To solve equations like (2), we added the number zero to the collection of
natural numbers and obtained the whole numbers. Even whole numbers will not be sufficient to
solve equation of type

x+18=5 3)

Do you see ‘why’? We require the number — 13 which is not a whole number. This led us to
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

2x=3 4)
Sx+7=0 Q)

for which we cannot find a solution from the integers. (Check this)

We need the numbers % to solve equation (4) and _?7 to solve 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 different types of numbers seen so far.
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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 Numbers Remarks

Addition 0 +5 =15, a whole number Whole numbers
4+7=.... Isit a whole number? | are closed under
In general, a + b is a whole addition.
number for any two whole
numbers a and b.

Subtraction 5 — 7 =-2, which is not a whole Whole numbers
number. are not closed

under subtraction.

Multiplication | 0 x 3 =0, a whole number Whole numbers
3 x 7=....Isitawhole number? | are closed under
In general, if a and b are any two | multiplication.
whole numbers, their product ab is
a whole number.

Pivision 5+8= g,which is not a whole gngttﬁgzrs
number. under division.

Check for closure property under all the four operations for natural numbers.

(ii) Integers

Let us now recall the operations under which integers are closed.

Operation

Numbers

Remarks

Addition

— 6+ 5=-1, an integer

Is =7 + (=5) an integer?

Is 8 + 5 an integer?

In general, a + b is an integer for
any two integers a and b.

Integers are
closed under
addition.

The Jammu and Kashmir Board of School Education
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Subtraction 7 —5 =2, an integer Integers are
Is 5 — 7 an integer? closed under
— 6 —8 =— 14, an integer. subtraction.

— 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 x 8 =40, an integer Integers are
Is—5 x 8 an integer? closed under
— 5 x (= 8) =40, an integer multiplication.

In general, for any two integers
a and b, a x b is also an integer.
Division 5 S . Integers are not
5 + 8 = —, which is not an integer.

] closed under

division.

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

(iii) Rational numbers

Recall that a number which can be written in the form £, where p and q are integers and

q

q # 01is called a rational number. For example, —%, g are all rational numbers. Since the

numbers 0, — 2, 4 can be written in the form £, they are also rational numbers. (Check it!)

(a) You know how to add two rational numbers. Let us add a few pairs.

3. (-5) _ 21+ (=40) _ - (a rational number)

8 7 56 56
-3 + (=4) _ -5 (-32) S Is it a rational number?
8 5 40
4 6 . .
—t—=... Is it a rational number?
7 11

We find that sum of two rational numbers is again a rational number. Check it for a few more
pairs of rational numbers.

We say that rational numbers are closed under addition. That is, for any two rational numbers a
and b, a + b is also a rational number.

The Jammu and Kashmir Board of School Education
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(b) Will the difference of two rational numbers be again a rational number?

We have,
-3 _2_-5x3-2x7_-29 (a rational number)
7 3 21 21
5_4_25-32 =... Is it a rational number?
8 5 40
3 |-8 ) )
7— ? =... Is it a rational number?

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

(c) Let us now see that product of two rational numbers.

—2.4 _—8,2 NE (both the products are rational numbers)

3 5 157 5 35
4 -6 . .

-5 X T =... Is it a rational number?
Take some more pairs of rational numbers and check that their product is again a rational
number.
We say that rational numbers are closed under multiplication. That is, for any two rational

numbers a and b, a x b is also a rational number.

(d) We note that _TS +§ = _725 (a rational number)
2 5 ) ) -3 -2 ) )
7 + = =....Is it a rational number? ? +T =... . Is it a rational number?

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

However, if we exclude zero then the collection of, all other rational numbers is closed under
division.

TRY THESE
Fill in the blanks in the following table.

Numbers Closed under

addition | subtraction | multiplication division

Rational numbers Yes Yes vee No
Integers vee Yes vee No
Whole numbers vee vee Yes
Natural numbers No

4 The Jammu and Kashmir Board of School Education
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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.
Operations Numbers Remarks
Addition 0+7=7+0=7 Addition is commutative.
2+5=..t..=..
For any two whole numbers
aandb,a+b=b+a
Subtraction Subtraction is not commutative
Multiplication Multiplication is commutative
Division Division is not commutative.

Check whether the commutat1v1ty of the operations hold for natural numbers also.

(ii) Integers

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

Operations Numbers Remarks
Addition Addition is commutative.
Subtraction Is5—(3)=-3-5? Subtraction is not commutative
Multiplication Multiplication is commutative
Division Division is not commutative.

(iii) Rational numbers

(a) Addition

You know how to add two rational numbers. Let us add a few pairs here.

So,

Also,

-2 5 1 5 (=2
—+—=—and—+| — |=—
3 1 7 3 21

e
_?6+(T8j (56j
_?6+(ng (56j?

The Jammu and Kashmir Board of School Education
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IS __3 + l — l + __3 ‘7
8 7 7 8
You find that two rational numbers can be added in any order. We say that addition is

commutative for rational numbers. That is, for any two rational numbers a and b, a + b = b + a.

(b) Subtraction

Is

w_;;|u]
— W N

5 2
You will find that subtraction is not commutative for rational numbers.

Is

2
3
1
2

n|Ww K|

(c) Multiplication

We have _—7><é:_—42:§x -7
3 5 15 5 3

Is 0 B Wt I Bk AT
9 7 7 9
Check for some more such products.

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

(d) Division
Is =3.3_3.(23)
4 7 7 4

You will find that expressions on both sides are not equal.
So division is not commutative for rational numbers.

TRY THESE
Complete the following table.
Numbers Commutative for

addition | subtraction | multiplication division

Rational numbers Yes .ee
Integers . No .
Whole numbers Yes
Natural numbers .ee .ee .ee No

The Jammu and Kashmir Board of School Education
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1.2.3 Associativity

(i) Whole numbers
Recall the associativity of the four operations for whole numbers through this table.
Operations Numbers Remarks
Addition | ... Addition is associative.
Subtraction | = ... Subtraction is not associative.
Multiplication | Is 7 x (2 x 5)=(7 x 2) x 5? | Multiplication is associative.
Is4 x (6 x 0)=(4 x 6) x 0?7
For any three whole numbers
a,bandc
ax(bxc)=(axb)xc
Division | ... Division is not associative

Fill in this table and verify the remarks given in the last column.
Check for yourself the associativity of different operations for natural numbers.

(ii) Integers

Associativity of four operations for integers can be seen from this table:

Operations

Numbers

Remarks

Addition

Is (= 2) +[3 + (—4)]
=[2+3)]+ (4

Is (=6) +[(=4) + (= 3)]
=[=6)+(=H]+(=5)?

For any three integers a, b and ¢
at(b+c)y=(a+tb)+c

Addition is associative.

Subtraction

Is5-(7-3)=(5-7)—3?

Subtraction is not associative.

Multiplication

Is 5 x[(—=7) x (-8)

=[5 x (=7)] x (-8)?

Is (= 4) x [(=8) x (-5)]

=[(4) x (-8) x (-5)?

For any three integers a, b and ¢
ax(bxc)y=(axb)xc

Multiplication is associative.

Division

Is [(-10) = 2] = (-5)
=(-10 + [2 + (-5)]?

Division is not associative

The Jammu and Kashmir Board of School Education
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(iii) Rational numbers
(a) Addition
We have

2 7 3

Take some more rational numbers, add them as above and see if the two sums are equal. We find
that addition is associative for rational numbers. That is, for any three rational numbers a, b and
catb+c)=(a+b)+c.

Find -1 + [i + (jﬂ and [_—1 + %} + (%4) . Are the two sums equal?

(b) Subtraction

R

Check for yourself.
Subtraction is not associative for rational numbers.

(¢) Multiplication
Let us check the associativity for multiplication.

-7 5 2 -7 10 =70 =35
— X —-X—|=—X—=—— = ——
3 4 9 3 36 108 54

We find that %X(Exgj:(ixéjxg

2 (-6 4 2 —-6) 4
Is x| —x— =] =x— |x—2
3 7 5 3 7 5

Take some more rational numbers and check for yourself.

We observe that multiplication is associative for rational numbers. That is for any three rational
numbers a, b and ¢, a x(b x ¢)=(a x b) x c.

8 The Jammu and Kashmir Board of School Education



A Textbook of Mathematics for Class VIII

(d) Division

Let us see 1fl—{_—1+% :{
2
We have, LHS = g

2
1 -1 5 2.5
=— =] —x= reciprocal of —is—
] . ( 2]( procal of Zis )

Is LHS = RHS? Check for yourself. You will find that division is not associative for rational

numbers.

TRY THESE
Complete the following table.

Numbers

Associative for

addition | subtraction | multiplication division

Rational numbers No

Integers e
Whole numbers Yes
Natural numbers

Example 1: Find i+ —6j+( j ( j
7 11

a2 ) (22

_ 198 ( 252) ( 176] (105](Notethat462lsLCMof7 11, 21 and 22)

Yes

462 462 462
_ 198-252-176+105 _ —125
462 462

We can also solve it as.

3 (-6 -8 5
| — || — |+
7 11 21 22
3 (-8 -6 5 . .. .
= { (Eﬂ + {_ _} (by using commutativity and associativity)

7 11 22

The Jammu and Kashmir Board of School Education
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=[9+(_8q+{_1;;5}(LCNhﬁ7and2lm2hI£mdofHzmd22m22)

_ i+ —-7)_22-147 _-125
21 (22 462 462
Do you think the properties of commutativity and associativity made calculations easier?

Example 2: Find _—4x§x1—5x —l4
5 7 16 9
Solution: We have

-4 3 15 (—14)
—X—=X—X

5 7 16 L9
_(_4x3) (15x(-14)
5%x7 16x9
—12 (=35 —-12x(-35) 1
= X X = —
35 | 24

35x24 2

We can also do it as.

X %x (_TMH (Using commutativity and associativity)
1
2

I
-lk‘ '
W
x
VR
|
“‘w
N—
I

1.2.4 The role of zero (0)

Look at the following.

2+0=0+2=2 (Addition of 0 to whole number)
-5+0=...+...==5 (Addition of 0 to an integer)
_72 +..=0+ (%2) = _72 (Addition of 0 to a rational number)

You have done such additions earlier also. Do a few more such additions.

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

Ingeneral, a+0=0+a=a where a is a whole number
b+0=0+b=5b where b is an integer
ct0=0+c=c where c is a rational number

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

10 The Jammu and Kashmir Board of School Education
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1.2.5 The role of 1

We have,
S5x1=5=1x5 (Multiplication of 1 with a whole number)
-2 -2
—Xxl=..%X...=—
7
—X...=1x E = E
8 8
What do you find?

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

We say that 1 is multiplicative identity for rational numbers.

Is 1 the multiplicative identity for integers? For whole numbers?

THINK, DISCUSS AND WRITE

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

1.2.6 Distributivity of multiplication over addition for rational numbers

To understand this, consider the rational numbers _73,2 and _?5
302 (=3 =3 (W (9)
4 3 6 4 6
-3 (-1 3 1
= —X| — | = — = —
4 6 24 8
-3 2 -6 -1 Distributivity of
Also T3 3 Multiplication over
Addition and
3 _5 5 Subtraction.
And —x—== For all rational numbers
4 6 8 a, band c.
Therefore 32 + 3 =_—1+§=l a(b+c)=ab+ac
4 3 4 6 2 8 8 a(b-c)y=ab-ac
Thusj _—3X %4_—_5 = _—3X£ + _—3)(_—5
4 3 6 4 3 4 6

The Jammu and Kashmir Board of School Education
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TRY THESE
el ey CTn () dlsd) == el Ll (@) —xi 2,03
5 (12 5 12 12 16 9
Example 3: Flnd— —3—L—§ 3
7 14 7 5
Solution: g><_—3—_—1—i 3 g><_—3—3><§—L (by commutativity)

57 14 75 5 7 75 14

2 -3 (-3} 3 1
= —_X—+| — |Xx=——
5 7 7 5 14

3(2+3) 1 o
== \3735) 1 (by distributivity)
-3 l—i -6-1_-1

7 14 14 2

Exercise 1.1

1. Name the property under multiplication used in each of the following.

) __4x1:1x__4:_i (i) _EX__ZZ__ZX__B
5 5 17 7 7 17

1 4 1 4
2. Tell what property allows you to compute 3 X (6 X Ej as (5 X 6} X 3

3. The product of two rational numbers is alwaysa

WHAT WE HAVE DISCUSSED

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

(1) commutative for rational numbers.

(11) associative for rational numbers.
3. The rational number 0 is the additive identity for rational numbers.
4. The rational number 1 is the multiplicative identity for rational numbers.
5. Distributivity of rational numbers: For all rational numbers a, b and ¢,

alb+c)=ab+ac and alb-c)=ab-ac

6. Between any two given rational numbers there are countless rational numbers. The idea of
mean helps to find rational numbers between two rational numbers.

12 The Jammu and Kashmir Board of School Education
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Linegy qul?tion in
One variable

e
Ll " o
KUTYST

Chapter 2
2.1 Introduction

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

5x,2x-3,3x+y, 2xy + 5,xyz+x+y+z,x2+1,y+y2
Some examples of equations are: 5Sx =25, 2x-3 =9, 2y +% = % ,6z+10=-2

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

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 expression is 1.

These are linear expressions:

2L2x+L3y—112—5;%(x—®+10

These are not linear expressions:
LHLy+)h L +z+2+ 2 (since highest power of variable > 1)

Here we will deal with equations with linear expressions in one variable 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.

equality

the
Let us briefly revise what we know: variable

(a) An algebraic equation is an equality equation
involving variables. It has an equality sign. 2x-3=7

The expression on the left of the equality sign

is the Left Hand Side (LHS). The expression 2x—3=LHS
on the right of the equality sign is the Right 7=RHS
Hand Side (RHS).

The Jammu and Kashmir Board of School Education 13
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(b) In an equation the values of x = 5 is the solution of the equation
the expressions on the LHS )x—3=7 Forx=5

and RHS are equal. This LHS=2 x 5-3=7=RHS

happens to be true only for On the other hand x = 10 is not a solution
certain values of the variable. of the equation. For x = 10

These values are the LHS=2 x 10 -3=17. ’

solutions of the equation. This is not equal to the RHS

(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 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 is 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 variables on both sides; the expression
on the LHS is (2x — 3) and the expression on the RHS is (x + 2).

e We now discuss how to solve such equations which have expressions with variable on both
sides.

Example 1: Solve 2x -3 =x+2

Solution: We have

2x=x+2+3
or 2x=x+5
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.

Example 2: Solve 5x +% = %x -14

Solution: Multiply both sides of the equation by 2. We get
2><(5x+zj = Zx(éx—14j
2 2

14 The Jammu and Kashmir Board of School Education
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(2><5x)+(2><9 =(2x%xJ—(2x14)

or 10x +7=3x-28

or 10x—-3x+7= —-28

or Tx+7=-28

or Tx=-28-7

or Tx=-35
-35

or X=— or Xx=-5

Exercise 2.1
Solve the following equations and check your results.

1.3x=2x+18 2.5t-3=3t-5
4. 4z+3=6+22 5.2x—-1=14—x
1x=f@+m) 8. 2 =X 3

5 3 15

8
10. 3m=5m——
5
2.3 Reducing Equations to Simpler Form
Example 16: Solve bx +1 +1= X;S
Solution: Multiplying both sides of the equation by 6,
6@§+U+6X1=6(x—ﬂ
or 2(6x+1)+6=x-3
or 12x+2+6=x-3
or 12x+8=x-3
or 12x —x+8=-3
or 1lx+8=-3
or IlIx=-3-8
or Ilx=-11
or x=-1
Check s Lps = SEDHL =6+, =5 3
3 3 3 3
RHS:(_D_3::f:ZE
6 6 3
LHS = RHS. (as required)

The Jammu and Kashmir Board of School Education

(transposing 3x to LHS)

(solution)

3.5x+9=5+3x
6.8x+4=3(x-1)+7

5 26
9. 2y+>=22o
yry=g Y

Why? 6 Because it is the
smallest multiple (or LCM)
of the given denominators.

(opening the brackets)

(required solution)

-5+3 -2

3
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7
Example 17: Solve 5x —2(2x—7)=2(3x 1)+ 5
Solution: Let us open the brackets,
LHS = 5x—-4x+14=x+14
7 4 7 3

RHS=6x-2+—=6x——+—=6x+—
2 2 2 2

The equation is x + 14 = 6x + 3

or 14=6x—x+ 3
2
or 14 =5x+ 3
2
3 . 3.
or 14 ——=5x (transposing —")
2 2
28-3
or —=5x
2
or — =5x Did you observe how we
2 simplified the form of the given
or ‘= 25 " 1 _5x5_5 equation? Here, we had to multiply
275 2x5 2 both sides of the equation by the
. o 5 LCM of the denominators of the
Therefore, required solution is x = —. terms in the expressions of the
2 equation.

Check: LHS = 5x%—2(§><2—7j

- §_2(5_7):§_2(_2):§+4: 25+8 :2
2 2 2 2
RHS = 2(§x3—1j+1= 2(1—5—3j+1= 2x13 7
2 2 2 2) 2 2 2 Note, in this example we brought
26+7 33 the equation to a simpler form by
= =-—=LHS. (as required) opening brackets and combining
2 2 like terms on both sides of the
equation.
Exercise 2.2
Solve the following equations.
o lox by m 3n Sn_ g, 3 x47-Sx 17 _5x
2 5 3 4 2 4 6 3 6 2
4'x—5:x—3 5 3t—2_2t+3:g_t 6'm_m—1:1_m—2
3 5 4 3 3 2 3
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Simplify and solve the following linear equations.
7.3(t-3)=5(2t+1) 8.15(y—4)-2(y-9)+5(y+6)=0
9.3(52-7)-2(9z-11)=4(8z-13)-17

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

What Have we Discussed

1. An algebraic equation is an equality involving variables. It 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 VI, VII 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, i.e., the highest power of the variable appearing in the equation is 1.

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

4. Just as numbers, variables can, also, be transposed from one side of the equation to the other.
5. Occasionally, 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.

6. The utility 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.

The Jammu and Kashmir Board of School Education
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Understanding Quagrigterals

m.rann ' Chapter 3

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 get a plane curve.

3.1.1 Convex and Concave Polygons.

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

X =T 2\

Curves that are Polygons Curves that are not polygons

Here are some convex polygons and some Concave Polygons (Fig. 3.1)

7028

[/

Convex polygons Fig, 3.1 Concave polygons

Can you find how these types of polygons differ from one another? Polygons that are convex
have no portions 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 two rough sketches of each kind.

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

3.1.2 Regular and Irregular Polygons
A regular 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

equiangular but not equilateral. Is a rectangle a regular polygon? Is an equilateral triangle a
regular polygon? Why?
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#H RJ H )
[ N " ]

OO O O

Regular polygons Polygons that are not regular

[Note: Use of A or /\ indicates segments of equal lengthl].

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

Rhombus etc.

Is there a triangle that is equilateral but not equiangular?

VO %
) v

Exercise 3.1

1. Given here are some figures.

@)

)
©) 8)

Classify each of them on the basis of the following.
(a) Simple curve (b) Simple closed curve (c) Polygon

(d) Convex polygon (e) Concave polygon
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2. What is a regular polygon?
State the name of a regular polygon of
(1) 3 sides (11) 4 sides (111) 6 sides

3.2 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 interior
angles and sides.

Draw a polygon on the floor, using a piece of chalk.
(In the figure, a pentagon ABCDE is shown) (Fig 3.2).

We want to know the total measure of angles, i.e,
mZl +mZ2 +mZ3 + mZ4 + mZLS. Start at A. Walk along
‘AB - Onreaching B, you need to turn through an angle of m/1,
to walk along. gC When you reach at C, you need to turn
through an angle of m£2 to walk along D . You continue to
move in this manner, until you return to side AB. You would
have in fact made one complete turn. M Fig 3.2

Therefore, mZ1 + m£2 + mZL3 + mZ4 + m/5 =360°.
This is true whatever be the number of sides of the polygon.

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

Example 1: Find measure x in fig 3.3.

Solution: x+90°+50°+110°=360° (Why?)
x +250°=360°
x=110°

TRY THESE
Take aregular hexagon Fig 3.4.
1. Whatis the sum of the measures of its exterior angles x, y, z, p, g, r'?
2. Isx=y=z=p=q=r?Why?
3. Whatis the measure of each?
(i) exteriorangle (il) interior angle

4. Repeat this activity for the cases of .
(i) aregularoctagon (i) aregular20-gon Fig 3.4
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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°

Therefore, the number of exterior angles = 360 =8

The polygon has 8 sides.

Exercise 3.2

1. Find x in the following figures.
125°
x° 70°
[ < —
(@) (b)

2. Find the measure of each exterior angle of a regular polygon of

(1) 9 sides (11) 15 sides

How many sides does a regular polygon have if the measure of an exterior angle is 24°?

How many sides does a regular polygon have if each of its interior angles is 165°?

5. (a) Is it possible to have a regular polygon with measure of each exterior angle as 22°?
(b) Can it be an interior angle of a regular polygon? Why?

6. (a) What is the minimum interior angle possible for a regular polygon? Why?
(b) What is the maximum exterior angle possible for a regular polygon?

bl

3.3 Kinds of Quadrilaterals

Based on the nature of the sides or angles of a quadrilateral, it gets special names.

3.3.1 Trapezium
Trapezium is a quadrilateral with a pair of parallel sides.

m -,
T

These are trapeziums These are not trapeziums

Study the above figures and discuss with your friends why some of them are trapeziums while
some are not. (Note: The arrow marks indicate parallel lines).

The Jammu and Kashmir Board of School Education
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1. Take identical cut-outs of congruent triangles of sides 3cm, 4cm, Scm. Arrange them as
shown (Fig 3.5)

5cm Sem
Fig 3.5
You get a trapezium. Check it!) Which are the parallel sides here? Should the non-
parallel side be equal?

You can get two more trapeziums using the same set of triangles, Find them out and
discuss their shapes.

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

3.3.2 Kite

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

. [/
/<=

These are kites These are not kites

Study these figures and try to describe what a kite is. Observe that
(1) A kite has 4 sides (It is a quadrilateral).

(i1) There are exactly two distinct consecutive pairs of sides of equal length.
Check whether a square is a kite.
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Take a thick white sheet.
Fold the paper once.

Draw two line segments of different lengths as shown in Fig 3.6.
Cut along the line segments and open up.
You have the shape of a kite (Fig 3.6).

Has the kite any line symmetry? Fig 3.6

Fold both the diagonals of the kite. Use the set-square to check if they cut at
right angles. Are the diagonals equal in length?

Verify (by paper-folding or measurement) if the diagonals bisect each other.
By folding an angle of the kite on its opposite, check for angles of equal measure.
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.

3.3.3 Parallelogram

Show that
AABC and
AADC are
congruent .
What do we
infer from
this?

A

C
Fig 3.7

A parallelogram is a quadrilateral. As the name suggests, it has something to do with parallel

lines.
A B
ABIIDC A B I
m ABICD
D C ADI BC
» ADII BC c D
L M o 5 c
OPISR © R LM Il ON AQD AB I ED
QS IPR © N LOIMN 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.

The Jammu and Kashmir Board of School Education
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Take two different rectangular cardboard strips of different widths (Fig 3.8).

Strip 1 Fig 3.8 Strip2

Place one strip horizontally and draw lines along its edges as drawn in the figure (Fig 3.9)

»
>

»
>

Fig 3.9

Now place the other strip in a slant position over the lines drawn and use this to draw two more
lines as shown (Fig 3.10).

These four lines enclose a quadrilateral. This is made of two pairs of parallel lines (Fig 3.11).

F '
F; J
’
S v
- 4
h
A' Y R
- ——mmmma-

>

/ / > e r Sl

Fig 3.10 Fig 3.11

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

3.3.4 Elements of a parallelogram

D C
There are four sides and four angles in a parallelogram.
Some of these are equal. There are some terms
associated with these elements that you need to A B
remember. ) e
Given a parallelogram ABCD (Fig 3.12). Lt

AB and DC, are opposite sides. AD and BC from another pair of opposite sides.

Z A and ZC are a pair of opposite angles; another pair of opposite angles would be £ B and
ZD.

24 The Jammu and Kashmir Board of School Education



A Textbook of Mathematics for Class VIII

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 pair of adjacent sides.
Z A and Z 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 3.13).

D’ L0

Here AB is as same as 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 of AB
and DC?

A B Fig 3.13

Similarly examine the lengths of AD and BC. What do you find ? You may also arrive at this

result by measuring AB and DC.
Property: The opposite sides of a parallelogram are of equal length.

TRY THESE

Take two identical set squares with angles 30° — 60° —
90° and place them adjacently to form a parallelogram as
shown in Fig 3.14. Does this help you to verify the above
property?

You can further strengthen this idea through a logical
argument also.

Consider a parallelogram
ABCD (Fig 3.15). Draw

) 1.5
any one diagonal, gk
say AC. e -
-~
B
Fig 3.15

Looking at the angles,
L1=/2 and Z£3= /4 (Why?)
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Since in triangles ABC and ADC, £ 1=£2, £3= Z4and AC is common, so by ASA
congruency condition,

AABC =z ACDA (How is ASA used here?)
This gives AB=DC and BC=AD.

Example 3: Find the perimeter of the parallelogram PQRS (Fig 3.16)

Solution: In a parallelogram, the opposite sides have S R
same length.
Therefore, PQ= SR =12 cmand QR =PS =7 cm / /}' cm
So, Perimeter = PQ + QR + RS + SP P Q
=12cm+7cm+ 12cm+ 7 cm = 38 cm 12 em
Fig 3.16

3.3.5 Angles of a parallelogram

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

.

Let ABCD be a parallelogram (Fig 3.17). Copy it
on a tracing sheet. Name this copy 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
you now find A’ lying exactly on C and vice-versa;
similarly B’ lies on D and vice-versa.

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

Fig 3.17

BJ

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

TRY THESE
Take two identical 30° — 60° — 90° set-squares and form a parallelogram as before. Does the
figure obtained help you confirm the above property?
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You can further justify this idea through logical arguments.

If AC and BD are diagonals of the
parallelogram, (Fig 3.18) you find that
Z1=4/2 and Z£3=/4(Why?)

Studying A ABC and A ADC (Fig 3.19) separately, will help you to see that by ASA
congruency condition,
AABC = ACDA (How?)

=

-
-
-

v"-
o

-
A‘-‘Tl B

Fig 3.19 A

This shows that £ B and £ D have same measure. In the same way you can get m £ A =
mZC.

Example 4: In Fig 3.20, BEST is a parallelogram.
Find the values of x, y and z.

Solution: S is opposite to B.

So, x=100° (opposite angles property)
y=100° (measure of angle corresponding
to Zx)
z=80° (since Ly, Zzis a linear pair)
We now turn our attention to adjacent angles of a
parallelogram.
In a parallelogram ABCD, (Fig 3.21).

Z A and ZD are supplementary since D

DC|| AB and with transversal DA , these two

angles are interior opposite.

Z A and £ B are also supplementary. Can you say

‘why’? i
AD|| BCand BA is a transversal, making £ A and

Z B interior opposite. Fig3l1

Identify two more pairs of supplementary angles

from the figure.

Property: The adjacent angles in a parallelogram are supplementary.
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Example 5: In a parallelogram RING, (Fig 3.22) if m £ R = 70°, find all the other angles.

Solution: Given m £/ R = 70°

Then mZN=70° G N
because Z R and £ N are opposite angles of a parallelogram.

Since ZR and Z1 are supplementary,

mZ1 =180°—70°=110° 70°
Also, m /G =110°since £ G is opposite to L1 " s 2 !
Thus, mZR=mZN=70°andmZ1=m/G=110° LA

THINK, DISCUSS AND WRITE

After showing m Z R =m £ N = 70°, can you find m £ 1 and m £ G by any other method?
3.3.6 Diagonals of a parallelogram

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

Take a cut-out of a parallelogram, say, ABCD (Fig D
3.23). Let its diagonals AC and DB meet at O.

Find the mid point of AC by a fold, placing C on A. Is
the mid-point same as O?

Does this show that diagonal DB bisect the diagonal

AC at the point O? Discuss it with your friends. Repeat
the activity to find where the mid point of DB could lie.

Property: The diagonals of a parallelogram bisect each other (at the point of their intersection,
of course!)

.
-
-

To argue and justify this property is not very difficult. From

e
Fig 3.24; applying ASA criterion, it is easy to see that P~
AAOB = ACOD (How is ASA used here?) , $
This gives AO=CO and BO=DO Fig 3.24
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Example 6: In Fig 3.25 HELP is a parallelogram. (Lengths are in cms). Given that
OE =4 and HL is 5 more than PE? Find OH.

Solution: If OE = 4 then OP also is 4 (Why?)

So PE =8, (Why?)
Therefore HL=8+5=13
1

Hence OH = EX 13=6.5 (cms)

Exercise 3.3

1. Given a parallelogram ABCD. Complete each Dy =,
statement along with the definition or property used. e N

(i) AD=...... (i) ZDCB=...... S

(i) OC=...... (iv) m£ZDAB+mZCDA= ...... A S

(iii) @iv) (V)

3. Can a quadrilateral ABCD be a parallelogram if
(1) £D + £ZB=180°? (ii) AB=DC = 8cm, AD =4 cm and BC = 4.4 cm?
(i11)) LA =70°and £C=65°?

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 to find them.

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

E
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@)
S 26 N
3x 18
G U
3y—-1

9 K E.‘ . U
< \ /
Y XS

/\ 70°,

R - C L

In the above figure both RISK and CLUE are parallelograms. Find the value of x.

10. Explain how this figure is trapezium. Which of its two sides are parallel? (Fig 3.26)

D C
S R
120°
A B
Fig 3.26 Fig 3.27 o]
11. Find mZ C in Fig 3.27 if AB|| DC.
12. Find the measures of ZP and £ S if SP|| RQ in Fig 3.28. pb” Tig 3.28

(If you find m £ R, is there more than one method to find m £ P?)

3.4  Some Special Parallelograms
34.1 Rhombus

We obtain a Rhombus (which, you will see, is a parallelogram) as a special case of kite
(which is not a parallelogram).
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Recall the paper-cut kite you made earlier.
A A

C ._[ C [

Kite-cut Rhombus-cut

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

Note that the sides of rhombus are all of same length;
this 1s not the case with the kite.

A rhombus is a quadrilateral with sides of equal length.
Since the opposite sides of a rhombus have the same

length, it is also a parallelogram. So, a rhombus has all
the properties of a parallelogram and also that of a

Rhombus

kite. Try to list them out. You can then verify your list with the checklist summarised in the book
elsewhere.

The most useful property of a rhombus is that of its diagonals.

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

Take a copy of rhombus. 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.

The Jammu and Kashmir Board of School Education
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Here is an outline justifying this property using logical steps.
ABCD is a thombus (Fig 3.29). Therefore it is a parallelogram too.
Since diagonals bisect each other, OA = OC and OB = OD.

We have to show that m £ AOD = m £ COD = 90°

It can be seen that by SAS congruency criterion Fig 3.29
Since AO=CO (Why?)
AAOD = ACOD AD=CD (WHY?)
OD=0D
Therefore, m /£ AOD =m £ COD

Since £ AOD and Z COD are a linear pair,
mZ AOD =m £ COD = 90°

Example 7: RICE is a thombus (Fig 3.30). Find x, y, z. Justify your findings.

Solution:
x=0E y=0R z = side of the rhombus
=0l = OC (diagonals bisect) = 13 (all sides are equal)
=5 =12
34.2 A rectangle Fig 3.30
A rectangle is a parallelogram with equal angles (Fig 3.31).
What is the full meaning of this definition? Discuss with your
friends.
If the rectangle is to be equiangular, what could be the
measure of each angle?
Let the measure of each angle be x°.
Then 4x° =360° (Why)? Fig 3.31
Therefore, x°=90°
Thus each angle of a rectangle is a right angle.
So, a rectangle is a parallelogram in which every angle is a right angle.
Being a parallelogram, the rectangle has opposite sides of equal length and its diagonals bisect
each other.

x?

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.

D t —1C C D

Fig 3.32 Fig 3.33 Fig 3.34

32 The Jammu and Kashmir Board of School Education



A Textbook of Mathematics for Class VIII

This is easy to justify. If ABCD is a rectangle (Fig 3.32), then looking at triangles ABC and

ABD separately [(Fig 3.33) and (Fig 3.34) respectively], we have

A ABC = AABD
AB =AB
BC=AD

mZA=ms/B=90°

The congruency follows by SAS criterion.

Thus AC=BD

and in a rectangle the diagonals, besides being equal in length bisect each other (Why?)

This is because (Common)

(Why?)

Example 8: RENT is a rectangle (Fig 3.35). Its diagonals meet at O Find x, if
OR=2x+4and OT =3x + 1.

Tp AN
Solution: OT is half of the diagonal TE , 2 7
OR is half of the diagonal RN . "\.*’f 5
Diagonals are equal here. (Why?) ‘-.‘
So, their halves are also equal. RO
Therefore Ix+1=2x+4
or x=3 R

£+ b

3.4.3 A Square /v

RE JE
A square is a rectangle with equal sides. Fig 3.35

This means a square has all the properties of a rectangle with an additional requirement that all
the sides have equal length.

The square, like the rectangle, has diagonals of equal length.
In a rectangle, there is no requirement for the diagonals to be perpendicular to one another,
(Check this). Tr -+ SL
BELT is a square, BE=EL = LT = TB oy P
/B, ZE, ZL, ZT are right angles.
BL=ET andBL L ET. Nt
OB =OL and OE =OT

In a square the diagonals.

(1) bisect one another (square being a parallelogram)
(i) are of equal length (square being a rectangle) and
(ii1) are perpendicular to one another.

Hence, we get the following property.
Property: The diagonals of a square are perpendicular bisectors of each other.
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Take a square sheet, say PQRS (Fig 3.36). \ v ¢
Fold along both the diagonals. Are their mid-points the same? (‘)
Check if the angle at 0 is 90° by using a set-square. ™~
This verifies the property stated above. , \
Pk ~Q
We can justify this also by arguing logically: Fig 3.36
ABCD is a square whose diagonals meet at O (Fig 3.37).
OA = OC (Since the square is a DD C

parallelogram) &

By SSS congruency condition, we now see that
A AOD = ACOD v
Therefore, m /£ AOD =m £ COD %
These angles being a linear pair, each is right angle. \ 1
AL B

Exercise 3.4 Fig 3.37
1. State whether True or False. '
(a) All rectangles are squares (e) All kites are rhombuses.
(b) All rhombuses are parallelograms (f) All rhombuses are kites.
(c) All squares are rhombuses and also rectangles  (g) All parallelograms are trapeziums.
(d) All squares are not parallelograms. (h) All squares are trapeziums.
2. Identify all the quadrilaterals that have.
(a) four sides of equal length (b) four right angles
3. Explain how a square is.
(1) a quadrilateral (i) a parallelogram  (iii) a rhombus (iv) a rectangle

4. Name the quadrilaterals whose diagonals.
(1) bisect each other (1) are perpendicular bisectors of each other
(iii) are equal

5. Explain why a rectangle is a convex quadrilateral.

A =D
6. ABC is a right-angled triangle and O is the mid point of the 0 g
side opposite to the right angle. Explain why O is equidistant

from A, B and C. (The dotted lines are drawn additionally to help i
you). B C
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THINK, DISCUSS AND WRITE

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 rhombus with

equal angles? Explore this idea.

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

What Have We Dispyussed

v

|

Parallelogram: 1. Opposite sides are equal.
A quadrilateral 2. Opposite angles are equal.
with each pair of 3. Diagonals bisect one another.
opposite sides
parallel.
Rhombus: S R | 1. All the properties of a parallelogram.
A parallelogram with 2. Diagonals are perpendicular to each
sides other.
of equal length. ; o
Rectangle: N M 1. All the properties of a parallelogram.
A 2. Each of the angles is a right angle.
parallelogram . | 3. Diagonals are equal.
witharight ~ ® b
angle.
Square: A S R All the properties of a parallelogram,
rectangle with J rhombus and a rectangle.
sides of equal i
length.

g Q
Kite: A D 1. The diagonals are perpendicular to one
quadrilateral another
with exactly 2. One of the diagonals bisects the other.
two pairs of  * o 3. In the figure m £ B =m £ D but
equal mZA # mZC.
consecutive B
sides
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Data Handling

Chapter 4

4.1 Looking for Information

In your day-to-day life, you might have come across information, such as:

(a) Runs made by a batsman in the last 10 test matches.

(b) Number of wickets taken by a bowler in the last 10 ODIs.

(c) Marks scored by the students of your class in the Mathematics unit test.

(d) Number of story books read by each of your friends etc.

The information collected in all such cases is called data. Data is 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: Pictorial representation of data using symbols.

3 = )
&7 = 100 cars «~ One symbol stands for 100 cars
- : . 1R
July &g =94 = =250 & denotes 3 of 100
2 ™ 2\
.\Ugu&t -i--«.. n d ‘i’-.‘ o ' i—-uo d — .*00
3 i 5 = A LT LT I n
September | = ¢ =9t =¢! =9t <
4

1) How many cars were produced in the month of July ?

i1) In which month were maximum number of cars produced ?
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2. A bar graph: A display of information using bars of uniform width, their heights being
proportional to the respective values.

N
T
= 350T Bar heights give the
:5 300 + quantity for each
5 category.
- 250
£ 200+
o
=
£ 150 +
- Bars are of equal width
E 100 + with equal gaps in
E 504 between.
z

0 >

2003-04 200405 2005-06 2006-07 2007-08
Academic years —

(1) What is the information given by the bar graph?
(i)  In which year is the increase in the number of students maximum?
(iii)  State whether true or false:
‘The number of students during 2005-06 is twice that of 2003-04.’
3. Double Bar Graph: A bar graph showing two sets of data simultaneously. It is useful for

the comparison of the data.

z

0 2005-06 [@ 2006-07

t—

s 70+
=60"'
= 50+

de

a st

d b

2 40+

tain

23T

S0

= 20+

ar|

v

Maths S. Science Science English Hindi
Subjects —

(1) What is the information given by the double bar graph?
(1) In which subject has the performance improved the most?
(i)  In which subject has the performance deteriorated?

(iv)  In which subject is the performance at par?
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THINK. DISCUSS AND WRITE

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

TRY THESE

Draw an appropriate graph to represent the given information.

1.

Month July | August | September | October | November | December
Number of 1000 | 1500 1500 2000 2500 1500

watches sold

2.
Children who prefer School A School B School C
Walking 40 55 15
Cycling 45 25 35

3. Percentage wins in ODI by 8 top cricket teams

Teams From Champions Trophy to Last 10

World Cup-06 ODI in 07
South Africa 75% 78%
Australia 61% 40%
Sri Lanka 54% 38%
New Zealand 47% 50%
England 46% 50%
Pakistan 45% 44%
West Indies 44% 30%
India 43% 56%
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4.2 Circle Graph or Pie Chart
Have you ever come across data represented in circular form as shown (Fig 4.1)?

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

8 hours

E
: %
4 hours H ?

-

[—]

v

6 hours
3 hours <
&
&
3 hours Q

(1) Fig 4.1 (i)

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

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

__ number of sleeping hours  8hours 1
whole day 24hours 3

. : 1 : - .
So, this sector is drawn as grd part of the circle. Similarly, the proportion of the sector for hours

) number of schoolhours  6hours 1
spent in school = = —_—
whole day 24hours 4

So this sector is drawn %th of the circle. Similarly, the size of the other sector can be found.
Add up the fractions for all the activities. Do you get the total as one?

A circle is also called a pie chart.

TRY THESE

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

(1) (iii)
Girls
50%
Boys
50% Bus or car
40%
Girls or Boys Transport to school Love/Hate Mathematics
Fig 4.2 Informative
10%
) ) News
2. Answer the following questions based on the 15%
pie chart given (Fig 4.3).
(1) Which type of programmes are viewed.
the most? "
.. . Sports Entertainment
(1)) Which two types of programmes have 259, 50%
number of viewers equal to those
Watchlng sports Channels? Viewers watchi ng different l}'p'.?S
of channels on T.V,

Fig 4.3
4.2.1 Drawing pie charts

The favourite flavours of ice-creams for students of a school is given in percentages as follows.

Flavours Percentage of students
Preferring the flavours
Chocolate 50%
Vanilla 25%
Others 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 a fraction
of 360°. We make a table to find the central angle of the sectors (Table 4.1)

Table 4.1
Flavours Students in per cent In fractions | Fraction of 360°
preferring the flavours
0
Chocolate 50% 50 1 1 0£360° = 180°
100 2 2
. 0
Vanilla 25% 25 1 L or360° = 90°
100 4 4
0
Other flavours 25% 25 1 1 0£360° = 90°
100 4 4
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1. Draw a circle with any convenient radius.
Mark its centre (O) and a radius (OA).

2. The angle of the sector for chocolate is 180°.
Use the protractor to draw £ AOB = 180°.

3. Continue marking the remaining sectors.
Examp.le 1: Adjoining pie chart (Eig 4,4) gives the . Houserent g oo o0
expenditure (in percentage) on various items and savings of a 10% children
family during a month. Toansport o 15%
(1) On which item, the expenditure was maximum? % A
(1) Expenditure on which item is equal to the total

savings of the family? Dithiaes ggf;d
(i) If the monthly savings of the family is Rs 3000, 20% -

what is the monthly expenditure on clothes?

Savings

15%, C |lt1’l|u‘i
2 10%
Solution: .
(i) Expenditure is maximum on food. Fig 4.4
(i1) Expenditure on Education of children is the same (i.e., 15%) as the savings of the
family.
(i)  15% represents Rs 3000
Therefore, 10% represents Rs 3000 x10 =Rs2000
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Example 2: On a particular day, the sales (in rupees) of different items of a bakers shop are
given below.

Ordinary bread ;320
Fruit bread ;80
Cakes and pastries : 160
Biscuits . 120 Draw a pie chart for this data.
Others : 40
Total ;720

Solution: We find the central angle of each sector. Here the total sale = Rs 720. We thus have
this table.

Ordinary Bread 320 320 _ 4 4 x 360° = 160°
720 9 9

Biscuits 120 120 - 1 1 x360° = 60°
720 6 6

Cakes and Pastries 160 160 _2 2, 360° = 80°
720 9 9

Fruit Bread 80 80 1 1 3600 = 40°
720 9 9

Others 40 A0 11 L 3600 =200
720 18 18

Now, we make the pie chart (Fig 4.5):

Fruit
Others
5 d .
e B Fig4.5
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TRY THESE
Draw a pie chart of the data given below.

The time spent by a child during a day.
Sleep — 8 hours

School — 6 hours
Home work — 4 hours
Play — 4 hours
Others — 2 hours

THINK. DISCUSS AND WRITE

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

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

2. Choice of food for a group of people.

North Indian 30
South Indian 40
Chinese 25
Others 25
Total 120

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

75-100 45
100-125 35
125-150 55
150-175 30
175-200 50
200-225 125
225-250 140
Total 480
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Exercise 4.1

1. A survey was made to find the type of music that a S”"';‘,LTMI

certain group of young people liked in a city. Adjoining pie

chart shows the findings of this survey.

From this pie chart answer the following: Classical Light
(1) If 20 people liked classical music, how 10% -

many young people were surveyed?
(1) Which type of music is liked by the
maximum number of people? Folk
(i)  Ifa cassette company were to make 30%
1000 CD’s, how many of each type
would they make?

2. A group of 360 people were asked to vote Season No. of votes
for their favourite season from the three
seasons rainy, winter and summer. @W//
(1) Which season got the most votes? Summer §Q§"— 90
(1) Find the central angle of each sector. e
(i)  Draw a pie chart to show this
information. Rainy 120
3. Draw a pie chart showing the following "'-
information. The table shows the colours Winter | 150
preferred by a group of people

Colours Number of people

Blue 18 /\/\/

Find the proportion of each sector. For example,

Green 9 Blue isE = l; Green is = = 1 and so on. Use
36 2 36 4

Red 6 this to find the corresponding angles.

Yellow 3 T~ T

Total 36

4. The adjoining pie chart gives the marks scored in an examination by a student in Hindi,
English, Mathematics, Social Science and Science. If the total marks obtained by the students
were 540, answer the following questions.
(1) In which subject did the student score 105 marks?

(Hint: for 540 marks, the central angle = 360°.

So, for 105 marks, what is the central angle?)

The Jammu and Kashmir Board of School Education



A Textbook of Mathematics for Class VIII

(i)  How many more marks were obtained by the student in Mathematics than in Hindi?
(i)  Examine whether the sum of the marks obtained in Social Science and Mathematics is
more than that in Science and Hindi. (Hint: Just study the central angles).

5. The number of students in a hostel, speaking different
languages is given below. Display the data in a pie chart.

Hindi

Number of
students 40 12 9 7 4 72

4.3 Chance and Probability

Sometimes it happens that during 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 a test. But a major question is asked from the chapter that she
left unprepared.

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

You face a lot of situations such as these where you 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 occurring.

The Jammu and Kashmir Board of School Education 45



46

A Textbook of Mathematics for Class VIII

4.3.1 Getting a result

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

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

Imagine that you are the captain of one team and your friend is the captain of the other team.
You toss a coin and ask your friend to make the call. Can you control the result of the toss? Can
you get a head if you want one? Or a 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
experiment.

TRY THESE
1. Ifyou try to start a scooter, what are the possible outcomes?

2. When a dice, what are the six possible outcomes?
3. When you spin the wheel shown, what are the possible outcomes? (Fig 4.6) List them.

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

OO

(e @0

Fig 4.6 Fig 4.7

4. You have a bag with five identical balls of different colours and you are to pull out

(draw) a ball without looking at it; list the outcomes you would get ( Fig 4.7 ).

THINK, DISCUSS AND WRITE

In throwing a die:

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

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

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

chance of getting a six.
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4.3.2 Equally likely outcomes:
A coin is tossed several times and the number of times we get head or tail is noted. Let us look at
the result sheet where we keep on increasing the tosses:

Number of tosses | Tally marks (H) | Number of Tally marks Number of

heads (T) tails

50 TR TR 27 TR 2
[N TR [

60 TR T 28 L TR 32
PN TR P T TR

70 33 37
80 38 42
90 44 46
100 48 52

Observe that as you increase the number of tosses more and more, the number of heads and the
number of tails come closer and closer to each other.

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

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

Jc;cdd d
¢ Jand Like
[ ﬁus tumf

‘ " Do nof worry ?u(};'
Cases will not be ,

4.3.3 Linking chances to probability
Consider the experiment of tossing a coin once. What are the outcomes? There are only two
outcomes — Head or Tail. Both the outcomes are equally likely. Likelihood of getting a head is
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.1 . :
one out of two outcomes, 1.e.,§ . In other words, we say that the probability of getting a head

=% . What is the probability of getting a tail?

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

The outcomes are: 1, 2, 3, 4, 5, 6. Thus, there are six equally likely outcomes.
What is the probability of getting the outcome ‘2°?

It 1 < Number of outcomes giving 2
is —
6 < Number of equally likely outcomes.

What is the probability of getting the number 5? What is the probability of getting the number 77
What is the probability of getting a number I through 6?

4.3.4 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.

Is getting an even number an event? Since an even number could be 2, 4 or 6, getting an even
number is also an event. What will be the probability of getting an even number?

Iti 3 < Number of outcomes that make the event
s —
6 < Total number of outcomes of the experiment.

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

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

Therefore, the probability of getting a red ball is% = % In the same way the probability of

getting a yellow ball = % = %(Why?). Therefore, the probability of getting a red ball is more than

that of getting a yellow ball.
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TRY THESE

1.
(1) List the number of outcomes of getting a green sector and not

getting a green sector on this wheel (Fig 4.8).
(i1) Find the probability of getting a green sector.

(ii1) Find the probability of not getting a green sector.

4.3.5 Chance and probability related to real life

We talked about the chance that it rains just on the day when we do not carry a rain coat.
What could you say about the chance in terms of probability? Could it be one in 10 days during a

rainy season? The probability that it rains is then%. The probability that it does not rain= %

(Assuming raining or not raining on a day are equally likely)’
The use of probability is made in various cases in real 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 whom they have
voted for, when they come out after voting 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.

2. Metrological Department predicts weather by observing trends from the data over many
years in the past.

Exercise 4.2
1. List the outcomes you can see in these experiments.

(a) Spinning a wheel (b) Tossing two coins together

&

2. When a die is thrown, list the outcomes of an event of getting
(1) (a) a prime number (b) not a prime number.

(i1) (a) a number greater than 5  (b) a number not greater than 5.

3. Find the.
(a) Probability of the pointer stopping on D in Question 1 (a) ?
(b) Probability of getting an ace from a well shuffled deck of 52 playing cards?
(c) Probability of getting a red apple. (See given figure)
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Numbers 1 to 10 are written on ten separate slips (one number on one slip), kept in a box
and mixed well. One slip is chosen from the box without looking into it. What is the
probability of.

(1) getting a number 6?

(i)  getting a number less than 6?

If you have a spinning wheel with 3 green sectors, 1 blue sector and 1 red sector, what is
the probability of getting a green sector? What is the probability of getting a non blue

sector?

Find the probabilities of the events given in Question 2.

What Have We Discussed

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

There are certain experiments whose outcomes have an equal chance of occurring.
A random experiment is one whose outcome cannot be predicted exactly in advance.

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

Number of outcomes that make an event

Prohability of an event =
iy v Total number of outcomes of the experiment

when the outcomes are equally likely.
One or more outcomes of an experiment make an event.

Chances and probability are related to real life.
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SqUAres and gq,,are
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Chapter 5

5.1 Introduction

You know that the area of a square = side xside (where ‘side’ means the length of a side’).
Study the following table.

Side of a square (in cm) Area of the square (in cm®)
1 Ixl1=1=1
2 2 x2=4=27
3 3 x3=9=3"
5 5 x5=25=5"
8 8 x8=64=28§
a axa=a2

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

Since, 4 can be expressed as 2 x 2 = 2%, 9 can be expressed as 3 x 3 = 32, 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 m can he expressed as n°, where n is also a natural number, then
m is a square number. Is 32 a square number?

We know that 5° = 25 and 67 = 36. If 32 is a square number, it must be the square of a natural
number between 5 and 6. But there is no natural number between 5 and 6.

Therefore 32 is not a square number.

Consider the following numbers and their squares.
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Number Square
1 1x1=1 Can you
2 2x2=4 complete it?
3 3x3=9
4 4x4=16
5 5x5=25
6 | e
7 | e
< S
9 |
L

From the above table, can we enlist the square numbers between 1 and 100? Are there any
natural square numbers upto 100 left out?

You will find that the rest of the numbers are not square numbers.

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

TRY THESE

1. Find the perfect square numbers between (i) 30 and 40 (ii) 50 and 60
5.2 Properties of Square Numbers

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

Number Square Number Square
1 1 11 121
2 4 12 144
3 9 13 169
4 16 14 196
5 25 15 225
6 36 16 256
7 49 17 289
8 64 18 324
9 81 19 361
10 100 20 400

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

Can we say that if a number ends in 0, 1, 4, 5, 6 or 9, then 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?
1) 1057 1) 23543 ii1) 7928 iv) 222222 v) 1069  vi) 2061
Write five numbers which you can decide by looking at their one’s digit that they are
not square numbers.
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2. Write five numbers which you cannot decide just by looking at their unit’s digit (or
one’s place) whether they are square numbers or not.
e Study the following table of some numbers and their squares and observe the one’s
place in both.

Table 1
Number | Square | Number | Square | Number | Square
1 1 11 121 21 441
2 4 12 144 22 484
3 9 13 169 23 529
4 16 14 196 24 576
5 25 15 225 25 625
6 36 16 256 30 900
7 49 17 289 35 1225
8 64 18 324 40 1600
9 81 19 361 45 2025
10 100 20 400 50 2500
The following square numbers end with digit 1. TRY THESE
Square | Numbers Which of 123%, 772, 822, 1617, 109°
1 1 S
31 9 would end with digit 1?
121 11
361 19
441 21

Write the next two square numbers which end in 1 and their corresponding numbers.
You will see that if a number has 1 or 9 in the unit’s place, then it’s square ends in 1.
e Let us consider square numbers ending in 6.
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Square Numbers TRY THESE

16 4 Which of the following
numbers would have digit 6 at

36 6 unit place.

. 2 .. 2

196 14 (i) 19 (ii) 24
(iif) 26> (iv) 36

256 16 (v) 342

We can see that when a square number ends in 6, the number whose square it is, 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)?

TRY THESE

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

e Consider the following numbers and their squares.

10> =100
We have ) But we have
one zero 207 =400 two zeros

80° = 6400

100> =10000

ut we nave
two zeros 700> = 490000

900 =810000

If a number contains 3 zeros at the end, how many zeros will its square have?
What do you notice about the number of zeros at the end of the number and the number of zeros
at the end of its square?
Can we say that square numbers can only have even number of zeros at the end?
e See Table 1 with numbers and their squares.
What can you say about the squares of even numbers and squares of odd numbers?

TRY THESE
1. The square of which the following numbers would be an odd number/an even number?
Why?
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(1) 727 (i) 158 (i) 269 (iv) 1980
2. What will be the number of zeros in the square of the following numbers?
(1) 60 (i) 400

5.3 Some More Interesting Patterns

1. Adding triangular numbers.
Do you remember triangular numbers (numbers whose dot patterns can be arranged as
triangles*”

%
* % ok
% %k % ok
* % 3 % ook % ok sk
® e s 3¢ e s s 3 e ok N ok e ok
1 3 6 10 15

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

*

*|x * *

x| * * K |*x *

* * * X% * *
1+3=4 3+46=9 6+ 10=16
= 22 = 32 = 42

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

, Two non square numbers
1 (= 1 ) between the two square
numbers

1(=1?)and4 (=22).

6 non square numbers
between the two square
numbers

9 (=3%)and16 (= 4?).

8 non square numbers

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

16 (= 4*) and 25 (= 5%).

17,18,19,20, 21, 22, 23,24, 25 (= 5°)

Between 1°= (1) and 2° (= 4) there are two (i.e. 2 X 1) non square numbers 2, 3.
Between 2° (=4) and 3* (= 9) there are four (i.e., 2 x 2) non square numbers 5, 6, 7, 8.
Now, 3’=9, 4*=16

Therefore,  4° -3°=16-9=7

Between 9(=3) and 16(=47) the numbers are 10, 11, 12, 13, 14, 15 that is six non square
numbers which is 1 less than the difference of two squares.

We have 4* =16 and 5%=25
Therefore, 52 -4*=9
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Between 16 (=4°) and 25 (=5%) the numbers are 17, 18, ..., 24 that is, eight non square numbers
which is 1 less than the difference of two squares.

Consider 72and 6. Can you say how many numbers are there between 7°and 6> ?
If we think of any natural number n and (n + 1), then,

(n+1)2 -n’ :(n2 +2n+1)—n2 =2n+1.
We find that between n°and (1 +1)” 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 squares of
the numbers n and (n + 1). Check for n =5, n = 6 etc., and verify.

TRY THESE
1. How many natural numbers lie between 9° and 10° ? Between 117 and 12°?
2. How many non square numbers lie between the following pairs of numbers

(i) 100% and 101° (i) 90* and 91° (iii) 1000* and 1001 >

3. Adding odd numbers
Consider the following

1 [one odd number] =1=1°
1 + 3 [sum of first two odd numbers] =4=2°
1 +3 + 5 [sum of first three odd numbers] =9=37
1+3+5+7].] =16=47
1+3+5+7+9]...] =25=5"
1+34+5+7+9+111...] =36=6"

So we can say that the sum of first # odd natural numbers is 7.

Looking at it in a different way, we can say: ‘If the number is a square number, it has to be the
sum of successive odd numbers starting from 1.

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

You will find that these numbers cannot be expressed in this form. Consider the number 25.
Successively subtract 1, 3,5,7, 9, ... from it
(1)25-1=24 ()24 -3=21 (i) 21 -5=16

(iv) 16 -7=9 (V)9-9=0 (iv) 29 — 7=22

This means, 25=1+3 +5+7 + 9. Also, 25 is a perfect square.
Now consider another number 38, and again do as above.
(1)38-1=37 (i) 37-3=34 (i) 34 -5=29
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(v)22-9=13 (vi) 13- 11=2 (vii)2 - 13=—11

This shows that we are not able to express 38 as the sum of consecutive odd numbers starting
with 1. Also, 38 is not a perfect square.

So we can also say that if a natural number cannot be T_RY THESE
expressed as a sum of successive odd natural numbers Find Whether each qfthe
starting with 1, then it is not a perfect square. following numbers is a perfect
square or not?
We can use this result to find whether a number is a (1) 121 (}1) 55
perfect square or not. (i) 81 (iv) 49
(v) 69

4. A sum of consecutive natural numbers
Consider the following

=9=4+5

Second number
52=25=12+13 32 +1
2=49=24+25
=81 =40+41
Vow ! We can

117=121=60+61 express square of
152=225=112+ 113 any odd number as
the sum of two
consecutive
TRY THESE positive integers /

1. Express the following as the sum of two consecutive integers.
(i) 21° (i) 13° (iii) 117 (iv) 192

2. Do you think 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 support your answer.

5. Product of two consecutive even or odd natural numbers
11x13=143=12" -1
Also, 11 x13=(12-1)x(12+1)
Therefore, 11 x13=(12-1)x(12+1)=12% -1
Similarly, 13x15=(14-1)x(14+1) =14 —1
29x31=(30-1)x30+1)=30" —1
44 x 46=(45-1)x (45+1)=45" — 1
So in general we cansay that (@ + 1) x (a— 1) =a > — 1.

6. Some more patterns in square numbers
Observe the squares of numbers; 1, 11, 111 ... etc. they give a beautiful pattern:
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2

11

1

1111

11111
11111111

1 2 3 4 3 2 1
1 2 3 4 5 4 2 1
1 2 3 4 5 6 7 8 7 6 5 4 3 2 1
Another interesting pattern
2 _
7m0 TRY THESE
677 =4489 Write the square, making use of

The fun is in being able to find out why this happens. May | TRY THESE

be it would be interesting for you to explore and think Write the square, making use of
about such questions even if the answers come some years | the above pattern.
later.

667 = 444889 the above pattern.
6667 * = 44448889 | (i) 111111° (i) 1111111 °
66667 > = 4444488889
666667 = 444444888889

(i) 6666667 (i) 66666667

Exercise 5.1

1.

58

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

(1 81 (i) 272 (iii) 799 (iv) 3853
(v) 1234 (vi) 26387 (vil)) 52698 (viii) 99880
(ix) 12796 (x) 55555
The following numbers are obviously not perfect squares. Give reason.
(1) 1057 (i) 23453 (ii1) 7928 (iv) 222222
(v) 64000 (vi) 89722 (vil) 222000 (viii)) 505050
The squares of which of the following would be odd numbers?
(1) 431 (i) 2826 (ii1) 7779 (iv) 82004
Observe the following pattern and find the missing digits.
11° =121
101° =10201

1001 > = 1002001
100001% =1...... 2...... 1
100000012 = ................

Observe the following pattern and supply the missing numbers.
11% =121
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1012 =10201
10101% = 102030201
1010101% .................

6. Using the given pattern, find the missing numbers
12422422=132
224132462=72
37+42+12%=13"
47457+  *=21"
57+ *4+30°=31°
62+7%+ 2= 2

7. Without adding, find the sum.
(i) 1+3+5+7+9
(i) 1+3+5+7+9+11+13+15+17+19
(i) 1+3+5+7+9+11+13+15+17+19+21+23

8. (i) Express 49 as the sum of 7 odd numbers.
(i) Express 121 as the sum of 11 odd numbers.

9. How many numbers lie between squares of the following numbers?
(1) 12 and 13 (i) 25 and 26 (iii) 99 and 100

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

The answer is not so easy and we may need to multiply 23 by 23.

There is a way to find this without having to multiply 23 x 23.

We know 23=20+3

Therefore 237 = (20 +3) *=20(20 + 3) + 3(20 + 3)
=20°+20x3+3x20+3°
=400+ 60 + 60 + 9 =529

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

(1 39 (i) 42

Solution: (i) 39%=(30+9) > =30(30 + 9) + 9(30 + 9)
=302 +30x9+9x30+9?
=900 + 270 + 270 + 81 = 1521

(i)  427=(40+2) ° =40(40 +2) + 2(40 + 2)

=40°+40%x2+2x40+2°
=1600 +80 + 80 + 4 = 1764
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5.4.1 Other patterns in squares
Consider the following pattern:

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

Consider a number with unit digit 5, i.e., a5
(a5) = (10a +5) *

= +5)+ +
357 = 1225 = (3 x 4) hundreds + 25 10a(10a 5) + 5(10a + 5)
) B =100a” + 50a + 50a + 25
75°=5625 = (7 x 8) hundreds + 25 = 100q (a+ 1)+ 25
1257 = 15625 = (12 x 13) hundreds + 25 — a (a+ 1) hundred + 25

Now can you find the square of 95?

TRY THESE
Find the squares of the following numbers containing 5 in unit’s place.
(1 15 (i) 95 (i) 105 (iv) 205

5.4.2 Pythagorean triplets
Consider the following

374+4%=9+16=25=5"
This collection of numbers 3, 4, and 5 is known as Pythagorean triplet. 6, 8, 10 is also a
Pythagorean triplet, since
6>+82=36+64=100=10"
Again, observe that
57+12°=25+144=169 =137 . The numbers 5, 12, 13 form another such triplet.
Can you find more such triplets?
For any natural number m > 1, we have (2m) >+ (m>—1)=(m*> + 1) 2 So, 2m, 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 member is 8.

Solution: We can get Pythagorean triplets by using general form 2m, m” -1, m” + 1.
Let us first take m>—1=8

So, m’=8+1=9
which gives m=3
Therefore, 2m=6 and m’>+1 = 10
The triplet is thus 6, 8, 10. But 8 is not the smallest member of this.
So, let us try 2m=38
m=4
than we get m>’—1=16-1=15
and m’+1=16+1=17

The triplet is 8, 15, 17 with 8 as the smallest member.

Example 3: Find a Pythagorean triplet in which one member is 12.

Solution: If we take mi—1=12
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Then, m’=12+1=13

Then the value of m will not be an integer.

So, we try to take m” + 1 = 12. Again m > = 11 will not give an integer value for m.
So, let us take 2m=12

then m=6

Thus, m’-1=36-1=35 and m>+1=36+1=37

Therefore, the required triplet is 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 5.2
1. Find the Square of the following numbers.

(1) 32 (i) 35 (iii) 86 (iv) 93
v) 71 (vi) 46

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

5.5 Square roots
Study the following situations

(a) Area of a square is 144 cm” . What could be the side of the * D
square?
We know that the area of a square = side
If we assume the length of the side to be ‘a’, then 144 = a*

To find the length of side it is necessary to find a number B [ C
whose square is 144. Fig 5.1
(b) What is the length of a diagonal of a square of side 8§ cm

(Fig 5.1)?

Can we use Pythagoras theorem to solve this?

We have, AB? +BC? = AC? o8 2~

ie., 8% +8% =AC”?

or 64+ 64 = AC?

or 128 = AC* xo

Again to get AC we need to think of a number Fig 5.2

whose square is 128.

(c) In aright triangle the length of the hypotenuse and a side are
respectively 5 cm and 3 cm (Fig 5.2).
Can you find the third side?
Let x cm be the length of the third side.

Pythagoras theorem 52 =x* +3°
25-9=x’
16 =x"
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Again, to find x we need a number whose square is 16. In all the above cases, we need to find a
number whose square is known ; Finding the number with the known square is known as finding
to square root.

5.5.1 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, 1? =1, therefore square root of 1 is 1

i 2
= 1
2% =4, therefore square root of 4 is 2 Since 9 2 81,
3% =9, theref tof 9 is 3 and (-9)> =381
T eI SR OO R We say that square roots
TRY THESE of 81 are 9 and — 9.

(i) 117 = 121.Whatis the square root of 121?
(i)  14* =196. What is the square root of 196?

THINK. DISCUSS AND WRITE

(— 1) * =1.Is—1, a square root of 1? (—2) > =4.1s -2, a square root of 4?

(—9) > =81.Is—9 a square root of 81?

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.

Positive square root of a number is denoted by the symbol \/_ .
For example: Ja=2 (not -2); Vo =3 (not — 3) etc.

Statement | Inference Statement | Inference
12 =1 Ji=1 6> =36 | 36=6
2* =4 Ja=2 77 =49 | Ja9-7
32=9 Jo=3 87 =064 | jez-g
2 _ 2 _

4 16 \/R: 4 9 &1 \/a: 9
5% =25 10> =100
V25=5 V100 = 10

5.5.2 Finding square root through repeated subtraction
Do you remember that the sum of the first n odd natural numbers is n> ? That is, every square
number can be expressed as a sum of successive odd natural numbers starting from 1.

Consider \/ﬁ . Then,

() 81-1=80 (i) 80-3=77 (i) 77-5=72
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(vi) 72-7=65 (v) 65-9=56  (vi) 56-11=45
(vil) 45-13=32  (vii) 32-15=17 (ix) 17-17=0

From 81 we hgve subtracted succ'essive oddth TRY THESE
numbers starting from 1 and obtained 0 at 9 B .

y repeated subtraction of odd numbers
Step. starting from 1, find whether the
Therefore ~/81 =9. following numbers are perfect squares or
Can you find the square root of 729 LISiIlg this not? If the number is a perfect square
method? then find its square root.
Yes, but it will be time consuming. Let us try (i) 121 (i) 55 (iii) 36
to find it in a simpler way. (iv) 49 (v) 90

5.5.3 Finding square root through prime factorisation
Consider the prime factorisation of the following numbers and their squares.

Prime factorisation of a Number Prime factorisation of its Square
6=2x3 36=2x2x3x3
§=2x2x2 64=2x2x2x2x2x2
12=2x2x3 144 =2x2x2x2x3x3
15=3x5 225=3x3x5x%x5

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 3 in 6 and 36
of 2 in 8 and 64 etc.

You will find that each prime factor in the prime factorisation of the square of a 2| 3
number, occurs twice the number of times it occurs in the prime factorisation of 2| 162
the number itself. Let us use this to find the square root of a given square number, 3| gj
say 324. : __';‘_)_
We know that the prime factorisation of 324 is e Lpp—
319
324=2x2%x3x3x3x%x3 _3_
By pairing the prime factors we get
324=2x2x3x3x3x3=2"%x3"x3"=(2x3x3)’ 2| 256
So, 324 =2x3%x3=18 2| 128
2| 64
Similarly can you find the square root of 256? Prime factorisation of 256 is 2| 32
256 =2x2x2%X2x2x2x2x2 2| 16
By pairing the prime factors we get, 2| 8
256 =2x2 x 2x2 x 2x2 x 2x2 = (2><2><2><2)2 2| 4
2
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Therefore, ~/256=2x2x2x2=16

Is 48 a perfect square?

We know 48= 2x2 x 2x2 X3

Since all the factors are not in pairs so 48 is not a perfect square.
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.

Can you tell by which number should we divide 48 to get a perfect square?
The factor 3 is not in pair, so if we divide 48 by 3we get48 +3=16= 2x2 X

6400
3200
1600
800

2 x 2 and this number 16 is a perfect square too.

Example 4: Find the square root of 6400.

Solution: Write 6400 = 2x2 x 2x2 X 2x2 X 2x2 x 5x5

h 9 IV 9 N 9 0 0 N
=
=
-

Therefore 6400 =2 x2x 2 x 2 x5=280 21 90 50
3| 45 25
31 15 5
Example 5: Is 90 a perfect square? 5

Solution: We have 90 =2 x3 x3 x5 5| 2165
The prime factors 2 and 5 do not occur in pairs. Therefore, 90 is not a perfect 2| &s
square. 21 1176
That 90 is not a perfect square can also be seen from the fact that it has only one 588
Zero. i —

21 294
Example 6: Is 2352 a perfect square? If not, find the smallest multiple 0f 2352 3 1 147
which is a perfect square. Find the square root of the new number. 729
Solution: We have 2352 = 2x2 x2x2 x3x7x7 7

As the prime factor 3 has no pair, 2352 is not a perfect square.

If 3 gets a pair then the number will become perfect square. So, we multiply 2352 by 3 to get,
2352 x3=2x2 x2x2 x3x3 x7x7

Now each prime factor is in a pair. Therefore, 2352 x 3 = 7056 is a perfect square.

Thus the required smallest multiple of 2352 is 7056 which is a perfect square.

And, V7056 =2 x2x3 x7=284

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.

Solution: We have, 9408 = 2x2x2x2x2x2x 3 x 7x7
If we divide 9408 by the factor of 3, then
9408 +3=3136 = 2x2x2x2x2x2x7x7which is a perfect square. (Why?)
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Therefore, the required smallest number is 3.
And, V3136 = 2x2 x2x7=56.

Example 8: Find the smallest square number which is divisible by each of the numbers 6, 9, and
6,915 15.

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

El

wn tad el [ . ]
T
— rad
-
-, n

Prime factorisation 0f 90 is 90 =2 x 3x3 X 5.

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

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

Hence, the required square number is 90 x 10 = 900.
Exercise 5.3

1. What could be the possible ‘one’s’ digits of the square root of each of the following
numbers?
(1) 9801 (ii) 99856 (1i1) 998001  (iv) 657666025

2. Without doing any calculation, find the numbers which are surely not perfect squares.
(1) 153 (i1) 257 (1ii) 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.
(1) 729 (ii) 400 (iii) 1764 (iv) 4096
(v) 7744 (vi) 9604 (vii) 5929 (viii) 9216
(ix) 529 (x) 8100

5. For each of the following numbers, find the smallest whole number by which it should be
multiplied so as to get a perfect square number. Also find the square root of the square
number so obtained.
(1) 252 (i1) 180 (iii) 1008 (iv) 2028
(v) 1458 (vi) 768

6. For each of the following numbers, find the smallest whole number by which it should be
divided so as to get a perfect square. Also find the square root of the square number so
obtained.

(1) 252 (i1) 2925 (1ii) 396 (iv) 2645
(v) 2800 (vi) 1620

7. The students of Class Viii of a school donated Rs 2401 in all, for Prime Minister’s
National Relief Fund. Each student donated as many rupees as the number of students in
the class. Find the number of students in the class.
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8. 2025 plants are to be planted in a garden in such a way that each row contains as many
plants as the number of rows. Find the number of rows and the number of plants in each
row.

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

10. Find the smallest square number that is divisible by each of the numbers 8, 15 and 20.
5.5.4 Finding square root by division method

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

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

Number | Square

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 or a 4-digit
number, then its square root will have 2-digits.

Can you tell the number of digits in the square root of a 5-digit or a 6-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 4-digit square number
is 1024 which is the square of 32 and the greatest 4-digit number is 9801 which is the square of
99.

THINK, DISCUSS AND WRITE

Can we say that if a perfect square is of n-digits, then its square root will have 5 digits if n is

(n+1

even or T) if, n 1s odd?

The use of the number of digits in square root of a number is useful in the following method:
e 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?
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4096

496

64
4096
-36
496
- 496

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

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 left-most single digit too will have a bar.

N 7
Thus we have, 5 29 —
Find the largest number whose square is less than or equal to the 21 59
number under the extreme left bar (2° < 5 < 37%). Take this number -4

—_—

as the divisor and the quotient with the number under the extreme
left bar as the dividend (here 5). Divide and get the remainder (1 in
this case).

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 divisor 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 = 84.
As 43x 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,

529 =23.

e Now consider /4096

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. (E %)

Find the largest number whose square is less than or equal to the number under
the left-most bar (6° < 40 <7%). Take this number as the divisor and the number
under the left-most bar as the dividend. Divide and get the remainder i.e., 4 in this
case.

Bring down the number under the next bar (i.e., 96) to the right of the remainder.
The new dividend is 496.

Double the divisor and enter it with a blank on its right.

Guess a largest possible digit to fill the blank which also becomes the new digit in
the quotient such that when the new digit is multiplied to the new quotient the
product is less than or equal to the dividend. In this case we see that 124 x 4 =
496. So the new digit in the quotient is 4. Get the remainder.

Since the remainder is 0 and no bar left, therefore, /4096 = 64.
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Estimating the number
We use bars to find the number of digits in the square root of a perfect square number.

J529 =23 and 4096 = 64
In both the numbers 529 and 4096 there are two bars and the number of digits in their square root
is 2. Can you tell the number of digits in the square root of 144007
By placing bars we getiﬂo_(). . Since there are 3 bars, the square root will be of 3 digit.

TRY THESE

Without calculating square roots, find the number of 4 digits in the square root of the
following numbers.

(1) 25600 (i1) 100000000 (1ii) 36864
Example 9: Find the square root of: (i) 729 (i1) 1296
Solution:
0) 27 (. —
> [ 739 3 (1)2 96
~4 N
1 329 Therefore +729 =27 66( 396 Therefore 1296 =36
396 74
329 —— [ —
_T"_‘ 0 7 5607
— 49
144 707
, -576
Example 10: Find the least number that must be subtracted from 5607 so as to 131
get a perfect square. Also find the square root of the perfect square. )
Solution: Let us try to find ‘+/5607 by long division method. We get the 99
remainder 131. It shows that 747 is less than 5607 by 131. o 9999
This means if we subtract the remainder from the number, we get a perfect 81 '
square. —
. . 189 1899
Therefore, the required perfect square is 5607 — 131 = 5476. And, /5476 =74 _ 1701
198
Example 11: Find the greatest 4-digit number which is a perfect square.
36
Solution: Greatest number of 4-digits = 9999. We find /9999 by long division 3 1300
method. The remainder is 198. This shows 99° is less than 9999 by 198. <&
This means if we subtract the remainder from the number, we get a perfect 66 400
square. - 396
Therefore, the required perfect square is 9999 — 198 = 9801. And, 49801 =99 4
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Example 12: Find the least number that must be added to 1300 so as to get a perfect square.
Also find the square root of the perfect square.

Solution: We find +/1300 by long division method. The remainder is 4.

This shows that 36> < 1300.
Next perfect square number is 37> = 1369.
Hence, the number to be added is 37— 1300 = 1369 — 1300 = 69.

5.6 Square Roots of Decimals

Consider +/17.64

4 Step 1 To find the square root of a decimal number we put bars on the integral part

——— (i.e., 17) of the number in the usual manner. And place bars on the decimal part
41 17.64 (i.e., 64) on every pair of digits beginning with the first decimal place. Proceed as usual. We
I el S Ty
l
4 Step 2 Now proceed in a similar manner. The left most bar is on 17 and 4°<17<5°
= Take this number as the divisor and the number under the left-most bar as the
4 :;64 dividend, i.e., 17. Divide and get the remainder.
—ﬁf |64  Step3 The remainder is 1. Write the number under the next bar (i.e., 64) to the right of
this remainder, to get 164
4 42
s 1764 Step 4 ‘ Dou!ale the diyisor and enter it with' a blank on its right. a 1768
16 Since 64 is the decimal part so put a decimal point in the -16
-8—2— o quotient. 2 164
- 164
Step 5 We know 82 x 2 = 164, therefore, the new digit is 2. TR
Divide and get the remainder.

Step 6 Since the remainder is 0 and no bar left, therefore +/17.64 =4.2.

Example 13: Find the square root of 12.25.

Solution:
3.5

3 12.25
—9

65 325
325
0

Therefore, +12.25=3.5
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Which way to move

Consider a number 176.341. Put bars on both integral part and decimal part. In what way is
putting bars on decimal part different from integral part? Notice for 176 we start from the 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 is over 34 and for the

second bar we put 0 after 1 and make 3410.

Example 14: Area of a square plot is 2304 m” . Find the side of the square plot.
48

Solution: Area of square plot = 2304 m”
g,
l.,lm Therefore, side of the square plot = /2304 m

-16
——— We find that, V2304 =48

;:: Thus, the side of the square plot is 48 m.

Example 15: There are 2401 students in a school. P.T. teacher wants them to stand in rows and
columns such that the number of rows is equal to the number of columns. Find the number of

TOWS.
Solution: Let the number of rows be x %
So, the number of columns = x 4 2401
Therefore, number of students = x x x = x> —16
Thus, x? = 2401 gives x = /2401 = 49 89 801
The number of rows = 49. 801
0
Exercise 5.4
1. Find the square root of each of the following numbers by Division method.
(1) 2304 (11) 4489 (1ii) 3481 (iv) 529
(v) 3249 (vi) 1369 (vii) 5776 (viii) 7921
(ix) 576 (x) 1024 (xi) 3136 (xii) 900
2. Find the number of digits in the square root of each of the following numbers (without
any calculation).
(1) 64 (i) 144 (1ii) 4489 (iv) 27225
(v) 390625
3. Find the square root of the following decimal numbers.
(1) 2.56 (i1) 7.29 (1ii) 51.84 (iv) 42.25
(v) 31.36
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4. Find the least number which must be subtracted from each of the following numbers. so
as to get a perfect square. Also find the square root of the perfect square so obtained.
(1) 402 (i1) 1989 (iii) 3250 (iv) 825
(v) 4000
5. Find the least number which must be added to each of the following numbers so as to get
a perfect square. Also find the square root of the perfect square so obtained.
(1) 525 (i1) 1750 (1i1) 252 (iv) 1825
(v) 6412
6. Find the length of the side of a square whose area is 441 m” .
7. In a right triangle ABC, £B = 90°.
(a) If AB = 6cm, BC = 8cm, find AC (b) If AC = 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 columns remain same. Find the 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 number of rows is equal to number of columns. How many children would be left
out in this arrangement?

What Have We Discussed

1. Ifa natural number m can be expressed as n”, where n is also a natural number, then m is
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.
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, 3° =9 gives V9 =3
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[ubes and Cube Rogts

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

Chapter 6

number”. Ramanujan quickly pointed out that 1729 was indeed Hardy - Ramanujan

interesting. He said it is the smallest number that can be expressed | Number

as a sum of two cubes in two different ways: 1729 is the smallest
1720 = 1728 +1=12° + 1° Hardy - Ramanujan

Number. There are an
infinitely many such
numbers. Few are 4104
(2,16;9, 15), 13832
(18, 20; 2, 24), Check it
with the numbers given
in the brackets.

1729 = 1000 + 729 = 10° + 9°
1729 has since been known as the Hardy - Ramanujan Number,
even though this feature of 1729 was known more than 300 years
before Ramanujan.

How did Ramanujan know this? Well, he loved numbers. All
through his life, he experimented with numbers. He probably
found numbers that were expressed as the sum of two squares and
sum of two cubes also.

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

6.2 Cubes

You know that the word ‘cube’ is used in geometry. A
cube is a solid figure which has all its sides equal.
How many cubes of side 1 cm will make a cube of side
2 cm?

How many cubes of side 1 cm will make a cube of side
3 cm?

Figures which have
> 3-dimensions are known as
solid figures.

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 itself three times.

Weknowthat | =1x 1 x1=1;8=2x2x2=2%:27=3x3x3=3",
Since 5° =5 x 5 x 5 =125, therefore 125 is a cube number.
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Is 9 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 also that 2 x 2 x 2=8 and 3 x 3 x 3 =27. This shows that 9 is
not a perfect cube.
The following are the cubes of numbers from 1 to 10.

The numbers 729,
1000, 1728 are also

perfect cubes

Table 1
Number Cube
1 1°=1
2 2° =8
3 3% =27
4 4% =64
5 5
6 3
7 j} o
g -
9 8=
10 9°=__
10°=

Complete it.

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

We are Odd,
SO are our

cubes

Table 2

Number Cube

11 1331
— 12 1728
13 2197
\ 14 2744
15 3375

16 4096

— 17 4913
18 5832
19 6859
20 8000
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Consider a few numbers having 1 as the 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 1 as the one’s digit?

Similarly, explore the one’s digit of cubes of numbers ending in 2, 3, 4, ..., etc.
TRY THESE

Find the one’s digit of the cube of each of the following numbers.
(1) 3331 (i) 8888 (1) 149 (iv) 1005

(v) 1024 (vi) 77 (vii) 5022  (viii)) 53
6.2.1 Some interesting patterns
1. Adding consecutive odd numbers
Observe the following pattern of sums of odd numbers.
1 = 1 = 1’
3 + 5 = 8 = 2°
7 + 9 4 1 = 27 = 3’
13+ 15+ 17+ 19 = 64 = 4°
21+ 23+ 25+ 27+ 29 = 125 = 5°

Is it not interesting? How many consecutive odd numbers will be needed to obtain the sum as
10°?

TRY THESE
Express the following numbers as the sum of odd numbers using the above pattern?
(a) 6’ (b) 8’ (© 7’

Consider the following pattern.
27 1P =1+2x1x3
37 -2 =1+3x%x2x3
4° -3 =144x3x3
Using the above pattern, find the value of the following.
() 7°-6> (i) 12° —11° (iii) 20° —19° (iv) 51° -50°

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

Prime factorisation Prime factorisation each prime factor
of a number of its cube appears three times
4=2x2 4° =64=2x2x2x2x2x2=2%x2° in its cubes
6=2x3 6°=216=2x2x2x3x3x3=2%x3?
15=3x%5 157 =3375=3x3%x3x5x5%x5=3% x5°
12=2x%x2x3 12 =1728=2x2%x2x2x2%x2x3x3x%x3

=2°x2% x3?
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Observe that each prime factor of a number appears three times in the prime factorisation of its

| 216 cube.
108 In the prime factorisation of any number, if each factor
appears three times, then, is the number a perfect cube? Do you remember that
;7 Think about it. Is 216 a perfect cube? a" xb" =(axb)"
<! By prime factorisation, 216 =2 x2 x2 x3x3x3
9 Each factor appears 3 times. 216 =2°x3° = (2 x 3)°
3 = 6° which is a perfect cube! Factors can be
| Is 729 aperfect cube? 729=3x3x3 x 3x3x3 grouped in triples

Yes, 729 is a perfect cube.
Now let us check for 500.

Prime factorisation of 500 is 2 x2x 5x 5x 5.

So 500 is not a perfect cube. There are three 5°s
Example 1: Is 243 a perfect cube? in the product but
only 2’s

Solution: 243 =3x3x3x3x3

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

TRY THESE

Which of the following are perfect cubes?

1. 400 2. 3375 3. 8000 4. 15625
5. 9000 6. 6859 7. 2025 8. 10648

6.2.2 Smallest multiple that is a perfect cube

Raju made a cuboid of plasticine. Length, breadth and height of the cuboid are 15 cm, 30 cm, 15
cm respectively.
Asifa asks how many such cuboids will she need to make a perfect cube? Can you tell?
Raju said, Volume of cuboid is 15 x 30 x [5=3 x5 x2x3 x5x3 x5
=2x3x3x3x 5x5x%x5

Since there is only one 2 in the prime factorisation. So we need 2 x 2, i.e., 4 to make it a perfect
cube. Therefore, we need 4 such cuboids to make a cube.

Example 2: Is 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 =2x2x2 x7x7

The prime factor 7 does not appear in a group of three. Therefore, 392 is not a perfect cube. To
make it a cube, we need one more 7. In that case
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392 xT7=2x2x2 x7TxTxT=2744 which is a perfect cube.

Hence the smallest natural number by which 392 should be multiplied to make a perfect cube is
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 =2x2x2 x 1Ix11x11 x5

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

So, 53240 +5=2x2x2 x 11x11x11

Hence the smallest number by which 53240 should be divided to make it a perfect cube is 5.
The perfect cube in that case is = 10648.

Example 4: Is 1188 a perfect cube? If not, by which smallest natural number should 1188 be
divided so that the quotient is a perfect cube?

Solution: 1188 =2x2 x 3x3x3x 11

The primes 2 and 11 do not appear in groups of three. So, 1188 is not a perfect cube. In the
factorisation of 1188 the prime 2 appears only two times and the prime 11 appears once. So, if
we divide 1188 by 2 x 2 x11 = 44, then the prime factorisation of the quotient will not contain 2
and 11.

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

And the resulting perfect cube is 1188 +44 =27 =3"

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

Solution: We have, 68600 =2 x 2 x 2 x 5x 5 x 7 x 7x 7, In this factorisation, we find that there
is no triplet of 5.
So, 68600 is not a perfect cube. To make it a perfect cube we multiply it by 5.
Thus, 68600 X 5=2x2x2X5x5x5x7x7x7
= 343000, which is a perfect cube.
Observe that 343 is a perfect cube. From example 5 we know that 343000 is also perfect cube.

THINK, DISCUSS AND WRITE

Check which of the following are perfect cubes.

() 2700 (i) 16000 (i) 64000 (iv) 900
(v) 125000 (vi) 36000 (vii) 21600 (viii) 10,000
(ix) 27000000 (x) 1000.

What pattern do you observe in these perfect cubes?
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Exercise 6.1

1. Which of the following numbers are not perfect cubes?
(1) 216 (1) 128 (1ii) 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.
(1) 243 (1) 256 (1ii) 72 (iv) 675
(v) 100
3. Find the smallest number by which each of the following numbers must be divided to
obtain a perfect cube.
(1) 81 (i) 128 (1ii) 135 (iv) 192
(v) 704
4. Imtiyaz makes a cuboid of plasticine of sides 5 cm, 2cm, 5 cm. How many such cuboids

will he need to form a cube?

6.3 Cube Roots

If the volume of a cube is 125 cm’, what would be the length of its side? To get the length of the
side of the cube, we need to know a number whose cube is 125.

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

We know that 2° = 8; so we say that the cube root of 8 is 2.
We write /8 =2. The symbol 3\/_ denotes ‘cube-root.’

Consider the following:

Statement Inference Statement Inference
12 =1 V1 =1 6> =216 V216 =6
2° =38 8 = 427 = 7° =343 1343 =7
3% =27 V77— 7 = 8% =512 3512 = 8
4:=64 i 9z=729 NEPD G
5° =125 s 10° = 1000 - 1

6.3.1 Cube root through prime factorisation method
Consider 3375. We find its cube root by prime factorisation:

3375=3x3x3x 5x5x5=3’x5"=3x35)"
Therefore, cube root of 3375 = /3375 =3 x5=15

Similarly, to find4/74088 , we have,
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74088 = 2x2x2 x 3x3x3x TxTx7 =2°x3>x73=2x3x7)°
Therefore, 74088 =2 x3 x7=42

Example 6: Find the cube root of 8000.

Solution: Prime factorisation of 8000 is 2x2x2 X 2x2x2 X 5x5x5
So, 48000 =2 x2x5=20

Example 7: Find the cube root of 13824 by prime factorisation method.

Solution:

13824 =2x2x2 Xx2x2x2 x2x2x2 x3x3x3 =2°x2°x2°x3?,
Therefore, /13824 =2x2x2x3=24

THINK. DISCUSS AND WRITE

State true or false: for any integer m, m* < m’.why?

EXERCISE 6.2

1. Find the cube root of each of the following numbers by prime factorisation method.
(1) 64 (i) 512 (ii1) 10648 (iv) 27000
(v) 15625 (vi) 13824 (vii) 110592 (viii) 46656
(ix) 175616  (x) 91125

2. State true or false.

(1) Cube of any odd number is even.
(i1) A perfect cube does not end with two zeros.
(111) If square of a number ends with 5, then its cube ends with 25.
(iv) There is no perfect cube which ends with 8.
(v) The cube of a two digit number may be a three digit number.
(vi) The cube of a two digit number may have seven or more digits.
(vii) The cube of a single digit number may be a single digit number.
3. You are told that 1,331 is a perfect cube. Can you guess without factorisation what is its
cube root? Similarly, guess the cube roots of 4913, 12167, 32768.

What Have We Discussed

1. Numbers like 1729, 4104, 13832, are known as Hardy - Ramanujan Numbers. They can
be expressed as sum of two cubes in two different ways.

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

3. The symbol 3\/_ denotes cube root. For example /27 = 3.
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- [omparing Quantities

LBIIXB Chapter 7

1=
‘o
=

7.1 Recalling Ratios and Percentages

We know, ratio means comparing two quantities.

A basket has two types of fruits, say, 20 apples and 5 oranges.

Then, the ratio of the number of oranges to the number of apples =5 : 20.

The comparison can be done by using fractions as, % = 1

The number of oranges are% th the number of apples. In terms of

this is 1: 4, read as, “l is to 4”
OR

Number of apples to number of oranges = % = % which means, the number of apples are 4

times the number of oranges. This comparison can also be done using percentages.

There are 5 oranges out of 25 By unitary method:
fruits. So percentage of Out of 25 fruits, number of
oranges is oranges are 5. So out of 100
OR fruit ber of
5 4 20 its, number of oranges
IV L 1,12 -
25" 4 100 =2 x100 =20
[Denominator made 100]. 25
Since

@ contains only apples and oranges,

So, percentage of apples + percentage of oranges = 100
or percentage of apples + 20 = 100
or percentage of apples = 100 — 20 = 80

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

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

number of students and are 18 in number.

The picnic site is 55 km from the school and the transport company is charging at the rate of Rs

12 per km. The total cost of refreshments will be Rs 4280.

Can you tell.

1. The ratio of the number of girls to the number of boys in the class?

2. The cost per head if two teachers are also going with the class?

3. If their first stop is at a place 22 km from the school, what per cent of the total distance of 55
km is this? What per cent of the distance is left to be covered?
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Solution:

1. To find the ratio of girls to boys.

Anjum and Davinder came up with the following answers.
They needed to know the number of boys and also the total number of students.

Anjum did this
Let the total number of
students be x. 60% of x is

girls.
Therefore, 60% of x = 18
60
of = 18x100 _30
60

|
|
|
|
|
—x x=18 |
|
|
Number of students = 30. :

I
|
I
I
|
I 100
|
|
I
|

OR

So, the number of boys =30 — 18 = 12.

| Davinder used the unitary method
There are 60 girls out of 100
students.

There is one girl out of %

|

|

|

|

students. |
So, 18 girls are out of how many |
students? I
|

|

|

Number of students = % x18

r

18 3

Hence, ratio of the number of girls to the number of boys is 18: 12 or TRES

% is written as 3 :2 and read as 3 is to 2.

2. To find the cost per person.

Transportation charge = Distance both ways x Rate
=Rs (55 x2)x 12
=Rs 110 x 12 =Rs 1320
Total expenses = Refreshment charge
+ Transportation charge
=Rs 4280 + Rs 1320

= Rs 5600

Total number of persons =18 girls + 12 boys + 2 teachers

= 32 persons
Anjum and Davinder them used unitary method to find the cost per head.
For 32 persons, amount spent would be Rs 5600.

The amount spent for 1 person = Rs

5600

=Rs 175.

3. The distance of the place where first stop was made = 22 km.

80
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To find the percentage of distance:

Anjum used this method: Davinder Used Unitary Method:

22 22 100 Out of 55 km. 22km are travelled.
—=—x—=40%

55 55 100 2

She is multiplyin g OR Out of 1 km, = km are travelled.

. 100
the ratio by ﬁ =1 Out of 100 km, % x100km are travelled.

and converting to percentage. That is 40% of the total distance is travelled.

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

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

helping their children to do homework. There were 90 parents who helped for % hour to 1%
hours. The distribution of parents according to the time for

which, they said they helped is given in the adjoining figure ; hd]id "01"
elp at a

20% helped for more than 1% hours per day;

30% helped for %hour to 1% hours; 50% did not help at all.

30%
Using this, answer the following:
(1) How many parents were surveyed? helood
(i1) How many said that they did not help? : ped for
1 = hour to Helped l';:r more
(ii1)) How many said that they helped for more than 15 hours? 1% hour than 15 hour

Exercise 7.1

I. Find the ratio of the following.
(a) Speed of a cycle 15 km per hour to the speed of scooter 30 km per hour.
(b) 5mto 10 km (c) 50 paise to Rs 5

2. Convert the following ratios to percentages. -

(a)3:4 b)2:3
3. 72% of 25 students are good in mathematics. How many are not good in mathematics?
4. A football team won 10 matches out of the total number of matches they played. If their

win percentage was 40, then how many matches did they play in all?

5. If Insha had Rs 600 left after spending 75% of her money, how much did she have in the
beginning?

6. If 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.
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7.2 Finding Discounts

Discount is a reduction given on the Marked Price (MP) of the
article.

This is generally given to attract customers to buy goods or to
promote sales of the goods. You can find the discount by
subtracting its sale price from its marked price.

So, Discount = Marked price — Sale price

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

Solution: Discount = Marked Price — Sale Price
=Rs 840 -Rs 714
=Rs 126

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

82

On marked price of Rs 840, the discount is Rs 126.
On MP of Rs 100, how much will the discount be?

Discount = ﬁ x100 = 15%
840

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

Solution: Marked price is same as the list price.
20% discount means that on Rs 100 (MP), the discount is Rs 20.

By unitary method, on Re 1 the discount will be Rs %

Rs 220

On Rs 220, discount = Rs % x220 =Rs 44
The sale price = (Rs 220 — Rs 44) = Rs.176

The Jammu and Kashmir Board of School Education



A Textbook of Mathematics for Class VIII

Rukaiya found the sale price like this —
A discount of 20% means for a MP of Rs 100, discount is Rs 20. Hence the sale price is
Rs 80. Using unitary method, when MP is Rs 100, sale price is Rs 80;

When MP is Re 1, sale price is Rs %

Hence when MP is Rs 220, sale price = Rs% x 220 =Rs 176.

TRY THESE

1. A shop gives 20% discount. What would the sale price of each of these be?
(a) A dress marked at Rs 120 (b) A pair of shoes marked at Rs 750
(c) A bag marked at Rs 250

2 A table marked at Rs 15,000 is available for Rs 14,400 Find the discount given and the
discount per cent.
3. An almirah is sold at Rs 5,225 after allowing discount of 15%. Find its marked price.

7.2.1 Estimation in percentages

Your bill in a shop is Rs 577.80 and the shopkeeper gives a discount of 15%. How would you
estimate the amount to be paid?
(1) Round off the bill to the nearest tens of Rs 577.80, i.e., to Rs 580.

(i)  Find 10% of'this, i.e., Rs %xSSO =Rs 58.

(i)  Take half of this, i.e., %x 58 = Rs 29.

(iv)  Add the amounts in (ii) and (iii) to get Rs 87.
You could therefore reduce your bill amount by Rs 87 or by about Rs 85, which
will be Rs 495 approximately.
1. Try estimating 20% of the same bill amount. 2. Try finding 15% of Rs 375.

The Jammu and Kashmir Board of School Education

83



A Textbook of Mathematics for Class VIII

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

Bill No. Date
Menu
S.No. | Item Quantity Rate | Amount

Bill amount
+ ST (5%)

Total

2 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 given to the
government.

This is, therefore, always on the selling price of an item and is added to the
value of the bill. These days however, the prices include the tax known as
Value Added Tax (VAT).

Example 4: (Finding Sales Tax) The cost of a pair of roller skates at a shop was Rs 450. The
sales tax charged was 5%. Find the bill amount. G &
Solution: On Rs 100, the tax paid was Rs 5.

On Rs 450, the tax paid would be = Rs % x 450

=Rs 22.50
Bill amount = Cost of item + Sales tax = Rs 450 + Rs 22.50 = Rs 472.50.

~ Example 5: (Value Added Tax (VAT)) Nusrat bought an air cooler for Rs 3300 including a tax
il 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 Rs 100 then price including VAT is Rs 110.
Now, when price including VAT is Rs 110, original price is Rs 100.

Hence when price including tax is Rs 3300, the original price = Rs. % x 3300 = Rs. 3000.
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THINK, DISGUSS AND WRITE

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

2. By what per cent is Rs 2,000 less than Rs 2,4007? Is it the same as the per cent by which
Rs 2, 400 is more than Rs 2, 000?

Exercise 7.2

1. The price of a TV is Rs 13,000. The sales tax charged on it is at the rate of 12%. Find the
amount that Faheem will have to pay if he buys it.

2. Akram bought a pair of skates at a sale where the discount given was 20%. If the amount
he pays is Rs 1,600, find the marked price.

3. I purchased a hair-dryer for Rs 5,400 including 8% VAT. Find the price before VAT
was added.

7.4 Compound Interest

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

money deposited (kept) with them. Interest is also paid by people when they
borrow money.

J Interest is the extra money paid by institutions like banks or post offices on
We already know how to calculate Simple Interest.

Example 6 : A sum of Rs 10,000 is borrowed at a rate of interest 15% 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 Rs 100, interest charged for 1 year is Rs 15.
So, on Rs 10,000, interest charged = % x 10000 = Rs 1500

Interest for 2 years = Rs 1500 x 2 = Rs 3000
Amount to be paid at the end of 2 years = Principal + Interest
=Rs 10000 + Rs 3000 = Rs 13000
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TRY THESE
Find interest and amount to be paid on Rs 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.

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

Calculating Compound interest

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

Angad 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 year.
Let the principal for the first year be P,. Here, P, = Rs 20,000
SI, = Sl at 8% p.a. for Ist year = Rs 220008 _ pe 1600
2. Then find the amount which will be paid or received. This becomes principal for the next

year.
Amount at the end of Ist year = P, + SI, = Rs 20000 + Rs 1600

=Rs 21600 = P, (Principal for 2nd year)
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3. Again find the interest on this sum for another year.
SI, = SI at 8% p.a. for 2nd year = Rs%
=Rs 1728
4. Find the amount which has to be paid or received at the end of second year.

Amount at the end of 2nd year = P, + SI,
=Rs 21600 + Rs 1728 =Rs 23328
Total interest given = Rs 1600 + Rs 1728
=Rs 3328
Rehana asked whether the amount would be different for simple interest. The teacher told her to
find the interest for two years and see for herself.

20000x 8% 2

SI for 2 years = Rs =Rs3200

Rehana said that when compound interest was used Anita would pay Rs 128 more.
Let us look at the difference between simple interest and compound interest. We start with
Rs 100. Try completing the chart.

The Jammu and Kashmir Board of School Education

Under Under
Simple Interest Compound Interest :
First Year Principal Rs 100.00 Rs 100.00 Which
means you
Interest at 10% Rs 10.00 Rs 10.00 pay et
interest on
Year-end amount Rs 110.00 Rs 110.00 o e
. accumulated
Second Year Principal Rs 100.00 Rs 110.00 till then!
Interest at 10% Rs 10.00 Rs 11.00 f ;
Year-end amount  Rs (110 + 10) = Rs 120 Rs 121.00
Third Year Principal Rs 100.00 Rs 121.00
Interest at 10% Rs 10.00 Rs 12.10
Year-end amount ~Rg (120 +10 ) = Rs 130 Rs 133.10

87



A Textbook of Mathematics for Class VIII

Note that in 3 years,

Interest earned by Simple Interest = Rs (130 —100) = Rs 30, whereas,

Interest earned by Compound Interest= Rs (133.10 — 100) = Rs 33.10

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

year under compound interest.

7.5 Deducing a formula for Compound Interest

Flower asked her teacher, ‘Is there an easier way to find compound interest?’” The teacher said
“There is a shorter way of finding compound interest. Let us try to find it.’

Suppose P, is the sum on which interest is compounded annually at a rate of R% per annum.

Let P, = Rs 5000 and R = 5% per annum. Then by the steps mentioned above

P, xR x1
I SI = Re2000x5x1 or  SI,=Rs- 1"~
100 100
PR
So, A, =Rs5000 200X A P ST, =P 40
100 100
=Rs5000 1+i =P, or =P (l+£J=P2
100 100
P, xR x1
2. SIZ=RSSOOO[I+in5X10r SI, =272
100" 100 100
=R55000X5[1+ > ) =P1[1+£in
100 100 100) 100
_PIR[I'FLJ
100" 100
A, =Rs5000[ 14— | +Rs 2220231 5 A _p 451,
100 100 100
=R55000[1+LJ[1+LJ =P [1+ R J+P1 R [1+ RJ
100 )0 100 100) " '100\ 100
2
=R55000[1+LJ =P, =Pl[1+£J[1+ij
100 100 )" 100
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Proceeding in this way the amount at the end of # years will be
A =P, 1+£
100

Or,we can say A=P 1+£
100

So, Flower said, but using this we get only the formula for the amount to be paid at the end of n
years, and not the formula for compound interest.

Asiya at once said that we know CI = A — P, so we can easily find the compound interest too.

Example 7 : Find CI on Rs 12600 for 2 years at 10% per annum compounded annually.

Solution: We have, A =P (l+%) ,where Principal (P) = Rs 12600, Rate (R) = 10,

Number of years (n) =2

10 Y’ 11’
=Rs12600| 1+—| =Rs12600| —
100 10 TRY THESE
11 11 1. Find CI on a sum of Rs 8000
=Rs12600x —x— =Rs15246 for 2 years at 5% per annum
10 10
compounded annually.
CI=A—-P=Rs 15246 — Rs 12600 = Rs 2646

7.6 Applications of Compound Interest Formula

There are some situations where we could use the formula for calculation of amount in CL.
Here are a few.
(i) Increase (or decrease) in population.
(i) The growth of a bacteria if the rate of growth is known.
@ii) The value of an item, if its price increases or decreases in the intermediate years.

Example 8 : The population of a city was 20,000 in the year 1997. It increased at the rate of 5%
p-a. Find the population at the end of the year 2000.

Solution: There is 5% increase in population every year, so every new year has new population.

Thus, we can say it is increasing in compounded form.

Population in the beginning of 1998 = 20000 (we treat this as the principal for the 1st year)
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Increase at 5% = —— x20000 = 1000 Treat as the
100 Principal
Population in 1999 = 20000 + 1000 = 21000 for the
Increase at 5% = % %21000 = 1050 2nd year.
. _ N
Population in 2000 - 21000 + 1050 ] Treat as the
=22050 ..
5 Principal
Increase at 5% = —— x 22050 for the
100 3rd year.
=1102.5

At the end of 2000 the population = 22050 + 1102.5 =23152.5
3
or, Population at the end of 200 = 20000 [1 + %}

20000 x 21521, 21
202020

=23152.5
So, the estimated population = 23153.

Asha asked what is to be done if there is a decrease. The teacher then considered the following
example.

Example 9 : A TV was bought at a price of Rs 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 after one year.

Solution:

Principal = Rs 21,000
Reduction = Rs 5% of Rs 21000 per year

_ Rs 21000x5x1 — Rs 1050

100
value at the end of 1 year = Rs 21000 — Rs 1050 = Rs 19,950
Alternately, We may directly get this as follows:

value at the end of 1 year = Rs 21000 [1 —%)

=Rs 21000 x % =Rs 19,950
TRY THESE
1. A machinery worth Rs 10,500 depreciated by 5%. Find its value after one year.
2 Find the population of a city after 2 years, which is at present 12 lakh, if the rate of

increase is 4%.
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Exercise 7.3

1. The population of a place increased to 54,000 in 2003 at a rate of 5% per annum
(1) find the population in 2001.
(i) what would be its population in 2005?

2. In a Laboratory, the count of bacteria in a certain experiment was increasing at the rate of
2.5% per hour. Find the bacteria at the end of 2 hours if the count was initially
5, 06,000.

3. A scooter was bought at Rs 42,000. Its value depreciated at the rate of 8% per annum.

Find its value after one year.

e

%] - - A s
'Q '_0'."'.' W R
0 &“‘l"\‘.‘- RN
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What Have We Discussed

1. 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 tax is 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 + I)
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Algebraic Expressions
and ldentities

LBSEYY Chapter 8

8.1 Addition and Subtraction of Algebraic Expressions

In earlier classes, we have already become familiar with what algebraic expressions
(or simply expressions) are. Examples of expressions are:

x+ 3,2y -5, 3x 4xy + 7 etc.

In the earlier classes, we have also learnt how to add and subtract algebraic expressions.
For example, to add 7x*— 4x+ 5 and 9x — 10, we do

Tx*—4x+5
+ 9% —-10
x? +5x—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) =5 — 10 = — 5. Similarly, — 4x + 9x = (— 4 + 9)x = 5x. Let us take some more
examples.

Example 1: Add: 7xy + 5yz —3zx, 4yz + 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

+ 4yz + 9zx - 4y

+ 2xy —3zx + 5x (Note xz is same as zx)

Sxy +9yz + 3zx + 5x — 4y

Thus, the sum of the expressions is 5xy + 9yz + 3zx + 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.
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Example 2: Subtract 5x” — 4y” + 6y —3 from 7x* — 4xy + 8y? + 5x — 3y.

Solution:

Tx’—4xy+8y> +5x —3y

5x?

)

— 4y’ +6y -3
(+) ) )

2x —dxy+12y> +5x -9y +3

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’ is the same as adding 4y > and so on. The
signs in the third row written below each term in the second row help us in
knowing which operation has to be performed.

Exercise 8.1

1. Add the following.

(1) ab — bc, bc — ca, ca — ab

(i)a-b+ab,b—c+bc,c—a+ac

(iii) 2p° q> —=3pg+ 4,5+ Tpg—3p°q° (V) P+m?, m*> +n*,n*> +17,

2lm + 2mn + 2nl

2. (a) Subtract 4a — 7ab+ 3b + 12 from 12a — 9ab + 5b -3
(b) Subtract  3xy + S5yz — 7zx from Sxy — 2yz — 2zx + 10xyz
(c) Subtract 4p°q—3pg+ Spg’ —8p +7q — 10 from
18 -3p—11g+5pqg—2pq° +5p°q

8.2 Multiplication of Algebraic Expressions : Introduction
(i) Look at the following patterns of dots.

94

Patterns of dots Total number of dots
® o @ & o & & o oo
To find the e o o o o o o o o 4
number of ® e ¢ 0 0 0 0 o 0o x9
® & & o & o o 0 0o
dots we have e o o & o o &
tomultiplythe || @ © o o o e e
expressionfor || 9 3 9 o o o o 5x7
thenumberof || @ o © © © o e
rows by the »
expression for — N
the number of e ®© o & - — - e ®
lumnS - - - L] L - - - -
CO'7,,.::::::::: mxn
e e 6 o - — - o
m > n
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Here the

number of

Trows 1s

increased by
2,1e,m+2
and number of

columns

increased by

3,1e,n+3 {7

n+3

}

m+2

se sl il iwee
e Qi 1l ee
ee 0l il 1l 1 ee
ee 0|l i1l ee
e il i 1 e

| I A A A A B N |
(N T I O I I B |
[ U I R I N N

ee 0l il 1l ee
e 0l 1l I ee
ese B8l il il ee
el Il 1l @@

(m+2)x(n+3)

4
(1) Can you now think of similar other situations in 2 I
which two algebraic expressions have to be b-3
multiplied? l
Asma gets up. She says, “We can think of area of  * ¢
a rectangle.” The area of a rectangle is / x b, where / ne
is the length, and b is breadth. If the length of the rectangle is
increased by 5 units, i.e., (/ + 5) and breadth is decreased by 3 To findthe arca
units, i.e., (b — 3) units, the area of the new rectangle will be (/ + LAY
5) % (b-3). mltply
(ii1)  Can you think about volume? (The volume of a rectangular box algebfa}i,c
is given by the product of its length, breadth and height). expressions
(iv)  Santa points out that when we buy things, we have to carry out like (I x b) or
multiplication. For example, if (I+5) % (b-3).
price of bananas per dozen = Rs p
and for the school picnic bananas needed = z dozens, { ;
then we have to pay=Rs p X z
Suppose, the price per dozen was less by Rs 2 and the
bananas needed were less by 4 dozens.
Then, price of bananas per dozen = Rs (p —2) :
and bananas needed = (z — 4) dozens,
Therefore, we would have to pay = Rs (p — 2) x (z—4) A ]
TRY THESE

Can you think of two 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. If the
quantities are given by algebraic expressions, we need to find their product. This means that we
should know how to obtain this product. Let us do this systematically. To begin with we shall
look at the multiplication of two monomials.
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8.3 Multiplying a Monomial by a Monomial
8.3.1 Multiplying two monomials

We begin with

4 xx=x+x+x+x=4x as seen earlier. Notice that all the three
Similarly, 4 x (3x) =3x + 3x+ 3x+ 3x=12x products of monomials,
Now, observe the following products. 3xy, 15xy, — 15xy, are also
(1) x*x3y=xx3xy=3XxXxXy=3xy monomials.
(i1) Sxx3y=5xxx3xy=5x3xxxy=15xy

(1)) Sxx(3y)=5xxx(=3)xy
=5x(=3)xxxy=-I5xy
Some more useful examples follow.
(iv) Sy x4x® =(5x4)x(x xx?)
=20 xx* =20x’
(V) Sx > (—4xyz) = (5 x —4) x (x X xyz)
=-20x (x xx X yz) =—

20x° yz
Observe how we collect the powers of
different variables in the algebraic parts of
the two monomials. While doing so, we
use the rules of exponents and powers.

8.3.2 Multiplying three or more monomials

Observe the following examples.

(1) 2x x Sy x Tz =(2x x 5y) x Tz =10xy X 7z =70xyz

(i) 4xy x 5x7y? x 6x°y° = (dxy x Sx*p?) x 6x°y’ =20x°y’ x 6x’y’ =1R0x7y* xx°y°
=120(x > xx) x (°x y*) =120x° x y°=120x°y°

It is clear that we first multiply the first two monomials and then multiply the resulting monomial

by the third monomial. This method can be extended to the product of any number of
monomials.

We can find the product in the other way also

TRY THESE 4xy x 5x*y? x 6x* y?
Find 4x x 5y x 7z =@ x5x6)x(xxx’ xx*)x (yxy’ xyp?)
First find 4x x 5y and multiply it by 7z; = 120 x° »°

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?
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Example 3: Complete the table for area of a rectangle with given length and breadth.

Solution:
Length Breadth Area
3x Sy 3x x 5y =15xy
9y Aw® | ccoocoosm
dab L R
20°m 3m? | eeeeeneen

Example 4: Find the volume of each rectangular box with given length, breadth and height.

Length Breadth Height
2ax 3by Scz
2 2 2
m-n n°p p m
2q 4q° 8¢q°

Solution: Volume = length % breadth x height
Hence, for (i) volume = (2ax) x (3by) x (5¢z)
=2 x3 x5 X% (ax) % (by) x (cz) =30abcxyz

for (ii) volume =m> nxn’p xp°m
=(m* xm)x (nxn*)x(pxp*)y=m’n’p’
for (iii) volume =2¢ x 4¢> x 8¢’

:2><4><8><q><q2 ><q3:64q6

Exercise 8.2

1. Find the product of the following pairs of monomials.
(i) 4,7p (i) —4p, 7p  (iii) — 4p, Tpq (V) 4p*,-3p
(v) 4p, 0
2. Find the areas of rectangles with the following pairs of monomials as their lengths

and breadths respectively.
(> ); (10m, 5n); (20x*, 5% ); (4x, 3x7); 3mn, 4np)
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3.

Complete the table of products.

First monomial —

2.2

Second monomial 4

2x | =5y 3x? -4y | Ix*y | -9xy

2x 4x ?

— 5y oo | —15x%y

_9x2y2

Obtain the volume of rectangular boxes with the following length, breadth and height
respectively.

(i) 5a, 3a°, 7a" (i) 2p, 4q, 8r (iii) xy, 2x°y, 2xy°  (iv) a, 2b, 3¢
Obtain the product of
() xy,yz,zx (i) a,—a*, a (iii) 2, 4y, 8y, 16y°  (iv) a, 2b, 3¢, 6abc

(v) m, — mn, mnp

8.4 Multiplying a Monomial by a Polynomial

Expression that contains two terms is called a binomial. An expression containing three
terms is a trinomial and so on. In general, an expression containing, one or more terms with
non-zero coefficient (with variables having non negative integers as exponents) is called
a polynomial.

8.4.1 Multiplying a monomial by a binomial

Let us multiply the monomial 3x by the binomial 5y +2, i.e., find 3x x (Sy +2) =?
Recall that 3x and (5y +2) represent numbers. Therefore, using the distributive law,
3xx (5y+2)=3xx5y)+(3xx2)=15xy + 6x
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Similarly, (— 3x) %X (— 5y + 2) = (= 3x) x (—.5y) + (— 3x) x (2) = 15xy — 6x
and Sxy x (2 +3)=(5xp x y*) + (5xp x 3) =5xp° + 15xy.

What about a binomial x monomial? For example, (5y +2) X 3x = ?

We may use commutative law as: 7x 3 =3 x 7;orin generala x b=b X a
Similarly, (5y + 2) x 3x =3x % (5y + 2) =15xy + 6x as before.

TRY THESE
Find the product (1) 2x (3x + 5xy) (i) a® (2ab—5c)

8.4.2 Multiplying a monomial by a trinomial

Consider 3p x (4p”+ 5p + 7). As in the earlier case, we use distributive law;
3px (4p° +5p+T7)=(3p x4p”) + (Bp x 5p)+(3p x 7)
=12p° +15p° +21p
Multiply each term of the distributive law, we are able to carry out the multiplication term by
term.

TRY THESE
Find the product: (4p> + S5p +7) x 3p

Example 5: Simplify the expressions and evaluate them as directed:
(i) x(x-3)+2forx=1, )3y 22y-7)-3(y—-4)—-63 fory=-2

Solution:
(x(x—3)+2=x>-3x+2
For x=1,x"=3x+2=(1)>-3(1)+2
=1-3+2=3-3=0
(i) 3y 2y —7)—-3(y—4)—-63=6y> —2ly—3y+12-63
=6y° —24y—51

For y=-2,6y° —24y —51=6(-2)>—24(-2) -5l
=6x4+24x2-5]
=24+48-51=72-51=21
Example 6: Add
(i) 5m (3 —m)and 6m>— 13m (i) 4y (By*+5y—T)and 2 (y°— 4y’ +5)

Solution:
(i) First expression = 5m (3 —m) = (5m x 3) — (5Sm x m) = 15m — Sm> Now adding the second
expression to it, 15m —5m> + 6m> —13m=m> + 2m
(ii) The first expression =4y (3y> + 5y —7) =4y x 3y )+ @y x 5p) + 4y x (= 7)
=12y° +20y>—28y
The second expression =2 (' —4y> +5)=2)"+2x (=4y*)+2x5
=2y°— 8y +10
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Adding the two expressions,
12y° +20y* — 28y

+ 2y — 8° +10

14y° +12y°—28y + 10
Example 7: Subtract 3pg (p — q) from 2pq (p + q).

Solution: We have 3pq (p —q) =3p” g —3pgq’ and
2pq (p+q)=2p*q+2pq’
Subtracting 2p°q+2pq°
3p*q—3pq’
-4

~pq +35pq’
Exercise 8.3
1. Carry out the multiplication of the expressions in each of the following pairs.

()4p, g +r (i))ab,a—b (iiiya+b, Ta’ b’ (iv) a’ - 9,4a
(V) pg+qr+mp,0
2. Complete the table.

First expression | Second expression | Product
(1) a b+tc+d
(1) x+y-5 Sxy
(iii) p 6p> —Tp+5
(iv) 4]926]2 pz_qz
(v) at+tb+tc abc

3. Find the product.

(i) a* )x(2a™ )x (4a ) (i @xij[ﬁnyZj

10

(111) [—%pcf}x[%p%} (iv) xxx? xx’ xx*

4. (a) Simplify 3x (4x — 5) + 3and find its values for (i) x =3 (ii)) x = %

(b) Simplify a (a”> +a + 1) + 5 and find its value for (i) a = 0, (ii) a = 1
(i) a =-1.
5. (@) Add: p (p—¢), g (¢ —r)and r (r—p)
(b) Add: 2x z—x—y)and 2y (z—y —x)
(c) Subtract: 3/ (I — 4m + 5n) from 4/ (10n — 3m + 2[)
(d) Subtract: 3a(a+b+c)—-2b(a—b+c) fromdc(—a+b+c)
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8.5 Multiplying a Polynomial by a Polynomial
8.5.1 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,
(3a + 4b) x (2a +3b) =3a x (2a + 3b) + 4b x (2a + 3b)

= (3a % 2a) + (3a x 3b) + (4b x 2a) + (4b x 3b)

Observe, every term in

one binomial multiplies =6a’+ 9ab + 8ba + 12b*
every term in the other =6a’+17ab+12b" (Since ba = ab)
binomial.

When we carry out term by term multiplication, we expect 2 x 2 =4 terms to be present. But two
of these are like terms, which are combined, and hence we get 3 terms. In multiplication of
polynomials with polynomials, we should always look for like terms, if any, and combine
them.

Example 8: Multiply
(1) (x—4) and (2x + 3) (i) (x —y) and (3x + 5y)

Solution:

(1) (x—4)x2x+3)=xx2x+3)—4x(2x+3)
=X 2x)F(xx3)—(4x2x)—(4x3)=2x" +3x— 8 —12
=2x* —5x—12 (Adding like terms)

(i)  (r—=y)x GBx+35y)=xxBx+5y)—yx(3x+5y)

= (x X 3x) + (x X 5y) = (¥ x 3x) = (¥ ¥ 5»)

=3x> +5xy—3yx—5y> =3x> + 2xp— 5y’ (Adding like terms)
Example 9: Multiply
(1) (a+7) and (b-5) (i) (@ +2b*) and (5a — 3b)

Solution:
(1) (a+7)yx(b-5=axb-5)+7xb-5=ab—5a+7b-35

Note that there are no like terms involved in this multiplication.

(i) (a® +2b*)x (5a—3b)=a’ (5a—3b)+2b>* (5a —3b)
=5a> —3a’b+10ab> — 6b>

8.5.2 Multiplying a binomial by a trinomial
In this 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 get in all 3 x 2 = 6 terms, which may reduce to 5 or
less, if the term by term multiplication results in like terms. Consider

(a+ 7 x(@*+3a+5=ax@ +3a+5+7x(@ +3a+5)

binomial trinomial [using the distributive law]
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=a’ +3a’ +5a+7a° +2la+35
=a’ +QBa’ +7a’)+ (5a+2la)+35
=a’ +10a’ +26a + 35 (Why are there only 4 terms in the final result?)

Example 10: Simplify (a + b) (2a —3b + ¢) — (2a — 3b) c.

Solution: We have
(a+b)Ra-3b+tc)=aRa—-3b+c)+b(2a—-3b+c)

and

=2a’ —3ab + ac + 2ab—3b* + bc
=2a’ —ab—3b” +bc+ac  (Note, —3ab and 2ab are like terms)
(2a—3b) ¢ =2ac — 3bc

Therefore,

(a+b)Ra—3b+c)—(2a—3b)c=2a’> —ab—3b> + bc + ac — (2ac — 3bc)
=2a’ —ab—-3b* + bc + ac —2ac + 3bc
=2a’> —ab—3b* + (bc + 3bc) + (ac — 2ac)
=2a’ —3b> —ab + 4bc —ac

Exercise 8.4

1.

102

Multiply
(1) (2x+5)and (4x —3) (i) (y—8)and 3y—4)
(1) (2.5/—0.5m) and (2.5/+ 0.5m) (iv) (a+3b)and (x +5)

(v) (2pq+3¢*)and 3pg—2q°)
(vi) Gaz +3b2jand4(a2 —%sz

Find the product.

(i) (5-2%)(3+x) (i) (x+7y) (7x—y)
(i) (a* +b)(a+b?) (iv) @’-¢*)Q2p+9q)
Simplify

() (x> =5) (x+5)+25 (i) (@*+5) (B +3)+5

(iii) (¢ +5°) (£* =)

(iv) (a+b)(c—d)+(a—b) (c+d)+2(ac + bd)

(M) (x+p) 2x +y) +(x+2y) (x—y) (Vi) (x +y) (& —xp +)7)
(vii) (1.5x —4y) (1.5x + 4y + 3) —4.5x + 12y
(vii) (a+b+c)(a+b-c)
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[a—

What Have We Discussed

Expressions are formed from variables and constants.

Terms are added to form expressions. Terms themselves are formed as product of
factors.

Expressions that contain exactly 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.

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 subtract)
them; then handle the unlike terms.

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.

A monomial multiplied by a monomial always gives a monomial.

While multiplying a polynomial by a monomial, we multiply every term in the
polynomial by the monomial.

In carrying out the multiplication of a polynomial by a binomial (or trinomial), we
multiply term by term, i.e., 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.
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Mensuration

We have learnt that for a closed plane figure, the perimeter is the distance around its boundary
and its area is the region covered by it. We found the area and perimeter of various plane figures
such as triangles, rectangles, circles etc. We have also learnt to find the area of pathways or
borders in rectangular shapes.

In this chapter, we will try to solve problems related to perimeter and area of other plane closed
figures like quadrilaterals.

We will also learn about surface area and volume of solids such as cube, cuboid and cylinder.

= Lyl
L92B1L

Chapter 9

9.2 Area of a Polygon

We split a quadrilateral into triangles and find its area. Similar
methods can be used to find the area of a polygon. Observe the
following for a pentagon: (Fig 9.1, 9.2)

E
Fig 9.2

By constructing one diagonal AD and

Fig 9.1 two perpendiculars BF and CG on it,
By constructing two diagonals AC and pentagon ABCDE is divided into four
AD the pentagon ABCDE is divided into parts. So, area of ABCDE = area of right
three parts. angled A AFB + area of trapezium BFGC
So, area ABCDE = area of A ABC + area + area of right angled ACGD + area of
of AACD + area of AAED. AAED. (Identify the parallel sides of
trapezium BFGC.)
TRY THESE
(1) Divide the following polygons (Fig 9.3) into parts (triangles and trapezium) to find out
its area.
H P
0)
G
F I N Q
e Fig 9.3 M ’
FI is a diagonal of polygon EFGHI NQ is a diagonal of polygon MNOPQR
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(1) Polygon ABCDE is divided into parts as shown below (Fig 9.4) Find its area if
AD =8 cm, AH =6 cm, AG =4 cm, AF = 3 cm and perpendiculars BF = 2 cm,
CH=3cm, EG=2.5cm. C
Area of Polygon ABCDE = area of AAFB +.... B

AreaofAAFB=%XAFXBF=%X3X2=....

Area of trapezium FBCH = FH x (BF+CH)

=3 x (2—;3)[FH=AH—AF]
Fig 9.4

Area of ACHD = % x HDx CH = ....; Area of AADE = % x AD x GE =....

So, the area of polygon ABCDE =....

(iii)  Find the area of polygon MNOPQR (Fig 9.5) if
MP =9 c¢cm, MD =7 cm, MC = 6 cm, MB =4 cm,
MA=2cm
NA, OC, QD and RB are perpendiculars to
diagonal MP.

Fig 9.5

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 sides is 20 m. Find the other parallel side.

Solution: One of the parallel sides of the trapezium is a = 20 m, let another parallel side be b,
height 7 =15 m.

The given area of trapezium = 480 m” .
Area of a trapezium = %h (a+b)

480><2:20+b

So480=%>< 15 x (20 + b) or

or 64=20+borb=44m
Hence the other parallel side of the trapezium is 44 m.
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Example 2: The area of a thombus is 240 cm” and one of the diagonals is 16 cm. Find the other
diagonal.

Solution: Let length of one diagonal 4, = 16 cm

and length of the other diagonal = d ,
Area of the thombus = % d,.d, =240
1
— 16.d, =240
2
d, =30 cm

Hence the length of the second diagonal is 30 cm.

Example 3: There is a regular hexagon MNOPQR of side 5 cm (Fig 9.6). Aamir and Richa
divided it in two different ways (Fig 9.7).

Find the area of this hexagon using both ways. N

Richa’s method: Q
Aamir’s method:

Fig 9.6

Fig 9.7
Solution: Aamir’s method:
Since it is a regular hexagon so NQ divides the hexagon into two congruent trapeziums.
You can verify it by paper folding (Fig 9.8).

.

Now area of trapezium MNQR = 4 x @=2 x 16 =32cm”. m
So the area of hexagon MNOPQR =2 x 32 =64 cm”. Fig 9.8
Richa’s method: N

AMNO and ARPQ are congruent triangles with altitude 3 cm ( Fig 9.9).
You can verify this by cutting off these two triangles and placing them on
one another.

Area of AMNO = %x 8 x 3=12 cm® = Area of ARPQ " "I.u.-m
2
Area of rectangle MOPR = 8 x 5=40 cm”. Fig 9.9

Now, area of hexagon MNOPQR =40 + 12 + 12 =64 cm”.
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Exercise 9.1

1.

The shape of the top surface of a table is a trapezium.
Find its area if its parallel sides are 1 m and 1.2 m and
perpendicular distance between them is 0.8 m.

A D . : v
2. The area of a trapezium is 34 cm” and
- the length of one of the parallel sides is 10 cm and its height is 4 cm. Find the
B C

Sm

~
16 cm

—24 ctn —

length of the other parallel side.

3. Length of the fence of a trapezium shaped field ABCD is 120 m. If BC =
48 m, CD = 17 m and AD = 40 m, find the area of this field. Side

AB is perpendicular to the parallel sides AD and BC.

The diagonal of a quadrilateral shaped field is 24 m and the I'{l-::.:a
perpendiculars dropped on it from the remaining opposite . | ;..
vertices are 8 m and 13 m. Find the area of the field. o mV
The diagonals of a rhombus are 7.5 cm and 12 cm. Find its e
area.

Find the area of a rhombus whose side is 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 floor 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 perm” is Rs 4. Road
Manish wants to buy a trapezium shaped field. Its side along
the river is parallel to and twice the side along the road. If

the area of this field is 10500 m?> and the perpendicular "Ijm

distance between the two parallel sides is 100 m, find the —-----------~- -

e
S I A L g g

length of the side along the river. ~  sosssssomn
9. Top surface of a raised platform is in the shape of a
regular 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 Asha and Samina divided it in two different ways.

Asha's diagram Samina's diagram

Find the area of 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 cm. Find the area of each section of the frame, if the
width of each section is same.
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9.3 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 9.10).

vertex

face

edge

Cuboid Cylinder Cone Pyramid

Fig 9.10

Observe that some shapes have two or more than two identical (congruent) faces. Name them.
Which solid has all congruent faces?

DO THIS

Soaps, toys, pastes, snacks etc. often come in the packing of cuboidal, cubical or cylindrical
boxes. Collect, such boxes (Fig 9.11).

Fig 9.11
Cuboidal Box Cubical Box

All six faces are rectangular,
and opposite faces are
identical. So there are three
pairs of identical faces.

All six faces
are squares
and identical.

Cylindrical Box

One curved surface
and two circular

faces which are
identical.

Circular base
and top are
identical

Curved surface

Now take one type of box at a time. Cut out all the faces it has. Observe the shape of each face
and find the number of faces of the box that are identical by placing them on each other. Write
down your observations.
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Did you notice the following:

The cylinder has congruent circular faces that are parallel to each other (Fig
9.12). Observe that the line segment joining the center of circular faces is
perpendicular to the base. Such cylinders are known as right circular
Fig9.12 cylinders. We are only going to study this type of cylinders, though there are &5

(This is a right other types of cylinders as well (Fig 9.13). Fig 9.13
circular cylinder) (This is not aright
circular cylinder)

THINK, DISCUSS AND WRITE

Why is it incorrect to call the solid shown here a cylinder?

9.4 Surface Area of Cube, Cuboid and Cylinder
Anil, Rifat and Sunny are painting a cuboidal, cubical and a cylindrical box respectively of same
height (Fig 9.14).

Fig 9.14

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.

9.4.1 Cuboid
Suppose you cut open a cuboidal box and lay it flat (Fig T'—""‘
9.15). We can see a net as shown below (Fig 9.16). [ e
Write the dimension of each side. T T
You know that a cuboid has three pairs of identical [
faces. What expression can you use to find the area of " b oal ot lml wlvla
each face? = ‘[
Find the total area of all the faces of the box. We see £ that
the total surface area of a cuboid is area I + area II + 4 ey -2y
area III + area IV +area V + area VI .._,r._.«'b ﬂf
=hxl+bxl+bxh+Ixh+bxh+Ixbh Fig 9.15 e

Fig 9.16
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So total surface area=2 (h X [+ b x h+ b x [) = 2(Ib + bh + hl)

where £, [ and b are the height, length and width of the cuboid respectively.

Suppose the height, length and width of the box shown above are 20 cm, 15 cm and 10 cm
respectively.

Then the total surface area =2 (20 x 15+ 20 x 10 + 10 x 15)

=2 (300 +200 + 150) = 1300 m*.

TRY THESE
Find the total surface area of the following cuboids (Fig 9.17):

10 cm

A'J_z om

3
. A

PG " Fig 9.17 e

Roof

e The side walls (the faces excluding the top and 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 9.18):

Hence, the lateral surface area of a cuboid is given by
2(h x 1+ bxh)or2h (I + D).

Base
DO THIS

(1) 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 area of the duster?

(1) Measure length, width and height of your classroom and find

(a) the total surface area of the room, ignoring the area of windows and doors.

(b) the lateral surface area of this room.

(c) the total area of the room which is to be white washed.

THINK, DISCUSS AND WRITE

Can we say that the total surface area of cuboid = lateral surface area + 2 x area of base?
If we interchange the lengths of the base and
the height of a cuboid (Fig9.19 (1)) to get
another cuboid (Fig 9.19 (ii)), will its lateral
surface area change?

N —

H| e
oy e 7
)] Fig9.19 *h+ (ii)
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DO THIS

Draw the pattern shown on a squared paper and cut it out [ Fig 9.20 (I)]. (You know that this
pattern is a net of a cube. Fold it along the lines [Fig 9.20(i1)]. and tape the edges to form a cube
[Fig 9.20 (iii)].

6 i i < :
l--L . ‘ &
4 4 |
m\"; -
T
Fig 9.20 !
]
i i
I I
I r ! A

(a) What is the length, width and height of the cube? Observe that all the faces of a cube are
square in shape. This makes length, height and width of a cube equal (Fig 9.21 (i)).

(b)  Write the area of each of the faces. Are they equal?

(©) Write the total surface area of this cube.

(d) If each side of the cube is /, what will be the area of each face? (Fig 9.21 (i1)).

Can we say that the total surface area of a cube of side / is 6/° ?

TRY THESE
Find the surface area of cube A and lateral surface area of cube B (Fig 9.22)

l.l;lcm | i T .

Scm]-
e : L p
: 10 cm £ .‘l. :c':n
—10 em— " —8em—Y
A Fig 9.22 B
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THINK, DISCUSS AND WRITE

(1) Two cubes each with side b are joined to form a cuboid (Fig 9.23). What is the surface
area of this cuboid? Is it 1257 ? Is the surface area of cuboid formed by joining three such
cubes, 18h°? Why?

b
b ¥
h [S——T——
e Dttt p—gt’
Fig 9.23
(1) How will you arrange 12 cubes of equal length to form a cuboid
of smallest surface area?
(i)  After the surface area of a cube is painted, the cube is cut into 64
smaller cubes of same dimensions (Fig 9.24). o
How many have no face painted? 1 face painted? 2 faces
painted? 3 faces painted?
Fig 9.24

94.3 Cylinders
Most of the cylinders we observe are right circular cylinders. For example, a tin, round pillars,
tube lights, water pipes etc.

DO THIS

(1) Take a cylindrical can or box and trace the base of the can on graph paper and cut it [Fig
9.25(i)]. 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 9.25(ii)].

Tape the pieces [Fig 9.25(iii)]. together to form a cylinder [Fig 9.25(iv)]. What is the
shape of the paper that goes around the can?

(i) (i) Fig 9.25
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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 strip is equal to the circumference of the circle. Record the
radius (r) of the circular base, length (/) and width (%) of the rectangular strip.

Is 2nr = length of the strip. Check if the area of rectangular strip is 2nrh. Count how
many square units of the squared paper are used to form the cylinder.

Check if this count is approximately equal to 2nr (r + h).

(1) We can deduce the relation 2nr (» + h) as the surface area of a cylinder in another way.
Imagine cutting up a cylinder as shown below (Fig 9.26).
e T > area =nr
g :..--o-.:'.v"‘ } Y ZTD' q
. '|' """"" +

h h area=2mrh

| T +
= T > area = nr’

Fig 9.26

Note: We take & to be %

unless otherwise stated.

The lateral (or curved) surface area of a cylinder is 2nrh.
The total surface area of a cylinder = n /* + 2mrh +
=2 + 2mrh or 2mr (r + h)

TRY THESE
Find total surface area of the following cylinders (Fig 9.27)
14 em :
— ) )

S

Fig 9.27 e

THINK. DISCUSS AND WRITE

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 x height of cuboid?

Example 4: An aquarium is in the form of a cuboid whose external measures are 80 cm x 30 cm

% 40 cm. The base, side faces and back face are to be covered with a coloured paper. Find the

area of the paper needed?

Solution: The length of the aquarium = /= 80 cm
Width of the aquarium = 5 = 30 cm
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Height of the aquarium = 4 = 40 cm
Area of the base = x b = 80 x 30 =2400 cm*
Area of the side face = b x h =30 x 40 = 1200 cm*

Area of the back face =/ x 1 = 80 x 40 = 3200 cm”’
Required area = Area of the base + area of the back face
+ (2 x area of a side face)

= 2400 + 3200 + (2 x 1200) = 8000 cm*
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 Rs 5 per m” . What will
be the cost of white washing if the ceiling of the room is also whitewashed?

Solution: Let the length of the room=/=12m
Width of the room =5 =8 m
Height of the room=/4=4m
Area of the four walls of the room = Perimeter of the base x Height of the room
=2(+b)xh=2(12+8) x4
=2x20x4=160m".
Cost of white washing per m* = Rs 5
Hence the total cost of white washing four walls of the room = Rs (160 % 5) = Rs 800
Area of ceiling is 12 x 8 =96 m”
Cost of white washing the ceiling = Rs (96 x 5) = Rs 480
So the total cost of white washing = Rs (800 + 480) = Rs 1280

Example 6: In a building 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 Rs 8 per m”.

Solution: Radius of cylindrical pillar, » =28 cm = 0.28 m
height, =4 m
curved surface area of a cylinder = 2nrh

curved surface area of a pillar = 2 X % x 0.28 x 4=7.04 m"

curved surface area of 24 such pillar = 7.04 x 24 = 168.96 m”
cost of painting an area of I m” =Rs 8
Therefore, cost of painting 1689.6 m”> = 168.96 x 8 =Rs 1351.68

Example 7: Find the height of a cylinder whose radius is 7 cm and the total
surface area is 968 cm”.

Solution: Let height of the cylinder = 4, radius = » = 7cm
Total surface area = 2nr (h + r)
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ie.,

2x%x7x(7+h)=968
h=15cm

Hence, the height of the cylinder is 15 cm.

Exercise 9.2

1.

10.

There are two cuboidal boxes as

shown in the adjoining figure. Which L
box requires the lesser amount of
material to make? b T
A suitcase with measures 80 cm x (=)

48 cm x 24 cm is to be covered with

A
40 ¢m

S0 cm

A
m

[ ———

50 em
(h)

a tarpaulin cloth. How many metres of tarpaulin width 96 cm is required to cover

100 such suitcases?
Find the side of a cube whose surface area is

600 cm”.
Reeta painted the outside of the cabinet of

measure 1l mx 2 m x 1.5 m. How much

i [

1‘}\-——-_-—"“

surface area did she cover if she painted all except the bottom of the cabinet.

Dawood is painting the walls and ceiling of a
cuboidal hall with length, breadth and height
of 15 m, 10 m and 7 m respectively. From
each can of paint 100 m” of area is painted.

T em

How many cans of paint will she need to paint =7 cm—

the room?

Describe how the two figures at the right are alike and how they are different. Which

box has larger lateral surface area?

A closed cylindrical tank of radius 7 m and height 3 m is
made from a sheet of metal. How much sheet of metal is
required?

The lateral surface area of a hollow cylinder is 4224 cm”.
It is cut along its height and formed a rectangular sheet
of width 33 cm. Find the perimeter of rectangular sheet?
A road roller takes 750 complete revolutions to move
once over to level a road. Find the area of the road if the
diameter of a road roller is 84 cm and length is 1 m.

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). If the label is placed
2 cm from top and bottom, what is the area of the label.
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9.5 Volume of Cube, Cuboid and Cylinder
Amount of space occupied by a three dimensional object is called its volume. Try to compare the
volume of objects surrounding you. For example, volume of a room 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 of a solid, as cube is the most convenient
solid shape (just as square is the most convenient
shape to measure area of a region).

For finding the area we divide the region into
square units, similarly, to find the volume of a
solid we need to divide it into cubical units.
Observe that the volume of each of the adjoining
solids is 8 cubic units ( Fig 9.28).
Fig 9.28
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
1 cubiccm=1cmxlemx 1em=1cm’

=10mmx 10 mmx 10 mm=............. mm
lecubicm=1mx1mx1m=1m’
e cm’
lcubicmm=1mmx | mmx | mm=1mm’
=0.1lcmx0.1cmx0.1cm=.....cccceeennnenn. cm’

We now find some expressions to find volume of a cuboid, cube and cylinder. Let us take each
solid one by one.

9.5.1 Cuboid
Take 36 cubes of equal size (i.e., length of each cube is same). Arrange them to form a cuboid.
You can arrange them in many ways. Observe the following table and fill in the blanks.

cuboid length | breadth | height | Ixbxh=V

(i) e O 12 3 1 12x3x1=36

Anits

2 1L
} 12 units it
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T
i
(ii)
- -~
6 4”/
(i) | = = = T
i a4
k 9 HIA
g | |
g ¥
w |
p—0 —-—1'/

What do you observe?

Ih Since we have used 36 cubes to form these cuboids, volume of each
cuboid 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

=[x b x h. Since [ % b is the area of its base we can also say that,

Volume of cuboid = area of the base x height

DO THIS

Take a sheet of paper. Measure its area. Pile up

such sheets of paper of same size to make a

cuboid ( Fig 9.29). Measure the height of this

pile. Find the volume of the cuboid by finding the il
product of the area of the sheet and the height of =~ o

pile of sheets. Fig 9.29

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 you think of such objects whose volume can be found by using this method?

TRY THESE
Find the volume of the following cuboids (Fig 9.30).

() @h cm @ﬁ em
=Fem—y 3 o 24m’

Fig 9.30
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9.5.2 Cube
The cube is a special case of a cuboid, where / = b = h.

Hence, volume of cube =17 x [ x [=]?

TRY THESE
Find the volume of the following cubes -
(a) with aside4 cm (b) withaside 1.5m

Arrange 64 cubes of equal size in as many ways as you can to form a cuboid.
Find the surface area of each arrangement. Can solid shapes of same volume have same surface

™ THINK, DISCUSS AND WRITE

A company sells biscuits. For packing purpose they are using cuboidal boxes:

box A -3 cm x 8 cm x 20 cm, box B — 4 ¢cm x 12 cm X 10 cm. What size of the box

will be economical for the company? Why? Can you suggest any other size (dimensions) which
has the same volume but is more economical than these?

9.5.3 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? @I" I
Just like cuboid, cylinder has got a top and a base which are cuboid l

congruent and parallel to each other. Its lateral surface is also epiinder

perpendicular to the base, just like cuboid.
So the Volume of a cuboid = area of base % height

=[xbxh=Ibh I
Volume of cylinder = area of base x height

=’ xh=nr’h

area of llnm-

TRY THESE i
Find the volume of the following cylinders.

—10em—

250 m?
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9.6 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 tin is 100 cm” .
Capacity is also measured in terms of litres. The relation between litre and cm” is,
ImL=1cm’, 1 L=1000cm?*. Thus, 1 m® = 1000000 cm® = 1000 L.

Example 8: Find the height of a cuboid whose volume is 275 cm” and base area is 25 cm” .

Solution: Volume of a cuboid = Base area x Height
Volume of cuboid

Hence height of the cuboid =
Base area

:ﬁzllcm
25

Height of the cuboid is 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” ?

Solution: Volume of one box = 0.8 m*
Volume of godown = 60 x 40 x 30 = 72000 m"

. | f th
Number of boxes that can be stored in the godown = Volume of the godown

Volume of one box
_ 60x40x30

0.8
Hence the number of cuboidal boxes that can be stored in the godown is 90,000.

=90,000

Example 10: A rectangular paper of width 14 cm is rolled along its width and a cylinder of
radius 20 cm is formed. Find the volume of the cylinder (Fig 9.31)? (Take % for m)

Solution: A cylinder is formed by rolling a rectangle about its width. Hence the width of the
paper becomes height and radius of the cylinder is 20 cm.

20 em
[ [
14 cm 14 em
Fig 9.31

Height of the cylinder = 2 = 14 cm
Radius =7 =20 cm
Volume of the cylinder=V =m r> h
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%x 20 % 20 x 14 = 17600 cm®

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 height.
Let radius of the cylinder = r and height = A

Perimeter of the base of the cylinder = 2nr = 11

or 2X%Xr=ll

Therefore, r= %cm

Volume of the cylinder =V =mr* h

zgx—xzx4cm3= 38.5¢cm’
474

Hence the volume of the cylinder is 38.5 cm”.

Exercise 9.3

1. Given a cylindrical tank, in which situation will you find surface area and in
which situation volume.
(a) To find how much it can hold.
(b)  Number of cement bags required to plaster it.
() To find the number of smaller tanks that can be filled with water from

it.

2. Diameter of cylinder A is 7 cm, and the height is 14 cm. ==
Diameter of cylinder B is 14 cm and height is 7 cm. Without I |
doing any calculations can you suggest whose volume is r o 71“"'
greater? Verify it by finding the volume of both the cylinders. ‘e

o
Check whether the cylinder with greater volume also has 7f'\"‘ B
greater surface area? :

3. Find the height of a cuboid whose base area is 180 cm” and volume is 900 cm ™ ?

4. A cuboid is of dimensions 60 cm x 54 cm % 30 cm. How many small cubes with side
6 cm can be placed in the given cuboid?

S. Find the height of the cylinder whose volume is 1.54 m” and diameter of the base is 140
cm?

6. A milk tank is in the form of cylinder whose radius is 1.5 m and length is 7 m. Find the

quantity of milk in litres that can be stored in the tank?
7. If each edge of a cube is doubled,

(1) how many times will its surface area increase?

(1) how many times will its volume increase?
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8. Water is pouring into a cubiodal reservoir at the rate of
60 litres per minute. If the volume of reservoir is
108m’, find the number of hours it will take to fill the
reservoir.

What Have We Discussed )

1. Surface area of
a cuboid = 2(/b + bh + ki) [
a cube = 6/° !
a cylinder = 2nr(r + h) 1

2. Amount of region occupied by a solid is called its volume. 2

—

3. Volume of T
acuboid=[/xbxh i'
acube =1/’ 7
a cylinder = nr* h T

4. (i) lecm® =1mL h
(i) 1L =1000 cm’ |
(iii) 1 m’ =1000000 cm® = 1000L =
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JICI 40 FOWE

L
L9B739
Chapter 10

10.1 Introduction
Do you know?
Mass of earth is 5,970,000,000,000, 000, 000, 000, 000 kg. We have
already learnt in earlier class how to write such large numbers more exponent
conveniently using exponents, as, 5.97 x 10** kg.
We read 10%* as 10 raised to the power 24.
We know 2°=2x2x2x2x2 10*
and 2" =2 x 2 x2x 2%, x2x2 . (mtimes)

Let us now find what is 2 7 is equal to?

10.2 Powers with Negative Exponents We say:

You know that, 102 =10x%10= 100 10 raised to the power 24
10 —10- 1%
10
o, 10
107=1= 10 Exponent is a
107'=9 negative integer
Continuing the above pattern we get, 10~ = %
Similarly 02=L sqo=Ltx oL _ 1
10 10 10 100 10
103= 1 o= Lt b 1
100 100 10 1000 10°

What is 107" equal to?
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Now consider the following. The previous number is

3'=3x3x3=27 / divided by the base 3.
32 Z3x3-9=2 |

So looking at the above pattern, we say

3™ :1+3:l
3
372 :l+3: 1 :L2
3 3x3 3
1 1 1 1
373:—+3:—X—:—
3? 32 3 3
You can now find the value of 2% in a similar manner.
107 :L2 or 10% = 12
10 10°
= 1 3 1
We have, 107 =— or 107 =—
10 10
_ 1 1
3 : :3—2 or 32 :37

m

: _ 1 . S
In general, we can say that for any non-zero integer a, a™ = —,where m is a positive integer.
a

a " is the multiplicative inverse of a”.

TRY THESE
Find the multiplicative inverse of the following.
(i 27 (i) 107° (i) 77 (iv) 57 (v) 107

We learnt how to write numbers like 1425 in expanded form using exponents as

1x10° +4x10% +2x10" +5x10°.
Let us see how to express 1425.36 in expanded form in a similar way.

Wehave1425.36=1><1000+4x100+2x10+5x1+%+%
=1x10° +4x10* +2x10+5x1+3x10" +6x107>
I/- ———————————— —\I
I 10*1:i,10*2_L:L |
| 10 10> 100 |
N e e o e o e S
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TRY THESE
Expand the following numbers using exponents.
(1) 1025.63 (i) 1256.249

10.3 Laws of Exponents
We have learnt that for any non-zero integera, a” xa" =a
numbers. Does this law also hold if the exponents are negative? Let us explore.

m+n

, where m and » are natural

w1 . |
@) We know that 2 = 2% and 272 = 2% : a™ =——for any non — zero integer a :

1 1 1 1 5
3 2_2_23><22 _23+2

Therefore, 273 x 272 = 5 x

(i)  Take (-3)*x(=3)"

1 1 —5 is the sum of two exponents — 3 and — 2

3" (3
1 1

- - S(3) T (D=7

Gy oy

(=3 x(-3)7 =

-2)+4=2
(iii)  Now consider 572 x5* \—(\)/7 In Class VII, you have learnt
4 that for any non-zero integer a,
572 4 1 4_5 _ 542 _ g(2)
x5 __ZXS ——2—5 =5 a™ n
5 5 —=g"", where m and n are
a
(iv)  Now consider (=5)~ x (=5)’ natural numbers and m > n.
_5)\2
(_5)74 x (_5)2 — ;4 > (_5)2 — ( 5)4 — , 1 :
(=5) (=5)" (5" x(=5)

- sy 22
(-5)*

In general, we can say that for any non-zero integer a,
a™ xa" =a™", where m and n are integers.

TRY THESE
Simplify and write in exponential form.
(l) (_2)—3 ><(_2)—4 (11) p3 Xp—lO (111) 32 X3—5 X36
On the same lines you can verify the following laws of exponents, where a and b are non-zero
integers and m, n are any integers. o —— .y
| These laws you ]
a" | have studied in |
(i) —=a"" (i) (™)' =a™ (i) a™ xb™ =(ab)" | Class VII for :
: positive exponents I
_a" (a)" 0 ( only. )
) —=|— v) a =1
(iv) X ( bj v) .~ J

Let us solve some examples using the above Laws of Exponents.
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Example 1: Find the value of

) _ . 1
i 27 (i) 25
Solution:
) 5 1 1 . 1 B
) 27 ="3=¢ (i) 35 =3"=3x3=9
Example 2: Simplify
D (-4’ x(-H™" (i) 2°+2°
Solution:
(1) (_4)5 x (_4)710 — (_4)(5710) ( 4)7 1 (Clm xa" =a ,a—m :L)
(—4)° a”

(i) 2° +27° =279 =" (a" +a" =a™™")
Example 3: Express 4 as a power with the base 2.

Solution: We have, 4=2x2=2°
Therefore, (4)” =(2x2)° =(2*)° =22 =27¢ [(@")' =a™]

Example 4: Simplify and write the answer in the exponential form.

() (2°+2%)°x27° (i) (4> x(5)> x (=57

(i) %><(3)3 (v) (=3)* XGJ

Solution:

(i) (25 +28)5 x2S = (25—8)5 x2S = (273)5 x5 =155 _n-20 :2%
- 35 (5) 2 % (=5)3 =[(—4)x 5% (—5)]> = 3 1

(i) (47 x(S) 7 x (=57 =[(-4)x5x(=5)]" =[100] T00°

[using the law a” xb™ = (ab)",a™" = ! ]

m

(iii) —X(3)7 =—><(3)’ S0 x37 = (2x3) P =67 =L

63

(iv) (—3)4{%) =(-1x3)* >< —( 1)* x 5

=(-1)*x5" = 54 [(-D*=1]
Example 5: Find m so that (=3)""' x(=3)° = (=3)’

Solution: (=3)""" x(=3)° =(-3)’
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(_3)m+1+5 — (_3)7
(=3)"" = (-3
On both the sides powers have the same base different from 1 and — 1, so their exponents must

be equal.
Therefore, m+6=7
or m=7-6=1

-2
Example 6: Find the value of (%) .

a” =1 only if n = 0. This will work for any a
excepta=lora=-1.Fora=1,1'=1>=1°
=17 =..=1lor(1)" =1 for infinitely many 7.
Fora=-1,

D= =E=D*=D7*=..=1lor
(=1)”=1 for any even integer p.

-2 -2 2
Solution: (gj = 27 = 3—2 = £
3 3 2° 4
________ ~N
-2 -3 -2 [/ B
Example 7: Simplify (i) {(lj —(lj }—(lj | (2 ’ _ 27 =£ _(3 >
3 2 4 | 3 2T 2 P |
(5)7 () oy |
(ii) (—j X(—j I In general, (gj = (éj |
8 5 | b a)
Solution: N —— —
AN A AR S e I
ol -9}
3 2 4 3 2 4
32 23 42
= =t =9-8;+16=—
{12 I’ } 1 { } 6
=7 5 -7 -5 -7 -5
o 3] Bt
2
= 572 X 82 = 8— = ﬁ
5% 25
Exercise 10.1
1. Evaluate.
-5
(i) 37 (i) (-4)~ (iii) Gj
2. Simplify and express the result in power notation with positive exponent.
. (1Y
A (-4) = (-4) i (2—3j
5 4
(iii) (-3)* x(gj (iv) (3*7 +3*1°)>< 37 (v) 27 x(=7)°
3. Find the value of.

(i) (3° +47)x2?

126

(i) 27 x47")+22 (i) Gj +Gj +Gj
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™) {(‘72)}

(i) (57 27" )x6"

(iv) 37 +4" +57)
81x53
274

5. Find the value of m for which 5™ +57° =5°.

-1
eyt 1Y! (5 (8)4
6. Evaluate (i —| -] = i) | =] x|—
o ”{(3) (4)} ”(8) 5
7. Simplify
P x107° x125

. 25xt™
1) ———¢
()54x10xf8( 57x67°

4. Evaluate (i)

#0) @3

10.4 Use of Exponents to Express Small Numbers in Standard Form

Observe the following facts.

1. The distance from the Earth to the Sun is 149,600,000,000 m.

The speed of light is 300,000,000 m/sec.

Thickness of Class VII Mathematics book is 20 mm.

The average diameter of a Red Blood Cell is 0.000007 mm.

The thickness of human hair is in the range of 0.005 cm to 0.01 cm.

The distance of moon from the Earth is 384, 467, 000 m (approx).

The size of a plant cell is 0.00001275 m.

Average radius of the Sun is 695000 km.

Mass of propellant in a space shuttle solid rocket booster is 503600 kg.

Thickness of a piece of paper is 0.0016 cm.

11.  Diameter of a wire on a computer chip is 0.000003 m.

12.  The height of Mount Everest is 8848 m.

Observe that there are few numbers which we can read like 2 cm, 8848 m, 6, 95, 000 km. There
are some large numbers like 150,000,000,000 m and some very small numbers like
0.000007 m.

Identify very large and very small numbers from the above facts and write them in the table
below:-

R R S

10.

Very large numbers

Very small numbers

150,000,000,000 m

0.000007 m

We have learnt how to express very large numbers in standard form in the previous class.
For example: 150,000,000,000 = 1.5 x 10"

Now, let us try to express 0.000007 m in standard form.
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7 7
1000000 10°

0.000007 = =7x107°

0.000007 m=7x10"°m

1

v 0, I
Similarly, consider the thickness of a piece of paper which | W 6 places to the right. i
is 0.0016 cm. \ o /

0.0016=—0 = L0xX10_y 6. 10510 G LT EEEEEEES \

10000 a 104 —16x 10-3 Again notice
0.0016 decimal 1s moved
123 3 places to the right.

o ———

Therefore, we can say thickness of paper is 1.6x107> cm.

___________________

TRY THESE
1. Write the following numbers in standard form.

(1) 0.000000564 (i1) 0.0000021 (ii1) 21600000 (iv) 15240000
2. Write all the facts given in the standard form.

10.4.1 Comparing very large and very small numbers
The diameter of the Sunis 1.4 x 10° m and the diameter of the Earth is 1.2756 x 10" m.
Suppose you want to compare the diameter of the Earth, with the diameter of the Sun.
Diameter of the Sun= 1.4 x 10’ m
Diameter of the earth = 1.2756 x 10" m

9 9-7
Therefore Lax10 - = Lax107 " 1.4x100 which is approximately 100
1.2756x10 1.2756 1.2756

So, the diameter of the Sun is about 100 times the diameter of the earth.
Let us compare the size of a Red Blood cell which is 0.000007 m to that of a plant cell which is
0.00001275 m.
Size of Red Blood cell = 0.000007 m=7 x 10 ™° m
Size of plant cell = 0.00001275 =1.275 x 10> m

7x107°  7x10°®  7x107" 07 0.7 1
Therefore —= = = =——=— Approx.
1.275x10 1.275 1.275 1.275 13 2

So a red blood cell is half of plant cell in size.
Mass of earth is 5.97 x 10** kg and mass of moon is 7.35 x 10** kg. What is the total mass?

_ 24 I 22 g e
Total mass B 299; : 11 (())0 Xklg 02 7;33 ;518 | Oljzg ' When we have to add numbers in

1
1
’ s standard form, we convert them into i
=597 x107 +7.35x10 numbers with the same exponents. 1
=(597 + 7.35) x 10* :

=60435x10” kg. ~ TTTTTToooooooooooes "
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.
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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 x 10" —3.84 x 10°
=1.496 x 1000 x 10°* —3.84 x 10°

= (1496 —3.84) x 10°* m=1492.16 x 10°® m

Example 8: Express the following numbers in standard form.

(1) 0.000035 (i) 4050000
Solution:
(i) 0.000035=3.5 x 10> (ii) 4050000 = 4.05 x 10°
Example 9: Express the following numbers in usual form.
(i) 3.52 x 10° (ii) 7.54 x 10~* (iii) 3 x 10~
Solution:
(i) 3.52x 10’ =3.52 x 100000 = 352000 Again we need to convert
(i) 7.54x10 = 7.54 _ 7.54 — 0.000754 pumbers n stapdard form
10* 10000 into numbers with the same
3 3 exponents.
(i) 3x107° = —= =0.00003
10° 100000
Exercise 10.2
1. Express the following numbers in standard form.
(1) 0.0000000000085 (i)  0.00000000000942
(1i1) 6020000000000000 (iv) 0.00000000837
(v) 31860000000
2. Express the following numbers in usual form.
(i) 3.02x10°° (i) 4.5x10" (iiiy 3x107°
(iv) 1.0001 x 10°  (v) 5.8x10" (vi) 3.61492 % 10°
3. Express the numbers appearing in the following statements in standard form.
(1) 1 micron is equal to ————m.
1000000

(i1) Charge of an electron is 0.000,000,000,000,000,000,16 coulomb.
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(ii1) Size of a bacteria is 0.0000005 m
(iv) Size of a plant cell is 0.00001275 m
(v) Thickness of a thick paper is 0.07 mm

4. In a stack there are 5 books each of thickness 20mm and 5 paper sheets each of thickness
0.016 mm. What is the total thickness of the stack.

What Have We Dispyussed

1. Numbers with negative exponents obey the following laws of exponents.
(a) am Xan — am+n (b) am +an — amfn (C) (am )H — amn
(@) a”xb" = (ab)’ () a' =1 Uk :[ZJ
2. Very small numbers can be expressed in standard form using negative exponents.
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rectand verse Proportios

e,
LIK34H

Chapter 11

11.1 Introduction

Manoj 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?

If 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 to see variation in one quantity bringing in
variation in the other quantity.

For example:
(1) If the number of articles purchased increases, the total cost also increases.

(i1) More the money deposited in a bank, more is the interest earned.

(ii1)  As the speed of a vehicle increases, the time taken to cover the same distance decreases

(iv)  For a given job, more the number of workers, less will be the time taken to complete
the work.

Observe that change in one quantity leads to change in the other quantity.

Write five more such situations where change in one quantity leads to change in another
quantity.

How do we find out the quantity of each item needed by Manoj ? Or, the time five students take
to complete the job?

To answer such questions, we now study some concepts of variation.

11.2 Direct Proportion

If the cost of 1 kg of sugar is Rs 18, then what would be the cost of 3 kg sugar? It is Rs 54.
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Similarly, we can find the cost of 5 kg or 8 kg of sugar. Study the following table.

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

Observe that as weight of sugar increases, cost also increases in such a manner that their ratio
remains constant.

Take one more example. Suppose a car uses 4 litres of petrol to travel a distance of 60 km. How
far will it travel using 12 litres? The answer is 180 km. How did we calculate it? Since petrol
consumed in the second instance is 12 litres, i.e., three times of 4 litres, the distance travelled
will also be three times of 60 km. In other words, when the petrol consumption becomes three-
fold, the distance travelled is also three fold the previous one. Let the consumption of petrol be x
litres and the corresponding distance travelled be y km. Now, complete the following table:

Petrol in litres (x) 4 8 12 15 20 25
Distance in km (y) 60 180

We find that as the value of x increases, value of y also increases in such a way that the ratio

. : : S| .
X does not change; it remains constant (say k). In this case, it is s (check it!)
Y

X
We say that x and y are in direct proportion, if —= or x = ky.
y

In this example, % = %, where 4 and 12 are the quantities of petrol consumed in litres (x) and

60 and 180 are the distances () in km. So when x and y are in direct proportion, we can write

h_N [y,,y, are values of y corresponding to the value x,, x, of x respectively]

Yo W
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The consumption of petrol and the distance travelled by a car is a case of direct proportion.
Similarly, the total amount spent and the number of articles purchased is also an example of
direct proportion.

Think of a few more examples for direct proportion. Check whether Manoj [in the initial
example] will take 750 mL of water, 5 spoons of sugar, 2% spoons of tea leaves and 125 mL of

milk to prepare tea for five persons! Let us try to understand further the concept of direct
proportion through the following activities.

DO THIS

(1) * Take a clock and fix its minute hand at 12.

® Record the angle turned through by the minute hand from its original position and
the time that has passed, in the following table:

Time Passed (T) T) @T@) (@T@) (@T)
(in minutes) 15 30 45 60
Angle turned (A) A) A, @A) @Ay
(in degree) 90
0

A

What do you observe about T and A? Do they increase together?
T .
Is " same every time?

Is the angle turned through 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 =1:2
A:A,=90:180 =1:2
Check if T,: T,=A,: A;and T;: T,= A;: A,

You can repeat this activity by choosing your own time interval.

(11) Ask your friend to fill the following table and find the ratio of his age to the
corresponding age of his mother.

Friend’s age (F)
Mother’s age (M)
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F

M
What do you observe?

. F :
Do F and M increase (or decrease) together? Is M same every time? No!

You can repeat this activity with other friends and write down your observations.

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 necessarily in a predetermined
ratio.
(11) changes in weight and height among individuals are not in any known proportion and
(111)  there is no direct relationship 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.
(1)

x 20 17 14 11 8§ 5 2
(yJaof3af2sf22]i6]10)4

x 6 10 14 18 22 26 30
y 4 8 12 16 20 24 28

(ii)

(iii)
x 5 8 12 15 18 20
y 15 24 36 60 72 100

2. Principal = Rs 1000, Rate = 8% per annum. Fill in the following table and find which
type of interest (simple or compound) changes in direct proportion with time period.

Time period 1 year 2 years 3 years

Simple Interest (in Rs)

+ L] -P Compound Interest (in Rs)

THINK, DISCUSS AND WRITE

If we fix time period and the rate of interest, simple interest changes proportionally with
principal. Would there be a similar relationship for compound interest? Why?

Let us consider some solved examples where we would use the concept of direct proportion.
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Example 1: The cost of 5 metres of a particular quality of cloth is Rs 210. Tabulate the cost of 2,
4, 10 and 13 metres of cloth of the same type.

Solution: Suppose the length of cloth is x metres and its cost, in Rs, is y.

Bl 4 5 10 13
As the length of cloth increases, cost of the cloth also increases in the same ratio. It is a case of
direct proportion.
We make use of the relation of type h_%
i
(1 Herex, =5,y, =210and x, =2

2x210

Therefore,ﬁzx—zgives i=ior 5y,=2x2100ry, = 84
DA 210y, 5
(i) I x, =4, then —— = - or 5y, =4x2100r y, = 210 _ 148
210 v, 5
[Can we use 2225 pere? Try!]
Yo Vs
(i) Tfx, =10, then —— =2 op 5, =19%210_ 45
210y, 5
(V) Ifx, =13, then —— =12 op y = 13X210 _ 546
210 v, 5

Note that here we can also use 2 or i or 10 in the place of N
84 168 420 210

Example 2: An electric pole, 14 metres high, casts a shadow of 10 metres. Find the height of a
tree that casts a shadow of 15 metres under similar conditions.

Solution: Let the height of the tree be x metres. We form a table as shown below:

length of the shadow (in metres) 10 15
Note that more the height of an object, the more would be the length of its shadow.

Hence, this is a case of direct proportion. That is, h_%
i N
14 x
We have —=—(Why?
10 15 (Why?)
or 14 x15=x
10
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14%x3
or =X
2
So 21=x

Thus, height of the tree is 21 metres.

.X X x
Alternately, we can write -- = 22 a5 2L = 21
BT 5 X, 2

SO X iX, =V, i),

or 14:x=10:15

Therefore 10xx=15x14

or x=15><14=21
10

Example 3: If the weight of 12 sheets of thick paper is 40 grams, how many sheets of the same
paper would weigh 2%kilograms?

Solution:

Let the number of sheets which weighs 2%kg be x. We put the above information in the form of

a table as shown below:

Weight of sheets (in grams) 40 2500

More the number of sheets, the more would there
weight be. So, the number of sheets and their weights
are directly proportional to each other.

1 kilogram = 1000 grams
2 % kilogram = 2500 grams

12 X
So, —=
40 2500
12x2500
or ———=x
40
or 750 =x

Thus, the required number of sheets of Paper = 750

Alternate method:

Two quantities x and y which vary in direct proportion have the relation x =ky or — =k
y

number of sheets 12 3
Here, k=—o : ===
weight of sheets in grams 40 10

Now x is the number of sheets of the paper which weigh 2%kg {2500 g].
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Example 4: A train is moving at a uniform speed of 75 km/hour.
(1) How far will it travel in 20 minutes?
(11) Find the time required to cover a distance of 250 km.

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

Co oot v Distance travelled (inkm) 75 x 250
R ,  Time taken (in minutes) 60 20 vy

Since the speed is uniform, therefore, the distance covered would be directly proportional to
time.

(1) We haweE =—
60

or E><20=x
60

or x=25

So, the train will cover a distance of 25 km in 20 minutes.

(i1) Also, E = @
60 y

~250x60

ory = 200 minutes or 3 hours 20 minutes.

Therefore, 3 hours 20 minutes will be required to cover a distance of 250 kilometres.
250

y

You know that a map is a miniature representation of a very large region. A scale
is usually given at the bottom of the map. The scale shows a relationship between :
actual length and the length represented on the map. The scale of the map is thus :
the ratio of the distance between two points on the map to the actual distance :
between 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 I cm: 8 km or 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. :

) . ) X
Alternately, when x is known, then one can determine y from the relation — =

Example 5: The scale of a map is given as 1:30000000. Two cities are 4 cm apart on the map.
Find the actual distance between them. .

@:‘ MAP
LS LB L TRATYY
Solution: Let the map distance be x cm and actual distance be y cm, g [L-Lt e
. e - b -
then TN }.J" %l
1:30000000 =x : y NS '1 g j-
1 LA ST
‘ . i
or —=Z A O N
3x10 y ¥, ;
StALE -1CM= 300K
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Since x =4so, ! =i
3x107  y
or y=4x3x10" =12x10"cm =1200 km.

Thus, two cities, which are 4 cm apart on the map, are actually 1200 km away from each other.

DO THIS

Take a map of your State. Note the scale used there. Using a ruler, measure the “map distance”
between any two cities. Calculate the actual distance between them.

Exercise 11.1

1. Following are the car parking charges near a railway station upto
4 hours Rs 60
8 hours Rs 100
12 hours Rs 140
24 hours Rs 180

Check if the parking charges are in direct proportion to the parking time.

2. A mixture of paint is prepared by mixing 1 part of red pigments with 8 parts of base.
In the following table, find the parts of base that need to be added.

| Parts of red pigment J 1 | 4 §7 |12 | 20
| Partsofbase __J8|.. .| .| .

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

4. A machine in a soft drink factory fills 840 bottles in six hours. How many bottles will it
fill in five hours?

S. A photograph of a bacteria 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. In a model of a ship, the mast is 9 cm high, while the
mast of the actual ship is 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 (i)
5 kg of sugar? (i1) 1.2 kg of sugar?
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8. Renu has a road map with a scale of 1 cm representing 18 km. She drives on a road for
72 km. What would be her distance covered in the map?

9. A 5 m 60 cm high vertical pole casts a shadow 3 m 20 cm long. Find at the same time
(1) 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 km in 25 minutes. If the speed remains the same, how far can it
travel in 5 hours?

DO THIS

1. On a squared paper, draw five squares of different sides. Write the following information in a
tabular form.

| | Squarel | Square-2 | Square-3 | Square-4 | Square-5 |
‘Lengthofasidecy
Perimeter®

Find whether the length of a side is in direct proportion to:

W (window) W (window)

(a) the perimeter of the square. N T T

(b) the area of the square.
2. The following ingredients are required to make halwa for 5 4 g
persons: S 5
Suji/Rawa = 250 g, Sugar = 300 g, - F i’
Ghee = 200 g, Water = 500 mL.
Using the concept of proportion, estimate the changes in the v — —
quantity of ingredients, to prepare halwa for your class. W (window) D (door)

. «— S5cm >

3. Choose a scale and make a map of your classroom, showing Seale €——

windows, doors, blackboard etc. (An example is given here).

THINK, DISCUSS AND WRITE

Take a few problems discussed so far under ‘direct variation’. Do you think that they can be
solved by ‘unitary method’?
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11.3 Inverse Proportion

Two quantities may change in such a manner that if one quantity increases, the other quantity
decreases and vice versa. For example, as the number of workers increases, time taken to finish
the job decreases. Similarly, if we increase the speed, the time taken to cover a given distance
decreases.

To understand this, let us look into the following situation.

Salma can go to her school in four different ways. She can walk, run, cycle or go by car. Study
the following table.

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

Walking | Running | Cycling | By Car
Speed in km/hour 3 6 9 45
Time taken (in minutes) 30 15 10 2

Observe that as the speed increases, time taken to cover the same distance decreases.

As Salma doubles her speed by running, time reduces sommememmnocc oo oo oo oo -
to half. As she increases her speed to three times by ! Multiplicative inverse of a
cycling, time decreases to one third. Similarly, as she ! number is its reciprocal. Thus 1
increases her speed to 15 times, time decreases to one ! P : )
fifteenth. (Or, in other words the ratio by which time : is the inverse of 2 and vice versa.
decreases is inverse of the ratio by which the |
corresponding speed increases). Can we say that speed !

1

1

(Note 2 x %=% x2=1)
and time change inversely in proportion?

Let us consider another example. A school wants to spend Rs 6000 on mathematics textbooks.

How many books could be bought at Rs 40 each? Clearly 150 books can be bought. If the price
of a textbook is more than Rs 40, then the number of books which could be purchased with the
same amount of money would be less than 150. Observe the following table.

| Price of each book (inRs) § 40 | 50 J 60 J 7580} 100

Number of books that 150 § 120 § 100 75
can be bought
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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 40 to 50 is 4 : 5, and the ratio by
which the corresponding number of books decreases from 150 to 1201is 5 : 4.
This means that the two ratios are inverses of each other.

Notice that the product of the corresponding values of the two quantities is constant; that is, 40 X
150 =50 x 120 = 6000.

If we represent the price of one book as x and the number of books bought as y, then as x
increases y decreases and vice-versa. It is important to note that the product xy remains constant.
We say that x varies inversely with y and y varies inversely with x. Thus two quantities x and y
are said to vary in inverse proportion, if there exists a relation of the type xy = k between them, k
being a constant. If y,,y,are the values of y corresponding to the values x,,x, of x respectively

thenx,y, = x,y,(= k), orit =22

X N
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
change in inverse proportion.

Think of more such examples of pairs of quantities that vary in inverse proportion. 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.
O THIS

Take a squared paper and arrange 48 counters on it in different number of rows as shown below.

i ﬂ

4 Rows, 12 columns

6 Rows, 8 columns
Number of
Columns (C) . . 12 s
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What do you observe? As R increases, C decreases.
M IsR,:R, =C,:C}? () IsR;:R,=C,:C;?
(ii1) Are R and C inversely 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.
(1) (i)
x| 50 40 30 20 x| 100 200 300 | 400
y| 5|16 |7 |8 | y 60 30 20 15
(iit)

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.

written as x o y.
When two quantities x and y are inverse proportion (or vary inversely) they are also

written as x oc —.

Example 7: 6 pipes are required to fill a tank in 1 hour 20 minutes. How long will it take if only
5 pipes of the same type are used?

Solution: Let the desired time to fill the tank be x minutes. Thus, we have the following table.

Number of pipes | 6 | 5|

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.

'(T'v'f-’--r-v-e

Hence, 80 x6=xx5 (X =x,0,]
80x6
or =X
5
or x =96

Thus, time taken to fill the tank by 5 pipes is 96 minutes or 1 hour 36
minutes.
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Example 8: There are 100 students in a hostel. Food provision for them is for 20 days. How long
will these provisions last, if 25 more students join the group?

Solution: Suppose the provisions last for y days when the number of students is 125.
We have the following table.

Number of days 20 y

Note that more the number of students, the sooner would the
provisions exhaust. Therefore, this is a case of inverse
proportion.

So, 100x20=125xy

o 100x20 or 16—

125 4 4
Thus, the provisions will last for 16 days, if 25 more students join the hostel.
Alternately, we can write x, y, = x,y, as L]

X N
That is, X 1X, =Y,
or 100 : 125=y:20
oF _100x20 _ 16
125

Example 9: If 15 workers can build a wall in 48 hours, how many workers will be required to do
the same work in 30 hours?

Solution: Let the number of workers employed to build the wall in 30 hours be y.
We have the following table.

Number of workers 15 y

Obviously more the number of workers, faster will they build the wall.
So, the number of hours and number of workers vary in inverse proportion.

So 48 x 15=30xy
Therefore, 48;;15 =y or y=24

i.e., to finish the work in 30 hours, 24 workers are required.

Exercise 11.2
1. Which of the following are in inverse proportion?
(i) The number of workers on a job and the time to

complete the job.
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(1) The time taken for a journey and the distance travelled in a uniform speed.
(111) Area of cultivated land and the crop harvested.

(1v) The time taken for a fixed journey and the speed of the vehicle.

(v) The population of a country and the area of land per person.

2. In a Television game show, the prize money of Rs 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 proportional to the number of

winners?
Number of winners 1 2 4 5 8 10 20
Prizes for each winner (in Rs) 1,00,000 50,000
3. Raj is making a wheel using spokes. He wants to fix equal spokes in such a way that
the angles between any pair of consecutive spokes are equal. Help him by completing the
following table.

Number of spokes 4 6 8§ 10 12

Angle between

a pair of consecutive 90° 60°

spokes
(1) Are the number of spokes and the angles formed between the pairs of consecutive
spokes in inverse proportion?
(i1) Calculate the angle between a pair of consecutive spokes on a wheel with 15 spokes.
(111) How many spokes would be needed, if the angle between a pair of consecutive
spokes is 40°?

4. If a box of sweets is divided among 24 children, they will get 5 sweets each. How many

would each get, if the number of the children is reduced by 4?

5. A farmer has enough food to feed 20 animals in his cattle for 6 days. How long would the
food last if there were 10 more animals in his cattle?
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6. A contractor estimates that 3 persons could rewire Javaid’s house in 4 days. If, he uses 4
persons instead of three, how long should they take to complete the job?

7. A batch of bottles were packed in 25 boxes with 12 bottles in each box. If the same batch
is packed using 20 bottles in each box, how many boxes would be filled?

8. A factory requires 42 machines to produce a give number of articles in 63 days.

How many machines would be required to produce the same number of articles in 54
days?
9. 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?

10. Two persons could fit new windows in a house in 3 days.
(1) 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?

11. 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 to be the
same?

DO THIS

1. Take a sheet of paper. Fold it as shown in the figure. Count the number of parts and the area of
a part in each case.

Tabulate your observations and discuss with your friends. Is it a case of inverse proportion?
Why?
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Number of parts

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 observations. Is it a case of inverse proportion?

~—
TP

e ————

)

b—d,— p—d,— = |

Diameter of container (in cm)

What Have We Dispyssed

1. Two quantities x and y are said to be in direct proportion if they increase (decrease)
together in such a manner that the ratio of their corresponding values remains constant.

That is if ~ =k [k is a positive number], then x and y are said to vary directly. In such a

case if y,,y,are the values of y corresponding to the values x,,x, of x respectively

then L = 2
i M
2. Two quantities x and y are said to be in inverse proportion if an increase in x causes a
proportional decrease in y (and vice-versa) in such a manner that the product of their
corresponding values remains constant. That is, if xy = &, then x and y are said to vary

inversely. In this case if y,,y, are the values of y corresponding to the values x,,x, of x

: x
respectively then x,y, = x,y, or —-= 2
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Factorisat

Chapter 12

12.1 Introduction
12.1.1 Factors of natural numbers

You will remember what you learnt about factors in Class VI. Let us take a natural number, say
30, and write it as a product of other natural numbers, say

30=2x15 e
=3x10=5x%6 We know that 30 can also be written as
Thus, 1, 2, 3, 5, 6, 10, 15 and 30 are the factors 30=1 x 30
of 30. Thus, 1 and 30 are also factors of 30.
Of these, 2, 3 and 5 are the prime factors of 30 1 you will notice that 1 is a factor of any

A number written as a product of prime factors 1 However, when we write a number as a

is said to be in the prime factor form; for 1 product of factors, we shall not write 1 as a

example, 30 written as 2 x 3 x 5 is in the prime 1 factor, unless it is specially required.
factor form.

The prime factor form of 70 is 2 x 5 x 7.

The prime factor form of 90 is 2 x 3 x 3 x 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.

1 1
1 1
1 1
1 1
1 1
= e
1

(Why?) ! number. For example, 101 =1 x 101. :
1 1
| :
1 1
1 1
1 1
1 1

_________________________________

12.1.2 Factors of algebraic expressions

We have seen in Class VII that in algebraic expressions, terms are formed as products of factors.
For example, in the algebraic expression Sxy + 3x the term 5xy has been formed by the factors 5,
x and y, i.e.,

__________________________

Note 1 is a factor of 5xy, since
Sxy=1x5xxxy
In fact, 1 is a factor of every term.

Sxy=5xxxy : !
: :
! 1
! 1
1 .
! As in the case of natural numbers, |
1
: :
! 1
! 1
: 1

Observe that the factors 5, x and y of 5xy cannot further
be expressed as a product of factors. We may say that
5, x and y are ‘prime’ factors of 5xy. In algebraic
expressions, we use the word ‘irreducible’ in place of
‘prime’. We say that 5 x x x y is the irreducible form of dolnot showill a8 alsepatatel factor
Sxy. Note 5 % (xp) is not an irreducible form of 5xy,

. of any term.
since the factor xy can be further expressed as a prodyct + ~— - — ,
ofxand y, i.e., xy =x x ).

unless it is specially required, we
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Next consider the expression 3x (x + 2). It can be written as a product of factors
3,xand (x +2)
3x(x +2) =3x xx(x + 2)
The factors 3, x and (x +2) are irreducible factors of 3x(x + 2)
Similarly, the expression 10x (x + 2) (y + 3) is expressed as in its irreducible factor form
I0x(x+2)(y+3)=2x5xxx(x+2)x(y+3).

12.2 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 (v +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, x4 5% x* +5x+6.

It is not obvious 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.

12.2.1 Method of common factors
e We begin with a simple example: Factorise 2x + 4.
We shall write each term as a product of irreducible factors;

2x=2XXx
4=2x2
Hence 2x+4=2xx)+(2x2)

Notice that factor 2 is common to both the terms.
Observe, by distributive law
2x(x+2)=2xx)+(2x2)
Therefore, we can write
2x+4=2%x(x+2)=2(x+2)

Thus, the expression 2x + 4 is the same as 2 (x + 2). Now we can read off its factors:
they are 2 and (x + 2). These factors are irreducible.
Next, factorise 5xy + 10x.
The irreducible factor forms of 5xy and 10x are respectively,

Sxy=5%xx Xy

10x=2x5 xx
Observe that the two terms have 5 and x as common factors. Now,

Sxy+ 10x=(5xx xy)+(5xx %2)

= (5x X )+ (5x x 2)

We combine the two terms using the distributive law,

(Sxxy)+ (5xx2)=5x x (y +2)
Therefore, 5xy + 10x =5 x (y + 2). (This is the desired factor form.)

Example 1: Factorise 12a° b + 15ab°

Solution: We have 12a*bh=2x2x3xagxax b
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15ab® =3 x5%xaxbxh

The two terms have 3, a and b as common factors.

Therefore, 12a° b + 15ab> =3 xaxbx2x2xa)+ (3 xa x bx 5xb)
=3Xxaxbhx[(2x2x%xa)+ (5% b)](combining the terms)
=3ab % (4a + 5b)
= 3ab (4a + 5b) (required factor form)

Example 2: Factorise 10x> — 18x” + 14x"*

Solution: 10x> =2x5xxxx
18x° =2 x3x3xxxxXxx
14x* =2 X TxxXxXx XX
The common factors of the three terms are 2, x and x.
Therefore, 10x* — 18x > + 14x*=(2 xx xx x 5) = (2 x x X x X 3 X 3 X x)
+(2XxXxXTXXxXX)
=2xxxxX[(5=(3 %3 xx)+ (7 *%x xx)] (combining the three terms
=2x> x (5-9x+ 7x*) = 2x*(7x* —=9x+5)

TRY THESE Do you notice that the

Factorise: (1) 12x + 36 (i1) 22y — 33z (iii) 14pq + 35pgr factor  form  of an
expression has only one
term?

12.2.2 Factorisation by regrouping terms

Look at the expression 2xy + 2y + 3x + 3. You will notice that the first two terms have common
factors 2 and y and the last two terms have a common factor 3. But there is no single factor
common to all the terms. How shall we proceed?

Let us write (2xy + 2y) in the factor form:

2y +2y =2 xxxy)+(2*xy)

=Q2xyxx)+2xyx1) Note, we need to
=Qyxx)+Qyx1)=2y (xk showl as a
Similarly, B +3=Bx0)+@ X )—m— | {;%tog here.
=3x(x+1)=3@x+1) v
Hence, 2xy+2y+3x+3=2y(x+ 1)+ 3 (x+1)

Observe, now we have a common factor (x + 1) in both the terms on the right hand side.
Combining the two terms,

2xy+2y+3x+3=2y(x+1)+3x+1)=x+1)2y+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 + 3x; 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 factorisation. 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 to factors. Let us try:
2xy+3x+2y+3=2Xxxy+3xx+2xy+3
=xxQ2y+3)+1xQ2y+3)
=2y+3)(x+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.
Step 2 Think of grouping. Notice that first two terms have a common factor 2y;
6xy —4y =2y (3x—-2) (a)
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=-33x)+3(2)
=-303x-2) (b)
Step 3 Putting (a) and (b) together,

6xy—4y+6—-9x=6xy—4y—-9x+6
=2y (3x-2)-3(3x-2)
= (3x-2)(2r-3)
The factors of (6xy — 4y + 6 — 9 x) are (3x — 2) and (2y — 3).

Exercise 12.1

1. Find the common factors of the given terms.
(i) 12x, 36 (i) 2y, 22xy (i) 14 pq, 28p°q>
(iv) 2x,3x7, 4 (V) 6abc,24ab”*,12a’b
(vi) 16 x°, —4x?, 32x (vii) 10 pq, 20gr, 30rp
(viii) 3x* y?, 10x° y*,6 x* y*z
2. Factorise the following expressions.
(i) 7x—42 (i) 6p—12¢q (iii) 7a’ + l4a
(iv) —16z+20z° (v) 20> m+30alm
(vi) 5x° y—15xy° (vii) 10 a®> = 15b> +20¢?

(vii)—4a’> +4ab—4ca (ix) x° yz+xy’z+xyz’
X)ax>y+bxy’ +cxyz

3. Factorise.
() x> +xy+8x+8y (i) I5xy—6x+5y—2
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(i) ax + bx—ay—by (iv) 15pg+15+9q+25p
vy z=T7+7xy—xyz

12.2.3 Factorisation using identities

We know that (@a+b)*>=a” +2ab+b’ (D)
(a—b)>=a’ —2ab+b* (I
(@a+b)y(a—b)y=a’ - b’ (I11)

The following solved examples illustrate how to use these identities for factorisation. What we
do is to observe the given expression. If 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 x> + 8&x + 16

Solution: Observe the expression; it has three terms. Therefore, it does not fit Identity ITI. Also,
it’s first and third terms are perfect squares with a positive sign before the middle term. So, it is
of the forma® + 2ab + b* where a = x and b = 4

such that a® +2ab+b* =x* +2(x)(4)+4°
=x> +8x+16
: 2 2 2
+ +b°=(a+
Since . a 5 2ab+b (a b) 2 ’ . . Observe here the given
by comparison x° +8x+16=(x+4)" (the required factorisation) | expression is of the form

a’-2ab+b>.
Where a =2y, and b =3

Example 5: Factorise 4y° — 12y + 9 i A
with 2ab =2 x 2y x 3 = 12y.

Solution: Observe 4y = (2y)*,9=3% and 12y =2 x 3 x (2y)
Therefore, 4y> —12y+9=2y)> =2 x3 x(2y) +(3)°

=2y-3)° (required factorisation)
Example 6: Factorise 49p° — 36

Solution: There are two terms; both are squares and the second is negative. The expression is of
the form (a” — b”). Identity III is applicable here;
49p* —=36=(Tp)* —(6) °
=(Tp—-6)(7p +6) (required factorisation)

Example 7: Factorise a® — 2ab +b°> — ¢’

Solution: The first three terms of the given expression form (a — b)*. The fourth term is a
square. So the expression can be reduced to a difference of two squares.

Thus, a® —2ab+b*> —c> =(a—b)* - ¢’ (Applying Identity IT)
=[((a=b)—c) ((a—b)t+ )] (Applying Identity III)
=(a—-b-c)(a-b+c) (required factorisation)
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Notice, how we applied two identities one after the other to obtain the required factorisation.

Example 8: Factorise m* — 256

Solution: We note m* = (m”)* and 256 = (16)°
Thus, the given expression fits Identity III.

Therefore, m* —256=(m>)*> —(16)°
=(m> =16) (m* +16) [(using Identity (TIT)]
Now, (m” + 16) cannot be factorised further, but (m*> —16) is factorisable again as per Identity
1L
m’—16=m> —4°
=(m—4) (m+4)
Therefore, m* —256=(m—4) (m+4)(m*> +16)

12.2.4 Factors of the form (x + a) (x + b)

Let us now discuss how we can factorise expressions in one variable, like x* +5x + 6,

y: —Ty+12,z° —4z—12,3m” + 9m + 6, etc. Observe that these expressions are not of the type
(a + b)* or (a — b)?, i.e., they are not perfect squares. For example, in x> + 5x + 6, the term 6 is
not a perfect square. These expressions obviously also do not fit the type (e — b*) either.

They, however, seem to be of the type x> + (a + b) x + a b. We may therefore, try to use Identity
IV studied in the last chapter to factorise these expressions:

(x+a)(x+b)=x>+(a+b)x+ab av)
For that we have to look at the coefficients of x and the constant term. Let us see how it is done
in the following example.

Example 9: Factorise x* + 5x + 6

Solution: If we compare the R.H.S. of Identity (IV) with x> + 5x + 6, we find ab = 6, and a + b
= 5. From this, we must obtain a and 5. The factors then will be

(x +a)and (x + b).

If a b = 6, it means that a and b are factors of 6. Let us try a = 6, b = 1. For these values a + b =
7, and not 5, So this choice is not right.

Letus try a =2, b = 3. For this a + b = 5 exactly as required.

The factorised form of this given expression is then (x +2) (x + 3).

_____________________________________________________________

In general, for factorising an algebraic expression of the type x> + px + ¢, we find
two factors a and b of g (i.e., the constant term) such that
ab=qanda+b=p

Then, the expression becomes x> +(a+b)x+ab

or x> +ax+bx+ab

or x(x ta)+ b(x+a)

or (x + a) (x + b) which are the required factors.
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Example 10: Find the factors of y* —7y +12.

Solution: We note 12 =3 X 4 and 3 + 4 = 7. Therefore,
Y =Ty+12=y% —3y—dy+12
=y (-3 -4 -)=0-3) -4

Note, this time we did not compare the expression with that in Identity (IV) to identify a and b.
After sufficient practice you may not need to compare the given expressions for their
factorisation with the expressions in the identities; instead you can proceed directly as we did

above.

Example 11: Obtain the factors of z* — 4z — 12.

Solution: Here a b =—12 ; this means one of a and b is negative. Further, a + b =— 4, this means
the one with larger numerical value is negative. We try a = — 4, b = 3; but this will not work,

since a + b = —1. Next possible values are a =— 6, b =2, so that a + b = — 4 as required.

Hence, z? —4z-12=z" —6z+2z-12
=z(z—6)+2(z-6)
=(z-6)(z+2)

Example 12: Find the factors of 3m* + 9m + 6.

Solution: We notice that 3 is a common factor of all the terms.

Therefore, 3m®> +9m+6=3(m> +3m+2)

Now, m’> +3m+2=m>+m+2m+2 (as2=1x2)
=m(m+1)+2(m+1)
=(m+1)(m+2)

Therefore, 3m”> +9m + 6=3(m + 1) (m + 2)

Exercise 12.2
1. Factorise the following expressions.

(i)a® +8a+16 (i) p> —10p+25  (iii) 25m> +30m+9
(iv) 49y + 84yz + 3627 (V) 4x*> —8x+4

(vi) 121b* — 88bc + 16¢°

(vii) (! +m)> —4lm  (Hint: Expand (I +m)’ first)

(viil) a* +24°b* +b*

2. Factorise.
(i) 4p° - 9¢° (ii) 63a® — 112b> (i) 49x° — 36
(iv) 16x° — 144x° VM (U+m)* —(I-m)*
(vi) 9x* y* — 16 (vii) (x* = 2xy+y*) -z’

(viii) 25a° —4b*> + 28bc — 49¢”
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3. Factorise the expressions.
(i) ax* + bx (ii) 7p* +21¢° (iii) 2x> + 2xp? + 2xz’
(iv) am® +bm* +bn* +an’ V) (Um+D+m+1
(Vi)y(y+2)+9 (y+2) (vii) 5y — 20y — 8z + 2yz
(viii) 10ab + 4a + 5b + 2 (ix) 6xy — 4y + 6 — 9x

4. Factorise.
()a* —b* (i) p* - 81 (i) x* —(y+2) *
(iv)x* —(x-20*  ()a*-2a>b* +b*

5. Factorise the following expressions.
()p> +6p+38 (ii) ¢° — 10g + 21 (iii) p* + 6p— 16

12.3 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="7o0r56+7=8.

We may similarly follow the division of algebraic expressions. For example,

(i) 2x x 3x? = 6x°
Therefore, 6x° + 2x = 3x?
and also, 6x° +3x? =2x.

(ii) S5x (x +4) =5x" +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 a monomial by another monomial.

12.3.1 Division of a monomial by another monomial

Consider 6x°+ 2x
We may write 2x and 6x in irreducible factor forms,
2x=2Xx
6x° =2 x 3 X xXxxXx
Now we group factors of 6x° to separate 2x,
6x° =2 x xx (3 xxxx)=(2x) x (3x?)

Therefore, 6x> +2x=3x".
A shorter way to depict cancellation of common factors is as we do in division of numbers:
7707= Ay
7 7
3
Similarly, 6x° + 20 = 05
2x
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2X3IXXXXXX
2
= =3xxxx=3x

2XXx

Example 13: Do the following divisions.
(i) —20x* = 10x° (i) 7x*y*z? + l4xyz

Solution:
(i) 20x* =2 x2 X5 XxXxXxXX
10x2 =2x5xxxx

Therefore, (—20x*)=+10x* = ZX2XIXXXXX XXX = 2xxxx=-2x>
2X5xxxx

_TXXXXXYyXyxzXz

(ii) 7x*y*z* +14xyz

2XTxxxyxz
_xxyxz 1

=—Xxyz
2 2
TRY THESE
Divide.
(i) 24xy>z° by 6yz° (ii) 63a*b*c® by 7a’ b’ ¢’

12.3.2 Division of a polynomial by a monomial

Let us consider the division of the trinomial 4y> + 5y* + 6y by the monomial 2y.

4y + 5y +6y=(2x2xyxyxp)+(5xyxy)+(2x3xy)

(Here, we expressed each term of the polynomial in factor form) we find that 2 x y is common in
each term. Therefore, separating 2 X y from each term. We get

4y° +5y° +6y=2xyx(2XyXy)+2XyXny}ﬂxyx-”

2y (?) +2y[§yj+2y 3)

=2 y(2 o+ g v+ 3) (The common factor 2y is shown separately).

Therefore, (4y3 + Sy2 +6y) =2y Here, we divide each
5 term of the polynomial
292y  + =y +3) in the numerator by
:4y3+5y2+6y= e 2y =2y2+§y+3 the monomial in the
2y 2y 2 denominator.

Alternatively, we could divide each term of the trinomial by the monomial
using the cancellation method.

3 2
(4y3 +5y2 +6y)+2y= 4y +5y" +6y

2y
3 2
:4L+5L+6—y:2y2 +§y+3
2y 2y 2y 2
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Example 14: Divide 24(x’ yz + xy°z + xyz*) by 8xyz using both the methods.

Solution: 24(x’yz+xy’z +xyz”)
:2><2><2><3><[(xxnyxz)+(ny><y><z)+(x><y><z><z)]
=2X2X2x3xxxyxzxX(x+y+z)=8x3xxyzx(x+y+z) (Bytakingoutthe

Therefore, 24(x°yz + xy°z + xyz*) +8xyz common factor)
_&x3xxyzx(x+y+z)

=3x(x+y+z2)=3(x+y+2)
8x xyz

24x’yz  24xy’z  24xyz’
Alternately, 24(x’yz + xy’z +xyz>) +8xyz = Al e e ]

8xyz 8xyz 8xyz
=3x+3y+3z=3(x+y+2)
12.4 Division of Algebraic Expressions Continued
(Polynomial +~ Polynomial)

e Consider (7x* + 14x) + (x +2)
We shall factorise (7x >+ 14x) first to check and match factors with the denominator:
Tx? + 14x=(7 xx xx)+ (2 x 7 X x)
=T7xxx(x+2)="Tx(x+2)
7x* +14x
x+2

=Tx(x+2) =7x (Cancelling the factor (x + 2))
x+2

Example 15: Divide 44(x* — 5x° —24x°) by 11x (x — 8)

Now (7x* + 14x) = (x + 2) =

Solution: Factorising 44(x* — 5x° —24x°), we get
A44(x* —5x7 —24x7)=2x2x 11 xx* (x> —5x—24)
(taking the common factor x> out of the bracket)
=2x2x 11 xx> (x> —8x+ 3x—24)
=2x2x11xx* [x(x—8)+3(x—8)]
=2x2x 11 xx”> (x+3)(x=8) oo
Therefore, 44(x*— 5x°— 24x°) + 11x(x — 8) We cancel the factors

2x2x1Ixxxxx(x+3)x(x—8 i 11, x and (x — 8) i
= i common to both the :
I1xxx(x—8) ! |

numerator and
=2Xx2Xxx(x+3)=4x(x+3)

denominator.
Example 16: Divide z(5z> — 80) by 5z(z+4) T
Solution: Dividend = z(5z> — 80)
=2[(5x2%) - (5% 16)]
=zx 5% (z7 —16)
=5zx(z+4)(z—4) [using the identity a®—b> = (a + b) (a — b)]

Thus, z(5z° — 80) + 5z(z + 4) = 52(; _(41(2; 4) = (Z - 4)
zz
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Exercise 12.3

1.

Carry out the following divisions.

(i) 28x* = 56 (i) —36y° +9y° (iii) 66pg* 1> = 11gr’

(iv) 34x°y’z* = 5lxy*z2° (v) 12a°b* + (= 6a°b*)

Divide the given polynomial by the given monomial.

(i) (5x* — 6x) + 3x (i) By* —4y°® + 59p%) +y*
(i) 8(x°y?z> +x7y’z> +x*y?2°) = 4dx*y’ 2> (iv) (x° +2x7 +3x) + 2x

M @q*-p°e)+p’q’

Work out the following divisions.

(i) (10x —25) =5 (ii) (10x — 25) + (2x — 5)

(iii) 10p(6y + 21) + 52y + 7) (iv) 9x*y? (3z—24) + 27xy(z - 8)
(v) 96abc(3a — 12) (5b — 30) + 144(a — 4) (b — 6)

Divide as directed.

() 52x+ 1) Bx+5)+ (2x + 1) (i) 26xy(x + 5) (y — 4) + 13x(y — 4)
(ii1) 52pgr (p + q) (¢ + 1) (r+ p) + 104pg(q + r) (r + p)

(iv) 20(y + 4) (yz+ Sp+3)+=5(ry+4) WM x(x+1)(x+2)(x+3)~x(x+1)
Factorise the expressions and divide them as directed.

() (v* + Ty +10) = (y + 5) (i) (m> — 14m —32) = (m + 2)

(iii) (5p° —25p +20) = (p—1) (iv) 4yz(z* + 6z — 16) = 2p(z + 8)

(V) 5pg(p’ —q*) = 2p(p + q)

(vi) 12xp(9x* — 16y7) + 4xy(3x + 4y) (vii) 39y° (50y* —98) +26y> (5y+7)

What Have We Dispyussed

When we factorise an expression, we write it as a product of factors. These factors may
be numbers, algebraic variables or algebraic expressions.

An irreducible factor is a factor which cannot be expressed further as a product of factors.

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 (iii)) Combine the remaining factors in each term
in accordance with the distributive law.

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 common
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.

In factorisation 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.
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6. A number of expressions to be factorised are of the form or can be put into the form: a°

+2ab+b*, a> —2ab+b>,a’ —b*> andx” + (a + b) + ab. These expressions can be
easily factorised using
Identities I, II, III and IV, given in Chapter 9,

a’> +2ab+b’ =(a+b)°>
a’ —2ab+b> =(a-b)°
a’ —b*> =(a+b)(a—b)
x> +(a+b)x+ab=(x+a)(x+b)
7. In expressions which have factors of the type (x + a) (x + b), remember the numerical

term gives ab. Its factors, a and b, should be so chosen that their sum, with signs taken
care of, is the coefficient of x.

8. We know that in the case of numbers, division is the inverse of multiplication. This idea
is applicable also to the division of algebraic expressions.

9. 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.

10. 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.

11. 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 is zero.
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ntroduction to Graphs

Chapter 13

LASUSZ

13.1 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 also be presented in
the form of a table; however a graphical presentation is easier to 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 them here.

13.1.4 A line graph

A line graph displays data that changes continuously over periods of time.

When Razia 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 13.1 and Fig 13.2).

We may call this a “time-temperature graph”.

It is a pictorial representation of the following data, given in tabular form.

Time 6am. | 10am | 2pm. | 6p.m

Temperature (°C) 37 40 38 35

The horizontal line (usually called the x-axis) shows the timings at which the temperatures were
recorded. What are labelled on the vertical line (usually called the y-axis)?

42 42
40 40
> '
o 38 o 38
5 36 Z 36
g
£ £ 3
32 32
3('{ 30{
6 10 2 6 6 10 2 6
a.m. am. p.m. p.m. a.m. a.m. p.m. P_m_
Time — lime —
Fig 13.1 Fig 13.2
Each piece of data is shown The points are then connected by line
by a point on the square grid. segments. The result is the line graph.
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What all does this graph tell you? For example you can see the pattern of temperature; more at
10 a.m. (see Fig 13.3) and then decreasing till 6 p.m. Notice that the temperature increased by
3°C(40°C — 37°C) during the period 6 a.m. to 10 a.m.

There was no recording of temperature at 8 a.m., however the graph suggests that it was more
than 37 °C (How?).

Example 1: (A graph on “performance”)

The given graph (Fig 13.3) represents the total runs scored by two batsmen A and B, during each
of the ten different matches in the year 2007. Study the graph and answer the following
questions.

(1) What information is given on the two axes?

(i) ~ Which line shows the runs scored by batsman A?

(i)  Were the run scored by them same in any match in 2007? If so, in which match?

(i)  Among the two batsmen, who is steadier? How do you judge it?

Solution:
(1) The horizontal axis (or the x-axis) indicates the matches played during the year
2007. The vertical axis (or the y-axis) shows the total runs scored in each match.
(1) The dotted line shows the runs scored by Batsman A. (This is already indicated at

the tOp of the graph) === Batsman A = Batsman B
(111) During the 4th match, both have scored 120
the same number of 60 runs. (This is 110
indicated by the point at which both 100 i
graphs meet). 90 Hi Ay
(iv) Batsman A has one great “peak” but 1 80 HIK b
many deep “valleys”. He does not E.. AR TV
appear to be consistent. Batsman B, on 2 1 X
the other hand has never scored belowa 2 { N ," & " :
total of 40 runs, even though his highest w0 B R e
score is only 100 in comparison to 115 RS .. 3 :
of A. W 1 '.: I
Also A has scored a zero in two 2 1 : ]
matches and in a total of 5 matches he 10 ? :
has scored less than 40 runs. Since A O3 4 5 6 7. 8 5 10
has a lot of ups and downs, B is a more Matches —
consistent and reliable batsman. Fig 13.3
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Example 2: The given graph (Fig 13.4) describes the distances of a car from a city P at different
times when it is travelling from City P to City Q, which are 350 km apart. Study the graph and
answer the following:

(1) What information is given on the two axes?

(11) From where and when did the car begin its journey?

(11)  How far did the car go in the first hour?

(iv)  How far did the car go during (i) the 2nd hour? (ii) the 3rd hour?

(v) Was the speed same during the first three hours? How do you know it?

(vi)  Did the car stop for some duration at any place? Justify your answer.

(vil)  When did the car reach City Q?

sl 7
/
300+ /
+
E zsu+ 7
= s/
2 200 /
2
£
T
= |su+
=
=
= luu+
ot
"l«‘ i - _— - - - —
8 9 1 11 12 1 2 3
a.m. a.m a.m. a.m. noon p.an. p.m. p.m.

Time —
Fig 13.4

Solution:
(1) The horizontal (x) axis shows the time. The vertical ()) axis shows the distance of the

car from City P.
(i1) The car started from City P at 8 a.m.
(ii1) The car travelled 50 km during the first hour. [This can be seen as follows.
At 8 a.m. it just started from City P. At 9 a.m. it was at the 50th km (seen from graph).
Hence during the one-hour time between 8 a.m. and 9 a.m. the car travelled 50 km)].
(iv) The distance covered by the car during
(a) the 2nd hour (i.e., from 9 am to 10 am) is 100 km, (150 — 50).
(b) the 3rd hour (i.e., from 10 am to 11 am) is 50 km (200 — 150).
(v) From the answers to questions (iii) 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).
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(vi) We find 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 a.m. to

12 noon. The horizontal line segment representing “travel” during this period is
illustrative of this fact.

(vii) The car reached City Q at 2 p.m.

EXERCISE 13.1

162

1. The following graph shows the temperature of a patient in a hospital, recorded every
hour.

(a) What was the patient’s temperature at 1 p.m.?
(b) When was the patient’s temperature 38.5° C?

39¢ f\
sl K
37¢ /

b 1Y

35y

34!

Temperature (°C) -

1
a.m. a.m. a.m. noon P.m. p-m. P

Time —

(c) The patient’s temperature was the same two times during the period given.
What were these two times?

(d) What was the temperature at 1.30 p.m.? How did you arrive at your answer?
(e) During which periods did the patient's temperature showed an upward trend?

The following line graph shows the yearly sales figures for a manufacturing company.

(a) What were the sales in (1) 2002 (11) 2006?

(b) What were the sales in (1) 2003 (i1) 2005?

(c) Compute the difference between the sales in 2002 and 2006.

(d) In which year was there the greatest difference between the sales as compared to its
previous year?
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3. For an experiment 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 results are shown by the following graph.

14
12
Plant| B
10
T 4//I:
—_— - -
E 8 /_'/.-" - &P"
= =1 W
6 /4
[ L
: “'I
o"/'/
4 Cd
T
u"‘f/
2 L
..-"__.::—-4'"-
Saki—1__ P —
o 1 Weeks — 2 s

(a) How high was Plant A after (i) 2 weeks (i) 3 weeks?

(b) How high was Plant B after (i) 2 weeks (i) 3 weeks?

(c) How much did Plant A grow during the 3rd week?

(d) How much did Plant B grow from the end of the 2nd week to the end of the 3rd
week?

(e) During which week did Plant A grow most?

(f) During which week did Plant B grow least?

(g) Were the two plants of the same height during any week shown here? Specify.
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The following graph shows the temperature forecast and the actual temperature for each
day of a week.

(a) On which 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 actual temperature during the week?

(d) On which day did the actual temperature differ the most from the forecast
temperature?
w==m==  Forecast — Actual

35

30

(]
W
.
*
L}
I ]
i
-

L

=

3
-

_
‘h
‘l\
‘-
DA
-
L
-
A
P
a/,
(2
’
L
£l
"
"

Temperature (°C) —

=

n

s = o - £ = D
Mon Tue Wed Thu Fri Sat

Days —

Sun

5. Use the tables below to draw linear graphs.
(a) The number of days a hill side city received snow in different years.

Year 2003 2004 2005 2006

(b) Population (in thousands) of men and women in a village in different years.

Year | 2003 § 2004 | 2005 J§ 2006 J 2007 |
Numberof Men  [HNVHI IEEET HNERI EFII EEI
Number of Women  [EVIEH] IEVICHE IINERI INEXJ] VXN
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6. A courier-person cycles from a town to a neighbouring suburban area to deliver a parcel
to a merchant. His distance from the town at different times is shown by the following

graph.

(a) What is the scale taken for the time axis?

(b) How much time did the person take for the travel?
(c) How far is the place of the merchant from the town?
(d) Did the person stop on his way? Explain.

(e) During which period did he ride fastest?

2 )
r.
20 p 7
1 18 e
~16 /
g Val
= 14 7
S12 <
et ¥
g 10 /
8
Z 8
a /
o 4
4 /
2
/ > * * >
8 a.m. 9 a.m. 10 a.m. 11 a.m. 12 noon
Time —
7. Can there be a time-temperature graph as follows? Justify your answer.
(1) ()
a ~
|
g #
g g
= =
- -
4 2
E E
= =
Tim¢ — Timg —
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(i) (iv)

Temperhtufe 5
Temperptufe b
W

13.2 Some Applications

In everyday life, 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 is
an independent variable (or sometimes control variable) and the amount of electric bill is the
dependent variable. The relation between such variables can be shown through a graph.

THINK, DISCUSS AND WRITE

The number of litres of petrol you buy to fill a car’s petrol tank will decide the amount you have
to pay. Which is the independent variable here? Think about it.

Example 3: (Quantity and Cost)
The following table gives the quantity of petrol and its cost.

No. of litresofpetrot § | | |
500 750 1000 1250 |

Cost of petrol in Rs

Plot a graph to show the data.
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Solution: (i) Let us take a suitable scale on both the axes (Fig 13.5).

v
N

1300

1200

1100

1000

A
£
5
+

r o900

800

700 N
600 " iy

Cost (in Rs)

400

300

200 R

100

0 X
5 10 15 20 25 30 >

Litres —

Fig 13.5

(i) Mark number of litres along the horizontal axis.

(ii1) Mark cost of petrol 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. (It is a linear graph). Why does this graph pass through the
origin? Think about it.

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 you meet the graph at P (say).

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?).

In such situations, the graphs will always be linear.

TRY THESE
In the above example, use the graph to find how much petrol can be purchased for Rs 800.

Example 4: (Principal and Simple Interest)

A bank gives 10% Simple Interest (S.L.) on deposits by senior citizens. Draw a graph to illustrate
the relation between the sum deposited and simple interest earned. Find from your graph

(a) the annual interest obtainable for an investment of Rs 250.

(b) the investment one has to make to get an annual simple interest of Rs 70.
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Solution:

Sum deposited

Rs 100

Rs 200

Rs 300

Rs 500

Rs 1000
We get a table of values.

Deposit (in Rs)

100
Annual S.I. (in Rs) [JIOH

Simple interest for a year

100x1x10 | Steps to follow: :
Rs 100 =Rs 10 : 1. Find the quantities to be |
| plotted as Deposit and SI. :
Rs 200x1x10 —Rs 20 | 2. Decide the quantities to |
100 : be taken on x-axis and on :
| y-axis. I
RSM =Rs 30 : 3. Choose a scale. :
100 : 4. Plot points. :
5. Join the points. I
Rs 2001X10 _p s B |
100
Rs 100

(1) Scale: 1 unit = Rs 100 on horizontal axis; 1 unit = Rs 10 on vertical axis.

(i) 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 get a graph that is a line (Fig 13.6) et 7

(a) Corresponding to Rs 250 on horizontal axis, we get the
interest to be Rs 25 on vertical axis.

(b) Corresponding to Rs 70 on the vertical axis, we get the sum
to be Rs 700 on the horizontal axis.

i TRY THESE !
i Is Example 4, a case |
1 of direct variation? !

_________________________

100

T
opol-+po)

-~

<
=

€
=

40

(300, 30

Annual Simple Interest (in Rs) —

(

0

09,
|

100 200 300 400 500 600 700 800 900 1000
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Deposits (in Rs) —

Fig 13.6
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Example 5: (Time and Distance)

Imran can ride a scooter constantly at a speed of 30 kms/hour. Draw a time-distance for this

situation. Use it to find

(1) the time taken by Imran to ride 75 km. (ii) the distance covered by Imran in 3%hours.

Solution:

Hours of ride Distance covered

We get a table values.

Time (in hours) 1 2 3

Distance covered (in km) | 30 60 90

120

(1) Scale: (Fig13.7)
Horizontal: 2 units = 1 hour
Vertical: 1 unit = 10 km
(i) Mark time on horizontal axis.
(ii1)) Mark distance on vertical axis.
(iv) Plot the points: (1, 30), (2, 60), (3, 90), (4, 120).

130
120
110
100

80
70

60

50

40

Distance Covered (in km) —

30

20

10

0 -—--_l_--_--_-\
1 2 3 4 5

Time (in hours) —

Fig 13.7
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(v) Join the points. We get a linear graph.
(a) 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.

(b) Corresponding to 3%hours on the horizontal axis, the distance covered is105 km on the

vertical axis.

EXERCISE 13.2
Draw the graphs for the following tables of values, with suitable scales on the axes.

1.

170

(a)

(b)

(1)
(i)

(c)

(1)
(ii)
(iii)

Cost of apples

Number of apples [ EENEN INNEHN IS DN SO
Cost in Rs) NN [NNOHNN SN 0NN S

Distance travelled by a car

Time (in hours) |G RGN NS RO
Distances (in km) | | NSO INNSONNN IRNSONN RNGON

How much distance did the car cover during the period 7.30 a.m. to 8 a.m?
What was the time when the car had covered a distance of 100 km since it’s start?

Interest on deposits for a year.

Deposit (in Rs) 1000 = 2000 3000 4000 5000
Annual S.I. (in Rs) 80 160 240 320 400

Does the graph pass through the origin?
Use the graph to find the interest on Rs 2500 for a year.
To get an interest of Rs 280 per year, how much money should be deposited?

Draw a graph for the following.

(1)

(i)

Side of square (in cm) 2 3 3.5 5 6
Perimeter (in cm) 8 12 14 20 24

Is it a linear graph?

Side of square (in cm) 2 3 3.5 5 6
Area (in cm ) 4 9 16 25 36

Is it a linear graph?
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What Have We Dispyssed

Graphical presentation of data is easier to understand.
A line graph displays data that changes continuously over periods of time.
A line graph which is a whole unbroken line is called a linear graph.

For fixing a point on the graph sheet we need, x-coordinate and y-coordinate.

I N I

The relation between dependent variable and independent variable is shown through a

graph.
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Answers

Exercise 1.1

1. (i) 1 is the multiplicative identity

(ii1) Multiplicative inverse

2. Rational Number

Exercise 2.1

1.x=18 2.t=-1

7.x=40 8.x=10

Exercise 2.2

Exercise 3.1

1. (21,2567
(d)2

3.x=-2

7
9, y=—
73
3.x=-5

2
8. =2
73
(b)1,2,5,6,7
(e) 1

(i) Commutativity

4z=E 5.x=5 6.x=0
2
10.m=i
5
4.x=28 5.t1=2
9.z=2 10./=0.6
(©1,2,4

2. A polygon with equal sides and equal angles.
(i1) Square (ii1) Regular hexagon

(1) Equilateral triangle

Exercise 3.2

1. (a) 360° —250°=110° (b) 360° —310° = 50°
.. 360° ... 360°
2. i = 40° i _ 40
(1) 5 (i1) T
360 . .
3. BV =15 (sides) 4. Number of sides = 24

5. (1) No; (Since 22 is not a divisor of 360)
(i) No; (because each exterior angle is 180° — 22° = 158°, which is not a divisor of

360°).

6. (a) The equilateral triangle being a regular polygon of 3 sides has the least measure of
an interior angle = 60°.
(b) By (a), we can see that the greatest exterior angle is 120°.

172
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Exercise 3.3

1.

(1) BC (Opposite sides are equal) (i) £ DAB (Opposite angles are equal)
(i) OA (Diagonals bisect each other)

(iv) 180° (Interior opposite angles, since AB || DC)

(1) x = 80°, y = 100°; z = 80° (i) x = 130°; y = 130°; z = 130°

(iii) x = 90°; y = 60°; z = 60° (iv) x = 100°; y = 80°; z = 80°

(V) y=112°%x =28°z=128°

(1) Can be, but need not be.

(i1) No; (in a parallelogram, opposite sides are equal; but here, AD # BC).
(ii1) No; (in a parallelogram, opposite angles are equal; but here, LA # Z£C).

A kite, for example 5. 108°; 72°; 6. Each is a right angle.
x=110°y=40°z=30°
)x=6;y=9(@G)x=3;y=13; 9.x=50°

NM || KL (sum of interior opposite angles is 180°). So, KLMN is a trapezium.
60°
ZP=50% £S=90°

Exercise 3.4

1. (b), (c). (1), (g), (h) are true; others are false.

2.
3.

o A

(a)

(1)
(ii)
(iii)
(iv)

(1)
(ii)

Rhombus; square. (b) Square; rectangle

A square is 4 - sided; so it is aquadrilateral.

A square has its opposite sides parallel; so it is a parallelogram.

A square is a parallelogram with all the 4 sides equal; so it is a rhombus.

A square is a parallelogram with each angle a right angle; so it is arectangle.
Parallelogram; rhombus; square; rectangle.

Rhombus; square (i) Square; rectangle

Both of its diagonals lie in its interior.

AD I BC: AB IIDC. So, in parallelogram ABCD, the mid-point of diagonal AC is O.

Exercise 4.1

1.

2.

(1) 200 (i1) Light music
(iii) Classical - 100, Semi classical - 200, Light - 400, Folk — 300

(1) Winter (ii) Winter - 150°, Rainy - 120°, Summer - 90° (iii)

Yellow
30°
. - m
180°
Green
90°
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4. (1) Hindi (ii) 30 marks (iii) Yes

Exercise 4.2

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).

Outcomes of an event of getting
1 (@2,3,5 (b)1,4,6

(1) (a) 6 (b)1,2,3,4,5

1 1
(a) g (b) B

4
() 7

() % (i) % (iii) % ) 2

Probability of getting a green sector = %; probability of getting a non-blue sector =

(NN

Probability of getting a prime number =% ; probability of getting a number which is not

. 1
rime = —
P 2

Probability of getting a number greater than 5 :é

Probability of getting a number not greater than 5 :%

Exercise 5.1

1. (11 (i) 4

(vii) 4 (viii) 0
2. These numbers end with

(1) 7 (1) 3

(vii) 0 (viii) O
3. (1), (ii1)
5. 1020304030201, 101010101 >
7. (1) 25 (11) 100

174

(iii) 1 (iv) 9 (V) 6 (vi) 9
(ix) 6 (x) 5
(iii) 8 (iv) 2 (v) 0 (vi) 2

4. 10000200001, 100000020000001
6. 20, 6,42, 43

(iii) 144
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8. ()1+3+5+7+9+11+13

(i) 1 +3+5+7+9+11+13+15+17+19+21
(iii) 198

9.  (i)24
EXERCISE 5.2

1. (i) 1024
2. ()68,10

EXERCISE 5.3

. ()19
2. (i), (i), (iii)
4. Q)27

(vii) 77
5. ()7;42
6. ()76
7. 49

EXERCISE 5.4

1. (1) 48
(vii) 76
(1)1

(1) 1.6
(1) 25 20
(1) 4; 23
2l m

24 plants

Sl I o

EXERCISE 6.1

(13
()3
20 cuboids

B

EXERCISE 6.2

1. (1) 4
(vii) 48
2. (1) False
(vii) True

(i1) and (iv)

(ii) 50

(ii) 1225

(i) 14,48,50 (i) 16,63,65 (iv) 18,80,82

(ii) 4, 6

(ii) 20
(viii) 96
(ii) 5; 30
(i) 13; 15

(iii) 7396

(iii) 1, 9
3. 10, 13
(iii) 42
(ix) 23
(iii) 7, 84
(iii) 11; 6

(iv) 8649

(iv) 5

(iv) 64
(x) 90
(iv) 3; 78
(vi) 5;23

8. 45 rows; 45 plants in each row

(ii) 67
(viii) 89
(ii) 2

(ii) 2.7
(ii) 53; 44
(ii) 14; 42

7.(a) 10 cm

(ii) 2
(ii) 2

(i) 8
(viii) 36
(i1) True

(111) 59

(ix) 24

(1i1) 2

(1) 7.2

(11) 1; 57

(1) 4; 16

(b) 12 cm

9. 16 children

(iii) 3
(iii) 5

(1i1) 22
(ix) 56
(1i1) False

(iv) 23

(x) 32
(iv) 3

(iv) 6.5
(iv) 41; 28
(iv) 24; 43

(iv) 5
(iv) 3

(iv) 30

(iv) False
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(v) 5041

(v) 88

(v) 2; 54
(v) 7;20
9. 900

(v) 57
(x1) 56
V)3
(v) 5.6

(v)31;63
(v) 149; 81

(v) 10
(v) 11

(v) 25

(v) False

(vi) 2116

(vi) 98
(vi) 3; 48

(vi) 5; 18
10. 3600

(vi) 37
(xii) 30

(vi) 24

(vi) False
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EXERCISE 7.1

1. (a)1:2 (b) 1:2000 (c)1:10
2. (a) 75% (b) 66%% 3. 28% students 4. 25 matches 5. Rs 2400

6. 10%, cricket — 30 lakh; football — 15 lakh; other games — 5 lakh

EXERCISE 7.2
1. Rs 14,560 2. Rs 2,000 3. Rs 5,000

EXERCISE 7.3

1. (i) About 48,980 (ii) 59,535 2.5, 31,616 (approx) 3. (i) Rs. 38,640

EXERCISE 8.1

1. (10 (i) ab + bc + ac (iii)—p°q” +4pg +9
(iv) 2(1> +m” +n® + Im+ mn + nl)

2. (a) 8a-2ab+2b-15 (b) 2xy - Tyz + S5zx + 10xyz

(¢) p’q - Tpq’+ 8pq - 18q + 5p + 28
EXERCISE 8.2

1. (i) 28p (ii) — 28p° (iii) — 28p 7 ¢ (iv) —12p* (v) 0
2. pg; 50 mn; 100 x> y?; 12x°; 12mn’* p
3.
Firstmonomial — 2% 5y 3x2 —4xy 7x2y _g.t-:}.:\
Second monomial 4
2x 4x2 | —10xy | 6x* | —8x%y | 14x%y | —18x%
~S5y —10xy | 25y* | —15x%]| 20xy* | =35x%% 45x%°
3% 6x* | =15x%y | 9x* | -12¢%| 21x'y | -27xY?
— dxy —8x%y | 20xy? | —12x%y| 16x%y? | -28x% 36ax%y?
7x%y 14x3y | =35x%2| 21x%y | -28x%| 49x*y?| - 63x%°
—9x2y? —18x3y2 | 45x%% [ 227x%? 36x7y? | — 63x%y] 8lxty?
\
4. (i) 1054’ (i1) 64pgr (iii) 4x* y* (1v) 6abc
5. ()x’y’z’ (ii) — a® (iii) 1024y °
(iv) 36a° b’ ¢’ V)—-m’n’p
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EXERCISE 8.3

1. (1) 4pq + 4pr (i) a’ b —ab’ (iii) 7a’b* + 7a’ b’
(iv) 4a’ —36a (v) 10
2. (1) ab+ac +ad (ii) 5x >y + Sxy* —25xy

(iii) 6p° — Tp> +5p (i) 4p*q’ —4p°¢*
(V)azbc-irabzc-irabc2

3. (i) 8a”™ (1) —%x}y3 (iii) —4p*q* (iv) x"
2 . =3
4. (a) 12x"—15x+3; (i) 66 (11)7
bya’> +a* +a+5; ()5 (i) 8 (iii) 4
S. @) p’ +q° +r> —pq—qr-pr (b) —2x*> —2y* —dxy +2yz + 2zx
(c) 51° + 25In (d)—3a® —2b> +4c’ —ab + 6bc —Tac

Exercise 8.4

1. (i) 8x* + 14x — 15 (i) 3y> — 28y + 32 (iii) 6.251° — 0.25m*
(iv) ax + 5a + 3bx + 15b (vV)6p*q® +5pqg’ —6q" (vi)3a* +10a’>b*—8b*
2. (i) 15 —x—2x° (i) 7x* + 48xy — 7y° (iiiya’ +a*b* +ab+b’
(iv)2p” +p*q-2pq"— ¢’
3. (i) x’ +5x> —5x (i) a’ b’ +3a>+5b°+20 (i) ’—st+s°t*—s°
(iv) dac (v) 3x*> +dxy—y*>  (vi)x® +y°
(vii) 2.25x*— 16y° (viii) a® +b*—c* + 2ab

Exercise 9.1

1.0.88 m* 2.7 cm 3. 660 m* 4.252 m*
5.45 cm? 6.24cm?, 6 cm 7.Rs 810 8. 140 m
9.119m’ 10. Area using Asha’s way = 2><%x%><(30+15)m2 =337.5m’

Area using Samina’s way :%XIS x15+15x15=337.5m’
11.80 cm?, 96 cm?, 80 cm?, 96 cm?

Exercise 9.2

1. (a) 2. 144 m 3.10cm 4. 11m’
5. 5 cans

6. Similarity — Both have same heights. Difference — one is a cylinder, the other is a cube.
The cube has larger lateral surface area

7. 440 m*> 8.322 cm 9. 1980 m* 10. 704 cm?
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Exercise 9.3

1. (a) Volume (b) Surface areca (c) Volume
2. Volume of cylinder B is greater; Surface area of cylinder B is greater.
3.5cm 4. 450 5. 1m 6. 49500 L
7. (1) 4 times (i1) 8 times 8. 30 hours
Exercise 10.1
! 1
1. (1) — 1) — 1) 32
(1) 5 (i) T (iii)
. 1 1 4 . 1 1
2.(1) —— (i) — (111) (5 (1v) (v)
(_ 4)3 26 ( ) (3)2 (_14)3
3.() 5 (i1) 1 (1i1) 29 (iv) 1 (V) 8l
' 2 16
. 1 ) .. 512
4. (1) 250 1n) — 5.m=2 6.(1)—1 1) —
(1) (i) <0 (1) (i) 155
4
7. (i) 92! (ii) 5°
2
Exercise 10.2
1. (i) 8.5x 107" (i) 9.42 x 107" (iii) 6.02 x 10"
(iv) 8.37 x 10~° (v)3.186 x 10"
2. (1) 0.00000302 (i1) 45000 (1i1) 0.00000003
(iv) 1000100000 (v) 5800000000000 (vi) 3614920
3. (i) 1x10°° (i) 1.6 x 107" (iii) 5 x 1077
(iv) 1.275 x 107 (v)7x 1072
4. 1.0008 x 10°
Exercise 11.1
1. No 2.
(l’urts of red pigment| | 4 7 12 ( }w
Ll'nrls of base 8 32 56 |96 |160 J
3. 24 parts 4. 700 bottles 5.107* cm; 2 cm 6.21 m
7. (i) 2.25 x 107 crystals (ii) 5.4 x 10° crystals 8.4cm
9. (i) 6 m (i) 8 m 75 cm 10. 168 km

178
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Exercise 11.2

1. (1), (1v), (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. 8 —> 45° 10 —» 36° 12 — 30° (1) Yes (1) 24° (111) 9

4. 6 5.4 6. 3 days 7. 15 boxes

8. 49 machines 0. I%hours

10. (1) 6 days (11) 6 persons 11. 40 minutes

Exercise 12.1

1. (i) 12 (ii) 2y (iii) 14pq (iv) 1 (v) 6ab (vi) 4x
(vii) 10 (viii) x*y°

2. () 7(x—6) (i) 6(p — 2¢) (iii) 7a(a +2) (iv) 4z(— 4 + 5z%)
(v) 10 Im(21 + 3a) (vi) Sxp(x — 3y) (vii) 5(2a* —3b* +4c?)
(vii)4a (—a+b—c) (ix) xyz(x + y + z) (xX) xy (ax + by + cz)

3. () (x+8) (x +) (i) Bx + 1) (5y—2) (i) (a + b) (x —y)
(iv) (5p +3) (3¢ +5) V) z=7)(1-xy)

Exercise 12.2

1. () (a +4)* (i) (p - 5)° (iii) (5m + 3)? (iv) (Ty + 62)°
(V) 4(x—1)° (vi) (1156 — 4¢)? (vii) (I —m)* (viii) (@ +b%)?

2. () 2p —3q) 2p + 3q) (ii) 7(3a — 4b) (3a + 4b) (iii) (7x — 6) (7x + 6)
(iv) 16x° (x —3) (x + 3) (v) 4lm (vi) Bxy—4) Bxy +4)
(vi) (x—y—2z) (x—y+2) (vii1) (5a —2b+7c) (Sa +2b—"Tc)

3. (i) x(ax + b) (ii) 7(p* +3¢%) (iii) 2x(x* +y* +z°)
(iv) (m*> +n?) (a + b) WA+ m+1) Vi) +9) (v +2)
(vii) (5y +22) (v —4) (viii) 2a+1) (5b+2) (ix) Bx—2) 2y -3)

4. (i) (@ —b) (a +b) (a* +b?) (i) (p—3)(p+3)(p> +9)
(il) x—y—z) (x+y+2) [x> + (¥ +2)°] (iv) z(2x —2) (2x* —2xz+27)
(V) (@a=b)* (a+b)*

S. DH@E+t2) @+ (i) (g-3)(@q-T7) (i) (p + 8) (p - 2)

The Jammu and Kashmir Board of School Education 179



A Textbook of Mathematics for Class VIII

Exercise 12.3

1. (1) % (i) — 4y (ii1) 6pgr (1v) %xz y (v) 2a’b*
2. (i) %(Sx -6) (i) 3y*—4y* +5 (iii) 2(x + y + 2)
(1v) %(x2+2x+3) W g’ -p°
3. (i) 2x-5 (i) 5 (iii) 6y (iv) xy
(v) 10abc
4. (1) 5(3x+5) (i) 2y(x + 5) (111) %r(p +gq)

(iv) 4(y° +5y+3)
(V) (x+2)(x+3)

5. ()y+2 (if) m — 16 (iif) 5(p — 4)
(iv) 22 (z - 2) ) %q -1
(vi) 3(3x — 4y) (vi) 3y 5y —=17)

Exercise 13.1

1. (a) 36.5°C (b) 12 noon (¢) l p.m, 2 p.m.
(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.
(e)9am. to 10 am., 10 a.m. to 11 a.m., 2 p.m. to 3 p.m.

2. (a) (1) Rs 4 crore (11) Rs 8 crore
(b) (1) Rs 7 crore (i1) Rs 8.5 crore (approx.)

(c) Rs 4 crore (d) 2005
3. (a) (1) 7 cm (i1) 9 cm
(b) (1) 7 cm (i1) 10 cm
(c)2cm (d)3cm (e) Second week () First week

(g) At the end of the 2nd week

4. (a) Tue, Fri, Sun (b)35°C (c)15°C (d) Thurs
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6. (a) 4 units = 1 hour  (b) 3%hours (c) 22 km

(d) Yes; This is indicated by the horizontal part of the graph (10 a.m. - 10.30 a.m.)
(e) Between 8 a.m. and 9 a.m.

7. (111) is not possible

EXERCISE 13.2
1. (b)(i)20km (i) 7.30 am. (c) (i) Yes (i) Rs200 (iii) Rs 3500

2. (a) Yes (b) No
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What is Aadhaar?

Aadhaar number is a 12-digit random number issued by the Unique Identification
Authority of India (UIDAI) to the residents of India. Any individual, irrespective of
age and gender can voluntarily enrol to obtain Aadhaar number. Aadhaar is
issuedto all, from a new born infant to an old individual. There is no age limit for
Aadhaarenrolment.

Features of Aadhaar

¢ Aadhaar is a proof of identity.

e Aadhaar number is devoid of any intelligence.

¢ Aadhaar is based on a mathematical algorithm, so every 12-digit number

cannot be Aadhaar.

¢ Aadhaar does not profile people based on caste, religion, income, health and
geography.

o UIDAI stores minimal information of Aadhaar holder.

e Aadhaar does not grant any right of citizenship or domicile to an Aadhaar
number holder.

e [t can be used to authenticate and establish identity that can be verified both
online/offline.

e Enrolment for Aadhaar is voluntary and can be done at the nearest enrolment
centre.

e Aadhaar number holders need to update their Aadhaar with Proof of Identity
(POI) and Proof of Address (POA) on completion of every 10 years from date of
enrolment.

¢ All enrolment requests for adults (>18 year of Age) are verified by the State
Nodal Officer through the State Government Portal.

Activities

e Have a look at your Aadhaar card. Observe the colour and shape of Aadhaar
logo. Draw the logo with a tagline.

e If your photograph on Aadhaar card does not match, do ask your parents to
visit the nearest Aadhaar centre to get it replaced with the latest photo.

¢ Please check, if your name and date of birth are mentioned correctly in
Urdu/Hindi/English on your Aadhaar. If not, do ask your parents to visit the
nearest Aadhaar centre for updation.
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