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Integers

1.1 INTRODUCTION

We have learnt about whole numbers and integers in Class V1.
We know that integers form a bigger collection of numbers
which contains whole numbers and negative numbers. What
other differences do you find between whole numbers and
integers? In this chapter, we will study more about integers,
their properties and operations. First of all, we will review and
revise what we have done about integers in our previous class.
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1.2 RecaLL
We know how to represent integers on a number line. Some integers are marked on the
number line given below.
! oD ! ! ! o ! ! ! oD ! ! ! ! S
T 1 T T T w T T T \U T T T T 7
-6 5 -4 3 2 -1 0 1 2 3 4 5 6 7
Can you write these marked integers in ascending order? The ascending order of
these numbers is — 5, — 1, 3. Why did we choose — 5 as the smallest number?
Some points are marked with integers on the following number line. Write these integers
i1 descending order.
_i 6 T T T _9 T T B |4- T (l) T 3 T T |8 T 1|4 7

The descending order of these integersis 14, 8,3, ...

The above number line has only a few integers filled. Write appropriate numbers at
each dot.
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A number line representing integers is given below

1.
B C D E F G H 1 JI K L M N O

-3 2
—3 and -2 are marked by E and F respectively. Which integers are marked by B,
D,H,J,M and O?
f I ) : ? 2. Arrange 7,5, 4, and — 4 in ascending order and then mark them on a number
line to check your answer.

S
rd

We have done addition and subtraction of integers in our previous class. Read the
following statements.

On anumber line when we
(1) addapositive integer, we move to the right.
() addanegativeinteger, wemove to the left.
() subtract a positive integer, we move to the left.
(iv) subtract anegative integer, we move to the right.

State whether the following statements are correct or incorrect. Correct those which
are wrong:

(i) When two positive integers are added we get a positive integer.
(i) When two negative integers are added we get a positive integer.
(i) When a positive integer and a negative integer are added, we always get anegative
mieger.
(iv) Additive inverse of an integer 8 is (— 8) and additive inverse of (— 8) is 8.

(v) Forsubtraction, we add the additive inverse of the integer that is being subtracted,
to the other integer.

vi) (-1 +3=10-3
(vi) 8+(-7)-(4=8+7-4
Compare your answers with the answers given below:
(i) Correct. For example:
(a) 56+73=129 (by 113+82=195 ctc.
Construct five more examples in support of this statement.
() Incorrect, since (—6) + (—7)=— 13, which is not a positive integer. The correct
statement is: When two negative integers are added we get a negative integer.
For exarmple,
(@ (—560)+(=73)=-129 (b) (—113)+(-82)=-195, etc.

Construct five more examples on your own to verify this statement.
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Incorrect, since — 9 + 16 =7, which is not a negative integer. The correct statement is :
When one positive and one negative integers are added, we take their difference
and place the sign of the bigger integer. The bigger integer is decided by ignoring the

signs of both the integers. For example: B
(a) (=56)+(73)=17 (b) (-~113)+82=-31 () (@

©) 16+(=23)=-7 (@) 125+ (- 101) =24 Arwls, 0N,
Construct five more examples for verifying this staterent.
Correct. Some other examples of additive inverse are as given below: / \ / \

Integer Additive inverse () (

10 -10
10 0 =80 [\o &

76 76 / \ VAN

—76 76

Thus, the additive inverse of any integer « is —  and additive inverse of (— @) is a.

Correct. Subtraction is opposite of addition and therefore, we add the additive
inverse of the integer that is being subtracted, to the other integer. For example:

(a) 56-—73= 56+ additive inverse of 73 =56+ (-73)=-17
(b) 56 —(=73)= 56+ additive inverse of (-73) =56+ 73 =129
() (-79)-45=(79)+(-45=-124
(d) (-100)—(-172)=-100+ 172 =72 etc.
Write atleast five such examples to verify this statement.
Thus, we find that for any two integers @ and b,
a—b=a+ additive inverseof b=a + (— b)
and a—{(—b)=a+ additive inverse of (-h)=a + b
Incorrect, since (-10)+3=-"Tand 10-3=7
therefore, (-10) +3=+10-3
Incorrect, since, 8+ (-7 -(-4)=8+(-7)+t4=1+4=5
and 8+7-4=15-4=11
However, EB+(-7-(4)=8-7+4

TrY THESE

We have done various patterns with numbers in our previous class.
Canyou find a pattem for each of the following? If yes, complete them:

@ 7,3,-1,-5, , , _
(b) —2,—4,—6,-8, : : zZ

© 15,10,5,0, : : . ,
@ 11, 8,35, 2 : : : AN}

Make some more such patterns and ask your friends to complete thern.
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ExErcise 1.1

1. Following number line shows the temperature in degree celsius (°C) at different places

on a particular day.
s . Shimla
Lahulspltls Srlnagar\r) 5 Ooty Bangalore
_iol T T T _IS T LI | T 6 T T T T I5 T T T T IIO T T T T 1‘5 T T T T 2|0 T T T T 2:5

{a) Observe this number line and write the temperature of the places marked on it.

{b) Whatis the temperature difference between the hottest and the coldest places
among the above?

{c) Whatisthe temperature difference between Lahulspiti and Srinagar?

(d) Canwe saytemperature of Srinagar and Shimla taken together is less than the
temperature at Shimla? Is it also less than the ternperature at Srinagar?

2. Inaaquiz, positive marks are given for correct answers and negative marks are given
for incorrect answers. If Jack’s scores i five successive rounds were 235, - 5, - 10,
15 and 10, what was his total at the end?

- ) 3. At Srinagar temperature was — 5°C on Monday and then it dropped

5&037@:‘—:—)3 by 2°C on Tuesday. What was the temperature of Srinagar on Tuesday?
AP On Wednesday, it rose by 4°C. What was the temperature on this
day?

4. A plane is flying at the height of 5000 m above the sea level. Ata
particular point, it is exactly above a submarine floating 1200 m below
the sea level. What is the vertical distance between them?

5. Mohan deposits Rs 2,000 in his bank account and withdraws Rs 1,642
from it, the next day. If withdrawal of amount from the account is
represented by anegative integer, then how will you represent the amourt
deposited? Find the balance in Mohan’s account after the withdrawal.

6. Rita goes 20 km towards east from a point A to the point B. From B,
she moves 30 km towards west along the same road. Ifthe distance
towards east is represented by a positive integer then, how will you
represent the distance travelled towards west? By which integer will
you represent her final position from A?

West ].3 East




=iz 5 00 |

7. Inamagic square each row, column and diagonal have the same sum. Check which

of the following is a magic square.

5[-1 -4

5|21 7

0| 3[-3
1)

110 o

—4| 3|2

—6| 4|7
(1)

8. Verify a— (- b)=a+ bforthe following values of ¢ and .

G a=21,b=18
Gi) a=75,b=84

(i) a=118,b=125
av) a=28,b=11

9. Use the sign of >, <or= in the box to make the staternents true.

(a) =8) T (-4
(b) =3)+7-(19)
(©) 23— 41 +11

(d) 39+ (- 24)-(15)

(€) ~231+79+51

L]
L]
L]
L]
[ ]

(8)-(-4)

15-8+(-9)
234111
36 + (- 52)— (- 36)

-399 + 159 + 81

10. A watertank has steps inside it. A monkey is sitting on the topmost step {i.e., the first
step). The water level is at the ninth step.

(1) Hejumps 3 steps down and then jumps back 2 steps up.

In how many jumnps will he reach the water level?

(i) After drinking water, he wants to go back. For this, he
jumps 4 steps up and then jumps back 2 steps down
in every move. In how many jumps will he reach back

the top step?

() Ifthe number of steps moved down is represented by
negative integers and the number of steps moved up by
positive integers, represent his moves in part (i) and (ii)
by completing the following;(a)- 3 + 2 — ... = — 8
b)4—-2+... = 8. In(a) the sum (— 8) represents going
down by eight steps. So, what will the sum 8 in (b)

represent?

%/;:—/:% ’ " jf
P

1.3 PROPERTIES OF ADDITION AND SUBTRACTION OF INTEGERS

1.3.1 Closure under Addition

We have learnt that sum of two whole numbers is again a whole number. For example,
17 +24 =41 which is again a whole number. We know that, this property is known as the
closure property for addition of the whole numbers.
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Letus see whether this property is true for integers or not.
Following are some pairs of integers. Observe the following table and complete it.

Statement Observation

V) 17 +23 =40 Resultis an integer
W -1 +3=__
(i) (-75)+18=__
() 19+(-25)=-6 Resultis an integer
V) 27+(-27)=
™) (-20)+0=__
(i) (=35)+(-10)=__

What do you observe? Is the sum of two integers always an integer?
Did you find a pair of integers whose sum is not an integer?
Since addition of integers gives integers, we say integers are closed under addition.

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

1.3.2 Closure under Subtraction

What happens when we subtract an integer from another integer? Can we say that their
difference is also an integer?

Observe the following table and complete it:
Statement Observation
W 7-9=-2 Result is an integer
w 17--2h=__
(i) (—-8)—(-14)=6 Result is an integer
W) 2)-C1y=__
v) 32-(-17) =
o) 18)-(-18=__
(i) (~29)- 0=

What do you observe? Is there any pair of integers whose difference is not an integer?
Can we say integers are closed under subtraction? Yes, we can see that integers are

closed under subtraction.
Thus, ifa and b are two integers then a— b is also an intger. Do the whole numbers

satisfy this property?
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1.3.3 Commutative Property
We know that 3 +5=15+3 =§, thatis, the whole numbers can be added in any order. In
other words, addition is commutative for whole numbers.
Can we say the same for integers also?
Wehave 5+ (—-6)=-land(-6)+5=-1
So,5+(-6)=(-6)+5
Are the following equal?

© ) FEDand(-9) + (- 8)

@ (—23)+32and32+(-23)

() (—45)+ 0Gand 0+ (—45)

Try this with five other pairs of integers. Do vou find any pair of integers for which the

sums are different when the order is changed? Certainly not. Thus, we conclude that
addition is commutative for integers.

In general, for any two integers a and b, we can say
atb=b+a

@ We know that subtraction is not commutative for whole numbers. Is it commutative
for integers?
Consider the integers 5 and (-3).
Is 5 — (-3) the same as (-3) —57 No, because 5 —(-3)=5+3=8,and (-3)-5
=-3-5=-8
Take atleast five different pairs of integers and check this.

We conclude that subtraction is not commutative for integers.

1.3.4 Associative Property

Observe the following examples:
Consider the integers —3, -2 and —5.
Look at (-5) + [(-3) + (-2)] and [{-5) + (-3)] +{(-2).

In the first sum (—3) and {(-2) are grouped together and in the second (—5) and (—3)
are grouped together. We will check whether we get different results.

(3 +(2) (=2) (=5+(3)

(5)+1(3) +(2)] 13+ (3] +(2)
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1. Write a pair of integers whose sum gives

(a) anegative integer (b) zero

In both the cases, we get—10.
Le., (H) I+ =1 HED+H(3)
Similarly consider -3, 1 and —7.
(3)+|1+{(N]=-3+ =
(-3)+1]+(=-2+ =
Is(3)+ |1 +(-7)] sameas |(-3) + 1]+ (-7)?

Take five more such examples. You will not find any example for which the sums are
different. This shows that addition is associative for integers.

In general for any integers a, » and ¢, we can say
at{btcy=(atb)tc

1.3.5 Additive Identity

When we add zero to any whole number, we get the same whole number. Zero is an
additive identity for whole numbers. Is it an additive identity again for integers also?

Observe the following and fill in the blanks:

(i) 8+0=-8 (i) 0+(8)=—8
@) (23)+0= @) 0+(37)=37
&) 0+(359= o) 0+ = 43
Gi) 61+ =—61 (v 0=

The above examples show that zero is an additive identity for integers.
You can verify it by adding zero to any other five integers.
In general, for any integer a

atl=a=0+a

(c) aninteger smaller than both the integers.  (d) aninteger srnaller than only one of the integers.

{e) an integer greater than both the integers.

. Write a pair of integers whose difference gives

(a) anegative integer. (b) zero.

{c) aninteger smaller than both the integers. (d) aninteger greater than only one of the integers.

{e) an integer greater than both the integers.
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ExavpPLe 1 Write down a pair of integers whose

Sorution (@) (-1)+(-2)=-3 or (5)+2=-3

(a) sumis—3 (b) differenceis —5
(c) differenceis?2 (d) sumis0Q

b (9)-(4Hh=-5 o (2)-3=-5
() -7 -(-9=2 or 1-(-1)=2
(d) 1) +10=0 or 5+(=5)=0

Can you write more pairs in these examples?

ExXERcCISE 1.2

1. Writedown a pair of integers whose:

(a)
2. {a)
(b)
{c)

sumis —7 (b) differenceis —10 {c) sumis(
Write a pair of negative integers whose difference gives 8.
Write a negative integer and a positive integer whose sum is —3.

Write a negative integer and a positive integer whose difference is —3.

3. In a quiz, team A scored — 40, 10, 0 and team B scored 10, 0, — 40 in three €.

successive rounds. Which team scored more? Can we say that we can add A N/
integers in any order? ¥ ¥

4. Fillin the blanks to make the following statements true:

@
(ii)
(iif
(v)
)

e g

(5)+ (o )= 8) + (. )

53 =53
17 4 o =0

113 4 ( 12)]+ (oo )= e +1(-12) + ()]
(=) e (3] = | F 18] e,

1.4 MULTIPLICATION OF INTEGERS

We can add and subtract integers. Let us now leam how to multiply integers.

1.4.1 Multiplication of a Positive and a Negative Integer

We know that multiplication of whole numbers is repeated addition. For example,

5+5+5=3x5=15

Can yourepresent addition of integers in the same way?
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We have from the following number line, (—5) + (=5) +(-5)=-15

Find:

4x(-8) S . S SN
8 x (2), —20 -15 -10 =5 0
3% (T,
10 x (~1) But we can also write
using number line. (=5) H(=5) +{(=5) =3 x(-5)
Therefore, Ix(-5)=-15
Similady (-4 +H+H+(H+(-H=53x{-4)=-20
S T T TS A S
And (3)+(3)+(3)+(3)= =
Also, D+ (D)= =
Letus see how to find the product of a positive integer and a negative integer without
using number line.
Letus find 3 % (—5) in a different way. First find 3 x 5 and then put minus sign {-)
before the product obtained. You get —15. That is we find — (3 % 5) to get —15.
Similarly, 5x(—4)y=—(5x4)=-20.
Find in a similar way,
dx(=8=__ = 3x=7=__=__
6x(-5=___ = 2x(=9=__ =
Using this method we thus have,
0% - 48)=___ (10 43)=- 430
Find: Till now we multiplied integers as {(positive integer) x (negative integer).
@ 6x(19) Let us now multiply them as (negative integer) x (positive integer).
(iiy 12x(=32) We first find -3 % 5.
@) 7x(22) To find this, observe the following pattern: 42

We have, 3Ix5=15

2%x5=10=15-73 S ‘
1x5=5=10-35 \
0x5=0=5-3

2 —1)(5:0_5:_5

So
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2x5=-5-5=-10
3x5=-10-5=-15

We already have Ix(-5)y=-15

Sowe get (-3)x 5=-15=3x(-5)

Using such patterns, wealsoget (-5) x4=-20=5x(—4)

Using patterns, find (—4) x 8, (-3) X 7,{(-6) x Sand (- 2) x 9

Check whether, (—4)x8=4x(=8),(-3)x7=3x(-7),(-0)x5=6x(-5)

and (-2)x9=2x(-9)

Using this we get, (-33)x 5=33 x(-5)=-165

We thus find that while multiplving a positive integer and a negative integer, we
muitiply them as whole numbers and put a minus sign (=) before the product. We
thus get a negative integer.

. Find: (@) 15x(-16) (b) 21 x(-32)
(c) (—42)x12 (d —55x15
2. Checkif (a) 25x(-21)=(-25)x21 (b) (-23)x20=23x(-20)

Write five more such examples.

In general, for any two positive integers ¢ and b we can say

ax(b)=(-a)xb=—(axb)

1.4.2 Multiplication of two Negative Integers

Can you find the product (—3) x(-2)?

Observe the following:
—3x4=-12
—3x3=-9=-12-(-3)
3Ix2=-6=-9-(-3)
3Ix1=3=-6-(3)
3x0=0 =-3-(3)
3x-1=0-(3)=0+3=3
3x-2=3-(13)=3+3=6

Do you see any pattem? Observe how the products change.
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Based on this observation, complete the following:
I x_3= Ix 4=
Now observe these products and fill in the blanks:

DI
_4x3=_12 =_16+4 S S HESE

4 x2= = 12+4 (i) Starting from (—5) x 4, find (-5) x (- 6)
4 x]= (i) Starting from (—6) x 3, find (—6) x (-7)

—4x0=__
A=
A=
A=
From these patterns we observe that,
(3)x(-1)=3=3x1
(3)x(-2)=6=3x2
(-3)x(-3)=9=3x3
and (—4)x(-1)=4=4x1
So, (4)x(2)=4x2 =
CHxEB=_ =
So observing these products we can say that the product of two negative integers is

a positive integer. We multiply the two negative integers as whole numbers and put
the positive sign before the product.

Thus, we have (-10) x (-12) =120
Simnilarly (-15) x (- 6)=90

In general, for any two positive integers a and b,
(-a)x (-hy=axb

Find: (-31) x (-100), (-25) x (-72), (-83) x (-28)

Game 1
(1) Take a board marked from —104 to 104 as shown in the figure.
(i) Take a bag containing two blue and two red dice. Number of dots on the blue dice

indicate positive integers and number of dots on the red dice indicate negative integers.
(i) Every player will place his/her counter at zero.

(iv) Each player will take out two dice at a time from the bag and throw thermn.
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104]1 103 | 102 | 101 [ 100 | 99| 98 | 97 | 96 | 95| 94§

83| 84 | 85 | 86 | 87 | 88| 89| 90| 91| 92| 93/

82| 8L | 80 | 79| 78| 71| 76| T5| 74| T3| T2y

61| 62| 63| 64| 65| 66| 67| 68| 69| 70| 717

60 | 59 | 58 | 57 | 56 | 55| 54| 53| 52| 51| 50

N

39 40 | 41 | 42| 43| 44| 45| 46| 47| 48| 49/

38 37| 36| 35| 34| 33| 32| 31| 30| 29| 28

170 18| 19 | 20 | 21 | 22 23| 24| 25| 26| 27

49| 48| 47| 46 | 45| 44| 43| 42| 41| 40| 39)

— 50| 51| 52| 53|54 |55 56| 57| 58| —59|-60

~71| 70| —69| 68 |67 |66 —65| —64| —63| —62|-61)

S| 73| 74| 75 | 76 | 77| 78] —79] 80| 81| 82

93 | —92[ —91|-90 [ -89 | 88| —87| —86| —85| —84|_83)

§—94 —95| -96|-97 [ -98 [ -99| —-100{ —101|-102| -103| —104

(vii)

After every throw, the player has to multiply the numbers marked on the dice.

Ifthe product is a positive integer then the player will move his counter towards
104; if the product is a negative integer then the player will move his counter
towards —104.

The player who reaches 104 first is the winner.
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1.4.3 Product of three or more Negative Integers

Buler in his book Ankitung zur We observed that the product of two negative integers is a positive irnteger.
Algebra(1770), was one of What will be the product of three negative integers? Four negative integers?
’ Letus observe the following examples:

@ HxH3)=12
b) CHXB) D =1EH D) () =12x(2)=-24
) CHXE)XEDXED=1EH ) XD D =(24) < (1)
(d) )X A3 < (2)x D] =(5) x24=-120
From the above products we observe that

the first mathematicians to
attempt to prove

hx{-1=1

(a) theproduct of twonegative integers A Special Case

is a positive integer; Consider the following staterents and
{b) theproductofthreenegative mtegers | the resultant products:
1s anegative imteger. (1) x(-1)=+1

(c) productoffour negative integers is
apositive integer.

(D> (Dx(h=1

— — — — =4
What is the product of five negative integers in EHxEDxED*ED !

(d)? EDXED X ED * ED x ) =-1
So what will be the product of six negative This means that if the teger
integers? (1) 1s multiplied even munber of times,

We further see that in (a) and {c) above,
the number of negative integers that are
multiphied are even [two and four respectively]
and the product obtained in (a) and (c) are
positive integers. The number of negative

the productis +1 and ifthe integer (—1)
is multiplied odd number of times, the
product is —1. You can check this by
making pairs of (—1) in the statement.
This 1s useful in working out products of

mtegers that are multiplied in (b) and (d) are
odd and the products obtained in (b) and (d)
arenegative integers.

integers.

We find that if the number of negative integers in a product is even, then the
product is a positive integer; if the number of negative integers in a product is odd,
then the product is a negative integer.

Tustify it by taking five more examples of each kind.

THINk, Discuss AND WRITE

(1) The product (-9} = {—5) »x (— 6)=(—3) is positive whereas the product
(-9) x ( 5) x 6 x (=3) is negative. Why?

(1) Whatwill be the sign of the product if we multiply together:
(a) 8negative integers and 3 positive integers?

{b) 5negative integers and 4 positive integers?
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{c) (-1),twelvetimes?

(d) (-1), 2m times, m is a natural number?

1.5 PROPERTIES OF MULTIPLICATION OF INTEGERS

1.5.1 Closure under Multiplication
1. Observethe following table and complete it:

Statement Inference
(-20) x (-5)=100 Product is an integer
(-15) x 17 =-255 Product is an integer
(-30)x12=_
15) < (23)=____
-l x(-13)=_
12x (3=

What do you observe? Can you find a pair of integers whose product is not an integer?
No. This gives us an idea that the product of two integers is again an integer. So we can
say that integers are closed under multiplication.

In general,

a * bis an integer, for all integers ¢ and b.

Find the product of five more pairs of integers and verify the above statement.

1.5.2 Commutativity of Multiplication

We know that multiplication is commutative for whole numbers. Can we say, multiplication
is also commutative for integers?

Observe the following table and complete it:

Statement 1 Statement 2 Inference

Ix(4)=-12 4)x3=—12 3x(4=(4x3 | o Key |
(30)x 12= 12 % (30) = =0

— O £ O g RO

(15) % (10)=150 | (10)x (_15)=150 !
(B x=12)=__ | (1) x(35)= M|
(17) 0= 7l

o : ‘fé?
- (1) (-15)=
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What are your observations? The above examples suggest multiplication is
commutative for integers. Write five more such examples and verify.

In general, for any two integers & and b,

axb=hxaqg

1.5.3 Multiplication by Zero
We know that any whole number when multiplied by zero gives zero. Observe the following
products of negative integers and zero. These are obtained from the patterns done earlier.
(-3)x0=0
Ox(-4)=0
—5x0=_
Ox-6)=__
This shows that the product of a negative integer and zero is zero.

In general, for any integer «,
ax0=0xa=0

1.5.4 Multiplicative Identity

We know that 1 is the multiplicative identity for whole numbers.

Check that 1 1s the multiplicative identity for integers as well. Observe the following
products of integers with 1.

(3)x1=-3 1x5=35
-4Hx1=__ I1x8=_
Ix{-5= 3x1=
Ilx{-6)= 7Tx1=

This shows that 1 is the multiphicative identity for integers also.

In general, for any integer a we have,
axl=1lxa=a

What happens when we multiply any integer with—17 Complete the following:

(-3) (1) =3
3x(-1)=-3

B 0 is the additive identity whereas 1 is the
CoOxh=__ multiplicative identity for integers. We get
(-1)yx13= additive inverse of an integer a when we multiply
(1) x (-25)= (-Dtoa ie ax(-1)=(-1)yxa=—a
18 x(-1)=

What do you observe?

Canwe say —1 is a multiplicative identity of integers? No.
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1.5.5 Associativity for Multiplication

Consider -3, -2 and 5.
Look at [(-3) = (-2)] x 5 and {-3) x|(-2) x 5].
In the first case (—3) and (-2) are grouped together and in the second (-2) and 5 are

grouped together.
We see that |[(-3) x (-2)]x5=6x5=30
and (-3) < [(-2) x 5] = (-3) x(-10) = 30

So, we get the same answer in both the cases.
Thus,  |(=3) x (=2)] x 5 =(=3) x |(-2) x 5]
Look at this and complete the products:
[(7) x (= 6)] x4 = x 4=
7x|(-6) x 4] =7 x -
Is[7x(=6)]x (=4 =T x|(=6) x(-4)]?
Does the grouping of integers affect the product of integers? No.

In general, for any three integers a, band ¢

(axbyxc=ax(bxc)

Take any five values for a, » and ¢ each and verify this property.

Thus, like whole numbers, the product of three integers does not depend upon
the grouping of integers and this is called the associative property for multiplication
of integers.

1.5.6 Distributive Property

We know
16 x (10+2)=(16 x 10) + (16 x 2) | Distributivity of multiplication over addition]
Let us check if this is true for integers also.
Observe the following:
(@) (2)x(3+5)=-2x8=-16
and  [(-2)x 3]+ [(-2) x 5]=(-6) + (-10) =16
So,  (2)x(B+35)=1(2)x3]+|(2)*8§]
(b) ) x|(2)+T7]=(-4)x5=-20
and |- x (D] + (-4 xT]=8 +(-28) =20
So,  CHX2)HT] =1CH XA xT]
) C)XED D=8 *x(3)=24
and |8 x (2] +|-8)x(-1]=16 +8 =24
So, (8 X2DFED] =) X (D] I8 x (1)
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Can we say that the distributivity of multiplication over addition is true for integers
also? Yes.

In general, for any integers a,  and ¢,

ax(btc)y=axbtaxc

Take atleast five different values for each of @, b and ¢ and verify the above Distributive
property.

) IOx|(6+(-2)]=10x6+10x(-2)?7
@ Is(-15)x [+ (D]=(15) x T+ (15 x (-1)?
Now consider the following:
Can wesay4 x (3 -8)=4x3 -4 x8?
Letus check:
4x(3-8)=4x(-5)=-20
4%x3-4%x8=12 -32=-20
So, 4x(3-8)=4x3-4x8.
Look at the following:
(=5) % |(—4) —(=6)]=(=5)x2=-10
[(=3) % (~4)] [ (-5)x (- 6)] =20 ~30= -10
S0, (=5)%1(~4) ~(~6)]=1(-5)% (~4)] ~1(-5)x (~6)]
Check this for (—9) x| 10 —(-3)]and [{ 9)x 10] — | (-9) x (-3)]
Youwill find that these are also equal.

In general, for any three integers o, band ¢,

ax(b-c)y=axb-axc

Take atleast five different values for each of @, b and ¢ and verify this property.

() Is 10 x (6—(-2)] = 10 x 6 — 10 x (-2)?
(i) Is(-15) < |(-7) = (-1)] = (=15) x (-7) = (-15) x (-1)?

1.5.7 Making Multiplication Easier
Consider the following;
(1) Wecan find (-25) x 37 x 4 as
[(-25) x 37] x 4 =(=9235)x 4 =-3700
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Or, we can do it this way,
(-25) x 37 x4 =(-25) x 4 x 37 = |(-25) x 4] x 37 = (-100) x 37 =-3700
Which is the easier way?

Obviously the second way is easier because multiplication of (—25) and 4 gives
—100 which is easier to multiply with 37. Note that the second way involves
commutativity and associativity of integers.

So, we find that the commutativity, associativity and distributivity of integers help to
make our calculations simpler. Let us further see how calculations can be made
ecasier using these properties.

(i) Find16x12
16 % 12 can be written as 16 x (10 + 2).
lox12= 16 x(10+2) = 16 x10+16x2=160+32=192
(i) (-23) x 48 =(-23) x |50 -2] =(=23) x 50— (-23) x 2 =(-1150) — (— 46)
=-1104
(iv) (-35)x (98) =(-33) x [(-100) + 2] =(=35) x (-100) + (-35) x 2
=3500+ (-70) = 3430
V) 52x(—=8)+(-52)x2
(-52) x 2 can also be written as 52 » (-2).
Therefore, 52 x (— 8) + (-52) x 2 =52 x (- §) + 52 x {(-2)
=52x|(-8)+(-2)] =52 % |(-10)] =-520

Find (149) x 18; (f25) x (1B 1); 70 x (=19) + (—1) x 70 using distributive property.

ExavmpPLE 2 Find each of the following products: < .
© (18 x (1) x9 () (20)%(-2)x{(-5)x7 ?\\\VSJ

(@ (1) x(=5)x (=4) x(=6)

SoLuTtION

(i) (-18) x (=10) x 9 = |(~18) x (=10)] x 9 =180 x 9 = 1620
(i) (-20)x (=2) x (-=5) x 7=—=20 x (-2 x =5) x 7= |-20 x 10] x 7=~ 1400
(@ (—1)>x(5)x 4)x6)=[(-1)x(5)]*x[(—4) x(-6)]=5x24=120

ExavmpLE 3 Verify (-30)x [13+(-3)]= [(-30) x 13]+ [(-30) x (-3)]

SoLuTioN  (=30) x |13 + (-3)] =(-30) x 10 =300
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[(—=30) x 13] + [(-30) x (=3)] =-390+ 90 =-300
So, (=30) x |13 +(B3)] = [(30) x 13] + [{(-30) x (-3)]

ExamvpLE 4 In a class test containing 135 questions, 4 marks are given for every
correct answer and (—2) marks are given for every incorrect answer.

(1) Gurpreet attempts all questions but only 9 of her answers are correct.
What 1s her total score? (i1) One of her fiiends gets only 5 answers

correct. What will be her score?
SoLurioN
(i) Marks given for one correct answer =4
So, marks given for 9 correct answers =4 x 9 =36
Marks given for one incorrect answer =—2
So, marks given for 6={15 —9) incorrect answers =(-2) x 6 =—12
Therefore, Gurpreet’s total score =36 +(-12)=24
(i) Marks given for one correct answer =4
So, marks given for 5 correct answers =4 x 5 =20
Marks given for one incorrect answer = (-2)
So, marks given for 10 (=15 — 5) incorrect answers =(-2) x 10=-20
Therefore, her friend’s total score =20 + (-20)=0
ExaMPLE 5 Suppose we represent the distance above the ground by a positive integer
and that below the ground by a negative integer, then answer the following:

(i) Anelevator descends into a mine shaft at the rate of 5 metre per minute. What will
be its position after one hour?

(i) Ifitbeginsto descend from 15 m above the ground, what will be its position after 45
rninutes?
SoLuTION
(i) Since the elevator is going down, so the distance covered by it will be represented
by a negative integer.
Change in position of the elevator in one minute =—5m

Position of the elevator after 60 minutes = (—5) x 60=—300m, i.c., 300 m below
ground level.

(i) Change inposition of the elevator in 45 mminutes ={(-5) x 45=-225m,1i.e.,225m
below ground level.

So, the final position of the elevator =-225 + 15=-210m, i.e., 210 m below
ground level.
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ExErcise 1.3

1. Findeach ofthe following products:

(@) 3x(1) (b) (-1)x225

(¢) (21 x(30) (d) (316)x(-1)

() (-15)x0x(-18) ) 12)x(-11) x(10)
(@ 9x(3)x(-06) Q) 18) x(=5)x(-4)

@ D>xE2)x(H3) x4 O B x (0 x(2) < (-1
2. Verify the following:

(a) 18 x|7+(=3)]=[18 x 7]+ |18 x (-3)]

by 2D XEHHE6]I= 12D X ED] 2D X - 6)]
3. () Foranyinteger a, whatis (—1) »x a equal to?

(i) Determine the integer whose product with (—1) is

(a) 22 by 37 {cy O
4. Starting from (—1) x 5, write various products showing some pattern to show
-Lyx(1)=1
5. Findthe product, using suitable properties:
(a) 26 x (—48) +(—48) x (-36) (b) 8 x53 x(-125)
(c) 15 x(=25)x(—4)x (-10) (d) (-41)x102
(&) 625 x(=33)+(—625)x65 ) 7x(50-2)
(@ (-17)x (-29) (h) (-57)% (-19) + 57

6. A certain freezing process requires that room temperature be lowered from 40°C at
the rate of 5°C every hour. What will be the room temperature 10 hours after the
process begins?

7. Inaclasstestcontaining 10 questions, 5 marks are awarded for every correct answer
and (-2) marks are awarded for every incorrect answer and ( for questions not
attempted.

(i) Mohan gets four correct and six incorrect answers. What is his score?
(i) Reshma gets five correct answers and five incorrect answers, what is her score?

(i) Heena gets two correct and five incorrect answers out of seven questions she
attempts. What is her score?

8. A cement company earns a profit of Rs 8 per bag of white cement sold and a loss of
Rs 5 per bag of grey cement sold.

(a) The company sells 3,000 bags of white cement and 5,000 bags of grey cement
ina month. What is its profit or loss?
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(b) What is the munber of white cement bags it must sell to have neither profit
nor loss, if the number of grey bags sold is 6,400 bags.

9. Replace the blank with an integer to make it a true staternent.
(a) (-3)x =27 (by 5x = =-35
(c) = x(-8=-56 (d = x(-12)=132

1.6 DmvisioN oF INTEGERS

We know that division is the inverse operation of multiplication. Letus see an example
forwhole numbers.

Since 3 x5=15
So 15+5=3and15+3=5
Similarly, 4 x3=12 gives 12 +4=3and 12+3=4

We can say for each multiplication statement of whole numbers there are two
division staternents.

Can you write multiplication statement and its corresponding divison staternents
for integers?

@® Observe the following and complete it.

Multiplication Statement Corresponding Division Statements
2x(-6)=(-12) 12)=(-6=2 , (12)+2=(-06)
(—4) x 5 =(-20) F200=05)=-4 , 20 4H=5
(-8) ¥ (9)=72 rr__C . r___ =
(3Hx D= T
(8)x4=_ |
Sx9=__ ’
(-10) x (-5) = ’
From the above we observe that :
C12e 2200 Find:
C0=B=C 9 @ C100):5 (b (81)=9
(-32)+4=-8

(-45)=5=-9 (©) 75+ 5 (d) (32):2

We observe that when we divide a negative integer by a positive integer, we divide

them as whole numbers and then put a minus sign (—) before the quotient. We, thus,
gel a negative integer.
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® We also observe that: Can we say that
72 = (-8)=—9 and 50+ (-10)=-5 (-48) = B =48+ (-8)?
72+ (9)=8 50 = ((5)=10 Let us check. We know that

(—48)+ 8= 6
and 48 ~ (-8 =-6
So (—48): 8 =48 = (—8)
Check this for
(i) 90~ (—45)and (-90) + 45
a+ (-by=(-a)+ b where b#0 (i) (—136)+4and 136+ (—4)

TrRY THESE

Find: (a) 125+(25) (b)20+(3) (c)64+( 16)

So we can say that when we divide a positive integer by a negative
integer, we first divide them as whole numbers and then put a minus
sign (—) before the quotient. That is, we get a negative integer.

In general, for any two positive integers o and b

® | .astly, weobserve that
(-12) = (=6)=2; (20) = D =5(32) = -8 =445 + (9=5
So, we can say that when we divide a negative integer by a negative integer, we first

divide them as whole numbers and then put a positive sign (+). That is, we get a positive
integer.

In general, for any two positive integers a and 2

—ay= (-b)=a+ b where b #0

TrRY THESE

Find: (a) (-36) = (—4) {(b) (-201) = (3) {c) (-325) = (-13)

1.7 PROPERTIES OF DIVISION OF INTEGERS

Observe the following table and complete it:

Statement Inference Statement Inference

-8)+(-4H=2 Result is an integer (-8)+3=
, _ -4 . .
-H=( 8= 3 Result is not an integer| 3 - (-8)=

What do you observe? We observe that integers are not closed under division.
Justity it by taking five more examples of your own.

® We know that division is not commutative for whole numbers. Let us check it for
integers also.
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You can see from the table that (— 8) + (—4) # (—4) = (- 8).
Is (—9)+ 3 the same as 3 = (— 9)?

Is (= 30) + (- 6) the same as (— 6) = (— 30)?

Can we say that division is commutative for integers? No.
Youcan verify it by taking five more pairs of integers.

@ ].ike whole numbers, any integer divided by zero is meaningless and zero divided by
an integer other than zero is equal to zero 1.€., for any integer a, a + 0 is not defined
but 0= a=0fora #0.

@ Whenwedivide a whole number by 1 it gives the same whole munber. Let us check
whether it is true for negative integers also.

Observe the following :
(-8)+1=(-8) (-11)y+=1=-11 (-13)=1=-13
(-25)+1=__ (37+1=__ (-48) 1=

This shows that negative integer divided by 1 gives the same negative integer.
So, any integer divided by 1 gives the same integer.

In general, for any integer a,
a~l=a
® What happens when we divide any integer by (—1)7 Complete the following table
(-8)=(1)=8 11+{-1)y=-11 B=-H=
(25)+(-=__ (3D=(D=__ —B=(D=___

< N What do you observe?
@ . We can say that if any integer is divided by (—1) it does not give the same integer.
A,: \ ‘ X:

@ (anwe say [(=16) = 4] = (-2) is the same as

(1614

5 @) 1:a=17 Weknowthat |[(-16)+4]+(-2)=(-4)+(-2)=2
(i) a=(-1)=—a? forany integer a. and (10 =4+ (2] =16+ (2)=8
Take different values of @ and check. So |(-16) = 4]+ (-2) #(-16) ~ |4+ (-2)]
Can you say thatdivision is associative for integers? No.
Venify it by taking five more examples of your owr.
ExaMmpPLE 6 Inatest(+5) marks are given for every correct answer and (—2) marks

are given forevery incorrect answer. (i) Radhika answered all the questions
and scored 30 marks though she got 10 correct answers. (ii) Jay also
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answered all the questions and scored (—12) marks though he got 4
correct answers. How many incorrect answers had they attempted?
SoLuTtiON
(1) Marks given for one correct answer =5
So, marks given for 10 correct answers =5 x 10 =50
Radhika’s score = 30
Marks obtained for incorrect answers =30 - 50=-20
Marks given for one incorrect answer = {—2)
Therefore, number of incorrect answers = (-20) + (-2) =10
(i) Marks given for 4 correct answers =5 4 =20

Jay’s score =—12

Marks obtained for incorrect answers =—12 —-20=—32
Marks given for one incorrect answer ={-2)
Therefore number of incorrect answers ={-32)+(-2)=16
ExampPLE 7 A shopkeepereams a profitof Re | by selling one pen and incurs a loss
of 40 paise per pencil while selling pencils of her old stock.

(1) Inaparticularmonth she incurs a loss of Rs 5. In this period, she sold 45 pens. How
many pencils did she sell in this period?

(i) Inthenextmonth she earns neither profit nor loss. If she sold 70 pens, how many
pencils did she sell?
SoLuTtION
(1) Profit earned by selling one pen=Re 1
Profiteamedby selling 45 pens = Rs45, which we denoteby +Rs 45
Total loss giver.= Rs 5, which we denoteby —Rs 5

Profit earned + Loss incurred = Total loss

Therefore, L.oss incurred = Total 1.oss — Profit earned

=Rs (— 5—45) =Rs (-50) = 5000 paisc

Loss incurred by selling onepencil = 40 paise which we writeas —40 paise
So, number of pencils sold = (-5000) = (—40) = 125 pencils.

(1) Inthenextmonth there is neither profitnor loss.

So, Profit eamed + Loss mcurred =0
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1., Profit carned = — Loss incurred.
Now, profit earned by selling 70 pens =Rs 70
Hence, loss incurred by selling pencils = Rs 70 which we indicate by — Rs 70 or

— 7,000 paise.

Total number of pencils sold = (—7000) + (— 40) = 175 pencils.

ExERcISE 1.4

. Evaluate each of the following:

(@) (30)~+ 10 (b) 50+(=5) (¢) (36)+(9)

(d) (495 @9) (@ 13+1(2)+1] ® 0+ (12)

(@ (B30 + ()]

) [(36)+12]+3 @ [(-6)+35)]+[(-2) 1]

. Venfythata+(b+c) #(a+ b))+ (a+c) foreach of the following values of a, band c.

(a) a=12,b=—4,c=2 (b) a=(-10),b=1,c=1
. Fillin the blanks:

(a) 369+ = =369 by 75  =-1

{c) (2000~ = =1 d -87= = =87

ey = +=1=-87 @  +48=-1

(g 20+ =-2  _ #&H=3

. Write five pairs of integers (a, ») such that @ +~ = —3. One such pair is (6, -2)
because 6 + (-2) = (-3).

. The temperature at 12 noon was 10°C above zero. If it decreases at the rate of 2°C
per hour until midnight, at what time would the temperature be 8°C below zero?
What would be the ternperature at mid-maght?

. Inaclass test (+ 3) marks are given for every correct answer and (—2) marks are
given for every incorrect answer and no marks for not attempting any question.
(1) Radhika scored 20 marks. If she has got 12 correct answers, how marty questions
has she attempted incorrectly? (ii) Mohini scores —5 marks in this test, though she has
got 7 correct answers. How many questions has she attempted incorrectly?
(iii) Rakesh scores 18 marks by attempting 16 questions. How many questions has

he attempted correctly and how many has he attempted incorrectly?

. Anelevator descends mto a mine shaft at the rate of 6 m/mn. If the descent starts

from 10 m above the ground level, how long will it take to reach — 350 m.
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WuAT vave WE Discussep?

Integers are a bigger collection of numbers which is formed by whole numbers and

their negatives. These were introduced in Class VI

. You have studied in the earlier class, about the representation of integers on the

number line and their addition and subtraction.
. Wenow study the properties satisfied by addition and subtraction.

{a) Integers are closed for addition and subtraction both. That is, @ + » and

a — b are again integers, where & and b are any integers.

{b) Addition is commutative for integers, i.e., @ + & = b + a for all integers
a and b.

(c) Addition is associative for integers, 1.e., (@ + b))+ c=a+ (b + ¢) for all integers

a, band c.

(d) Integer O is the identity under addition. That is, a + 0 =0+ a=a forevery

integer .

. We studied, how integers could be multiplied, and found that product of a positive
and a negative integer 1s a negative integer, whereas the product of two negative

mtegers is a positive integer. For example, -2 x7=—14and -3 x - 8§ =24,

. Product of even number of negative integers is positive, whereas the product of odd

number of negative integers is negative.
Integers show some properties under multiplication.

{a) Integers are closed under multiplication. Thatis, a > &is aninteger for any two

integers @ and b.

(b) Multiplication is commutative for integers. Thatis, @ x A= b x a for any integers
aand b.

{c) Theinteger 1 is the identity under multiplication, i.e., 1 x a=a x 1 =g for any
mteger 4.

(d) Multiplication is associative for integers, i.e., (¢ x b) x c=a x (b % ¢) for any

three integers a, b and c.

Under addition and multiplication, integers show a property called distributive prop-
erty. That is, a x (b + ¢) = a* b + a % c for any three integers a, b and c.
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8. The properties of commutativity, associativity under addition and multiplication, and
the distributive property help us to make our calculations easier.

9. We also learnt how to divide integers. We found that,
(a) Whenapositive integer is divided by a negative integer, the quotient obtained is
anegative integer and vice-versa.
(b) Divisionof anegative integer by anothernegative integer gives a positive integer
as quotient.
10. Forany integer a, we have

(a) a-+0isnotdefined

(b) a+1=ua




Fractions and
Decimals

2.1 INTRODUCTION

You have leamnt fractions and decimals in earlier classes. The study of fractions included
proper, improper and mixed fractions as well as their addition and subtraction. We also
studied comparison of fractions, equivalent fractions, representation of fractions on the
number line and ordering of fractions.

Our study of decimals included, their comparison, their representation on the number
line and their addition and subtraction.

We shall now leam multiplication and division of fractions as well as of decimals.
2.2 How WELL HAVE You LEARNT aBouT FRACTIONS?

. . 7 .
A proper fraction is a fraction that represents a part of a whole. Is 7 2Pproper fraction?

Which is bigger, the numerator or the denominator?

. . . . 7
An improper fraction is a combination of whole and a proper fraction. Is rias

improper fraction? Which is bigger here, the numerator or the denominator?

7 3
The improper fraction 7 van be written as 11 . This is a mixed fraction.

Can youwrite five examples each of proper, improper and mixed fractions?
ExavpPLE 1 Write five equivalent fractions of % i

SoLuTioN  Oneof the equivalent fractions of % 18

i:ﬁzi. Find the other four.
5 53x2 10

Qv
C
3]
2
)
©
C
)
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2
ExampPLE 2 Ramesh solved > part of an exercise while Seema solved % ofit. Who

SoLuTION

SoLuTION

Time devoted by her for Science and Mathematics = 2

solved lesser part?

In order to find who solved lesser part of the exercise, let us com-

2 4
pare — and 7.
Converting them to like fractions we have, 2 :E , 4 :ﬁ.
7 35 5 35

Sincel( < 28 —<§

mce 180 22 <35
Thy 2<i

1 7 5"

Ramesh solved lesser part than Seema.

3
Sameera purchased 3% kg apples and 41 kg oranges. What is the

total weight of fruits purchased by her?

13
The total weight of the fruits — (3 5 +4 ZJ kg

7 19 14 19
=|-+—|kg=| —+— |k
(2 4Jg (4 4Jg

3 1
LS
480

2 4
Suman studies for 5 3 hours daily. She devotes 2 3 hours of her time

for Science and Mathematics. How much time does she devote for
other subjects?

2 17

Total time of Suman’s study = 55 h= Y h
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17 14
Thus, time devoted by her for other subjects = (3 - 5] h

_ (17><5 14><3J - (8542} n
15 15 15
43 13
= — = 2—
5Tt

ExERrcise 2.1

Solve:
0 2-3 ) 4+ i) 3+2 @) —oc
5 8 5 7 11 15
. Amange the following in descending order:
) 8 137
O ozar Y 5T

. Ina“magic square”, the sum of the numbers in each row, in each colurmm and along
the diagonal is the same. Is this amagic square?

A2 2
11 11 11
E R (Along the first row i+2+£ = E)
11 11 11 1T 11 11 11
K R
11 11 11
A
A lar sheet of paperis 12+ cm long and 102 cmwide, 5
. Arectangular sheet of paperis 5 cm long an 5 cowide. 2 o . 23 em
Find its perimeter. 2= cm
. Find the penmmeters of (1) A ABE (i1) the rectangle BCDEinthis g 4 E!
figure. Whose perimeter is greater? 7
—cm
3
Salil wants to put a picture in a frame. The pictureis 7 5 om wide. D

3
To fit in the frame the picture carmot be more than 7 1o m wide. How much should

the picture be trimmed?.
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3
7. Rituate 3 part of an apple and the remaiming apple was caten by her brother Somu.

How much part of the apple did Somu eat? Who had the larger share? By how
much?

7
8. Michael finished colounnga pichwein —

2 hour. Vaibhav finished colouring the same

3
picture in 2 hour. Who worked longer? By what fraction was it longer?

2.3 MouyuLTtirLICATION OF FRACTIONS

You know how to find the area of a rectangle. It is equal to length x breadth. If the length
and breadth of a rectangle are 7 cm and 4 cm respectively, then what will be its area? Its
area would be 7 x 4 =28 cm’.

1
What will be the area of the rectangle if its length and breadth are 7 5 om and

1

3— emrespectively? You will say it willbe 7 x

1157 15
2 2 2

3 5 cm®. The numbers ?

and 5 are fractions. To calculate the area of the given rectangle, we need to know how to

multiply fractions. We shall learn that now.
2.3.1 Multiplication of a Fraction by a Whole Number
1
~ - Observe the pictures at the left (Fig 2.1). Each shaded partis — n part of
N
ﬂ Vo D a circle. How much will the two shaded parts represent together? They
] 1

\ I /A I / 1 1 1

N | s 1 s 1 — 4 — = —
N N w1llrepresent4+4 2><4

Fig 2.1 Combining the two shaded parts, we get Fig 2.2 . What part of a circle does the

2
shaded partin Fig 2.2 represent? It represents partofacircle .

e
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The shaded portions in Fig 2.1 taken together are the same as the shaded portion in
Fig2.2,i.e.,wegetFig2.3.

ARYE R ) @

I 1 ! I
\ / \ L/ \ /
\\lz/ \\l.// \\lz/
Fig 2.3
1 2
or QXZ = 1
Canyounow tell what this picture will represent? (Fig 2.4)
—1 r— T
| o
S I S - -
A |
L— L I T L— L—
Fig 2.4
And this? (Fig 2.5)
-1 |_'|__|_'| |_'|__|_'I -1
1w - A
| —
| -
-t - = -
L1 | 1 _| - _
Fig 2.5
Let us now find 3><%.
We ha 3xl_l+l+l—i
e 2722 2 2
We slso hia 1+1+1_1+1+1_3x1_3
e also have Sty s~ =5 <
g 3)(1 = E = é
° 27 2 T2
S 2><5 _2X5 _
milarty 3 3
2 3
Canvyoutell 3= =7 4x=="7
7 5
. . . . 1272 .
The fractions that we considered till now, i.e., 337 and 5 were proper fractions.
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Forimproper fractions also we have,

5 2x5 10
2X— = — = —
3 3 3
Try, 3x§ =7 4x% =7

Thus, to multiply a whole number with a proper or an improper fraction, we
multiply the whole number with the numerator of the fraction, keeping the

denominator same.

2 9 1
1. Find: (a) ?X3 (b) ?X6 (c) 3><§

; . 2 4
2. Representpictorially : 2X B = 5

E><6
1

@ 7

If the product is an improper fraction express it as a mixed fraction.

To multiply a mixed fraction to a whole number, first convert the
RY 1HESE mixed fraction to an improper fraction and then multiply.

. . 3
Find: (1) SXZ? Therefore, 3)(22 = 3X§ = % = 8%_
. 14><6 2 22
(i1) 9 Similarty, 2><4§ = ZX? =7

Fraction as an operator ‘of’

Observe these figures (Fig 2.6)

The two squares are exactly similar.

1
Each shaded portion represerts 5 of 1.

1
So, both the shaded portions together will represent 5 of 2.

1
Combine the 2 shaded 5 parts. It represents 1.

1 1
So, we say 5 of2is 1. We can also get it as 5 2=1.

1 1
Thus,50f2=5 x2=1

N/

Fig 2.6
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Also, look at these similar squares (Fig 2.7).

1
Each shaded portion represents 5 of 1.

1
So, both the shaded portions represent 5 of 3. \ /

Combaine the 3 shaded parts.

1 3

It represents 15 1Lc., 5

Fig 2.7

So, = of3is > Also, = x3= >
0,20 152. 50,2 =3

Th : f3 : 3 ]
— = — X = —
us,20 ) 5

Sowe see that ‘of” represents multiplication.

Farida has 20 marbles. Reshma has éth of the number of marbles what
Farida has. How many marbles Reshma has? As, ‘of * indicates multiplication,

1
so, Reshma has EXZO =4 marbles.

. 1 1 16
Similarly, we have ) of 161s 5><16 =5 = 8.

1 1 2
Canyoutell, whatis (i) B of 107, (ii) 2 of 167, (iii) 3 of 257

l
ExavpLE 5 Inaclass of 40 students 3 of'the total rumber of studetns like to study

2
English, 3 of the total number like to study mathematics and the remaining

students like to study Science.
(i) How many students like to study English?
(i) How many students like to study Mathematics?
(i) What fraction of the total rumber of students like to study Science?

SoLuTtion  Total number of students in the class = 40.

1
(i) Ofthese 5 ofthe total number of students like to study English.
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1 1
Thus, the number of students who like to study English = 3 of 40= 3 x40 =8.

(1) Tryyourself.

(i) The number of students who like English and Mathematics =8 + 16 =24. Thus, the
number of students who like Science =40—-24 = 16.

Thus, the required fraction is 16 .

EXERCISE 2.2

1. Which ofthe drawings (a) to (d) show :

1 1 2 1
i 2x= i 2xX= i 3x= i Ix—
(i) 2%3 i) 2% (i) 3x3 () 3%
MR
] \ 11
@ N ) (b) |
__l I__ [__T__I \\ //
I | | | \ 7/
- r- - - d -0~
(C) | 1 11 1 11l () \\// \\/
l__L_JbL_1__b_

2. Some pictures (a) to (c) are given below. Tell which of them show:

1 3 1 2 3 1
@) 3><§:§ ) 2x=== (i) 3x>=2-

@@:® L@/%/@\V@\/@\L@;

(c)

3. Multiply and reduce to lowest form:
. 3 . 1 6 . 2 2
1) Tx= ) 4x— m) 2x— v) SX— v) —x4
O 7%2 @ g 6 T @ g O

. 5 y 4 4 . 1 3
vl) —X6 Vil —  {(vm) 20x— x) 13x= X) 15x=
{v1) 5 (vii) 11><7 (viii) 5 (x) 3 {x) 5
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4. Shade: () % ofthecirclesinbox (a) (i) % of'the triangles in box (b)
(i) % of'the squares in box (c).
ONONO) A A A ooonod
000 AL A Ooooog
ONONG®,
00O AAA oogoo
(a) (b) {c)
5. Fmd:

(a) %of (i) 24 (i) 46  (b) gof () 18 (i) 27

(©) % of ()16 (i) 36  (d) §of () 20 (i) 35

6. Multiply and express as amixed fraction :

(a) 3><5é (b) 5><6% (c) 7><2%
1 1 2
(d) 4x67 () 3 %6 ® 37x8
7. Find (2) * of (i) 22 (ii) 42 ) of @) 32 (i) 92
2 4 9 8 6 3

8. Vidya and Pratap went for a picnic. Their mother gave them a water bag that

2
contained 5 litres of water. Vidya consumed 3 of'the water. Pratap consumed the

remaining water.
(1) How much water did Vidya drink?

() What fraction of the total quantity of water did Pratap drink?

2.3.2 Multiplication of a Fraction by a Fraction

Farida had a9 cm long strip of ribbon. She cut this strip into four equal parts. How did she
doit? She folded the strip twice. What fraction of the total length will each part represent?

9
Each part will be 1 of'the strip. She took one part and divided it in two equal parts by
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9
folding the part once. What will one of'the pieces represent? It will represent 5 of 10T
19
5 X7
Let us now see how to find the product of two fractions like % x 2 .

4
To do this we first learn to find the products like % x % .

1
(a) Howdowefind 7 ofawhole? We divide the whole in three equal parts. Each of

3

1

Fig 2.8 the three parts represents 3 ofthe whole. Take one part of these three parts, and
shade it as shown in Fig 2.8.

2 1 1
(b) How will you find 5 of'this shaded part? Divide this one-third ( 3 ) shaded partinto
1 1.1 1
two equal parts. Each of these two parts represents 5 of 3 i€y x3 (Fig2.9).
Fig 2.9 1
Take out 1 part of these two and name it *A’. *A’ represernts B x 3

1
(c) Whatfractionis ‘A’ of the whole? For this, divide each of the remaining 3 parts also

in two equal parts. How many such equal parts do you have now?

There are six such equal parts. A’ is one of these parts.

1 1 1 1
So, ‘A’ s G of the whole. Thus, 5 X 2 T &

1
How did we decide that ‘A’ was g of the whole? The whole was dividedimn 6 =2 x 3

parts and 1 =1 x 1 part was taken out of it.

- 11 1 1xl
1 1_1_
U, 27376 2x3
1 1 1x1
1 1_
o 2737 2x3
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The value of 3 x 5 can be found in a similar way. Divide the whole into two equal

parts and then divide one of these parts in three equal parts. Take one of these parts. This

will represent 1 % 1 ie. 1

6
I 1 1 1x1
Therefore —x — = — = —— gs discussed earlier.
3 2 6 3
1 1 1 1 1
Hence X - =X —= =
2 3 3 2 6
Find —=x— dlxl-lxl dlxl d check wheth t
in 3 4an4 37 5an 5 2r:mcecwe er you ge
1 1 1 1 1 1 1 1
—X— == X —: —X — ==X —
34 4 372 5 5 2

Fill in these boxes:
A U N 1. 11 _
O 5%7= 37" @ $x7 = -
L1 1 ) 1 1
— X — = = — X — = =
(i) 7 %5 (iv) 7 X3

1
Example 6  Sushantreads 3 part of a book in | hour. How much part of the book

willhereadin 2 é hours?

1
SoLuTioN  The part of the book read by Sushant in | hour = 3
o 11
So, the part of the book read by him in 25 hours = 25 X 3
U1 1
"5 3 5x3 15
1 5 1
Letusnowfmdgx—.Weknowthat 5 = EXS
Wl s 1S
X3 T XX T
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Al 5 1x5 Th I 5 1Ix5 5
e 2x3T 273 T ax3 6
This is also shown by the figures drawn below. Each of these five equal shapes
(Fig 2.10) are parts of five sirnilar circles. Take one such shape. To obtain this shape
we first divide a circle in three equal parts. Further divide each of these three parts in

two equal parts. One part out of it is the shape we considered. What will it represent?

1 1 1
It will represent 3 %3 % The total of such parts would be 5 x

36 6 6

27 2x7 14

. 2.1 2
: Wecanthusfind = x = as = X — = —— = =~
3 5 3 3 € can tnus 1m 3 5&53 5 I%5 15

"I
M So, we find that we multiply two fractions as Product of Numerators

Product of Denominators -

Value of the Products

You have seen that the product of two whole numbers is bigger than each of
TrRY THESE the two whole numbers. For example, 3 x4=12and 12 >4, 12> 3. What
happens to the value of the product when we multiply two fractions?

Find: 8 . 4 3 . 2 Let us first consider the product of two proper fractions.
3.7 4 3 ‘We have,

gxi*— E<z i<i Product is less than both the fracti
%5 15 553555 roduct is less than both the fractions
1 2
S
5 7 ’
3.0 21
—X— = — | e e e
5 8 40 ’
2 4 8
x—= — | |
o 9 45 ’
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You will find that when two proper fractions are multiplied, the product is less
than both the fractions. Or, we say the value of the product of two proper fractions
is smaller than each of the two fractions.

Check this by constructing five mmore examples.
Let us now multiply two improper fractions.

—X—_E £>1£>£ Product i ter than both the fracti

379 6 3: 6 9 Oduct 1s greater nopo € Iracltions
24

— X — = — | e el o

5 15 ’

9 7 63

— X — = — | e e | o e

2 o 8 ’

3.8 24

— X — = — | e e | o e

o 7 14 ’

We find that the product of two improper fractions is greater than each of the
two fractions.

Or, the value of the product of two improper fraction is more than each of the
two fractions.

Construct five more examples for yourself and verify the above staterment.

7
Let us now multiply a proper and an improper fraction, say 3 and 5
Wepee 2 7114 7 14 2
Fane 305 s T 15T s s T3

The product obtained is less than the improper fraction and greater than the proper fraction
involved in the multiplication.

_ 6 2 8 4
Check it for gx 753 XE.
EXERCISE 2.3
1. Find:

1 3 4
® - of (a) 1 (b) S (c) 3
o1 6 3
@ - of @ § b 3 © 7




MATHEMATICS

2. Multiply and reduce to lowest form (if possible) :

O Zx22 @ xl Gi) x5 o 2%
3 3 7 9 R 4 5 5
@ e ) X Gy X
3 8 2 16 5 7

3. Forthe fractions given below :

(a) Multiply and reduce the product to lowest form (if possible)
{b) Tell whether the fraction obtained is proper or improper.

(c) Ifthe fraction obtained is improper then convert it into a mixed fraction.

O %55 @) 6% i) 2x53 @ 2x22
5 4 59 2 3 6 7
) %Xg i) 2§><3 (vii) ?éxg
4. Which is greater:
2 3 3 5 .1 6 23
] Eofz or Eofg (i1) EOfE or gof;

5. Saili plants 4 saplings, in a row, in her garden. The distance between two adjacent

saplings is % m. Find the distance between the first and the last sapling.

6. Lipikareads a book for 1% hours every day. She reads the entire book in 6 days.

How many hours in all were required by her to read the book?

3
7. A carruns 16 km using | litre of petrol. How much distance will it cover using 2 1
litres of petrol.
. . . 2 10
8. (a) (i)Providethe number inthe box |:| , such that 3 X |:| = 30"
(i1) The simplest form of the number obtained in |:| 18 .
< /e 3 24
> //a (b) (1) Provide the number in the box |:| , such that 5 ><|:| = =5 7

(ii) The simplest form of the number obtained in |:| is .

2.4 DivisioN oF FRACTIONS

John has a paper strip of length 6 cm. He cuts this strip in smnaller strips of length 2 cm
each. You know that he would get 6 + 2 =3 strips.
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3
John cuts another strip of length 6 cm into smaller strips of length 5 om each. How

3
many strips will he get now? He will get 6 + 5 strips.

15 3
A paper strip of length ~ emean be cut into smaller strips of length 5 om eachto give

15 3
5 iP5 DPleces.

So, we are required to divide a whole number by a fraction or a fraction by another
fraction. Let us see how to do that.

2.4.1 Division of Whole Number by a Fraction

1
Letus find 1+5.

We divide a whole into a munber of equal parts such that each part is half of the whole.

1 1
C NUIMBpEr OL suc Pl ~ arts wo cl——. SCIve 1Ne ngure 1 . . A0owW
The number of such half(7 ) p uld be 1+ . Observe the figure (Fig 2.11). H

many half parts do you see?

There are two half parts.
So 1+l=2. Also 1Xz=1><2=2. Thusl+l=1><2
’ 2 o1 ’ 2 1
Similarly, 3 :i =number of % parts obtained when each of the 3 whole, are divided ~ Fig 2.11

1
nto 1 equal parts = 12 (From Fig 2.12)

11
7|3
11
7|3

E )| &|—

4 1
Observe also that, 3XT = 3 x4 =12. Thus, 3+Z

Find in a similar way, 3 + 5 and 3XT .
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Reciprocal of a fraction

The number 1 can be obtained by interchanging the numerator and denorminator of

2 2 l
Letus first see about the inverting of such mumbers.
Observe these products and fill in the blanks :

1
— orbyinverting ~ . Similarly, — is obtained by inverting 3

7><l =1 E><— =
7 4

lxg = EX _______ =1

9 7

23 2x3 6 5

—X— = — = — =1 ______ X— =1

3 2 3Ix2 6 9

Multiply five more such pairs.
The non-zero numbers whose product with each other is 1, are called the

9.5
reciprocals of each other. Soreciprocal of ais 3 and the reciprocal of — is —. What

1
is th i lof =27 =72
isthe receiprocal of 57 =
. . 2. . . 3
Youwill see that the reciprocal of 78 obtained by inverting it. You get 5

THINK, Discuss AND WRITE

(i) Will the reciprocal of a proper fraction be again a proper fraction?

() Will the reciprocal of an improper fraction be again an improper fraction?

\ Therefore, we can say that

1+% = IXT = 1xreciprocal ofa.
3+l = 3X— = 3xreciprocal of — .
4 1 4
1
03 T
So, 2+ 3 = 2 x reciprocal of — = 2Xi.
’ 4 4 3
2
5 +§ = 5 X e = 5 X -
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Thus, to divide a whole number by any fraction, multiply that whole number by
the reciprocal of that fraction.

) ) 2 . 4 8
Find: (i) 7+ < (i) 6 5 (i) 2+§

5

® [While dividing a whole number by a mixed fraction, first convert the mixed
[fraction into improper fraction and then solve it.

2 12 1 10
Thus, 4+ 25 = 4= = 2 Also,5+37 =3+ = =7 Try THESE

. , Find: ) 6-+5%
2.4.2 Division of a Fraction by a Whole Number 3
. 3 .. 4
® Whatwill be Z+3? (i) 7+ 2;
Based lier ob ha 3 2,23 3,1 3.1
p—— = — v m = — X —=— = —
ased on our earlier observations we have 4 4 3 12 4
2 1
So,z+7=—x—= ? Whatis£+6, g+8‘?
3 37 7 7

@® While dividing mixed fractions by whole numbers, convert the mixed fractions into
improper fractions. That is,
2 8

2—*5 = —;5 = o __ 4%;3 = el = " 2242 = e = e
3 3 35 5

2.4.3 Division of a Fraction by Another Fraction

1 5
We can now find 3%
1,5 1 imocadof= 13- 2
3 Tg  3xrecprocalof o= ox o= <.
Similarly, ¢ 2 =2 x reciprocal of — =2 ; 3,
.20 2_ 1.3
milarly, ++ > =7 xreciprocal of 7 =7 and, 5 +7 =
Find: (i 3.1 Lo 1.3 21;2 51_2 gy,
= @ g% (@ 53 ) 25+% @) 52+
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ExXERcCISE 2.4

1. Find:
3
N 12+=
@ 12+
1
32—
¢ 3+23

2.

(W
vi)

5
14+g (iii)
5+3i

7

8+z
3

proper fractions, improper fractions and whole numbers.

3
M =
12

v =

Find:
7
@ 372

(V) 3%4

Find:
]

5 2

. O o 9

@ (iii) =

! L1

o) g o) 1y

4 6

@ 5+ i) 13+

(i) 4;:7
42 38 13
) 505 ) Sin @ 2507
I N e )
(i) 35I3 0D 25+

) 43

Find the reciprocal of each of the following fractions. Classify the reciprocals as

()

| o

(v) 4%:—3

2.4 How WELL HAVE You LEARNT ABouT DECIMAL NUMBERS

You have learnt about decimal numbers in the earlier classes. Let us briefly recall them
here. Look at the following table and fill up the blank spaces.

Hundreds | Tens |Ones | Tenths | Hundredths | Thousandths | Number

i W

(100) {am | (1) 0 100 1000
2 5 3 1 4 7 253.147
6 2 9 3 2 1
0 4 3 1 9 2
........ 1 4 2 5 1 514.251
2 | 6 5 1 2 236.512
........ 2 | 5 3 724.503
6 | ... 4 | . 2 | 614.326
0 1 0 5 3 N R
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In the table, you wrote the decimal munber, given its place-value expansion. You can
do the reverse, too. That is, given the number you can write its expanded form. For

1 1 1
= + + + — |+ — |+ — .
example, 253.417=2x100+5x10+3 x1+4 % (10} 1 x (IOOJ 7% (IOOOJ

John has Rs 15.50 and Salma has Rs 15.75. Who has more money? To find this we
need to compare the decimal rumbers 15.5¢ and 15.75. To do this, we first compare the
digits on the left of the decimal point, starting from the leftmost digit. Here both the digits 1
and 5, to the left of the decimal point, are same. So we compare the digits on the right of
the decimal point starting from the tenths place. We find that 5 < 7, so we say
15.50<15.75. Thus, Salma has more money than John.

If'the digits at the tenths place are also samne then compare the digits at the hundredths
place and so on.

Now compare quickly, 35.63 and 35.67; 20.1 and 20.01; 19.36 and 29.36.
While converting lower units of money, length and weight, to their higher units, we are

3
required to use decimals. For example, 3 paise = Rs ——=Rs (L.03, 5g =

100 1000 ©
=0.005 kg, 7cm =007 m.
Write 75 paise = Rs ,  250g= kg, 85cm= m.
We also know how to add and subtract decimals. Thus, 21.36 +37.33 is
21.36
+  37.35
58.71
Whatis the value of 0.19+ 2.3 7
The difference 29.35 —4.56 1s 2935
- 04.56
24.79

Tell the value 0f39.87 —21.98.

EXERCISE 2.5

1. Whichis greater?
i) 0.50r0.05 (i) 0.70r0.5 (i) 7or (.7

v) 1.370r1.49 (v) 2.03 or 2.30 (vi) 0.8 or 0.88.
2. Express as rupees using decimals :
(i) 7paise (i) 7rupees 7 paise (i) 77 rupees 77 paise
(iv) 50paise (v) 235 paise.

3. (i) Express5cminmetreandkilometre  (ii) Express 35 mmincm, m and km




MATHEMATICS

4.

9.

1 1
Now, 0.1 = —. S0, 0.1 x 0.1 = — X

Expressinkg:

(1 200g () 3470¢g () 4kg8g (v) 2598 mg
Write the following decimal numbers in the expanded form:

(i) 20.03 iy 2.03 (i) 200.03 (iv) 2.034

Write the place value of 2 in the following decimal numbers:
(1) 2.56 @ 2137  (m) 1025  (v) 9.42 (v) 63.352.
Dinesh went from place A to place B and from

there to place C. A is 7.5 km from B and B is A B

12.7 ki from C. Ayub went from place A to place

D and from there to place C. D 18 9.3 km from A c
and C is 11.8 km from D. Who travelled more D

and by how much?

Shyama bought 5 kg 300 g apples and 3 kg 250 g mangoes. Sarala bought 4 kg 800 g
oranges and 4 kg 150 gbananas. Who bought more fruits?

How much less 1s 28 ki than 42.6 km?

2.6 MuLTtirLicATION OF DEcIMAL NUMBERS

Reshma purchased 1.5kg vegetable at the rate of Rs 8.50 per kg. How much money
should she pay? Certainly it would be Rs (8.50 % 1.50). Both 8.5 and 1.5 are decimal
numbers. So, we have come across a situation where we need to know how to multiply
two decimals. Let us now learn the multiplication of two decimal numbers.

First we find 0.1 x 0. 1.

1 Ix 1 — 0.0l
10 16 10 x10 160 o

10°

Let us see it’s pictorial representation (Fig 2.13)

1
The fraction T represents 1 part out of 10 equal parts.

The shaded part in the picture represents —

‘We know that,

|
o " part into 10 equal parts and take one. part

10

1
16~

1 1 1 1
RS S L . )
0 1o Mmeans 7o of 0 So, divide this

out ofit. Fig 2.13
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Thus, we have, (Fig 2.14).

e

Fig 2.14

1
The dotted square is one part out of 10 of the E"‘ part. That is, it represents

1 1
ox
10 10 or 0.1 x{Q.1.

Can the dotted square be represented in some other way?

How many small squares do you find in Fig 2.147

There are 100 small squares. So the dotted square represents one outof 100 or 0.01.
Hence, (.1 x (.1 = 0.01.

Note that (.1 occurs two timmes in the product. In 0.1 there 1s one digit to the right of
the decimal point. In (.01 there are two digits (i.e., 1 + 1) to the right of the decimal point.

Letus now find 0.2 x (.3.

1,1
As we did for o Y 0 let us divide the square into 10

3
equal parts and take three parts out of it, to get 0 Again 4

divide each of these three equal parts into 10 equal parts and

take two from each. We get EAE .
1010

23
The dotted squares represent 0 X 0o (1.2 x0.3.(Fig2.15)

Since there are 6 dotted squares out of 100, so they also
reprsent 0.06. Fig 2.15
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Thus, 0.2 x 0.3 =0.06.
Observe that 2 x 3 =6 and the number of digits to the right of the decimal point in
0.06is2(=1+1).
Check whether this applies to 0.1 = 0.1 also.
Find (.2 x 0.4 by applying these observations.
While finding 0.1 x (.1 and 0.2 x (1.3, you might have noticed that first we

multiplied themn as whole numbers ignoring the decimal point. In 0.1 x 0.1, we found
01 x 01 or 1 x 1. Similarly in 0.2 % 0.3 we found 02 x 03 or 2 x 3.

Then, we counted the number of digits starting from the rightiost digit and moved
towards left. We then put the decimal point there. The munber of digits to be counted
1s obtained by adding the number of digits to the right of the decimal point in the
decimal mumbers that are being multiplied.

Letusnow find 1.2 x 2.5.

Multiply 12 and 25. We get 300. Both, in 1.2 and 2.5, there is 1 digit to the right
of'the decimal point. So, count 1 + 1 =2 digits from the rightmost digit (i.e., 3) in 300
and move towards left. We get 3.00 or 3.

Find in a similar way 1.5 x 1.6,2.4 x 4.2

While multiplying 2.5 and 1.25, you will first multiply 25 and 125. For placing the
decimal in the product obtained, you will count 1 +2 =3 (Why?) digits starting from
the rightmost digit. Thus, 2.5 x 1.25=3.225

Find 2.7 x 1.35.

TrY THESE

1. Find: (i)2.7x 4 (i) 1.8 x 1.2 (iii) 2.3 x 4.35
2. Arrange the products obtained in (1) in descending order.

ExavpLE 7 Theside of an equilateral triangle is 3.5 cm. Find its perimeter.

SorLution  Allthe sides of an equilateral triangle are equal.
So, length of each side =3.5 cm
Thus, perimeter=3 x 3.5 cm = 10.5 cm

ExampPLE 8 The length of arectangle is 7.1 cm and its breadthis 2.5 cm. What
is the area of the rectangle?

SoLuTion  Length ofthe rectangle=7.1 cm
Breadth ofthe rectangle =2.5 cm

Therefore, area of the rectangle =7.1 x 2.5 cm? = 17.75 cmn?
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2.6.1 Multiplication of Decimal Numbers by 10, 100 and 1000

23 235
Reshma observed that 2.3 = 0 whereas 2.35 = 100 Thus, she found that depending

on the position of the decimal point the decimal munber can be converted to a fraction with
denominator 1Gor 100. She wondered what would happen ifa decimal number is multiplied
by 10 or 160 or 1000.

Letus see if we can find a pattern of multiplying numbers by 10 or 100 or 1000.

Have a look at the table given below and fill in the blanks:

176
17610 = 720x 10=17.6 235x10=__ 12356 x10=__
176
1.76 % 100 = 700 x 100 =176 or 1760235 x100 = |12.356 x 100=__
176
1.76 % 1000 = = x 1000=1760 or [235x1000= | 12.356x 1000=
1760.0
5
05x10=17x100=5 ; 0.5x100=__ ; 05x1000=__

Observe the shift of the decimal point of the products in the table. Here the numbers
are multiplied by 10,100 and 1000. In 1.76 x 10 =17.6, the digits are same i.e., 1, 7 and
6. Do you observe this in other products also? Observe 1.76 and 17.6. To which side has
the decimal point shifted, right or left? The decimal point has shifted to the right by one
place. Note that 10 has one zero over 1.

In 1.76x100 = 176.0, observe 1.76 and 176.0. To which side and by how many
digits has the decimal point shifted? The decimal point has shifted to the right by two
places.

Note that 100 has two zeros over one.
Do you observe similar shifting of decimal point in other products also?

So we say, when a decimal number is multiplied by 10, 100 or 1000, the digits in
the product the are same as in the decimal number but the decimal

point in the product is shifted to the right by as , many of places as _
there are zeros over one. TRy THESE

Based on these observations we can now say

Find: (i) 0.3 x 10

G 1.2 %100

0.07 x 10 =0.7, 0.07 x 100 =7 and 0.07 > 1000 = 70.

Canyounowtell 297 x 10=7 297 x100=7 297 x1000="7

Can you now help Reshma to find the total amount i.e., Rs 8.50 % 150, that she has
to pay?

i) 56.3 x 1000
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EXERCISE 2.6

1. Find:
(i 02x6
) 0.05x7

3. Find:
1) 1.3 x10

(ix) 0.5x10
5. Find:

() 2.5x0.3
v) 0.5x%0.05

decimal numbers too!

() 36.8 x 10

(x) 0.08 x 10

(i) 8 x4.6
i) 211.02 x 4

(i) 0.1x51.7
i) 11.2x 0.15

(vii) 10,05 x 1.05 (ix) 101.01 x 0.01

be 2 cm. Is she correct?

i) 2.71x 5
(i) 2 x 0.86

(i) 153.7 x 10
(v) 3L.1x100 (v 136.1x100 (vi) 3.62 x 100
() 0.9 x 100

(i) 0.2 x316.8
i) 1.07 x 0.02

(iv) 20.1x4

2. Findthe area of rectangle whose length is 5.7cm and breadth is 3 cm.

(v) 168.07 x 10
(vin) 43.07 x 100
() 0.03 x 1000

4. Atwo-wheeler covers a distance of 55.3 kin in one litre of petrol. How much distance
will it cover in 10 litres of petrol?

(iv) 1.3x3.1

(x) 100.01 x 1.1

2.7 DimvisioNn or DEciMAL NUMBERS

Savita was preparing a design to decorate her classroom. She needed a few coloured
strips of paper of length 1.9 cm each. She had a strip of coloured paper of length 9.5 cm.
How many pieces of the required length will she get out of this strip? She thought it would

2.7.1 Division by 10, 100 and 1000

Let us find the division of a decimal number by 10, 100 and 1000.

Consider 31.5+10.

31.5 10—£xi—£_315
CTNT e 10 1000
Sixm1ar1y,31.5+1oo:£<> L 315 _

10 100 1000

0.315

Both 9.5 and 1.9 are decimal numbers. So we need to know the division of

Letus seeif we can find a pattern for dividing numbers by 10, 100 or 1000. This may
help us in dividing numbers by 10, 100 or 1000 in a shorter way.

31.5+10=3.15
315+ 100=0.315
31.5 1000 = 0.0315

2315+ 10=_
2315+ 10=_
231.5+ 1000 =

15+10=_
1.5+ 100=
1.5+ 1000=

2936+ 10=
2936+ 100=
2936+:1000=
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Take 31.510 = 31.5. In 31.5 and 3.15, the digits are Try THESE

samei.e., 3, 1, and 5 but the decimal point has shifted in the
quotient. To which side and by how many digits? The decimal Fnd: (1) 2354+ 10
point has shifted to the left by one place. Note that 10 has one - (i) 235.4+100

ZEro OVer one. ,
Consider now 31.5+ 100 =0.315. In 31.5 and 0.315 the [/ () Zeis= LEY

digits are same, but what about the decimal point in the quotient?
It has shifted to the left by two places. Note that 100 has two zeros over one.

So we can say that, while dividing a number by 10, 100 or 1000, the digits of the
number and the gquotient are same but the decimal point in the quotient shifls to the

left by as many places as there are zeros over one. Using this observation let us now
quickly find: 2.38+ 10=0.238, 2.38 = 100 = 0.0238, 2.38 = 1000 = 0.00238

2.7.2 Division of a Decimal Number by a Whole Number

Letus find % . Remember we also write it as 6.4 + 2. Try THESE

@) 357+3=7
64 64 1 . La
So, 6.4+2=— +2 =—X— aslearnt in fractions. @ 255+3=7
10 10 2
Ceaxl Ix6d 1 64 1 R

x 32 3.2

Tlox2 10x2 102 10 10
Or, let us first divide 64 by 2. We get 32. There is one digit to the right of the decimal
point in 6.4. Place the decimal in 32 such that there would be one digit to its
night. We get 3.2 again.

To find 19.5 + 5, first find 195 +5. We get 39. There is one digit to the

right ofthe decimal point in 19.5. Place the decimal point in 39 such that there Wy 4505 =5 =%
would be one digit to its right. You will get 3.9. (i) 82.44+6=7
Now. 12.96 4_1296L4_1296xl_ix1296_ix324_324

OWISTOEIT 00 T T 10004 1000 4 100 T

Or, divide 1296 by 4. You get 324. There are two digits to the right of the decimal in
12.96. Making similar placement of the decirmal in 324, you will get 3.24.

Note that here and in the next sectiorn, we have considered only those Try THESE
divisions in which, ignoring the decimal, the mumber would be completely Find: (i) 15.5 = 5
divisible by another number to give remainder zero. Like, in 19.5 + 5, the 3
number 195 when divided by 5, leaves remainder zero. () 12635 +7

However, there are situations i which the number may not be completely
divisible by another number, 1.€., we may not get remainder zero. For example, 195+ 7.

‘We deal with such situations in later classes.
Thus, 40.86 + 6 = 6.81
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ExavpLE 9 Find the average of4.2, 3.8 and 7.6.

424+38+7.6 156

SoLUuTION  The average of4.2,3.8 and 7.6 is — =5 - 5.2.

2.7.3 Division of a Decimal Number by another Decimal
Number

25.5
Letusﬁndﬁ Le., 25.5 0.5,

255 5 255 10

Wehave 25.5 + OS—W*E—W ?=51. Thus, 25.5 + .5 =51

What do you observe? For , we find that there 1s one digit to the right of the

0.5°
decimal in (0.5. This could be converted to whole number by dividing by 10. Accordingly
25.5was also converted to a fraction by dividing by 10.

Or, we say the decimal point was shifted by one place to the right in (.5 to make it 5.
So, there was a shift of one decimal point to the right in 25.5 also to make it 255.

225 225
T 225013 =;=g=w

| 203 159 _— 7.75 42.8 5.6
Find 07 andﬁ i a similar way. ind: (1) 5= 0.25 (i) o2 0.02 (111)

Let us now find 20.55 + 1.5.

We can write it is as 205.5 + 15, as discussed above. We get 13.7. Find ﬁ g

0.4 03

33.725

Consider now, . We can write 1t as

(How?) and we get the quotient

as 134.9. How will you find % 7 We know that 27 can be written as 27.0.

27 27.00 2700
0.03  0.03 3

So,

ExavpLE 10 Eachside ofaregular polygonis 2.5 cmin length. The perimeter of the
polygon is 12.5cm. How many sides does the polygon have?

SoLuTION The perimeter of a regular polygon is the sum of the lengths of all its
equal sides =12.5 cm.
12.5 125
Length of each side=2.5 cm. Thus, the number of sides = 25 T 5 T 5

The polygon has 5 sides.
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ExavpPLeE 11 A carcovers a distance of 89.1 km in 2.2 hours. What is the average
distance covered by it in 1 hour?

SoLuTION Distance covered by the car=89.1 km.
Time required to cover this distance = 2.2 hours.

So distance covered by itin 1 hour = —— = —= =40.5km.

ExXERcCISE 2.7

1. Find:
1 04+2 @ 035+5 () 2.48 +4 (iv) 654 +6
(v) 651.2+4 (vi) 14.49+7 (vi)) 3.96 +4 (vii) 0.80 + 5
2. Find:
1) 4.8 +10 (m 52.5+10 () 0.7+10 (iv) 33.1+10
(v) 27223 +10 (i) 0.56 + 10 (vii) 3.97 +10
3. Find:
1) 2.7+ 100 @ 0.3 +100 () .78 ~ 100
(iv) 432.6+100 (v) 23.6+100 (vi) 98.53 + 100
4. Find:

1) 7.9+ 1000 () 26.3+ 1000 (u) 38.53 =+ 1000
{tv) 128.9+ 1000 (v) 0.5+ 1000

5. Find:
) 7+35 (w 36+02 (m) 3.25+0.5 ) 30.94-+0.7
v) 0.5+025 () 7.75+025 (vii) 76.5 + 0.15 (vii) 37.8 + 1.4
(ix) 2.73+1.3

6. A vchicle covers a distance 0f43.2 km in 2.4 litres of petrol. How much distance will
it cover in one litre of petrol?

Wuar Have WE Discussep?

1. Wehave learnt about fractions and decimals alongwith the operations of addition and
subtraction on them, in the earlier class.

2. We now study the operations of multiplication and division on fractions as well as on
decimals.
3. Wehave learnt how to multiply fractions. Two fractions are multiplied by multiplyng
their numerators and denominators seperately and writing the product as
product of numerators 2.5 2x5 10

: . Forexample, — x == =—.
productof denominators 3007 3x7 21

. | 1
4. A fraction acts as an operator ‘of ’. For example, Y of 21s 5 x2=1.
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10.

(a) The product of two proper fractions is less than each of the fractions that are
multiplied.

(b) The product of a proper and an improper fraction is less than the improper
fraction and greater than the proper fraction.

(c) Theproduct of two imporper fractions is greater than the two fractions.

A reciprocal of a fraction is obtained by inverting it upside down.

We have seen how to divide two fractions.

(a) While dividing a whole number by a fraction, we multiply the whole number
with the reciprocal of that fraction.

For example, 2 + 3 2><§: 10
5 3 3
(b) While dividing a fraction by a whole number we multiply the fraction by the

reciprocal of the whole rumber.

For example, 2+ 7 _2 12
3 3 7 21
(c) While dividing one fraction by another fraction, we multuiply the first fraction by
. 5 2. 7 14
the reciprocal of the other. So, =+ - =—x—=—.
3 7 3 5 15

We also leamnt how to multiply two decimal numbers. While multiplying two decimal
numbers, first multiply them as whole numbers. Count the mumber of digits to the right
ofthe decimal point in both the decimal numbers. Add the number of digits counted.
Put the decimal point in the product by counting the digits from its rightrmost place.
The count should be the sumn obtained earlier.

For example, 0.5 x 0.7 =0.35

To multiply a decimal number by 10, 100 or 1000, we move the decimal point in the
number to the right by as many places as there are zeros over 1.

Thus 0.53 x 10=15.3, (.53 x100=753,  0.53 x 1000 =530

We have seen how to divide decimal mumbers.

(a) Todivide a decimal number by a whole number, we first divide them as whole
numbers. Then place the decimal point in the quotient as in the decimal number.
For example, 8.4 + 4=2.1
Note that here we consider only those divisions in which the remainder is zero.

(b) Todivide a decimal number by 10, 100 or 1000, shift the digits in the decimal
number to the left by as many places as there are zeros over 1, to get the
quotient.

S0,23.9+10=2.39239+100=0.239, 23.9 = 1000 =0(.0239

(c) While dividing two decimal numbers, first shift the decimal point to the right by
equal number of places in both, to convert the divisor to a whole number. Then
divide. Thus, 2.4 +0.2=24 +2 =12,

———— S P



Data
Handling

3.1 INTRODUCTION

In your previous classes, you have dealt with various types of data. You have leamt to
collect data, tabulate and put it in the form of bar graphs. The collection, recording and
presentation of data help us organise our experiences and draw inferences from them.
In this chapter, we will take one more step towards learning how to do this. You will
come across some more kinds of data and graphs. You have seen several kinds of data
through newspapers, magazines, television and other sources. You also know that all
data give us some sort of information. Let us look at some common forms of data that
YOU COINE aCross:

Table 3.1 Table 3.2
Temperatures of cities Football
as on 20.6.2006 World Cup 2006
Max. Min. Ukraine beat Saudi Arabia by 4-0
Ahmedabad 38°C 29°C Spa.m beat Tunisia by 3-1
Switzerland beat Togo by 2-0
Amritsar 37°C 26°C
Bangalore 28°C  21°C Table 3.3
. — - Data showing weekly absentees
Chennai 36°C 27°C in a class
Delhi 38°C 28°C Monday
Jaipur 39°C 29°C Tuesday
Jammu 41°C 26°C Wednesday -
Mumbai 32°C 27°C Thursday
Friday
Marks of five students in a Hindi test Saturday
of 10 marks are: 4, 5, 8, 6,7 represents one child
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What do these collections of data tell vou?

For example you can say that the highest maximum temperature was in Jammu on
200.06.2006 (Table 3.1) or we can say that, on Wednesday, no child was absent.
(Table 3.3)

Can we organisc and present these data in a different way, so that their analysis and
interpretation becomes better? We shall address such questions in this chapter.

3.2 CoLLECcTING DATa

The data about the temperatures of cities (Table 3.1) can tell us many things, but it cannot
tell us the city which had the highest maximum temperature during the year. To find that, we
need to collect data regarding the highest maximum temperature reached in each of these
cities during the year. In that case, the temperature chart of one particular date of the year,
as given in Table 3.1 will not be sufficient.

This shows that a given collection of data may not give us a specific information related
to that data. For this we need to collect data keeping in mind that specific information. In
the above case the specific information needed by us, was about the highest maximum
temperature of the cities during the year, which we could not get from Table 3.1

Thus, before collecting data, we need to know what we would use it for.
Given below are a few situations.

Youwant to study the

— Performance of your class in Mathematics.

— Performance of India in football or in cricket.

— Female literacy rate ina given area, or

—  Number of children below the age of five in the families around you..

What kind of data would you need in the above situations? Unless and until you collect
appropriate data, you carmnot know the desired information. What is the appropriate data
foreach?

Discuss with your friends and identify the data you would need for each.
Some of'this data is easy to collect and some difficult.

3.3 ORGANISATION OF DATtA

When we collect data, we have to record and organise it. Why do we need to
do that? Consider the following example.

Ms Neelam, class teacher wanted to find how children had performed
m English. She writes down the marks obtained by the students in the
following way:

23,35, 48, 30, 25, 46, 13,27, 32, 38
In this form, the data was not easy to understand. She also did not know whether her
mmpression of the students matched their performance.
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Neelam’s colleague helped her organise the data in the following way (Table 3 .4).

Table 3.4
Roll No. Names Marks Roll No. Names Marks
Outof 50 Out of 50
1 Ajay 23 6 Govind 46
2 Armaan 35 7 Jay 13
3 Ashish 48 8 Kavita 27
4 Diprti 30 9 Manisha 32
5 Faizaan 25 10 Neeraj 38

Inthis form, Neelam was able to know which student has got how marny marks. But she
wanted more. Deepika suggested another way to organise this data (Table 3.5).

Table 3.5
Roll No. Names Marks Roll No. Names Marks
Out of 50 Out of 50
3 Ashish 48 4 Dipti 30
6 Govind 46 3 Kavita 27
10 Neeraj 38 5 Faizaan 25
2 Armaan 35 1 Ajay 23
9 Mamisha 32 7 Jay 13

Now Neelam was able to see who had done the best and who needed help.

Many kinds of data we come across are putin tabular form. Our school rolls, progress
report, index in the note books, temperature record and many others are all in tabular
form. Can you think of a few more data that you come across in tabular form?

When we put data in a proper table it becomes easy to understand and interpret.

Weigh (in kg) atleast 2(} children (girls and boys) of your class. Organise the data, and
answer the following questions using this data.

(i) Whois the heaviest ofall? (i) Whatis the most common weight?
(i) What is the difference between yvour weight and that of vour best friend?

3.4 REPRESENTATIVE VALUES

You might be aware of the term average and would have come across statements involving
the term ‘average’ in your day-to-day life:

@ Isha spends on an average of about 5 hours daily for her studies.
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@® The average temperature at this time of the year is about 40 degree Celsius.
® Theaverage age of pupils inmy class is 12 vears.

® The average attendance of students in a school during its final examination was
98 per cent.

Many more of such statements could be there. Think about the statements given above.
Do you think that the child in the first statement studies exactly for 5 hours daily?

Or, 18 the temperature of the given place during that particular time always 40 degrees?
Or, is the age of each pupil in that class 12 years? Obviously not.

Then what do these statements tell you?
By average we understand that Isha, usually, studies for 5 hours. On some days,
she may study for less number of hours and on the other days she may study longer.

Similarly, the average temperature of 40 degree celsius, means that, very often,
the temperature at this time of the year is around 40 degree celsius. Sometimes, it may
be less than 40 degree celsius and at other times, it may be more than 40°C.

Thus, werealise that average is a munber that represents or shows the central tendency
of a group of observations or data. Since average lies between the highest and the lowest
value ofthe given data so, we say average is a measure of the central tendency of'the group
of data. Different forms of data need different forms of representative or central value to
describe it. One of these representative values is the “Arithmetic Mean™. You will learn
about the other representative values in the later of the chapter.

3.5 ArITHMETIC MEAN

The most common representative value of a group of data is the arithmetic mean orthe
mean. To understand this in a better way, letus look at the following example:

Two vessels contain 20 litres and 60 litres of milk respectively. What is the amount that
each vessel would have, if both share the milk equally? When we ask this question we are
seeking the arithmetic mean.

Inthe above case, the average or the arithmetic mean would be

Total quantity of milk 20+ 60

Number of vessels 2
Thus, each vessels would have 40 litres of milk.

The average or Arithmetic mean {(A.M.) or simply mean is defined as follows:

litres = 40 litres.

Sum of all observations

mean = -
number of observations

Consider these examples.

ExaMPLE 1 Ashish studies for 4 hours, 5 hours and 3 hours respectively on three
consecutive days. How many hours does he study daily on an average?
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SoLuTioN  The average study time of Ashish would be
Total number of study hours 44543

Number of days for which he studied 3
Thus, we can say that Ashish studies for 4 hours daily on an average.

hours = 4 hours per day

ExampLE 2 A batsman scored the following mimber of runs in six innings:
36, 35, 50, 46, 60, 55

Calculate the mean runs scored by him in an inning.

SoLuTioN  Total runs =36 + 35 + 50+ 46 + 60 + 55 = 282.

To find the mean, we find the sum of all the observations and divide it by the number of
observations.

/ ¥
82 (9
Therefore, in this case, mean = o - 47. Thus, the mean runs scored in an inning are 47. ] r
Where does the arithmetic mean lie i , ‘UJ_\\

How would you find the average of your study hours for the whole week?

THINK, Discuss AND WRITE

Consider the data in the above examples and think on the following:
® Isthemean bigger than each of the observations?
® Isitsmaller than each observation?

Discuss with your friends. Frame one more example of this type and answer the
same questions.

Youwill find that the mean lies inbetween the greatest and the smallest observations.
In particular, the mean of two nmumbers will always lie between the two munbers.

=8 which lies between 5 and 11.

Can you use this idea to show that between any two fractional munbers, you can find

For example the mean of 5 and 11 is

as many fractional numbers as you like. For example between 3 and 3 You have their
1 1
— + —
average 2 5 4 -

7

and then between B and g you have their average "

oo | W

and so on.

1. Find the mean of your sleeping hours during one week.

1

2. Find atleast 5 numbers between 5 and 5 .
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3.5.1 Range

The difference between the highest and the lowest observation gives us an idea ofthe
spread of the observations. This can be found by subtracting the lowest observation from
the highest observation. We call the result the range of the observation. Look at the
following example:
ExampPLE 3 The ages in years of 10 teachers of a school are:
32,41, 28, 54, 35, 26, 23, 33, 38, 40
(1) Whatis the age of the oldest teacher and that of the youngest teacher?
(i) Whatis the range ofthe ages of the teachers?
() Whatis the mean age of these teachers?

SoLuTION
(1) Arranging the ages in ascending order, we get:
23, 26, 28, 32, 33, 35, 38, 40, 41, 54
We find that the age of the oldest teacher is 54 years and the age of the youngest
teacher is 23 years.

() Range of the ages of the teachers = (54 —23) years =31 years
(i) Mean age of the teachers

234+26+284+32+334+35+38+40+41+54
= T years

50
= WYGEU'S =35 years

ExERcISE 3.1

1. Find the range of heights of any ten students of your class.

2. Orgamise the following marks in a class assessient, in a tabular form.

4 6 7 5 3 5 4 5 2 6
2 5 1 9 6 5 & 4 6 7

(1) Whichnumber is the highest? (i) Which number is the lowest?
1) What isthe range ofthe data? 1v) Find the arithmetic mean.
iii) hat is th geofthed iv) Find the arithimeti

3. Findthemean of'the first five whole numbers.
4. A cricketer scores the following runs in eight innings:
58, 76, 40, 35, 46, 45, 0, 100.

Find the mean score.
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. Following table shows the points of each player scored in four games:

Player Game Game Game Game
1 2 3 4
A 14 16 10 10
B 0 8 6 4
C & 11 Did not 13
Play

Now answer the following questions:

(1 Find themean to determmine A’s average number of points scored per game.

(i) To find the mean number of points per game for C, would you divide the total
points by 3 or by 4? Why?

() B played in all the four games. How would you find the mean?
(iv) Whoisthe best performer?

The marks {out of 100) obtained by a group of students in a science testare 85, 76,
90, 85,39, 48, 56,95, 81 and 75. Find the:

(1) Highest and the lowest marks obtained by the students.
(i) Range of the marks obtained.
(i) Meanmarks obtained by the group.

The enrolment in a school during six consecutive years was as follows:
1555, 1670, 1750, 2013, 2540, 2820
Find the mean enrolment of the school for this period.

. Therainfall (inmm) in a city on 7 days of a certain week was recorded as follows:

Day Mon | Tue | Wed | Thurs | Fri Sat [ Sun
Rainfall| 0.0 | 12.2 | 2.1 0 | 205 55 1.0
(in mm)

(i} Find the range of the rainfall in the above data.
(1) Find the mean rainfall for the week.
() Onhow many days was the rainfall less than the mean rainfall.

The heights of 10 girls were measured in cm and the results are as follows:
135, 150, 139, 128, 151, 132, 146, 149, 143, 141.
(i) Whatis the height of the tallest girl?  (ii) Whatis the height of the shortest girl?

(i) What is the range ofthe data? (iv) What is the mean height of the girls?
(v) How many girls have heights more than the mean height.
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3.6 MobE

As we have said Mean is not the only measure of Central tendency or the only form of
representative value. For different requirements from a data other measures of Central
tendencies are used.

Look at the following example

To find out the weekly demand for different sizes of shirt, a shopkeeper kept records of sales
of sizes 90 cm, 95 cm, 100 cm, 105 cm, 110 cm.. Following is the record for a week:

Size (in inches) Qcm | 95cm | 100cm | 105cm | 11Gcm | Total
Number of shirts sold 8 22 32 37 6 105

If he found the mean number of shirts sold, do you think that he would be able to
decide which shirt sizes to keep in stock?

M ftotal shi ld= Total number of shirts sold B @ Y
can of total shirls sold = Number of different sizes of shirts 5

Should he obtain 21 shirts of each size? If he does so, will he be able to cater to the
needs of'the customers?

The shopkeeper, on locking at the record, decides to procure shirts of sizes 95¢m,
10Gcm, 105¢m. He decided to postpone the procurement of the shirts of other sizes
because of their sall mumber of buyers.

Look at another example

The owner of a readymade dress shop says, “The most popular size of dress I sell is the
size 90cm.

Observe that here also, the owner 1s concerned about the number
of shirts of different sizes sold. She is however looking at the shirt size
that is sold the most. This is another representative value for the data.
k The highest occuring event is the sale of size 90cm. This representative

value is called the mode of the data.

The mode of a set of observations is the observation that occurs
most often.

ExampLE 4 Find the mode of the given set of numbers: 1,1,2,4,3,2,1,2,2,4

SoLUTION  Arranging the numbers with same values together, we get
1,1,1,2,2,2,2,3, 4,4
Mode of this data is 2 because it occurs more frequently than other observations.

3.6.1 Mode of Large Data

Putting the same observations together and counting them is not easy if the number of
observations is large. In such cases we tabulate the data. Tabulation can begin by putting
tally marks and finding the frequency, as you did in your previous class.
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Lot Blloving esanple

ExampLE D Following are the margins of victory in the football

Find the mode of
matches of aleague. @) 2.6,5,3,0,3,4,3,2,4,5,
1,3,2,5,1,4,6,2,5,2,2,2,4,1,2,3,1,1,2,3,2, 2. 4,
6,4,3,2,1,1,4,2,1,5,3,3,2,3,2,4,2,1,2
Find the mode of'this data. () 2,14, 16, 12, 14, 14, 16,
SoLuTioN  Letusputthe data in a tabular form: 14,10, 14, 18, 14
Margins of victory Tallybars Number of matches
I HH [ 9
2 HH HH (1] 14
3 HH I 7
4 HH 5
5 [
6 I 2
Total 40

Looking at the table, we can quickly say that 2 is the ‘mode’ since 2 has occured the
highest mumber of times. Thus, most of the matches have been won with a victory margin
of 2 goals.

THINK, Discuss AND WRITE

Can a set of numbers have more than one mode?

ExaMpPLE 6 Find the mode of the numbers: 2,2,2,3,3,4,5,5,5,6,6,8

SoLuTioN  Here, 2 and 5 both occur three times. Therefore, they both are modes of
the data.

1. Rec ordthe age inyears ofall your classmates. Tabulate the data and find the mode.

2. Record the heights in centimetres of your classmates and find the mode.

1. Find the mode of the following data:
12,14,12, 16, 15,13, 14, 18,19, 12, 14, 15, 16, 15, 16, 16, 15,
17,13, 16, 16,15, 15,13, 15,17, 15, 14, 15, 13, 15, 14
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2. Heights {(in cm) of 25 children are given below:

168§, 165, 163, 160, 163, 161,162, 164, 163, 162, 164, 163, 160, 163, 16, 165,
163, 162, 163, 164, 163, 160, 165, 163, 162

What is the mode oftheir heights? What do we understand by Mode here?

Whereas mean gives us the average of all observations of the data, the mode gives that
observation which occurs most frequently in the data.

Let us consider the following examples:
{a) Youhave to decide upon the number of chapattis needed for 25 people called for a
feast.
{b) A shopkeeper selling shirts has decided to replenish her stock.
{c) Weneedto find the height of the door needed in our house.
(d) When going on a picnic, if only one fiuit can be bought for everyone, which is the
fruit that we would get.
In which of these situations can we use the mode as a good estimate?
Consider the first statement. Suppose the number of chapattis needed by each person
is 2,3,2,3,2,1,2,3,2,2,4,2,2,3,2,4,42,3,2,4,2,43,5
The mode of the data is 2 chapattis. If we use mode as the representative value for this

data, then we need 50 chapattis only, 2 for each of the 25 persons. However the total
numberwould clearly be inadequate. Would mean be an appropriate representative value?

For the third statement the height of the door is related to the height of the persons
using that door. Suppose there are 5 children and 4 adults using the door and the height of
each of 5 children is around 135 cm. The mode for the heights is 135
cm. Should we get a door that is 144 cm high? Would all the adults be
able to go through that door? It is clear that mode is not the appropriate
representative value for this data. Would mean be an appropnate
representative value here?

Why not? Which representative value of height should be used to
decide the doorheight?

Similarly analyse the rest of the staternents and find the representative
value useful for thatissue.

Try THESE

Discuss with your friends and give

(a) Two situations where mean would be an appropriate representative value to
use, and

{b) Two situations where mode would be and appropriate representative value to use.
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3.7 MEDIAN m\)
We have seen that in some situations, arithmetic mean is an appropriate measure of central - [\ {7}
tendency whereas in some other situations, mode s the appropriate measure of central 3
N
tendency. =
V4

Letus now look at another example. Consider a group of 17 students with the following
heights (in cm): 106, 110, 123,125,117, 120, 112, 115,110, 120, 115, 102, 115, 115,
109, 115, 101.

The games teacher wants to divide the class into two groups so that each group has
equal number of students, one group has students with height lesser than a particular height
and the other group has student with heights greater than the particular height. How would
she do that?

Letus see the various options she has:

(1) She can find the mean. The mean is

106+ 110+123 4125+ 117 +120+112+115+110+120+115+102+115+115+109+115+101
17

:@:113_5
17

So, if the teacher divides the students into two groups on the basis of this mean height,
such that one group has students of height less than the mean height and the other group
has students with height more than the mean height, then the groups would be of unequal
size. They would have 7 and 10 members respectively.

(i) The secondoption for her is to find mode. The observation with highest frequency is
115 cm, which would be taken as mode.

There are 7 children below the mode and 10 children at the mode and above the
mode. Therefore, we cannot divide the group into equal parts.

Letus therefore think of an alternative representative value or measure of central
tendency. For doing this we again look at the given heights {(in cm) of students arrange
them in ascending order. We have the following observations:

101, 102, 106, 109, 110, 116, 112, 115,115,115, 115, 115,117, 120, 120, 123, 125
The middle value m this data is 11 5 because this value divides the students into two

equal groups of 8 students each. This value is called as Median. Median refers to the
value which lies in the middle of the data (when arranged in an

increasing or decreasing order) with half of the observations
above it and the other half below it. The games teacher decides - -
Your friend found the median and the

mode of a given data. Describe and
correct your friends error if any:

35,32, 35,42 38, 32, 34
Median = 42, Mode = 32

to keep the middle student as a refree in the game.

Here, we consider only those cases where number of
observations is odd.

Thus, in a given data, arranged in ascending or descending
order, the median gives us the middle observation.
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Note that in general, we may not get the same value for median and mode.

Thus werealise that inean, mode and median are the umbers that are the representative
values of a group of observations or data. They lie between the minimum and maximum
values of the data. They are also called the measures of the central tendency.

ExaMpPLE 7 Find the median of the data: 24, 36, 46, 17, 18, 25, 35

SOLUTION  We arrange the data in ascending order, we get 17, 18, 24, 25, 35, 36, 46
Median is the middle observation. Therefore 23 is the median.

EXERCISE 3.2

1. The scores in mathematics test {out of 25) of 15 students is as follows:
19, 25,23,20,9,20,15, 10, 5, 16, 25,20, 24, 12, 20

Find the mode and median of this data. Are they same?

2. Theruns scored in a cricket match by 11 players is as follows:
6, 15, 120, 50, 100, 80, 10, 15, 8, 10, 15

Find the mean, mode and median of'this data. Are the three same?

3. The weights (in kg.) of 15 students of a class are:
38, 42,35, 37,45, 50,32, 43, 43, 40, 36, 38, 43, 38, 47

(1) Find the mode and median of this data.
(i) Isthere more than one mode?
4. Find the mode and median of the data: 13,16, 12, 14, 19,12, 14, 13, 14

5. Tell whether the statement is true or false:

(1) Themodeis always one of the numbers in a data.
(i) Themean canbe one of the numbers in a data.

(i) Themedian is always one of the numbers in a data.
(iv) A dataalwayshasamode.
(v) Thedata6,4,3,8,9,12,13,9 has mean 9.

3.8 UskeE oF BArR GrarHS WiITH A DIFFERENT PURPOSE

We have seen last year how information collected could be first arranged in a frequency
distribution table and then this information could be put as a visual representation in the
form of pictographs or bar graphs. You can look at the bar graphs and make deductions
about the data. You can also get information based on these bar graphs. For example, you
can say that the mode is the longest bar if the bar represents the frequency.

3.8.1 Choosing a Scale

We know that a bar graph is a representation of numbers using bars of uniform width and
the lengths of the bars depend upon the frequency and the scale you have chosen. For
example, in a bar graph where munbers i units are to be shown, the graph represents one
unit length for one observation and if it has to show numbers in tens or hundreds, one unit
length can represent 10 or 100 observations. Consider the following examples:



pata HANDLING [IIIEEEEEEEEEEE

ExaMPLE 8 Two hundred students of 6" and 7" class were asked to name their favourite
colour so as to decide upon what should be the colour of their School
Building. The results are shown in the following table. Represent the given

data on a bar graph.
Favourite Colour Red Green | Blue | Yellow | Orange
Number of Students 43 19 55 49 34

Answer the following questions with the help of the bar graph:
(i) Which is the most preferred colour and which is the least preferred?

(i) How many colours are there in all? What are

the}’? Seale : 1 unit = 10 students

60

SoLuTion Choose a suitable scale as follows: 50

Start the scale at 0. The greatest value in the data is 40

55, so end the scale at a value greater than 55,

such as 6(). Use equal divisions along the axes, such 30

as increments of 10. You know that all the bars g 20

would lie between O and 60. We choose the scale E 10

such that the length between ¢ and 60 is neither
too long nor too small. Here we take 1 umt for 10

students.
We then draw and label the graph as shown.

Red
Green
Blue
Yellow
Orange

From the bar graph we conclude that
(i) Blue is the most preferred colour (Because the bar representing Blue is the tallest).

(i) Green is the least preferred colour. (Because the bar representing Green is the
shortest).

(iii) There are five colours. They are Red, Green, Blue, Yellow and Orange. (These are
observed on the horizontal ling)

ExampPLE 9 Following data gives total marks (out of 600) obtained by six children of
a particular class. Represent the data on a bar graph.

Students Ajay Bali Dipti | Faiyaz | Geetika| Hari
Marks Obtained 450 500 300 360 400 540
SoLuTION

(i) To choose an appropriate scale we make equal divisions taking increments of 100.
Thus 1 unit will represent 100 marks. { What would be the difficulty if we choose one
unit to represent 10 marks?)
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(i) Now represent the data on the bar graph.

600
500

400

Marks out of 600

0

300
200
100

Ajay

Bali

Drawing Double Bar Graph

Scale : 1 unit = 100 marks

Dipti

Students

Faiyaz

Geetika

Hari

Consider the following two collections data giving the average daily hours of sunshine in
two cities Aberdeen and Margate for all the twelve months of the year. These cities are

near the south pole and hence have only a few hourse of sunshine each day.

In Margate
Jan |Feb | Mar | April May |June | July |Aug |Sept. Oct. Nov. Dec.
Average
hoursof | 2 (31| 4 | 4 |73 8 |71 7 |¢ll6| 4|2
. 4 4 2 4
Sunshine
In Aberdeen
Average |
hoursof | 1| 3 3l 6 5l 6l 5l 5 4l 4| 3 1i
. 2 2 20 2|72 2 4
Sunshine

By drawing individual bar graphs you could answer questions like
(i) Inwhich month does each city has maximum sunlight? or
(i) Inwhich months does each city has minimum sunlight?

However, to answer questions like “In a particular month, which city has more sunshine
hows”, we need to compare the average hours of sunshine of both the cities. To do this we

side by side.

This bar graph (Fig 3.1) shows the average sunshine of both the cities.

will learn to draw what is called a double bar graph giving the information of both cities

For each month we have two bars, the heights of which give the average hours of

sunshine in each city. From this we can infer that except for the month of April, there is
always more sunshine in Margate than in Aberdeen. You could put together a similiar bar
graph for your area or for your city.
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D Margate Scale : 1 unit = 1 hour of sunshine
A |:| Aberdeen — [] B
6 — _ B _
£ 5 i
—5 - -
5 -
5 4 ] ] ][]
° -
§ -
=
2
0 T - I I I I I I I I I |
c a = > oo} = w = = > 0
© o ) c a 0 o)
S ¢ 5§ £ =2 3 3 3 & o 2 4
E =
<
Fig 3.1

Let us look at another example more related to us.

ExamMpPLE 10 A mathematics teacher wants to see, whether the new technique of teach-
ing she applied after quarterly test was effective or not. She takes the

scores of the 5 weakest children in the quarterly test {out of 25) and in
the half yearly test (out of 25):

25 Quarterly
Students | Ashish | Arun | Kavish |Maya| Rita Half Yearly
Quarterly | 10 | 15 | 12 | 20 | 9 20
Halfyearly | 15 18 16 21 15 215
= 10
SoLUTION  Since there seems 10 be a marked improvement in most of 5
the students, the teacher decides that she should continue to
use the new technique ofteaching. 0 s c s o
Can you think of a few more situtions where you could use double § <T: 5 g

bar graphS? Students

TrRY THESE

1. The bar chart (Fig 3.2) shows the result of a survey to test water resistant watches
made by different companies.

Each of these companies claimed that their watches were water resistant. Aftera
testthe above results were revealed.

Rita

5 marks

1 unit =

Scale :
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(a) Canyouwork a fraction of the number of watches that

Number tested leaked to the number tested for each company?
Number that leaked 2 (b) Couldyou tell on this basis which company has better
40 § watches?
‘§ 2. Sale of English and Hindi books in the years 1995, 1996,
2 30 = 1997 and 1998 are given below:
= Il
2 20 b= 1995 [ 1996 | 1997 [1998
= E .
- English| 350 | 400 | 450 | 620
10 5 Hindi | 500 | 525 | 600 | 650
S
0 e Draw a double bar graph and answer the following questions:
A B C D (a) Inwhich year was the difference in the sale of the two
Company language books least?.
Fig 3.2 {b) Can you say that the demand for English books rose
faster? Justify.
ExErcISE 3.3
1. Usethebar graph (Fig 3.3) to answer the following questions.
(a) Whichisthemostpopularpet?  (b) Howmany children have dog as a pet?
Pets owned by Students 600 Scale : lem = 100 books
of class seven.
2 500
12 )
10 £ 400
g8 : 5
Se 2 300 o 3
£ 4 = 2 -
) Z 200 - =
0 %) 2 N 2 §
a o 8 E 5 0
Pet Animals Years
Fig 3.3 Fig 3.4

2. Readthebar graph (Fig 3.4) and answer the questions that follow:
Number of books sold by a bookstore during five consecutive years.

(i) About how many books were sold in 19897 19907 19927
(i) Inwhich year were about 475 books sold? About 225 books sold?
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(iii) Inwhich years were fewer than 250 books sold?

(iv) Canyou explain how you would estimate the number of books sold in 19897
3. Number of children in six different classes are given below. Represent the dataona

bar graph.

Class Fifth | Sixth | Seventh | Eighth| Ninth| Tenth

Number of Children | 135 120 95 160 90 80

(a) How would youchoose a scale.
(b) Answerthe following questions:

(i) Which class has the maximum number of children? And the minimum?
(i) Find the ratio of students of class sixth to the students of class eight.

4. The performance of students in 1% Term and 2" Term is given. Draw a double bar
graph choosing appropriate scale and answer the following:

Subject English| Hindi | Maths| Science| S. Science
1* Term (M.M. 100) 67 72 88 81 73
2™ Term (M.M. 100) 70 65 95 85 75

(1) Inwhich subject, has the chuld improved his performance the most?
(1) Inwhich subjectis the improvementt the least?
(i) Has the performance gone down in any subject?.

5. Consider this data collected from a survey of a colony.

Favourite Sport | Cricket | Basket Ball | Swimming Hockey | Athletics

Watching 1240 470 510 423 250

Participating 620 320 320 250 105

(i) Draw a double bar graph choosing an appropriate scale.
What do youinfer from the bar graph?
() Which sport is most popular?
() Which is more preferred, watching or participating in sports?

6. Take the data giving the minimum and the maximmum temperature of various cities
given in the beginning of'this chapter (Table 3.1). Plot a double bar graph using the
data and answer the following:

(i) Which city has the largest difference in the minimum and maximum temperature
on the given date?
(i) Which s the hottest city and which is the coldest city?
(i) Nametwo cities where maximum temperature of one was less than the minimum
temperature of the other.
(iv) Name the city which has the least difference between its minimum and the
maxirmum temperature.
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3.9 CHANCE AND PROBABILITY

These words often come up in our daily life. We often say, “there is no chance of'it
IN:3'aI N 10508 raining today” and also say things like “it is quite probable that India will win the

Think of
some

situations,

atleast 3

examples of
each, that are
certain to
happen, some

that are

impossible

World Cup.” Letus try and understand these terms a bit more. Consider the statements;
(i) The Sun corming up from the West (i)  Anantgrowing to 3 m height.
(i) Ifyoutake a cube of larger volurne its side will also be larger.
(iv) Ifyoutake acircle with larger area then it’s radius will also be larger.
(v) Indiawinning the next test series.

If welookatthe statements given above youwould say that the Sun coming up from
the Westisimpossible, anant growingto 3 m isalsonotpossible. On the other hand if
thecircleisofalargerareaitiscertainthatit will have alarger radius. Youcansay the same
aboutthe larger volume of the cube and the largerside. On the other hand India can win
thenexttest series or loseit. Both are possible.

and somethat 3-9.1 Chance

may or may
not happen
1.e., situations

that have

some chance
of happening.

If you toss a coin, can you always correctly predict what vou will get? Try tossing
a coin and predicting the outcome each time. Write your observations in the
following table:

Toss number Prediction Outcome

Do this 10 times. Look at the observed cutcomes. Can you see a pattern in
them? What do you get after each head? Is it that you get head all the time? Repeat the
observation for another 10 tosses and write the observations in the table.

You will find that the observations show no clear pattern. In the table below we give
you observations generated in 25 tosses by Sushila and Salma. Here H represents Head

&, and T represents Tail.

No. L1234 |5]6|7 89101112 ]13]14 |15
Outcome H (T|(T|(H|T|T|T|H|T|(T|H|H|H|H |H
No. 16 (17181912021 (2223|2425

Outcome (T | T|H|(T |T|(T|(T|T|T|T

What does this data tell you? Can you find a predictable pattemn for head and tail?

W Clearly there is no fixed pattern of occurrence of head and tail. When you throw the coin

each time the outcome of every throw can be either head or tail. It is a matter of chance
thatin one particular throw you get either of these.

In the above data, count the number of heads and the number of tails. Throw the coin
some more times and keep recording what you obtain. Find out the total number of times
you get a head and the total number of times you get a tail.

You also might have played with a die. The die has six faces. When you throw a die, can
you predict the number that will be obtained? While playing Ludo or Snake and ladders
youmay have often wished that in a throw you get a particular outcome.
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Does the die always fall according to your wishes? Take a die and throw it 150
times and fill the data in the following table:

Number on Die Tally Marks Number of times it occured

1
2

Make a tally mark each time you get the outcome, against the appropriate number.
For example in the first throw you get 5. Put a tally in front of 5. The next throw gives you
1. Make a tally for 1. Keep on putting tally marks for the appropriate number. Repeat
this exercise for 150 throws and find cout the mumber of each outcome for 150 throws.

Make bar graph using the above data showing the number of times 1,2, 3,4, 5, 6
have occured in the data.

Try THESE

(Do in a group)

1. Toss acom 100 times and record the data. Find the mumber of times heads and tails 1
occur mit.

2. Aftaabthrew adie 250 times and got the following table. Draw a bar graph forthis data.

Number on the Die Tally Marks

! LT M
INCHHONONOHOBON
NN OB
N HONONORON U
NN RO
INCHHON N HOBON

3. Throw adie 100 times and record the data. Find the number of times 1, 2, 3, 4, 3,
6 occur.

(o2 IR Y B SN WS | B NS

What is probability?
We know that when a coin is thrown, it has two possible outcomes, Head or Tail and for

a diec we have 6 possible outcomes. We also know from experience that for a coin, Head
or Tail is equally likely to be obtained. We say that the probability of getting Head or Tail

isequal and is 5 for each.

For a die, possibility of getting either of 1,2, 3,4, 5 or 6 is equal. That is for a die

there are 6 equally likely possible outcomes. We say each of 1,2, 3,4, 5, 6 has one-
1

sixth (g ) probability. We will learn about this in the later classes. But from what we have

done, itmay perhaps be obvious that events that have rnany possibilities can have probabihity



MATHEMATICS

between () and 1. Those which have no chance of happening have probability (tand
those that are bound to happen have probability 1.

Construct or Given any situation we need to understand the different possible outcomes

think of five and study the possible chances for each outcome. It may be possible that the

situationswhere  gytcomes may not have equal chance of occuring unlike the cases of the coin and

outcomes donot  je. For example if a container has 5 red balls and 9 white balls and if a ball is

have equal pulled out without seeing, the chances of getting a red ball are much more. Can

chances. you see why? How many times are the chances of getting a red ball than getting
a white ball, probabilities for both being between ( and 1.

ExXERCISE 3.4

1. Tell whether the following is certain to happen, impossible, can happen but not certain.
) (i) Youare oldertoday than yesterday. (i) Atossed coinwill land heads up.
<4 () A die when tossed shall land up with 8 on top.
| 5 (iv) Thenexttraffic light seen willbe green. (v) Tomorrow will be a cloudy day.
There are 6 marbles in a box with numbers from 1 to 6 marked on each of them.
: (i) What is the probability of drawing a marble with number 27
' (i) What is the probability of drawing a marble with number 57
A com is flipped to decide which teamn starts the game. What is the probability that
your tearn will start?
. A’box contains pairs of socks of two colours (black and white).  have picked out a
white sock. I pick out one more with my eyes closed. What is the probability that it
will make a pair?

U

e

W

b

>

Wuar Have WE Discussep?

1. The collection, recording and presentation of data help us organise our experiences
and draw inferences from them.

2. Before collecting data we need to know what we would use it for.

3. Thedatathatis collected needs to be organised in a proper table, so that it becomes
easy to understand and interpret.

4. Average is a number that represents or shows the central tendency of a group of
observations or data.

5. Arithmetic mean is one of the representative values of data.

6. Mode is another form of central tendency or representative vahue. The mode of a set
of observations is the observation that occurs most often.

7. Median s also a form of representative value. It refers to the value which lies in the
middle ofthe data with half of the observations above it and the other half below it.

8. Abar graphis a representation of numbers using bars of uniform widths.

9. Double bar graphs help to compare two collections of data at a glance.

10. There are situations in our life, that are certain to happen, some that are impossible

and sormne that may or may not happen. The situation that may or may not happen has

achance of happening.
EE— o o



Simple
Equations

4.1 A Minp-ReaDING GAME!

The teacher has said that she would be starting a new chapterin /ﬂg//f 7
mathematics and it is going to be simple equations. Appu, Sarita

and Ameena have revised what they learnt in algebra chapter in ////;/

Class VI. Have you? Appu, Sarita and Ameena are excited because '

they have constructed a game which they call mind reader and they
want to present it to the whole class.

The teacher appreciates their enthusiasm and invites them to present their game. Ameena
begins; she asks Sara to think of a number, multiply it by 4 and add 5 to the product. Then,
she asks Sara to tell the result. She says itis 65. Ameena instantly declares that the number
Sara had thought of’is 15. Saranods. The whole class including Sara is surprised.

Itis Appu’s twn now. He asks Balu to think of a rurmber, multiply it by 10 and subtract
20 from the product. He then asks Balu what his result is? Balu says it is 50. Appu
mmmediately tells the number thought by Balu. Itis 7, Balu confirms it.

Everybody wants to know how the ‘mind reader’ presented by Appu, Sarita and
Ameena works. Can you see how it works? After studying this chapter and chapter 12,
you will very well know how the game works.

4.2 SETTING UP OF AN EQUATION

Letustake Ameena’s example. Ameena asks Sara to think of a mumber. Ameena does not
know the number. For her, it could be anything 1,2, 3,...,11,...,100,....Letus
denote this unknown munber by a letter, say x. Youmay use y or ¢ or some other letter in
place of x. It does not matter which letter we use to denote the unknown munber Sara has
thought of. When Sara multiplies the number by 4, she gets 4x. She then adds 5 to the
product, which gives 4x + 5. The value of (4x + 5) depends on the value of x. Thus
ifx=1,4x+5=4 %1 +5=9. This means that if Sara had 1 in her mind, her result would
have been 9. Similarly, if she thought of 5, then forx =5, 4x+5=4 %5+ 5=25; Thus
if' Sara had chosen 3, the result would have been 23.

Chapter 4
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To find the nunber thought by Sara let us work backward from her answer 65. We
have to find x such that

4x + 5 =65 (4.1)
Solution to the equation will give us the munber which Sara held in her mind.

Let us sirmlarly look at Appu’s example. Let us call the number Balu chose as y. Appu
asks Balu to multiply the number by 10 and subtract 20 from the product. That is, from v,
Balu first gets 10y and from there (10y— 20). The result is known to be 50.

Therefore, 10y — 20 =50 (4.2)
The solution of this equation will give us the number Balu had thought of.

4.3 REVIEW OF WHAT WE KNOW

Note, (4.1) and (4.2) are equations. Letus recall what we learnt about equations in Class
V1. 4An equation is a condition on a variable. In equation (4.1), the variable is x; in
equation {(4.2), the variable is y.

The word variable means something that can vary, i.e. change. A variable rafes on
different numerical values; its value is not fixed. Variables are denoted usually by
letters of the alphabet, such as x, v, z, . m, n, p etc. From variables, we form
expressions. The expressions are formed by performing operations like addition, subtraction,
multiplication and division on the variables. From x, we formed the expression (4x + 5).
For this, first we multiplied x by 4 and then added 5 to the product. Similarly, from y, we
formed the expression (10y —20). For this, we multiplied y by 10 and then subtracted 20
from the product. All these are examples of expressions.

The value of an expression thus formed depends upon the chosen value of the vanable.
As we have already seen, when x=1,4x+5=9; whenx =5, 4x + 5 =235, Similarly,

when x=15 4x+5=4%x15+5=065;
when x=0,4x+5=4x0+5=35;and soon.

Equation {4.1)1is a condition on the variable x. It states that the value of the expression
{4x + 5) 18 65. The condition is satisfied when x = 15. Tt is the solution to the equation
dx +5 =65 Whenx=235, 4x + 5 =25 and not 65. Thus x = 5 1s not a solution to the
equation. Similarly, x =(}is not a solution to the equation. No other value of x other than
15 satisfies the condition 4x + 5 = 65.

Try THESE
i

The value of the expression (10y— 2(}) depends on the value of y. Verify this by
giving five different values to y and finding for each y the value of (10 y —20). From
the different values of (10y— 20) you obtain, do you see a solution to 10y —20 = 507
Ifthere is no solution, try giving more values to v and find whether the condition
10y — 20 = 50 1s met.
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4.4 Wuar EQuUATION 1s?

In an equation there is always an equality sign. The equality sign shows that the value of
the expression to the left of the sign (the left hand side or L.H.S.) is equal to
the value of the expression to the right of the sign (the right hand side or R.H.S.). In
Equation (4.1), the L.H.S. is {4x + 5) and the R.H.S. 15 65. In equation (4.2), the L.H.S.
is (10y—20) and the R.H.S. is 50.

Ifthere is some sign other than the equality sign between the L.H.S. and the R.H.S.,
itis not an equation. Thus, 4x + 5> 65 is not an equation.

It says that, the value of (4x + 5) is greater than 65.

Similarly, 4x + 5 <65 isnot an equation. It says that the value of (4x + 5) is smaller
than 65.

In equations, we often find that the R.H.S. 1s just a number. In Equation (4.1), itis 65
and in Equation (4.2), it is 50. But this need not be always so. The R.H.S. of an equation
may be an expression containing the variable. For example, the equation

dr+5=6x-25
has the expression (4x + 5) on the left and (6x — 25) on the right of the equality sign.

In short, an equation is a condition on a variable. The condition is that two
expressions should have equal value. Note that at least one of the two expressions
must contain the variable.

We also note a simple and useful property of equations. The equation 4x +5 =65 is
the same as 65 = 4x + 5. Similarly, the equation 6x — 25 = 4x +5 is the same as
dx + 5 =06x —25. An equation remains the same, when the expression on the lefi
and on the right are interchanged. This property is often useful in solving equations.

ExavprLE 1 Write the following statements in the form of equations:
(1} The sum of three times x and 11 is 32.
(i) Ifyousubtract 5 from 6 times a number, youget 7.
() Omne fowrth of m is 3 more than 7.
(iv) One third of'a number plus 5 is 8.

SoLuTION
(1) Three times x1s 3x.
Sum of 3x and 11 is 3x + 11. The sum is 32.
The equation is 3x + 11 =32.
() Letus say the number is z; z multiplied by 6 is 6z.

Subtracting 5 from 6z, one gets 6z — 5. The resultis 7.
The equation is 6z—5=7
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m
(i) One fourth of m is ik
m
Itis greater than 7 by 3. This means the difference (Z U7)is3.

m
The equation is 1 07 =3, K\
n \?

(iv) Takethe mumber to be #. One third of # is EX

n
The number plus 5 is 3 +5.Ttis 8.

H
The equation is 3 +5=8.

ExampPLE 2 Convert the following equations in statement form:
i x-5=9 (i) S5p=20 (i) 3n+7=1 {iv) — -2=6

SovLutioN (i) Takingaway 5 from x gives 9.
() Fivetimes a number p is 20.
() Add 7 to three times # to get 1.
(iv) You get 6, when you subtract 2 from one fifth of a number .

_ Whatis important to note is that for a given equation, not just one, but many staternents
2 )i M forms can be given. For example, for Equation (i) above, you can say:

Subtract 5 from x, you get 9.
Try THESE or  Thenumberxis 5 more than 9.
Writcatleastoneotherform for  or ~ The number x is greater by 5 than 9.
cach Equation (u1), () and (iv). or  The difference between x and 5 is 9, and so on.

ExampPLE 3 Considerthe following situation:

Raju’s father’s age is 5 yvears more than three times Raju’s age. Raju’s father is 44 years
old. Setup an equation to find Raju’s age.

SoLuTiON  We donot know Raju’s age. Let us take it to be y years. Three times
Raju’s ageis 3y years. Raju’s father’s age is 5 years more than 3y; that
is, Raju’s father is (3y + 5) years old. It is also given that Raju’s father
is 44 years old.

Therefore, 3p+5=44 (4.3)
This is an equation in y. It will give Raju’s age when solved.

ExampPLE 4 A shopkeeper sells mangoes in two types of boxes, one small and one
large. A large box contains as many as 8 small boxes plus 4 loose man-
goes. Setup an equation which gives the number of mangoes in each small
box. The number of mangoes in a large box is given to be 100.

SoLuTioN  Letasmall box contain 72 mangoes. A large box contains 4 more than 8
times m, that is, 8m + 4 mangoes. But this is given to be 100. Thus

&m +4 =100 (4.4)
You can get the number of mangoes in a small box by solving this equation.
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ExErcise 4.1

1. Complete the last column of'the table.

S. Equation Value Say, whether the equation
No. is satisfied. (Yes/ No)
a | x+3=0 x=73

@ | x+3=0 x=0

(i) | x+3=0 x=-3

vy | x-7=1 x=7

v | x-7=1 x=3

() | 5x =125 x=0

(vii) | 5x =25 x=5
(vi) | S5x =25 x=-35

. m

(ix) 3" 2 m=—0

]
(x) 3" 2 m=0
(xi) % ) m=6

2. Check whether the value given in the brackets is a solution to the given equation or
not:

(a) n+5=19(m=1) (b)) 7Ta+5=19m=-2) (c) Tu+5=19(n=2)
(d) 4p-3=13(p=1) (e) 4p-3=13(p=-4) O 4p-3=13p=0
3. Solvethe following equations by trial and error method:
i) 5p+2=17 () 3m—14=4
4. Write equations for the following statements:
(1) Thesum ofnumbersxand4is9.  (n) Thedifferencebetween yand2is 8.
(i) Tentimes ais 70. (iv) Thenumber A divided by 5 gives 6.
(v) Three fowthofsis 15. (vi) Seventimes m plus 7 gets you 77.
(vii) One fourth of a number minus 4 gives 4.
(vii) Ifyoutake away 6 from 6 times y, you get 60.
(ix) Ifyouadd 3 to one third ofz, you get 30.
5. Write the following equations in statement forms:

G pra=15 (@ m 7=3 i) 2m="7 (i)

N3

3m
v) ?=6 (vi) 3p+4=25 (vii) 4p—-2=18 (viii)
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6. Setupanequation in the following cases:
(i) Irfansays that he has 7 marbles more than five times the marbles Parmit has.
Irfan has 37 marbles. { Take m to be the number of Parmit’s marbles.)

(i) Laxmi’s fatheris 49 years old. He is 4 years older than three times Laxmi’s age.
(Take Laxmi’s age to be y years.)

() The teacher tells the class that the highest marks obtained by a student in her
class is twice the lowest marks plus 7. The highest score is 87. (Take the lowest
score tobe 1)

(iv) Inanisosceles trangle, the vertex angle is twice either base angle. (Let the base
angle be » in degrees. Remember that the sum of angles of a triangle is 180
degrees).

4.4.1 Solving an Equation
Consider 8-3=4+1 {(4.5)

Since there 1s an equality sign between the two sides, so, at present we call it a numerical
equation. You will study about its formal terminology in the later classes.

The equation (4.5) is true. Letus call it balanced, since both sides of the equation are
equal. (Eachisequal to 5).

® Lctusnow add 2 to both sides; as aresult

LHS. =8-3+2=5+2=17, RHS.=4+1+2=5+2=7.
Again we have an equation that is balanced. We say that the balance 1s retained or
undisturbed.

Thus if we add the same number to both sides of a balance equation, the balance
is undisturbed.

Letus now subtract 2 from both the sides; as a result,
LHS. =8 -3-2=5-2=3, RHS.=4+1-2=5-2=3.
Again, we geta balanced equation.

Thus if we subtract the same number from both sides of a balance equation, the
balance is undisturbed.

Similarly, if we multiply or divide both sides of the equation by the same number,
the balance is undisturbed.

Forexample let us multiply both the sides ofthe equation by 3, we get
LHS. =3x(8-3)=3x5=15, RHS.=3x{@+1)=3x5=15.
The balance isundisturbed.

Let us now divide both sides of the equation by 2.

5
LHS.=(8-3):2=5+2="

5
RHS. =@@+1)=2=5=+2= 3= L.H.S.
Again, the balance is undisturbed.
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If'we take any other munerical equation, we shall find the same conclusions.

Suppose, we do not observe these rules. Specificially, suppose we add different
numbers, to the two sides of a balanced equation. We shall find in this case that the balance
1s disturbed. For example, let us take again Equation (4.5),

8-3=4+1
add 2 to the L.H.S. and 3 to the R.H.S. The new L.H.S.is § =3+ 2 =5+ 2 =7 and the
new RH.S.1s4+ 1+ 3 =5+ 3 =8. The balance is disturbed, because the new L.H.S.
and R.H.S. are not equal.

Thus if we fail to do the same mathematical operation on both sides of a balanced
equation, the balance is disturbed.

These conclusions are also valid for equations with variables as, in each
equation variable represents a number only.

Often an equation is said to be like a weighing balance. Doing a mathematical operation
on an equation is like adding weights to or removing weights firom the pans of a weighing

balance.

7'y
A balanced equation is like a weighing balance with equal

weights on both its pans, in which case the arm of'the balance is
exactly horizontal. If we add the same weights to both the pans,
the arm remains horizontal. Similarly, ifweremove the same weights
from both the pans, the arm remains horizontal. On the other hand
ifwe add different weights to the pans or rernove different weights | TLH.S.

R.H.S.

from them, the balance is tilted; that is, the arm of the balance | 4 patanced equation is like a
does not remain horizontal. weighing balance with equal weights

in the two pans.

We use this principle for solving an equation. Here, ofcourse,

the balance is imaginary and numbers can be used as weights that can be physically
balanced against each other. This is the real purpose in presenting the principle. Let us
take some examples.
® C(Consider the equation: x+3=8§ (4.6)
We shall subtract 3 from both sides of this equation.
Thenew LH.S.is x+3-3=x and thenewR.H.S.is 8 -3=35

Why should we subtract
2 3, and not some other
number? Try adding 3.
Will it help? Why not?

It is because subtract-

n ing 3 reduces the LH.S.

to x.

Since this does not disturb the balance, we have
New L.H.S. = New R.H.S. or x=35
which is exactly what we want, the solution of the equation (4.6).
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To confirm whether we are right, we shall putx =5 in the original equation. We get
L.H.S.=x+3=5+3=8, which is equal to the R.H.S. as required.

By doing the right mathematical operation (i.e., subtracting 3) on both the sides of the
equation, we arrived at the solution of the equation.

® I .ctuslook at another equation x—=3=10 4.7)
What should we do here? We should add 3 to both the sides, By doing so, we shall
retain the balance and also the 1..H.S. will reduce to just x.

New LHS. =x-3+3=x, NewRHS.=10+3=13

A
Therefore, x= 13, which is the required solution.
By putting x = 13 in the original equation (4.7) we confirm that
the solution is correct:
L.H.S. of original equation=x-3=13-3=10

This is equal to the R.H.S. as required.

@ Similarly, letus look at the equations

5y =735 (4.8)
7,
Zos 4.9)
{ ¥ '
In the first case, we shall divide both the sides by 5. This will give us just y on L.H.S.
S5y Sxy 35 5x7
= — = = = — = = 7
New L.H.S. 5 5 ¥y ) New R.H.S. 5 5
Therefore, y=7

This is the required solution. We can substitute y="7 in Eq. (4.8) and check that it is
satisfied.
In the second case, we shall multiply both sides by 2. This will give us just # on the
L.H.S.

m
The new L.H.S. = EXZ =m. Thenew R.H.S. =5 x2=10.

Hence, m=10(Ttistherequired solution. You can check whether the solution is correct).

One can see that in the above examples, the operation we need to perform depends
on the equation. Our attempt should be to get the variable in the equation separated.
Sometimes, for doing so we may have to carry out more than one mathematical operation.
Letus solve some more equations with this in mind.

ExampLE D Solve: (a) 3n+7=25 (4.10)
(b) 2p-1=23 (4.11)
SoLutioN

(a) We go stepwise to separate the vanable # on the L.H.S. of the equation. The L.H.S.
18 3n + 7. We shall first subtract 7 from it so that we get 3s. From this, in the next
step we shall divide by 3 to get #. Remember we must do the same operation on
both sides of the equation. Therefore, subtracting 7 from both sides,

3n+7-7=25-7 (Step 1)
or 3n=18
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Now divide both sides by 3,

o _18 Step 2
3 T3 (Step 2)
or i1 = 6, which is the solution.
(b) What should we do here? First we shall add 1 to both the sides:
Zp—1+1=23+1 {Step 1)
or 2p=124
- . 2p 24
Now divide both sides by 2, we get 5 5 (Step 2)
or p =12, which is the solution.

One good practice you should develop is to check the solution you have obtained.
Although we have not done this for (a) above, let us do it for this example.

Let us put the solution p = 12 back into the equation.
LHS.=2p-1=2x12-1=24-1
=23=R.H.S.

The solution 1s thus checked for its correciness.

Why do younot check the solution of (a) also?

We are now in a position to go back to the mind-reading game presented by Appu,
Sarita, and Ameena and understand how they got their answers. For this purpose, let us
look at the equations (4.1) and (4.2) which correspond respectively to Ameena’s and

Appu’s examples.
@ First consider the equation 4x + 5=65. 4.1
Subtract 5 from both sides, 4x+5-5=65-35.
Le. 4x =60
Divide both sides by 4; this will separate x. We get 473 = %
or x = 15, which is the solution. (Check, if it is correct.)
® Nowconsider,10y —20= 50 (4.2)
Adding 20 to both sides, we get 10y —20+20=50+20 or 10y =70
Divide both sides by 10, we get 10y = 70
10 10
or v="T7,which is the solution. {Check ifit is correct.)

Youwill realise that exactly these were the answers given by Appu, Sarita and Ameena.
They had learnt to set-up equations and solve them. That is why they could construct their
mind reader game and impress the whole class. We shall come back to this in Section 4.7.
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EXERcCISE 4.2

1. Give first the step you will use to separate the variable and then solve the equation:

(a)x—1=0 by x+1=0 (c) x—1=35 (dy x+6=2
(e)y—4=-7 Hy-4=4 (@) yt4=4 ) y+4=-4
2. Give firstthe step you will use to separate the variable and then solve the equation:
(a) 31 =42 (b) 5=6 ©) §=4 (d) 4x =25
z 5 a 7
(e) 8y =36 ® 374 ® 3775 (h) 20:=-10

3. Givethe steps you will use to separate the variable and then solve the equation:

20 3
(@)3n-2=46 (b) Sm+7=17 (o) Tp:40 () %;6

4. Solvethe following equations:

@) 10p=100  (b) 10p+ 10 =100 (c) 5:5 ) %5
3p

(6)726 ® 3s=-9 (g) 3s+12=0  (h) 3s=0

()29 =6 () 2g-6=0 (0 216=0 () 2g+6=12

4.5 More EgQUATIONS

Let us practise solving some more equations. While solving these equations, we shall learn
about transposing a nurmber, 1.€., moving it from one side to the other. We can transpose a
number instead of adding or subtracting it from both sides of the equation.

ExampPLE 6 Solve: 12p—5 =25 (4.12)
SOLUTION Note adding 5 to bo{h Sic-z’es
is the same as changing side
@ Adding 5 on both sides ofthe equation, of (5.
12p—5+5=25+35 or 12p=30 12p—-5=25
12p=25+35
® Dividing both sidesby 12, Changing side is called
12p 30 5 transposing. While trans-
1 1 ¢ 9 posing a number, we change
its sigm.

5
Check Puttingp = 5 inthe L.H.S. of equation 4.12,

L.H.S.=12><§DS=6><55
=30-5=25=R.H.S.
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As we have seen, while solving equations one commonly used operation is adding or
subtracting the same number on both sides of the equation. Transposing a number (i.e.
changing the side of the number) is the same as adding or subtracting the number

from both sides. In doing so, the sign of the number has to be changed. What applies to
numbers also applies to expressions. Let us take two more examples of transposing.

Adding or Subtracting Transposing
on both sides
i 3p-10=5 (i 3p-10=5
Add 10 to both sides Transpose (—10) from L..H.S. to R.H.S.
3p—-10+10=5+ 10 {On transposing — 10 becomes + 10).
or 3p=15 3p=5+10 or 3p=15
(i) 5x+12=27 i) Sx+12=27
Subtract 12 from both sides Transposing + 12
{On transposing + 12 becomes — 12)
5x+12-12=27-12 5x=27-12
or 5x=15 or S5x=15

We shall now solve two more equations. As you can see they involve brackets, which
have to be solved before proceeding.
ExampPLE 7 Solve
(a) 4(m—+3) =18 b) —2x+3)=35
SoLuTION
(a) 4(m+3) =18
Letus divide both the sides by 4. This will remove the brackets in the L..H.S. We get,

m+3§ or m+3:2

9 .
or M= L3 (transposing 3 to R.H.S.)

3 9 9 6 3
Bl =— 1 d l t' as — — 3 —_ —
or 3 (ICC]_UJIC SOIU 1011) ( ) 7 9 2J

3 3 3
Check LILS.= 4{5+3}4x§+4x3 ~2x3+4x3 [putm=75]

=6+12=18=R.H.S.

(b) 2(x+3)=35
We divide both sides by (- 2), so as to remove the brackets in the L.H.S. We get,
5 5 .
x+3= DE or x= DE 03 {(transposing 3 to R.H.S.)
05 06 -
e x= or x= -n (required sohution)

2 2
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Check

Equation

Sohution

Start with the same step
x=15 and make two different
equations. Ask two of your
classmates to solve the
equations. Check whether
they get the solution x = 5.

11 11 6 —-11+6
HS. = O0—+3(=| 0—+—|=P
LHS ( 2 J ( 2 2J ( 2 J

57 2%5
=-2 ( DEJ = 5 =5 =R.H.S. asrequired.

4.6 From SoLutioN To EgQUATION

Atul always thinks differently. He looks at successive steps that one takes to solve an
equation. He wonders why not follow the reverse path:

———> Solution  (normal path)

——> Fquation (reverse path)

He follows the path given below:

Start with l x=5

Multiply both sides by 4, 4x =20 Divide both sides by 4.
Subtract 3 from both sides, 4y -3=17 T Add 3 to both sides.

This has resulted in an equation. If we follow the reverse path with each
step, as shown on the right, we get the solution of the equation.
Hetal feels interested. She starts with the same first step and builds up another
equation.

x=5
Multiply both sides by 3 3x=15
Add 4 to both sides Ix+4=19

Start with =4 and make two different equations. Ask three of your friends to do the
same. Are their equations different from yours?

Is it not nice that not only can you solve an equation, but you can make
equations? Further, did you notice that given an equation, vou get one solution;
but given a solution, you can make many equations?

Now, Sara wants the class to know what she is thinking. She says, *“I shall take Hetal’s
equation and put it into a statement form and that makes a puzzle. For example,

Think of a number; multiply it by 3 and add 4 to the product. Tell me the sum you get.

Ifthe surnis 19, the equation Hetal got will give us the solution to the puzzle. In fact, we

know itis 3, because Hetal started with it.”

Try THESE She turns to Appu, Ameena and Sarita to check whether they made

Try to make two number
puzzles, one with the solution

11 and another with 100

their puzzle this way. All three say, “Yes!”

We now know how to create number puzzles and many other similar
problerns.
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EXERCISE 4.3

1. Solve the following equations.

@ 2y+%=% b) 5+28=10 (@ $13=2 (@ F47=5
5 525 19 _

(e EfoIO 0 Exf 1 (g) Tm+ 5 13 (h) 6z+10=-2
L2 o 2b s

M5 =3 G 5 =3

2. Solvethe following equations.
(a) 2(x +4)=12 (b) 3(n-5)=21 (c) 3(n-5)=-21
(d) 3-22-y)=7 (e) -42-x)=9 H 42-x)=9

(@ 4+5(p-1)=34 (hy 34 —-5(p—-1)=4
3. Solvethe following equations.
(a) 4=5(p-2) (b) —4=5(p-2) € -16=-5(2-p)
(d) 10=4+3(t+2) (€) 26=4+3(t+35) 6 0=16+4(m—6)
4. {a) Construct 3 equations starting with x =2
{b) Construct 3 equations starting withx =2

4.7 AppLICATIONS OF SIMPLE EguaTioNs TO PrAcTICAL
SITUATIONS

We have already seen examples in which we have taken statements in everyday language
and converted thern mto simple equations. We also have learmt how to solve simple equations.
Thus we are ready to solve puzzles/problems from practical situations. The method is first
to form equations corresponding to such situations and then to solve those equations to
give the solution to the puzzles/problems. We begin with what we have already seen
(Example 1 (i) and (iii), Section 4.2)

ExampLE 8 The sum ofthree times a number and 11 is 32. Find the number.

SoLuTION

® [fthe unknown number is taken to be x, then three times the mumber 1s 3x and the sum
of3xand 111s 32. Thatis, 3x+11 =32

This equation was cobtained

® To solvethis equation, we transpose 11 to R.H.S., so that carlierin Section 42, Fxample 1.

3x=32-11 or 3x=21

Now, divide both sides by 3

S0 x=—=17
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The required number is 7. (We may check it by taking 3 times 7 and adding 11 toiit. It
gives 32 asrequired.)

ExampPLE 9 Findanumber, such that one fourth of the number is 3 more than 7.
SoLuTiOoN

@ ] .etus take the unknown number to be v; one fourth of v is % .
. Y.
This number ( 4J 1s more than 7 by 3.

Hence we get the equation for y as % -7=3

Try THESE ® To solve this equation, first transpose 7 to R.H.S. We get,

(i) When you multiply a Y _ 347=10

number by 6 and subtract 4 ’

5 from the product, you We then multiply both sides of the equation by 4, to get

get 7. Can you tell what ¥y

SR T i 4=10x4 or y=40 (the required number)
(i) What is that number one Let us check the equation formed. Putting the value of  in the equation,

third of which added to 5 40

gives 87 LHS. =~ -7=10-7=3=RHS, asrequircd.

ExampLE 10 Raju’s father’s age is 5 years more than three times Raju’s age. Find
Raju’s age, if his fatheris 44 years old.

SoLuTIiON

@ [fRaju'sage is taken to be y years, his father's age is 3y + 5 and this is given to be 44.
Hence, the equation that gives Raju's age is 3v+5=44

@ Tosolve it, we first transpose 5, to get 3y=44-5=39
Dividing both sides by 3, we get y=13
Thatis, Raju's age is 13 years. (Youmay check the answer.)

TrY THESE

There are two types of boxes containing mangoes. Each box of the larger type contains
4 more mangoes than the number of mangoes contained in 8 boxes of the smaller type.
Each larger box contains 100 mangoes. Find the number of mangoes contained in the
smaller box?
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ExErcISsE 4.4

1. Setupequations and solve them to find the unknown numbers in the following cases:

(a)
(b)
(©
(d)
©

0

®

Add 4 to eight times a number; you get 60.

One fifth of a number minus 4 gives 3.

If Ttake three fourths of a number and count up 3 more, I get 21.
When I subtracted 11 from twice a number, the result was 15.

Munna subtracts thrice the number of notebooks he has from 50, he finds the
resultto be 8.

Ibenhal thinks of'a rumber. If she adds 19 to it and divides the sum by 35, she
will get 8.

5
Anwar thinks of a number. If he takes away 7 from 5 of the number, the

s
result 1s 7

2. Solvethe following:

(a)

(b)

(©

()

The teacher tells the class that the highest marks obtained by a student in her
class is twice the lowest marks plus 7. The highest score is 87. What is the

lowest score?

In an isosceles triangle, the base angles are equal. The vertex angle 1s 40°.
What are the base angles of the tnangle? (Rernember, the sum of three angles of
atriangle is 180°).

Smita’s mother is 34 years old. Two years from now mother’s age will be 4
times Smmita’s present age. What is Smita’s present age?

Sachin scored twice as many runs as Rahul. Together, their runs fell two short
of a double century. How many runs did each one score?

3. Solvethe following:

(1) Irfan saysthat he has 7 marbles more than five times the marbles Parmit has.

(ii)
(iif)

()

Irfan has 37 marbles. How many marbles does Parmit have?

Laxmi's father is 49 years old. He is 4 years older than three times Laxmi's age.
Whatis Laxmi's age?

Maya, Madhura and Mohsina are friends studying in the same class. In a class
testin geography, Maya got 16 out of 25. Madhura got 20. Their average score
was 19. How much did Mohsina score?

People of Sundargram planted a total of 102 trees in the village garden. Some of
the trees were fruit trees. The number of non-fruit trees were two more than
three times the munber of fruit trees. What was the number of fiuit trees planted?
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4. Solve the following riddle:
Tam a number,
Tell my identity!
Take me seven times over
And add a fifty!
To reach a triple century
Youstill need forty!

WuAT Have WE Discussep?

1. Anequationisa condition on a variable such that two expressions in the variable
should have equal value.

2. Thevalue ofthe variable for which the equation is satisfied is called the solution of the
equation.

3. Anequation remains the same if'the L.H.S. and the R.H.S. are interchanged.
In case of the balanced equation, if we

(i) add the same number to both the sides, or (ii) subtract the same number from
both the sides, or (i1} multiply both sides by the samme mumnber, or (iv) divide both
sides by the same number, the balance remains undisturbed, i.e., the value of the
L.H.S. remains equal to the value of the R.H.S.

5. The above property gives a systematic method of solving an equation. We carry out
aseries of identical mathematical operations on the two sides of the equation in such
away that on one of the sides we get just the variable. The last step is the solution of
the equation.

6. Transposing means moving to the other side. Transposition of a mumber has the same
effect as adding same number to (or subtracting the same number from) both sides of
the equation. When you transpose a number from one side of the equation to the
other side, you change its sign. For example, transposing +3 from the L.H.S. to the
R.H.S. inequation x + 3 =8 gives x =8 — 3 (= 5). We can carry out the transposition
of an expression in the same way as the transposition of a number.

7. We have learnt how to construct simple algebraic expressions corresponding to
practical situations.

8. We also learnt how, using the technique of doing the same mathematical operation
(for example adding the samme number) on both sides, we could build an equation
starting from its solution. Further, we also learnt that we could relate a given equation
to some appropriate practical situation and build a practical word problem/puzzle
from the equation.



Lines and

Chapter 5

5.1 INTRODUCTION

You already know how to identify different lines, line segments and angles in a given
shape. Can you identify the different line segments and angles formed in the following

figures? (Fig 5.1)

Y
G G

0

(i)
Fig 5.1
Canyou also identify whether the angles made are acute or obtuse or right?

Recall that a line segment has two end points. If we extend the two end points in either
direction endlessly, we get aline. Thus, we can say that a line hasno end points. On the other
hand, recall that a ray has one end point (namely its starting point). For example, look at the
figures given below: Q

Fig 5.2
Here, Fig 5.2 (i) shows a line segment, Fig 5.2 (ii) shows a line and Fig 5.2 (iii) is that
of aray. Aline segment PQ is generally denoted by the symbol PQ, a line AB is denoted by

the symbol AB and the ray OP is denoted by OP . Give some examples of line segments and
rays from your daily life and discuss them with your friends.
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Againrecall that an angle is formed when lines or line segments meet. In Fig 5.1,
observe the corners. These comers are formed when two lines or line segiments intersect
at apoint. For example, look at the figures given below:

A
.P L J
0 S
B C R Q
3 @ (i)
TN Fig 5.3
ﬁ 1 In Fig 5.3 (1) line segments AB and BC intersect at B to form angle ABC, and again
: line segments BC and AC intersect at C to form angle ACB and so on. Whereas, in
A L}

Fig 5.3 (ii) lines PQ and RS intersect at O to form four angles POS,
SOQ, QOR and ROP. An angle ABC is represented by the symbol
ZABC. Thus, in Fig 5.3 (1), the three angles formed are ZABC, ZBCA
and ZBAC, and in Fig 5.3 (ii), the four angles formed are ZPOS, £50Q,
ZQOR and ZPOR. You have already studied how to classify the angles
as acute, obtuse or right angle.

List ten figures around you
and identify the acute, obtuse
andright angles found in them.

Note: While referring to the measure of an angle ABC, we shall write mZABC as simply
ZABC. The contextwill make it clear, whether we are referming to the angle or its measure.

5.2 RELATED ANGLES
5.2.1 Complementary Angles

When the sum of the measures of two angles is 90°, the angles are called complementary

angles.
60°
30° 35°
65°
@ (1) (1) ()
Are these two angles complementary? Are these two angles complementary?
Yes No

Fig 5.4

Whenever two angles are complementary, each angle is said to be the complement
of the other angle. In the above diagram (Fig 5.4), the *30° angle” is the complement of the
‘6(}° angle’ and vice versa.
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THINK, Discuss AND WRITE MW
1. Cantwo acute angles be complement to each other? l §J(
2. Cantwo obtuse angles be complement to each other? ~d D
3. Cantworight angles be complement to each other? ya N

TrY THESE

1. Which pairs of following angles are complementary? (Fig 5.5)

252
75° X
(1)

(i) Fig 5.5 @)

70°

48°

N

v

2. What is the measure of the complement of each of the following angles?
1 45° () 65° () 41° (tv) 54°

3. Thedifference in the measures of two complementary angles is 12°. Find the measures of the angles.

5.2.2 Supplementary Angles
Let us now look at the following pairs of angles (Fig 5.6):

“0° 120 65° 112
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100°

135°

80°

(1) Fig 5.6 @)

Do you notice that the sum of the measures of the angles in each of the above pairs
(Fig 5.6) comes out to be 180°7 Such pairs of angles are called supplementary angles.
When two angles are supplementary, each angle is said to be the supplement of'the other.

THINK, Discuss AND WRITE

1. Cantwo obtuse angles be supplementary?
2. Cantwo acute angles be supplementary?

3. Cantwornghtangles be supplementary?

TrYy THESE

1. Find the pairs of supplementary angles in Fig 5.7:
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2. Whatwill be the measure of the supplement of each one of the following angles?
(i 100° (i) 90° (i) 55° (iv) 125°

3. Among two supplementary angles the measure of the larger angle 1s 44° more than
the measure of the smaller. Find their measures.

5.2.3. Adjacent Angles
Look at the following figures:

When vou open a book it looks like the above Look at this steering wheel of a car. At the

figure. In A and B, we find a pair of angles, centre of the wheel you find three angles

placed next to each other. being formed, lying next to one another.
Fig 5.8

Atboth the vertices A and B, we find, a pair of angles are placed next to each other.
These angles are such that:
(i) theyhave acommon vertex;
() they have a commmon arm; and
(i) the non-commmon arms are on either side of the common arm.

Such pairs of angles are called adjacent angles. Adjacent angles have a common
vertex and a common arm but no common interior points.

TRrY THESE

1. Are the angles marked 1 and 2 adjacent? (Fig 5.9). If they are not adjacent,
say, ‘why’.

N
y

@ (W (1i1)
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v

®) Fig 5.9 )

2. Inthe givenFig 5.10, are the following adjacent angles?
{a) ZAOB and ZBOC
{b) £BOD and ZBOC

Justify your answer.

THINK, Discuss AND WRITE

Cantwo adjacent angles be supplementary?
Cantwo adjacent angles be complementary?
Can two obtuse angles be adjacent angles?

BN

Can an acute angle be adjacent to an obtuse angle?

' > 5.2.4 Linear Pair
A linear pair is a pair of adjacent angles whose non-common sides are opposite rays.

2 1
Are Z1, /2 a linear pair? Yes Are Z1, /2 alinear pair? No! (Why?)
) Fig 5.11 (1)

In Fig 5.11 (i) above, observe that the opposite rays (which are the non-common
sides of Z1 and £2) form a line. Thus, Z1 + £2 amounts to 180°.

The angles in a linear pair are supplementary.
Have younoticed models of a linear pair in your envirormment?

Note carefully that a pair of supplementary angles form a linear pair when
placed adjacent to each other. Do you find examples of linear pair in your daily life?
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Observe a vegetable chopping board (Fig 5.12).

A vegetable chopping board A pen stand
The chopping blade makes a The pen makes a linear
linear pair of angles with the board. pair of angles with the stand.
Fig 5.12

Can you say that the chopping blade 1s making a linear pair of angles with the board?
Again, look at a pen stand (Fig 5.12). What do vou observe?

THINK, DISCUSS AND WRITE

1. Cantwo acute angles form a linear pair?

2. Cantwo obtuse angles form a linear pair?

3. Cantwo rightangles form a linear pair?

TrY THESE

Check which of the following pairs of angles form a linear pair (Fig 5.13):

60°

140°

90°

80°

115°

(i) Fig 5.13 (iv)
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5.2.5 Vertically Opposite Angles
Next take two pencils and tie them with the help of a rubber band at the middle as shown
(Fig 5.14).

Look at the four angles formed £1, £2, Z3 and Z4.
Z1isvertically opposite to £3.

and Z2 is vertically opposite to £4.

We call £1 and £3, a pair of vertically opposite angles. Fig 5.14
Can youname the other pair of vertically opposite angles?
Does £1 appear to be equal to £37  Does £2 appear to be equal to £47

Before checking this, let us see some real life examples for vertically opposite angles
(Fig 5.15).

Draw two lines / and 2, intersecting at a point. You cannow mark 21, 22, Z3 and
Z4 as inthe Fig (5.16).

Take a tracecopy of the figure on a transparent sheet.

Place the copy on the original such that 21 matches with its copy, £2 matches with
its copy, ... elc.

Fix a pin at the point of intersection. Rotate the copy by 18(F. Do the lines coincide
again?

[

can be rotated to get

Fig 5.16

You find that £1 and £3 have interchanged their positions and so have £2 and Z4.
This has been done without disturbing the position of the lines.

Thus, Z1 =23 and 22 = /4.
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We conclude that when two lines intersect, the vertically opposite angles so
formed are equal.

Letus try to prove this using Geometrical Idea. !
Let us consider two lines /and m. (Fig 5.17)
We can arrive at this result through logical reasomung as follows: o
Let / and m be two lines, which intersect at O, <« 6 \ —>m
making angles /1, £2, 23 and Z4.
Fig 5.17

We want to prove that £1 =23 and £2 =24
Now, £1 =18(0° — £2 (Because £1, £2 form a linear pair, so, Z1 + £Z2=180°) (i)
Similarly, 23 =180° - £2 (Since £2, Z3 form a linear pair, so, £2 + Z3=180°) (ii)
Therfore, £1 =23  |By{(i)and(ii)]

Similarly, we can prove that 22 = 24, (Try it!)

1. Inthe given figure, if P
Z1=30°, find £2 and /3. < 3 1 >
2. Give an example for vertically opposite angles in /
your surroundings.
ExavrLe 1 InFig(5.18)identify: .E /e
(i) Five pairs of adjacent angles. (i) Three linear pairs.
(i) Two pairs of vertically opposite angles.
SoLuTioN . 5 S
(1) Fivepairs of adjacent angles are (ZAOE, ZEOC), (LEOC, ZCOB), A
(£ZAOC, ZCOB), (£COB, £BOD), {£EOB, ZBOD)
(i) Linear pairs are (ZAOE, ZEOB), (ZAOC, ZCOB), #D ]
(£COB, ZBOD) Fig 5.18
(i) Vertically opposite angles are: (ZCOB, ZAOD), and (ZAOC, ZBOD)
Exercist 5.1
1. Findthe complement of each of the following angles:
63° 570

20°

@ (1w (1)
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2.

e

10.

Find the supplement of each ofthe following angles:

154°

105° 87°

() (1) (1)

Identify which of the following pairs of angles are complementary and which are
supplementary.

i) 65° 115° @ 63° 27° (m) 112° 68°
{iv) 130°, 50° (v) 45° 45° (viy 80° 10°
Find the angle which is equal to its complerment.

Find the angle which is equal to its supplement.

Inthe given figure, Z1 and £2 are supplementary 1
angles.

If Z1 is decreased, what changes should take place

in £2 so that both the angles still remain

supplementary.
Can two angles be supplementary if both of them are:
(i) acute? (i) obtuse? (i) right?

Anangle is greater than 45°. Is its complementary angle greater than 45° or equal to
45° or less than 45°7
Inthe adjoining figure: A" e
(i) Is Z1 adjacentto £27 1
(i) Is ZAOC adjacent to ZAOE? 2
(i) Do ZCOE and ZEOD form alinear pair? 3
(iv) Are ZBOD and ZDOA supplementary? 4
(v) Is Z1 vertically opposite to £47
(vi) Whatisthe vertically opposite angle of £57
Indicate which pairs of angles are:
(i) Vertically opposite angles. (i) Linear pairs.

e

«B



11.

12.

13.

14.
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In the following figure, is Z1 adjacent to £27 Give reasons.

1

2

Find the values of the angles x, v, and z in each of the following:

y
55° X 40° . X 25°
z Yz
) ()
Fill in the blanks:

(i) Iftwo angles are complementary, then the sum of their measures is

(i) Iftwoangles are supplementary, then the sum of their measures is
() Two angles forming a linear pair are

(v) Iftwo adjacent angles are supplementary, they form a
(v) Iftwo lines intersect at a point, then the vertically opposite angles are always

(vi) Iftwo lines intersect at a point, and if one pair of vertically opposite angles are
acute angles, then the other pair of vertically opposite angles are

In the adjoimng figure, name the following pairs of angles.
(i} Obtuse vertically opposite angles

(i) Adjacent complementary angles A 1E

(i) Equal supplementary angles D
(v) Un;qual supplernentary angles _ _ ]§ 6 . °
{(v) Adjacent angles that do not form a linear pair C

5.3 Pairs or LINES

5.3.1 Intersecting Lines

Fig 5.19
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The blackboard on its stand, the letter Y made up of line segments and the grill-door of
awindow (Fig 5.19), what do all these have m cormmon? They are examples of intersecting
lines.

Two lines / and m intersect if they have a point in common. This common point O is
their point of intersection.

THINK, DISCUSS AND WRITE

In Fig 5.20, AC and BE intersect at P, C
AC and BC intersect at C, AC and EC intersect at C.
Try to find another ten pairs of ntersecting line segments. g

Should any two lines or line segiments necessarily P E
imtersect? Can you find two pairs of non-intersecting line A
segments in the figure? ] 1
Cantwo lines intersect in more than one point? Think about it. Fig 5.20
TrY THESE
1. Find examples from your surroundings where lines intersect at right angles.
@l‘m o ! 2. Find the measures of the angles made by the intersecting lines at the vertices of an
=z equilateral triangle.
Y 3. Draw any rectangle and find the measures of angles at the four vertices made by the
/3 intersecting lines.
4. Iftwo hnes intersect, do they always intersect at right angles?

5.3.2 Transversal

Youmight have seen a road crossing two or more roads or arailway line crossing several
other lines (Fig 5.21). These give an idea of a transversal.

) Fig 5.21 (ii)

A line thatintersects two or more lines at distinet points is called a transversal.



unes AND aNGLES IERTTI

Inthe Fig 5.22, pis a transversal to the lines / and .

p

Fig 5.22 Fig 5.23

InFig 5.23 the line p is not a transversal, although it cuts two TrYy THESE

lines / and /n. Can you say, “why’? . .
1. Suppose two lines are givern.

5.3.3. Angles made by a Transversal How many transversals can you

In Fig 5.24, you see lines / and m cut by transversal p. The eight draw for these lines?

angles marked | to 8 have their special names: 2. Ifalineis atransversal to three
p lines, how many points of
1 / mtersections are there?
(A 2 3. Trytoidentify a few ransversals
3 \“-{ in your surroundings.
A6
™ m
8
Fig 5.24
Interior angles £3, /24, 5, Z£6
Exterior angles L1, 22, 27, Z8
Pairs of Corresponding angles Zland £5, £2 and Z£6,
Z3and £7, Z4 and £8
Pairs of Altemate interior angles Z3and £6, Z4 and £5
Pairs of Alternate exterior angles Z1 and £8, £2 and £7
Pairs of interior angles on the Z3 and £5, Z4 and £6
same side of the transversal

Note: Corresponding angles (like £1 and £5 in Fig 5.25) include

(i) different vertices (i) are onthe same side of the transversal and
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(i) are in ‘corresponding’ positions (above or below, left or right) relative to the

two lines.
1
3 2 4
5 6 .
7
Fig 5.25
Alternate interior angles (like £3 and £6 in Fig 5.26) 3

(1) have different vertices 4
(i) are on opposite sides of the transversal and 6 5

(i) lie ‘between’ the two lines. .
Fig 5.26

TrY THESE

Name the pairs of angles in each figure:

4/
v

A

A
o] —
v
/N
/—
N\

% /48/ m
5.3.4 Transversal of Parallel Lines

Do you remember what parallel lines are? They are lines on a plane that do not meet
anywhere. Can you identify parallel lines in the following figures? (Fig 5.27)

V7N,

Transversals of parallel lines give rise to quite mteresting results.
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Do THis

Take aruled sheet of paper. Draw (in thick colour) two parallel lines / and .
Draw a transversal 7 to the lines /and m. Label £1 and £2 as shown |Fig 5.28(1)]. §

Place a tracing paper over the figure drawn. Trace the lines /, m and «.
Slide the tracing paper along ¢, until / coincides with 7.
You find that £1 on the traced figure coincides with £2 of the oniginal figure.
In fact, you can see all the following results by similartracing and sliding activity. /-~
(iy L1= 22 (i) £3= 24 (ili) £5= £6 (iv) £7= 48 <~
2! P

/ !

QI 7

/
/ /
- v

y
|~
N

N
IS
\

N
N\
y
3

N

~

v (1) (i)
f i
< [ > < / 5!
; —
< g > < / L
I Y
/ /
v
v
(iii) Fig 5.28 (iv)

This activity illustrates the following fact:

Iftwo parallel lines are cut by a transversal, each pair of corresponding angles are
equal in measure.

We use this result to get another interesting result. Look at Fig 5.29.
When ¢ cuts the parallel lines, /, m, we get, £3 = £7 (vertically opposite angles).
But £7 = £8 (corresponding angles). Therefore, £3 = £8
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You can similarly show that £1 = £6. Thus, we have t
the following result :

Iftwo parallel lines are cut by a transversal, each 5
pair of alternate interior angles are equal. 31

This second result leads to another interesting
property. Again, from Fig 5.29. 6 8 m

Z3+ 21 =180 (L3 and £1 form a linear pair) 4/2
But £1 = £6 (A pair of altemate interior angles)
+ £6=180°
Therefore, we can say that £3 + Z6=180°. Fig 5.20

Similarly, £1+ £8=180°. Thus, we obtain the following result:

Iftwo parallel lines are cut by a transversal, then each pair of interior angles on the same
side of the transversal are supplementary.

You can very easily remember these results if you can look for relevant ‘shapes”.
The F-shape stands for corresponding angles:

The Z - shape stands for altemate angles.

Draw a pair of parallel lines and a transversal. Verify the above three statements by actually
measuring the angles.
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TrYy THESE

55°

/ .

Lines /|| m; Lines a || b;
t1s a transversal ¢ 18 a transversal
Lx="7 Ly=7

t

LT
//

Lines /|| m; Lines / || m;
tis a transversal tis a transversal
Lz="7 Lx=17

5.4 CHECKING FOR PaArRALLEL LINES

Iftwo lines are parallel, then you know that a transversal gives rise to
pairs of equal corresponding angles, equal alternate interior angles
and interior angles on the same side of the transversal being
supplementary.

When two lines are given, is there any method to check if they are
parallel or not? Youneed this skill in many life-oriented situations.

A draftsmanuses a carpenter’s square and a straight edge (ruler)
to draw these segments (Fig 5.30). He claims they are parallel. How?

Are you able to see that he has kept the corresponding angles to
be equal? {Whatis the transversal here?)

Thus, when a transversal cuts two lines, such that pairs of
corresponding angles are equal, then the lines have to be parallel.

Look at the letter Z{Fig 5.31). The horizontal segments here are
parallel, because the alternate angles are equal.

When a transversal cuts two lines, such that pairs of alternate
interior angles are equal, the lines have to be parallel.

I, 1 betwo lines
t1s a transversal
IsL1=.27

/ m

7
v

oy
-

[

Lines /|| m,p |l g;
Find a, b, ¢, d

Fig 5.31

P

q
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Draw aline / (Fig 5.32).
Draw a line m, perpendicular to /. Again draw a line p,
such that pris perpendicular to .

Thus, p is perpendicular to a perpendicular to /.
You find p || /. How? This is because you draw p such
that Z1 + £2 = 180"

Thus, when a transversal cuts two lines, such that pairs of interior angles on the
same side of the transversal are supplementary, the lines have to be parallel.

TrYy THESE
t

Fig 5.32

/ \ y < / >
< = / 500 70
X
. 50° S < om € > m
/ 130\
Is /|| m? Why? Is ! || m ? Why? If /|| m, what is Zx?

EXERCISE 5.2

1. State the property that is used in each of the
following staternents?

() If a| b, then Z1 = /5.
(i) If£4=.6,thenalb.
(i) If£4+ £5=180°, then a|| .

2. Intheadjoining figure, identify

(i) the pairs of corresponding angles.

(i) the pairs of alternate interior angles.

(iii) the pairs of interior angles on the same
side of the transversal.
(iv) thevertically opposite angles.

3. Intheadjoiming figure, p|| ¢. Find the unknown
angles.




. Inthe given figures below, decide whether / is parallel to .

i)
. Inthe given figure, the arms of two angles are parallel. A
If ZABC =70°, then find b
(i) £DGC
(i) ZDEF 700 C
B / G
E

unes AND anGLES IERER I

4. Findthe value ofx in each of'the following figures if/ || m. / m

t in N/ 1000/[ xr[
110° l < A / > d
2 o
/( >x/xC/ N >b
X

0 MO

N

F

n
/é7° / 72°

—3

A

A

A

A

m 980
/ J

<

WuAT HAVE WE DiIscussep?

. Werecallthat (i) A line-segment has two end points.

(i) A ray has only one end point (its vertex); and
(i) A hine has no end points on either side.

. Anangle is formed when two lines (or rays or line-segments) meet.

Pairs of Angles Condition

Two complementary angles Measures add up to 90°

Two supplementary angles Measures add up to 180°

Two adjacent angles Have a common vertex and a common
arm but no common interior.

Linear pair Adjacent and supplementary

. When two lines / and m meet, we say they intersect; the meeting point is called the

point of intersection.

When lines drawn on a sheet of paper do not meet, however far produced, we call
them to be parailel lines.
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4. (1) Whentwo lines intersect (looking like the letter X) we have two pairs of opposite
angles. They are called vertically opposite angles. They are equal in measure.

(i) A transversal is a line that intersects two or more lines at distinct points.
(i) A transversal gives rise to several types of angles.
(v) Inthe figure, we have

Types of Angles Angles Shown

Interior £3, 724, /5, Z6
Exterior L1, /22, /27, /8
Corresponding Z1 and £5, £2 and £6,

Ziand £7, Z4 and £8
Alternate interior Z3and £6, Z4 and £5
Alternate exterior Zland Z8, 22 and 27

Interior, on the same | £3 and /5, Z4 and £6
side of transversal

(v) When a transversal cuts two paraliel lines, we have the following interesting
relationships:

Each pair of corresponding angles are equal.
L1 =45 L3=L7,/2=106, L4= L8
Each pair of alternate interior angles are equal.
L3=16,£4=15
Each pair of interior angles on the same side of transversal are supplementary.
L3+ 25=180° L4+ L6 =18

354
3




The Triangle and
its Properties

Chapter B

6.1 INTRODUCTION

A triangle, you have seen, 1s a stimple closed curve made of three line
segments. It has three vertices, three sides and three angles.

Here is AABC (Fig 6.1). It has

Sides: AB, BC, CA Fig 6.1
Angles: ZBAC, ZABC, ZBCA
Vertices: A B.C
The side opposite to the vertex A is BC. Can youname the angle opposite to the side AB?
You know how to classify triangles based on the (1) sides (ii) angles.

() Based on Sides: Scalene, Isosceles and Equilateral triangles.

(i) Based on Angles: Acute-angled, Obtuse-angled and Right-angled triangles.

Make paper-cut models of the above triangular shapes. Compare your models with those

of your friends and discuss about them.

Try THESE

1. Write the six elements (i.e., the 3 sides and the 3 angles) of AABC.
2. Writethe:
{1) Side opposite to the vertex Q of APQR
(1) Angle opposite to the side LM of ALMN
(i) Vertex opposite to the side RT of ARST
3. Lookat Fig 6.2 and classify each of the triangles according to its
{a) Sides
(b) Angles
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A P L
&
5cm G S
& & 8cm S
B C
8(clr)n Q 6em R Tem =
(ii) (iit)
A P
70’12 6cm
3cm
B 3cm C Q 6cm R
(v) (vi)
Fig 6.2

Now, let us try to explore something more about triangles.

6.2 MEebIians OF A TRIANGLE

Given a line segment, you know how to find its perpendicular bisector by paper folding.
Cut out a triangle ABC from a piece of paper (Fig 6.3). Consider any one of its sides, say,

BC. By paper-folding, locate the perpendicular bisector of BC . The folded crease meets
BC atD, its mid-point. Join AD.

A

w)

==t

Fig 6.3

The line segment AD ,Joining the mid-point of BC toits opposite vertex Aiscalled a
median of the triangle.

Consider the sides AB and CA and find two more medians of the triangle.
A median connects a vertex of a triangle to the mid-point of the opposite side.

%ﬂ*‘ TNk, Discuss aND WRITE
RS
[N J_t:::'fq 1. How many medians can a triangle have?

L
[ : L - : 2. Does amedian lie wholly in the interior of the triangle? (If you think that this is not
P true, draw a figure to show such a case).
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A
6.3 ALTITUDES OF A TRIANGLE

Make a triangular shaped cardboard ABC. Place it upright, on a
table. How “tall” is the triangle? The height is the distance from B \ C

vertex A (in the Fig 6.4) to the base BC .

FromAto BC you can think of many line segments (see the
next Fig 6.5). Which among them will represent its height?
The height is given by the line segment that starts from A,

comes straight down to BC,andis perpendicular to BC.

This line segment AL is an altitude of the triangle.

An altitude has one end point at a vertex of the triangle
and the other on the line containing the opposite side. Through
each vertex, an altitude can be drawn.

TNk, Discuss AND WRITE

1. Howmany altitudes can atriangle have?

2. Drawrough sketches of altitudes from A to BC forthe following triangles (Fig 6.6):
A A

B C B C B C
Acute-angled Right-angled Obtuse-angled

() (i) (iid)
Fig 6.6

3. Willanaltitude always lie in the interior of a triangle? If you think that this need not be
true, draw a rough sketch to show such a case.
4. Canyouthink of atriangle in which two altitudes of the triangle are two of its sides?
5. Canthe altitude and median be same for a triangle?
(Hint: For Q.No. 4 and 5, mvestigate by drawing the altitudes for every type of triangle).

Do Tuis

Take several cut-outs of
(1) anequilateral triangle (1) anisosceles triangle and
(i) ascalene triangle.

Find their altitudes and medians. Do you find anything special about them? Discuss 1t
with your friends.
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EXERCISE 6.1

1. InA PQR, Dis the mid-point of QR .

o P
PM 1s
PD 1is
Is QM =MR?
Q—w D R

2. Drawrough sketches for the following:
(a) InAABC, BE is amedian.
(b) In APQR, PQ and PR are altitudes of the triangle.
(¢) InAXYZ,YLisanaltitude in the exterior of the triangle.

3. Verify by drawing a diagram if the median and altitude of an isosceles triangle can be
same.

6.4 EXTERIOR ANGLE OF A TRIANGLE AND ITS PROPERTY

Do THis
A 1. Draw atriangle ABC and produce one of its sides,
say BC as shown in Fig 6.7. Observe the angle
ACD formed at the point C. This angle lies in the
exterior of AABC. We call it an exterior angle
R of the AABC formed at vertex C.
= ¢ D~ Clearly ZBCA is an adjacent angle to ZACD. The
Fig 6.7 remaining two angles of the triangle namely £ A and ~/Bare
called the two interior opposite angles or the two remote
i mterior angles of ZACD. Now cut out (or make trace copies of) ZA and /B and
T place them adjacent to each other as shown in Fig 6.8.
I"I J r--d : Do these two pieces together entirely cover ZACD?
i Can you say that

m LZACD =m LA +m £LB?

2. Asdone earlier, draw a triangle ABC and form an exterior angle ACD. Now take a
protractor and measure ZACD, LA

and ZB.

Find the sum ZA + /B and compare

it with the measure of ZACD. Doyou Q

observe that ZACD 18 equal (or nearly D

equal, if there is an error in B C D >

measurement) to ZA + ZB? Fig 6.8
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You may repeat the above two activities by drawing some more triangles along with
their exterior angles. Every time, you will find that the exterior angle of a triangle is equal to
the sum of'its two interior opposite angles.

A logical step-by-step argument can further confirm this fact.

An exterior angle of a triangle is equal to the sum of its interior opposite

angles.

E
Given Consider AABC. A
ZACD is an exterior angle. 1
To Show: mZACD = mZA+m/B 5 N
Through C draw CE, parallel to BA . B C D
Fig 6.9
Justification
Steps Reasons
(a) Z1 =2 BA | CE and AC is a transversal.

Therefore, alternate angles should be equal.
by £2=2Ly BA || CE and BD is a transversal.

Therefore, corresponding angles should be equal.
(c) L1+ 2=Lx+ Ly
(d) Now, Zx+ Zy=m ZACD  FromFig 6.9

Hence, Z1 + 22 =/ZACD

The above relation between an exterior angle and its two interior opposite angles is
referred to as the Exterior Angle Property of a triangle.

THINK, Discuss AND WRITE

1. Exterior angles can be formed for a triangle in many ways. Three of them are shown / :
here (Fig 6.10) }_ﬁ -

=
-\.\_\:\. =

=\
Fig 6.10

There are three more ways of getting exterior angles. Try to produce those rough
sketches.

2. Are the exterior angles formed at each vertex of a triangle equal?

3. What can you say about the sum of an exterior angle of a triangle and its adjacent
interior angle?



MATHEMATICS

ExaMpPLE 1 Find anglex in Fig 6.11.

50°
SOLUTION  Sum of interior opposite angles = Exterior angle
or 50° + x = 110° 10 p
or x = 60° Fig 6.11

TNk, Discuss aND WRITE

/:g . 1. What can you say about each of the intertor opposite angles, when the exterior angle is
5 (i) arightangle? (i) anobtuse angle? (i) anacuteangle?
T

/

&
A1 2. Canthe exterior angle of a triangle be a straight angle?

TrY THESE
1. Anexterior angle of a triangle is of measure 70° and one of its interior opposite
angles is of measure 25°. Find the measure of the other interior opposite
509 angle.
2. Thetwo interior opposite angles of an exterior angle of a triangle are 60° and
50° 50° 80°. Find the measure of the exterior angle.
Fig 6.12 3. Issomething wrong in this diagram (Fig 6.12)7 Comment.

EXERCISE 6.2

1. Find the value of the unknown exterior angle x in the following diagrams:

X,
o X
70 45° 300 40°

() /76 (ii) (iif)

£od 50 )
g
30°
/ 607 50°
60°
UEE .

(vi)
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2. Find the value of the unknown interior angle x in the following figures:

0 125°
50° !
° X
% 115 2
) (ii) x -
(iii)

SN L ]

(iv) 3
\Y o 757/

6.5 ANGLE SuM PROPERTY OF A TRIANGLE

There 1s a remarkable property connecting the three angles of a triangle. You are going to
see this through the following four activities.
1. Drawatriangle. Cut onthe three angles. Rearrange them as shown in Fig 6.13 (1), (i1).
The three angles now constitute one angle. This angle 1s a straight angle and so has
measure 180°.

ALY

(@ (ii)
Fig 6.13

Thus, the sum of the measures of the three angles of a triangle is 180°.

2. The same fact you can observe 1n a different way also. Take three copies of any
triangle, say AABC (Fig 6.14).

A
3 2 3 3
g2 C 2

Fig 6.14
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Arrange them asin Fig 6.15.
What do you observe about £1 + £2 + £37

(Do you also see the ‘exterior angle
property’?)

Fig 6.15

3. Take apiece of paper and cut out a triangle, say, AABC (Fig 6.16).
Make the altitude AM by folding AABC such that it passes through A.
Fold now the three cormners such that all the three vertices A, B and C touch at M.

A A
I
I
I
I
I
I Al
ul B
B - C . M B .u M C
) (i) (1)
Fig 6.16

You find that all the three angles form together a straight angle. This again shows that
the sum of the measures of the three angles of a triangle is 180°.

4. Draw any three triangles, say AABC, APQR and AXYZ i your notebook.
Use your protractor and measure each of the angles of these triangles.

Tabulate your results
Name of A Measures of Angles Sum of the Measures
of the three Angles
AABC mZA= mLB= mZC= mZA+ms/B +mZLC=
APQR msP= mZQ= mLR= msZP +mZQ + mZR =
AXYZ msLX= mLY= mLZ= mLX +mLY +mLZ =

Allowing marginal errors i measurement, you will find that the last column always
gives 180° (ornearly 180°).

When perfect precision 1s possible, this will also show that the sum of the measures of
the three angles of a triangle is 180°.

You are now ready to give a formal justification of your assertion through logical
argument.
Statement The total measure of
the three angles of a
triangle is 180°.

\4

To justify this let us use the exterior
angle property of a triangle.

Te
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Given L1, 22, £3 are angles of AABC (Fig 6.17).

Z4 is the exterior angle when BC is extended to D.
Justification Z1+ £2 = /4 (by exterior angle property)

L1+ 22+ 23=/4+ 23 (adding £3 to both the sides)
But Z£4 and £3 form a linear pair so it is 180°. Therefore, £1 + £2 + Z3 = 180°.
Let us see how we can use this property in a number of ways.

ExaMPLE 2 Inthe given figure (Fig 6.18) find m/P. P

SorLuTioN By angle sum property of a triangle,
mZP +47° + 52° = 180°
Therefore mZP = 180°-47° - 52° Q 47° 522\ R
= 180°-99°=81° Fig 6.18

EXERCISE 6.3

1. Findthe value of the unknown x in the following diagrams: . "Iﬂﬁ'_\:": Y
A ; o =
X 30°
. . (i1)
B 50 ' 60 C R
)
X
2x
X X < -
(v) (vi)

2. Find the values of the unknowns x and y in the following diagrams:

80°
50°
X y
500 yp~20° 500 p X RY 60°
) -

a (if) (iii)
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¥y y

Y

X
x
(iv) \<6OO v) - x>/ (vi) \<x

30°

TrY THESE

. qj@@‘, 1. 'Two angles of a triangle are 30° and 80°. Find the third angle.
ﬂ'—‘ 1_;? 5 2. One of the angles of a triangle 1s 80° and the other two angles are equal. Find the
S measure of each of the equal angles.

L[ !,Fy"ll 3. The three angles of a triangle are in the ratio 1:2:1. Find all the angles of the triangle.
' Classify the triangle in two different ways.

THINK, Discuss AND WRITE

@Pﬂ I3 Canyou have a triangle with two right angles?

-1
1

Can you have a triangle with two obtuse angles?
Can you have a triangle with two acute angles?

Can you have a triangle with all the three angles greater than 60°7

Can you have a triangle with all the three angles equal to 60°7

AU S o

Can you have a triangle with all the three angles less than 60°?7

6.6 Two SpeciAL TRIANGLES : EQUILATERAL AND ISOSCELES

A triangle in which all the three sides are of equal lengths is called an equilateral
triangle.

Take two copies of an equilateral triangle ABC (Fig 6.19). Keep one of them fixed.
Place the second triangle on it. It fits exactly into the first. Turn it round in any way and still
they fit with one another exactly. Are you
able to see that when the three sides of a A A
triangle have equal lengths then the three

angles are also of the same size? 60°
We conclude that in an equilateral triangle: 60°
() all sides have same length. B H C B H 60 C
@ (i)

(i) each angle has measure 60°. Fig 6.19



THE TRIANGLE AND ITS PROPERTIES

A triangle in which two sides are of equal lengths is called an isosceles triangle.

X D¢
/\\ I
I
|
I

Y Z Y + Z
(i) 'M
Fig 6.20 (if)

From a piece of paper cut out an isosceles triangle XY 7, with XY=XZ (Fig 6.20).
Fold it such that Z lies on Y. The line XM through X is now the axis of symmetry (which
youwill read in Chapter 14). You find that £Y and £Z fit on each other exactly. XY and
X7 are called equal sides; YZ is called the base; £Y and ZZ are called base angles and
these are also equal.

Thus, in an isosceles triangle:
(1) two sides have same length.
(i) base angles opposite to the equal sides are equal.

TryYy THESE

1. Find angle x in each figure:

) (i)

100°

D (vi)

(iv)

120°

X X S f
(vii) (viii) y (ix)
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2. Find angles x and y in each figure.
929
X
y 120° ) % X
Q) (if) (i)

6.7 Sum oF THE LENGTHS OF Two SIDES OF A TRIANGLE

1. Mark three non-collinear spots A, B and C in your playground. Using lime powder
mark the paths AB, BC and AC.

é Ask your friend to start from A and reach C, walking along one or
e ‘ \ more of these paths. She can, for example, walk first along AB and then
7 \
e ’ K along BC toreach C; or she can walk straight along AC. She will naturally
/ \ - -
,/ " prefer the direct path AC. If she takes the other path ( AB and then BC),
Be---- ;1_g_6_2_1_ == ~*C ghe will have to walk more. Tn other words,

AB+BC> AC @)

Similarly, if one were to start from B and go to A, he or she will not take the route

BC and CA but will prefer BA This is because

BC+CA > AB (1)
By a similar argument, you find that
CA+AB>BC (1)

These observations suggest that the sum of the lengths of any two sides of a
triangle is greater than the third side.

2. Collect fifteen small sticks (or strips) of different lengths, say, 6 cm, 7 cm, 8 cm,
9cm, ..., 20 cm.
Take any three of these sticks and try to form a triangle. Repeat this by choosing
different combinations of three sticks.
Suppose you first choose two sticks of length 6 cm and 12 em. Your third stick has to
be of length more than 12 — 6 =6 cm and less than 12 + 6 = 18 em. Try this and find
out why it is so.
To form a triangle you will need any three sticks such that the sum of the lengths of
any two of them will always be greater than the length of the third stick.
This also suggests that the sum of the lengths of any two sides of a triangle is greater
than the third side.
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3. Draw any three triangles, say AABC, APQR and AXYZ in your notebook
(Fig 6.22).
A R zZ

P
) (i) (iid)
Fig 6.22

Use your ruler to find the lengths of their side and then tabulate your results as follows:

Name of A Lengths of Sides Is this True?
A ABC AB AB-BC<CA {Yes/No)
+ >
BC BC—- CA < AB {Yes/No)
+ >
CA CA-AB<BC {Yes/No)
+ >
A PQR PQ PQ —QR <RP (Yes/No)
+ >
QrR QR - RP<PQ (Yes/No)
+ >
RP RP-PQ <QR (Yes/No)
+ >
AXYZ Xy XY-YZ<7ZX {Yes/No)
+ >
YZ YZ-7ZX<XY {Yes/No)
+ >
ZX ZX-XY<YZ {Yes/No)
+ >

This also strengthens our earlier guess. Therefore, we conclude that sum of the lengths
of any two sides of a triangle is greater than the length of the third side.

We also find that the difference between the length of any two sides of atriangle is
smaller than the length of the third side.
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ExaMPLE 3 Is there a triangle whose sides have lengths 10.2 cm, 5.8 cmand 4.5 cm?

SOLUTION  Suppose such a triangle is possible. Then the sum of the lengths of any two
sides would be greater than the length of the third side. Let us check this.
Is4.5+58>1027 Yes
Is 5.8 +10.2 > 4.5? Yes
[s 10.2 + 4.5 > 5.87 Yes
Therefore, the triangle is possible.

ExampLE 4 The lengths of two sides of a triangle are 6 cm and 8 cm. Between which
two numbers can length of the third side fall?

SOLUTION  We know that the sum of two sides of a triangle is always greater than
the third.

Therefore, one-third side has to be less than the sum of the two sides. The third side is
thusless than 8 + 6 = 14 cm.

The side cannot be less than the difference of the two sides. Thus the third side has to
be more than 8 —6 =2 cm.

The length of'the third side could be any length greater than 2 and less than 14 em.

EXERCISE 6.4

1. Isitpossible to have a triangle with the following sides?
 2cm,3cm,5cm () 3cm,6cm,7cm

(i) 6cm,3 cm,2cm R

< 2. Takeany point O in the interior of a triangle PQR. Is /\
) OP+0Q>PQ? "0
(¥ Q>PQ p 0

{1y OQ+ OR=>QR?
(i) OR +OP > RP?
3. AMisamedian of atriangle ABC.

IsAB+ BC + CA>2 AM?
(Consider the sides of triangles M
AABM and AAMC.) D C
4. ABCD is aquadrilateral.
IsAB+BC+ CD +DA>AC+BD? A B

5. ABCD is quadrilateral. Is
AB+BC+CD+DA <2 (AC+BD)?
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6. The lengths of two sides of a triangle are 12 cm and 15 cm. Between what two

measures should the length of the third side fall?

THINK, Discuss AND WRITE

1. Isthe sum of any two angles of a triangle always greater than the third angle? Mﬂb

6.8 RIGHT-ANGLED TRIANGLES AND PYTHAGORAS PROPERTY .,?C

Pythagoras, a Greek philosopher of sixth century
B.C.1issaid to have found a very important and useful
property of right-angled triangles given in this section.
The property is hence named after him. In fact, this
property was known to people of many other
countries too. The Indian mathematician Baudhayan
has also given an equivalent form of this property.
We now try to explain the Pythagoras property.

In a right angled triangle, the sides have some
special names. The side opposite to the right angle
1s called the hypotenuse; the other two sides are
known as the legs of the right-angled triangle.

In AABC (Fig 6.23), the right-angle is at B. So,

AC s the hypotenuse. AB and BC are the legs of
AABC.

Make eight identical copies of right angled
triangle of any size you prefer. For example, you
make a right-angled triangle whose hypotenuse is a
units long and the legs are of lengths » units and ¢
units (Fig 6.24).

Draw two identical squares on a sheet with sides

of lengths b+ c.
You are to place four triangles in one square and the remaining four triangles in the
other square, as shown in the following diagram (Fig 6.25).
b c

Fig 6.25

A

A
=4

Fig 6.23

ol

C
Fig 6.24

¢ b
c
b
c b
Square B
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The squares are identical; the eight triangles inserted are also identical.

Hence the uncovered area of square A =Uncovered area of square B.

L.e., Area of inner square of square A = The total area of two uncovered squares in square B.
@ =b+c

This 1s Pythagoras property. It may be stated as follows:

Inaright-angled triangle,
the square on the hypotenuse = sum of the squares on the legs.

Pythagoras property is a very useful tool in mathematics. It is formally proved as a
theorem in later classes. You should be clear about its meaning.

It says that for any right-angled triangle, the area of the square on the hypotenuse 1s
equal to the sum of the areas of the squares on the legs.

Draw aright triangle, preferably on
a square sheet, construct squares on
its sides, compute the area of these
squares and verify the theorem
practically (Fig 6.26).

If you have aright-angled triangle,
the Pythagoras property holds. If the , a
Pythagoras property holds for some b
triangle, will the triangle be right-
angled? (Such problems are known as
converse problems). We will try to
answer this. Now, we will show that, c
if'there is a triangle such that sum of
the squares on two of its sides is equal
to the square of the third side, it must Fig 6.26
be a right-angled triangle.

Do Tuis

1. Have cut-outs of squares with sides 4 cm,
5cm, 6 cm long. Arrange to get a triangular
shape by placing the corners of the squares 62

£ suitably as shown in the figure (Fig 6.27). 5? 6
:: ~ ==, Trace outthe triangle formed. Measure each 2
angle of the triangle. You find that there is no 4
right angle at all. &

In fact, in this case each angle will be acute! Note
that 42+ 52 # 62, 5 + 6 # 4° and 6% + 4> # 5% Fig 6.27



THE TRIANGLE AND ITS PROPERTIES

2. Repeat the above activity with squares whose sides have lengths 4 cm, 5 cm and
7 em. You get an obtuse angled triangle! Note that

42 + 5% # 7% ete.

This shows that Pythagoras property holds if and only if the triangle 1s right-angled.
Hence we get this fact:

If the Pythagoras property holds, the triangle must be right-angled.

ExAMPLE 5 Determine whether the triangle whose lengths of sides are 3 cm, 4 cm,
5em s aright-angled triangle.

SOLUTION 32=3x3=9:42=4x4=16;52=5%x5=25

We find 3% + 42 = 52,

Therefore, the triangle is right-angled.

Note: Inanyright-angled triangle, the hypotenuse happens to be the longest side. In this
example, the side with length 5 cm is the hypotenuse.

ExaMPLE 6 A ABC is right-angled at C. If a
AC=5cmand BC=12 cm find 5 em ?
the length of AB.
) ) C B
SoLuTioNn A rough figure will help us (Fig 6.28). 12 cm
By Pythagoras property, Fig 6.28

AB*=AC? + BC?
=52+ 122 =25+ 144 =169 = 13?
or AB?=13% So, AB=13
or the length of AB is 13 cm.

Note: Toidentify perfect squares, you may use prime factorisation technique.

Try THESE
Find the unknown length x in the following figures (Fig 6.29):

15 cm
X
3& : 8 CmV
X
4
@

8
(i1) (iii)
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24 37 37 X
12 3
7 12 em 5 cm
o4 < X >
)

(iv)

(v
Fig 6.29

EXERCISE 6.5

PQR is atriangle right angled at P. If PQ = 10cm
and PR =24 ¢m, find QR.

ABCisatriangle right angled at C. fAB=25cm
and AC =7 ¢m, find BC.

A 15mlong ladder reached a window 12 m high
from the ground on placing it against a wall ata
distance a. Find the distance of the foot of the
ladder from the wall.

Which of the following can be the sides of a right a
triangle?

15m 12m

() 2.5cm,6.5cm, 6¢cm.

(1) 2em, 2em, Scm.
(i) 1.5cm, 2cm, 2.5cm.

In the case of right-angled triangles, identify the

right angles.

A treeisbroken at a height of 5 m from the ground

and its top touches the ground at a distance of

12 m from the base of the tree. Find the original

height of the tree.

Angles Q and R of a APQR are 25° and 65°.

Write which of the following is true:

i) PQ?+ QR? =RP?

(i) PQ*+RP*=QR? 150 65°
(i) RP?+ QR? = PQ? Q R

7. Find the perimeter of the rectangle whose length is 40 cm and a diagonal 1s 41 em.

oo

. The diagonals of a thombus measure 16 cm and 30 cm. Find its perimeter.



THE TRIANGLE AND ITS PROPERTIES

TNk, Discuss aNnD WRITE

B

Which is the longest side in the triangle PQR right angled at P?
Which 1s the longest side in the triangle ABC right angled at B?
Which is the longest side of a right triangle?

“The diagonal of a rectangle produce by itself the same area as produced by its | £
length and breadth™- This is Baudhayan Theorem. Compare it with the Pythagoras =~-. o /

property.

Do THis

Enrichment activity

There are many proofs for Pythagoras theorem, using ‘dissection” and ‘rearrangement”

procedure. Try to collect a few of them and draw charts explaining them.

WreAT HAVE WE DISCUSSED?

The six elements of a triangle are its three angles and the three sides.

The line segment joining a vertex of a triangle to the mid point of its opposite side is
called a median of'the triangle. Atriangle has 3 medians.

The perpendicular line segment from a vertex of a triangle to its opposite side is
called an altitude ofthe triangle. Atriangle has 3 altitudes.

An exterior angle of a triangle 1s formed when a side of a triangle 1s produced. At
each vertex, youhave two ways of forming an exterior angle.

A property of exterior angles:

The measure of any exterior angle of a triangle 18 equal to the sum of the measures of
its interior opposite angles.

The angle sum property of a triangle:

The total measure of the three angles of a triangle is 180°.

A triangle 1s said to be equilateral if each one of its sides has the same length.

In an equilateral triangle, each angle has measure 60°.

A triangle 1s said to be isosceles if atleast any two of its sides are of same length.
The non-equal side of an isosceles triangle 1s called its base; the base angles of an
isosceles triangle have equal measure.

Property of the lengths of sides of a triangle:

The sum of the lengths of any two sides of a triangle 1s greater than the length of the
third side.

The difference between the lengths of any two sides is smaller than the length of the
third side.
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10.

11.

This property 1s useful to know 1t is possible to draw a triangle when the lengths of
the three sides are known.

In aright angled triangle, the side opposite to the right angle is called the hypotenuse
and the other two sides are called its legs.

Pythagoras Property:

In aright-angled triangle,

the square on the hypotenuse = the sum of the squares on its legs.

If a triangle 1s not right angled this property does not hold good. This property is
useful to decide whether a given triangle is right angled or not.




Congruence of
Triangles

Chapter 7

7.1 INTRODUCTION

You are now ready to leam a very important geometrical idea, Congruence. In particular,
youwill study a lot about congruence of triangles.

To understand what congruence is, we turm to some activities.

Take two stamps (Fig 7.1) of same denomination. Place one stamp over

the other. What do vou observe?
| =)
Fig 7.1 s L

One stamp covers the other completely and exactly. This means that the two stamps are
of the same shape and same size. Such objects are said to be congruent. The two stamps
used by you are congruent to one another. Congruent objects are exact copies of one
another.

Can you, now, say if the following objects are congruent or not?

1. Shaving blades of the same company |Fig 7.2 (i)].

2. Sheets of the same letter-pad |Fig 7.2 (11)]. 3. Biscuits inthe same packet |Fig 7.2 (iii)].
4. Toys made of the same mould. |Fig 7.2(iv)]
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The relation of two objects being congruent is called congruence. For the present,
we will deal with plane figures only, although congruence is a general idea applicable to
three-dimensional shapes also. We will try to leam a precise meaning of the congruence
of plane figures already knowr.

7.2 CONGRUENCE OF PLANE FIGURES

Look at the two figures given here (Fig 7.3). Are they congruent?

) ()
Fig 7.3

Youcanuse the method of superposition. Take a trace-copy of one of them and place
it overthe other. If the figures cover each other completely, they are congruent. Alternatively,
yournay cut out one of themn and place it over the other. Beware! You are not allowed to
bend, twist or stretch the figure that is cut out {or traced out).

InFig 7.3, if figure F is congruent to figure F,, we write F =F,.

7.3 CONGRUENCE AMONG LINE SEGMENTS

When are two line segments congruent? Observe the two pairs of line segments given
here (Fig 7.4).

Ae B Pe eQ

Fig 7.4
Use the “trace-copy’ superposition method for the pair of line segments in | Fig 7.4(1)].

Copy CDand place it on AB. You find that CD covers AB, withC onAand D onB.

Hence, the line segments are congruent. We write AB=CD.

Repeat this activity for the pair of line segments in | Fig 7.4(ii)]. What do you find?
They are not congruent. How do you know it? It is because the line segments do not
coincide when placed one over other.

You should have by now noticed that the pair of line segments in | Fig 7.4(1)] matched
with each other because they had same length; and this was not the case in |Fig 7.4(ii)].

If two line segments have the same (i.e., equal) length, they are congruent. Also,
if two line segments are congruent, they have the same length.
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Inview of the above fact, when two line segments are congruent, we sometimes just
say that the line segiments are equal; and we also write AB = CD. (What we actually mean

is AB= 6).

7.4 CONGRUENCE OF ANGLES
Look at the four angles given here (Fig 7.5).

N
C
B 40° o > M 30° o
A L
0 (iii) (iv)

Fig 7.5

Make a trace-copy of ZPQR. Try to superpose it on ZABC. For this, first place Q
on B and QP along AB . Where does fall? It falls on

Thus, ZPQR matches exactly with ZABC.
Thatis, ZABC and ZPQR are congruent.

(Note that the measurement of these two congruent angles are same).

We write ZABC= /PQR 1
or mZABC = m ZPQR{In this case, measure is 407).

Now, you take a trace-copy of ZLMN. Try to superposc iton ZABC. PlaceM on B
and along . Does fallon 7 No, in this case it does not happen. You find

that ZABC and ZLMN do not cover each other exactly. So, they are not congruent.

(Note that, in this case, the measures of ZABC and ZL.MN are not equal).

What about angles ZXYZ and ZABC? The rays and ,Tespectively appear
[in Fig 7.5 (iv)] to be longer than and . You may, hence, think that ZABC is
‘smaller’ than XY Z. But rernemnber that the rays in the figure only indicate the direction
and not any length. On superposition, you will find that these two angles are also congruent.

We write LABC= ZXYZ (1)
or mZABC =msXYZ
In view of (i) and (i1}, we may even write

ZABC= ZPQR = £ZXYZ

If two angles have the same measure, they are congruent. Also, if two angles are
congruent, their measures are same.
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Asin the case of line segments, congruency of angles entirely depends on the equality
of their measures. So, to say that two angles are congruent, we sometimes just say that the
angles are equal; and we write

ZABC = /PQR (tomean ZABC= /PQR).

7.5 CONGRUENCE OF TRIANGLES

We saw that two line segments are congruent where one of thern, s just a copy of the
other. Similarly, two angles are congruent if one of them is a copy of the other. We extend
this idea to triangles.

Two tnangles are congruent if they are copies of each other and when superposed,
they cover each other exactly.

P

® (ii)
Fig 7.6
AABC and APQR have the same size and shape. They are congruent. So, we would
express this as
AABC = APQR
This means that, when you place APQR on AABC, P fallson A, Q fallson B and R

fallsonC,also  falls along AB , QR falls along BCand PR falls along AC.If, under

a given correspondence, two triangles are congruent, then their corresponding parts
(i.e., angles and sides) that match one another are equal. Thus, in these two congruent
triangles, we have:

Corresponding vertices : AandP, B and Q, Cand R.

Corresponding sides : ABand E, BC and Q_R, AC and PR..
Comresponding angles  : ZAand ZP, ZB and £Q, £C and ZR.

If you place APQR on AABC such that P falls on B, then, should the other vertices
also correspond suitably? It need not happen! Take trace, copies of the triangles and try
to find out.

This shows that while talking about congruence of triangles, not only the measures of
angles and lengths of sides matter, but also the matching of vertices. In the above case, the
correspondence is

AP BeQ, CeoR

We may write this as ABC & PQR
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ExavrLe 1 AABC and APQR are congruent under the correspondence:

ABC < RQP
Write the parts of AABC that correspond to
M 2P (@ £Q i) RP

SowuTioN Forbetter understanding of the correspondence, let us use a diagram (Fig 7.7).

-~
-
-
-~

-

Fig 7.7

The correspondence is ABC <5 RQP. This means
AR BeQandCeo P

So, (i) PQ & CB (i) £Q« /B and (i) RP < AC

THINK, Discuss AND WRITE

When two triangles, say ABC and PQR are given, there are, in all, six possible matchings
or correspondences. Two of them are
() ABC&PQR and (i) ABC < QRP.
Find the other four correspondences by using two cutouts of triangles. Will all these
correspondences lead to congruence? Think about it.

ExercIsE 7.1

1. Complete the following statements:
{a) Twoline segments are congruent if

Among two congruent angles, one has a measure of 70°; the measure of'the
g gru g

other angle 1s .
{c) Whenwe write ZA = /B, we actually mean
2. Giveany two real-life examples for congruent shapes.
3. If AABC = AFED under the correspondence ABC < FED, write all the
corresponding congruent parts of the triangles.
4. IfADEF = ABCA, write the part(s) of ABCA that correspond to

(i) <F (i) EF (i) £F (iv) DF
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7.6 CRITERIA FOR CONGRUENCE OF TRIANGLES

We make use of tniangular structures and patterns frequently in day-to-day life. So, it is
rewarding to find out when two triangular shapes will be congruent. If you have two triangles
drawn in your notebook and want to verify if they are congruent, you cannot everytime cut
out one of them and use method of superposition. Instead, if we can judge congruency in
terms of approrpriate measures, it would be quite useful. Letus try to do this.

A Game

Appuand Tippu play a game. Appu has drawn a tnangle ABC (Fig 7.8) and
has noted the length of each of its sides and measure of each of its angles.
Tippu has not seen it. Appu challenges Tippu if he can draw a copy of his
AABC based on bits of information that Appu would give. Tippu attempts to
draw a triangle congruent to AABC, using the information provided by Appu.

A

(3

S
Q
>

¢ The game starts. Carefully observe their conversation and their games.

5.5cm

Fig 7.8 S8S Game
Triangle drawn by Appu : One side of AABCis 5.5 cm.

Appu Tippu : With this information, I can draw any number of triangles (Fig 7.9)
but they need not be copies of AABC. The triangle I draw may be
obtuse-angled or right-angled or acute-angled. For example, here are a few.

5.5¢cm 55¢cm 55cm
(Obtuse-angled) (Right-angled) (Acute-angled)
Fig 7.9

T haveused some arbitrary lengths for other sides. This gives me many triangles with
length ofbase 5.5 cm.

So, giving only one side-length will not help me to produce a copy of AABC.

Appu : Okay. I will give you the length of one more side. Take two sides of AABC to be
oflengths 5.5 cm and 3.4 cm.

Tippu : Even this will not be sufficient for the purpose. I can draw several triangles
(Fig 7.10) with the given information which may not be copics of AABC. Here are a few
1o support my argument:

§
W
A
5.5cm 5.5cm 5.5cm
Fig 7.10

One cannot draw an exact copy of your triangle, if only the lengths of two sides
are givern.

%
<.
@

3.4 cm
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Appu : Alnght. Letme give the lengths of all the three sides. In AABC, T have AB = 5cim, A
BC=55cmand AC=3.4cm.

Tippu : I think it should be possible. Let me try now.

First I draw a rough figure so that I canremnember the lengths easily.

— B
Idraw BC with length 5.5 em. 5.5cm

With B as centre, I draw an arc of radius 5 cm. The point A has to be somewhere on Fig 7.11
this arc. With C as centre, I draw an arc of radius 3.4 cin. The point A has to be on this arc
also.

So, A lies on both the arcs drawn. This means A is the point of intersection of the arcs.
I know now the positions of points A, B and C. Aha! I canjoin them and get AABC
(Fig7.11).

Appu : Excellent. So, to draw a copy of a given AABC (i.e., to draw a triangle
congruent to AABC), we need the lengths of three sides. Shall we call this condition
as side-side-side criterion?

Tippu : Why not we call it SSS criterion, to be short?

SS8S Congruence criterion:

Ifunder a given correspondence, the three sides of one triangle are equal to the three
corresponding sides of another triangle, then the triangles are congruent.

ExampLE 2 Intriangles ABC and PQR, AB=3.5cm, BC=7.1 cm,
AC=5cm,PQ=7.1cm, QR=5cmand PR =3.5cm.
Examine whether the two triangles are congruent or not.
If'yes, write the congruence relation in symbolic form.

SoLUuTION Here, AB=PR (=3.5cm),
BC=PQ(=7.1cm)
and AC=QR(=5cm)

This shows that the three sides of one triangle are equal to the three sides
ofthe other triangle. So, by 888 congruence rule, the two triangles are

congruent. From the above three equality relations, it can be easily seen
that A« R, B PandC Q.

So, we have AABC = ARPQ Fig 7.12

Important note: The order of the letters in the names of congruent triangles displays the
corresponding relationships. Thus, when you write AABC = ARPQ), you would know

that AliesonR, BonP,C on Q, AB along RP , BC along ﬁ) and AC along E )
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D ExavpLE 3 InFig7.13,AD=CD and AB =CB.
(1) Statethe three pairs of equal parts in AABD and ACBD.
(1) Is AABD=ACBD? Why or why not?
(i) Does BD bisect ZABC? Give reasons.
© Sorution
(1) In AABD and ACBD, the three pairs of equal parts are as given below:
AB=CB (Given)
AD=CD (Given)
B and BD = BD (Common in both)
Fig 7.13 () From/{i)above, AABD=ACBD (By SSS congruence rule)
() ZABD=/CBD (Corresponding parts of congruent triangles)

So, BDD bisects ZABC.

TrYy THESE

1. InFig7.14, lengths of the sides of the tnangles are indicated. By applying the S58
congruence rule, state which pairs of triangles are congruent. In case of congruent
triangles, write the result in symbolic form:

3 cm

M 32
.2 cm
® 12 3 cm F 5
(W
P
A
R}
£ ) 5 S
= < \2
C
B 4 cm Q
2.5 cm




2. InFig7.15,AB=AC and D is the mid-pointof BC. 4
(i) State the three pairs of equal parts in

(i) Is AADB = AADC? Give reasons.

coNncRUENCE oF TRIANGLES [

AADB and AADC.

(i) Is ZB=/C?Why? D g
3. InFig7.16,AC=BDand AD=BC. Which B D c
of the following statements is meaningfully written?  Fig 7.15
(i) AABC=AABD (1) AABC = ABAD. A B
Fig 7.16

THINK, Discuss AND WRITE

ABC is anisosceles triangle with AB =AC (Fig 7.17). A
Take a trace-copy of AABC and also name itas AABC.
(1) Statethe three pairs of equal parts in AABC and AACB.

(i) Is AABC=AACB? Why or why not? B C

(i) Is £B= ZC? Why or why not? Fig 7.17
Appu and Tippu now turn to playing the game with a slight modification.
SAS Game W%
Appu : Letme now change the rules of the triangle-copying game. 3 )/
Tippu : Right, go ahead. / @‘/ —
Appu : Youhave already found that giving the length of only one side is uscless. \<
Tippu : Of course, yes. __i
Appu : Inthat case, letme tell that in AABC, one side 1s 5.5 ¢ and one angle is 65°.
Tippu : This again is not sufficient for the job. I can find many triangles satisfying your
information, but are not copies of AABC. For example, I have given here somne of them
(Fig 7.18):

25° 20°
50°
65° 659
65° 90 5.5cm N6 9
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Appu : So, what shall we do?

Tippu : More information is needed.

Appu : Then, let e modify my earlier statement. In AABC, the length of two sides are
5.5 cm and 3.4 c¢m, and the angle between these two sides is 65°.

Tippu : This information should help me. Let me try. I draw first BC of length 5.5. cm
|[Fig 7.19 (i)]. Now I make 65° at C |Fig 7.19 (i1)].

657

3.5¢cm 5.5cm

M (1w

Fig 7.19

Yes, I gotit, Amustbe 3.4 cm away from C along this angular line through C.

I draw an arc of 3.4 cm with C as centre. It cuts the 65° line at A.

Now, 1join AB and get AABC |Fig 7.19(ii1)].

Appu : Youhaveused side-angle-side, where the angle is “included’ between the sides!
Tippu : Yes. How shall we name this criterion?

Appu : TtisSAS criterion. Do you follow it?

Tippu : Yes, ofcourse.

SAS Congruence eriterion:

Ifundera correspondence, two sides and the angle included between them of a triangle
are equal to two corresponding sides and the angle included between themn of another
tmangle, then the triangles are congruent.

ExamMpPLE 4 Given below are measurements of some parts of two triangles. Examine
whether the two triangles are congruent or not, by using SAS congruence
rule. If the triangles are congruent, write them in symbolic form.

AABC ADEF
(a) AB=7cm,BC=5cm, £B =50° DE=5cm, EF= 7cm, ZE =50°
(b) AB=4.5c¢cm, AC=4cm, ZA=60° DE=4cm,FD = 4.5cm, £D = 55°
(c) BC=6cm,AC=4cm, £B=35° DF=4cm, EF =6 c¢m, ZE =35°

(It will be always helpful to draw a rough figure, mark the measurements and then
probe the question).
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SoLuTION
(a) Here, AB=EF (=7cm),BC=DE (=5 cm)and
mcluded ZB = included ZE { = 50°). Also, A F B EandC < D.
Therefore, AABC = AFED (By SAS congruence rule) (Fig 7.20)

A
D

& 5
A )

50° 50°

B S ecm CE 7 cm E

Fig 7.20

(b) Here, AB=FDand AC=DE(Fig7.21).
But included ZA #included ZD. So, we cannot say that the triangles are
congruent.

{c) Here, BC=FF, AC=DF and ZB = ZE.

But ZB is notthe included angle between the sides AC and BC.
Similarly, ZE is not the included angle between the sides EF and DF.

So, SAS congruence rule cannot be applied and we cannot conclude
that the two triangles are congruent.

ExamPLE D InFig 7.23, AB=AC and AD is the bisector of ZBAC.
(i) State three pairs of equal parts intriangles ADB and ADC.
(1) Is AADB = AADC? Give reasons.
(i) Is £B=2ZC?Give reasons.

SoLuTION
(1) The three pairs of equal parts are as follows:
AB=AC (Given) B
ZBAD = ZCAD (AD bisects ZBAC)and AD =AD (common) D
(i) Yes, AADB = AADC (By SAS congruencerule) Fig 7.23
(i) £B=ZC (Corresponding parts of congruent triangles)

TrY THESE

1. Which angle is included between the sides DE and EF of ADEF?

2. Byapplying SAS congruence rule, you want to establish that APQR = AFED. It is ¥
giventhat PQ=FE and RP = DF. What additional information is needed to establish AN
the congruence?
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3. InFig7.24, measures of some parts of the tnangles are indicated. By applying SAS
congruence rule, state the pairs of congruent triangles, ifany, in each case. In case
of congruent triangles, write them in symbolic form.

< 3,
&
B
3cm
&
5 S

% ’bb
3 40°

E 40 F Q R S

3cm 3 cm
(i) Fig 7.24

4. InFig7.25, AB and CD bisect each other at O.

(1) State the three pairs of equal parts in two
triangles AOC and BOD.

(i) Which ofthe following statements are true?
(a) AAOC = ADOB
(b) AAOC = ABOD

ASA Game

Canyou draw Appu’s triangle, if you know
(i) only one ofiits angles? (i) onlytwo of’its angles?
(i) two angles and any one side?
(iv) twoangles and the side included between them?

Attempts to solve the above questions lead us to the following criterion:

ASA Congruence criterion:

Ifunder a correspondence, two angles and the included side of a triangle are equal to
two corresponding angles and the included side of another triangle, then the triangles
are congruent.

ExampLE 6 By applying ASA congruence rule, itis to be established that AABC = AQRP
anditis given that BC = RP. What additional information is needed to
establish the congruence?
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SoLuTioN For ASA congruence rule, we need the two angles between which the
two sides BC and RP are included. So, the additional information 1s
as follows:

ZLB=/ZR

A
and £C= /P o
. 30°( =
ExampLE 7 InFig7.26,canyouuse ASA congruence 3| 70°
[
C

rule and conclude that AAOC = ABOD?
SoLuTIiON Inthe two triangles AOC and BOD, ZC = 2D (each 70°)

Also, ZAOC = ZBOD = 3(° (vertically opposite angles)
So, ZA of AAOC = 180° — (70° + 30°) = 80°

(using angle sum property of a triangle)
Similarly, ZB of ABOD = 180° — (70° + 30°) = 80°
Thus, we have ZA=/B, AC=BDand ZC=./D

Now, side AC 18 between ZA and ZC and side BD 1s between ZB and ZD.
So, by ASA congruence rule, AAOC = ABOD.

Remark

Given two angles of a triangle, you can always find the third angle of the triangle. So,
whenever, two angles and one side of one triangle are equal to the corresponding two
angles and one side of another triangle, you mnay convert it into ‘“two angles and the included
side’ form of congruence and then apply the ASA congruence rule.

TRrY THESE

1. Whatisthe side included between the angles M and N of AMNP?

2. You want to establish ADEF = AMNP, using the ASA congruence rule. You are
given that ZD = /M and £F = ZP. What information is needed to establish the
congruence? (Draw arough figure and then try!)

3. InFig 7.27, measures of some parts are indicated. By applying ASA congruence
rule, state which pairs of triangles are congruent. In case of congruence, write the

resultin symoblic form.
40° 60°
60° °
E 40N
C 3.5cm

M
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D C
R M
N O
30° 60°  30° X300 309
P Q ...L 6 cm N o B
(1)

Fig 7.27 )
4. Given below are measurements of some parts of two trniangles. Exammine whether the
two triangles are congruent or not, by ASA congruence rule. In case of congruence,
write it in symbolic form.
ADEF APQR
(1) £D=60° £F =80°,DF=5cm ZQ=60° ZR=80°, QR=5cm
(i) £D=60° £F =80°, DF=6cm ZQ=60° ZR=80°, QP=6cm
(iii) ZE=80°, LF=30°, EF=5cm ZP =8(0°, PQ=35cm, ZR =30°
5. InFig 7.28, ray AZ bisects ZDAB as well as
ZDCB.
(1) State the three pairs of equal parts in

D
triangles BAC and DAC. A /\C
(i) Is ABAC =ADAC? Give reasons. \\//
(i) Is AB=AD? Justify your answer.
B

(iv) Is CD=CB7? Give reasons.

v

N ¢

Fig 7.28

7.7 CoNGRUENCE AMONG RIGHT-ANGLED TRIANGLES

A Congruence in the case of two right triangles deserves special attention. In such triangles,
obviously, the right angles are equal. So, the congruence criterion becomes easy.

Canyou draw AABC (shown in Fig 7.29) with ZB=90°, if

(1) only BCis known? () only ZCis known?
() ZA and £C are known? (iv) AB and BC are known?
B Cc (v) ACandone of AB or BC are known?

Try these with rough sketches. You will find that (iv) and (v) help you to draw the
triangle. But case (iv) is sinply the SAS condition. Case (v) is something new. This leads to

the following criterion:

Fig 7.29

RHS Congruence eriterion:

If under a correspondence, the hypotenuse and one side of a right-angled triangle are
respectively equal to the hypotenuse and one side of another right-angled triangle, then

the triangles are congruent.

Why do we call this ‘RHS’ congruence? Think about it.
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ExampLE 8 Given below are measurements of some parts of two triangles. Fxamine
whether the two triangles are congruent or not, using RHS congruence
rule. In case of congruent triangles, write the result in symbolic form:

AABC APOR
(i) £ZB=90°,AC=8cm,AB=3cm ZP=90°, PR=3cm, QR =8 cm
(i) ZA=90°,AC=5cm, BC=9cm £Q=90°,PR =8 cm, PQ =35 cm

SoLuTiOoN
(1) Here, ZB=/P=90°
hypotenuse, AC =hypotenuse, RQ (=8 cm) and
side AB =side RP (=3 cm)
So, AABC = ARPQ (By RHS Congruence rule). |[Fig 7.30(1)]
C R

8 cm
5cm 9 cm

Scm
(1) Fig 7.30 (ii)
() Here, ZA = Z2Q (=90°) and
side AC = side PQ (=5 cm).
But hypotenuse BC # hypotenuse PR |Fig 7.30(ii)]

So, the triangles are not congruent.

ExampLE 9InFig7.31, DA LAB,CB L AB and AC=BD.
State the three pairs of equal parts in AABC and ADAB.
Which ofthe following statements is meaningful?

(i) AABC = ABAD (i) AABC = AABD A B
Fig 7.31

SoLuTION The three pairs of equal parts are:
ZABC= ZBAD (=90°)
AC = BD (Given)
AB = BA (Common side)
From the above, AABC = ABAD (By RHS congruence rule).
So, staternent (i) is true

Staternent (ii) is not meaningful, in the sense that the correspondence among the vertices
isnot satisfied.
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TrYy THESE

1. In Fig 7.32, measures of some parts of triangles are given.By applying RHS
congruence rule, state which pairs of triangles are congruent. In case of congruent
triangles, write the result in symbolic form.

p
D C D
6 Q O
i’ 34 6 ¥ 5
(]
90 000
Q R F E A
_ ;
“)c;& U)O@
90°
Q L R
D . _
() {v)
N Fig 7.32

2. Ttistobeestablished by RHS congruence rule that AABC = ARPQ.
What additional information is needed, if it is given that

E D ZB=/P=90° and AB=RP?
3. InFig7.33, BD and CE are altitudes of AABC such that BD =CE.
(1) Statethe three pairs of equal parts in ACBD and ABCE.

(i) Is ACBD =ABCE? Why or why not?
A (i) Is ZDCB = ZEBC? Why or why not?

4. ABC is an isosceles triangle with AB = AC and AD is one of its
altitudes (Fig 7.34).

(i) Statethe three pairs of equal parts in AADB and AADC.
() Is AADB=AADC? Why or why not?
) Is ZB=~/C? Why or why not?
D (iv) Is BD=CD? Why or why not?
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We now turn to examples and problems based on the criteria seen so far.

EXERCISE 7.2

1. Which congruence criterion do vou use in the following?

(a)

(b)

(©)

(d)

2. Youwant to show that AART = APEN,

Given: AC=DF
AB=DE

BC=EF

So, AABC = ADEF
Given: ZX=RP
RQ=7Y
LPRQ=ZX7ZY

So, APQR = AXY7Z
Given: ZMLN = ZFGH
ZNML = ZGFH
ML =FG

So, ALMN = AGFH
Given: EB=DB
AE=BC
LA=2C=90°

So, AABE = ACDB

(a) Ifyouhavetouse SSScriterion, then you need to show

(i) AT=

(b) Ifitisgiventhat ZT = 2N and you are to use SAS criterion,

{1 AR= ) RT=
youneed to have
(i) RT= and

(i) PN =

{c) Ifitisgiven that AT = PN and you are to use ASA criterion,

youneed to have

0 ?

(ii) ?

E
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. You have to show that AAMP = AAMQ).

In the following proof, supply the missing reasons.

Steps Reasons
i PM=0QM ()
(i) ZPMA=-20QMA (ii)
(m) AM=AM (1)
Q {v) AAMP = AAMQ {1v)

. InAABC, ZA=30°, ZB=4( and ZC=110°
In APQR, ZP =30°, ZQ=40° and ZR=110°
A student says that AABC = APQR by AAA R

congruence criterion. Is he justified? Why or
whynot?
A } T

. Inthe figure, the two triangles are congruent.

The corresponding parts are marked. We can N } 9)
write ARAT = 7 V
. Complete the congruence staterment: 0

T

ABCA = 7 AQRS = 7

. Inasquared sheet, draw two triangles of equal areas such that
(i) thetriangles are congruent.

(ii) thetriangles are not congruent.

What can you say about their perimeters?

. Drawaroughsketch oftwo trianglessuch A
that they have five pairs of congruent parts
but still the triangles are not congruent. R

. IfAABC and APQR are to be congruent,
name one additional pair of corresponding

parts. What criterion did vouuse?
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10. Explain, why A D " E
AABC = AFED.
Enrichment activity B # C F

We saw that superposition is a useful method to test congruence of plane figures. We
discussed conditions for congruence of line segiments, angles and triangles. You can now
try to extend this idea to other plane figures as well.

1. Consider cut-outs of different sizes of squares. Use the method of superposition to
find out the condition for congruence of squares. How does the idea of
‘corresponding parts’ under congruence apply? Are there corresponding sides? Are
there corresponding diagonals?

2. What happens if you take circles? What is the condition for congruence of two
circles? Agair, you can use the method of superposition. Investigate.

3. Trytoextend this idea to other plane figures like regular hexagons, etc.

4. Take two congruent copies of atniangle. By paper folding, imvestigate if they have
equal altitudes. Do they have equal medians? What can you say about their perimeters
and areas?

WuAaT HAVE WE Discussep?

1. Congruent objects are exact copies of one another.
The method of superposition examines the congruence of plane figures.

3. Two plane figures, say, F, and F, are congruent if the trace-copy of F, fits exactly on
that of F,. We write thisas F = F.

4. Two line segments, say, AB and CD, are congruent if they have equal lengths. We

write this as AB  CD . However, it is common to write it as AB = CD.

5. Two angles, say, ZABC and ZPQR, are congruent if their measures are equal. We
write this as ZABC = ZPQR or as mZABC = mZPQR. However, in practice, it is
common to write it as ZABC = ZPQR.

6. SSS Congruence of two triangles:

Under a given comrespondence, two triangles are congruent if the three sides of the
one are equal to the three corresponding sides of the other.

7. SAS Congruence of two triangles:

Under a given correspondence, two triangles are congruent if two sides and the angle
included between them in one of the triangles are equal to the corresponding sides and
the angle included between them of the other triangle.
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10.

ASA Congruence of two triangles:

Under a given correspondence, two triangles are congruent if two angles and the side
included between them in one of the triangles are equal to the corresponding angles
and the side included between them of the other triangle.

RHS Congruence of two right-angled triangles:

Under a given correspondence, two right-angled triangles are congruent if the hypotenuse
and a leg of one of the triangles are equal to the hypotenuse and the corresponding leg
of the other triangle.

There is no such thing as AAA Congruence of two triangles:

Two triangles with equal corresponding angles need not be congruent. In such a
correspondence, one of them can be an enlarged copy of the other. (They would be
congruent only if they are exact copies of one another).




Comparing
Quantities

Chapter 8

8.1 INTRODUCTION

In our daily life, there are many occasions when we compare two quantities.
Suppose we are comparing heights of Heena and Amir. We find that

l. Heenais two times taller than Amir.
Or

1
2. Amir’s height is ) of Heena’s height.

Consider another example, where 20 marbles are divided between Rita and 150cm 75 cm
Amit such that Rita has 12 marbles and Tlesrm ATis:
Amit has § marbles. We say,

3
1. Ritahas 5 times the marbles that Amit has.

Or

2
2. Amithas 3 part of what Rita has.

Yet another example is where we compare
speeds of a Cheetah and a Man.
The speed of a Cheetah is 6 times the speed
ofaMan.

Or

!
The speed of a Man is — of the speed of Speed of Cheetah Speed of Man

6
the Cheetah. 120 km per hour 20 km per hour

Doyouremember comparisons like this? In Class VI, we have leamnt to make comparisons
by saying how many times one quantity is of the other. Here, we see that it can also be
inverted and written as what part one quantity is of the other.
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In the given cases, we write the ratio of the heights as :

Heena’s height : Amir’s heightis 150: 75 or2: 1.

Can vou now write the ratios for the other comparisons?

These are relative comparisons and could be same for two different situations.

If Heena’s height was 150 cm and Amir’s was 100 cm, then the ratio of their heights would be,

This is same as the ratio for Rita’s to Amit’s share of marbles.
Thus, we see that the ratio for two different comparisons may be the same. Remember

that fo compare two quantities, the units must be the same.

ExavpLe 1 Find the ratio of 3 km to 300 m.

SorLuTioN  First convert both the distances to the same unit.
So, 3 km =3 x 1000 m = 3000 m.
Thus, the required ratio, 3 km : 300 mis 3000 :300=10:1.

8.2 EgurvaLENT RaTiOS

Different ratios can also be compared with each other to know whether they are equivalent
ornot. To do this, we need to write the ratios in the form of fractions and then compare
them by converting them to like fractions. If these like fractions are equal, we say the given
ratios are equivalent.

ExampLE 2 Arethe ratios 1:2 and 2:3 equivalent?

SoruTtioN  To check this, we need to know whether % = % .
We ha I Ix3 3 2 2x2 4
©Have, 2 2x3 6°3 3x2 6

U5

4 1 2
We find that 6 6 , which means that RER

Therefore, the ratio 1:2 isnot equivalent to the ratio 2:3.

Use of such comparisons can be seen by the following example.

ExampPLE 3 Following is the performance of a cricket team in the matches it played:

Year Wins Losses

Lastyear 8 2 Inwhich year was the record better?

This year 4 2 How can you say so?
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SoLuTion  Lastyear, Wins: Losses=8:2=4:1
This year, Wins: Losses=4:2=2:1

4 2
Obviously,4 :1>2: 1 (In fractional form, — ~ T)

Hence, we can say that the team performed better last year.

In Class VI, we have also seen the importance of equivalent ratios. The ratios which
are equivalent are said to be in proportion. Let us recall the use of proportions.

Keeping things in proportion and getting solutions

Aruna made a sketch of the building she lives in and drew sketch of her
mother standing beside the building.

Mona said, “There seems to be something wrong with the drawing”

Can you say what is wrong? How can you say this?

In this case, the ratio of heights in the drawing should be the same as the
ratio of actual heights. That is

Actual height of building ~ Height of building in drawing
Actual height of mother ~ Height of mother in the drawing

Only then would these be in proportion. Often when proportions are maintained, the
drawing seems pleasing to the eye.

Another example where proportions are used is in the making of national flags.

Do you know that the flags are always made in a fixed ratio of length to its breadth?
These may be different for different countries but are mostlyaround 1.5: Tor 1.7: 1.

We can take an approximate value of this ratio as 3 : 2. Even the Indian post card is
around the same ratio.

Now, can you say whether a card with length 4.5 cm and breadth 3.0 cm %
1s near to this ratio. That is we need to ask, 1s 4.5 : 3.0 equivalent to 3 : 27 =
We note that  4.5:3.0 zﬂ = 45 zé
3.0 30 2

i

Hence, wesee that 4.5 : 3.0 s equivalentto 3 : 2.

We sce a wide use of such proportions in real life. Can you think of some more
situations?

We have also learnt a method in the earlier classes known as Unitary Method in
which we first find the value of one unit and then the value of the required number of units.

Letus see how both the above methods helpus to achieve the same thing.

ExamvPLE 4 Amapis given with a scale of 2 cm= 1000 k. What is the actual distance
between the two places in kms, if the distance inthe map is 2.5 cm?
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SoLutIioN
Arun does it like this Meera does it like this
Let distance = x km 2 e means 1000 km.
1000
then, 1000 :x=2:2.5 So, | cm means 5 km
1000 2
Hence, 2.5 cin means 2.5km
X 2 5
1060 x 2.5 2
———=— x 25 = 1250 km
X 2.5
1000 x 25 =xx2x=1250

Arun has solved it by equating ratios to make proportions and then by solving the
equation. Meera has first found the distance that corresponds to 1 cm and then used that to
find what 2.5 cm would correspond to. She used the unitary method.

Let us solve some more examples using the unitary method.

ExampPLE 5 6 bowls cost Rs 90. What would be the cost of 10 such bowls?
SoLuTioN  Costof6 bowlsis Rs 90.

Therefore, costof 1 bowl =Rs 3

90
Hence, cost of 10 bowls =Rs 3 x 10 =Rs 150

ExampPLE 6 The car that I own can go 150 km with 25 litres of petrol. How far can
it go with 3(tlitres of petrol?

' hL/m? @

With 1 Titre the car will go % k.

150
Hence, with 30 litres of petrol it would go EXBO km =180 km

In this method, we first found the value for one unit or the unit rate. This is done by the
comparison of two different properties. For example, when you compare total cost to
number of items, we get cost per itermn or if you take distance travelled to time taken, we get
distance per unit time.

Thus, you can see that we often use per to mean foreach.

For example, km per hour, children per teacher etc., denote unit rates.
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THINE, Discuss AND WRITE M/}m
!

Anant can carry 50 times its weight. Ifa person can do the same, how much would 0 L, WA (

you be able to carry?
Exercise 8.1 AN
1. Findtheratioof:

(a) Rs5to50paise (by 15kgto210g
(c) 9mto27cm (d) 30 daysto36hours

2. Inacomputer lab, there are 3 computers for every 6 students. How many
computers will be needed for 24 students?

3. Population of Rajasthan = 570 lakhs and population of UP = 1660 lakhs.
Area of Rajasthan = 3 lakh kmn? and area of UP =2 lakh km?,

(i) How many people are there per km? in both these States?
(i) Which State is less populated?

Anita’s Report
Total 320/400
Percentage: 80

Rita’s Report
/ > Total 300/360
/ m Percentage: 83.3

Anita said that she has done better as she got 320 marks whereas Rita got only 300. Do
you agree with her? Who do you think has done better?

Manmnsi told them that they cannot decide who has done better by just comparing the
total marks obtained because the maximum marks out of which they got the marks are not
the same.

She said why don’t you see the Percentages given in your report cards?
Anita’s Percentage was 8(and Rita’s was 83. So, this shows Rita has done better.
Dovyou agree?

Percentages are numerators of fractions with denominator 100 and have been
used in comparing results. Letus try to understand in detail about it.

8.3.1 Meaning of Percentage

Per cent 1s derived from Latin word “per centum’ meaming ‘per hundred’.

Per cent isrepresented by the symbol % and means hundredths too. That is 1% means

1
1 out of hundred or one hundredth. It can be written as: 1% = m =(.01
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To understand this, letus consider the following example.

Rina made a table top of 100 different coloured tiles. She counted vellow, green, red
and blue tiles separately and filled the table below. Can you help her complete the table?

Colour Number Rate per Fraction | Written as Read as
of Tiles Hundred
14
Yellow 14 14 — 14% 14 per cent
100
26
Green 26 26 100 26% 26 per cent
Red 35 35 — —— ----
Blue 25 | -meee--- — ---- ----
Total 100

TrY THESE

SN 1. Findthe Percentage of chuldren of different heights for the following data.

$
N

Height Number of Children | In Fraction | In Percentage

f 110 cm 22
120 cm 25

‘_;#.,
128 cm 32
130 cm 21
Total 100

2. Ashop has the following number of shoe pairs of different m{ o
s1Zes. ’g SHEES
A \‘H S%Es )
Size 2 : 20 Size 3:30 Sized : 28 LT e

Size 5: 14 Size 6: 8

Write this information in tabular form as done earlier and
find the Percentage of each shoe size available in the shop.

Percentages when total is not hundred

In all these examples, the total number of items add up to 100. For example, Rina had 100
tiles in all, there were 100 children and 100 shoe pairs. How do we calculate Percentage
of anitem if the total number of itemns do not add up to 1007 In such cases, we need to
convert the fraction to an equivalent fraction with denominator 1((. Consider the following
example. You have anecklace with twenty beads in two colours.
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Colour Number | Fraction | Denominator Hundred In Percentage
of Beads
Red 8 3 3 X% _ A0 40%
© 20 207100 100 ¢
Bl 12 12 12 X 196 _ 60 60%
He 20 207100 100 ¢
Total 20
Anwar found the Percentage of red beads like this Asha does it like this
Out of 20 beads, the number of red beads are 8. ] 85
Hence, out of 100, the number of red beads are % T 90x5
8 40
—x100 =40 (out of hundred) = 40% _
= ( )=40% = 7og = 40%

We see that these three methods can be used to find the Percentage when the total
does not add to give 100. In the method shown in the table, we multiply the fraction by

100

100 This does not change the value of the fraction. Subsequently, only 100 remains in the

denominator.
5
Anwar has used the unitary method. Asha has multiplied by 3 to get 100 in the
denominator. You can use whichever method you find suitable. May be, you can make
your own method too.

The method used by Anwar can work for all ratios. Can the method used by Asha also
work for all ratios? Anwar says Asha’s method can be used only if you can find anatural
number which onmultiplication with the denommator gives 100. Since denominator was 20,
she could multiply it by 5 to get 100. If the denominator was 6, she would not have been
able to use this method. Do you agree?

TrY THESE

1. A collection of 10 chips with different colours is given .

Colour | Number | Fraction | Denominator Hundred | In Percentage

Green @@@ @
Bhe
Red ®® ®

Total

Fill the table and find the percentage of chips of each colour.
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2. Malahas a collection of bangles. She has 20 gold bangles and 10 silver bangles.
What is the percentage of bangles of each type? Can you put it in the tabular form
as done in the above example?

THINK, Discuss AND WRITE

Look at the examples below and in each of them, discuss which is better for
COMpArison.

Inthe atmosphere, 1 g of air contains:

.78 g Nitrogen 78% Nitrogen
21 g Oxygen or 21% Oxygen
.01 g Other gas 1% Other gas
3
35 Cotton 60% Cotton
or
5 Polyster 40% Polyster

8.3.2 Converting Fractional Numbers to Percentage

Fractional munbers can have different denominator. To compare fractional mumnbers, we
need a common denominator and we have seen that it is more convenient to compare if
our denormmnator is 100. Thatis, we are converting the fractions to Percentages. Letus try
converting different fractional numbers to Percentages.

1
ExAMPLE 7 Write —

3aspercent.
I 1100 1
—=—X—==x100%
SoLuTiOoON Wehave, ST o
_ 100

% =133 1 %o
3 3
XAMPLE 8 Out of25 children in a class, 15 are girls. What is the percentage of girls?
OLUTION  Outof25 children, there are 15 girls.

15
Therefore, percentage of girls = 53 100 = 60 . There are 60% girls in the class.

5
ExampLE 9 Convert , fopercent.

5 5
SOLUTION  We have, 2- 2" 100% =125%
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From these examples, we find that the percentages related to proper fractions are less
than 100 whereas percentages related to improper fractions are more than 100.

THINK AND Discuss

i) Canyoueat 50% ofa cake? Canyou eat 100% of a cake?
Can you eat 150% of a cake?

(i) Canapriceofanitem goup by 50%? Can aprice of an item go up by 100%?
Can a price of an item go up by 150%?

8.3.3 Converting Decimals to Percentage

We have seer how fractions can be converted to per cents. Let us now find how decimals
can be converted to pre cents.

ExampLE 10 Convert the given decimals to per cents:

(a) 0.75 (b) 0.09 (©) 0.2
SoLuTION
9
(a) 0.75=0.75»100 % (b) 0.09=—=9%

100

_ 5 x 100 % = 75%
T 100 eT e

2
(c) 0.2= 175 < 100%=20"%

1. Convert the following to per cents:

12 49 2
@ ®35 @ @ © 005

2. (1) Outof32 students, 8 are absent. What per cent of the students are absent?

¢

y

(i) Thereare 25 radios, 16 of them are out of order. What per cent of radios are /\_-
<
out of order? ———
() A shop has 500 parts, out of which 5 are defective. What per cent are defective?

(iv) There are 120 voters, 90 of them voted yes. What per cent voted yes?

8.3.4 Converting Percentages to Fractions or Decimals

We have so far converted fractions and decimals to percentages. We can also do the
reverse. That s, given per cents, we can convert them to decimals or fractions. Look at the
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table, observe and complete it:

Per cent 1% 10% 25% | 50% | 90% [ 125% | 250%
Make some
more such ] 10 ]
examples and Fraction 100 100 = n
solve them.
Decimal (0.01 0.10

Parts always add to give a whole
In the examples for coloured tiles, for the heights of QD
children and for gases in the air, we find that when we Q A _

add the Percentages we get 100. All the parts that form V \/
the whole when added together gives the whole or 100%.

So, if we are given one part, we can always find out the

other part. Suppose, 30% of a given number of students are boys.

This means that if there were 100 students, 30 out of them would be boys and the
remaining would be girls.

Then girls would obviously be (100 —3()% = 70%.

1. 35% + % = 100%, 64% +20% + % =100%
45% = 100% — Yo, T0% = % — 30%

If65% of students in a class have a bicycle, whatpercent =
of the student do not have bicycles? =

. We have a basket full of apples, oranges and mangoes.
If 50% are apples, 30% are oranges, then what per cent

are mangoes?

THINK, Discuss AND WRITE

Consider the expenditure made on a dress ]

20% on embroidery, 50% on cloth, 30% on stitching. |

~/ Canyou think of more such examples?

=
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8.3.5 Fun with Estimation
Percentages help us to estimate the parts of an area.

ExampLE 11 What per cent of the adjoining figure is shaded?

SoLuTION We first find the fraction of the figure that is shaded. From this fraction,
the percentage of the shaded part can be found.

11
Youwill find that halfof the figure is shaded. And, 5 =% 100% 50%

Thus, 50 % of the figure is shaded.

TrY THESE

What per cent of these figures are shaded?
@ (1)

1
16

- |

-

I
8 1

16

1
8

Tangram
You can make some more figures yourself and ask vour friends to estimate the
shaded parts.

8.4 Use oF PERCENTAGES

8.4.1 Interpreting Percentages
We saw how percentages were helpful in comparison. We have also learnt to convert
fractional numbers and decimals to percentages. Now, we shall learn how percentages
can be used inreal life. For this, we start with interpreting the following statements:
— 5% ofthe income is saved by Ravi. — 20 % of Meera’s dresses are blue in colour.
— Rekha gets 10 % on every book sold by her.

What can you infer from each of these statements?

5
By 5% we mean 5 parts out of 100 or we write itas 100 It means Ravi is saving
Rs 5 out of every Rs 100 that he eamns. In the same way, interpret the rest of the statements

given above.

8.4.2 Converting Percentages to “How Many”

Consider the following examples:
ExavmpLE 12 A survey of 40 children showed that 25% liked playing football. How
many children liked playing football?

SoLuTION Here, the total number of children are 40. Out of these, 25% like playing
football. Meena and Arun used the following methods to find the mumber.

You can choose either method.
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Arun does it like this Meena does it like this
. . 25
Out of 100, 25 like playmg football | 25% of 40 = — x40
So out of 40, number of children who like 160
25 =10
laying football= — x 40 =
playlng Jo0tha 100 10 Hence, 10 children out of 40 like
playing football.
1. Find:
1
(a) 50% of 164 {b) 75%of12 {c) 125% of 64
2. 8% children of a class of 25 like getting wet in the rain. How many children like
getting wet in the rain.

ExampLE 13 Rahul bought a sweater and saved Rs 20 when a discount of 25% was
given. What was the price of the sweater before the discount?

SoLuTIiON Rahul has saved Rs 20 when price of sweater is reduced by 25%. This
means that 25% reduction in price is the amount saved by Rahul. Letus
see how Mohan and Abdul have found the original cost of the sweater.

Mohan’s solution Abdul’s solution
25% of the original price = Rs 20 Rs251s saved for every Rs 100
Let the price (in Rs) be P Amount for which Rs 20 is saved
25 100
So, 25% of P =20 or —xP=20 = —X20 = Rs 80
100 25
or P 20 or P=20 x 4 Thus both obtained the original price of
"4 sweater as Rs 80.
Therefore, P =80

TrYy THESE

1. 9is25% of what number? 2. 75% ofwhat numberis 157

EXERcISE 8.2

1. Convert the given fractional munbers to per cents.

1 5 3 2
(a) 2 (b) 2 (©) 0 @ =
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2. Convert the given decimal fractions to per cents.

(a) 0.65 (b) 2.1 (c) 0.02 (d) 12.35
3. Estimate what part of the figures is coloured and hence find the per cent which is
coloured.
@ (1) (1)
4. Find:

(a) 15%of250 (b) 1% oflhour (c) 20% ofRs2500 (d) 75%of l kg
5. Findthe whole quantity if

{a) 5% ofitis 600. (b) 12% ofitisRs 1080.  (c) 40% ofitis 500 km.
(d) 70% ofitis 14 minutes. {e) 8% ofitis40 litres.

6. Convert given per cents to decimal fractions and also to fractions in simplest forms:
(a) 25% (b) 150% {c) 20% (d) 5%

7. Inacity, 30% are females, 40% are males and remaiming are children. What per cent
are children?

8. Outof 15,000 voters in a constituency, 60% voted. Find the percentage of voters
who did not vote. Can you now find how many actually did not vote?

9. Meetasaves Rs 400 from her salary. If this is 10% ofher salary. What is her salary?

10. Alocal cricket team played 20 matches in one season. It won 25% of them. How
many matches did they win?

8.4.3 Ratios to Percents

Sometimes, parts are given to us in the form of ratios and we need to convert those to
percentages. Consider the following example:

ExampLE 14 Reena’s mother said, to make idlis, youmust take two parts rice and
one part urad dal. What percentage of such a mixture would be rice
and what percentage would be urad dal?

SoLuTION In terms of ratio we would write this as Rice : Urad dal=2: 1.

2 1
Now, 2 + 1=3 is the total of all parts. This means 3 partisrice and 3 partis urad dal.

Then, percentage of rice would be % X100 % = % =66 2 %.

3
100 1

1
Percentage of urad dal would be 3 160 % 3 33 3 % .
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ExamprLE 15If Rs 250 is to be divided amongst Ravi, Raju and Roy, so that Ravi
gets two parts, Raju three parts and Roy five parts. How much money
will each get? What will it be in percentages?

OLUTION The parts which the three boys are getting can be written in terms of

ratiosas2:3: 5. Total of the parts is2+3 +5=10.
Amounts received by each Percentages of money for each

EXRS 250 =Rs 50 Ravigetsixl()()% 20%

10 10

3 . 3

— Rs250=Rs75 Rajugets —x100% 30%

10 10

5 5
T Rs 250=Rs 125 Roy gets E><100% 50%

TrY THESE

1. Divide 15 sweets between Manu and Sonu so that they get 20 %
and 80 % of them respectively.

2. Ifangles of a triangle are in the ratio 2 : 3 : 4. Find the value of

’VA each angle.
M 8.4.4 Increase or Decrease as Per Cent

There are times when we need to know the increase or decrease in a certain quantity as
percentage. For example, if the population of a state increased from 5,50,000 to
6,05,000. Then the increase in population can be understood better if we say, the
population increased by 10 %.

How do we convert the increase or decrease in a quantity as a percentage of'the initial
amount? Consider the following example.

ExamvpLE 16 Aschool team won 6 games this year against 4 games won last year.
What is the per cent increase?

OLUTION The increase in the number of wins (or amount of change)=6-4=2.

amount of change
original amount or base

Percentage increase = 160

_ increase in the number of wins
original number of wins

2
%100 = 1 100 =50

ExamvpLE 17 Thenumber of illiterate persons in a country decreased from 150 lakhs
to 100 lakhs in 10 years. What is the percentage of decrease?

OLUTION Original amount = the number of illiterate persons initially = 150 lakhs.
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Amount of change = decrease in the number of illiterate persons = 150 — 100 = 50 lakhs
Therefore, the percentage of decrease
amount of change 50 1

= — 100 = —x100=33—
original amount 150 3

>

1. FindPercentage of increase or decrease:
— Price of shurt decreased from Rs 80 to Rs 60.
— Marks in a test increased from 20 to 30.

2. My mother says, in her childhood petrol was Re 1 a litre. It is Rs 52 per litre today.
By what Percentage has the price gone up?

8.5 Prices RELATED TO AN ITEM OR BUYING AND SELLING
I bought it for Rs 600

and will sell it for Rs 610

The buying price of any item is known as its cost price. It is written in short as CP.
The price at which you sell 1s known as the selling price orin short SP.

What would you say is better, to you sell the item at a lower price, same price or higher
price than your buying price? You can decide whether the sale was profitable or not
depending on the CP and SP. If CP < SP then youmade a profit = SP — CP.

If CP =8P then you are in a no profit no loss situation.
If CP > SP then you have aloss = CP— SP.
Letus try to interpret the staternents related to prices of items.
’ @ A toy bought for Rs 72 is sold at Rs 8(.
N ® A T-shirtbought for Rs 120 1s sold at Rs 100.
\\—/ ® A cvcle bought for Rs 800 1s sold for Rs 940.
Let us consider the first statement.

The buying price (or CP)is Rs 72 and the selling price (or SP) s Rs 8. This means SP
1s more than CP. Hence profitmade =SP—-CP =Rs 80 - Rs72=Rs 3

Now try interpreting the remaining statements in a similar way.

8.5.1 Profit or Loss as a Percentage
The profit or loss can be converted to a percentage. It is always calculated on the CP.
For the above examples, we can find the profit % or loss %.

Let us consider the example related to the toy. We have CP = Rs 72, SP =Rs 80,
Profit=Rs 8. To find the percentage of profit, Neha and Shekhar have used the following
methods.
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Neha does it this way
Profit 8
= =— 100
Profit per cent cp ~ 100 =
= 1 1
Propit oR = §X100 = 115
| Loss ; Peremioracs

Shekhar does it this way

On Rs 72 the profitis Rs 8

8
On Rs 100, profit = - 100

[ Auwiave en

Thus, the profitis Rs 8 and

profit Percent is 1 lé .

CP=Rs 120, SP=Rs 100.

0

=1 1% . Thus, profit per cent = 1 19

Similarly you can find the loss per cent in the second situation. Here,

Therefore, Loss=Rs 120 - Rs 100 =Rs 20

Loss

= x100

Loss percent P

= 20 x100
120
50

=— 16z
3 3

Try the last case.

OnRs 120, the loss 1s Rs 20
So on Rs 100, the loss

=20 00=20 2162
120 3 3

Thus, loss per cent is 16 3

Now we see that given any two out of the three quantities related to prices that is, CP,
SP, amount of Profit or Loss or their percentage, we can find the rest.

ExavpLE 18 The costof a flower vase is Rs 120. If the shopkeeper sells it at a loss
of 10%, find the price at which itis sold.

OLUTION We are given that CP =Rs 120 and Loss per cent = 10. We have to
find the SP.
Sohan does it like this Anandi does it like this
Loss of 10% means if CPisRs 100, Lossis 10% of'the cost price
LossisRs 10 =10% of Rs 120

Therefore, SP would be

Rs (100 -10)=Rs 90

When CPis Rs 100, SPi1s Rs 90.
Therefore, if CP were Rs 120 then

90
SP=—

= 120 =Rs 108
100

10
= —x120 =
100 Rs 12

Therefore

SP =CP — Loss
=Rs 120 -Rs 12=Rs 108

Thus, by both methods we get the SP as
Rs 108.
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ExamprLE 19 Selling price of a toy car is Rs 540. If the profit made by shop-
keeper is 200, what is the cost price of this toy?

SoLuTtiON Wearegiventhat SP=Rs 540 and the Profit=20%. Weneedto find the CP. £

Amina does it like this Arun does it like this 5
20% profit will mean if CP is Rs 100, Profit=20% of CP and SP = CP + Profit| { || 4@
profitis Rs 20 So, 540 =CP + 20% of CP
Therefore, SP = 100+ 20 =120 20 1
Now, when SPis Rs 120, =CP+ 100 xCP=|1+Z|CP
then CP is Rs 100. »

Therefore, when SP is Rs 540, = E(jp . Therefore, 540x S CP
100
then CP = e 540 =Rs 430 or Rs 450 =CP

Thus, by both methods, the cost price is Rs 450.

TrYy THESE

1. A shopkeeper bought a chair for Rs 375 and sold it for Rs 400. Find the gain
Percentage.

2. Costofanitem is Rs 50. It was sold with a profit of 12%. Find the selling price.
3. Anarticle was sold for Rs 250 with a profit of 5%. What was its cost price?
4. Anitem was sold for Rs 540 at a loss of 5%. What was its cost price?

8.6 CHARGE GIVEN oN BORROWED MONEY OR SIMPLE
INTEREST

Solini said that they were going to buy a new scooter. Mohan asked her
whether they had the money to buy it. Sohini said her father was going
to take a loan from a bank. The money you borrow is known as sum
borrowed or principal.

This money would be used by the borrower for some time before it is
returned. For keeping this money for some time the borrower has to pay
sorne extra money to the bank. This 1s known as Interest.

You can find the amount you have to pay at the end of the year by adding the sum
borrowed and the interest. That is, Amount = Principal + Interest.

Interest is generally given in per cent for a period of one year. It is written as say 10%
peryear or per annum or in short as 10% p.a. (per annum).

10% p.a. means on every Rs 100 borrowed, Rs 10 is the interest you have to pay for
one year. Let us take an example and see how this works.

ExampLE 20 Anitatakes aloan of Rs 5,000 at 15% per year as rate of interest. Find
the interest she has to pay at end of one year.
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SoLuTIioN The sum borrowed = Rs 5,000, Rate of interest = 15% per year.

This means if Rs 100 is borrowed, she has to pay Rs 15 as interest for one year. If she has
borrowed Rs 5,000, then the interest she has to pay for one year

15
=Rs —x5000 =Rs 750
100

So, atthe end of the year she has to give an amount of Rs 5,000+ Rs 750 = Rs 5,750.
We can write a general relation to find interest for one year. Take P as the principal or

sum and R % as Rate per cent per annum.

Now on every Rs 100 borrowed, the interest paid is Rs R

RxP PXR

100 100 °

Therefore, on Rs P borrowed, the interest paid for one year would be

8.6.1 Interest for Multiple Years

If'the amount 1s borrowed for more than one year the interest 1s calculated for the period
the money is kept for. For example, if Anita returns the money at the end of two years and
the rate of interest is the same then she would have to pay twice the interest i.e., Rs 750 for
the first year and Rs 750 for the second. This way of calculating interest where principal is
not changed is known as simple interest. As the number of years increase the interest
also increases. For Rs 100 borrowed for 3 years at 18%, the interest to be paid at the end
of 3yearsis 18 + 18 + 18 =3 x 18§ =Rs 54.

We can find the general form for simple interest for more than one vear.

We know that on a principal of Rs P at R% rate of interest per year, the interest paid

for one year is . Therefore, interest / paid for 7" years would be

And amount you havetopay at theend of Tyearsis A =P+ 17

TrYy THESE

1. Rs 10,000 is invested at 5% interest rate p.a. Find the interest at the end of one
year.

2. Rs3,5001s given at 7% p.a. rate of interest. Find the interest which will be received
at the end of two years.

3. Rs6,0501s borrowed at 6.5% rate of interest p.a.. Find the interest and the amount
to be paid at the end of 3 years.

4. Rs 7,000 is borrowed at 3.5% rate of interest p.a. borrowed for 2 years. Find the
amount to be paid at the end of the second year.

Just as in the case of prices related to items, if you are given any two of the three

quantities in the relation 7 = # , you could find the remaining quantity.



COMPARING QUANTITIES

ExavmpLE 2 1IfManohar pays an interest of Rs 750 for 2 years on a sum of
Rs 4,500, find the rate of interest.

Solution 1
1= PXTxR
100
Therefore, 750= A00XIXR
750 100G
o 45%2

Therefore, Rate = 8 B %o

Solution 2

For 2 years, interest paid is Rs 750

750
Therefore, for | year, interest paid Rs N Rs 375

On Rs 4,500, interest paidis Rs375

Therefore, on Rs 100, rate of interest paid
_ 375x100 _ 81%
4500 3

TrY THESE

1. Youhave Rs 2,400 in your account and the interest rate is 5%. After how many years

would you earn Rs 240 as interest.

2. Ona certain sum the interest paid after 3 years is Rs 450 at 5% rate of interest per

annum. Find the sum.

ExERrcISE 8.3

1. Tell whatis the profit or loss in the following transactions. Also find profit per cent or

loss per cent in each case.

{(a) Gardening shears bought for Rs 250 and sold for Rs 325.
(b) A refrigerater bought for Rs 12,000 and sold at Rs 13,500.
{c) A cupboard bought for Rs 2,500 and sold at Rs 3,000.

{d) A skirt bought for Rs 250 and sold at Rs 150.

(c) 1:4 (d) 1:2:5

The population of a city decreased from 25,000 to 24,500. Find the percentage
Arun bought a car for Rs 3,50,000. The next year, the price went upto
I'buy a T.V. for Rs 10,000 and sell it at a profit of 20%. How much money do I get

Juli sells a washing machine for Rs 13,500. She loses 20% in the bargain. What was

2. Convert each part of the ratio to percentage:
(a) 3:1 (b) 2:3:5
3.
decrease.
4,
Rs 3,70,000. What was the Percentage of price increase?
5.
forit?
6.
the price at which she bought it?
7

of carbon in chalk.

. (1) Chalkcontains calcium, carbon and oxygen in the ratio 1(::3:12. Find the percentage

() Ifinastick of chalk, carbonis 3g, what is the weight of the chalk stick?
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10.
11.

Amina buys a book for Rs 275 and sells it at a loss of 15%. How much does she sell
itfor?

Find the amount to be paid at the end of 3 years in each case:

(a) Principal =Rs 1,200 at 12% p.a. {(b) Principal =Rs 7,500 at 5% p.a.
What rate gives Rs 280 as interest on a sum of Rs 56,000 in 2 years?

IfMeena gives an interest of Rs 45 for one year at 9% rate p.a.. What is the sumn she
has borrowed?

WHAT HAVE WE Discussep?

We are offen required to compare two quantities i our daily life. They may be heights,
weights, salaries, marks etc.

While comparing heights of two persons with heights150 cm and 75 cm, we write it
astheratio 150:75 or2: 1.

Two ratios can be commpared by converting them to like fractions. If the two fractions
are equal, we say the two given ratios are equivalent.

Iftwo ratios are equivalent then the four quantities are said to be in proportion. For
example, the ratios 8 : 2 and 16 : 4 are equivalent therefore 8, 2, 16 and 4 are in
proportion.

Away of comparing quantities is percentage. Percentages are numerators of fractions
with denominator 100. Per cent means per lundred.

For example 82% marks means 82 marks out of hundred.

Fractions can be converted to percentages and vice-versa.

1 1 75 3

For example, 72 100 % whereas, 75% = 00 2

Decimals too can be converted to percentages and vice-versa.

For example, 0.25 =0.25 x 100% = =25%

Percentages are widely used in our daily life,

{a) We have learnt to find exact number when a certain per cent of the total quantity
is given.

(b) When parts of a quantity are given to us as ratios, we have seen how to convert
them to percentages.

(c) Theincrease or decrease in a certain quantity can also be expressed as percentage.

(d) The profit or loss incurred in a certain transaction can be expressed in terms of
percentages.

{e) While computing interest on an amount borrowed, the rate of interest is given in
terms of per cents. For example, Rs 800 borrowed for 3 years at 12% per
annum.

EE— . o




Rational
Numbers

9.1 INTRODUCTION

You began your study of numbers by counting objects around you.
The numbers used for this purpose were called counting numbers or
natural numbers. They are 1, 2, 3, 4, ... By including 0 to natural
numbers, we got the whole numbers, i.e., (, 1, 2, 3, ... The negatives
ofnatural numbers were then put together with whole numbers to make
up integers. Integers are ..., —3,-2,-1,0, 1,2, 3, ... We, thus, extended
the nwmnber systern, from natural numbers to whole numbers and from
whole numbers to integers.

::::éngt:‘gﬂ 4/‘
=4 =2

/)

numerator

denominator
where the numerator is either 0 or a positive mteger and the denominator, a positive mteger.
You compared two fractions, found their equivalent forms and studied all the four basic
operations of addition, subtraction, multiplication and division on them.

In this Chapter, we shall extend the number system further. We shall introduce the concept
ofrational numbers alongwith their addition, subtraction, multiplication and division operations.

You were also introduced to fractions. These are numbers of the form

9.2 NEED FOR RATIONAL NUMBERS

Earlier, we have seen how integers could be used to denote opposite situations involving
numbers. For example, if the distance of 3 km to the right of a place was denoted by 3, then
the distance of 5 kmto the left of the same place could be denoted by —5. Ifa profit of Rs 150
was represented by 150 then a loss of Rs 100 could be written as —100.

There are many situations sirmlar to the above situations that involve fractional numbers.

3
You can represent a distance of 750m above sea level as 2 km. Can we represent 750m

3 -3
below sea level in km? Can we denote the distance of 2 kmbelow sea level by 7 7We can

see —— 1sneither an integer, nor a fractional munber. We need to extend our number system
to inchude such numbers.
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9.3 WHAT ARE RaTioNAL NUMBERS?
The word ‘rational’ arises from the term ‘ratio’. You know that a ratio like 3:2 canalso be
written as % . Here, 3 and 2 are natural numbers.

Similarly, the ratio of two integers p and ¢ {¢ #0), i.e., p:g can be written in the form

2 This is the form in which rational numbers are expressed.
A rational number is defined as a number that can be expressed in the

form g where p and g are integers and g # 0.

4
Thus, 3 is arational number. Here, p =4 and g =5.

%F' (2 T a Is 4 also a rational number? Yes, because p =— 3 and g =4 are mtegers.

® You have seen many fractions like T 1 3 etc. All fractions are rational
numbers. Can you say why?
How about the decimal numbers like (1.5, 2.3, etc.? Each of such numbers can be

written as an ordinary fraction and, hence, are rational numbers. For example, (1.5 = 10’

0.333= 533
77T 1000

Try THESE

2
1. Isthenumber —3 rational? Think about it. 2. List ten rational numbers.

etc.

Numerator and Denominator

In g , the mteger p is the numerator, and the integer ¢ (= 0) 1s the denominator.

Thus, n B the numerator is —3 and the denommatoris 7.

Mention five rational numbers each of whose
(a) Numerator is a negative integer and denominator is a positive integer.
(b) Numerator is a positive integer and denominator is a negative integer.
{c) Numerator and denominator both are negative mtegers.
(d) Numnerator and denominator both are positive integers.
@ Are integers also rational numbers?
Any integer can be thought of as a rational number. For example, the integer —5 is a

rational number, because you can write it as - . The integer ( can also be written as

0 =—or— etc. Hence, it is also a rational number.

Thus, rational numbers include integers and fractions.
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Equivalent rational numbers

A rational mumber can be written with different mumerators and denominators. For example,

-2

consider the rational number ER

-2 2x2 -4 -2 -4

- = =——. We see that —~ isthe same as —.

3 Ix2 6 3 6

-2 —2)x(-5 10 - 10

Also, ?=(33((5))=15.80,%i5alsothesameas_—15.
-2 -4 10 _ )
Thus, 3 T e L5 Such rational numbers that are equal to each other are said t
be equivalent to each other.
) 10 -10
= Y 9

Again, 1 T {(How?)

By multiplying the numerator and denominator of a rational

number by the same non zero integer, we obtain another rational
number equivalent to the given rational number. This is exactly like RY 1 HESE

obtaming equivalent fiactions. Fill inthe boxes:
Just as multiplication, the division of the munerator and denominator

. : : . 5 [] 25 15
by the sarne non zero mteger, also gives equivalent rational numbers. For () ~=—===—

example, 4 16 I:[ D
10 10+(35) 2 -2 12412 -1 3 [ 9 -

~15 -15+(-5) 3 24 2412 2 ® 5 w00

We write i as —%,ﬁ as 1o , etc.
3 315 15

9.4 PosITIVE AND NEGATIVE RATIONAL NUMBERS

Consider the rational number % . Both the numerator and denominator ofthis number are

3572

positive integers. Such a rational mumber is called a positive rational number. So, 79

etc. are positive rational mumber.
3 TRY THESE

The numerator of 5 1s anegative integer, whereas the denominator 1, s 5 a positive rational

1s a positive mteger. Such a rational umber is called a negative rational number?
ber. S —_5 —_3 —_9 . " tional b 2. List five more positive
number. So, =07, etc. arenegative rational numbers. rational murmbers.
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8 . . 8 8x-1 -8
o = ? — = =—
Try THESE Is - a negative rational number? We know that 3 Akl 3>
1. Is— 8 anegative -8
rational nm%]ber‘? and 3 1s anegative rational mumber. So, 3 18 a negative rational number.
2. List five more 5 6 2
negative rational Similarly, s g etc. are all negative rational numbers. Note that their
nurnbers. I

numerators are positive and their denominators negative.

® The number O is neither a positive nor a negative rational number.

-3
@® What about —5 ?

-3 3x(— -3

You will see that = <D _3 .So, — is a positive rational number.
-5 Sx{-1) 35 =5

Thus, :— — etc. are positive rational mumbers.

-3

Which of these are negative rational numbers?

L 2 .5 . 3 ) 6 . =2
® S (1) = (m) S (v) O v) 11 (v) )

9.5 RATIONAL NUMBERS ON A NUMBER LINE

You know how to represent integers on a number line. Iet us draw one such number line.

1 L L L 1 1 1 ~
1 Ll L L ] L Ll Cd

-4 -3 =2 =] 0 1 2 3 4
The points to the right of ( are denoted by + sign and are positive integers. The points
to the left of 0 are denoted by — sign and are negative integers.

5

Representation of fractions on a number line is also known to you.

Let us see how the rational numbers can be represented on a rumber line.

Let us represent the mumber — 5 on the number line.

As done inthe case of positive integers, the positive rational munbers would be marked
on the right of ( and the negative rational munbers would be marked on the left of 0.

To which side of ¢ will you mark ) 7 Bemg a negative rational mumber, it would be
marked to the left of 0.

You know that while marking integers on the number line, successive integers are
marked at equal intervels. Also, from (1, the pair 1 and —1 is equidistant. So are the pairs 2
and -2, 3 and 3.
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1 1
In the same way, the rational numbers 3 and — 5 would be at equal distance from (.

We know how to mark the rational number EX It is marked at a point which is halfthe

1
distance between (tand 1. So, — 3 would be marked at a point halfthe distance between
(O and-1.

-1

w

M

2

NJ.——-

3
We know how to mark 5 on the number line. It is marked on the right of ¢ and lies

-3
halfway between 1 and 2. et us now mark - on the number line. It lies on the left of O

) . 3
and 1s at the same distance as = from 0.

2
-1 =2 ~3 —4

In decreasing order, we have, —.—(=-1), R

3° 73 ( ). This shows that
-3 -3
5 lies between — 1 and —2. Thus, —- lies halfway between — 1 and — 2.

ya [l 1 ] ] ]
N T T T T T

I C = R

v

SN NUERE &
o | s
AL
22

Mark _7 and _7 in a similar way.

1 . .
Similarly, ™3 isto the left ofzero and at the same distance from zero as 3 isto the

right. So as done above, —3 can be represented on the number line. Once we know how

2 4 5

to represent ~5on the number line, we can go on representing T3S and so on.
All other rational numbers with different denominators can be represented in a siilar wav.

9.6 RATIONAL NUMBERS IN STANDARD FORM

. 3 -52 -7
Observe the rational numbers —, —, =, —.
g 7 11
The denominators of these rational numbers are positive integers and 1 is
the only common factor between the numerators and denominators. Further,

thenegative sign occurs only inthe munerator.

Such rational numbers are said to be in standard form.
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A rational number is said to be in the standard form if its denominator is a
positive integer and the numerator and denominator have no common factor other
than 1.

If a rational number 1s not i the standard form, then it can be reduced to the
standard form.

Recall that for reducing fractions to their lowest forms, we divided the numerator and
the denominator of the fraction by the same non zero positive integer. We shall use the
same method for reducing rational numbers to their standard form.

_45
ExamMPLE 1 Reduce 30 to the standard form.

S We ha —45 _ -45+3 15 _ -15+5 -3
OLUTION  WehaVe, 736 " 30+3 10 10+5 2
We had to divide twice. First time by 3 and then by 5. This could also be done as

—45  —45+15 -3

30 30+15 2
In this exammple, note that 15 is the HCF of 45 and 30.
Thus, to reduce the rational number to its standard form, we divide its numerator
and denominator by their HCF ignoring the negative sign, if any. (The reason for
ignoring the negative sign will be studied in Higher Classes)

Ifthere 1s negative sign inthe denominator, divide by *— HCF".

ExAMPLE 2 Reduce to standard form:

36 o3
O Ty @ =3
SoLuTION

(i} The HCF of 36 and 24 is 12.
Thus, its standard form would be obtained by dividing by —12.

36 36+(-12) 3

24 24+(-12) 2
(i) The HCFof3 and 151s 3.
-3 _ 3+(3) _1
-15 -15+(=3) 5

! TrY THESE

~18 —12
M Find the standard formof () — = @ g

Thus,
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9.7 CoMPARISON OF RATIONAL NUMBERS

We know how to compare two mtegers or two fractions and tell which is smaller or which
is greater among them. Let us now see how we can compare two rational numbers.

2
® Two positive rational numbers, like 3 and - can be compared as studied earlier n the

case of fractions.

1
@ Mary compared two negative rational numbers — 5 and — 3 using number line. She
knew that the integer which was on the right side of the other integer, was the greater

niteger.
For example, 5 is to the right of 2 on the number line and 5 > 2. The integer — 2 is on
the right of — 5 on the number line and —2 > - 5.

She used this method for rational mumbers also. She knew how to mark rational numbers

on the number line. She marked ) and TS as follows:
-1 f X 0 1
-1 75 -1~ -2
210 510
_ . 1 5
Has she correctly marked the two points? How and why did she convert — 3 to — 0
d1 2'?Sh@f d tha L the i flTh 1 : o
gy - = = e g —
ar Sto 10 ound that 515t0 e right o 5 - Thus, =g == or =5 <~%.
. I T NI
an you compare ~ - and ~5? =5 and ~ "

11 1
We know from our study of fractions that 5 <5 .And what did Mary get for )

1
and o 7 Was it not exactly the opposite?

. 1 1 1 1
You will find that, 2>5 but 2< 5
D b h for —— z d ! l‘?
o you observe the same for 40 3 and =3, =5

Mary remembered that in mtegers she had studied 4> 3
but -4 <-3,5>2but -5<-2 etc.
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The case of pairs of negative rational numbers is similar. 7o compare two negative
rational numbers, we compare them ignoring their negative signs and then reverse
the order.

7 5 7 5

For example, to compare 3 and T we first compare 5 and 3

7 5 -7 =
J— — —_
We get 5 < 3 and conclude that s 3

Take five more such pairs and compare them.

Which 3 2, 4 3,
ch 1s greater 801“ 7% 301“ 7

Comparison of a negative and a positive rational number is obvious. Anegative rational
nummber is to the left of zero whereas a positive rational nurnber is to the right of zero on
amumber line. So, a negative rational number will always be less than a positive rational
mumnber.

Thus, — 2 <+
us, 755

-3 =2
@® To compare rational numbers = and—7 reduce them to their standard forms and

then compare them.

4 -16
ExamPLE 3 Do — and 36 represent the same rational mumber?

4 4x (-4 -16 -16 -16+-4 4
SOLUTION  Yes, because — = x4) = or = =—.
-9 -9x(-4) 36 36 36+-4 -9

9.8 RatioNAL NUMBERS BETWEEN Two RATIONAL NUMBERS

Reshma wanted to count the whole numbers between 3 and 10. From her earlier classes,
she knew there would be exactly 6 whole numbers between 3 and 10. Simlarly, she
wanted to know the total number of ntegers between —3 and 3. The integers between —3
and 3 are-2,-1, 0, 1, 2. Thus, there are exactly 5 integers between —3 and 3.

Are there any integers between —3 and —27 No, there is no integer between
—3 and 2. Between two successive integers the number of mtegers is 0.
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Thus, we find that number of integers between two integers are limited (finite).
Will the same happen in the case of rational numbers also?

Reslma took two rational numbers ?3 and ?1 .
She converted them to rational numbers with same denominators.
- 3 - 9 - 1 - 5
5 1 5 3 1 5
-9 &8 7 6 -5 -3 8 7 -6 -1

S —<— g — < — < — < —
We have 15 15 15 15 155 15 15 15 3

So

-8 -7 -6 -3 -1
She could find rational numbers — . ——>7 between — and — .
15715715 5 3
Are the mumhers — s —r—2 the onlv rational mumbers b Samd-ly
¢ the mumbers 15°15°15 the only rational numbers between 5 3

-3 —18 -8 -l6
d —

anqQ——=——
We have 530 15 30
o 18 17 _-16 . -3 _-17 -8
30 30 30 "5 30 15
" B v 8 -7 -6 -1
enee 5 30 15 15 15 3
So, we could find one more rational mumber between ?3 and ?1

By using this method, you can insert as many rational numbers as you want between
two rational numbers.

3_3x30_ 90 1 _-1x50_ 50

—_— n —_— = —

Forexample, =5 50 " 150 3 T 3x50 150
| be [ -89 —Sljb 790and750. b 7
We get 39 rational numbers 150° 150 etween 150 T30 ‘& etween
-3 —1
5 and EX Youwill find that the list is unending.
-5 —8 ) .

Canyou list five rational munbers between EY and ! ? Find five rational numbers
We can find unlimited number of rational numbers between any two between _75 and?3

rational numbers.
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ExAMPLE 4 List three rational numbers between — 2 and — 1.

SOLUTION Let us write —1 and 2 as rational numbers with denominator 5. (Why?)

=5 -1¢
Wehave, -1=—and-2=—
5 3
5 _10<_9<_8<_7<_6<_5 2<_9<_8<_7<_6< 1
© 5 05 5 5 5 59 5 5 5 3
_ —9 _8 —7
The three rational numbers between —2 and —1 would be, 505 s
e v three of — . —o. L 8
(You cantake any three o s 55 3 )

ExXAMPLE 5 Write four more numbers in the following pattern:

-1 -2 -3 4 ¥ .

SOLUTION  We have,

2 —1x2 -3 —1x3 -4 -Ix4 ”ll

6 3x2 9 3x3 12 3x4

flxl_—_l 71><2_f_2 71><3_f_3 71><4_f_4
Ixl 3 73x2 6 3x3 9 3x4 12

or

Thus, we observe a pattern in these mumbers.

—1><5_—5 —1><6_—6 —1><7_—7

The other numbers would be =—, =—, =—.
3x5 15 3x6 18 3x7 21

ExERCISE 9.1

1. List fiverational numbers between:

. . . 4 2 :
) land0 (@) 2and-1 (@) ——and— (iv) ——and—

W S0 200 W 1
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3. Give four rational numbers equivalent to:

2 5 4
0 i i)
4. Draw the mumber line and represent the following rational rurmbers on it:

.3 . L7
O 5 (i) o @) - ) g

5. ThepomtsP, Q, R, S, T, U, Aand B on the number line are such that, TR =RS = SU
and AP =PQ = QB. Name the rational numbers represented by P, Q, R and S.
USRT APQB

4 3 24 0 1 2 3 4

O

6. Which ofthe following pairs represent the same rational number?

7 _16 2
= and2 =10 nd =L =2 and =
W Syandy (i) —5 2t s (i) —yand3
3 L1 24 1
= and =2 = and 22 L and =2
) 5, V) 54T () Fand-g
5 5
2 ond -
(vii) _gan ~

7. Rewrite the following rational numbers in the simplest form:
-8 25 o —44 -3
0 i) i) — )

8. Fill in the boxes with the correct symbol out of >, <, and =.

-5 2 -4 -5 =7 14
o 5L 15 I
8 7 1 -1 5 -5
™) - e ™ = e S 11

i o ]
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9. Which is greater in each ofthe followmg:

25 . = 4 L =32
O 33 @ 3 ) 53
-11 2 4
i TS _3_:_3_
® 23 ™ =375
10. Write the following rational numbers in ascending order:
, 32 e P
O 557 N ) =5

9.9 OPERATIONS ON RATIONAL NUMBERS

You know how to add, subtract, multiply and divide integers as well as fractions. Let us
now study these basic operations on rational numbers.

9.9.1 Addition

® Ictusaddtwo rational numbers with sarme denominators, say % and _?5 .

We find 1+[_—5]
R RN

On the number hne, we have:

— ¥ e e N,
S 2 0 12 3 45 6 7 8
3 3 3 3 3 3 3 3 3 3 3
1 7

The distance between two consecutive points is 3 So adding _? to 3 will

mean, moving to the left of ; , making 5 jumps. Where do we reach? We reach at 3

7 [—5] 2
So, —Tl ===
3 3 3
Let us now try this way:
7+(—5)_7+(—5)_2
33 3 03
We get the same answer.

6. (2) 3 (=5). .
Find 3 + 55 + T both ways and check if you get the same answers.
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-7 5
Sumnilarly, ?"'g would be
“ (/VWY L L L 1 L 1 Il S
- 6 5 4 3 2 -4 0 12 3 4 3
8 8 8 & 8 & & & & & 8 & &
What do you get?
-7 5 -7+5
Also, ?'*'g: 3 =7 Are the two values same?
: -13 6 19 -7
. _ _ _+_
Find: . +7, 5 s

So, we find that while adding rational numbers with same denominators, we add
the numerators keeping the denominators same.
-11 7 -11+7 -4

+—=
Thus, 5 s 5 5

® How do we add rational numbers with different denominators? As in the case of
fractions, we first find the LCM ofthe two denominators. Then, we find the equivalent
rational numbers of the given rational mumbers with this LCM as the denominator.
Then, add the two rational numbers.

For example, letus add _?7 and _?2 )

LCM of5and3is 15.
—_7_—21 —_2_—10

So, 515 TS
-7 (2) 21 (-10) -31 )
—F — + =
Thus, 5 3 15 15 15
Additive Inverse Find:
—4 4 o3 2
What willbe —+2=7 (@) 7-’_5
7 7
-5 -3
_4+i= 4+4:0_A150,i+[_4]:0_ (11) ?Jrﬁ
7 7 7 7 A7
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202 2 (=2
Simllarly, 57 *3 297375 )

Inthe case of integers, we call — 2 as the additive inverse
of2 and 2 as the additive inverse of — 2.

-4
For rational numbers also, we call o as the additive

4 _
inverse of = and 7 as the additive inverse of 74 Similarly,

-2 2 2 -2
? 1s the additive imverse of 5 and E 1s the additive inverse of ? .

. .. 3, -9, 5
‘What will be the additive inverse of ??, H ?, 7 ?

2
| ExampLE 6 Satpal walks 3 km from a place P, towards east and then from there

5
1? km towards west. Where will he be now from P?

SoLuTION Let us denote the distance travelled towards east by positive sign. So,
the distances towards west would be denoted by negative sign.
Thus, distance of Satpal from the point P would be

§]= 2 _(-12) _2x7 (-12)x3
3x7

3 7 73

_4-36_-22_ 1

21 21 21

1
Since it is negative, it means Satpal is at a distance li kmtowards west of P.

9.9.2 Subtraction

5 3
Savita found the difference of two rational munbers > and 3 i this way:
40-21_19
56 56
Farida knew that for two integers ¢ and b she could write a —bh=a + (- b)

3 3
7 8
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She tried this for rational numbers also and found, - 351
e tried this for rational numbers also and found, = =2 =—2+"= =1
Both obtained the same difference.
75 3 8. .
Tryto find 379 11 7 mn both ways. Did you get the same answer?

So, we say while subtracting twe rational numbers, we add the additive inverse of
the rational number that is being subtracted, to the other rational number.

Thy IE—QE—E—E—Eﬂ- dditive 1 fﬂ—i+(_;4)
us, 3 2373 5 - 3 Taddiiveinverseof — =7 5
2
15 15° Find:

2 (=5 72 oL (=)
What will be 7—[?] ? ® 573 (i) 25——3

2_[—_5] = 2-5— additive inverse of[_—] = 2_,_2 = ﬂ = 1i

7 6 7 6 7 6 42 42
9.9.3 Multiplication

. . -3 . -3
Let us multiply the rational number 5 by 2,i.e., we find 5 x2,
L . 3

On the number line, it will inean two jurmps of 5 tothe left.

-6 -5 -4 3 -2 -1 0 1 2

- = = = = = Z(=0 = =

5 5 5 5 5 5 5 5 5

—6 . L .

Where do we reach? We reach at R Letus find it as we did in fractions.

S P W Ea e

5 5 5

‘We arrive at the same rational nurmber.

-4 -6
Find K3 X3, 5 x4 using both ways. What do you observe?
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So, we find that while multiplving a rational number by a positive integer, we

multiply the numerator by that integer, keeping the denominator unchanged.
Let us now multiply a rational number by a negative integer,
) D (-
2, g 25 10
9 9 9

-5

TryYy THESE Remember, —5 can be written as T

What will be

. 3 Ix(=2) -6
imilar k(=)= =
Similacly, 7 (2 =T T
Based on these observati findthat, o x> =20 =1
ased onthese observations, we tind that, g 7 = L = 56

So, as we did in the case of fractions, we multiply two rational numbers in the

following way:
Step 1 Multiply the numerators of the two rational munbers.
TrRY THESE . . .
: Step 2 Multiply the denominators of'the two rational numbers.

Result of Step 1

Step 3 Write the product as

Result of Step 2
ThU.S, _—3X2:_3XZ:_—6.
5 7 5x7 35
Also, e Ak ) )

8 7 8x7 56

9.9.4 Division

2
We have studied reciprocals of a fraction earlier. What is the reciprocal of El ? It will be

.
5 We extend this idea of reciprocals to rational mumnbers also.

. -2 7. =3 -
The reciprocal of 7 will be S Les ; thatof 5 would be x
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Try THESE ’
6

, , - -8 AR
What will be the reciprocal of ﬁ? and ?? ?&ﬁ :

Product of reciprocals

The product of a rational number with its reciprocalis always 1.

—4 . —4
For example, = x | reciprocal of =
I N
9 4
ot 0% 13
ly, 13 6

Try some more examples and confirm this observation.

=3
Savita divided a rational rumber 9 by another rational number s,

9 7 9 -5 45"

She used the idea of reciprocal as done in fractions.

4 -5 4 7 28

it first divided 4 b > d 28
Arpitt first divide 9 y7ang0t45.
He finally said i How did he get that?
e y sai 9T 7 T 45 -How ege :

He divided them as fractions, ignoring the negative sign and then put the negative sign
m the value so obtamed.

28 2 =5
Both ofthem got the same value 5 Try dividing 3 by El both ways and see if

you get the same answer.

This shows, to divide one rational number by the other rational numbers we
multiply the rational number by the reciprocal of the other.
6 2

T 2.0 x reciprocal of ) x 3 _18
Thus, 5Ty 5P 3) 5 2 10
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TrY THESE

2 =7

.. —6_5
@ - x5

707

EXERCISE 9.2

1. Find the sum:

o 33

=7
™ 5

3. Find the product:

w (5]

4. Fmdthe value of

) (—4)%

™ %7

o {5

i) S+5
()
™M 19757

® 53

0 256

@ — +2

N ER

(iif

vi)

(iif

(iif

vi)

()

(v

—_6_[—_7]
13 \15
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WHAT HAVE WE DISCUSSED?
1. A number that can be expressed in the form ﬁ, where p and g are integers and

; ) -2 3 )
g = (,1s called a rational number. The mumbers g 3 etc. are rational numbers.

2. Allintegers and fractions are rational munbers.

3. Ifthe numerator and denominator of a rational number are multiplied or divided by a
non-zero integer, we get a rational number which is said to be equivalent to the given

rational number. For example S_oD3x2 _—6 So, we say =6 1s the equivalent
7 7x2 14 14
form of_—3 . Alsonote that _—6:ﬁ:_—3
7 14 14+2 7

4. Rational munbers are classified as Positive and Negative rational numbers. When the
nurmerator and denominator, both, are positive integers, it is a positive rational mumber.
When either the numerator or the denominator is a negative integer, it is a negative

. . . . -8 .
rational number. For example, % is a positive rational number whereas 5 Isa

negative rational number.
5. The number (} is neither a positive nor a negative rational number.

6. A rationalnumber is said to be in the standard form if its denormmnator is a positive
integer and the numerator and denominator have no common factor other than 1.

The mumbers %1, % etc. are in standard form.

7. There areunlimited number of rational numbers between two rational mimbers.

8. Two rational numbers with the same denominator can be added by adding their
numerators, keeping the denominator same. Two rational numbers with different
denominators are added by first taking the LCM of the two denominators and
then converting both the rational numbers to their equivalent forms having the
LLCM as the denominator. For example, -2 +E =_—16 +i :ﬂ =_—7 . Here,

308 24 24 24 24
LCM of3 and 8 is 24.

9. While subtracting two rational numbers, we add the additive inverse of the rational
number to be subtracted to the other rational mumber.

Thus, %—%z%-»—addjtive inverse ofé = %4— (_32) = 21+2(;16) :2—54_
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10.

11.

To multiply two rational numbers, we multiply then numerators and denorminators

product of numerators
product of denominators

separately, and write the product as

To divide onerational number by the other non-zero rational mumber, we multiply the
rational number by the reciprocal ofthe other. Thus,
-7 4 7 4. -7 =21

! - 4. 3_
77373 ><(r601pr00a10f3)_7><z_?.
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10.1 INTRODUCTION

You are familiar with a number of shapes. You learnt how to draw some of themn in the earlier
classes. For example, you can draw a hine segment of given length, a line perpendicular to a
given line segment, an angle, an angle bisector, a circle etc.

Now, youwill learn how to draw parallel lines and some types of triangles.

10.2 ConsTrUCTION OF A LINE PARALLEL TO A GIVEN LINE,
TarouGH A POINT NOT ON THE LINE
Letus begin with an activity (Fig 10.1)
i l
e RE———

(1) Take a sheet of paper. Make a fold. This
fold represents a line /. P‘ e A

(i) Unfold the paper. Mark a point A on the
paper outside /.

(i) Foldthe paper perpendiculartothe line such
that this perpendicular passes through A.
Name the perpendicular AN.

(iv) Make a fold perpendicular to this
perpendicular through the point A. Name
the new perpendicular line as m. Now, /||
m. Do you see ‘why’?

Which property or properties of parallel lines
can help you here to say that lines /and m
are parallel
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You can use any one of the properties regarding the transversal and parallel lines to
make this construction using ruler and compasses only.

Step 1 Take aline */"and a point “A’ outside °/* [Fig10.2 (1)]. A
< o >/
Step 2 Take any point Bon/ and join Bto A |Fig 10.2(i1)]. M
A
4 >/
B .
(ii)
Step 3 With B as centre and a convenient radius, draw an arc cutting / atCand BAatD
|Fig 10.2(111)].
A
D,
< d >/
B /C
(i)
Step 4 Now with A as centre and the same radius as in Step 3, draw an arc EF cutting AB
at G [Fig 1.2 (iv)].
E,
A
E
G
D
< d >/
B /C
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Step 5 Place the pointed tip of the compasses at C and adjust the opening so that the
pencil tip is at D |Fig 10.2 {v)].

Step 7 Now, joinAHto draw a line ‘m’ |Fig 10.2 (vii)].

\>\ < < ]C >/

(vii)
Note that ZABC and ZBAH are alternate interior angles. Fig 10.2 (i)(vii)
Therefore m || /

THINK, Discuss AND WRITE

\
1. Inthe above construction, can you draw any other line through A that would be also ; @
parallel to the line /7 Q -
2. Canyouslightly modify the above construction to use the idea of equal corresponding \<
angles instead of equal alternate angles? ___i_
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ExercisE 10.1

1. Draw aline, say AB, take a point C outside it. Through C, draw a line parallel to AB
using ruler and compasses only.

2. Draw aline /. Draw a perpendicular to / at any point on /. On this perpendicular
choose a point X, 4 cm away from /. Through X, draw a line m parallel to /.

3. Let/bealineand Pbe a point not on /. Through P, draw a line m parallel to /. Now

join P to any point ) on /. Choose any other point R on m. Through R, draw a line
parallel to PQ. Let this meet/ at S. What shape do the two sets of parallel lines enclose?

10.3 ConsTRUCTION OF TRIANGLES

It 1s better for you to go through this section afier recalling ideas
L3=21+22 ontriangles, in particular, the chapters on properties of triangles = £1+£2+/3=180°
and congruence of trangles. X

X
1 You know how triangles are classified based on sides or
5 3 angles and the following important properties concerming triangles:
Y- . Y %
Z
A
A
BL——C

(1} The exterior angle of a triangle 1s equal in measure to the
sum of interior opposite angles. A

(i) The total measure of the three angles of a triangle is 180°. , @
(i) Sum of'the lengths of any two sides of a triangle is greater o B

. . a
than the length of the third side. Pt o = o2

ot b e (v) Inany right-angled triangle, the square of the length of
hypotenuse is equal to the sum of the squares of the lengths of the other two
sides.

In the chapter on ‘Congruence of Triangles’, we saw that a triangle can be drawn if any
one ofthe following sets of measurements are given:

(i) Three sides.
(i) Twosides and the angle between them.
(i) Two angles and the side between themn.
(v) Thehypotenuse and a leg in the case of a nght-angled triangle.

We will now attempt to use these ideas to construct triangles.

10.4 ConNsSTRUCTING A TRIANGLE WHEN THE LENGTHS OF
1Ts THREE SIDES ARE KNowN (SSS CRITERION)

In this section, we would construct triangles when all its sides are known. We draw firsta
rough sketch to give an idea of where the sides are and then begin by drawing any one of
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the three lines. See the following example:

ExavpLe 1 Constructa triangle ABC, giventhat AB=35 cm, BC=6cm and AC =7 cm.

SOLUTION A (Rough Sketch)

Step 1 First, we draw arough sketch with givenmeasure, (Thiswill helpusin =~ g % e

deciding how to proceed) |Fig 10.3(1)]. -
B 6 cm ¢
@
Step 2 Draw a line segment BC of length 6 cm [Fig 10.3(i1)]. ]=3 6 cm é
(1)
Step 3 From B, point A is at a distance of 5 cm. So, with B as centre, draw an arc of
radius 5 cm. (Now A will be somewhere on this arc. Qur job is to find where
tly Ais) |Fig 100.3(ii)].
exactly A is) | Fig (iii) | —_
]'3 6 cm (iti) é
Step 4 From C, point A is at a distance of 7 cm. So, with C as centre, draw an arc of
radius 7 cn. (A will be sommewhere on this arc, we have to fix it) |Fig 10.3(iv}].
B 6 cm (j

()
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Step 5 A hasto be on both the arcs drawn. So, it is the point of intersection of arcs.
Mark the point of intersection of arcs as A. Join AB and AC. AABCis now ready
|Fig 10.3(v)].

A

Fig10.3 (i) — (v)

i Now, let us construct another triangle DEF such that DE =5 em, EF = 6 cm, and
AN S DF =7 c¢m. Take a cutout of ADEF and place it on AABC. What do we observe?
ﬁ | PTS We observe that ADEF exactly coincides with AABC. (Note that the triangles have
“ =5 been constructed when their three sides are given.) Thus, if three sides of one triangle are
equal to the corresponding three sides of another triangle, then the two triangles are
congruent. This is SSS congruency rule which we have leamt in our earlier chapter.

THINK, Discuss AND WRITE

A student atternpted to draw a triangle whose rough figure is given here. He drew QR first.
Then with Q as centre, he drew an arc of 3 cm and with R as centre, he drew an arc of
2 cm. But he could not get P. What is the reason? What property of

@ P > triangle do you know in connection with this problem?
< C
3 & Can such a triangle exist? (Remember the property of triangles
Q & om R | ‘“The sum of any two sides of a traingle is always greater than the
oy
Fig 10.4 Think: Ts this righ? | Tirdside’)
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Exercise 10.2

1. Construct AXYZ mwhich XY =4.5cm, YZ=5cmand ZX =6 cm.

2. Construct an equilateral triangle of side 5.5 cm.

3. Draw APQR withPQ =4 cm, QR =3.5 cm and PR =4 cm. What type of triangle —
is this?

4. Construct AABC such that AB =2.5 cm, BC =6 cm and AC =6.5 cm. Measure ZB.

10.5 ConsTRUCTING A TRIANGLE WHEN THE LENGTHS OF Two
SDES AND THE MEASURE OF THE ANGLE BETWEEN THEM
ARE KNOWN. (SAS CRITERION)

Here, we have two sides given and the one angle between them. We first draw a sketch
and then draw one of the given line segments. The other steps follow. See Example 2.

ExavpLE 2 Construct a triangle PQR, given B (Rough Sketch)

thatPQ=3 ¢m, QR =5.5cm
and ZPQR = 60°.

SoLuTtioN

Step 1 First, we draw a rough sketch with o
. ) 60
given measures. (This helps us Q 55 om R
to determine the procedure in ' (i

construction) | Fig 10.5(i)].

ol ]
e

) 5.5cm
Step 2 Draw a line segment QR of length (ii)

5.5 cm |Fig 10.5(i1)].

Step 3 AtQ, draw QX making 6(0° with QR.
(The point P mustbe somewhere 4 60° .

on this ray of the angle) Q 5 (5 . )cm R
il

|Fig 10.5(iii)].

Step 4 (To fix P, the distance QP has been
given).
With () as centre, draw an arc of radius
3 cm. It cuts QX at the point P
|Fig 10.5(iv)].

2
|93
(9
<]
=
e
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Step 5 Join PR. APQR is now obtained (Fig 10.5(v)).

Fig 10.5 (i) (v)

Letus now construct another triangle ABC such that AB=3 cm, BC=5.5cmand
mZABC = 60°. Take a cut out of AABC and place it on APQR.What do we observe?
We observe that AABC exactly coincides with APQR. Thus, if two sides and the inchuded
angle of one triangle are equal to the corresponding two sides and the included angle of
another triangle, then the two tnangles are congruent. This is SAS congruency rule which
we have learnt in our earlier chapter. (Note that the triangles have been constructed when
their two sides and the angle included between these two sides are given.)

THINK, Discuss AND WRITE

In the above construction, lengths of two sides and measure of one angle were given. Now
study the following problems:

In AABC, if AB =3cm, AC =5 cm and mZ£C = 30°. Can we draw this triangle? We
may draw AC =5 cm and draw ZC of measure 30°. CA is one arm of ZC. Point B should
be lying on the other arm of ZC. But, observe that point B cannot be located uniquely.
Therefore, the given data is not sufficient for construction of AABC.

Now, try to construct AABCif AB =3cm, AC =5 cm and mZB =30°. What do we
observe? Again, AABC cannot be constructed uniquely. Thus, we can conclude thata
umque triangle can be constructed only if the lengths of its two sides and the measure of the
included angle between them is given.

Exercise 10.3

1. Construct ADEF suchthat DE =5 c¢m, DF =3 ¢m and mZEDF =90°.

2. Construct an isosceles triangle in which the lengths of each of its equal sides is 6.5 cm
and the angle between them is 110°.

3. Construct AABC with BC=7.5cm, AC =5 cmand mZ£C = 6(0°.
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10.6 CoNSTRUCTING A TRIANGLE WHEN THE MEASURES OF
TWO OF ITS ANGLES AND THE LENGTH OF THE SIDE
INCLUDED BETWEEN THEM 1S GIVEN. (ASA CRITERION)

As before, draw a rough sketch. Now, draw the given line segment. Make angles on the
two ends. See the Example 3.

(Rough Sketch) Z

ExampLE 3 Construct AXYZ ifitis given that XY =6 ¢,

ms/Z7ZXY =30°and msXYZ = 100°.

SoLuTION

Step 1

Step 2

Step 3

Step 4

Step 5

Before actual construction, we draw
arough sketch withmeasures marked
on it. {This is just to get an idea as
how to proceed)

|Fig 10.6(i)].

Draw XY oflength 6 cm.

At X, draw a ray XP making an angle
of 30° with XY By the given condition
Zmust be somewhere on the XP.

AtY,draw a ray YQ making an
angle of 100° with YX. By the
given condition, Z must be on the
ray YQ also.

Z has to lic on both the rays XP and
YQ. So, the point of intersection of
the two rays is Z.

AXYZ isnow completed.

3()° 100°
X 6 cm Y
®
).( 6 cm S'(
(i)
P
6 cm Sv(
(i Q
P
. 300 100 ]
X 6 cm Y
()
Z
100°
X 6 cm Y

Fig 10.6 ()-(v)
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Now, draw another ALMN, where mZNILM = 30°, LM = 6 ¢cm and
Qo mZNML = 100°. Take a cutout of ALMN and place it on the AXYZ. We observe

i \ that ALMN exactly coincides with AXYZ. Thus, if two angles and the included

I side of one triangle are equal to the corresponding two angles and the included side
(@i_@& of another triangle, then the two triangles are congruent. This is ASA congruency
T rule which you have learnt in the earlier chapter. (Note that the triangles have been
constructed when two angles and the included side between these angles are given.)

THINK, Di1scuss AND WRITE

In the above example, length of a side and measures of two angles were given. Now study
the following problem:

InAABC,if AC="7 cm, mZA = 60° and m£B = 50°, can you draw the triangle?
(Angle-sum property of a triangle may help you!)

ExErcisE 10.4

1. Construct AABC, given mZA=60°, m£B =30 and AB= 5.8 cm.

2. Construct APQR if PQ =5 cm, m£PQR = 105° and mZQRP = 40°.
(Hint: Recall angle-sum property of a triangle).

3. Examine whether you can construct ADEF such that EF =7.2 cm, mZE =110° and
mZF = 80°. Justify your answer.

10.7 ConsTRUCTING A RIGHT-ANGLED TRIANGLE WHEN THE
LENGTH OF ONE LEG AND 1TS HYPOTENUSE ARE GIVEN
(RHS CRITERION)
(Rough Sketch)

L Here it is easy to make the rough sketch. Now, draw a line as per the given side.
Make aright angle on one of’its points. Use compasses to mark length of side and

&) %, hypotenuse of the triangle. Complete the triangle. Consider the following:
ExamrLE 4  Construct ALMN, right-angled at M, given that LN = 5 ¢m and

M N MN=3cm.
3 cm

o SoLuTION

Step 1 Draw a rough sketch and mark the measures. Remember to mark the
right angle |Fig 10.7(1)].

Step 2 Draw MN of length 3 cm. M 3cm N
|Fig 10.7(ii)]. (w




Step 3 At M, draw MX L MN. (L. should be

somewhere on this perpendicular)

Fig 10.7(iii)].

Step 4 With N as centre, draw an arc of radius 5 cm.

(L must be on this arc, since itis ata distance
of 5 cm from N) |Fig 10.7(iv)].

=

r L —
* v

M N

Step 5 L has to be on the perpendicular line MX
as well as on the arc drawn with centre N.
Therefore, L 1s the meeting point of these

two.
ALMN isnow obtained.
|Fig 10,7 (v)]
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=e=X
==X
L —Il o
// "M ' 3cm N
(m)
L —I\ Py
" M | 3cm N ==X
v
(iv) pa
L —Il -
"' M ' 3cm N
)

Exercise 10.5

Fig 10.7 (i)~ (v)

1. Construct the right angled APQR, where mZQ = 90°, QR = 8cm and

PR=10cm.

2. Construct aright-angled triangle whose hypotenuse s 6 i long and one of the legs

is4 cm long.

3. Construct an isosceles right-angled triangle ABC, where mZACB = 90° and

AC=6cm.
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Miscellaneous questions

Below are given the measures of certain sides and angles of triangles. Identify those
which cannot be constructed and, say why you cannot construct them. Construct rest of
the triangles.

Triangle
AABC
APQR
AABC
ALMN
AABC
APQR
AXYZ
ADEF

e A ol o

mZA =857
mLQ =30
msA =70
msLL = 60°;
BC=2cm;
PQ=35cm,;
XY =3cm;
DE =4.5¢cmmn;

WHAT HAVE WE Discussep?

Given measurements
mzZB= 115
mZR = 607
msB= 507
mZN = 120°;

AB=4cm;
QR =4cm.;
YZ=4cm;
EF = 5.5¢cm;

AB=5cm.
QR =4.7cm.
AC=3cm.
LM=>5cm.
AC=2cm.
PR =3.5cm.
XZ=5cm
DF =4cm.

In this Chapter, we looked into the mnethods of some ruler and compasses constructions.

1. Givenaline/and a point not on it, we used the idea of ‘equal alternate angles’ ina
transversal diagram to draw a line parallel to /.

We could also have used the idea of ‘equal corresponding angles” to do the

construction.

2. We studied the method of drawing a triangle, using indirectly the concept of congruence

of triangles.

The following cases were discussed:
SSS: Given the three side lengths of a triangle.

SAS: Given the lengths of any two sides and the measure of the
angle between these sides.
ASA: Given the measures of two angles and the length of side
included between them.
RHS: Given the length of hypotenuse of a right-angled triangle and

the length of one of its legs.

0

R

W




Perimeter and
Area

Chapter 11

11.1 INTRODUCTION

In Class VI, you have already leamnt perimeters of plane figures and areas of squares and
rectangles. Perimeter 1s the distance around a closed figure while area is the part of plane or
region occupied by the closed figure.

In this class, you will learn about perimeters and areas of a few more plane figures.

11.2 Sguares AND RECTANGLES

Ayush and Deeksha made pictures. Ayush made his picture on a rectangular sheet of length
60 cm and breadth 20 cm while Deeksha made hers on a rectangular sheet of length 40 cm
and breadth 35 cmn. Both these pictures have to be separately framed and larmnated.
‘Who has to pay more for framing, i{ the cost of framing is Rs 3.00 per cm?
Ifthe cost of lamination is Rs 2.00 per cm?, who has to pay more for lamination?

For finding the cost of framing, we need to find perimeter and then multiply it by the rate
for framing. For finding the cost of lamination, we need to find area and then multiply itby the
rate for larmination.

What would you need to find, area or penimeter, to answer the following?

1. How much space does a blackboard occupy?

2. What is the length of a wire required to fence a rectangular flower bed?

3. What distance would you cover by taking two rounds of a triangular park?

4. How much plastic sheet do you need to cover a rectangular swimming pool?
Do youremember,

Perimeter of a regular polygon = number of sides * length of one side

Perimeter of a square = 4 x side
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Perimeter of arectangle =2 x (I + b)
Areaofarectangle =1/ x b, Area of a square =side x side

Tanyaneeded a square of side 4 ¢ for completing a collage. She hada

rectangular sheet of length 28 cm and breadth 21 cm (Fig 11. 1). She cuts off
a square of side 4 cm from the rectangular sheet. Her friend saw the remaining
sheet (Fig 11.2) and asked Tanya, “Has the perimeter of the sheet increased
or decreased now?7”

Has the total length of side AD increased after cutting off the square?
Has the area increased or decreased?

Tanya cuts off one more square from the opposite side (Fig 11.3).
Will the perimeter of the remaining sheet increase further?

Will the area increase or decrease further?

So, what can we infer from this?

It is clear that the increase of perimeter need not lead to increase in area.

TrYy THESE

1. Experiment with several such shapes and cut-outs. Youmight find it useful to draw
these shapes on squared sheets and compute their areas and perimeters.

You have seen that increase in perimeter does not mean that area will also increase.

2. Give two examples where the area increases as the perimeter increases.

3. Givetwo examples where the area does not increase when perimeter increases.

Fig 11. 4

ExampLE 1 A door-frame of dimensions 3 m x 2 mis fixed on the wall of dimension

160 m » 10m. Find the total labour charges for painting the wall if the
labour charges for painting 1 m?of the wall is Rs 2.50.

SoLuTioN  Painting ofthe wall has to be done excluding the area of the door.

Areaofthedoor=1xh

=3x2m’ =6m?

Areaof wall including door = side x side = 10 m x 10 m = 100 m’
Area of wall excluding door= (100 — 6) m? =94 m’
Total labour charges for painting the wall =Rs 2.50 x 94 =Rs 235

ExaMPLE 2 The arca of a rectangular sheet is 500 cm? Ifthe length of the sheet is

25 cm, what is its width? Also find the perimeter of the rectangular sheet.

SoLuTioN  Areaofthe rectangular sheet = 500 cm?

Length (/)= 25¢cm



PERIMETER AND AREA

Area oftherectangle = / x b (where b= width of the sheet)

. Area 500
Therefore, width b = = —— =20cm
{ 25
Penimeter of sheet=2 x (I + by =2 x (25 + 20) cmn = 90 cm

So, the width of the rectangular sheetis 20 cm and its perimeter is 90 cm.

ExamMpPLE 3 Anuwants to fence the garden in front of her

house (Fig 11.5), on three sides with lengths
20m, 12 m and 12 m. Find the cost of fencing ~ |
at the rate of Rs 150 per metre.

SoLuTION Thelength of the fence required is the perimeter
of'the garden {(excluding one side) which is
equal to 20m +12m+ 12 m, i.e., 44 m.

Costof fencing =Rs 150 » 44 = Rs 6,600.
ExampPLE 4 A wire is in the shape of a square of side 10 cm. If the wire is

rebent into a rectangle of length 12 cm, find its breadth. Which encloses
more area, the square or the rectangle?

SorLuTion  Side ofthe square =10 cm
Length of the wire = Perimeter of the square =4 x side=4 * 10 cm

=40 cm
Length ofthe rectangle, /= 12 cm. Let A be the breadth of the rectangle.
Perimeter of rectangle = Length of wire =40 cm
Perimeter of the rectangle = 2 (I + b)

Thus, 40=2(12+b)
O 12+5

or y =

Therefore, b=20-12=8cm

The breadth ofthe rectangle is 8 cm.
Area of the square = (side)?
=10 cm x 10 cm =100 cm?
Area of therectangle =17 x b
=12 c¢m x 8 cm = 96 cm?
So, the square encloses more area even though its perimeter is the same as that of the rectangle.

ExaMpPLE D The area of a square and a rectangle are equal. Ifthe side of the square is \
40 cm and the breadth of the rectangle is 25 cm, find the length of'the
rectangle. Also, find the perimeter of the rectangle.

SoLuTION Area of square = (side)?

=40 cm x 40 cm = 1600 cm?
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Itis given that,

or

or

The area of the rectangle = The area of the square
Area of'the rectangle = 1600 cm?, breadth of the rectangle =25 cm.
Areaof therectangle =17 x b
1600 =1/x25
1600

¥=f or [=64cm

So, the length of rectangle is 64 cm.

Perimeter of the rectangle =2 (I + by =2 (64 + 25) cm
=2x8%ecm=178 cm

So, the perimeter of the rectangle is 178 cm even though its area 1s the sarne as that of

the square.

ExercisE 11.1

The length and the breadth of a rectangular piece of land are 500 m and 300 m
respectively. Find

(1) itsarea (i) thecost of theland, if 1 m? of the land costs Rs 10,000.
Find the area of a square park whose perimeter is 320 m.

Find the breadth of a rectangular plot of land, if its area is 440 m” and the length is
22 m. Also find its perimeter.

The perimeter of a rectangular sheet is 100 cm. If the length is 35 cm, find its breadth.
Also find the area.

The area of a square park is the same as of a rectangular park. Ifthe side of the
square park is 60 m and the length of the rectangular park is 90 m, find the breadth of
the rectangular park.

A wireis in the shape of a rectangle. Its length is 40 cin and breadth is 22 cm. If the
same wire is rebent in the shape of a square, what will be the measure of each side.

Also find which shape encloses more area?

7. The perimeter of a rectangle is 130 cin. If the breadth of the rectangle 1s
30 cm, find its length. Also find the area ofthe rectangle.

8. Adooroflength 2 m and breadth 1m s fitted in a wall. The length of the
wall is 4.5 m and the breadth is 3.6 m (Fig11.6). Find the cost of white

Fig 11.6

washing the wall, if the rate of white washing the wall is Rs 20 perm?®.
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11.2.1 Triangles as Parts of Rectangles

Take arectangle of sides 8 cm and 5 cm. Cut the rectangle along its diagonal to get two
triangles (Fig 11.7). 8 cm
Superpose one triangle on the other.

Arethey exactly the same in size?

5 cm

Canyou say thatboth the triangles are equal in area?

Avre the triangles congruent also?
What is the area of each of these triangles? Fig 11.7

You were find that sum of the areas of the two triangles is the same as the area ofthe
rectangle. Both the triangles are equal in area.

1
The area of each triangle = 5 (Area ofthe rectangle)

1 1
= Ex(lxb) = E(SXS)

= —0:2001'112

Fig 11.8
Take a square of side 5 cm and divide it into 4 triangles as shown (Fig 11.8).
Arethe four triangles equal in area?
Are they congruent to each other? (Superpose the tnangles to check).
Whatis the area of each triangle?

1
The area of each triangle = 1 (Area of the square)

1 1
Z(side)2 = Z(S)Zcm2 =6.25 cm’

11.2.2 Generalising for other Congruent Parts of Rectangles

A rectangle of length 6 cm and breadth 4 cmis dividedintotwo A 2. E 4 cm D
parts as shown in the Fig (11.9). Trace the rectangle on another
paper and cut off the rectangle along EF to divide it into two parts.

Superpose one part on the other, see if they match. (Youmay
have to rotate them).
Are they congurent? The two parts are congruent to each other. So,
the area of one part is equal to the area of the other part. B

4 cm

1 4 cm F 2em C
Therefore, the area of each congruent part = 5 (The area of the rectangle) Fig 11.9

x{6x4)em’ = 12 ¢m?

B | —
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Each of the following rectangles of length 6 cm and breadth 4 cm is composed of
congruent polygons. Find the area of each polygon.

]
I_|

L
I_I

11.3 AREA OF A PARALLELOGRAM

We come across many shapes other than squares and rectangles.
How will you find the area of a land which is a parallelogram in shape?
Letus find amethod to get the area of a parallelogram.

Can a parallelogram be converted into a rectangle of equal area?

Draw a parallelogram on a graph paper as shown in Fig 11.10(i). Cut out the
parallelogram. Draw a line from one vertex of the parallelogram perpendicular to the
opposite side |Fig 11.10(i1)]. Cut out the triangle. Move the triangle to the other side of
the parallelogram.

]

@ (1) (i)
Fig 11.10
What shape do you get? You get a rectangle.

Is the area of the parallelogram equal to the area of the rectangle formed?
Yes, area of the parallelogram = area of the rectangle formed
What are the length and the breadth of the rectangle?

We find that the length of the rectangle formed is equal to the
-+ base of the parallelogram and the breadth of the rectangle is equal to
ok P Er?ag:h the height of'the parallelogram (Fig 11.11).
i ; = heig

= A= Now,
A

base = length

Area of parallelogram = Area of rectangle
= length x breadth=1/x b

But the length / and breadth b of the rectangle are exactly the
base b and the height /, respectively ofthe parallelogram.

Fig 11.11 Thus, the area of parallelogram = base * height=5 x /.
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Any side of a parallelogram can be chosen as base of the D

C

parallelogram. The perpendicular dropped on that side from the opposite
vertex is known as height (altitude). In the parallelogram ABCD,DEis  height />
perpendicularto AB. Here AB is the A

D ¢ base and DE is the height of the E

F parallelogram.
base s In this parallelogram ABCD, BF is the
perpendicular to opposite side AD. Here AD is the
base and BF is the height.

Comnsider the following parallelograms (Fig 11.12).

T S

(d)

\e\ P

(D (8)
Fig 11.12

Find the areas of the parallelograms by counting the squares enclosed within the figures
and also find the perimeters by measuring the sides.

Complete the following table:

Parallelogram Base Height Area Perimeter

(@) 5 units 3 units 5 %3 =15 squnits

(b)

(©)

(d)

©

()

&

You will find that all these parallelograms have equal areas but different perimeters. Now,
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consider the following parallelograms with sides 7 cm and 5 cm (Fig 11.13).

Lo

(VS ]

W

j=
IS

7 cxrl

Fig 11.13
Find the perimeter and area of each of these parallelograms. Analyse your results.
Youwill find that these parallelograms have different areas but equal perimeters.

This shows that to find the area of a parallelogram, you need to know only the base
and the corresponding height of the parallelogram.

TrYy THESE

Find the area of following parallelograms:
| ]

0, l / (i / S /
35 cm: 2.5 cmi
|
8 cm

8 cm
(i) Inaparallelogram ABCD, AB =7.2 cm and the perpendicular from C on AB is 4.5 cm.

11.4 AREA OF A TRIANGLE

A gardener wants to know the cost of covering the whole of a triangular garden with

grass.
In this case we need to know the area of the triangular region.

Let us find a method to get the area of a triangle.




PERIMETER AND AREA [IIFYF I

Draw ascalene triangle on a piece of paper. Cut out the triangle.

Place this tiangle on another piece of paper and cut out another
triangle ofthe same size.

Sonow you have two scalene triangles of the same size.
Avre both the triangles congruent?

Superpose one triangle on the other so that they match.
You may have to rotate one of the two triangles.

Now place both the triangles such that their corresponding
sides are joined (as shown in Fig 11.14).
Is the figure thus formed a parallelogram?

Compare the area of each triangle to the area of the
parallelogram.

Compare the base and height of the triangles with the base
and height of the parallelogram.

You will find that the sum of the areas of both the triangles
is equal to the area of the parallelogram. The base and the
height of the triangle are the same as the base and the height of
the parallelogram, respectively.

B
C
D
B
D
F
Fig 11.14

1
Area of each triangle = 5 (Area of parallelogram)

1
=3 (base x height) (Since area of a parallelogram = base x height)

1
(bxh) (or Ebh , in short)

b | —

1. Trythe above activity with different types of triangles.

2. Take different parallelograms. Divide each of the parallelograms into two triangles by

cutting along any of its diagonals. Are the triangles congruent?

Inthe figure (Fig 11.15) all the triangles are on the base AB=6 cm.

What can you say about the height of each of the triangles
corresponding to the base AB?

Canwe say all the triangles are equal in area? Yes.
Arethetriangles congruent also? No.

We conclude that all the congruent triangles are equal in
area but the triangles equal in area need not be congruent.

]]1’1

Fig 11.15
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Consider the obtuse-angled triangle ABC of base 6 cm (Fig 11.16).

Its height AD which is perpendicular from the vertex A is outside the

mangle.

Canvyou find the area of the triangle?

ExampLE 6 One of the sides and the corresponding height of a

parallelogram are 4 cm and 3 cm respectively. Find the

Fig 11.16 area of the parallelogram (Fig 11.17).

SoLuTion Given that length ofbase (b) =4 ¢m, height (4)=3 cm
Area of'the parallelogram = b x A |

=4 cmx3cm=12cm? 3cm:
|
ExavpLe 7 Find the height “x” if the area of the M
parallelogram is 24 cm” and the base is 4cm
Fig 11.17

4cm.

SoLUTION Areaofparallelogram = b x /

o s Therefore, 24 =4 xx (Fig 11.18)
S
> 24
or — =X or x=6cm
4
Fig 11.18 So, the height of the parallelogram is 6 cm.

ExampPLE 8 Thetwo sides ofthe parallelogram ABCD are 6 cm and 4 cm. The height
corresponding to the base CD 18 3 em (Fig 11.19). Find the

(1) arca of'the parallelogram. (i) the height corresponding to the base AD.
SoLutioN
(i) Areaofparallelogram=45 x i
=6cmx* 3 cm= 18 cm’
(1) base (b) =4 cm, height =x (say),

Area=18cm?

Area of parallelogram= A x x A B
18=4xx N\ P
18 % £
: =x s l}j}
Therefore, x=45cm D 6cm C

Thus, the height corresponding to base AD is 4.5 cm. Fig 11.19



PERIMETER AND AREA [IIFA T

ExavPpLE 9 Find the area of the following triangles (Fig 11.20).

P

2 cm

|

Q S 4cm
) Fig 11.20

R

SoOLUTION

1 1
(i) Areaoftriangle = Ebh =5 X QR X PS

%X4cm><201'n =4 ¢m?

1 1
—bh=—- XMNXLO
2 2

(i) Areaoftriangle

= %X3cmx20m=3cm2

ExampLeE 10 Find BC, ifthe area of the triangle ABC is 36 cm? and the height AD is
3cem(Fig 11.21). A

SoLuTiON Height =3 cm, Area =36 cm’

‘3 cm

. 1
Area of the triangle ABC = ) bh

1 362 B , - C
or 36 = EXbXB i_e_, b: 3 =24 cm Flg 11.21
S0, BC=24cm
ExavprLeE 11 InAPQR, PR =8 cm, QR =4 cm and PL.= 5 cm (Fig 11.22). Find:
(i) the area of the APQR (i) QM P
SoLuTtioN
D QR =base = 4 cmn, PL =height =5 cm

) 1
Area of the triangle PQR = —bh

Loem o

Xdemx5cm =10 cm?

R = b2

Fig 11.22
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(i) PR =base=8 cm QM =height="? Areca=10cm’

1 1
Area of triangle = EXth ie., 10 = 5><8><h
h—E—§—25 S M=2.5
=3 T o7 0, QM =25cm

ExERCISE 11.2

1. Findthe area of each of the following parallelograms:

[ ]
5cm 2.5cm
(b) (c)

(d) (e)

4 cm
2em

3 cm 3 cm

(c) (d)

3. Find the missing values:

S.No. Base Height | Area of the Parallelogram
a 20 cm 246 cm?
b. 15 ¢m 154.5 em?
C. 8.4 cm 48.72 em?
d. 15.6 cm 16.38 cm?




PERIMETER AND AREA

4. Find the missing values:

Base Height | Area of Triangle

15¢m 87 cm?
31.4mm 12356 mm?
22 cm 170.5 cin?

5. PQRS s aparallelogram (Fig 11.23). QM is the height from Q
to SR and QN is the height from Q to PS. If SR =12 ¢m and
QM =7.6 cm. Find:

(a) thearea ofthe parallegram PQRS  (b) QN,ifPS=8cm

6. DL and BM are the heights on sides AB and AD respectively of
parallelogram ABCD (Fig 11.24). If the area of the parallelogram
is 1470 cm?, AB =35 cm and AD =49 em, find the length of BM
and DL. Fig 11.24

7. AABCisnightangled at A (Fig 11.25). AD is perpendicular to BC. IfFAB =5 cm,
BC =13 cm and AC =12 ¢m, Find the area of AABC. Also find the length of

13 cm
Fig 11.25 Fig 11.26

8. AABCisisosceles with AB=AC=7.5 cm and BC =9 cm (Fig 11.26). The height
AD from Ato BC, 1s 6 cm. Find the area of AABC. What will be the height from C
to ABi.e., CE?

11.5 CIrcLES

Aracing track is semi-circular at both ends (Fig 11.27).

Can you find the distance covered by an athlete ifhe takes two rounds
ofaracing track? We need to find a method to find the distances around
when a shape is circular.

Fig 11.27

11.5.1 Circumference of a Circle

Tanya cut different cards, in curved shape from a cardboard. She wants to put lace around
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to decorate these cards. What length of the lace does she require for each? (Fig 11.28)

(@) (b) (c)
Fig 11.28
You cannot measure the curves with the help of a ruler, as these figures are not “‘straight™.
What can you do?

Here is a way to find the length of lace required for shape in Fig 11.28(a). Mark a
point on the edge of the card and place the card on the table. Mark the position of the
Fig 11.29 pointonthe table also (Fig 11.29).
Now roll the circular card on the table along a straight line till
the marked point again touches the table. Measure the distance

along the line. This is the length of the lace required
(Fig 11.30). It is also the distance along the edge of the card

from the marked point back to the marked point.

You can also find the distance by putting a string on the edge

Fig 11.30 of the circular object and taking all round it.

The distance around a circular region is known as its circumference.

Take a bottle cap, a bangle or any other circular object and find the circumference.
Now, can you find the distance covered by the athlete on the track by this method?

“ Stll, it will be very difficult to find the distance around the track or any other circular
‘% object by measuring through string. Moreover, the measurement will not be accurate.

S So, we need some formula for this, as we have for rectilinear figures or shapes.

Letus see ifthere is any relationship between the diameter and the circumference of
the circles.

Consider the following table: Draw six circles of different radii and find their circurnference
by using string. Also find the ratio of the circumference to the diameter.

Circle | Radius Diameter | Circumference Ratio of Circumference
to Diameter

1. 3.5cm 7.0cm 22.0c¢cm %: 3.14
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2. 7.0 cm 14.0 cm 44.0 cm % =3.14
66

3. 13.5¢cm 21.0cm 66.0 cmn i=3.14
132

4, 21.0cm 42.0cm 132.0cm 323.14
32

5. 5.0cm 10.0 cm 32.0cm 523.2
94

6. 15.0cm 30.0cm 940 cm 523.13

What do you infer from the above table? Is this ratio approximately the same? Yes.

Can you say that the circumference of a circle is always more than three times its
diameter? Yes.

22
This ratio is a constant and is denoted by 7 (pi). Its approximate value is oor 3.14.

C
So, we cansay that — =T, where ‘C’ represents circumference of'the circle and ‘d”

d
its diameter.
or C=nd
We know that diameter (/) of a circle is twice the radius (v} i.e., d=2r
So, C=mnd=mx2r or C=2mr

InFig 11.31,
{a) Which square has the larger perimeter?
(b) Which is larger, perimeter of smaller square or the

. - 9
circumference of the circle? Fig 11.31

Take one each of quarter plate and halfplate. Roll once each of these on
a table-top. Which plate covers more distance in one complete revolution? */
Which plate will take less mumber of revolutions to cover the length of the
table-top?
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ExamvpLE 12 Whatisthe circumference of acircle of diameter 10 em (Take = 3.14)?

SoLutiOoN Diameter of the circle () =10cm
Circumference of circle= nd

=3.14x10cm=31.4cm
So, the circumnference of the circle of diameter 10 cmis 31.4 cm.

ExavpLe 13 Whatis the circumnference of a circular disc of radius 14 cm?

(Use = 2)
7

SoLutioNn Radius of circular disc (r) = 14 cm

Circumference of disc= 27mr
= 2X%X14 cm = 88 cm
So, the circumference of the circular disc is 88 cm.

ExampLE 14 The radius ofa circular pipe is 10 cm. What length of a tape is required
to wrap once around the pipe (t=3.14)?
SoLutioNn Radius of the pipe (#) = 10 cm
Length of tape required is equal to the circumference of the pipe.
Circumference of the pipe = 27r
=2x3.14x 10 cm
=62.8cm
Therefore, length of the tape needed to wrap once around the pipe is 62.8 cm.

22
ExampLE 15 Find the perimeter of the given shape (Fig 11.32) (Take t = - )-

SoLutiOoN In this shape we need to find the circumference of semicircles on each side
of'the square. Do youneed to find the perimeter of the square also? No.

The outer boundary, of this figure is made up of semicircles. Diameter of
each semicircle is 14 cm.

‘We know that:
Circumference of the circle= nd
Circumference ofthe semicircle = 5 nd . 1em
1 22 =
= — — ].4 cm =
y 7 22 cm

Circumference of each of'the semicirclesis 22 cm
Therefore, perimeter of the given figure =4 x 22 cm =88 cm Fig 11.32
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ExampLE 16 Sudhanshu divides a circular disc of radius 7 cm in two equal parts.
22
What is the perimeter of each semicircular shape disc? (Use = 7)

SoLution To find the perimeter of the semicircular disc (Fig 11.33), we need to find
(i) Circumference of semicircular shape (i) Diameter
Given that radius () =7 cn. We know that the circumference of circle = 2mr

1
So, the circumnference of'the semicircle = 5 2r =qr /\ /\

22
= 7 7em =22 cm

So, the diameter of the circle=2r =2 x 7 cm = 14 ¢cm Fig 11.33

Thus, perimeter of each semicircular disc= 22 cm + 14 cm =36 cm

11.5.2 Area of Circle

Consider the following:

® A farmer dug a flower bed of radius 7 m at the centre of a field. He needs to
purchase fertiliser. If 1 kg of fertiliser is required for 1 square metre area,
how much fertiliser should he purchase?

® Whatwill be the cost of polishing a circulartable-top of radius 2 m at the rate
of Rs 10 per square metre?

Can you tell what we need to find in such cases, Area or Perimeter? In such
cases we need to find the area ofthe circular region. Let us find the area of a circle, using
graph paper.

Draw a circle of radius 4 cm on a graph paper (Fig 11.34). Find the area by counting
the number of squares enclosed.

As the edges are not straight, we get a rough estimate of'the area of circle by this method.

There is another way of finding the area of a circle.

Draw a circle and shade one half of the circle |[Fig 11.35(i)]. Now fold the circle into  Fig 11.34
eighths and cut along the folds |Fig 11.35(ii)].

(D

Fig 11.35 Fig 11.36
Arrange the separate pieces as shown, in Fig 11.36, which is roughly a parallelogram.

The more sectors we have, the nearer we reach an appropriate parallelogram
(Fig 11.37).
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As done above if we divide the circle in 64 sectors, and arrange these sectors. It
gives nearly a rectangle (Fig 11.37).

| | { _.‘.E‘Lf\ie"..:""
i IRR N
/BRI 1 J by Q | | M E

[e—— Lcircumference—————— ]

Fig 11.37
What is the breadth of this rectangle? The breadth of this rectangle is the radius of the

circle, i.e., ‘.
As the whole circle is divided into 64 sectors and on each side we have 32 sectors, the
length of the rectangle is the length ofthe 32 sectors, which is half of the circumference.

(Fig 11.37)
Area of the circle = Area of rectangle thus formed =/ x b

1
=({Half of circumference) * radius = (5 2pr ) X p=Tr

So, the area of the circle = m#?

TrYy THESE

Draw circles of different radii on a graph paper. Find the area by counting the
number of squares. Also find the area by using the formula. Compare the two answers.

ExampPLE 17 Find the area of a circle of tadius 30 cm (use 1= 3.14).

SoLuTtIoN Radius, r=30cm
Area of the circle =2 =3.14 x 30 = 2,826 ¢’

ExampLE 18 Diameter of a circular garden is 9.8 m. Find its area.

SoLuTtIoN Diameter, = 9.8 m. Therefore, radius ¥ =9.8+2=4.9m

22 22
Area of'the circle = = El X(4.9) m?= El X4.9%X4.9m?=75.46 m?

ExamMpLE 19 The adjoining figure shows two circles with the
same centre. The radius of the larger circle is
10 cm and the radius of the smaller circle is 4 cm.
Fmd: (a) theareaofthe larger circle

(b) thearea ofthe smaller circle

(c) the shaded area between the two circles. (T =3.14)
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SoLuTION
(a) Radius ofthe largercircle = 10cm

So, area of the larger circle = 7#*
=3.14x10x 10 =314 cm’

(b) Radius ofthe smaller circle =4 cm

Area ofthe smallercircle = w#?
=314 x4 x 4 =50.24 cm?

{c) Arcaofthe shaded region =(314 - 50.24) cm? =263.76 cm?

ExEeErcisE 11.3

10.

Find the circurnference of the circles with the following radius: (Take w= % )
(a) l4cm (b) 28mm {c) 21cm

Find the area of the following circles, given that:

{(a) radius= 14 mm (Take = 2) {b) diameter=49m

7
{c) radius=5cm

If'the circumference of a circular sheet is 154 m, find its radius. Also find the area of

22
the sheet. (Take = T)

A gardener wants to fence a circular garden of diameter 2 1m. Find the length of the
rope he needs to purchase, if he makes 2 rounds of fence. Also find the costs of the

22
rope, if it cost Rs 4 per meter. (Take t= = )
From a circular sheet of radius 4 cm, a circle of radius 3 cm is removed. Find the area
ofthe remaining sheet. (Take t=3.14)

Saima wants to put a lace on the edge of a circular table cover of diameter 1.5 m.
Find the length ofthe lace required and also find its cost if one meter of the lace costs

Rs 15. (Take m=3.14)

Find the perimeter of the adjoining figure, which is a semicircle inchiding
its diameter.

Find the cost of polishing a circular table-top of diameter 1.6 m, if

the rate of polishing is Rs 15/m” (Take n=3.14)

Shazli took a wire of length 44 cm and bent it into the shape of a circle.
Find the radius of that circle. Also find its area. Ifthe same wire is bent into the shape
of a square, what will be the length of each of'its sides? Which figure encloses more

<«<— 1 0cm——

22
area, the circle or the square? (Take = T)

From a circular card sheet of radius 14 cm, two circles of radius 3.5 cm and a
rectangle of length 3 cm and breadth 1cm are removed. (as shown in the adjoining

22
figure). Find the area of the remaining sheet. (Take t= 7)
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11. Acircle of radius 2 cm is cut out from a square piece of an aluminium sheet of side
6 cm. What is the area of the left over aluminium sheet? (Take t=3.14)

12. The circumnference of a circle is 31.4 cm. Find the radius and the area of the circle?
(Take m = 3.14)

13. Acircular flower bed is surrounded by a path 4 m wide. The diameter of the flower
@ bed is 66 m. What is the area of this path? (m=3.14)

' 14. A circular flower garden has an area of 314 m*. A sprinkler at the centre of the
garden can cover an area that has a radius of 12 m. Will the sprinkler water the entire
garden? (Take m=3.14)

% 15. Find the circumference of the inner and the outer circles, shown in the adjoining figure?
& (Take m = 3.14)

16. How many times a wheel of radius 28 cm must rotate to go 352 m? (Take w= = )

17. Theminute hand of a circular clock is 15 cm long. How far does the tip of the minute
hand move in 1 hour. (Take = 3.14)

11.6 ConveRrsioN oF UNITS

Weknowthat 1 em=1¢mm. Can youtell 1 cm? is equal to how many mm?? Let us explore

sirnilar questions and find how to convertunits while measuring areas to another unit.

Draw a square of side 1em (Fig 11.38), on a graph sheet.

You find that this square of side 1 cm will be divided into 100 squares, each of side 1 mm.

Fig 11.38
Area ofa square of side 1¢m = Area of 100 squares, of each side 1mim.
Therefore, | cm® = 100 x 1 mm?
or 1 cm? = 100 mm?
Sirnilarly, Im*=1mx1m
= 100cm x 100cm (As 1 m=100cm)
= 10000 cm?

Now can you convert 1 km?” into m>?
In the metric systern, areas of land are also measured in hectares |written “ha’ in short].

A square of side 100 m has an area of 1 hectare.

So, 1 hectare = 100 x 100 m* = 10,000 m?

When we convert a unit of area to a sinaller unit, the resulting number of units will
be bigger.
Forexample, 1000 cm? = 1000 x 100 mm?

= 100000 mm’
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But when we convert a unit of area to a larger unit, the number of larger units will be

smaller.
2= 2 = 2
Forexample, 1000 cm L0000 ™ t1m
Try THESE
Convert the following:

(1) 30cm’inmm’ (@) 2 hainm?® @) 10m*incm®  (v) 1000 cm’ mm?

11.7 APPLICATIONS
Youmust have observed that quite often, in gardens or parks, some space is left all around '

i the form of path or in between as cross paths. A framed picture has some space left all

around it.
We need to find the areas of such pathways or borders when
we want to find the cost of making them. [T 2m ) [[]]]]] «
. . A 45 m Bl
ExampLE 20 A rectangular park is45m long and 30mwide. |/ | /]
A path 2.5 m wide is constructed outside the : /’/ / el
park. Find the area of the path. / / 30m ?\'}
r/ /
SoLuTiON Let ABCD represent the rectangular park and ’ ’ %
the shaded region represent the path 2.5 m wide. g /w’/ D T C // Iz
[ 1]]]] L] [1]]]]

To find the area of'the path, we need to find (Area of rectangle
PQRS — Area of rectangle ABCD).

We have, PQ=(45+25+25)m=50m
PS=(30+25+25m=35m
Areaoftherectangle ABCD =7 x =45 x 30 m*= 1350 m*
Arcaoftherectangle PQRS =7 x b= 50 x 35 m? = 1750 m?

Area of the path = Area of the rectangle PQRS — Area of the rectangle ABCD
= (1750 — 1350) m? =400 m’

ExavrLE 21 A path 5 m wide runs along inside a square park of side
100 m. Find the area of the path. Also find the cost of A

cementing it at the rate of Rs 250 per 10m?. "J f"j f"’ f"" i 111 /| /] /] i
[P ]

SoLuTiON Let ABCD be the square park of side 100 m. The /| ,J‘/;' /]
shaded region represents the path 5 m wide. ] [ jrﬁ |
PQ=100-(5+5)=90m m /]|

Area of square ABCD = (side)’ =(100)* m? = 10000 m? m g R|

Area of square PQRS = (side)? = (90)* m?* = 8100 m? "‘,“",e’ff,ﬁ,‘f,m‘,ﬁ‘,“,,“‘,,fﬁJf,‘Jff'“ff
W
LI

Therefore, area of the path = (10000 — 8100) m’ = 1900 m* LT
Cost of cementing 10 m?= Rs 250

I
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250

Therefore, cost of cementing 1 m*= Rs To

250
So, costof cementing 1900 m*= Rs 10 x 1900 = Rs 47,500
ExampLE 22 Two cross roads, each of width 5 m, run at right angles through the centre
ofa rectangular park of length 70 m and breadth 45 m and parallel to its
sides. Find the area of the roads. Also find the cost of constructing the
roads at therate of Rs 105 perm?

SoLuTtioN Area of the cross roads is the area of shaded portion, i.e., the area of
the rectangle PQRS and the area of the rectangle EFGH. But while
doing this, the area of the square KLMN is taken twice,

A P Q which is to be subtracted.
1 Now, PQ =5mand PS =45m
EH=5mand EF=70m
1F KL=35mandKN=35m

16 Area of the path = Area of the rectangle PQRS area of
the rectangle EFGH — Area of the square KLMN

=P5 xPQ + FF x EH-KIL x KN

D S R C =(45%5+70 % 5— 5 x 5)m?

<~ 70m ——— =(225+350-25) m* =550 m*
Cost of constructing the path = Rs 105 x 550 = Rs 57,750

ExERcISE 11.4

1. Agardenis 90 mlong and 75 m broad. A path 5 m wide is to be built outside and
around it. Find the area of the path. Also find the area of the garden in hectare.

2. A3 mwide path runs outside and around a rectangular park of length 125 m and
breadth 65 m. Find the area of the path.

3. Apicture is painted on a cardboard 8 cm long and 5 cm wide such that there is a
margin of 1.5 cm along each of its sides. Find the total area of the margin.

4. A verandah of width 2.25 m is constructed all along outside aroom which is 5.5 m
long and 4 m wide. Find:

(1) the area of the verandah.
(i) the cost of cementing the floor of the verandah at the rate of Rs 200 perm?.

5. Apath 1 mwide is built along the border and inside a square garden of side 30 m. Find:
(1) the area of the path

(i) the cost of planting grass in the remaining portion of the garden at the rate of
Rs 40 per m?.
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PERIMETER AND AREA

Two cross roads, each of width 10 m, cut at right angles through the centre of a
rectangular park of length 700 m and breadth 300 m and parallel to its sides. Find the
arca of the roads. Also find the area of the park excluding cross roads. Give the
answer in hectares.

Through a rectangular field of length 90 m and breadth 60 m, two roads are
constructed which are parallel to the sides and cut each other at right angles through
the centre ofthe fields. If the width of each road 1s 3 m, find

(i) the area covered by the roads.

(ii) the cost of constructing the roads at the rate of Rs 110 per m?.

Pragya wrapped a cord around a circular pipe of radius 4 cm (adjoining figure) and
cut off the length required of the cord. Then she wrapped it around a square box of
side 4 cm {also shown). Did she have any cord left? (m =3.14)

The adjoining figure represents a rectangular lawn with a circular flower bed in the
middle. Find:

() thearcaof thewholeland (i) the areaofthe flower bed
() the area of the lawn excluding the area of the flower bed

/ T ////////

/
é
é

////////

Sm

@

(iv) the circumference of'the flower bed.

In the following figures, find the area of'the shaded portions: Tom

g

A <«—-20cm - O

v W (O -

«— 18cm —> 10cm U 10cm
M (W
Find the area of the quadrilateral ABCD.

Here, AC=22cm, BM=3cm,
DN =3 cm, and
BM LAC,DN LAC
22cm
A

3cm
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WHAT HAVE WE DiscusseD?

. Perimeter is the distance around a closed figure whereas area is the part of plane
occupied by the closed figure.

. Wehave learnt how to find perimeter and area of a square and rectangle in the earlier
class. They are:

{a) Perimeter of a square =4 x side

(b) Perimeter of arectangle =2 x (length + breadth)
{c) Areaofasquare =side x side

(d) Areaofarectangle =length x breadth

. Area ofaparallelogram = base x height

|
. Arcaofatnangle= 3 {area of the parallelogram generated from it)

1
=3 base x height

. Thedistance around a circular region is known as its circumference.

. . . . ; 22
Circumference of a circle = nd, where d is the diameter of a circle and = =

or 3.14 (approximately).
. Areaofa circle =77, where »1s the radius of the circle.

. Based on the conversion of units for lengths, studied earlier, the units of areas can
also be converted:

1 em? =100 mm?, I m?= 10000 cm?, 1 hectare = 10000 m?.
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12.1 INTRODUCTION

We have already come across simple algebraic expressions like x +3, v — 5, 4x + 5,
10y— 5 and so or. In Class VI, we have seen how these expressions are useful in formulating
puzzles and problems. We have also seen examples of several expressions in the chapter on
simple equations.

Expressions are a central concept in algebra. This Chapter is devoted to algebraic
expressions. When you have studied this Chapter, vou will know how algebraic
expressions are formed, how they can be combined, how we can find their values and
how they can be used.

12.2 How ArRE ExPRESSIONS FORMED?

We now know very well what a variable is. We use letters x, v, I, m, ... etc. to denote
variables. A variable can take various values. Its value is not fixed. On the other hand, a
constant has a fixed value. Examples of constants are: 4, 100, —17, etc.

We combine variables and constants to make algebraic expressions. For this, we use the
operations of addition, subtraction, multiplication and division. We have already come across
expressions like 4x + 5, 10y —20. The expression 4x + 5 is obtained from the variable x, first
by multiplying x by the constant 4 and then adding the constant 5 to the product. Similarly,
10y — 20 is obtained by first multiplying y by 10 and then subtracting 20 from the product.

The above expressions were obtained by combining variables with constants. We can
also obtain expressions by combirning variables with themselves or with other variables.

Look athow the following expressions are obtained:
X2, 297 3x2 = 5, xp, dxy + 7
(i) The expressionx”is obtained by multiplying the variable x by itself;
x X xy=x’

Just as 4 x 4 is written as 4%, we write x x x =x% Itis commonly read as x squared.
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(Later, when you study the chapter ‘Exponents and Powers” you will realise that x
may also be read as x raised to the power 2).

In the same manner, we can write XxXxxxxy=x

Commonly, x* is read as ‘x cubed’. Later, you will realise that x* may also be read
as x raised to the power 3.

x, x5, x%, ... are all algebraic expressions obtained from x.
(i) The expression 2y?is obtained fromy:  2y?=2xypxy
Here by multiplying y with y we obtain y* and then we multiply 3 by the constant 2.
(i) In(3x°—5) we first obtain x?, and multiply it by 3 to get 3x°.

TrRY THESE From 3x?, we subtract 5 to finally arrive at 3x*— 5.

Describe how the (iv) Inxy, we multiply the variable x with another variable y. Thus,
following expressions X X y=xp.

are obtained: (v) Indxy + 7, we first obtain xy, multiply it by 4 to get 4xy and add
Txy + 5, %y, 4x° — 5x 7 to 4xy to get the expression.

12.3 TEeErMS OF AN EXPRESSION

We shall now put in a systematic form what we have leamnt above about how expressions
are formed. For this purpose, we need to understand what terms of an expression and
their factors are.

Consider the expression (4x + 5). In forming this expression, we first formed 4x
separately as a product of 4 and x and then added 5 to it. Similarly consider the expression
(3x* + 7v). Here we first formed 3x* separately as a product of 3, x and x. We then
formed 7y separately as a product of 7 and y. Having formed 3x* and 7y separately, we
added them to get the expression.

You will find that the expressions we deal with can always be seen this way. They
have parts which are formed separately and then added. Such parts of an expression
which are formed separately first and then added are known as terms. Look at the
expression (4x* — 3xy). We say that it has two terms, 4x* and —3xy. The term4x?is a
product of 4, x and x, and the term (—3xy) is a product of (-3), x and y.

Terms are added to form expressions. Just as the terms 4x and 5 are added to
form the expression (4x + 5), the terms 4x? and (—3xy) are added to give the expression
(4x* — 3xy). This is because 4x* + (—3xy) = 4x* — 3xy.

Note, the minus sign (—) 1s included in the term. In the expression 4x* —3xy, we
took the term as (—3xy) and not as (3xy). That is why we donot need to say that
terms are ‘added or subtracted”’ to form an expression; just ‘added’ is encugh.

Factors of a term

We saw above that the expression (4x* — 3xy) consists of two terms 4x” and —3xy. The
term 4x” is a product of 4, x and x; we say that 4, x and x are the factors of the term 4x°.
Atermis a product of its factors. The term —3xy is a product of the factors —3, x and y.
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We can represent the terms and factors of )
the terms of an expression conveniently and Expression (4x" — 3xy)
clegantly by a tree diagram. The tree for the
expression (4x? — 3xy) is as shown in the
adjacent figure.

Terms 4

Note, in the tree diagram, we have used y
dotted lines for factors and continuous lines for | Factors 4
terms. This 1s to avoid mixing them.

Let us draw a tree diagram for the expression
Sxy + 10

The factors are such that they cannot be
further factorised. Thus we do not write 5xy as |
5 x xy, because xy can be further factorised. =~ Terms Sxy 10
Similarly, if x* were a term, it would be written as ,’:‘

x X x X x and not x? x x. Also, remember that 70
1 is not taken as a separate factor. Factors 5 X y

Expression (5xy + 10)

Coefficients

We have learnt how to write a termn as a product of factors.

Omne of'these factors may be numerical and the others algebraic
(.., they contain variables). The munerical factoris said to be

theumerical coefficient or simply the coefficient of the term. 1. What are the terms in the
Ttis also said to be the coefficient of the rest of the termn (which following expressions?
1s obviously the product of algebraic factors of the term). Thus Yhorr Her Ghe GEime S
m Sxv, 5 1s the coeflicient of the term. Ttis also the coefficient formed. Drawa tree diagram

of xy. In the term 10xyz, 10 is the coefficient of xyz, in the foreach expression:

term —7x?y?%, —7 is the coefficient of x*y2. ook S 495
‘ X7, Tmn — 4, 2x°y.
When the coefficient of a term is +1, it is usually ommtted. '[_# /; u 4

For example, 1x is written as x; 1 x%? 1s written as x? and 2. anue three expression each
s0 o11. Also, the coefficient (—1)1s indicated only by the having 4terms.
minus sign. Thus (—1) x is written as —x; (—1) x*y? 1s
written as —x*3* and so on.

Sometimes, the word ‘coefficient’ is used in a more general way. Thus
we say that in the tern 5xy, 5 1s the coefficient of xv, x is the coefficient of 5y
and y is the coefficient of 5x. In 10x 12, 10 is the coefficient of x %, x is the
coefticient of 10h? and y* is the coefficient of 10x. Thus, in this more general Identify the coefficients
way, a coefficient may be either a numerical factor oran algebraic factoror ~ of the terms of following

a product of two or more factors. It is said to be the coefficient of the EXpressions:
product of the remaining factors. 4 3v,a+b+35,2+35,2xp

ExavpLe 1 Identify, in the following expressions, terms which are not
constants. Give theirnumerical coefficients:
xv+4, 13- 13—y + 5V, 4p’g—3pg* + 5
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SoLuTION
S. No. Expression Term (which is not Numerical
a Constant) Coefficient
() xy+ 4 xy 1
(i) 13 —y2 -y -1
(1) 13—y + 5 —y -1
512 5
(V) | 4piq—3pg +5 4q 4
- 3pg’ -3
ExampLE 2

{a) Whatare the coefficients of x in the following expressions?

4x -3y, 8 —x+y, v —y 22— 5xz

(b) Whatarethe coefficients of v in the following expressions?

SoLuTION

(a) Ineach expression we look for a term with x as a factor. The remaining part of that

dx -3y, 8+ vz, 22+ 5, my +m

term is the coefficient of x.

S. No.| Expression | Term with Factor x Coefficient of x
() 4x — 3y 4x 4
(i) 8—x+y —x -1
(i) | yx-y yx v
v) 2z — Sxz — S5xz — 5z

{b) The method is similar to thatin (a) above.

S. No.| Expression | Term with factor y Coefficient of y
() 4x — 3y -3y =3
(i) 8 +yz 1z z
(i) yz'+ 5 yz* z
v) my + m my "

12.4 LixE AND UNLIKE TERMS

‘When terms have the same algebraic factors, they are like terms. When terms have different
algebraic factors, they are unlike terms. For example, in the expression 2xy—3x + 5xy—4,
look at the terms 2xy and 5xy. The factors of 2xy are 2, x and y. The factors of 5xy are 5,
x and y. Thus their algebraic (i.e., those which contain variables) factors are the same and
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hence they are like terms. On the other hand the
terms Zxy and —3x, have different algebraic factors. RY 1HESE

They are unlike terms. Similarly, the terms, 2xy ~ Group the like terms together from the
and 4, are unlike terms. Also, the terms —3x and 4 following:

areunlike terms. 12, 12, — 25, — 25, — 25, 1, x, 12, v

12.5 MonomiaLs, BINnOoMIALS, TRINOMIALS AND
POLYNOMIALS

An expression with only one term is called a monomial; for example, 7xy, — 5m,
322, 4 etc.

Amn expression which contains two unlike terms is called a Try THESE

binomial; for example, x + v, m — 5, mn + 4m, a* — b* are . .
binomials. The expression 10pg is not a binomial; it is a Clasmfy e followmg
monomial. The expression (¢ + b + 35) is not a binomial. expresspns as a1:n0nqnnal,
It contains three terms. abinomial ora trmomial: ¢,
at+bhabtath abta

+ b -5 xy xy + 5,
Sx*—x+2,4pg—3q+ 5p,
T, 4m—Tn+ 10, d4mn + 7.

An expression which contains three terms is called a
trinomial; for example, the expressions x + v+ 7, ab +a +b,
3x* = 5x + 2, m + n + 10 are trinomials. The expression
ab +a+ b+ 5 1s, however not a trinomial; it contains four
terms and not three. The expression x + v+ 5xis nota trinomial as the terms x and 5x are
like terms.

In general, an expression with one or more terms is called a polynomial. Thus a
monomial, a binomial and a trinomial are all polynomials.

ExampLE 3 State with reasons, which of the following pairs of terms are of like
terms and which are ofunlike terms:

i) 7x, 12y (i) 15x, 21x (i) —4ab, Tha (iv) 3xy, 3x
(v) 6xp% Ox%y M) pg’, —4pq’ (vi)) ma*, 10mn
SoLuTION
S. Pair Factors Algebraic Like/ Remarks
No. factors same | Unlike
or different | terms
() Tx 7, x Different Unlike The variables inthe
12y 12, ¥ terms are different.
(i) 15x 15, x Same Like
—2lx 21, x
(i) | —4ab| —4,a,b Same Like Remember
7 ba 7.a,b ab = ba
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(iv) 3xy 3,x,y Different Unlike The variable v is only
3x 3, x in one term.

9x%y | 9,x,x,¥ terms match, but their

powers do not match.

(Vi) g’ L, p,q, q} Same Like Note, numerical

() 6xv* | 6,x, ¥, y} Different Unlike | The variables inthetwo

—dpg*| -4,p.q.q factor 1 is not shown

Following simple steps will help you to decide whether the given terms are like
or unlike rerms:

(i) Ignore the numerical coefficients. Concentrate on the algebraic part of the
terms.

(i) Check the variables in the terms. They must be the same.
(iii) Next, check the powers of each variable in the terms. They must be the same.

Note that in deciding like terms, two things do not matter (1) the numerical
coefficients of the terms and (2) the order in which the variables are multiplied in the
terms.

ExercisE 12.1

1. Getthe algebraic expressions in the following cases using variables, constants and
arithmetic operations.

()

Subtraction of z from y.

One-half of the sum of numbers x and y.

The number z multiplied by itself.

One-fourth of the product of numbers p and ¢.

Numbers x and v both squared and added.

Number 5 added to three times the product of numbers  and #.
Product of numbers v and z subtracted from 10.

Sum of numbers @ and b subtracted from their product.

2. (i) Identify theterms and their factors in the following expressions

Show the terms and factors by tree diagrams.

(a) x-3 b) 1+x+x {©) y—»°
(d) Sx°+ Ty () —ab+2b -3

(i) Identify terms and factors in the expressions given below:
(a) —4x+35 (b) —4x+ 35y {c) 3y +3y

) xy+ 22 ) pqg+aq () 12ab-24b+36a
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(g) %ﬁ% (h) 0.1p°+0.24°
3. Identify the numerical coefficients of terms (other than constants) in the following
expressions:
i 5-37 @ l+t+F+2 () x+2xy+ 3y
(iv) 100m+ 1000n () —p*qg* + Tpg M) 1.2a+085b
(vii) 3.14 (vii) 2 (/+b) ix) 0.1y+0.01,?
4. (a) ldentitytermswhich containx and give the coefficient ofx.
i »x+y (i) 13y°—8yx i) x+y+2
(v) 5+z+zx V) 1+x+xy () 1207+ 125
(vi)) Tx + xy?
{b) Identify terms which contain v* and give the coefficient of 2.
i) 8-—xy (i) 57°+ 7x (i) 2x%v — 15xy* + 7y’
5. Classify into monomials, binomials and trinormals.
() 4y—7z (i) »? (iiy x +y—xy () 100
V) ab—a-b (vi) 5-3¢ (vii) 4p*g — dpg? (vi) Tmn
(ix) z2-3z+8 x) &+ xi) z2+z

(i) | +x+x?
6. State whether a given pair ofterms is of like or unlike terms.
® 1,100 ) —7x, %x () —29x, — 29y
(v) 1dxy, 42yx v) 4mip, 4mp? () 12xz, 12x%?
7. Identify liketerms inthe following:
(a)y — x2, — 4wx?, 82, 2x2, Ty, — 11x%, — 100x, — 11yx, 20x7%,
—6x%, v, 2xy, 3x
(b) 10pgq, 7p, 8q, — p’q°, — Tgp. — 100q, — 23, 12¢°p°, — 5p°, 41, 2405p, 78qp.
13p*q, qp7, T01p*

12.6 ADDITION AND SUBTRACTION OF ALGEBRAIC
EXPRESSIONS
Consider the following problermns:

1. Sarita has some marbles. Ameena has 10 more. Appu says that he has 3 more
marbles than the number of marbles Sarita and Ameena together have. How do you
get the number of marbles that Appu has?

Since it is not given how marny marbles Sarita has, we shall take it to be x. Ameena
then has 10 more, i.e., x + 10. Appu says that he has 3 more marbles than what
Sarita and Ameena have together. So we take the sum of the numbers of Sarita’s
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marbles and Ameena’s marbles, and to this sumn add 3, that 1s, we take the sum of
x, x + 10 and 3.

. Ramu’s father’s present age is 3 times Ramu’s age. Ramu’s grandfather’s ageis 13

years more than the sum of Ramu’s age and Ramu’s father’s age. How do you find
Ramu’s grandfather’s age?

Since Ramu’s age is not given, let us take it to be y years. Then his father’s age is

3y years. To find Ramu’s grandfather’s age we have to take the sum of Ramu’s age (v)

and his father’s age (3vy) and to the sum add 13, that is, we have to take the sum of
v, 3vand 13.

. In a garden, roses and marigolds are planted in square plots. The length of the
square plot in which marigolds are planted is 3 metres greater than the length of the
square plot in which roses are planted. How much bigger in area is the marigold plot
than the rose plot?

Let us take /metres to be length of the side of the rose plot. The length of the side of
the marigold plot will be ({ + 3) metres. Their respective areas will be 72 and (/ + 3)*
The difference between (/> + 3)* and /> will decide how much bigger in area the
marigoldplotis.

In all the three situations, we had to carry out addition or subiraction of algebraic
expressions. There are a number of real life problems in which we need to use
expressions and do arithmetic operations on them. In this section, we shall see how
algebraic expressions are added and subtracted.

TrYy THESE

Think of atleast two situations in each of which you need to form two algebraic

expressions and add or subtract them

Adding and subtracting like terms

The simplest expressions are monomuials. They consist of only one term. To begin with we
shall learn how to add or subtract like terms.

® ].etusadd 3y and 4x. We know x is anumber and so also are 3x and 4x.

® [ .ctusnextadd 8xy, 4xyand 2xy

Now, 3x+4x =3 xx)+ (4 *xx)
= (3 +4) xx (using distributive law)

=Txx="Tx

Since variables are mumbers, we can
or Sx +4x=Tx use distnbutive law for them.

Bxy+4dxy+ 2xy=(8 xxy) + (4 xxy) + (2 x x1)
=(8+4+2)xxy
=14 x xy = 14xy

or 8xy +dxy + 2xy = 14 xy
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@® Lctus subtract 4# from 7a.
Tun—4dn=(7xn)— (4 xn)
=(7-4)yxn=3xn=3n
or Tn—4n=13n
@ Inthe same way, subtract Sab from 11ab.
llab—5ab=(11—-5)ab=6ab

Thus, the sum of two or more like terms is a like term with a numerical coefficient

equal to the sum of the numerical coefficients of all the like terms.

Similarly, the difference between two like terms is a like term with a numerical
coefficient equal to the difference between the numerical coefficients of the two

like terms.

Note, unlike terms cannot be added or subtracted the way like terms are added
or subtracted. We have already seen examples of this, when 5 is added to x, we write the
result as (x + 5). Observe that in {x + 5) both the terms 5 and x are retained.

Similarly, if we add the unlike terms 3xy and 7, the sum is 3xy + 7.
If'we subtract 7 from 3xy, the result is 3xy — 7

Adding and subtracting general algebraic expressions
Letus take some examples:
® Add3x+1land7x-5
The sum=3x+11+7x-35
Now, we know that the terms 3x and 7x are like terms and so alsoare 11 and — 5.
Further 3x + 7x =10 xand 11 + (- 5) = 6. We can, therefore, simphfy the sum as:
The sum=3x+11+7x-35
=3x+Tx+11-5 (rearranging terms)
=10x+6
Hence,3x+ 11 +7x -5=10x+ 6
® Add3x+11+8zand 7x— 5.
Thesum=3x+11+8z+7x-3
=3x+7x+ 11 -5+ 8z (rearranging terms)
Note we have put like terms together; the single unlike term 8z will remain as it is.

Therefore, the sum=10x+6 + 8z
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® Subtracta—bfrom3a—-b+4

The difference=3a - b+ 4 —{a— b)

Observe how we took (@ — b) in brackets and took
care of signs in opering the bracket. Rearranging the

terms to put like terms together,

The difference=3ag —a +bH—-bh +4

Note, just as

—(5-3) =-5+3,
—(a—b)y=—a+b.

The signs of algebraic
terms are handled in the

same way as signs of
numbers.

=3a-b+t4-a+b

=GB3-Dat{(l-1)h+4

The difference=2a + (0) b + 4 =2a + 4

or

3a-bt4—(a-b)=2a+4

We shall now solve some more examples on addition and subtraction of expression

for practice.

ExampLE 4 Collect like terms and simplify the expression:

SoLuTtioN

TrY THESE

Add and subtract
() m—n,m+n
@) mun+5-2, mn+3

Note, subtracting a term
is the same as adding its
inverse. Subtracting—10b
18 the same as adding
+105; Subtracting
—18a 1s the same as
adding 18a and subtrac-
ting 24ab is the same as
adding — 24ab. The
signs shown below the
expression to be subtrac-
ted are a help in carrying
out the subtraction

properly.

12m® — 9m + Sm — 4m* — Tm + 10
Rearranging terms, we have

12m* —4m* + Sm —9m —Tm + 10
=(12-4)m*+(5-9-Tym+ 10
=8m*+(—4-Tym+ 10
=8m’+(-1l)ym+ 10

=8m’ — Llm+ 10

ExampLE 5 Subtract 24ab — 10b — 18a from 30ab + 12h + 14a.

SoLution  30ab + 12b + 14a — (24ab — 10b — 184)
=30ab+ 12b + 14a — 24ab + 10h + 18a
=30ab —24ab+ 12 + 106+ 14a + 18a
=0ab +22b+ 32a

Alternatively, we write the expressions one below the other with the like

terms appearing exactly below like terms as:
30ab + 12b + 14a
24ab — 10b—18a

- + o+
6ab+22b + 32a
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ExavPLE 6 From the sum of 2y + 3yz, — V> — vz — z7and yz + 22% subtract the
sum of 3y* —z* and 7 + yz + 22

SoLurion  We firstadd 232 + 3yz, - 3?3z — 22 and yz + 222

2yv: + 3z
- Y - ez - 2
+ oyz o+ 27
v+ 3+ 2 (1)
We then add 3y* -z and "+ yz + 22
3y - Z
- ¥t e t 7
2y o+ 2)

Now we subtract sum (2) from the sum (1):
y2 + 3)2 + ZZ
2y + oz

_ yz + 2)2 + Zz

ExErcisE 12.2

1. Simplify combining like terms:
() 215-32+7h-20b
(W —z*+13z22-5z+77 — 15z
m p-@p-q-q-(qp
() 3a—-2b—ab—{(a-b+tab)y+t3ab+b-a
(¥) Sxiy—5xF+ 3w —3yF +xt— 3P+ 8y — 3y
v 3 +5y-4)-8y-y -4
2. Add:
() 3mn, — Smn, 8mn, — 4mn
(i) 1—8tz,3tz—z,z— ¢
(@) —Tmu+35, 12mn+2,9mn—8, - 2mn—3
vy atb-3,b-—a+t3,a-b+3
(v) 14x + 10y —12xy— 13, 18 — 7x — 10y + 8xy, 4xy
(Vi) Sm—Tn,3n—4m+2,2m—3mn—5
(vii) 4x’y, — 3%, —5x7, Sxy

2
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(vi) 3p3g* —4pg + 5, 10 p’g% 15+ Ypg + Tp*g?
(ix) ab—4a, 4b— ab, 4a —4b
x) ¥*—3y¥-1,y¥-1-x1-x*—3
3. Subtract:
(1 —5v* from 2
(i) oOxyfrom—12xy
(m) {(a—b)from{a+b)
) a(b-5)fromb(5-a)
vy —m?+ S from 4m? — 3mn + 8
(vi) —x>+ 10x -5 from 5x — 10
(vi)) Sa*—Tab+ 5b° from 3ab — 2a* — 21?
(vily 4pg — 5¢°> —3p® from 5p° + 3¢° — pg
4. {a) Whatshould be added to x* + xy + ¥* to obtain 2x* + 3xy7
{(b) What should be subtracted from 2a+ 8b+ 10to get —3a +7b+ 167
5. What should be taken away from 3x* — 4y* + 5xy + 20 to obtain
—x2 3y + 6xy + 207
6. (a) Fromthe sumof3x—y+11and—y— 11, subtract 3x —y — 11.

(b)

12.7

From the sum of 4 + 3x and 5 — 4x + 2x°, subtract the sum of 3x*> — 5x and
—x?+ 2x + 5.

FINDING THE VALUE OF AN EXPRESSION

We know that the value of an algebraic expression depends on the values of the vanables
forming the expression. There are a number of situations in which we need to find the value
of an expression, such as when we wish to check whether a particular value of a variable
satisfies a given equation or not.

We find values of expressions, also, when we use formulas from geometry and from
everyday mathematics. For example, the area of a square is 7, where /is the length ofa
side of the square. If/= 5 cm., the area is 5 cm® or 25 cm?; if the side is 10 cm, the area
is 10 cm? or 100 cm? and so on. We shall see more such examples in the next section.

ExamvpPLE 7 Find the values of the following expressions for x =2.
1 x+4 ) 4x-3 (m 19 —5x*
(iv) 100 - 10x°

SoLuTION Puttingx=2

(i) Inx+ 4, we getthe value of x + 4, 1i.e.,
xt4=2+4=6
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() Imdx -3, weget
4r—3=(4x2)-3=8-3=5

@) In19-—5x° we get
19-5x=19-(5x2)=19-(5x4)=19-20=-1

iv) In 100 10x°, we get
100 — 10x*= 100 — (10 x 2% =100 — (10 x 8) (Note 2* = 8§)
=100-80=20

ExavpLE 8 Find the value of the following expressions whenn = — 2.
() 5n-2 (i) 5#°+3n-2 (i) #*+ 50+ 5n-2
SoLuTION
(i) Putting the value of n=-2, in 5n—2, we get,
5(-2)-2=-10-2=-12
() In 5w+ 5u-2, we have,
forn=-2,51-2=-12
and SmP=5x (-2 =5%x4=20 las{—2)?=4]
Combining,
Sw+5n-2=20-12=28
(i) Now, forn=-2,
5w+ 5n—2 =28 and
7= (2 =(2) % (-2) X (2) =8
Combining,
wt5ni+Sn-2=-8+8=10
We shall now consider expressions of two variables, for example, x + v, xv. To work
out the numerical value of an expression of two variables, we need to give the values of
both variables. For example, the value of (x +v), forx=3 andy=5,is 3+ 5 =8.
ExampLE 9 Find the value of the following expressions fora=3, h=2.
0 a+tb @ Ta-4b () o +2ab+ b’
iv) o -8

SoLUTION  Substitutinga=3 and »=2in
(1) a+b weget
a+bh=3+2=5
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Ta—4b, we get

Ta—4b=7T%x3-4%x2=21-8=13.

a*+2ab + b, we get

A+ 2ab+ b= +2%x3%x24+22=090+0Ix6+4=9+12+4=25
a’— b, we get

@ —b=3_-2=3x3x3-2x2x2=9x3-4x2=27-8=19

ExErcISsE 12.3

10.

. Ifm =2 find the value of:

@ m-2 @) 3m-S i) 9 Sm
@) 3 —2m—-7 (v 7 4

. Ifp=-2, find the value of:

) 4p+7 () —3p*+4p+7 () -2p-3p’+4p+7
. Findthe value of the following expressions, when x =—1:
@V 2x-7 i) —x+2 () x*+2x+ 1
i) 2x*—x-2
Ifa=2, b=-2, find the value of;
() a*+ b i)y a>+tabt+t’ @iy o — b
Whena=0, h=-1, find the value of the given expressions:
(1) 2a+2b (i) 2&°+b*+1 () 2a’b +2ab* + ab

(iv) ¢ +ab+2

Simplify the expressions and find the value if x 1s equal to 2

i) x+7+4(x-35) (i) 3(x+2)+5x-7
() 6x+5(x-2) i) 42x—-1)+3x+11
Simplify these expressions and find their values if x =3,a=-1, h=-2.
M 3x-5-x+9 () 2-8x+4x+4

(m 3a+5-8a+1 (iv) 10-3b-4-35b

V) 2a-2b-4-5+a

(i) Ifz=10,find the value of z* - 3(z— 10).

(i) Ifp=-10, findthe value of p*—2p — 100

What should be the value of « if'the value of 2x* + x— g equals to 5, whenx =07
Simplify the expression and find its value when ¢ =5 and =—3.

2a* +aby+3—ab
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12.8 UsIing ALGEBRAIC EXPRESSIONS — FORMULAS AND
RULES

‘We have seen earlier also that formulas and rules in mathernatics can be written in a concise
and general form using algebraic expressions. We see below several examples.

® Perimeter formulas

1. The perimeter of an equilateral triangle = 3 x the length of'its side. If we denote the
length of the side of the equilateral triangle by /, then the perimeter of the equilateral
triangle =3/

2. Similarly, the perimeter of a square =4/
where / =the length of the side of the square.

3. Perimeter of a regular pentagon =5/

where / =the length of the side ofthe pentagon and so on.

® Area formulas

1. Ifwedenote the length of a square by /, then the area of the square =/

2. Ifwe denotethe length of a rectangle by / and its breadth by b, then the area ofthe
rectangle =/ x h=[h.

3. Similarly, if 4 stands for the base and / for the height of a triangle, then the area ofthe

wianele = bxh bh
angle=——=—-.
Once a formula, that is, the algebraic expression for a given quantity is known, the
value of the quantity can be computed as required.

For example, for a square of length 3 cm, the perimeter is obtained by putting the value
{=3 cmin the expression of the perimeter of a square, i.e., 4/.

The perimeter of the given square = (4 x 3) cm =12 cimn.

Similarly, the area of the square is obtained by putting in the value of
/(=3 cm) in the expression for the area of a square, that is, /%

Area of the given square =(3)* cm” =9 cm”.

® Rules for number patterns
Study the following staternents:

1. Ifanatural number is denoted by #, its successor is (# + 1). We can check this for
any natural number. For example, if # = 10, its successor is # + 1=11, which is
knowr.
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2. Ifa natural number is denoted by #, 2# is an even number and (2# + 1) an odd
number. Let us check it for any number, say, 15; 20 =2 xn=2 x 15 =30 is indeed
anevennumberand 2z +1=2x 15+ 1=30+1=311s indeed an odd number.

Do Tuis

Take (small) line segments of equal length such as matchsticks, tooth pricks or
picces of straws cut into smaller pieces of equal length. Join them in patterns as
shown in the figures given:

1. Observe the patternin Fig 12.1.

It consists of repetitions of the shape [_| | | 4
made from 4 line segments. As vou see for

one shape you need 4 segments, for two I
shapes 7, for three 10 and so on. If # is the | |
number of shapes, then the number of -
segments required to form # shapes is given | | | | 10
by (3u+1).

You may verify this by taking n =1, 2, | | | |
3,4,...,10, ... etc. For example, if the

number of letters formed is 3, then 5
the number of line segments required

153 x3+1=9+1=10, as secen from Fig 12.1
the figure.

2. Now, consider the pattern in Fig 12.2. Here | | 3
the shape |_| is repeated. The number of
segments required to form 1, 2, 3, 4, ...
shapes are 3, 5, 7, 9, ... respectively. If |
stands for the shapes formed, the mumber of
segments required is given by the expression
(2n+1). You may check ifthe expression is |_|_|_
correct by taking any value of », say n =4. | l | | |

9

W

Then (2r+1)=(2 x 4)+ 1 =9, which is
indeed the number of line segments
required to make 4| |s.




aLceEBRAIC EXPRESSIONS [IIIEEEEEE

Make similar pattern with basic figures as shown

@ _| 5 (i) | | :
| B
] L] s
T ]
(4n+1) . Bn+2)
(The letterP ) (The le.tterH)

(Themumber of segments required to make the figure is given to the night. Also,
the expression for the mumnber of segments required to make # shapes is also given).

Go ahead and discover more such patterns.

Make the following pattern of dots. If you take a graph paper or a dot paper, it will
be easier to make the patterns.

Observe how the dots are arranged in a square shape. If the number of dots in a
row or a column in a particular figure is taken to be the variable #, then the number of
dots in the figure is given by the expression # x #=#’. For example, take n=4. The
number of dots for the figure with 4 dots in a row (or a column)is 4 x 4=16, as is
indeed seen from the figure. Youmay check this for other values of #. The ancient
Greek mathematicians called the number 1, 4,9, 16, 25, ... square numbers.

® Some more number patterns
Letusnow look at another pattern of iumbers, this time without any drawing to help us
3,6,9,12, ..., 3n, ...
The mumbers are such that they are multiples of 3 arranged in an increasing order,
begimming with 3. The term which occurs at the #" position is given by the expression 3#.

You can easily find the term which occurs in the 10% position (which is 3 x 10=30),
100™ position (which is 3 x 100 = 300) and so on.

® Pattern in geometry

What is the number of diagonals we can draw from one vertex of a quadrilateral?
Check it, itis one.

X
o0 09y
X
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From one vertex of a pentagon? Check it, it1s 2.

D

Al B

From one vertex of a hexagon? Itis 3.

The number of diagonals we can draw from one vertex of a polygon of # sides is
(n — 3). Check it for a heptagon (7 sides) and octagon {8 sides) by drawing figures.
What is the number for a triangle (3 sides)? Observe that the diagonals drawn from any
one vertex divide the polygon in as many non-overlapping triangles as the number of
diagonals that can be drawn from the vertex plus one.

ExERrcISE 12.4

1. Observe the patterns of digits made from line segments of equal length. Youwill find
such segimented digits on the display of electronic watches or calculators.

w | ]

e

6 11 16 21 ... Gn+1)..
o || [ ]
I .

4 7 10 13 ... Ga+1) ...
S S O A I O A A
T O T O O

7 12 17 22... (Sn+2)..

If the number of digits formed is taken to be 7, the number of segments required to
form # digits 1s given by the algebraic expression appearing on the right of each pattern.

How many segments are required to form 5, 10, 100 digits of the kind E|’ |—I, B
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2. Usethe given algebraic expression to cornplete the table of number patterns.
S. | Expression Terms

No. 1st [ 2nd | 3| geh ) Sh ) | 10% | .| 100%

(1) 2n—1 l 30151 719 - 19 - - -

(i) 3nt2 2 518 11| - - - - - -

(i) 4n+1 5 9 | 13| 17| - - - - - -

(v) Tn+20 27 | 34 | 41| 48| - - - - - -

(v) w1 2 5 (10 17| - - - - | 10,001 -
WHAT HAVE WE Discussep?

1. Algebraic expressions are formed from variables and constants. We use the
operations of addition, subtraction, multiplication and division on the variables
and constants to form expressions. For example, the expression 4xy + 7 is formed
from the variables x and y and constants 4 and 7. The constant 4 and the variables
x and y are multiplied to give the product 4xy and the constant 7 is added to this
product to give the expression.

2. Expressions are made up of terms. Terms are added to make an expression. For
example, the addition of the terms 4xy and 7 gives the expression 4xy + 7.

3. Atermisaproduct of factors. The term 4xy in the expression 4xy + 7 is a product
of factors x, yand 4. Factors containing variables are said to be algebraic factors.

4. The coefficient is the numerical factor in the term. Sometimes anyone factorina
term is called the coefficient of the remaining part ofthe term.

5. Any expression with one or more terms is called a polynomial. Specifically a one
term expression is called a monomial; a two-term expression is called a binomial;
and a three-term expression is called a trinomial.

6. Termswhichhavethe same algebraic factors are like terms. Terms which have different
algebraic factors are unlike terms. Thus, terms 4xy and — 3xy are like terms; but
terms 4xy and — 3x are not like terms.

7. Thesum (or difference) of two like terms 1s a like term with coefficient equal to
the sum (or difference) of the coefficients of the two like terms. Thus,
8xy—3xy=(8 -3 xy,1.c, Sxp.

8. When we add two algebraic expressions, the like terms are added as given

above; the unlike terms are left as they are. Thus, the sum of 4x? + 5x
and 2x + 3 is 4x* + 7x + 3; the like terms 5x and 2x add to 7x; the unlike
terms 4x? and 3 are left as they are.
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9.

140.

In situations such as solving an equation and using a formula, we have to find the
value of an expression. The value of the expression depends on the value ofthe

variable from which the expression is formed. Thus, the value of 7x — 3 forx=51s
32, since 7(5) -3 =35-3=32.

Rules and formulas in mathematics are written in a concise and general form using
algebraic expressions:

Thus, the area of rectangle = /b, where / is the length and 5 is the breadth of the
rectangle.

The general (#”) term of a number pattern (or a sequence) is an expression in #.
Thus, the # term of the number pattern 11, 21, 31,41, . ..is {(10n + 1).




Exponents and
Powers

Chapter 13

13.1 INTRODUCTION

Do you know what the mass of earth is? It is
5,970,000,000,000,000,000,000,000 kg!

Can you read this number?

Mass of Uranus is 86,800,000,000,000,000,000,000,000 kg.
Which has greater mass, Earth or Uranus?

Distance between Sun and Saturn is 1,433,500,000,000 m and distance between Saturn
and Uranus is 1,439,000,000,000 m. Can you read these mumbers? Which distance is less?

These very large munbers are difficult to read, understand and compare. To make these

numbers easy toread, understand and compare, we use exponents. In this Chapter, we shall
learn about exponents and also learn how to use them.

13.2 EXPONENTS

We can write large numbers in a shorter form using exponents.
Observe 10,000=10x 10 x 10 x 10 =10

The short notation 10 stands for the product 10x10x10>x10. Here 10 is called the
base and ‘4’ the exponent. The number 1(# is read as 10 raised to the power of 4 or
simply as fourth power of 10. 10*is called the exponential form of 10,000.

We can similarly express 1,000 as a power of 10. Since 1,000 is 10
multiplied by itself three times,

1000 =10 x 10 x 10 =10
Hereagain, 107 is the exponential form of 1,000.
Similady,  1,00,000 =10 x 10 x 10 x [0 x 10=10°
1(*1s the exponential form of 1,600,000

In both these examples, the base is 10; in case of 1(°, the exponent
is 3 and in case of 10° the exponent is 5.
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We have used numbers like 10, 100, 1000 etc., while writing numbers in an expanded
form. For example, 47561 =4 x 10000 +7 x 1000 +5x 100+ 6 x 10 + 1

This can be written as 4 x 104+ 7 <10 + 5 x 10° + 6 x 10 + L.
Try writing these nmumbers in the same way 172, 5642, 6374.

In all the above given examples, we have seen numbers whose base is 10. However
the base can be any other munber also. For example:

81 =3 %3 x 3 x 3 canbe written as 81 =34 here 3 is the base and 4 is the exponernt.

T CANREAD BOTH

Some powers have special names. For example,
v WAYS, _

102 |

10 RMSED TO THE

POWRR 2

102 |0 RASEDTD
THE POWER 3

1(¥, which is 10 raised to the power 2, also read as ‘10 squared’ and
1P, which is 10 raised to the power 3, also read as 10 cubed’.
Can you tell what 5° (5 cubed) means?
5* means 5 is to be multiplied by itself three times, i.¢., =5 x5 x 5=125
So, we can say 125 is the third power of 5.
What is the exponent and the base in 5°?
Simpilarly, 2° =2 x2 x2x2x 2= 32, whichis the fifth power of 2.
In 2%, 2 is the base and 5 is the exponent.

Inthe same way, 243=3x3x3x3x3=3°

64=2x2x2x2xIx2=2°
625=5x5x5x5=5

TrYy THESE

Find five more such examples, where a number is expressed in exponential form.
Alsoidentify the base and the exponent in each case.

You can also extend this way of writing whern the base is a negative integer.
What does (-2)* mean?
It is (2Y=(2)x ((-2)x (-2)=-8

Is (-2)*=167 Checkit.
Instead of taking a fixed number let us take any integer « as the base, and write the
numbers as,

a * a=a* (read as ‘a squared’ or ‘a raised to the power 27)
a*ax*a=a (read as ‘a cubed’ or ‘araised to the power 3°)

a*axaxa=a*(read as a raised to the power 4 or the 4™ power of a)

axaxaxaxaxaxa=a (readas araised to the power 7 or the 7% power of a)
and so on.

axaxaxhbxb canbe expressed as &’ h* (read as ¢ cubed b squared)
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axaxhbxhbxhbxpcan be expressed as &b* (read as a _
squared into & raised to the power of 4). Try THESE
Express: ST
(i) 729 asapowerof3 -
SOLUTION Wehave256=2x2x2x2x2x2x2x2, (@) l28asapowerof2 1\
So we can say that 256 =28 () 343asapowerof7 ==

ExavrLE 1 Express 256 as a power 2.

ExavmpPLE 2 Which one is greater 2° or 327
SoLuTION Wehave,2°=2x2x2=8 and 3> =3x3=9.
Since 9 > §, so, 32 1s greater than 2*

ExavpLE 3 Which one is greater 82 or 257

SoLuTION 82=8x 8 =64
2P =2 x2x2x2x2x2x2Dx2 =256
Clearly, 28> 82

ExavpLE 4 Expand &’ b%, & B, b &, b*?. Are they all same?
SoLUTION &P = x P’
{axaxa)*x(bxbh)
axaxaxhxp
BB = x B
=gxagxhxhxh
Ba=hxqg
=hbxbxaxaxa
B al= Db %

=hxhxbhbxaxag

Note that in the case of terms &’ »° and &* »* the powers of @ and 4 are different. Thus
a b and o’ b* are different.

On the other hand, &* #” and #° @* are the same, since the powers of @ and b in these
two terms are the same. The order of factors does not matter.

Thus, & b* =a* x b* =b* x & = b* &*. Similarly, &* b and b* &* are the same.

ExamvpLE B Express the following numbers as a product of powers of prime factors:

o 72 (i 432 ) 1000 iv) 16000 2| 72
SoLuTION T |36
() 72=2x36=2x2x18 218
=2x2x2x9 39
=2x2x2x3x3=23x3? - -
Thus, 72 =12%x 32 (required prime factor product form) 3
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(i) 432=2x216=2x2x108=2x2x%x2x54
=2x2x2x2x27=2x2x2x2x3x9
=2x2x2x2x3xIx3

or 432 =24 x 3 (required form)
(i) 1000=2x500=2x2x250=2x2x2x 125

=2x2%x2x5x25=2x2x2x5%x5x%5
or 1000=2°x5°

Atul wants to solve this example in another way:
1000 =10x100=10x10x 10

= (2 x35)x(2x35)x(2x5) (Sincel( =2 x 5)
=2Xx5X2IXEXIX5=2x2IxDIxEx5%]S

or 1000 = 2= 5

Is Atul’s method correct?

(iv) 16,000= 16 x1000 = (2x2x2x2)x1000=2*x10°(as 16 =2x%x2x2x2)
=(2x2x2Xx2YX(2x2IXLHSX5X5)=BxV x5
(Since 1000 =2x2x2 x5x5x5)
=(2x2x2x2x2x2x2)x(5x5x35)
or, 16,000 =27 x §°
ExampPLE 6 Work out (1)5, (-1)%, (=14, (-=10)%, (=5)~
SoLuTIiON
1 Wehave(lPp=1x1x1x1x1=1
In fact, you will realise that 1 raised to any poweris 1.
i =D xEDxED=1x(-)=-1
i) (1) =(1)x (1)x ()% (1) =1x =1 (e = ]
Youmay check that (—1) raised to any odd poweris (—1),

(_1) odd number = 71

and (—1) raised to any even poweris (+1).
(iv) (=100 =(=10) x (—10) x (=10) = 100 x (-10) = - 1000
(V) (-5)'=(-5) x (=5) x(=5) x(-5)=25x25=625

Exercise 13.1

1. Findthe value of*

i 2° () 9° (i) 11° iv) 5%
2. Express the following in exponential form:
i) 6x6x6x%x6 (i) x>t (i) hxbxhbxbp

(iv) S5x5x7xTx7 (v) 2x2xaxa (V) axaxaxexcxexXexd



ExPONENTS anD POWERS [IIIFEF I

3. Express each of the following munbers using exponential notation:

(1) 512 @ 343 (m) 729 iv) 3125
4. Identify the greater number, wherever possible, in each of the following?
(i) 4 or3* @ 5° or3° (i) 2% or 8

(ivy 100¢or2'”  (v) 2%or 1(°

5. Express each of the following as product of powers of their prime factors:

(i) 648 (i) 405 (i) 540 (iv) 3,600
6. Simplify:

n 2x1¢ @ 7°x2° ) 2°x5 i) 3 x4

(v) O0x1 (vi) 52x33 (vii) 24 x 3? (viil) 32 x 10*
7. Sonplify:

O -4 (i) (=3)x(=2) (i) (=3)*x (=5’

(v) (=2)°x(-10)°
Compare the following numbers:
(i) 2.7 x10Y; 1.5 x 10# (i) 4x10";3x10"

ol

13.3 Laws oF EXPONENTS

13.3.1 Multiplying Powers with the Same Base
(1) Letus calculate 2% x 23
22x 2B =(2x2)x(2x2x2)
=2x2x2x2x2=2=72"
Note that the base in 2 and 2* is same and the sum of the exponents, i.e., 2and 3 is 5
(i) (3)' % (3)° = 1(3) X (3) % (3)x (3)] x [(-3) < (3) % (-3)]
=(3)x(3) x(B)* (3) x (3) x (3) x(3)
=(-3)
— (_3)4+3
Again, note that the base is same and the sum of exponents, i.c., 4 and 3, is 7
(i) @**xa*=(axa)x{axaxa *a)
saxaxaxaxaxa= d
(Note: the base is the same and the sum of the exponents is 2 + 4 =6)
Sirnilarly, venfy :
42 x 42 = 4272
22 x 33 = 3243
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Try THESE Can you write the appropriate number in the box.

Simplify and write in

(-11) x (11 = (-1HH

exponential form: b x b = pU(Remember, base is same; 5 is any integer).
i 22x2 A xct=c0 (c1s any integer)
W p’xp d0x 40 = dD
() 4° x4
) From this we can generalise that for any non-zero integer @, where m
(ivy @ xa’xa’
() 515 x50 and # are whole numbers,
hYs X X
(Vi) (—4)1% x (—4)® ar < gn=agntn
Caution!

Consider 23 x 32

Canyouadd the exponents? No! Do you see “why’? The base of 27 is 2 and base
of3?1is 3. The bases are not same.

13.3.2 Dividing Powers with the Same Base
Let us simplify 37+ 347

3 3333333

3+ ===
3 3333
=3x3x3=3=3""
Thus 37+ 34=37-4
(Note, in 37 and 3* the base is same and 37 + 3* becomes 3™%)
Sirnilarly,
5% SXIXSXSXFXS
56 g2 T
5 3x3
=5x5xixHj=5=5"2
or 50+ 52=150-2
Let a be anon-zero integer, then,
at a a a a s 4o
a'+di=—S=-————=a a=a =a
a a
or al+at=a'?

Now can you answer quickly?
1F 100 =10 7= 10°
72+ 7¢=70
&= ot =ql
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For non-zero integers b and ¢, Try THESE
b0+ ps=pl

10 S0 — D

o100 & 090 = Simplify and write in exponential

form: (eg., 11+ 112=11%)
1 8 - 73 1 & - 4
ar - at=g" " (1) 2 =12 (]1) 108 = 16

' i) 9" =97 (i) 200 =20
where m and # are whole numbers and m > #. =7 A &) 7770

13.3.3 Taking Power of a Power

Considerthe following

Simplify (2°)5(3%)’

In general, for any non-zero integer «,

Now, means 2* is multiplied two times with itself.

() =2 x2
=223 (Since a" X o = g™ *")
= 26 = 23*2

Thus (27) =2

Similarly (3)'=3 %32 x32x 32
=32t2rat2

= 3F {Observe 8 is the product of 2 and 4).

= 32 x4

Canyoutell what would (72 )10 would be equal to?

2

3 — Ed — U
So (2) =22=2¢ 1 (3 >
(3°) =320 =038 [
(72)10=72x10=720 ZZ_T);:A;-
TRy THESE
aZ 3 =g 2%3 — aﬁ o . - a
Simplify and write the answer in
(") = a3 = g exponential form:
. . : ') [ ] ) » 100
From this we can generalise for any non-zero integer ‘a’, where “m Q0 ¢ " (ii) (22)

and ‘#" are whole numbers,

a"=am @ (7°) @ ()
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ExampLE 7 Canyoutell which oneis greater (5%) x 3 or (52 )3 ?

SoLuTion (5% x 3 means 5> is multiplied by 3 i.e., 5x 5 x3=75

but (5 : )3 means 52 is multiplied by itselfthree times i.c. ,

52x 52 x 52=5%=15,625
Therefore (5°Y > (5 x 3

13.3.4 Multiplying Powers with the Same Exponents

Can you simplify 2° x 3°7 Notice that here the two terms 2° and 3° have different bases,
but the same exponents.

Now, 22x =2 x2x2)x(3x3Ix3)
={2x3)x(2x3)x(2x3)
=O6X6x6
=6 (Observe 6 is the product of bases 2 and 3)
Consider 4* x 3* ={4 x4 x4 x4)x(3x3x3x3)
= (@x3)x(4x3)x (@4 x3) x (4 x3)

< AR
_1. =12x 12x 12 x12
_ =124
’_\”! [ N Consider, also, 32 x & =(3x3)x{axa)

A=
TrY THESE =(3xa)x(3xa)
={3 x 2
Put into another form using ( za)
ar x b = (aby: =(3a) (Note: 3xa =3a)
() 4 x 23 (i) 25xb’ Similarly, & x8* ={axaxaxa)x (bxbxbxb)

Gi) & x 2 () 59x(2) =(axb) x(axb)x(axb)xlaxb)

29 % (-3 =(ax by
(v) (-2)*x(-3) = (aby' (Note a x b = ab)

In general, for any non-zero integer o

am x bm = (aby" (where m is any whole number)

ExampLE 8 Expressthe following terms in the exponential form:
M (2x3p ) (a)! () {— d4m)’

SoLutioN

() 2x3)= (2x3)x(2x3)x(2x3)x(2x3)x(2x3)
(2x2x2%x2x2)x(3x3x3x3x3)
28 x 32
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(i) (Qa)y'= 2ax2ax2ax*2a
= 2x2x2Ixx(axaxaxa)
— 24xa4

(i) (—dm)'= (-4 xm)’

= (4 xmyx(—4xm)x(—4xm)

= CH XD CHx(mxmxm)= {4y x (m)’

13.3.5 Dividing Powers with the Same Exponents

Observe the following simplifications:

Try THESE

2t 2x2x2x2 2 2.2 2 (2Y
@ ' 3%3x3x3 _gxgxgxg 3 Put into another form
: m m a "
@ axaxa aa a (a) using a0
W 5 bxbxb b b b \b
(i) 4°+ 33
From these examples we may generalise (i) 25+ b°
N ,,, (i) (—2) =4
a a .
a” +b" :b_’”:(g) where a and b are any non-zero integers and av) p*+qg*
v) 58+ (-2
m1s a whole number. ®) 2)
3 4 5
ExavpLE O Expand: (i) (3) (ii) (7)
SoLuTioN
o (3Y 3 3x3x3x3 _
D (—) = 5—4 = m Whatis a*? .
5 Obeserve the following pattern:
X 2°=64
@ [ - (4 (4 (49 (49 (49 2° =32
R 7 77777 t=16
2* =8
. 22 =7
® Numbers with exponent zero N
5 20 =17

3
Can you tell what 7 equals to?

3° B Ix3Ix3x3x3 _1
3* 7 3x3x3x3x3

by using laws of exponents

You can guess the value of 2° by just studying the
pattern!

You find that 2°=1

If you start from 3° =729, and proceed as shown
above finding 3°, 3%, 3°,... etc, what will be 3° =7
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354235 =1735-5=70
So =1
Can youtell what 7° is equal to?

TP =T3-3 =70

7P IxTxT

— = 1

And 7 TxTxT
Therefore =1
Strmilarly a+a=a =4

a axaxa
And adrad=— — |

a  axaxa
Thus a” =1 (for any non-zero integer a)

So, we can say that any number (except 0) raised to the power (or exponent) 0 is 1.

13.4 MisceELLANEOUS EXAMPLES USING THE LAwSs OF

EXPONENTS

Letus solve some examples using rules of exponents developed.
ExamvpLE 10 Write exponential form for § x 8 x 8 x § taking base as 2.

SoLuTioN  Wehave, 8 x 8 x 8 x 8 = 8¢

But we know that g=2x2x2=23

Therefore B =2Y=2x2Ix2Ix23
=34 | You may also use (a™)" =a™]
=712

ExampLE 11 Simplify and write the answer in the exponential form.

3 s
) (?JX 3 i) 2% 22x 5° (i) (6% 6%+ 6
(v) [(27F x3]=5  (v) & =+2°

SoLuTtioN

0 @—J:* = (37

= 35x35 = 355 = 310
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(i) 2°x2°x5 = 22 x 55
=25>< 55=(2><5)5=]_05

i) (6°x6")+6" = PRI

=2—j:66_3 :63

(iv) [(22)3x35}<55 = [2° x 39] x §¢

(2><3)6 x 5°

= (2x3x5)° = 30°
v) 8=2x2x2=2°
Therefore 82+ 23=(2%)?+2?

=126 - 923 =763 = 23
ExampLE 12 Sioplify:

124X93X4 2 34 25

O Gegnay @ Pxaxsd G

SoLuTION
(i) Wehave

124x93x4 _ (22X3)4X(32)3x22
6 x8x27  (2x3)x(21)’x3’

ORI U
= 23 33 22)(3 33 = 23 26 33 33

28 2><34 6 2“))(310

= 23 5><333 - 29><36

=710-5 x 310-6=171 x 34
=2x 81 =162
() 22xgxSgt=xgxixg
=WVIXSEX P X =8 x5 xgitd

=40 g’
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Lo 23027 2x3'x27 2x2°x3!
(]1) 9 4 _32>< 5 7 = 32x92 2
21 5><34 26><34

To24x3r T 24x3?

— 26 4>(34 2

=2?x3'=4x9=36
Note: Inmostofthe examples that we have taken in this Chapter, the base of a power
was taken an integer. But all the results of the chapter apply equally well to a base
which is a rational number.

ExERcISE 13.2

1. Using laws of exponents, simplify and write the answer in exponential form:

(@) 323 x 38 (i) 6+ 6 i) o x o

i) 7 x7? & 5208 (i) 2°x 5°

(vii) o x b (vii) (34)3 (ix) (220 +215)X23
(x) 8+ 8

2. Simplify and express each of the following in exponential form:

27 3 4

0 == @ 5 x5 5 () 25«5
v % \ % () 20+ 30+ 40
(vil) 20 % 30 x 40 (vili) (30 +29) x 5° (%) ijigj

(x) Z—j x a (x) % i) (2°x2)

3. Saytrue or false and justify your answer:
i) 10 x 106! = 100" (i) 2* > 5° i) 2*x3*=6°
(iv) 3°=(1000)
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4. Express cach of the following as a product of prime factors only in exponential form:

M) 108 x 192 (i) 270 (i) 729 x 64
(iv) 768

5. Simphfy:
_ (25)2><7'3 L 25xS XA 3 10° 25
e AT

13.5 DeciMaL NUMBER SYSTEM

Letus look at the expansion of 47561, which we already know:
47561 =4 x 10000 +7 x 1000 +5x 100 +6 x 10+ 1
We can express it using powers of 10 in the exponent form:
Therefore, 47561 =4 x 10*+ 7 x 1P +5x 10°+ 6 x 10!+ 1 x 10°
(Note 10,000 = 10*, 1000 =107, 100 =107, 10 =10' and 1 = 10°) \
Let us expand another number:
104278 = 1 x 100,000 +0 x 10,000 +4 x 1000 +2x 100 +7x 10 +8 x 1
=1 x1P+0x 100 +4x 1P+ 2 x10°+7 x 10" + 8 x 1¢°
=1 x 1P +4x 1P +2x10°+7 x 10" + 8 x 1(¥

Notice how the exponents of 10 start from a maximum value of 5 and go on decreasing
by 1 at a step from the left to the right upto 0.

13.6 ExXPRESSING LARGE NUMBERS IN THE STANDARD FORM

Letus now go back to the beginning of the chapter. We said that large mumbers can be
conveniently expressed using exponents. We have not as yet shown this. We shall do sonow.

1. Sunis located 300,000,000,000,000,000,000 m from the centre of our Milky Way
Galaxy.

2. Number of stars in our Galaxy is 100,000,000,000.
Mass of the Earth is 5,976,000,000,000,000,000,000,000 kg.

3.
These mumbers are not convenient to write and read. To make it convenient TrYy THESE

Weuse powers. Expand by expressing
Observe the following: powers of 10 in the
59=5.9%10=259 x 10! exponential form:
i) 172
590 =75.9 x 100 =5.9 x 10° O
(i) 5,643
5900 =59x 1000 =5.9 x 1(? (i) 56,439

5900 =5.9 x 10000 =5.9 x 10* and so on. (v) 1,76,428
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We have expressed all these numbers in the standard form. Any number can be
expressed as a decimal number between 1.0 and 1010 including 1.0 multiplied by a power
of 10. Such a form of a number is called its standard form. Thus,

5,985 = 5.985 x 1,000 =5.985 x 1({” 1s the standard form of 5,985.

Note, 5,985 can also be expressed as 59.85 x 100 or 59.85 x 10°. But these are not
the standard forms, of 5,985. Similarly, 5,985 =0.5985 x 10,000 =0.5985 x 1(*is also
not the standard form of 5,9835.

We are now ready to express the large numbers we came across at the beginning of
the chapter in this form.

The, distance of Sun from the centre of our Galaxy i.e.,
300,000,000,000,000,000,000 m can be written as

3.0 % 100,000,000,000,000,000,000 =3.0 x 10® m
Now, can vou express 40,000,000,000 in the similar way?
Count the number of zeros in it. It is 10.
So 40,000,000,000 =4.0 x 10*°
Mass of the Earth = 5,976,000,000,000,000,000,000,000 kg
=35.976 x 10** kg

Do you agree with the fact, that the number when written in the standard form is much
easier to read, understand and compare than when the number is written with 25 digits?

3

Now,
Mass of Uranus = 86,800,000,000,000,000,000,000,000 kg
=8.68 x 107 kg

Simply by comparing the powers of 10 in the above two, you can tell that the mass of
Uranus is greater than that of the Earth.

The distance between Sun and Saturn is 1,433,500,000,000 m or 1.4335 x 10 m.
The distance betwen Saturn and Uranus is 1,439,000,000,000 m or 1.439 x 10"°m. The
distance between Sun and Earth is 149, 600,000,000 mor 1 496 x 10 'm.

Can you tell which ofthe three distances is smallest? I
i
ExampLE 13 Expressthe following numbers in the standard form: \7

() 59853 (ii) 65,950 JANE
(i) 3,430,000 (iv) 70,040,000,000 | M
SOLUTION —

() 5985.3=5.9853 x 1000 = 5.9853 x 10°
(i) 65,950 =6.595 x 10,000 = 6.595 x 10*
(i) 3,430,000 =3.43 x 1,000,000 = 3.43 x 10°
(v) 70,040,000,000 = 7.004 x 10,000,000,000 = 7.004 x 10'°
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A point to remember is that one less than the digit count {number of digits) to the left
of'the decimal pointin a given mumber is the exponent of 10 1in the standard form. Thus, in
70,040,000,000 there 1s no decimal point showry;, we assume it to be at the (right) end.
From there, the count of the places (digits) to the left is 11. The exponent of 10 in the
standard form is 11 —1=10. In 5985.3 there are 4 digits to the left of the decimal point
and hence the exponent of 10 in the standard formis4 —1=3.

ExERrcIsE 13.3

1. Write the following nurmbers in the expanded forms:
279404, 3006194, 2806196, 120719, 20068

2. Find the number from each of the following expanded forms:
(@) 8 x10* +6 x10° + 0x10% + 4x10" + 5x10°
(b) 4 x1(F + 5x10° + 3x10* + 2x10°
() 3 x10* + 7x10° + 5x10°
(d) 9 x10° +2x10° + 3x1¢!

3. Express the following numbers in standard form:
(i) 5,00,00,000 (i) 70,00,000 (iii) 3,18,65,00,000
(iv) 3,90,878 (v) 39087.8 (vi) 3908.78
4. Express the number appearing in the following statements in standard form.
(a) The distance between Earth and Moon is 384,000,000 m.
(b) Speed of ight in vacuum is 300,000,000 m/s.
(c) Diameter of the Earthis 1,27,56,000 m.
(d) Diameter of the Sun is 1,400,000,000 m.
(e) Ina galaxythere are on an average 10(,000,000,000 stars.
(0 Theuniverse is estimated to be about 12,000,000,000 years old.

{(2) The distance of the Sun from the centre of the Milky Way Galaxy is estimated to
be 300,000,000,000,000,000,000 m.

() 60,230,000,000,000,000,000,000 molecules are contained in a drop of water
weighing 1.8 gm.

(i) The earth has 1,353,000,000 cubic km of sea water.

(j) The population of India was about 1,027,000,000 in March, 2001.
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WHAT HAVE WE DISCUSSED?

1. Very large numbers are difficult to read, understand, compare and operate upon. To
make all these easier, we use exponents, converting many of the large numbers in a
shorter form.

2. The following are exponential forms of some numbers?
10,000 = 10* (read as 10 raised to 4)
243=3%  128=12".

Here, 10, 3 and 2 are the bases, whereas 4, 5 and 7 are their respective exponents.

We also say, 10,000 is the 4™ power of 10, 243 is the 5™ power of 3, etc.
3. Numbers in exponential form obey certain laws, which are:

For any non-zero integers ¢ and » and whole numbers # and #,

@ a"xa=a""

(b) a"+a"=a""", m>n

© (@y=av

(d) a” = b"=(ab)y"

nr

() a"+ b=

® a=1
(g) (71)5\1’6]1 number — 1
(71)9dd number — 1

4
b




symmetry

Chapter 14

14.1 INTRODUCTION

Syrmmetry is an important geometrical concept, commonly exhibited in nature and 1s used
almost in every field of activity. Artists, professionals, designers of clothing or jewellery, car
manufacturers, architects and many others make use of the idea of symmetry. The beehives,
the flowers, the tree-leaves, religious symbols, rugs, and handkerchiefs — everywhere you

find syrmmetrical designs.

Architecture Engineering
You have already had a *feel’ of line symmetry in your previous class.

A figure has a line symmetry, if there is a line about which the figure may be folded so that
the two parts of the figure will coincide.
Yourmght like to recall these ideas. Here are some activities to help you.

Compose a picture-album Create some colourful Make some symmetrical

showing symmetry. Ink-dot devils paper-cut designs.
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Enjoy identifying lines (also called axes) of symmetry in the designs you collect.

Letus now strengthen our ideas on symmetry further. Study the following figures in
which the hnes of symimetry are marked with dotted lines. |Fig 14.1 (1) to (iv)]

(i) (1) (1) (v)
Fig 14.1

14.2 LINES OF SYMMETRY FOR REGULAR POLYGONS

You know that a polygon is a closed figure made of several line segments. The polygon
made up of the least number of line segments is the triangle. (Can there be a polygon that
you can draw with still fewer line segments? Think about it).

A polygon is said to be regular if all its sides are of equal length and all its angles are of
equal measure. Thus, an equilateral triangle is a regular polygon of three sides. Can you
name the regular polygon of four sides?

An equilateral triangle is regular because each of its sides has same length and each of
its angles measures 60° (Fig 14.2).

60°
43 a
60° 60°
ad
Fig 14.2

A square is also regular because all its sides are of equal length and each ofits angles
1s a right angle (i.e., 90°). Its diagonals are seen to be perpendicular bisectors of one
another (Fig 14.3).

Fig 14.3
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If a pentagon is regular, naturally, its sides should have equal length. You will, later on,
learn that the measure of each of'its angles is 108° (Fig 14.4).

\/
>/ 108

Fig 14.4

Aregular hexagon has all its sides equal and each of its angles measures
120°. You will learn more of these figures later (Fig 14.5).

The regular polygons are symmetrical figures and hence their lines of
symmetry are quite interesting,

Each regular polygon has as many lines of symmetry as it has sides |Fig 14.6 (i) - (iv)].
We say, they have multiple lines of symmetry.

three lines of four lines of five lines of six lines of
symmetry symmetry symmetry symmetry

Equilateral Triangle Square Regular Pentagon Regular Hexagon
i il iii iv
@ (i) Fig 14.6 (i) (iv)
Perhaps, you might like to investigate this by paper folding. Go ahead!
The concept of line symmetry is closely related to mirror reflection. A shape has line

symmetry when one half ofit is the mirror image of the other half (Fig 14.7). Amirror line,
thus, helps to visualise a line of symmetry (Fig 14.8).

Fig 14.7

Is the dotted line a mirror line? No. Is the dotted line a mirror line? Yes.

Fig 14.8
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While dealing with mirror reflection, care is needed to note down the lefi-right changes
i the orentation, as seen in the figure here (Fig 14.9

——

Fig 14.9
The shape is same, but the other way round!

Play this punching game!

Fold a sheet into two halves Punch a hole two holes about the
symmetric fold.
Fig 14.10

The foldis a line (or axis) of symmetry. Study about punches at different locations on
the folded paper and the corresponding lines of symmetry (Fig 14.10).

ExercisE 14.1

1. Copythe figures with punched holes and find the axes of symmetry for the following:

o
[#] o o
Q o ©
[+] © o
@) (b) © @
(#] (&) Q
o o Q o
©) (f) (@ 7 ()
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° o

°

° ° ° ° °
o

@ Q) ) )

2. Giventhe line(s) of symmetry, find the other hole(s):

(a) (b) (c) (d) (e)

3. Inthe following figures, the mirror line (i.e., the line of symmetry) is given as a dotted

line. Complete each figure performming reflection in the dotted (1nirror) lime. (You rmight
perhaps place amirror along the dotted line and look into the mirror for the image).

Are you able to recall the name of the figure you complete?

1 1 1 1 1

—
I I I I I I
I I I I I I
I I I I I I
I I I I I I
I I I I I I
! ! ! ! . !
(@) b) © @ © ®
. The following figures have more than one line of symmetry. Such figures are said to
have multiple lines of symmetry.
- ._ ............ -
(@) ®) ©

Identify multiple lines of symmetry, if anty, n each of the following figures:

(a) (b)
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=
(e) ® (2 (h)

5. Copy the figure given here.

Take any one diagonal as a line of symmetry and shade a few more squares to make
the figure symmetric about a diagonal. Is there more than one way to do that? Will
the figure be symmetric about both the diagonals?

6. Copy the diagram and complete cach shape to be symmetric about the rmrror line(s):

' / DS
! /
) , o > \\o °
! ° \\o
@ b) © @

7.

10.

State the number of lines of symimetry for the following figures:
(a) Anequilateral triangle (b) Anisoscelestriangle  (c) A scalenetriangle

(d) Asquare (e) Arectangle () Arhombus
(z) Aparallelogram (h) A quadrilateral (i) Aregular hexagon
() Acircle

What letters of the English alphabet have reflectional symmetry (i.e., symmetry related
tomirror reflection) about.

(a) avertical mirror {(b) ahorizontal mirror

(c) bothhorizontal and vertical mirrors

Give three examples of shapes with no line of symmetry.
What other name can you give to the line of symmetry of

(a) anisoscelestriangle? (b) acircle?

14.3 ROTATIONAL SYMMETRY

What do you say when the hands of a clock go round?
one direction, about a fixed point, the centre of the clock-face.

a clockwise rotation; otherwise it 1s said to be anticlockwise.

You say that theyrotate. The hands of a clock rotate in only

Rotation, like movement of'the hands of a clock, is called
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What can you say about the rotation of the blades of a ceiling fan? Do they rotate
clockwise or anticlockwise? Or do they rotate both ways?

If'you spin the wheel of a bicycle, it rotates. It can rotate in either way: both clockwise
and anticlockwise. Give three examples each for (i) a clockwise rotation and (i1) anticlockwise
rotation.

When an object rotates, its shape and size donot change. The rotation tuns an object
about a fixed point. This fixed point is the centre of rotation. What is the centre of
rotation of the hands of'a clock? Think about it.

The angle of tuming during rotation is called the angle of rotation. A full
turn, you know, means a rotation of 360°. What is the degree measure of
the angle of rotation for (1) a half-tum? (i) a quarter-tum?

A half-turn means rotation by 180°; a quarter-turn is rotation by 90°.

When itis 12 O*clock, the hands of a clock are together. By 3 O clock,
the minute hand would have made three complete turns; but the hour hand
would have made only a quarter-turmn. What can you say about their positions
at 6 O’clock?

Have you ever made a paper windmill? The Paper windmill in the picture
looks symmetrical (Fig 14.11); but you do not find any line of symmetry. No
folding can help you to have coincident halves. However if you rotate it by
90° about the fixed poirt, the windmill will look exactly the same. We say the Fig 14.11
windmill has a rotational symmetry.

D C B A D
A/7|L/C D/7|L/B C/7|L/A 3/7%/1) A/7|L/C
90° 90° 90° 90°

Fig 14.12

In a full turn, there are precisely four positions {on rotation through the angles 90°,
180°,270° and 360°) when the windmill looks exactly the same. Because of this, we say
it has arotational symmetry of order 4.

Here is one more example for rotational symmetry.
Consider a square with P as one of its corners (Fig 14.13).
Letus perform quarter-tums about the centre of the square marked .

o i b P
P > —d-—-%q-L-> ,de ->—-—CA -—F-> +

1 90 90°1 1

| PP |

(1) (1) (ii1) (iv) (v)

Fig 14.13
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Fig 14.13 (1) is the mnitial position. Rotation by 90° about the centre leads
to Fig 14.13 (i1). Note the position of P now. Rotate again through 90° and you get
Fig 14.13 (ii1). In this way, when yvou complete four quarter-turns, the square reaches its
original position. It now looks the same as Fig14.13 (i). This can be seen with the help of
the positions taken by P.

Thus a square has a retational symmetry of order 4 about its centre. Observe that
m this case,

(i) The centre of rotation is the centre of the square.
(i) The angle of rotation is 90°.
(i) The direction of rotation is clockwise.
(iv) The order of rotational symmetry is 4.

TrRY THESE

1. (a) Canyounow tell the order of the rotational symmetry foran equilateral triangle?
(Fig 14.14)

iR Ri

))-

I
I
I
I
I
JEN

N

(iv)
Fig 14.14

(b) How many positions are there at which the triangle looks exactly the same,
when rotated about its centre by 120°7?

2. Which ofthe following shapes (Fig 14.15) have rotational symrmetry about the marked

pomt.
NN__
(1) (1) ()

@

Fig 14.15

Draw two identical parallelograms, one-ABCD on a piece of paper and the other
A'B'C' D’ on a transparent sheet. Mark the points of intersection of their diagonals,
O and O' respectively (Fig 14.16).

Place the parallelograms such that A’ lies on A, B' lies on B and so on. O’ then falls
on O.




Stick a pin into the shapes at the point O.
Now tum the transparent shape in the clockwise direction.
How many times do the shapes coincide in one full round?

What is the order of rotational symmetry?

The point where we have the pin is the centre of rotation. It is the
itersecting point of the diagonals in this case.

Every object has a rotational symmetry of order 1, as it occupies
same position after a rotation of 360° (i.e., one complete revolution).
Such cases have no interest for us.

You have around youmany shapes, which possess rotational symmetry
(Fig 14.17).

Fig 14.16

)

Road sign Wheel
(1) ()
Fig 14.17

For example, when you slice certain fruits, the cross-sections are shapes with rotational
symmetry. This might surprise you when you notice them |Fig 14.17(i)].

Then there are many road signs that exhibit rotational symmetry. Next time when you
walk along a busy road, try to identify such road signs and find about the order of rotational
symmetry |[Fig 14.17(i1)].

Think of some more examples for rotational symmetry. Discuss in each case:
(1) thecentreofrotation (i) the angle of rotation
(i) the direction in which the rotation is affected and
(iv) the order ofthe rotational symmetry.

TrYy THESE

Give the order of the rotational symmetry of the given figures about the point
marked x (Fig 14.17).

I X

[A) (i) (i)
Fig 14.18
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ExeErcisel4.2

1. Which ofthe following figures have rotational symmetry of order more than 1:

(a) (b) (© (d) (e) (©

2. Givethe order of rotational symmetry for each figure:

T X A%

@ ®) ©
© ) (@

14.4 LINE SYMMETRY AND ROTATIONAL SYMMETRY

You have been observing many shapes and their symmetries so far. By now you
would have understood that sorme shapes have only line symmetry, some have only
rotational symmetry and some have both line symmetry and rotational symmetry.

i 3' **1"""" Forexample, consider the square shape (Fig 14.19).

How many lines of symmetry does it have?

Does it have any rotational symmetry?
If “yes’, what is the order of the rotational symmetry?
Think about it.

The circle is the most perfect symmetrical figure, because it can be rotated around
its centre through any angle and at the same time it has unlimited number of lines

Fig 14.19

of symmetry. Observe any circle pattern. Every line

AT ) .
ANY 4 , L2 through the centre (that is every diameter) forms a
A ) o=
-3 = line of (reflectional) symmetry and it has rotational

symmetry around the centre for every angle.




Some of the English alphabets have fascinating symmetrical structures. Which capital
letters have just one line of symmetry (like E)? Which capital letters have a rotational
symmetry of order 2 (like I)?

By attempting to think on such lines, you will be able to fill in the following table:

Alphabet Line Number of Lines of | Rotational|Order of Rotational
Letters | Symmetry Symmetry Symmetry Symmetry
Z No 0 Yes 2
S
H Yes Yes
o) Yes Yes
E Yes
N Yes
C

ExercisE 14.3

1. Name any two figures that have both line symmetry and rotational symmetry.
2. Draw, wherever possible, a rough sketch of

@)
(i)

than 1.

(1)

symmetry.

()

a triangle with both line and rotational symmetries of order more than 1.
atriangle with only line symmetry and no rotational symmetry of order more

a quadrilateral with a rotational symimetry of order more than 1 butnot a line |

aquadrilateral with line symmetry but not arotational symmetry of order more than 1.

3. Ifafigurehastwo ormore lines of symmetry, should it have rotational symmetry of
order more than 17

4. Fillinthe blanks:

Shape

Centre of Rotation

Order of Rotation

Angle of Rotation

Square

Rectangle

Rhombus

Equilateral
Trangle

Regular

Hexagon

Circle

Semi-circle




MATHEMATICS

. Name the quadrilaterals which have both line and rotational symmetry of order more
than 1.

. After rotating by 60° about a centre, a figure looks exactly the same as its original
position. At what other angles will this happen for the figure?

. Canwe have arotational symmetry of order more than 1 whose angle of rotation is
i) 457 (i) 17°7

WHAT HAVE WE Discussep?
. Afigure hasline symmetry, if there is a ine about which the figure may be folded so
that the two parts of the figure will coincide.

. Regular polygons have equal sides and equal angles. They have multiple (i.e., more
than one) lines of symmetry.

. Eachregular polygon has as many lines of symmetry as it has sides.

Regular Regular Regular Square Equilateral
Polygon hexagon pentagon triangle
Number of lines 6 5 4 3

of symmetry

. Mirror reflection leads to symmetry, under which the left-right orientation have to be
taken care of.

Rotation tums an object about a fixed point.
This fixed point is the centre of rotation.
The angle by which the object rotates is the angle of rotation.

A half-turn means rotation by 180°; a quarter-turn means rotation by 90°. Rotation
may be clockwise or anticlockwise.

If, after a rotation, an object looks exactly the same, we say that it has a rotational
symmetry.

. Inacomplete tum (of 360°), the number of times an object looks exactly the same s

called the order of rotational symmetry. The order of symmetry of a square, for
example, is 4 while, for an equilateral triangle, it is 3.

Some shapes have only one line of symmetry, like the letter E; some have only rotational
symmetry, like the letter S; and some have both symmetries like the letter H.

The study of symmetry is important because of its frequent use in day-to-day life and
more because of the beautiful designs it can provide us.

*



Visualising Solid
Shapes

Chapter 15

15.1 IntrODUCTION: PLANE FIGURES AND SOLID SHAPES

In thus chapter, you will classify figures you have seen interms of what is known as dimension.
In our day to day life, we see several objects like books, balls, ice-cream cones etc.,
around us which have different shapes. One thing common about most of these objects is that
they all have some length, breadth and height or depth.
That s, they all occupy space and have three dimensions.
Hence, they are called three dimensional shapes.
Do youremember some of the three dimensional shapes (i.e., solid shapes) we have seen
in earlier classes?

Try THESE
Match the shape with the name:
{1) {a) Cuboid (1)
(i (b) Cylinder | () (€) Pyramid

(iii) ﬁ {c) Cube (vi) (f) Cone

Fig 15.1
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Try to identify some objects shaped like each ofthese.

By a similar argument, we can say figures drawn on paper which have only length and
breadth are called two dimensional (i.e., plane) figures. We have also seen some two
dimensional figures in the earlier classes.

Match the 2 dimensional figures with the names (Fig 15.2):

0 (a) Circle

() (b) Rectangle

(1) (c) Square

(i) (d) Quadrilateral

v) (e) Triangle
Fig 15.2

Note: We can write 2-D in short for 2-dimension and 3-D in short for
3-dimension.

15.2 Faces, EDGEs AND VERTICES

Do you remember the Faces, Vertices and Edges of solid shapes, which you studied
carlier? Here you see them for a cube:

Vertex ~ s

Face

™
o
)
@

L[]

.............

(¥) (i) (1ii)
Fig 15.3

The 8 corners of the cube are its vertices. The 12 line segments that form the
skeleton of the cube are its edges. The 6 flat square surfaces that are the skin of the
cube are its faces.
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Complete the following table:

Table 15.1
Vertex—
Face

Face—» Vertex

Edge Edge
Faces (F) 6 4
Edges (E) 12
Vertices (V) 8 4

Canyou see that, the two dimensional figures can be identified as the faces of the &\
three dimensional shapes? Forexample a cylinder (:0 has two faces which are circles, .

and a pyramid, shaped like this A has triangles as its faces. 4%"’\‘

We will now try to see how some of these 3-D shapes can be visualised on a 2-D /é ~0
surface, that is, on paper.

In order to do this, we would like to get familiar with three dimensional objects closely.
Letus try forming these objects by making what are called nets.

15.3 NETs ForR BUILDING 3-D SHAPES

Take a cardboard box. Cut the edges to lay the box flat. You have now a net for that box.
A et is a sort of skeleton-outline in 2-D |Fig154 (i)], which, when folded | Figl 54 (ii)],
results ina 3-D shape |Figl 54 (iii}].

]
-

0

N

\\\\\\\\%

N

(1)

Fig 15.4
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8 Here you got a net by suitably separating the edges. Is the
3 Teverseprocess possible?
3 8 3 Here is a net pattern for abox (Fig 15.5). Copy an enlarged
6 6 6 6 8 6 version of the net and try to make the box by suitably folding
and gluing together. (Youmay use suitable units). The box isa
3 g 3 A solid. Itis a 3-D object with the shape of a cuboid.
) 3 Similarly, vou can get anet fora cone by cutting a slit along
Fig 155 3 its slant surface (Fig 15.6).

mdicated. {You may also like to prepare

O
You have different nets for different
shapes. Copy enlarged versions of the nets
given (Fig 15.7) and try to make the 3-D shapes
L5

skeleton models using strips of cardboard

fastened with paper clips). Cut along here Fig 15.6
Cube Cylinder Cone
() (ii) (1)
Fig 15.7

We could also try to make a net for making a pyramid like the Great Pyramid in Giza
{Egypt) (Fig 15.8). That pyramid has a square base and triangles on the four sides.

Fig 15.8 Fig 15.9

Seeif you can make it with the given net (Fig 15.9).
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Here you find four nets (Fig 15.10). There are two correct nets among them to make
atetrahedron. See if you can work out which nets will make a tetrahedron.

Fig 15.10

ExErcise 15.1

1. Identify thenets which can be used tomake cubes {cut out copies of thenets and try it):

@ (i) (1)
(iv) ) (vi)
2. Dice are cubes with dots on each face. Opposite faces of a die always have atotal |’
of seven dots on them.

Here are two nets to make dice {cubes); the mumbers inserted in each square indicate
the number of dots in that box.

Insert suitable mumbers in the blanks, remembering that the mumber on the
opposite faces should total to 7.

3. Canthis be anet fora die? 3

Explain your answer.
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Fig 15.11

4. Here is an incomplete net for making a cube. Complete it in at least two different
ways. Remember that a cube has six faces. How many are there in the net here?
{Give two separate diagrams. If you like, you may use a squared sheet for easy
manipulation.)

5. Match the nets with appropriate solids:

@ | g

(b) (1)

(d) (v)

Play this game

You and your friend sit back-to-back. One of you reads out a net to make a 3-D shape,
while the other attempts to copy it and sketch or build the described 3-D object.

15.4 DRAWING SoLiDS ON A FLAT SURFACE

Your drawing surface is paper, which is flat. When you draw a solid shape, the images are
somewhat distorted to make them appear three-dimensional. It is a visual illusion. You will
find here two techniques to help vou.

15.4.1 Oblique Sketches

Here is a picture of a cube (Fig 15.11). It gives a clear idea of how the cube looks like,
when seen from the front. You do not see certain faces. In the drawn picture, the lengths
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are not equal, as they should be in a cube. Still, you are able to recognise it as a cube. Such
asketch of a solid is called an oblique sketch.
How can you draw such sketches? Let us attempt to learn the technique.

Youneed a squared (lines or dots) paper. Initially practising to draw on these sheets will
later make it easy to sketch them on a plain sheet (without the aid of squared lines or dots!)
Letus attempt to draw an oblique sketch ofa3 x 3 x 3 (each edge is 3 units) cube (Fig 15.12).

Step 1 Step 2

Draw the front face. Draw the opposite face. Sizes of the
faces have to be same, but the sketch
is somewhat off-set from step 1.

Step 3 Step 4

Join the corresponding corners Redraw using dotted lines for
hidden edges. (It is a convention)
The sketch is ready now.
Fig 15.12

In the oblique sketch above, did younote the following?
(1} The sizes ofthe front faces and its opposite are same; and
(i) The edges, which are all equal in a cube, appear so in the sketch, though the actual
measures of edges are not taken so.
You could now try to make an oblique sketch of a cuboid (remember the faces in this
casc are rectangles)
Note: Youcan draw sketches in which measurements also agree with those ofa given
solid. To do this we need what is known as an isometric sheet. Let us try to
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make a cuboid with dimensions 4 cm length, 3 cm breadth and 3 em height on

given isometric sheet.

15.4.2 Isometric Sketches

Have you seen anisometric dot sheet? (A sample is given at the end of the book). Sucha
sheet divides the paper into small equilateral triangles made up of dots or lines. 7o draw
sketches in which measurements also agree with those of the solid, we canuse isometric

dot sheets.

Letus attempt to draw an isometric sketch of a cuboid of dimensions 4 x 3 x 3 {(which
means the edges formming length, breadth and height are 4, 3, 3 units respectively) (Fig 15.13).

Draw a rectangle to show the

Step 1

front face.

Connect the matching corners

3
Fig 15.14 (i)

Step 3

3 drawing.

SoLuTioN  Here is the solution |Fig 15.14(ii)]. Note how the

with appropriate line segments.

Step 2

Draw four parallel line segments of
length 3 starting from the four corners
of the rectangle.

Step 4

This is an isomerric skeich

of the cuboid

Fig 15.13

Note that the measurements are of exact size in an isometric
sketch; this is not so in the case of an oblique sketch.

ExavpLE 1 Hereisan oblique sketch of acuboid |Fig 15.14(i)].
Draw an isometric sketch that matches this

measurements are taken care of.

Fig 15.14 (ii)
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How many units have you taken along (1) ‘length’? (ii) ‘breadth’? (iii) *height’? Do
they match with the units mentioned in the oblique sketch?

y \
EXERCISE 15.2 ( )
1. Use isometric dot paper and make an isometric sketch for each one of the %ﬁ%ﬁ%
given shapes: Y ]
2
2
3
] 3 3 2
6 2
8
@ (1w
21 |2
2l |2
21 ]2
[ 4
(i Fig 15.15 (iv)
2. The dimensions ofa cuboid are 3 ¢cm, 3 cm and 2 cm. Draw three different isometric
sketches of this cuboid.

3. Three cubes each with 2 cm edge are placed side by side to form a cuboid. Sketch
an oblique or isometric sketch of this cuboid.

4. Make an oblique sketch for each one of the given isometric shapes:
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5. Give (i) an oblique sketch and (ii) an isometric sketch for each of the following:
(a) A cuboid of dimensions 5 cm, 3 cm and 2 em. (Is your sketch unique?)
{b) A cubewith an edge 4 cm long.

Anisometric sheet is attached at the end ofthe book. You could try to make on it some
cubes or cuboids of dimensions specified by your friend.

15.4.3 Visualising Solid Objects

Sometimes when you look at combined shapes, some of them may be hidden from
your view.

Here are some activities you could try in your free time to help you visualise some solid
objects and how they look. Take some cubes and arrange them as shown in

Fig 15.16.
7 ' ‘ 7
i) 7 i (i
Fig 15.16

Now ask your friend to guess how many cubes there are when observed from the
view shown by the arrow mark.

TrRY THESE
Try to guess the number of cubes in the following arrangements (Fig 15.17).

O Fig 15.17 (1) ()
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Such visualisation is very helpful. Suppose you form a cuboid by joining such cubes.
You will be able to guess what the length, breadth and height of the cuboid would be.

ExavrLE 2 If two cubes of dimensions 2 em by 2cm by 2cm are

placed side by side, what would the dimensions of the 2em=H
resulting cuboid be?

SOLUTION  Asyou can see (Fig 15.18) when kept side by side, the 2cm=B
length is the only measurement which increases, itbecomes o L 2o
2+2=4cm. Fig 15.18

Thebreadth= 2 cm and the height =2 cmn.

TrRY THESE

1. Two dice are placed side by side as shown: Can you say what the total
would be on the face opposite to

(@ 5+6 (by 4+3

{Remember that in a die sum of numbers on opposite faces s 7)

2. Three cubes each with 2 cm edge are placed side by side to form a cuboid. Try to
make an oblique sketch and say what could be its length, breadth and height.

15.5 VIiEwWING DIFFERENT SECTIONS OF A SOLID
Now let us see how an object which is in 3-D can be viewed in different ways.

15.5.1 One Way to View an Object is by Cutting or Slicing

Slicing game
Hereisaloaf of bread (Fig 15.20). Ttis like a cuboid with a square face. You “slice’ it with
aknife.

Whenyou give a “vertical” cut, vou get several pieces, as shown in the
Figure 15.20. Each face ofthe piece is a square! We call this face a
‘cross-section’ of the whole bread. The cross section is nearly a square
in this case.

Beware! If your cut is not “vertical’ you may get a different cross
section! Think about it. The boundary of the cross-section you obtainisa Fig 15.20
plane curve. Do younotice it?

A kitchen play

Have younoticed cross-sections of some vegetables when they are cut for the purposes
of cooking in the kitchen? Observe the various slices and get aware of the shapes that
result as cross-sections.
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Play this
Make clay (or plasticine) models of the following solids and make vertical or horizontal cuts.
Draw rough sketches of the cross-sections you obtain. Name them wherever you can.

Fig 15.21

ExERrcISE 15.3

1. What cross-sections do you get when you give a

P (1} vertical cut (i) honzontal cut
S tothe following solids?
’ (2) A brick (b) A roundapple (c) Adie
{d) A circular pipe (e) Anice cream cone

15.5.2 Another Way is by Shadow Play

A shadow play

Shadows are a good way to illustrate how three-dimensional objects can be viewed in two

dimensions. Have you seen a shadow play? Itis a form of entertainment using solid

articulated figures in front of an illuminated back-drop to create the illusion of moving
images. It makes some indirect use ofideas in Mathematics.

Youwill need a source of light and a few solid shapes for this activity. (If

G:{@)ﬂ you have an overhead projector, place the solid under the lamp and do these

Fig 15.22

investigations.)
Fig 15.23 Keep a torchlight, right in front of a Cone. What type of
shadow does it cast on the screen? (Fig 15.23) ﬁ
The solid is three-dimensional; what is the dimension of the shadow? =N
If, instead of a cone, you place a cube in the above game, what type of f
shadow will you get?

Experiment with different positions of the source of light and with different
positions of the solid object. Study their effects on the shapes and sizes ofthe
shadows you get.

Here is another funny experiment that you might have tried already:
Place a circular plate in the open when the Sun at the noon time is just right "
above it as shown in Fig 15.24 (i). What is the shadow that you obtain?
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Will it be same during
N ! {(a) forenoons? i& (b) evenings?

27

Fig 15.24 (i) - (iii)

Study the shadows in relation to the position of the Sun and the time of observation.

ExErcisg 15.4

1. A bulbis kept burning just right above the following solids. Name the shape ofthe
shadows obtained in each case. Attempt to give a rough sketch of the shadow.
{Youmay try to experiment first and then answer these questions).

NN AN

/7”!1\\¥'

2

Aball A eylindrical pipe
® (1)

Here are the shadows of some 3-D objects, when seen under the lamp of an overhead

projector. Identify the solid(s) that match each shadow. {There may be multiple

answers for these!)
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3. Examine if'the following are true staternents:
(1) The cube can cast a shadow in the shape of a rectangle.

(i) The cube can cast a shadow in the shape of a hexagon.

15.5.3 A Third Way is by Looking at it from Certain Angles
to Get Different Views

One can look at an object standing in front of it or by the side of it or from above. Each
time one will get a different view (Fig 15.25).

Front view Side view Top view

Fig 15.25

Here is an example of how one gets different views of a given building. (Fig 15.26)

i

Building Front view Side view Top view
Fig 15.26
You could do this for figures made by joining cubes.

Fig 15.27

Try putting cubes together and then making such sketches from different sides.



visuaLisiNnG soLiD sHAPES [IIEERE

1. For each solid, the three views (1), (2), (3) are given. Identify for each solid the
corresponding top, front and side views.

Solid Its views
Top (1) (2) (3)
Side
Front
Top
4 Side
| v
Front
Top
y
< Side
Front
5 Cubes
Top
Side
Front

2. Draw aview of each solid as seen from the direction indicated by the arrow.

Q) (i) (i)
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WHAT HAVE WE Discussep?

. The circle, the square, the rectangle, the quadrilateral and the triangle are examples
of plane figures; the cube, the cuboid, the sphere, the cylinder, the cone and the
pyramid are examples of solid shapes.

. Plane figures are of two-dimensions (2-D) and the solid shapes are of
three-dimensions (3-D).

. The comers of a solid shape are called its vertices; the line segments of'its skeleton
are its edges; and its flat surfaces are its faces.

. A netis askeleton-outline of a solid that can be folded to make it. The same solid

can have several types of nets.

. Solid shapes can be drawn on a flat surface (like paper) realistically. We call this

2-D representation of a 3-D solid.

. Two types of sketches of a solid are possible:

(a) An oblique sketch does not have proportional lengths. Still it conveys all important
aspects of the appearance of the solid.

(b) Anisometric sketch is drawn on an isometric dot paper, a sample of which is
given at the end of this book. In an isometric sketch of the solid the measurements
kept proportional.

. Visualising solid shapes is a very useful skill. You should be able to see “hidden’

parts of the solid shape.

. Different sections of a solid can be viewed in many ways:

(a) Oneway is to view by cutting or slicing the shape, which would result in the
cross-section of the solid.

(b) Another way is by observing a 2-D shadow of a 3-D shape.
(c) Athird way is to look at the shape from different angles; the front-view, the

side-view and the top-view can provide a lot of information about the shape
observed.




ExerciseE 1.1

1. (a) Lahulspiti: —8°C, Srinagar: —2°C, Shimla: 5°C, Qoty: 14°C, Bangalore: 22°C
(b) 30°C (c) 6°C (d) Yes; No 2.
3. -7°C; 3°C 4. 6200m 5. By apositive integer; Rs 358
6. By anegative integer; — 10. 7. (ii) is the magic square
9. (a) < by < ) > (d)
(e) =
10. (i) 11jumps (i)  5jumps iy (@) 3+2-3+2-3+2-3+2 3+2 3=_8
by 4-2+4-2+4=8
8 in (b) represents going up 8 steps.
ExErcise 1.2
1. Ome such pair could be:
(a) 10,3 (b) —6,4:(6-4=-10) (© 3,3
2. Ome such pair could be:
(a) —2,-10;-2-(-10)=8] b) 6,1
{c) -1,2;(-1-2=-3)
3. Scores of both the teams are same, i.e., —30; Yes
4. (i) -5 i o iy -17 ivy -7
(v) -3
ExErcIisE 1.3
1. (a) -3 by 225 (€) 630 (d) 316 (e) 0
(N 1320 (g) 162 (hy 360 i 24 Q36
3. (Y —a i) (@22 () -37 ©0
4., —1lx5=-5-1x4=-4=-5+1,-1%x3 =—3=—-4+1,
—1x2=-2=-3+1,-1x1=-1=-2+1,-1%x0=0=-1+1s0,-1x(-1)=0+1=1.
5. (a) 480 {(b) —53000 {(c) —15000 (dy —4182
(e) —62500 N 336 (g) 493 (hy 1140
6. —10°C 7. {8 ()15 (i)o
8. (a) Lossof Rs 1000 (b) 4000 bags
9. (a) -9 b -7 {cy 7 d -1




. (@ -3 ®) —10
(e) —13 () 0

. (a) 1 ) 75
(¢) —87 (f) —48

T )
.M 5 (ii)
13 3

™ 3 23 o)

282 .
® 320 )
.M S%W {iD
icm 7
10
L@ (d {ii)
-0 (9 (ii)
1
- (D 45 (ii)
(vi) 15 (vii)
. Ome way of doing this is:

- I "/ ATHEMATICS

4. (-6,2),(-12,4), (12, 4), (9, 3),(-9,3)
5. 9pm;-14°C 6. ()8 (i) 13

(W]
o |9

7

10°

2 |
. —; Ritm; —
5 5

(b)
(a)

1
3

62
=

ExeErcise 1.4

ExeErcise 2.1

-1 w
| —

5
7ECII1; Perimeter of AABE is greater.

ExERcISE 2.2

@ -1
) -1 @ 1
@ -1
(h) 12

(There could be many such pairs)

90
) 63

4. @ 46l cIm
3 3

1
8. Vaibhav; by s of an hour.

(iv) (¢
(i) 1%

(ix) 4%

A A A
A A A
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1 O000

L@ @12 ()23 (b) ()12 @) 18

() ()12 (i) 27

(iii)
(d)@) 16 (ii) 28
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(e) 19% (1) 27%
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5 B
™ 3 o) 15,
. 1 L34
S 2 @) A
3 .5 1

NERP
NONGENCE

84
5

7
. (D 3 (improper fraction)

5
(iv) " (proper fraction)

(vii) 11 (whole number)

7 .
6 @ 75
4 L2
5 @ 3
48 11

(i) 7 (i)

(© 157

19 |
® @) 255 ()65,

(iii)

(i)

™)

(iii)

(iii)

ExERrcisE 2.3

answers IIIFFF

(d)

. 2 6 3
(i) (a) 3 (b) 35 (c) 0

o 9
(iii) E

NERPNE
ORI

ExERcCISE 2.4

el Wy o
: i 3

8
3 (improper fraction)

7
—— (proper iraction
13 (proper fracti

i3 o B
91 ) 5
3 o B
8 ) 5

(iv)

1
—m 6. 10=hours 7. 44km
4 2

)

(iii)

i)

)

251
3

- .3
. (1) 2litres (ii) 3

o 75 i) 2

7
v g

O e

(proper fraction)

8(whole number)

7 .31
R M) 7o
2

1 :
16 i) ¢
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ExErcisE 2.5

1. (i 05 i 0.7 (iiiy 7 (iv) 149 (v) 230 (viy 088
2. () Rs0.07 (i) Rs7.07 (i) Rs77.77 (iv) Rs0.50 {(v) Rs2.35
3. () 0.05m,0.00005km (i) 3.5cm,0.035m, 0.000035 km
4. (1) 02kg () 3.470kg (i) 4.008kg
1 1 1 1
. ( + + —+ — ii + —+ —
5. () 2X1040x1+0x o+3 %X (i) 2x1+0x 3% oo
1 1
(i) 2% 100 +0x10+0x 1+0x 7o+ 3% 7o
iv) 2x1+0 ! +3 +4 1
X X — X — X —
W) 10 100 1000
6. (i) Ones (i) Hundredths (iii) Tenths (iv) Hundredths (v) Thousandths
7. Ayub travelled more by 0.9 km or 900 m 8. Sarala bought more fruits 9. 14.6 km
ExERcIsE 2.6
1. () 12 i) 368 Gii) 13.55 (iv) 804 (v) 035 (vi) 844.08
vii) 1.72
2. 17.1 em?

3.3 13 {i) 368 (i) 1537 (iv) 1680.7 (v) 3110 (viy 15610
(vii) 362  (vii) 4307 (ix) 5 (x) 0.8 (xi)y 90 (xii)y 30
4. 553km 5. (1) 075 (i) 5.17 (i) 63.36 (iv)y 4.03 (v) 0.025

(vi) 1.68  (vii) 0.0214 (vii) 10.5525 (ix) 1.0101 (x) 110011
ExEercise 2.7
1. (i) 02 iy 0.07 i) 0.62 (iv) 109 (v) 162.8 (viy 2.07
(viiy 0.99 (vii) 0.16
2. () 048 i) 525 Gi) 0.07 (iv) 331 (v) 27.223 i) 0.056
(viiy 0.397
3. () 0.027 (i) 0.003 (iiiy 0.0078 (iv) 4326 (v) 0236 (vi) 09853
4. () 0.0079 (i) 0.0263 (i) 0.03853 (iv) 0.1289 (v) 0.0005
5. () 2 {i) 180 (iiiy 6.5 (iv) 442 vy 2 (viy 31
(vii) 510 (viii) 27 ix) 2.1 6. 18km

Exercist 3.1
2 Marks Tally Marks Frequency

2 I 2




|9 I~

S U B e

ANSWERS

3 | 1
4 I 3
5 Tﬂl 5
: Il ‘
7 I 2
8 | 1
9 | 1
i 9 i 1 (i) 8 vy 5
0+8+6+4 18 9
2 4. 50 5. (i) 12.5 (i) 3 (iii) % ST () A
(i) Highest marks =95, Lowest marks =39  (ii) 56 (iii) 73 7. 2058
(1)20.5 (i) 5.9 (i) 5 9. (H15lem (i) 128 cm  {(iii) 23 cm  (iv) 14ldcm  (v) 5
EXErcISE 3.2
Mode = 20, Median = 20, Yes. 2. Mean = 39, Mode = 15, Median = 15, No.
(i) Mode = 38, 43; Median = 40 (ii) Yes, there are 2 modes.
Mode = 14, Median = 14
i T iy F iy T (ivy F
ExerciseE 3.3
(a) Cat by 8
(i) Maths (i) S. Science (iiiy Hindi
(i) Cricket (i) Walching sports
(i) Jammu (i) Jammu, Bangalore
(iii) Bangalore and Jaipur or Bangalore and Ahmedabad (iv) Mumbai
ExERrcISE 3.4
(i) Certain to happen (ii) Can happen but not certain (i) Imposible
(iv) Can happen but not certain (v) Can happen but not certain
L1 L1 3 1
O . @ -3
ExEercisE 4.1
(i) No. (i) No (i) Yes (iv)y No (v) Yes (vi) No

(vil) Yes  (viii) No (ix) No (x) No (xi) Yes
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2. (a)
3.0

4. (@

W

(ix)
(iif)
v)
(vii)
(vii)

6. (0

{c)
(e)
()
2. (a)

(c)

(e)

(2)

(c)

(2)

No (b) No (c) Yes (d) No (e) No (f) No
p=3 (@) m=6
b

x+4=9 iy y-2=8 {iiiy 10a=70 (iv) §=6

3t : L X

ZZIS (Vi) Tm+7=77 (vii) Zf4=4 (vili) 6y —6==60

Z 3 30

3

The sum of p and 4 is 15 (ii) 7 subtracted from mis 3

Twice a number #1 is 7 (iv) One-fifth of a number 1 is 3

Three-fifth of a number »2 is 6 (vi) Three times a number p when added to 4 gives 25

2 subtracted from four times a number p is 18
Add 2 to half of a number p to get 8
Sm+7=37 {) 3y+4-=49 (iiy 2/+7=87 iv) 4b=180°

Exercise 4.2

Add 1 to both sides; x =1 (b) Subtract | from both sides; x =—1
Add 1 to both sides; x =6 (d) Subtract 6 from both sides; x =—4
Add 4 to both sides; y=-3 (D Add 4 to both sides; y =8
Subtract 4 from both sides; y =0 (h) Subtract 4 from both sides; yy =— 8
Divide both sides by 3; /= 14 (b) Multiply both sides by 2; =12
25
Multiply both sides by 7; p =28 (d) Divide both sides by 4; x= ?
. : 36 : : 1
Divide both sides by 8; y= r} (D) Multiply both sides by 3; z= X
7 1
Multiply both sides by 5; a = E (h) Divide both sides by 20; = 5
Step 1: Add 2 to both sides (b) Step L: Subtract 7 from both sides
Step 2: Divide both sides by 3; 1 =16 Step 2: Divide both sides by 5; m =2
Step 1: Multiply both sides by 3 (d) Step 1: Multiply both sides 10
Step 2: Divide both sides by 20, p=6 Step 2: Divide both sides by 3; p=20
p=10 (b) p=9 () p=20 (d) p=-15 (e) p=8 (H s=-3
s=—4 () s=0 D ¢g-3 @ g-3 k ¢--3 H ¢g-=3



10.
11.
12.
13.

(i) x=155°y=125° z=125°
(iy 90° (i) 180°

vi) obtuse angles

(vi) g

(iii)

answers IIFFF I

Exercise 4.3

18 5
. (a) y=8 (b 1‘=T (c) a=-5 (d g=-8 (e) x=-4 6] x=5
(g m=— () z=-=2 (L) lzg i b&=12
. (a) x=2 (b)) n=12 (c) n=-2 (dy y=4 (e) x=?
1
® T (& p=7 My p=7
14 6 6
. (a)P:? ®) p=73 (C)P:—g (d) =0 {e) 1=3 () m=2
x 2
. (a) Equations are: 10x +2 =22, E = E ;5x-3=7
(b) Equations are: 3x=-6; 3x+7=1;3x+10=4
ExercisE 4.4
X 3
. (a)y Bx+4=60,x=7 (b 5—4:3;)6:35 (c) —p+3=21;y=24
4
x+19
(d) 2m—11=15;m=13 (e) 50-3x=8;x=14 (H) =8;x=21
Sn 11
—-T7=—,:;n=5
() 5 5
(a) Lowest score = 40 (b) 70° each (c) Sachin: 132 runs, Rahul: 66 runs
iy 6 (il) L5 years (i) 25 4. 30
ExERcISE 5.1
iy 70° () 27° (i) 33°
iy 75° (i) 93° (i) 26°
(i) supplementary (i) complementary (iii) supplementary
(iv) supplementary (v) complementary (vi) complementary
45° 5. 90° 6. 2 will increase with the same measure as the decrease in Z1.
(i) No (i) No (i) Yes 8. Less than 45°
(1) Yes (i) No (i) Yes (iv) Yes (v) Yes (vi) £COB
() L1, 44, 25,22+ /3 () Z1,25;, 24,25
Z1 and £2 are not adjacent angles because their vertex is not common.

(i) x=115°y=140° z=40°

supplementary (iv) linearpair (v) equal
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14.

(i) £AOD, ZBOC
(iv) ZBOA, ZEOC

(i)

ZEOA, ZAOB

(iii)

ZEOB, ZEOD

(v) ZAOB, ZAOE; ZAQE, ZEQOD, ZEOD, ZCOD

ExerciseE 5.2

V)

)
(iii)
(i)

5.

1. (i) Corresponding angle property (il Alternate interior angle property
(iii) Interior angles on the same side of the transversal are supplementary
2. () Z1,45 22, £6; 23,27, £4, £8 (i) 22,28, 23,75
(i) £2,25;.3,28 (V) L1, L3522, 24, £5, 27, 26, L8
3. a=55%b=125%c=55% d=125° e =55° f=55°
4. () x=70° (i) x=60° (iiy x=100°
5. (i) ZDGC=70° (i) ZDEF =70°
6. (i) [/isnotparallel tom (ii) /isnotparallel tom
(iiiy [7is parallel tom (iv) /isnotparallel tom
Exercise 6.1
1. Altimde, Median, No.
ExErcisE 6.2
1. (i 120° (i) 110° {iiiy 70° (ivy 120°
2. (1) 65° (i) 30° (i) 35° (iv)y 60°
ExERcCISE 6.3
1. (i 70° (i) 60° (iiiy 40° (iv) 65°
2. (i) x=70°y=60° (i) x=250° y=280°
(iv) x=60°y="90° (v) x=45°y=90°
ExXErciSE 6.4
1. (i) Notpossible (i) Possible (iii) Notpossible
2. (i) Yes (i) Yes (i) Yes 3. Yes
6. Between 3 and 27
ExERCISE 6.5
1. 26cm 2. Z4cm 3. 9m 4. (i) and (iii)
7. 98 cm 8. 68cm

k.

iy

. (a) they have the same length
LA« LF, /B JE, ZC o D,

W £C (i) CA

(iii)

ExerciseE 7.1
by 70°

(©)

100° (vi)
50° (vi)
60° (vi)
x=110°y=70°
x =60° y=60°
. Yes 5.
18m 6.
mZA=msB

AB« FE, BC < ED, AC« FD

ZA iv) BA

90°
40°

30°

(i)



Answers [IETT I

ExERcISE 7.2

. (a) SSS Congruence criterion (b) SAS Congruence criterion
(c) ASA Congruence criterion (d) RHS Congruence criterion

. {(a) (1) PE (ii) EN (i) PN (by (i) EN (i) AT
{c) (i) ZRAT = ZEPN (ii)ZATR = ZPNE

. () Given (i) Given (i) Common (iv) SAS Congruence criterion 4. No
AWON 6. ABTA, ATPQ 9. BC =QR, ASA Congruence criterion

ExErcise 8.1

. (a) 10:1 (b) 500:7 (cy 100:3 (d)y 20:1 2. 12 computers

(i) Rajasthan : 190 people ; UP : 830 people (iiy Rajasthan

ExEercise 8.2

4
. (a) 12.5% (b) 125% (c) 7.5% (d) 28?%
. (a)y 65% (b)y 210% () 2% (d) 1235%
b A 25% iy 2 60% 3'375‘V
—. 0 - —2/.0%
W i) 7 60% (i)
3
. (a) 375 (b) 3 minute or 36 seconds (c) Rs500

(d) 0.75kgor750g

. (a)y 12000 (b) Rs9,000 (c) 1250km (d) 20minutes (e) 500 litres

1 3 1 1
. (@ O.ZS;Z (by L5; < (cy 0.2; - (d)y 0.05,— 7. 30%

2 5 20

. 40%; 6000 9. Rs4,000 10. 5 matches

ExErcisE 8.3

. (a) Profit=Rs 75; Profit % = 30 (b)Y Profit=Rs 1500; Profit % = 12.5
{¢) Profit=Rs 500; Profit % =20 {(d) TLoss=Rs 100; Loss % =40
. (a) 75%,; 25% {(b) 20%, 30%, 50% {c) 20%; 80% (d) 12.5%; 25%; 62.5%
5 0
. 2% 4. 57 Yo 5. Rs12,000 6. Rs16,875
(i) 12% (i) 25 g 8. Rs233.75 9. (a)Rs 1,632 (b)Rs 8,625

. 0.25% 11. Rs 500
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10.

Exercise 9.1

A S .3 5 8 109
O 35537 W 5357
L3S 7o 34 33 11 32 31 1 1,11
W s o astas 15 Tascas W 3 tya
oI5 18 21 24 Lo 4 S 6 7
O 553035 40 @ 162072428
oS 6 T 8 L& 10 12 14
G 50" 36" 42 48 e R TR TRy
. 4 6 8 10 . 10 15 20 25 .. 8 1216 28
O 13128 3 @ g 12 1 G 182736763
3
N
0 < : : ————} : >
-2 -1 0 1 2
(i) < ——+ ‘l' ————1} }
-1 =5 0 1
&
=7
3
A 1 ¢ L L 1 1
(i) < —— — t t }
-2 -1 0 1 2
Z
5
(iv) } —t >
_ 0 1
5
. P represents 5 () represents 5 R represents ? S represents T
. (i), (iii), (iv), (v)
4 s 1 4
O 5 @ i v
H < (i) < (iipy = (iv) > v) < (i) =
s @ i) ) CURNEE
321 o4 Lz 3 33
(i) S5 s (ii) 13 (iii) NPT,

(viy >
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L3
.M 3
26
M =
Lo 13
0 =
Lo 63
0
v 1
i -6
.91
o) 5

. () 150000m?

6400 m?

. 3lcm; Square

(a) 28 cm?
(a) 6cm?
(a) 123cm
(a) 1l1.6cm
(a 91.2 cm?

(ii) I
) 2
Vi) =
i) —
(i) W
L3
(i) E

(vil)  —~

3. 20m

7. 35cm; 1050 cm?

(by 15 cm?
(b) 8 cm?
(by 103 cm
(b) BOem

(©)
(©)
(©)
(e)
(b)

ExXERCISE 9.2

(iii)

(vii)

(iii)

(iii)

(iii)

17
30

Exercise 11.1

i) Rs1,500,000,000
4. 15cm; 525 cm?

8. Rs284

ExeErcise 11.2

(d) 24 cm?
(d) 3 com?

8.75 cm?
6 cm?
5.8 cm
15.5¢cm
11.4 em

length of BM = 30cm; length of DL =42 em

60
Area of AABC = 30 cm?; length of AD = 3

. (a) B8&em

. (a) 616 mm?

(b)

(b)

. Area of AABC = 27 cm?; length of CE = 7.2 cm

(d)

1.05cm

ExeErcise 11.3

176 mm

1886.5 m?

Answers [T F I

LR
(iv) 99
89 7
() 5 ®
. 6 6
v 53 v 55
) 1 14
(iv) & T
5. 40m
(e) 88 cm?
(c) 132 cm

550

(c) N cm?
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3. 24.5m; [886.5m’ 4. 132 m; Rs 528 5. 21.98 cm?

6. 4.71 m; Rs 70.65 7. 257 cm 8. Rs30.14 (approx.) 9. 7cm; 154 cm?; L lem; circle.
10. 536 cm? 11. 23.44 cm? 12. 5 cm; 78.5 cm? 13. 879.20m?
14. Yes 15. 119.32m;56.52m 16. 200 Times 17. 942 cm

Exercise 11.4

1. 1750m?; 0.675 ha 2. 1176m? 3. 30cm?
4. () 63m? (i) Rs12,600 5. () l1lem® (i) Rs31,360
6. 0.99ha; 1.2 ha 7. () 441m? (i) Rs48510 8. Yes, 9.12m cord is left
9. () SOm? () 12.56m? (i) 37.44m>  (v) 12.56m
10. (i) 110em? (i) 150 cm?; 11.66 cm?
Exercise 12.1
. L1 | .
1. i) y—=z (i) 5()&.’ + ) (i) =z? (iv) n pq (v) x?+ (vi) 5+3mn
(viiy 10 —yz (viil) ab —{(a +b)
3
2. @ (a) x-3 (b) Txx” (©) Y _|y
3
2 —
x -3 1 x x y ,wy\
7 N\ s NN
X X -1 Yy
7y —ab+2b"-3d’
(d) Sxy+Ixy ) ab+ 26"~ 3a
[ I |
Sxy° Xy —ab 2p’ 3a’
//lw\\\ //I \\\ /”!\\\ //T\\ /’T\\
5y 7 X XY -1 a b 2 p b -3 a a
(ii) Expression Terms Factors
(a) —4x+5 —dx — 4, x
5 5
(b —4x + 5y —dx —4.x
Sy 5y
(c) Sy +3y! S5y Sy
3y 30y
()|  xy+2x?y? xy Xy
2x%y? 2,5 %0y
(e) rgtaq rq Py
q q




4. (a)

Answers T

@ | 1.2ab-2.4b+3.6a 1.2ab 1.2,a,b
—2.4b —-24, b
3.6a 36,a
3 1 3 3
® 33 4" e
1 1
4 4
(hy | 0.1p*+ 0.24° 0.1p? 0.1, p p
0.24° 0.2, 4.9
Expression Terms Coefficients
{1 5 - 37 —37 -3
(ii) a5 3k ¥ 7 f 1
i 1
IS 1
(iii) x+ 2xy + 3y X 1
2xy 2
3y 3
(iv) 100m +1000n 100m 100
1000n 1000
V| —pr¢+Tpg - g -1
Tpg 7
(vi) 1.2a + 0.8b 1.2 a 1.2
0.8 b 0.8
{vii) 3.14# 3.147° 3.14
(viii) 200+ b) 2/ 2
25 2
ix)| 0.1y +0.012 0.1y 0.1
0.01)7 0.01
Expression Terms with x | Coefficient of x
M| »yrty yix y?
(ii) 13y 8yx — &yx — &y
(iii) x+y+2 X 1
{iv) 5+z+zx zx z




(b)

5. (i)
)
(ix)
6. (0
)
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) 1 +x+xy X 1
Xy Y
(vi) 12x)” + 25 12x37° 1232
{vii) 7ty xy? v
Expression Terms with y* | Caefficient of )
{1 8 — xy” — x)° — 3
(1) 52 + Tx Sy? 5
(i) | 2%y — 1502 + 7y? —15x7° —15x
7y? 7
binomial (ii)) monomial (iii) trinomial (iv) monomial
trinomial (vi) binomial (vii) binomial (vii)) monomial
trinomial (x) binomial (xi) binomial (xil) trinomial
like i) like (i) unlike {iv) like
unlike (vi) unlike

7. (a) — x4 207 — 4w, 200%y; B2, —11x?%, — 6x2; Ty, v, — 100x, 3x; — Llyx, 2xp.
(b) 10pgq, —Tqp, T8qp; Tp, 2405p; 8q, — 100g; —p*¢®, 12¢°p%; =23, 41; =5p°, T01p%; 13p%q, qp°

ExeErcise 12.2

1. (i) 8 -32 () 722 +1222-20z (i) p—gq (iv) «+ ab
(v) Bxly + Bxp? —4x?—T7)7 ~vi) 47— 3y
2. (i) 2mn iy — 5z (i) 12mn —4 iv) a+b+3
(v) 7x+5 (vi) 3m—4n—3mn-73 (vil) 9x%y — 8xy?
(viil) 3Spg + 20 (ix) 0 x) — -y -1
3. 1) 62 iy — 18y (i) 24 (iv) Sa + 5b—2ab
(v) Sm*—8mn + 8 (vi) ¥*-35x-5
(viy 10ab —Ta*- 78 (viiiy 8p°+ 84— Spg
4. (a) x*+ 2y 7 b Sa+b-06
5. 4x? — 37 — xy
6. (a) —y+11 by 2x+4
Exercise 12.3
1. @ O i) 1 iy -1 iv) 1
2. () 1 (i) —13 i)y 3 3.9 )3 @no (@Gv1l

v 1
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ANSWERS

i 8 () 4 @i 0 5. (-2
iy 5x—-13;-3 iy Bx—1;15 (i) llx—10;12
(i) 2x+4;10 (i) —4x+6;-6 (i) Sae+t6;,11 (iv) —8h+6;22
(i 1000 (i) 20 9. -5 10. 24° +ab+3;38
Exercise 12.4
Symbol | Number of Digits Numbher of Segments 2. )
{ii)
E 5 26
10 51
100 501 (i)
LI 5 16
10 31 (i)
100 301
B 5 27 V)
10 52
100 502
Exercise 13.1
(iy 64 iy 729 i) 121 (iv) 625
i 6 (i) # iy b* (iv) 52=x7* V)
o 2° Gy 7 @iy 3° (iv) 5°
(i 3¢ (i) 3° iy 2° (iv) 2100 V)
iy 2*x3* (i) 5x3* (i 22x3¥x5  (iv) 2*x32x 32
(iy 2000 iy 196 (i) 40 (iv) 768 V)
(i) 675 (vii) 144 (viii) 90000
iy —64 () 24 i) 225 (iv) 8000
() 2.7x102>1.5x 10° (i) 4x10%<3x 107
ExErcise 13.2
. (@ 3" (i) 6° (i) @’ (iv) 772 V)
(i) (ab)* (vii) 372 (ixy 2° (x) &-2
.M 3 () 3 @i 5° (iv)y 7x11° v)
(vii) 1 (viil) 2 (ix) (2a) (x) a' (xi)

(i) 2 (@no Gv)2
(iv) 1lx+7;29
(v) 3a-2h-9; -8

2n—1— 100":199
nt2 - 5417
10t : 32;
100* : 302
dn+1— 5h:21;
10t : 41,
100%: 401
Tn+20 — 5% 55;
10t : 90;
100* : 720
n+1— 5h:26;
10%: 101

22x g (Vi) @@ xctxd

2]0

0

53 (vi) (loy
3%rl (vi) 3
a’h (xii) 2°
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3. (i) False; 10 x 10" =10 and (100)" = 10# (i) False;2* =8, 5 =25
(iii) False; 6% =2°x 3° (iv) True; 3°=1, (1000)° =1

4

4. () 25x3* (i) 2x3*x5 (i) 36x2° (iv) 283 5. ()98 (ii)% (iii) 1

ExercisE 13.3

1. 279404 =2x 10°+7x l0*+9x 10°+4=x 10?+0x 10" +4x 10°
3006194 =3x 10°+0x 1P +0x [P +6x 10°+ 1 x 107 +9 x 10"+ 4 x 1(°
2806196 =2x 108+ 8 x 10 +0x L10*+6x 1P+ 1 x 0P +9x 10+ 6 x 10°
120719 =1x10°+2x 10 +0x 10°+7x 102+ 1 x 10T +9x 10°
20068 =2x10*+0x 1P +0x102+6x [0 +8x 10°

(a) 86045 (b) 405302 (c) 30705 (d) 900230

3. 1) 5x107 (i) 7x10° (i) 3.1865 x 107 (iv) 3.90878 x 10°
(v) 3.90878x 10* (vi) 3.90878 x 10’

4. (a) 3.84x10'm (b) 3x 10°m/s (¢) 1.2756 x 10'm () 1.4x10°m
(e) L x 10" (f) 1.2x10%vyears (g) 3 x10"m (hy 6.023 x 10%
1) L3533 x10Pkm* () 1.027 < 10°

Exercise 14.1
1.
I
1 Ve
! o
I /
s O
| . °
o | o s - - -
Ve
l ’ °
| 7/
| 7
1
(a) (b) {c)
| I
i I
N I / !
I
o ° N I e \
e B _""7!6\_ e !
o o 1 Na |
/7 1 \, |
1 1
| 1

(d) (e) ®



Answers [IETE I

?
H

()

®

O

(k)

)

(c)

)

(b

(a)

(e)

(d)

(c) Rhombus

(b) Triangle

(a) Square
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(d) Circle (e) Pentagon (f) Octagon

{a) 3 (b)y 1 {e) O (d) 4 (e) 2
(g) O (hy 0 i 6 (i) Infinitely many

(a) AHLLMOTUVWXY () B,C,D,E,H, 1O, X
©) OX,LH

(a) Median (b) Diameter
ExEercise 14.2

L (a), (b), (d), (&), (D

- (a) 2 (by 2 () 3 (d) 4 (e) 4

(g) 6 (hy 3
Exercise 14.3

Yes 5. Square 6. 120° 180°,240°,300°,360°
(i) Yes (ii) No

Exercise 15.1

. Nets in (ii), (iii), (iv), (vi) form cubes.

(CH
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3. No, because one pair of opposite faces will have 1 and 4 on them whose total is not 7, and another pair
of opposite faces will have 3 and 6 on them whose total is also not 7.

4. Three faces

{a) (i) (b) (i) {c) (iv) d @
——e—e P
Solve the number riddles:

(1) Tell me who I am! Who I am!
Take away from me the number eight,
Divide further by a dozen to come up with
A full team for a game of cricket!
(iiy Add four to six times a number,
To get exactly sixty four!
Perfect credit is yours to ask for
If you instantly tell the score!
Solve the teasers:
(i) There was in the forest an old Peepal tree

The grand tree had branches ten and three

Omn each branch there lived birds fourteen

Sparrows brown, crows black and parrots green!

Twice as many as the parrots were the crows

And twice as many as the crows were the sparrows!

We wonder how many birds of each kind
Aren’t you going to help us find?
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(i) I have some five-rupee coins and some two-rupee coins. The number of
two-rupee coins is twice the number of five-rupee coins. The total money I have
is 108 rupees. So how many five-rupee coins do I have? And how many
two-rupee coins?

3. I have 2 vats each containing 2 mats. 2 cats sat on each of the mats. Each cat wore 2
funny old hats. On each hat lay 2 thin rats. On each rat perched 2 black bats. How
many things are in my vats?

4. Twenty-seven small cubes are glued together to make a big cube. The exterior of the
big cube is painted yellow in colour. How many among each of the 27 small cubes
would have been painted yellow on
(i) only one of its faces?

(ii) two of its faces?
(iii) three of its faces?

5. Rahul wanted to find the height of a tree in his garden. He checked the ratio of his
height to his shadow’s length. It was 4:1. He then measured the shadow of the tree. It
was 15 feet. So what was the height of the tree?

6. A woodcutter took 12 minutes to make 3 pieces of a block of wood. How much time
would be needed to make 5 such pieces?

7. A cloth shrinks 0.5% when washed. What fraction is this?

8. Smita’s mother is 34 years old. Two years from now mother’s age will be 4 times
Smiita’s present age. What is Smita’s present age?

9. Maya, Madhura and Mohsina are friends studying in the same class. In a class test in
geography, Maya got 16 out of 25. Madhura got 20. Their average score was 19. How
much did Mohsina score?

Answers

1. () 140 iy 1o

2. (i) Sparrows: 104, crows: 52, Parrots: 26
(i) Number of 5 Rupee coins = 12, Number of 2 Rupee coins = 24

3. 124 4. (1) 6 (i) 10 (iii) 8 5. 60 feet

6. 24minutes 7. 8. 7 years 9. 21
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