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Integers

1.1 INTRODUCTION

Wehavelearnt about whole numbersand integersin ClassVI.
We know that integers form abigger collection of numbers
which containswhole 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 propertiesand operations. First of al, wewill review and
revisewhat we have done about integersin our previousclass.

1.2 REcALL

Weknow how to represent integers on anumber line. Someintegersare marked onthe
number linegiven below.

< ! Fany ! ! ! Fan\ ! ! ! Fan\ ! ! ! ! S
< T \ T T T \U T T T \ T T T T >
-6 -5 -4 3 -2 -1 0 1 2 3 4 5 6 7

Can you write these marked integersin ascending order ? The ascending order of
these numbersis—5, —1, 3. Why did we choose —5 asthe smallest number?

Somepointsaremarked withintegerson thefollowing number line. Writetheseintegers
indescending order.

16 9 4 0 3 8 14

A\ 2

&
<

The descending order of theseintegersis14, 8, 3, ...

Theabovenumber line hasonly afew integersfilled. Write appropriate numbersat
each dot.
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1. A number linerepresenting integersisgiven below
A]IBCDEFGHIJKLMNO

l l l l l l l l l l l l
1 1 1 1 1 1 1 1 1 1 1 1 1 7

—3and -2 aremarked by E and F respectively. Whichintegersare marked by B,
D, H, J, M and O?

2. Arrange7,-5, 4,0and—4inascending order and then mark them on anumber
lineto check your answer.

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

Onanumber linewhenwe
() addapostiveinteger, wemovetotheright.
(i) addanegativeinteger, wemovetotheleft.
(i)  subtract apositiveinteger, wemovetotheleft.
(iv) subtract anegativeinteger, we movetotheright.

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

() Whentwo positiveintegersare added we get apositiveinteger.
(i)  Whentwo negativeintegersare added we get apositiveinteger.
(i)  Whena pogitiveinteger and a negativeinteger areadded, weawaysget anegative
integer.
(v) Additiveinverseof aninteger 8is(—8) and additiveinverseof (—8) is8.

(v) For subtraction, weadd the additiveinverse of theinteger that isbeing subtracted,
tothe other integer.

(Vi) (-10)+3=10-3
(Vi) 8+(-7)—(-4)=8+7-4
Compareyour answerswith theanswersgiven below:
(i) Correct. For example:
(@ 56+73=129 (b) 113+82=195 etc.
Congtruct fivemore examplesin support of thisstatement.

(i) Incorrect, since (—6) + (—7) =—13, which isnot apositive integer. The correct
statement is: When two negativeintegers are added we get anegativeinteger.

For example,
@ (-56)+(-73)=—129 (b) (—113)+ (—82) =—195, etc.
Congtruct five more exampleson your ownto verify thisstatement.
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(i)  Incorrect, snce—9+ 16=7, whichisnot anegetiveinteger. Thecorrect Statement is:
When one positive and one negativeintegers are added, wetaketheir difference
and placethesign of thebigger integer. Thebigger integer isdecided by ignoring the
sgnsof boththeintegers. For example:

(@ (=56)+(73)=17 (b) (-113)+82=-31 <> ©
© 16+(23)=—-7 (d) 125+ (~101) = 24 ) N =T\
Congtruct fivemoreexamplesfor verifying thisstatement. ¢
(iv) Correct. Some other examplesof additiveinverseareasgiven below: / \ / \
I nteger Additiveinverse () (
-10 10 '
76 —76 / x / \’
—76 76

Thus, theadditiveinverseof any integer ais—aand additiveinverseof (—a) isa.

(v) Correct. Subtraction is opposite of addition and therefore, we add the additive
inverseof theinteger that isbeing subtracted, to the other integer. For example:

(@ 56-73= 56+ additiveinverseof 73 =56 + (-73) =17
(b) 56— (-73) = 56 + additiveinverse of (—73) =56 + 73 =129
(©) (=79)—45=(-79) + (—45) =124
(d) (-100) —(-172) =-100 + 172 = 72 etc.
Writeatleast five such examplesto verify thisstatement.
Thus, wefind that for any two integersaand b,
a—b=a+additiveinverseof b=a+ (—b)

and a—(—b)=a+additiveinverseof (—b) =a+b
(vi) Incorrect, since (-10) +3=—-7and 10-3=7
therefore, (-10) +3#£10-3
(vii) Incorrect, since, 8+ (-7 —-(-4)=8+(-7")+4=1+4=5
and 8+7-4=15-4=11
However, 8+(-7)—-(-4)=8-7+4

We have done various patternswith numbersin our previousclass.
Canyoufind apattern for each of thefollowing?If yes, completethem:

@ 7,3-1,-5, , ,
() -2,—4,-6,-8, , ,
(© 15,10,5,0, : ,

(d -11,-8,-5,-2, , ,
Make some more such patternsand ask your fri ends to completethem.
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ExEercisE 1.1

1. Following number lineshowsthetemperaturein degreecelsus(°C) at different places

onaparticular day.
Lahulspiti\—) Srinagars Shimlaj Ooty Bangalore
~ _i Ol T T T _|5 T T T T T T T T T é T T T T 1|O T T T T 1'5 T T T T 2|0 T T T T 2'5 s

(@ Observethisnumber lineand writethetemperature of the placesmarked onit.

N ()

What isthe temperature difference between the hottest and the col dest places

N among the above?

i

()

C) Whatisthetemperaturedifference between Lahulspiti and Srinagar?
Canwe say temperature of Srinagar and Shimlataken together islessthan the

temperatureat Shimla?lsit alsolessthan thetemperature at Srinagar?

2. Inaquiz, positivemarksaregivenfor correct answersand negative marksaregiven
for incorrect answers. If Jack’ sscoresin five successiveroundswere 25, -5, —10,
15 and 10, what was histotal at theend?

— 3
smﬁi’f—ﬁ:}j

West

At Srinagar temperature was— 5°C on Monday and then it dropped
by 2°C on Tuesday. What wasthetemperature of Srinagar on Tuesday?
On Wednesday, it rose by 4°C. What was the temperature on this

day?
A planeisflying at the height of 5000 m above the sealevel. At a

particular point, itisexactly above asubmarinefloating 1200 m below
thesealevel. What isthevertica distance between them?

Mohan depositsRs 2,000 in hisbank account and withdrawsRs 1,642
fromit, the next day. If withdrawal of amount from the account is
represented by anegativeinteger, then how will you represent theamount
deposited? Find the balancein Mohan’ saccount after thewithdrawal .

Ritagoes 20 km towards east from apoint A to the point B. From B,
she moves 30 km towards west along the sameroad. If the distance
towards east isrepresented by apositiveinteger then, how will you
represent the distancetravelled towardswest? By which integer will
you represent her final positionfromA?

B East\
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In amagic square each row, column and diagona have the same sum. Check which
of thefollowingisamagic square.

5|1-11|-4 1(-10( O
S |27 -4| 3|2
0| 3|3 -6| 4|7
0] (i)
Verify a—(—b) =a+ bfor thefollowing valuesof aandb.
() a=21,b=18 () a=118,b=125
(i) a=75b=84 (vy a=28,b=11
Usethesignof >, <or = inthebox to makethe statementstrue.
@ (-8 +(-4 ] 9--9%
(b) (—3)+7-(19) [[] 15-8+(-9)
() 23-41+11 [] 28-41-11

(d) 39+(-24)-(15) [ ]| 36+(-52)—(-36)
(e —231+79+51 [[] -399+159+81
A water tank hasstepsinsdeit. A monkey isgitting onthetopmost step (i.e., thefirst
step). Thewater level isat the ninth step.
(i) Hejumps3 stepsdown and then jumpsback 2 stepsup. \
In how many jumpswill hereachthewater level ? =

(i) After drinking water, he wantsto go back. For this, he / e
jumps 4 steps up and then jumps back 2 steps down //

in every move. In how many jJumpswill hereach back e
thetop step? /é////?///

(iii) If the number of steps moved down is represented by 77 / Rt
negativeintegersand the number of stepsmoved up by /

positiveintegers, represent hismovesin part (i) and (i) %ﬁ/ /

/ -
by completingthefollowing; (@ -3 +2—-... = —8 ////,Z Lz //*/
(b)4-2+... = 8.1n(a) thesum (—8) representsgoing /;éf ,é‘ / 7
down by eight steps. So, what will the sum 8 in (b) = -2l
represent? '

1.3 PROPERTIES OF ADDITION AND SUBTRACTION OF INTEGERS

1.3.1 Closure under Addition

We havelearnt that sum of two whole numbersisagain awhole number. For example,
17 + 24 =41 whichisagain awhole number. We know that, thisproperty isknown asthe
closure property for addition of thewhole numbers.
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L et usseewhether thisproperty istruefor integersor not.
Following are somepairsof integers. Observethefollowing table and compl eteit.

Statement Observation
() 17+23=40 Resultisaninteger
@) (10)+3=___
(i) (~75)+18=__
(iv) 19+ (—25)=-6 Resultisaninteger
v 27+ (=2n)=____
M) (-200+0=___
(i) (=35 +(-10)=__

What do you observe?1sthe sumof two integersawaysaninteger?

Didyoufind apair of integerswhose sumisnot aninteger?

Sinceaddition of integersgivesintegers, wesay integer sar eclosed under addition.
Ingenera, for any twointegersaand b, a+ bisan integer.

1.3.2 Closure under Subtraction

What happenswhen we subtract aninteger from another integer? Can we say that their
differenceisasoaninteger?

Observethefollowing tableand completeit:

Statement Observation
(i 7-9=-2 Resultisaninteger
(i) 17—-(-22) =
(i) (-8)—-(-14)=6 Resultisaninteger
v) -2)-(-109=___
v 32-(1n=___
M) (-18)-(-18=___
(i) (-29)-0=___

What do you observe?|sthereany pair of integerswhosedifferenceisnot aninteger?
Can we say integers are closed under subtraction? Yes, we can see that integers are
closed under subtraction.

Thus, ifaand b aretwo integersthen a—bisalso anintger. Do thewholenumbers

satisfy thisproperty?
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1.3.3 Commutative Property
Weknow that 3+ 5=5+ 3=8, that is, the whole numbers can be added in any order. In
other words, addition iscommutativefor whole numbers.
Canwe say thesamefor integersalso?
Wehave5+ (-6)=-1and (—6) +5=-1
So,5+(-6)=(-6)+5
Arethefollowing equal ?
() =8 +(=9and(-9) +(-8)
(i) (—=23)+32and 32+ (—23)
(i) (—45)+0and0+ (—45)
Try thiswith five other pairsof integers. Do you find any pair of integersfor whichthe

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

Ingeneral, for any two integersaand b, we can say
atb=Db+a

® \Neknow that subtraction isnot commutativefor whole numbers. |sit commutative
for integers?

Consider theintegers5 and (-3).

Is5—(-3) the same as (-3) -5? No, because 5—(—-3)=5+3=8,and (-3) -5
=-3-5=-8.

Takeatleast fivedifferent pairsof integersand check this.

W\e conclude that subtraction is not commutative for integers.

1.3.4 Associative Property
Observethefollowing examples:

Consider theintegers—3, —2 and 5.
Look at (-5) + [(—3) + (—2)] and [(-5) + (-3)] + (-2).

Inthefirst sum (-3) and (—2) are grouped together and in the second (-5) and (-3)
aregrouped together. Wewill check whether we get different results.

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

(-5) +[(=3) + (2] [(5) + ()] +(-2)
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1. Writeapair of integerswhosesumgives
(8 anegativeinteger (b) zero

In both the cases, we get —10.
ie, (9 +[(R)+ (2 =[(-H) + (-] + (I
Similarly consider -3, 1and —7.
() +[1+(-7)] =83+ =
[(B)+1+(-7)=-=2+ =
Is(=3) +[1+(=7)] sameas[(-3) + 1] + (-7)?

Takefivemore such examples. You will not find any examplefor whichthesumsare
different. Thisshowsthat addition isassociativefor integers.
Ingeneral for any integersa, b and ¢, we can say
at(b+c)=(a+b)+c

1.3.5 Additive Identity

When we add zero to any whole number, we get the same whole number. Zero isan
additiveidentity for wholenumbers. Isit an additiveidentity againfor integersalso?

Observethefollowing andfill intheblanks:

i) (-8 +0=-8 i) 0+(-8)=-8
(i) (23)+0=_ (V) 0+ (=37)=-37
V) 0+(59)=_ V) 0+  =-43
Vi) —61+  =—61 (viii) +0=

The above examplesshow that zeroisan additiveidentity for integers.
You can verify it by adding zeroto any other fiveintegers.
Ingenera, for any integer a

a+t0=a=0+a

(c) aninteger smdlerthanboththeintegers. (d) aninteger smdler thanonly oneof theintegers.
(e) aninteger greater than both theintegers.

. Writeapair of integerswhosedifferencegives
() anegativeinteger. (b) zero.
(c) aninteger smdlerthanboththeintegers. (d) aninteger greater than only oneof theintegers.
(e) aninteger greater than both theintegers.
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ExampLE 1 Writedownapair of integerswhose
(@ sumis-3 (b) differenceis -5
(c) differenceis2 (d) sumisO

SorLution (@ (()+(2=-3 o (H)+2=-3
b 9-(-49H=-5 o (2-3=-5
© N-(9=2 o 1-(-1)=2
(d (-10)+10=0 oo 5+(-5)=0

Can you write more pairsin these examples?

EXERCISE 1.2

1. Writedownapair of integerswhose:

@ sumis—7 (b) differenceis —10 () sumisO
2. (8 Writeapair of negativeintegerswhosedifferencegives8.

(b) Writeanegativeinteger and apositiveinteger whose sumis—b.

() Writeanegativeinteger and apositiveinteger whosedifferenceis—3.

3. Inaquiz, team A scored — 40, 10, 0 and team B scored 10, O, — 40 in three
successive rounds. Which team scored more? Can we say that we can add
integersin any order?

ALY

4. Fill intheblanksto makethefollowing statementstrue:

(i) B3+ ........... =-53

(i) 17+ ........... =0 )
(V) [13+(=12)] + (ccovreeeene ) = e +[(-12) + (-7)]

V) =4+ + ()] =[ceererren +15] + ...

1.4 MULTIPLICATION OF INTEGERS

We can add and subtract integers. L et usnow learn how to multiply integers.

1.4.1 Multiplication of a Positive and a Negative Integer

Weknow that multiplication of whole numbersisrepeated addition. For example,
5+5+5=3%x5=15

Canyou represent addition of integersinthe sameway?
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We have from thefollowing number line, (-5) + (-5) + (-5) =—15

Find:
4 % (—8), < >
8x (2), 20 -15 10 -5 0
3x (1),
10 x (1) But wecan alsowrite
using number line. (-5) + (-5 + (-5 =3x(-H)

Therefore, 3x(5)=-15
Smilaly (-4)+(-4)+ (4 +(-4)+(-4)=5x(-4)

N

=20

20  -16 -12 -8

And () + (3 + (9 + ()= =

Also, N+ N+ (=)= =

L et usseehow tofind the product of apositiveinteger and anegativeinteger without

using number line.

Let usfind 3 x (-5) inadifferent way. First find 3 x 5 and then put minussign (-)
before the product obtained. You get —15. That iswefind — (3 x 5) to get —15.

v

Smilaly, 5x (—4) =—(5%4) =-20.
Findinasmilar way,
4% (-8)= = 3x(=7)= =
6% (=5) = = 2%x(=9) = =

Using thismethod wethushave,

Hnd: Till now wemultipliedintegersas (positiveinteger) x (negativeinteger).
(i) 6x(-19 Let usnow multiply them as(negativeinteger) x (positiveinteger).
(i) 12x(-32) Wefirst find—3 x 5.
(i) 7x(=22) Tofindthis, observethefollowing pattern: 4’:"
We have, 3x5=15

2x5=10=15-5

1x5=5=10-5

0x5=0=5-5
So, -1x5=0-5=-5
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—2x5=-5-5=-10
-3x5=-10-5=-15

Wealready have 3x(-5)=-15

So we get (3) x5=-15=3x(-H)

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

Using patterns, find (—4) x 8, (-3) X 7, (—6) x5and (- 2) x 9

Checkwhether, (—4)x8=4x(—8),(—3)x7=3%(-7),(-6)x5=6x (—5)

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

Usingthisweget, (—33) x 5=33 x (-5) =-165

We thus find that while multiplying a positive integer and a negative integer, we
multiply them as whole numbers and put a minus sign (—) before the product. e
thus get a negative integer.

1. Fnd: @ 15x(-16) (b) 21x(=32)
(© (-42)x12 (d -55x15
2. Checkif (@ 25x(-21)=(-25)x21 (b) (-23)x20=23x(-20)
Writefivemore such examples.

Ingenera, for any two positiveintegersa and b we can say
ax(-b)=(-a)xb=—(axb)

1.4.2 Multiplication of two Negative Integers
Canyoufindtheproduct (—3) x (-2)?
Observethefollowing:

3x4=-12

—3x3=-9=-12-(-3)

—3x2=-6=-9-(=3

—3x1=-3=-6-(-3)

-3x0=0 =-3-(-3)

—3x-1=0-(3)=0+3=3

—3x-2=3-(3)=3+3=6
Do you see any pattern? Observe how the products change.




MATHEMATICS

Based on thisobservation, completethefollowing:
3x-3=_ = 3x-4=__
Now observethese productsand fill inthe blanks:
—4x4=-16
—Ax2= - _12+4 (i) Startingfrom (-5) x 4, find (-5) x (—6)
_4x]1= (i) Startingfrom (—6) x 3, find (—6) x (=7)
—-4x0=__
—4x(-D=___
—4x()=___
—4x(J=___
From these patternswe observethat,
(-3 x(-1)=3=3x1
(B x(2)=6=3x2
(3)x(3)=9=3x3
and (-4 x(-)=4=4x1
So, (-4 x(2=4%x2 =
(-Hx(B=___ =
So observing these products we can say that the product of two negativeintegersis

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

Thus, wehave (-10) x (-12) =120
Smilaly (-15) x (-6) =90
Ingenerd, for any two positiveintegersaandb,
(-8)x (-b)=axb

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

Game 1
(1) Takeaboard marked from—104to 104 asshowninthefigure.

(i) Takeabag containing two blue and two red dice. Number of dotsonthebluedice
indicate positiveintegersand number of dotsonthered diceindicate negetiveintegers.

(i) Every player will placehisher counter at zero.
(iv) Eachplayer will take out two dice at atimefrom the bag and throw them.
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104] 103] 102 [ 101 ] 100 99] 98] 97 %[ 5] %y
, 8| 8 |8 | 8| 8 | 8| 8| 90| 9| 2|9’
V8| 81|80 | 9| | 7| 6| 5| 74| 73] 72y
, 61| 62| 63| 64| 65| 66| 67| 68| 69| 70| 71’
\ 60| 59 | 58 | 57 | 56 | 55| 54| 53| 52| 51| 50
39| 40| M| 42| B 44 45| 4| 47| 48|49/
\ 38| 37| 36| 3| 3] 33] 2] 31| 0| 29[ 28

17| 18] 19 20 21 | 2| 23] 24| 25| 26 27

6| 15] 14| 13] 2] 11| 0] 9| 8] 7] 6,
, 5| -4 3] 2| 1| 0| 1| 2| 3| 4|5’
V-6 —7| -8] —9|-10|-11| —12| -13| 14| -15/-16
27| 26| 25| 24 | =23 | 22| -21| 20| -19| -18|-17/
v 28| 29| -30| -31 | -32 | 33| 34| -35| 36| —37|-38
— 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.
\ 72| 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

(v) After every throw, the player hasto multiply the numbersmarked onthedice.

(vi) If theproduct isapositiveinteger 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.

(vii) Theplayer whoreaches104firstisthewinner.
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the first mathematicians to
attempt to prove

(1) x (-1) =1

=\ @
i

1.4.3 Product of three or more Negative Integers

Eulerinhisbook Ankitungzur  \We observed that the product of two negativeintegersisapositiveinteger.
Algebra(1770), was one of What will bethe product of three negativeintegers? Four negativeintegers?

@ (4x(3=12

L et usobservethefollowing examples:

0) H*xB)x(2)=[)*x(J] x(2)=12x(2)=-24

© xR *x(2)x (D) =[(-4)x
@ B)x[(A)*x(Z)*x () x (D] =

From the above productswe observe that
(@ theproduct of two negativeintegers
iIsapogitiveinteger;
(b) theproduct of threenegativeintegers
iIsanegativeinteger.
(¢) product of four negativeintegersis
apostiveinteger.
Wheat isthe product of five negativeintegersin
(d)?
So what will bethe product of six negative
integers?

We further seethat in (a) and (c) above,
the number of negative integers that are
multiplied areeven [two and four respectively]
and the product obtained in (a) and (c) are
positive integers. The number of negative
integersthat are multiplied in (b) and (d) are
odd and the products obtained in (b) and (d)
arenegdtiveintegers.

(3) x (-2)] *x (-1) = (-24) x (-1)
(-5) x 24 =120

A Special Case

Consider thefollowing statementsand
theresultant products:
D x(-1)=+1
FDxE)x(=D=-1
D x () x (1) x (1) =+1
EDxED)xE)xE)x () =-1
This means that if the integer
(-1) ismultiplied even number of times,
theproductis+1andif theinteger (-1)
ismultiplied odd number of times, the
product is —1. You can check this by
making pairs of (—1) in the statement.
Thisisuseful inworking out productsof
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 integersin a product is odd,

then the product is a negative integer.

Justify it by taking fivemore examplesof each kind.

THINK, Discuss AND WRITE

() Theproduct (-9) x (-5) x (—6)*(-3) ispositive whereasthe product

(-9) % (5) x 6 % (—3) isnegative. Why?

(i) What will bethesign of the product if wemultiply together:
(& 8negativeintegersand 3 positiveintegers?
(b) 5negativeintegersand 4 positiveintegers?
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(© (1), twevetimes?
(d) (-1), 2mtimes, misanatural number?

1.5 PROPERTIES OF MULTIPLICATION OF INTEGERS

1.5.1 Closure under Multiplication
1. Observethefollowingtableand completeit:

Statement I nference
(—20) x (-5) = 100 Product isan integer
(-15) x 17 =—-255 Product isan integer
(30)x12=__
(15 x (=23)=____
(-14) x (-13)=____
12x(-30)=__

What do you observe? Canyoufind apair of integerswhose product isnot aninteger?
No. Thisgivesusanideathat the product of two integersisagain an integer. So wecan
say that integers are closed under multiplication.

Ingenerd,
ax bisaninteger, for al integersaand b.

Find the product of five more pairsof integersand verify the above statement.

1.5.2 Commutativity of Multiplication

Weknow that multiplication iscommutativefor wholenumbers. Canwesay, multiplication
isalso commutativefor integers?

Observethefollowing tableand completeit:

Statement 1 Statement 2 I nference
3x(—4)=-12 (—4)x3=-12 3x(—4)=(-4)x3
(-30)x12=___ 12x(=30)=__

(~15) x (-10) = 150 (-10) x (-15) = 150
(3B)x(-12)=__ (-12) x (=35) =
(-17)x0=__

= (1) x (-15) =
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What are your observations? The above examples suggest multiplication is
commutativefor integers. Writefive more such examplesand verify.

Ingenerd, for any twointegersaandb,
axb=bxa

1.5.3 Multiplication by Zero
Weknow that any whole number when multiplied by zero giveszero. Observethefollowing
productsof negativeintegersand zero. These are obtained from the patternsdone earlier.
(3)x0=0
0x(-4)=0
-5x0=__
Ox(-6)=____
Thisshowsthat the product of anegativeinteger and zeroiszero.
Ingenerd, for any integer a,
ax0=0xa=0

1.5.4 Multiplicative Identity

Weknow that 1 isthemultiplicativeidentity for wholenumbers.

Check that 1 isthe multiplicativeidentity for integersaswell. Observethefollowing
productsof integerswith 1.

(3)x1=-3 1x5=5

Hx1=__ 1x8=_
1x(B)=__ 3x1=_
1x(-6)=__ Tx1=__

Thisshowsthat 1 isthemultiplicativeidentity for integersal so.
Ingenerdl, for any integer awehave,

axl=1xa=a
What happenswhenwemultiply any integer with—1? Completethefollowing:

(3 x(-1)=3
3x(-1)=-3 _ — . .

5 1) = 0 is the additive identity whereas 1 is the
O x()=___ multiplicative identity for integers. We get
(-D)x13=__ additiveinverse of aninteger awhenwemultiply
(1) x (-25) = (-Dtoaie ax(-1)=(-1)xa=-a
18 x (1) =

What do you observe?

Canwesay —1isamultiplicativeidentity of integers?No.
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1.5.5 Associativity for Multiplication
Consider —3,—2 and 5.
Look at [(—=3) x (-2)] x 5and (-3) x [(-2) x 5].
Inthefirst case (—3) and (—2) are grouped together and in the second (—2) and 5 are

grouped together.
We seethat [(-3) X (-2)] x5=6x5=30
and (=3) x[(-2) x 5] = (-3) x (-10) = 30

So, we get the same answer in both the cases.
Thus  [(-3) x (-2)] x5=(3) x[(-2) x 3]
L ook at thisand complete the products:

[(7) x (-6)] x4= x 4=

7x[(—6) x4] =7 x =

IS[7 % (=6)] X (=4) =7 x[(-6) x (=4)]?
Doesthegrouping of integersaffect the product of integers? No.
Ingenera, for any threeintegersa, band c

(axb)yxc=ax(bxc)

Takeany fivevaluesfor a, band c each and verify thisproperty.

Thus, like whole numbers, the product of three integers does not depend upon
the grouping of integersand thisis 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) [Digributivity of multiplication over addition]
Let uscheckiif thisistruefor integersalso.
Observethefollowing:
@ (2 x(3+5)=-2x8=-16
and [(-2) x 3] +[(-2) x 5] =(-6) + (-10) =-16
So, (2)x@B+5=[(-2)x3]+[(-2) %8
(b) 4 x[(-2+7]=(-4)x5=-20
and [(d) x (2] +[(-4) x7]=8 +(-28) =20
So, (Ax[(D)+7] =[-8 *x (] +[(=4)*7]
© 8 x[(-+(-D]=(-8)x (=24
and [(-8)x (2] +[(-8)*x(-1)]=16 +8 =24
So, (=8)x[(-2)+ (D] =[(-8)x (2] +[(-8) x (-1)]
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Canwesay that thedistributivity of multiplication over additionistruefor integers
aso?Yes.

Ingenera, for any integersa, bandc,
ax(bt+tc)=axb+axc

Tekeatleast fivedifferent valuesfor each of a, b and cand verify theabove Digtributive
property.

(i) 1s10x[(6+(-2)]=10%x6+10x (-2)?

(i) 1s(=15) x [(=7) + (-1)] = (-15) x (=7) + (-15) x (-1)7?
Now consider thefollowing:
Canwesay4x(3—8)=4%x3-4x8?

Let uscheck:
4x(3-8)=4x(-5)=-20
4x3-4x8=12 -32=-20
So, 4x(3-8)=4%x3-4x8.
L ook at thefollowing:
(5)x[(-4) -(-6)]=(-Hx2=-10
[(-5)x(-4)] -[(-H) x(-6)] =20 -30= -10
So, (-9)x[(-4) —(=6)]=[(-5)*x(-4)] -[(-5) x(-6)]
Check thisfor (—9) x[ 10 —(=3)] and [(9) x 10] —[ (-9) x (-3)]
Youwill find that thesearea so equal.
Ingenerd, for any threeintegersa, bandc,

ax(b-c=axb-axc

Takeatleast fivedifferent valuesfor each of a, b and c and verify thisproperty.

() 1s10% (6—(=2)] =10 x 610 x (-2)?
(i) 1s(=15) x [(=7) = (-] = (-15) x (=7) — (-15) x (-1)?

1.5.7 Making Multiplication Easier
Congder thefollowing:
() Wecanfind (-25) x 37 x4 as
[(-25) x 37] x 4= (—925)x 4 =-3700
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Or, wecandoit thisway,
(=25) x 37 x 4 = (=25) x 4 x 37 =[(=25) x 4] x 37 = (=100) x 37 =-3700
Whichistheeaser way?

Obviously the second way iseasier 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, wefind that the commutativity, associativity and distributivity of integershelpto
make our calculationssimpler. Let usfurther see how cal cul ations can be made
easier using these properties.
(i) Find16x12
16 x 12 can bewritten as 16 x (10 + 2).
16x12= 16x(10+2) = 16x 10+ 16 x 2 =160 + 32 = 192
(i) (—23) x 48 =(-23) x[50—-2] = (—23) x 50 — (—23) x 2 = (-1150) — (— 46)
=-1104
(iv) (=35) x (-98) = (-35) x [(—100) + 2] = (-35) x (—100) + (-35) x 2
= 3500 + (—70) = 3430
(V) 52%x(—8)+(H2)x2
(-52) x 2 can dso bewritten as 52 x (-2).
Therefore, 52 x (—8) + (-52) x 2=52 % (—8) + 52 x (-2)
=52 % [(-8) + (-2)] =52 x [(-10)] =-520

Find (1149) x 18; (1i25) x (1i31); 70 x (-19) + (—1) x 70 using distributive property. %
ExampLE 2 Findeach of thefollowing products: < .
() (-18)x(-10)x9 (i) (=20)x (=2) x(H) x 7 ?\\\E\J
(i) (1) x(-5) x (-4) x(-6)
SoLuTION

() (<18) x (—10) x 9 = [(~18) x (=10)] x 9= 180 x 9 = 1620
(i) (—20) x (2) x (-5) x 7=—20x (-2 x -5) x 7=[-20 x 10] x 7 =—1400
(i) (1) x (-5) x (=4) x (—=6) =[(-1) x (-H)] x [(-4) x (-6)] =5%x24=120

ExampLe 3 Verify (=30) x [13 + (<3)] = [(=30) x 13] + [(=30) x (=3)]

SorLutioN  (=30) x [13 + (=3)] = (-30) x 10 =-300
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[(=30) x 13] + [(-30) x (—3)] =—390 + 90 =-300
S0, (-30) x [13 + (-3)] = [(-30) x 13] +[(-30) x (-3)]

ExampLE 4 |n aclasstest containing 15 questions, 4 marks are given for every
correct answer and (—2) marksare given for every incorrect answer.

(i) Gurpreet attemptsall questionsbut only 9 of her answersare correct.
What is her total score? (ii) One of her friends gets only 5 answers

correct. What will be her score?
SoLuTtIiON
() Marksgivenfor onecorrect answer =4
So, marksgiven for 9 correct answers=4x 9= 36
Marksgivenfor oneincorrect answer =—2
So, marksgivenfor 6 = (15—9) incorrect answers = (-2) x 6 =-12
Therefore, Gurpreet’stotal score =36+ (—12) =24
(i) Marksgivenfor onecorrect answer =4
So, marksgivenfor 5 correct answers =4 x5=20
Marksgivenfor oneincorrect answer = (—2)
So, marksgiven for 10 (=15-5) incorrect answers = (—2) x 10=-20
Therefore, her friend’ stotal score=20+(-20)=0
ExavmpPLE 5 Supposewerepresent thedistance abovetheground by apositiveinteger
and that below the ground by anegativeinteger, then answer thefollowing:

(i) Aneevator descendsinto amineshaft at therate of 5 metre per minute. What will
beits position after one hour?

(i) Ifitbeginsto descend from 15 m abovetheground, what will beitsposition after 45
minutes?

SoLuUTION

(i) Sincethedevator isgoing down, sothedistance covered by it will berepresented
by anegativeinteger.
Changein position of theelevator inoneminute=—-5m

Position of the elevator after 60 minutes= (-5) x 60=—300m, i.e., 300 m below
groundleve.

(i) Changein pogition of thedevator in45minutes= (-5) x 45=-225m, i.e,225m
below ground level.

So, thefinal position of the elevator = —225 + 15 =-210m, i.e., 210 m below
groundleve.
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EXERCISE 1.3

. Find each of thefollowing products:

@ 3x(-1 (b) (-1) x 225

(© (-21) x(-30) (d (-316) x (-1)

(€ (-15)x0x(-18) (f) (-12) x (-11) x (10)

@ 9x(3)x(-6) () (-18) x (-5) x (-4)

) (Dx(2)x(3x4 () (3)x(-6)x(=2) x(-1)
. Veify thefollowing:

@ 18x[7+(3)]=[18x7] +[18x (-3)]
(b) (=21) x[(-=4) + (=6)] =[(-21) x (= 4)] +[(-21) x (- 6)]
(i) Foranyinteger a, what is(-1) x aequal to?
(i) Determinetheinteger whose product with (1) is
@ 22 (b) 37 © O

. Starting from (1) x 5, write various products showing some pattern to show
D> D) =1

. Findtheproduct, using suitable properties:

(@ 26 x (—48) + (—48) x (-36) (b) 8x53x(-125)
(©) 15 x(-25) x (—4) x (-10) (d) (-41) x 102

(e) 625 x (-35) + (—625) x 65 ) 7x(50-2)

(@ (-17) x (=29) (h) (-57) x (-19) + 57

. A certainfreezing processrequiresthat room temperature belowered from 40°C at
therate of 5°C every hour. What will be the room temperature 10 hours after the
process begins?

. Inaclasstest containing 10 questions, 5 marksare awarded for every correct answer
and (—2) marks are awarded for every incorrect answer and O for questions not
attempted.

() Mohangetsfour correct and six incorrect answers. What ishisscore?
() Reshmagetsfivecorrect answersandfiveincorrect answers, what isher score?

(i) Heenagetstwo correct and fiveincorrect answersout of seven questionsshe
attempts. What isher score?

. A cement company earnsaprofit of Rs8 per bag of white cement sold and alossof
Rs5 per bag of grey cement sold.

(& Thecompany sdals3,000 bagsof white cement and 5,000 bags of grey cement
inamonth. What isitsprofit or |oss?
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(b) What isthenumber of whitecement bagsit must sall to haveneither profit
nor loss, if thenumber of grey bags sold is6,400 bags.

9. Replacetheblank with aninteger to makeit atrue statement.
@ R)x__ =27 (b) 5x__  =-35
(@) X (—8) = -56 (d) x (-12) =132

1.6 DiIvisioN oF INTEGERS

Weknow that divisonistheinverse operation of multiplication. Let usseean example
for wholenumbers.

Since3x5=15

So 15+5=3and15+3=5

Similarly,4x3=12gives12+4=3and 12+ 3=4

We can say for each multiplication statement of whole numbersthere aretwo

divison statements.
Canyou write multiplication statement and its corresponding divison statements

for integers?

® Observethefollowing and completeit.
Multiplication Statement Corresponding Division Statements
2x(-6)=(-12 -12=(-6)=2 , (12=2=(-6)
(- 4) x 5= (=20) (200+(®)=(-4) , (200+(-4)=5
(-8)x (-9 =72 o= TS
(Dxn=___ — 9=
(-8x4=___ ’
5x(-9=__ ’
(-10) x (-5) = |
From the abovewe observethat :

(H12)=2=(-0) Find:

—20)+~(5)=(-4
((_3)2) —(i:(—S) (@ (-100) +5 (b) (81)+9

¢ (-75+ 5 -32) +2
(L45)+5=_9 © (=79 d (32
We observethat when we divide a negativeinteger by a positiveinteger, wedivide

them as whole numbers and then put a minus sign () before the quotient. e, thus,
get a negative integer.
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® \Weasoobservethat: Can we say that
72+ (8=-9 ad 50+ (-10)=-5 (-48)+8=48~+ (-9)?
72 = (-9)=-8 50 + (-5)=-10 Let us check. We know that
(-48)+8=-6

So we can say that when we divide a positiveinteger 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.

and 48 +(-8)=-6
S0 (—48) ~8=48+ (—8)

o Check this for
Ingeneral, for any two positiveintegersaand b () 90+ (—45) and (-90) + 45
a+ (-b)=-a+b whereb#0 (i) (-136) +4and 136+ (—4)

Find: (a) 125+ (=25) (b)80+(-5) () 64+ (~16)

® [ astly, weobservethat

j
(-12) + (-6)=2 (-20) + (-4 =5/(32) + (-8)=4;(-45) + (-9) =5 /&é&
So, we can say that when wedivide anegativeinteger by anegativeinteger, wefirst
dividethem aswhole numbersand then put apositivesign (+). That is, we get apositive
integer.
Ingeneral, for any two positiveintegersaand b

(-a)+ (-b)=a+ b whereb#0
Find: (@ (-36) ~ (-4) (b) (=201) + (-3 () (325 + (-13) %

N

1.7 PROPERTIES OF DIVISION OF INTEGERS
Observethefollowing tableand completeit:

Statement Inference Statement Inference

(-8 (-4 =2 Reslltisaninteger | (—g)=3=

(-4 ~+(-9-= % Resultisnot aninteger| 3 (—g) =

What do you observe? We observethat integersare not closed under division.
Justify it by taking five more examplesof your own.

® \Weknow that division is not commutative for whole numbers. Let uscheck it for
integersalso.
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You can seefrom thetablethat (—8) + (—4) # (—4) + (- 8).
Is(—=9) + 3thesameas 3+ (—9)?

Is(—30) + (—6) thesame as (— 6) + (—30)?

Canwe say that divisioniscommutativefor integers? No.
You canverify it by taking fivemore pairsof integers.

Likewholenumbers, any integer divided by zeroismeaninglessand zero divided by
aninteger other than zeroisequal to zeroi.e., for any integer a, a+ 0isnot defined
but 0+a=0for az0.

When wedivideawhole number by 1it givesthe samewhole number. L et uscheck
whether itistruefor negativeintegersal so.

Observethefollowing:
(=8)+1=(-8) 1) +1=-11 (-13)+1=-13
(25 +1=__ (3N+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.

Ingenerd, for any integer a,
a+l=a

What happenswhenwedivideany integer by (—1)? Completethefollowing table

(-8)+(-1)=8 11+ (1) =11 13+ (-)=__
(29)+(D)=___ SBN-H=__ -8B=CD)=__
What do you observe?

We can say that if any integer isdivided by (1) it doesnot givethe sameinteger.

® Canwesay [(-16) + 4] + (-2) is the same as

(10 <[4+ (17

Is () 1+a=17?
(i) a+(-1)

Weknowthat [(=16) + 4] + (=2) = (—4) + (=2) = 2

—a? foranyinteger a. and (-16) ~[4= (2] =(-16) = (-2) =8

Takedifferent valuesof aand check. So [(-16) + 4] + (-2) # (-16) + [4 ~ (-2)]

Canyou say that divisonisassociativefor integers? No.
Verify it by taking five more examplesof your own.

ExampLE 6 Inatest (+5) marksaregivenfor every correct answer and (—2) marks

aregivenfor every incorrect answer. (i) Radhikaanswered dl thequestions
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?

SoLuTION

0]

Marksgivenfor onecorrect answer =5

So, marks given for 10 correct answers=5x 10 =50
Radhika sscore=30

Marks obtained for incorrect answers=30-50=-20
Marksgivenfor oneincorrect answer = (—2)

Therefore, number of incorrect answers=(-20) + (-2) =10
Marksgivenfor 4 correct answers=5 4=20
Jay’sscore=-12

Marks obtained for incorrect answers=—-12—-20 =—-32

Marksgivenfor oneincorrect answer = (—2)
Therefore number of incorrect answers=(—32) + (—2) = 16

ExampLE 7 A shopkeeper earnsaprofit of Re1 by sellingonepenandincursaloss

0]

(i)

SoLuTION

0]

of 40 paise per pencil whileselling pencilsof her old stock.

Inaparticular month sheincursalossof Rs5. Inthisperiod, shesold 45 pens. How
many pencilsdid shesdll inthisperiod?

In the next month she earns neither profit nor loss. If she sold 70 pens, how many
pencilsdidshesdll?

Stations®s|
e ;“I’ 7 v

Profit earned by sellingonepen=Re1
Profit eerned by sdlling 45 pens = Rs45, whichwedenoteby +Rs45
Total lossgiven = Rs5, whichwedenoteby —Rs5

Profit earned + Lossincurred = Total loss

Therefore, Lossincurred = Total Loss—Profit earned
=Rs(—5-45) = Rs(-50) =-5000 paise

Lossincurred by sallingonepencil = 40 paisswhichwewriteas —40paise
So, number of pencilssold = (-5000) + (—40) = 125 pencils.
Inthe next month thereisneither profit nor loss.

So, Profit earned + Lossincurred =0
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i.e., Profit earned =— L ossincurred.
Now, profit earned by selling 70 pens=Rs 70
Hence, lossincurred by selling pencils= Rs 70 which weindicate by —Rs 70 or

— 7,000 paise.

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

ExEeRrcIsE 1.4

. Evaluateeach of thefollowing:

@ (-30)+10 (b) 50+ (-5 © (36)+ (9

d (-49+(49 (¢ 13+[(-29+1] ) 0+(-12

@ (38D~ [(=30)+(-1)]

M) [(36)+12]+3 () [(-6)+9]+[(-2)+1]

. Veifythat a+ (b+c) # (a+b) + (a+ c) for each of thefollowing vauesof a, band c.

@ a=12,b=-4,c=2 (b) a=(-10),b=1,c=1
. Fllintheblanks:

(@ 369+ =369 (b) <75+ =-1

(Q (208)+___ =1 () —87+__ =87

e _ +1=-87 ®  +48=-1

(@ 20+ =2 h  +@=-3

. Writefive pairs of integers (a, b) such that a+ b= —3. One such pair is (6, —2)
because 6 + (-2) = (-3).
. Thetemperatureat 12 noon was 10°C abovezero. If it decreasesat therateof 2°C

per hour until midnight, at what time would the temperature be 8°C below zero?
What would bethetemperature at mid-night?

. Inaclasstest (+ 3) marks are given for every correct answer and (—2) marks are
givenfor every incorrect answer and no marksfor not attempting any question.
(1) Radhikascored 20 marks. If shehasgot 12 correct answers, how many questions
has she attempted incorrectly?(ii) Mohini scores—5 marksinthistest, though shehas
got 7 correct answers. How many questions has she attempted incorrectly?
(i) Rakesh scores 18 marksby attempting 16 questions. How many questionshas
he attempted correctly and how many has he attempted incorrectly?

. Anéevator descendsinto amine shaft at therate of 6 m/min. If the descent starts
from 10 m abovetheground level, how long will it taketo reach —350m.
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WHAT HAVE WE DISCUSSED?

. Integersareabigger collection of numberswhichisformed by whole numbersand
their negatives. Thesewereintroducedin Class V1.

. You have studied in the earlier class, about the representation of integers on the
number lineand their addition and subtraction.

. Wenow study the properties satisfied by addition and subtraction.

(@ Integers are closed for addition and subtraction both. That is, a + b and
a—bareagainintegers, whereaand b areany integers.

(b) Addition is commutative for integers, i.e, a + b = b + a for al integers
aandb.

(c) Additionisassociativeforintegers,i.e, (a+b)+c=a+(b+c)foral integers
a,bandc.

(d) Integer Oistheidentity under addition. Thatis,a+0=0+a=a for every
integer a.

. Westudied, how integers could be multiplied, and found that product of apositive
and anegativeinteger isanegativeinteger, whereas the product of two negative
integersisapositiveinteger. For example, —2x 7=—-14and-3x -8 =24.

. Product of even number of negativeintegersispositive, whereasthe product of odd
number of negativeintegersisnegetive.

. Integersshow some propertiesunder multiplication.

(@ Integersareclosed under multiplication. Thatis, a x bisaninteger for any two
integersaandb.

(b) Multiplicationiscommutativefor integers. Thatis, a x b=bx afor any integers
aand b.

(©) Theinteger listheidentity under multiplication,i.e., 1 xa=ax 1=afor any
integer a.

(d) Multiplicationisassociativefor integers, i.e., (ax b) x c=ax (b x c) for any
threeintegersa, bandc.

. Under addition and multiplication, integers show aproperty called distributive prop-
erty. Thatis,ax (b+c)=axb+axcforany threeintegersa, band c.
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8. Thepropertiesof commuitativity, associativity under addition and multiplication, and
thedistributive property help usto makeour calculationseasier.

9. Wealsolearnt how to divideintegers. Wefound that,

(@ Whenapostiveinteger isdivided by anegativeinteger, thequotient obtainedis
anegativeinteger and vice-versa.

(b) Divisonof anegetiveinteger by another negativeinteger givesapositiveinteger
asquotient.

10. For any integer a, we have
(@ a=0isnotdefined
(b) a+1=a




Fractions and
Decimals

2.1 INTRODUCTION

You havelearnt fractionsand decimalsin earlier classes. Thestudy of fractionsincluded
proper, improper and mixed fractionsaswell astheir addition and subtraction. We also
studied comparison of fractions, equivalent fractions, representation of fractionson the
number lineand ordering of fractions.

Our study of decimalsincluded, their comparison, their representation on the number
lineand their addition and subtraction.

Weshdl now learn multiplication and division of fractionsaswell asof decimals.
2.2 How WELL HAVE You LEARNT ABOUT FRACTIONS?

A proper fraction isafraction that representsapart of awhole. Is % aproper fraction?

Whichisbigger, thenumerator or the denominator?

. L o . 7
Animproper fraction isacombination of whole and aproper fraction. Is za

improper fraction? Whichisbigger here, the numerator or the denominator?

7 . 3 . : .
Theimproper fraction 7 canbewrlttenaslz. Thisisamixed fraction.

Canyou writefive exampleseach of proper, improper and mixed fractions?
ExavmprLE 1 Writefiveequivalent fractionsof :—; :
SoLutioN  Oneof theequivalent fractionsof :—; is

§ = ﬁ = E . Find theother four.
5 5x2 10

Qd
C
5]
2
Q
@
C
O
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ExampLE 2

SoLuTION

ExampPLE 3

SoLuTION

ExampPLE 4

SoLuTION

4
Time devoted by her for Science and Mathematics= 25 =< h

2
Ramesh solved 2 part of an exercisewhile Seemasolved g of it. Who

solved | esser part?

In order to find who solved |lesser part of the exercise, let uscom-

2 4
pare - an 5
Converting themto likefractionswe have, E_E f @
7 35 5 35

Sncel0< 28, 1—0 @

nee 0 35 35
Th 2.4

- 7 5°

Ramesh solved lesser part than Seema.

3
Sameera purchased 3% kg apples and 4Z kg oranges. What is the
total weight of fruitspurchased by her?

Thetotal weight of thefruits = (3 ; +4 3) kg

719 14 19
kg=| ==+ |k
(2 4)9(4+4)g

3—3kg 8 kg

2 4
Suman studiesfor 55 hoursdaily. Shedevotes 25 hoursof her time

for Science and M athematics. How much time does shedevotefor
other subjects?

. 2 17
Total time of Suman’sstudy = 55 h= 3 h

14
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17 14
Thus, timedevoted by her for other subjects= ( - )
17x5 14><3) h = (85—42) h
15 L 15
43 13
=— 2—
15 h= 15 n

ExERcISE 2.1

. Solve
3 7 2
2—— iy 4+— —+—
() 2-% (i) 4+3 (i)
7 2 3 2 .1 1 .5
—+= ) 2=+3= iy 8=-3=
M 107572 W %37 SRCIN
. Arrangethefollowing in descending order:
2238 N 137
0 9370 M 5770

. Ina“magic square’, the sum of the numbersin each row, in each columnand along
thediagona isthesame. Isthisamagic square?

Ll 2] 2
11| 11 | 11
S| 2| 7 (Alongthefirstrow i+2 3_15)
11| 11 11 11 11 11 11
el L] 8
11 11 | 11
A
A lar sheet of paper is 122 cmlongand 102 cmwide. 5 3
. A rectangular sheet of paper is > cmlongan 3 cmwide. Ecm ; 3§cm
Find itsperimeter. 2—cm
. Findthe perimetersof (i) A ABE (ii) therectangle BCDEinthis g 4 E
figure. Whose perimeter isgrester? 7
—cm
3 6
. Sdil wantsto put apictureinaframe. Thepictureis 7§ cmwide. D

3
Tofitintheframethe picture cannot bemorethan 7 1o &M wide. How much should

thepicturebetrimmed?.
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3
7. Rituate 5 part of an apple and the remaining applewas eaten by her brother Somu.
How much part of the apple did Somu eat? Who had the larger share? By how
much?

7
8. Michad finished colouringapicturein o hour. Vaibhav finished colouringthesame

3
picturein 4 hour. Who worked longer? By what fractionwasit longer?

2.3 MULTIPLICATION OF FRACTIONS

You know how tofind theareaof arectangle. It isequa tolength x breadth. If thelength
and breadth of arectangleare 7 cm and 4 cm respectively, thenwhat will beitsarea? Its
areawould be 7 x 4 = 28 cm>.

1
What will be the area of the rectangleif its length and breadth are 75 cm and
I 15 7

1 1 15
35 cmrespectively? Youwill say it will be7§ x 35 =3 %3 cn. Thenumbers?

7
and 5 arefractions. To cdculate the areaof the given rectangle, we need to know how to

multiply fractions. Weshdl learn that now.

2.3.1 Multiplication of a Fraction by a Whole Number

1
Observethepicturesat theleft (Fig 2.1). Each shaded partis 2 part of
D acircle. How much will the two shaded parts represent together? They
1
/

\\ /,
N /
o
S B
I\
' I s | . 1 1 1
NP AP Wlllrepr&entz+z = ZXZ'

Fig21  Combining thetwo shaded parts, we get Fig2.2. What part of acircle doesthe

\
1

2
shaded partin Fig 2.2 represent? It represents 2 part of acircle.
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The shaded portionsin Fig 2.1 taken together are the same asthe shaded portionin
Fig2.2,i.e,wegetFig2.3.

YN

1
\L N s N
\\l// \\L// \\J//
Fig 2.3
1 2
2X=— = =
or 1-2°
Canyou now tell what thispicturewill represent? (Fig 2.4)
—1 r— I__]‘_"
| .
--- f--- b--- =
| I I | | I I
L— 1 L1 1 L L
Fig 2.4
Andthis?(Fig2.5)
—1 T T —1
1 EET ]
: I = I
|
L1 el 1 1 _ 1
Fig 2.5
. 1
LetusnowfmdeE.
Wh 3xl—l+l+l—§
ehave 272727272
Wedsoh 1,1,1_ 14141 3a 3
cdsohave 22727 2 T2 72
< gl ¥ _3
2 T2
Similar 2x52 25 _,
maly 3 3
Canyoutell 3><§:? 4><:—53=?

122 3
Thefractionsthat we considered till now, i.e., 5'3'7 and 5 were proper fractions.
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For improper fractionsalso we have,

5 2x5 10
2X— = —— = —
3 3 3
8 7
3xX= =2 4x— =9
Try, 7 =7 5 P

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.

1. Find: (a) $><3 (b) gXG (© 3><% (d) =x6

! L 2_4
2. Represent pictorialy : 2><§—§

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

o 3
Find: (i) 5X27 Therefore, 3)(2; = 3x 1—9 5—77 = 8%_

(i) 1_X6 Smilarly, 2><4§ = 2><2—52 )

éf gi Fraction as an operator ‘of’
W Observethesefigures(Fig 2.6)
Thetwo squaresareexactly smilar.

1
Each shaded portion represents > of 1.

1
S0, both the shaded portionstogether will represent 5 of 2.

1
Combinethe 2 shaded 5 parts. It represents 1. \ /

1 1
So,wesayE of2isl.WecanaIsogetitasE x2=1

1 1
Thus,50f2:5 x2=1 Fig 2.6
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Also, look at thesesimilar squares (Fig 2.7).

1
Each shaded portion represents > of 1.

1
S0, both the shaded portionsrepresent 5 of 3. \ /
Combinethe 3 shaded parts.

1. 3
Itrepres;entsl2 e, 5

Fig 2.7

S0, + of 3is > . Also, = x3= >
,20 ISz. 33,2 =5

Th 1 f3—l><3—3
us, 5 of 3= =5

Soweseethat ‘of ' represents multiplication.

Faridahas 20 marbles. Reshmahas %th of the number of marbleswhat .

Faridahas. How many marblesReshmahas?As, ‘of * indicatesmultiplication,

0, Reshmahas %x 20 =4 marbles.

. 1 o1 16
Similarly, wehaveaof 16is 5><16 =5 = 8.

TrYy THESE

1 1 2
Canyoutdl, whatis(i) EOf 107, (ii) ZOf 167, (iii) 5 of 25?

1
ExampLE 5 Inaclassof 40 students 5 of thetotal number of studetnsliketo study

2
English, S of thetotal number liketo study mathematicsand theremaining

studentsliketo study Science.
(i) How many studentsliketo study English?
(i) How many studentsliketo study Mathematics?
(i) What fraction of thetotal number of studentsliketo study Science?

SoruTtioN  Tota number of studentsin the class= 40.

1
(i) Ofthese 5 of thetotal number of studentsliketo study English.
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1 1
Thus, the number of studentswho liketo study English= 3 of 40= g% 40 =8,

(i) Tryyoursdf.

(i) Thenumber of studentswho like Englishand Mathematics= 8+ 16 = 24. Thus, the
number of studentswho like Science=40—-24=16.

Thus, therequired fractionis ig

EXERCISE 2.2

1. Whichof thedrawings(a) to (d) show :

0 2 W 2 @) 32 W 3

BB I

© I @ \7'(;
__L_JdoL_1__1'"_ N

2. Somepictures(a) to (c) aregiven below. Tell which of them show:

0 3x%_§ (i) 2><1 2 (i) 3><3—2l
| | L 11 H
i | L | =
E | | ! —
(©

3. Multiply and reduceto lowest form:

0) 7><§ (i) 4><:_13 (i) 2><g W) 5><§ o) §><4

M) 2x6 i) 11xd i) 20 () 13T @) 15x
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4. Shade (i) %ofthecirclesinbox(a) (i) % of thetrianglesin box (b)
(iii) g of the squaresin box (c).
ONONG®, A A A OOoOood
000 AAA ml=l=l=l=
ONONG®,
00O AAA oOoooo
@ (b) (©

5. And:

@ %of () 24 (i) 46  (b) %of () 18 (i) 27

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

6. Multiply and expressasamixedfraction:

1 3 1
(@ 3X5§ (b) 5><6Zr (c) 7><2Zr
(d) 4><6:—13 (e) 3%><6 (f) 3§><8
Lo 22 gy 42 So ) 35 (i) o2
7. Hnd (9) > of (i) 1 (i) 9 (b) 8of (1) 36 (i) 93

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

2
contained 5 litres of water. Vidyaconsumed S of thewater. Pratap consumed the

remaining water.
() How muchwater did Vidyadrink?

(i) What fraction of thetota quantity of water did Pratap drink?

2.3.2 Multiplication of a Fraction by a Fraction

Faridahad a9 cmlong strip of ribbon. Shecut thisstrip into four equal parts. How did she
doit?Shefolded thestrip twice. What fraction of thetotal lengthwill each part represent?

9
Each part will be 2 of the strip. Shetook one part and divided it in two equal parts by
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1 9
folding the part once. What will one of the piecesrepresent? It will represent 5 of 4 or

LI
2)(4.

L et usnow see how to find the product of two fractionslike % X

Al ©

[ERN

Todothiswefirstlearntofind theproductslike% X =,

w

1
(@ Howdowefind 3 of awhole? Wedividethewholeinthreeequal parts. Each of

1
Fig 2.8 the three partsrepresents 3 of thewhole. Take one part of these three parts, and

shadeitasshowninFig2.8.

\>

1 1
(b) Howwill youfind > of thisshaded part?Dividethisone-third (:—3 ) shaded partinto

1 1 1 1
two equal parts. Each of thesetwo partsrepr&entsi of 3 e, > X 3 (Fig2.9).

Fig 2.9 1 1

Takeout 1 part of thesetwo and nameit ‘A’ * A’ represents 5 X 3

1
(©) Whatfractionis‘A’ of thewhole?For this, divide each of theremaining 3 partsaso

intwo equal parts. How many such equal partsdo you have now?
Therearesix such equal parts. ‘A’ isone of these parts.
1

So‘A"Efth hole. Th l><}——
,'A s g of thewhole. Thus, 5 x o = .

1
How didwedecidethat ‘ A’ was E of thewhole? Thewholewasdividedin6=2x 3

partsand 1 =1 x 1 part wastaken out of it.

Th 1011 _ 1
LS 2376  2x3
1 1 1x1
101 11
or 2 © 37 2x3
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11
Thevaueof 3 X > can befoundinasimilar way. Divide thewholeinto two equal

partsand then divide one of these partsinthreeequd parts. Take one of these parts. This

will represent 1 x 1 ie 1
3 2776
1 1 1 1x1 . .
Therefore 3 X 576" 3x2 asdiscussed earlier.
Hmce lx}—}xi—l
2 3 3 2 6
. 1 1 1 1 1 1 1
—X— — X = =X = —X —
Find 3 4and4><3,2 5 and 5 2andcheckwhetheryouget
1 1 1 1 1 1 1 1
—X— =T — X< =X —-=Z=X—
3 4 32 5 5 2

Fill intheseboxes:

1011 N _
0 2%x7% 577 W <7 = -
N _ 101 _
e B W 7x5=_|°

1
Example 6  Sushant reads 3 part of abook in 1 hour. How much part of the book

will hereadin 2%3 hours?

1
SoLutioN  Thepart of the book read by Sushantin 1 hour = 3

T ! 1 1
So, the part of the book read by himin 2§ hours= ng 3
11 1 11x1 11
=—X — =— =

573 5x3 15

Letusnowfind 5 x> . Weknowthat > = x5
usnow find 3 x . Weknow 3= 3%°

o L3231 1 153
2% 37 2% 3% 676
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Mg 5. D5 1 5 155
057 ox3 WS X 37537 6

Thisisalso shown by the figures drawn below. Each of these five equal shapes
(Fig 2.10) are partsof five similar circles. Take one such shape. To obtain this shape
wefirst divideacircleinthree equal parts. Further divide each of thesethree partsin
two equal parts. One part out of it isthe shape we considered. What will it represent?

5

1 1 1 1
It will represent > X 3= E.Thetotal of such partswould be 5 x 676

: : 2.7 2 7 _2x7 _14
37 5 Wecanthusflnd3><Sas§xg—3x5—15.

M So, wefind that wemultiply two fractionsas Product of Numefators .
Product of Denominators

Value of the Products
You have seenthat the product of two whole numbersisbigger than each of
thetwo whole numbers. For example, 3x 4=12and 12> 4, 12> 3. What
happensto thevaue of the product when we multiply two fractions?
Let usfirst consider the product of two proper fractions.

C B8 4 3 2
|n.3><7, 2% 3

We have,
Exﬂ‘g §<Z §<i Product islessthan both thefracti
375 15 15 3,15 5 UCLISIessthan eTractions)
1 2
—X— e L
5 7 ’
3 o 21
— X — = —— | e e | e
5 8 40 ’
2 4
— X — = —— | mmmmmme | e
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 thisby constructing fivemore examples.
Let usnow multiply two improper fractions.

Z><§—3—5 £>Z £>§ Product isgreater than both thefracti
3°5° 6 6 36 2 uct isgreater than efractions
6 o 24
— X —=—— |  mmmmmmmm mmmmmmee | e ——————
5 3 15 ’
9 7 63
— X —=—— | mmmmmmmm mmmmmmee | e —————
2 o 8 '
3.8 24
— === || cotcocos commmmoe ] i e e Y B Y e e e e 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.
Congtruct fivemore examplesfor yourself and verify the above statement.
2 7
L et usnow multiply aproper and animproper fraction, say 3 andg .
Weh 2 7 14 H 14<7 d14>2
c0L = i i
e 3¥sTs ¥ 5 5 @573

Theproduct obtainedislessthan theimproper fraction and greater than the proper fraction
involvedinthemultiplication.

i 6.2 8 4

Chec |tor5x7, 3x5.
EXERCISE 2.3

1. And:

1 1 3 4
0] 2 of @ 2 (b) 5 (© 3
1 2 6 3
(ii) 2 of @ 9 (b) 5 (© 0
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2. Multiply and reduceto lowest form (if possible) :

2 2 . 2.7 6 9 3
0 222 @ 3 W) ™ 2%
W T M) oxo ) gx
2 10

3. For thefractl onsgivenbelow::
(@ Multiply and reducethe product to lowest form (if possible)

(b) Tell whether thefraction obtained isproper or improper.
(c) If thefraction obtainedisimproper then convert it into amixed fraction.

2 1 2.7 3. .1 5 .3
—xb= iy 6=Xx— i) —=x5= —X2=

0 5% W %59 W 223 M) %7
2 .4 3 4 3
3=X= ) 2-x3 3—

V) 32 M) 2 vi)) 32x¢

4. Whichisgrester :

2.8 3.5 1.6 2.3

0)704 or gof g (i) 5 0f - o Sof

5. Saili plants4 saplings, inarow, in her garden. The distance between two adjacent

saplingsis % m. Find the distance between thefirst and thelast sapling.

6. Lipikareadsabook for 1% hoursevery day. Shereadsthe entire book in 6 days.

How many hoursinall wererequired by her to read the book?

3
7. Acarruns16kmusing 1litreof petrol. How much distancewill it cover using ZZ

litresof petrol.
. . . 2 10
8. (a8 (i) Providethenumberinthebox| ], suchthat §XD =30

(if) Thesimplest form of thenumber obtainedin| ]is

L7 3 24
S //% (b) (i) Providethe number inthebox| ], such that gXD=7—5’)

(if) Thesimplest form of thenumber obtainedin[ ]is

2.4 DiIvisioN oF FRACTIONS

John hasapaper strip of length 6 cm. He cutsthisstripin smaller stripsof length 2 cm
each. You know that hewould get 6 + 2 =3 strips.
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3
John cutsanother strip of length 6 cminto smaller stripsof length 5 cmeach. How
) ) ) 3 .
many stripswill he get now?Hewill get 6+ 5 strips.

15 3
A paper grip of length Ecmcmbewtintosmdlerstripsof length > cmeachtogive

153
> T Ppieces.
So, wearerequired to divideawhole number by afraction or afraction by another

fraction. Let ussee how to do that.

2.4.1 Division of Whole Number by a Fraction

1
Let usfind 1+§ .

Wedivideawholeinto anumber of equal partssuch that each partishalf of thewhole.

1 1
The number of such half (5 ) partswould be 1+ = . Observethefigure (Fig 2.11). How

2
many half partsdo you see?
Therearetwo half parts.
So 1+E:2. Also 1><2:1x2:2. Thus,1+E:1x%
’ 2 B 2 1

1 1 .
Similarly,3+z = number of 2 partsobtained when each of the3whole, aredivided ~ Fig 2.11

1
into 2 equal parts= 12 (FromFig 2.12)

Fig 2.12

4 1 4
Observe also that, 3><i = 3x4 =12. Thus, 3+Z:3XT =12.

. . 1 2
Findinasimilar way, 3+ Eand 3><1 .
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Reciprocal of a fraction
2
The number 7 can be obtained by interchanging the numerator and denominator of
1 N T 3. . o]
5 or by inverting 5 .Smilarly, 1 isobtained by inverting 3

L et usfirst seeabout theinverting of such numbers.
Observethese productsandfill inthe blanks:

1 5 4

IxX= =1 —X— = e
7 4 5

1 2

X9 = . D, G =

9 7 1

2 3 2x3 6 )

—X— = — = —=1 | - X— =1

3 2 3x2 6 9

Multiply fivemoresuchpairs.

The non-zero numbers whose product with each other is 1, are called the

5 9 9 5
reciprocals of each other. Soreciprocal of §is§ and thereciprocal of 5 is§.What
. _ 1 2
isthereceiprocal of 5? 2 ?

2 3
Youwill seethat thereciprocal of 3 isobtained by invertingit. You get 5

THINK, Discuss AND WRITE

(i) Will thereciprocal of aproper fraction beagain aproper fraction?
(i) Will thereciproca of animproper fraction beagain animproper fraction?
Therefore, we can say that

1+E = 1><2 = 1x reciproca ofi.

2 1 2
3+E = 3><ﬂ = 3xreciprocal of — .

4 1 4

1
3+§ = e =

. 3 4

So, 2+, = 2xreciprocal of = 2><§-
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Thus, to divide a whole number by any fraction, multiply that whole number by
the reciprocal of that fraction.

Find: () 7—§ (i) 6—7 (iii) 2——

g
® \\hile dividing a whole number by a mixed fraction, first convert the mixed M
fraction into improper fraction and then solve it.

2 12 1 10

e . Fnd: (i) 6+ 5—
2.4.2 Division of a Fraction by a Whole Number 3
. 4
® Whatwill be >+ 37 (i) 7+ 2=
4 7
Based lier observati h '3-3—§—§ §><}—£—1
on our earlier observationswe ave.ZT = 2*1"2%3° B2
2 1
SO,E+7 ==—x=-= ? Whatis§+6, 2+8?
3 3 7 7 7

® Whiledividing mixed fractionsby whole numbers, convert the mixed fractionsinto
improper fractions. That is,
22+5 = §+5 = emm—-- . 42—3 e . 2:—3—2 e
3 3 "5 "5

2.4.3 Division of a Fraction by Another Fraction

5
We can now find 376"
1 5 1 i 5 1 5 2
3%6 = :—3x reuprocalofgz :_3)(6: 5
8 2_8 2 1 3
Similarly, §_§ 5 x reciproca of - 3 and, > + 2 =?

3.1 1 3 1 3 109
Find () £+5 @ S+¢ (i) 25+c ) Sg*3
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EXERCISE 2.4

Find:
3
12+ —
() 12+

W 3+2;

(i) 14+g

(Vi)

5+3ilr
7

(if)

8+Z
3

proper fractions, improper fractionsand whole numbers.

3
(O

12
V) =
Find:

7
0 372
(v)
Find:
0]

2

2 1

52

2.4t
5

o) £+l

3E+4

(i)

(i)

(Vi)

(i)

(Vi)

973
1 .2

- 3_+1_ e 2_+1_

(vii) 5 3(vul) s

Ik 0l o

(if)

(if)
(vii)

(if)

7 7

1.1

V) 23+

7
1

11

13

S0

4+§

tv) 4+3

Find thereciprocal of each of thefollowing fractions. Classify thereciprocalsas

)

(iv) 4%+3

;1.8
2 3

2.4 How WELL HAVE YouU LEARNT ABOUT DECIMAL NUMBERS

You havelearnt about decimal numbersintheearlier classes. Let usbriefly recall them
here. Look at thefollowing table and fill up the blank spaces.

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

= | = | =

(100) 0| @ | {719 100 1000
2 5 3 1 4 7 253.147
6 2 9 3 2 (N
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 0 | e,
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Inthetable, youwrotethe decima number, givenitsplace-valueexpansion. 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+3x1+4x (E) +1x (m) +7x (m)

John has Rs 15.50 and Salmahas Rs 15.75. Who hasmore money? To find thiswe
need to comparethe decimal numbers 15.50 and 15.75. To do this, wefirst comparethe
digitsontheleft of thedecimal point, starting fromtheleftmost digit. Hereboth thedigits 1
and 5, to theleft of thedecimal point, are same. So we compare thedigitson theright of
the decimal point starting from the tenths place. We find that 5 < 7, so we say
15.50 < 15.75. Thus, Salmahas more money than John.

If thedigitsat thetenths place are also samethen comparethedigitsat the hundredths
placeand so on.

Now compare quickly, 35.63 and 35.67; 20.1 and 20.01; 19.36 and 29.36.
Whileconvertinglower unitsof money, length and weight, totheir higher units, weare

3
required to use decimals. For example, 3 paise = Rs ——=Rs 0.03, 59 =

100 1000 9
=0.005kg, 7cm=0.07 m.
Write 75 paise=Rs , 250g= kg, 85cm= m.
We also know how to add and subtract decimals. Thus, 21.36 + 37.35is
21.36
+ 37.35
58.71
What isthevalueof 0.19+2.3?
Thedifference29.35-4.56is 29.35
— 04.56
24.79

Tell thevalueof 39.87 — 21.98.

EXERCISE 2.5

1. Whichisgreater?
() 0.50r0.05 () 0.70r0.5 (i) 7or0.7
(v) 1.370r149 (v) 2.030r 2.30 (vi) 0.8 or0.88.
2. Expressasrupeesusingdecimals:
() 7pase (i) 7rupees7paise (i) 77rupees77 paise
(v) S0paise (v) 235pase.
3. (i) Express5cminmetreandkilometre  (ii) Express35mmincm, mandkm
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0.

Expressinkg:

() 2009 (i) 34709 (i) 4kg8g (iv) 2598mg
Writethefollowing decimal numbersin the expanded form:

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

Writetheplacevaueof 2inthefollowing decima numbers:
(i) 2.56 () 21.37 (i) 1025 (v) 942 (v) 63.352.

Dinesh went from place A to place B and from

theretoplace C. Ais7.5kmfromB and B is A B

12.7 kmfrom C. Ayub went from place A to place

D andfromthereto placeC. D is9.3kmfrom A c
and Cis11.8 km from D. Who travelled more D

and by how much?

Shyamabought 5 kg 300 g applesand 3 kg 250 g mangoes. Saralabought 4kg 800g
orangesand 4 kg 150 g bananas. Who bought morefruits?

How much lessis28 kmthan 42.6 km?

2.6 MUuLTIPLICATION 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 x 1.50). Both 8.5 and 1.5 are decimal
numbers. So, we have come across asituation where we need to know how to multiply

two decimals. Let usnow learn themultiplication of two decimal numbers.
Firstwefind 0.1 x 0.1.

Now01—i3001 01—i 1. —i—om
10 10 10  10x10 100

Let usseeit’'spictoria representation (Fig 2.13)

1
Thefractlon — repreﬁents 1 part out of 10 equal parts.

1

The shaded part in the picturerepresents — 10"

Weknow that,

1 1

1 1
X — — —
1010 means 10 of 10 So, dividethis

1
— ‘h part into 10 equal parts and take one. part

out of it. Fig 2.13
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Thus, wehave, (Fig 2.14).

e

Fig 2.14

1
The dotted square is one part out of 10 of the f)th part. That is, it represents

1,1 0.1x0.1
10 ‘10 O 01x0.1L.

Can the dotted square be represented in some other way?

How many small squaresdoyoufindinFig 2.14?

Thereare 100 small squares. So the dotted square represents one out of 100 or 0.01.
Hence, 0.1 x 0.1 = 0.01.

Notethat 0.1 occurstwo timesin the product. In 0.1 thereisonedigit to theright of
thedecima point. In0.01 therearetwo digits(i.e., 1+ 1) totheright of the decimal point.

Let usnow find 0.2 x 0.3.

2 3

= —X—

We have, 0.2 x 0.3 1010

) 1 1 . .
Aswedidfor —© — | let usdivide the square into 10
10 10

: lele
equal parts and take three parts out of it, to get 0 Agan A4

divide each of thesethree equal partsinto 10 equal partsand

taketwo from each. We get 2 X 3 :
10 10

2 _3
The dotted squaresrepresent 0 X 09 0.2x0.3.(Fig2.15)

Sincethere 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.
Observethat 2 x 3= 6 and thenumber of digitstotheright of thedecimal pointin
0.06is2(=1+1).
Check whether thisappliesto 0.1 x 0.1 aso.
Find 0.2 x 0.4 by applying these observations.
While finding 0.1 x 0.1 and 0.2 x 0.3, you might have noticed that first we

multiplied them aswhole numbersignoring thedecimal point. In0.1x 0.1, wefound
01x0lorlx 1 Smilarlyin0.2x 0.3wefound02x 03 or2x 3.

Then, we counted thenumber of digitsstarting from therightmost digit and moved
towards|eft. Wethen put the decimal point there. The number of digitsto be counted
is obtained by adding the number of digitsto theright of the decimal point in the
decimal numbersthat arebeing multiplied.

Letusnow find 1.2 x 2.5.

Multiply 12 and 25. We get 300. Both, in 1.2 and 2.5, thereis 1 digit to theright
of thedecimal point. So, count 1+ 1 =2 digitsfrom therightmost digit (i.e., 0) in 300
and movetowardsleft. Weget 3.00 or 3.

Findinasmilarway 1.5x 1.6,2.4% 4.2.

Whilemultiplying 2.5and 1.25, youwill first multiply 25 and 125. For placing the
decimal in the product obtained, youwill count 1+ 2 =3 (Why?) digitsstarting from
therightmost digit. Thus, 2.5 x 1.25=3.225

Find 2.7 x 1.35.

1. And: (i)27x4 (i) 1.8x 1.2 (iii) 2.3% 4.35
2. Arrangethe productsobtainedin (1) in descending order.

ExavprLE 7 Thesideof anequilatera triangleis3.5cm. Finditsperimeter.

Sovution  All thesidesof anequilatera triangleareequal .
So, length of eachside=3.5cm
Thus, perimeter =3 x 3.5cm=10.5cm

ExampLE 8 Thelength of arectangleis7.1 cmanditsbreadthis2.5cm. What
istheareaof therectangle?

SoLuTioN  Lengthof therectangle=7.1cm
Breadth of therectangle=2.5cm
Therefore, areaof therectangle=7.1x 2.5cm?=17.75cm?
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2.6.1 Multiplication of Decimal Numbers by 10, 100 and 1000

23 235
Reshmaobservedthat 2.3 = 10 whereas2.35= 100" Thus, shefound that depending

onthepostion of thedecimal point thedecima number can be convertedto afractionwith
denominator 10 or 100. Shewondered what would happeniif adecimal number ismultiplied
by 10 or 100 or 1000.

Let usseeif wecanfind apattern of multiplying numbersby 10 or 100 or 1000.
Havealook at thetable given below andfill inthe blanks:

176
176 x 10 = =X 10=17.6 235x10=__ |12356x10=
176
176 x 100 = 7--x 100= 176 0r 176.0| 235 x100=___ | 12.356 x 100=__
176
1.76 x 1000 = 7 x 1000= 1760 or |2.35x1000=___ | 12.356 x 1000=__|
1760.0
5
05x10= 5 x100=5 ; 05x100=__ ; 05x1000=__

Observethe shift of thedecimal point of the productsin thetable. Herethe numbers
aremultiplied by 10,200 and 1000. In1.76 x 10=17.6, thedigitsaresamei.e,, 1, 7 and
6. Doyou observethisin other productsaso?Observe 1.76 and 17.6. Towhich sidehas
thedecimal point shifted, right or left? The decimal point has shifted to theright by one
place. Notethat 10 hasone zero over 1.

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

Notethat 100 hastwo zeros over one.
Do you observesmilar shifting of decimal point in other productsaso?

So we say, when a decimal number ismultiplied by 10, 100 or 1000, the digitsin
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.

Based on these observationswe can now say : 8 (1)2x 180
i) 1.2x
.07 x 10 = 0.7, 0.07 x 100 = 7 and 0.07 x 1000 = 70.
0.07 x 10=10.7, 0.07 x d 0.07 x 1000 = 70 (i) 56.3 x 1000

Canyounowtell 297 x10=? 297x100=? 2.97x1000="7
Can you now help Reshmato find thetotal amounti.e., Rs8.50 x 150, that she has
to pay?
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EXERCISE 2.6

1. And:
() 02x6
(v) 0.05x7

3. Find
() 1.3x10

5. And:
() 25x0.3
(v) 0.5x0.05

9.5

decima numberstoo!

(i) 36.8x 10

(i) 8x46
(vi) 211.02x 4

(i) 0.1x517
(vi) 11.2x0.15

(viil) 10.05x 1.05 (X) 101.01 x 0.01

be == cm. Isshe correct?
19

(x) 0.9 x 100

(i) 2.71x5
(vi)) 2x0.86

(i) 153.7 x 10
(v) 31.1x100 (i) 156.1x 100 (vi) 3.62 x 100
X 05x10 (x) 0.08x 10

4. Atwo-wheder coversadistanceof 55.3kminonelitreof petrol. How much distance
will it cover in 10 litresof petrol?

(i) 0.2 x 316.8
(vii) 1.07 x 0.02

(V) 20.1x4

2. Findtheareaof rectanglewhoselengthis5.7cm and breadthis3 cm.

(V) 168.07 x 10
(viii) 43.07 x 100
(xii) 0.03 x 1000

(v) 1.3x31

(x) 100.01x 1.1

2.7 DivisioN oF DEciMAL NUMBERS

Savitawas preparing adesign to decorate her classroom. She needed afew coloured
stripsof paper of length 1.9 cm each. She had astrip of coloured paper of length 9.5cm.
How many piecesof therequired length will sheget out of thisstrip? Shethought it would

2.7.1 Division by 10, 100 and 1000

Let usfind thedivision of adecima number by 10, 100 and 1000.

Consider 31.5+ 10.

315- 10—3—15><i-3—15—315
Y7710 10 T 100 T T
S'milarly,31.5+100:315<> L _315 =0.315
10 100 1000

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

Let usseeif wecanfind apattern for dividing numbershby 10, 100 or 1000. Thismay
help usin dividing numbersby 10, 100 or 1000 in ashorter way.

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

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

15+10=__
15+100=___
15+1000=___

29.36+10=
29.36+100=___
29.36+1000=
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Take 31.510 = 31.5. In 315 and 3.15, the digits are

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 And: () 2354+ 10
point has shifted to the left by one place. Note that 10 hasone %“ (i) 235.4+100
zero over one. .

Consider now 315+ 100 = 0.315. In 315 and 0.315 the |27/ ) 280 = 1000
digitsaresame, but what about the decimal point inthe quotient?
It has shifted to theleft by two places. Note that 100 hastwo zeros over one.

So we can say that, while dividing a number by 10, 100 or 1000, the digits of the
number and the quotient are same but the decimal point in the quotient shifts to the
left by as many places asthere 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

Let usfind 6_24 Remember weasowriteitas6.4 + 2.

() 357+3=7,
64 64 1 (i) 255+3=7?

A4+2=—+2=—X— i ions.
So, 6.4+2 10 2 10 2aslearntmfra(:tlons

64x1 1x64 1 64 1 32
10x2 10x2 10 2 10 10
Or, let usfirst divide 64 by 2. Weget 32. Thereisonedigit to theright of the decimal
point in 6.4. Placethe decimal in 32 such that therewould beonedigit toits
right. Weget 3.2 again.
Tofind 19.5+ 5, first find 195 +5. We get 39. Thereisonedigit to the
right of thedecimal pointin 19.5. Placethedecimal pointin 39 suchthat there () 4315+5="7

3.2

Rz

A

would beonedigittoitsright. Youwill get 3.9. (i) 8244+6="7
Now. 12.96 4_1296;4_1296X1_ 1 .12% 1 X324 = 3.4
O &0+ %% 900 " T 100 47100 4 100 %

Or, divide 1296 by 4. You get 324. Therearetwo digitsto theright of thedecimal in
12.96. Making smilar placement of thedecimal in 324, you will get 3.24.

Note that here and in the next section, we have considered only those TRrRY THESE

divisionsinwhich, ignoring the decimal, the number would becompletely — 5+ (i) 155+5
divisible by another number to giveremainder zero. Like, in19.5+ 5, the - 12' -
number 195 when divided by 5, |eavesremainder zero. (i) 126.35 +

However, there are Situationsin which the number may not be completely
divisible by another number, i.e., wemay not get remainder zero. For example, 195+ 7.
Weded withsuch situationsinlater classes.

Thus, 40.86 - 6 = 6.81
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ExampLE 9 Findtheaverageof 4.2,3.8and 7.6.
42+3.8+76 156

SoLuTion Theaverageof 4.2,3.8and 7.6is s =—3 = 5.2.
2.7.3 Division of a Decimal Number by another Decimal
Number

Let fdis 255+ 0.5.
usfind -5z i.e,

255 5 255 10

Wehave 25.5+ 05_1_O_E_1_O €=51. Thus, 25.5+ 05=51

5
05 , wefind that thereis onedigit to theright of the

decimal in 0.5. Thiscould be converted to whole number by dividing by 10. Accordingly
25.5wasalso converted to afraction by dividing by 10.

Or, we say the decimal point was shifted by oneplacetotherightin 0.5to makeit 5.
So, therewas ashift of onedecimal point totheright in 25.5 also to makeit 255.

225 225
e 25015 =7 = 10 =1 [

203 7.75 42.8 5.6

5.2
Find 0T dTmasmnarway Find: (I) ~5¢ 025 (i) == 0.02 (iii) — 14

Let usnow find 20.55+ 1.5.

What do you observe? For ——

We canwriteit isas 205.5 + 15, as discussed above. We get 13.7. Find % 231

0.3

33.725 ... 33725

Consider now, .Wecanwriteit as

(How?) and we get the quotient

as134.9. How will you find 02—073 ?Weknow that 27 can bewritten as27.0.
27 21 OO 2700
003 003 3

ExavmprLE 10 Eachsdeof aregular polygonis2.5cminlength. The perimeter of the
polygonis12.5cm. How many sidesdoesthe polygon have?

o,

SoLuTION The perimeter of aregular polygonisthe sum of thelengthsof all its
equal sides=12.5cm.
_ _ 125 125
Length of eachside=2.5cm. Thus, thenumber of sides= 55 = o5

Thepolygonhas5 sides.
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ExampLE 11 A car coversadistanceof 89.1 kmin 2.2 hours. What isthe average

distance covered by itin 1 hour?

SoLuTtiON Distance covered by the car = 89.1 km.
Timerequired to cover thisdistance= 2.2 hours.
89.1 891

So distance covered by itin 1 hour = 50 T T 40.5 km.

EXERCISE 2.7

1. And:
i 04+2 @) 035+5 (i) 248+4
(v) 651.2+4 (i) 1449 +7 (i) 3.96+4
2. And:
(i) 48+10 (i) 525+ 10 (i) 0.7+10
(v) 27223+10 (vi) 0.56 + 10 (vii) 3.97 +10
3. FAnd:
(i) 2.7+ 100 (i) 0.3+ 100 (i) 0.78 + 100
(v) 4326+100 (v) 23.6-+100 (vi) 98.53 + 100
4. Hnd:

() 7.9+1000 (i) 26.3+1000 (i) 38.53+ 1000

(V) 128.9+1000 (v) 0.5+ 1000

(V) 65.4+6
(vi) 0.80+5

(V) 331+10 &

5. And:
(i) 7+35 (i) 36+0.2 (i) 3.25+05 (iv) 30.94+0.7
(v) 05+025 (M) 7.75+0.25 (vii) 76.5+0.15 (vii) 37.8+14
(x) 273+13
6. A vehiclecoversadistanceof 43.2kmin2.4litresof petrol. How much distancewill

it cover inonelitreof petrol?

WHAT HAVE WE DISCUSSED?

1. Wehavelearnt about fractionsand decima sa ongwith the operations of addition and

subtractiononthem, intheearlier class.

2. Wenow study the operationsof multiplication and divison onfractionsaswell ason

decimals.

3. Wehavelearnt how to multiply fractions. Two fractionsare multiplied by multiplying
their numerators and denominators seperately and writing the product as

5 2x5 10

product of numerators 2
: . For example, — x
product of denominators 3

TR

. 1 1
4. A fraction actsasan operator ‘of . For example, 2 of 2|s§ x2=1.
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10.

(@ Theproduct of two proper fractionsislessthan each of thefractionsthat are
multiplied.

(b) Theproduct of a proper and an improper fraction isless than the improper
fraction and greater than the proper fraction.

() Theproduct of two imporper fractionsisgreater than thetwo fractions.

A reciprocal of afractionisobtained by inverting it upsidedown.

We have seen how to dividetwo fractions.

(@ Whiledividing awholenumber by afraction, we multiply the whole number
with thereciprocal of that fraction.

For example, 2+§: 2x§:£)
5 3 3
(b) Whiledividing afraction by awhole number we multiply thefraction by the

reciprocal of thewhole number.

For example, Z+7=Z><£:£
3 3 7 21
(c) Whiledividing onefraction by another fraction, wemultuiply thefirst fraction by
thereciprocal of the other. So, g+ 52,7 14 .
3 7 3 5 15
Wea solearnt how to multiply two decimal numbers. Whilemultiplying two decimal
numbers, first multiply them aswholenumbers. Count thenumber of digitstotheright
of thedecimal point in both thedecimal numbers. Add the number of digits counted.
Put the decimal point in the product by counting the digitsfrom itsrightmost place.
The count should bethe sum obtained earlier.
For example, 0.5 % 0.7 =0.35

Tomultiply adecimal number by 10, 100 or 1000, we movethedecimal pointinthe
number to theright by asmany placesasthereare zerosover 1.

Thus 0.53x10=5.3, 0.53x100=53, 0.53x 1000 =530

We have seen how to divide decimal numbers.

(@ Todivideadecima number by awholenumber, wefirst dividethem aswhole
numbers. Then placethedecimal point inthequotient asin the decima number.
For example, 8.4+4=2.1
Notethat herewe consider only those divisionsinwhichtheremainder iszero.

(b) Todivideadecima number by 10, 100 or 1000, shift thedigitsinthedecimal
number to the left by as many places as there are zeros over 1, to get the
quotient.

So, 23.9 + 10 = 2.39,23.9 + 100 = 0.239, 23.9 + 1000 = 0.0239

(©) Whiledividing two decima numbers, first shift thedecimal point totheright by
equal number of placesin both, to convert the divisor to awhole number. Then
divide. Thus,2.4+0.2=24+2=12.

— = —
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3.1 INTRODUCTION

Inyour previousclasses, you have dealt with varioustypesof data. You havelearnt to
collect data, tabulateand put it intheform of bar graphs. The collection, recording and
presentation of data help usorganise our experiencesand draw inferencesfrom them.
In thischapter, we will take one more step towards|earning how to do this. You will
come across some more kinds of dataand graphs. You have seen several kindsof data
through newspapers, magazines, tel evision and other sources. You also know that all
datagive ussome sort of information. Let uslook at some common forms of datathat

yOU COMe across.
Table 3.1 Table 3.2
Temperaturesof cities Football
as on 20.6.2006 World Cup 2006
Max. Min. Ukraine beat Saudi Arabiaby 4-0
Ahmedabad 38°C 20°C %dn baTuniS-aby 3-1
- Switzerland beat Togo by 2-0
Amritsar 37°C 26°C
Bangalore 28°C 21°C —— _Table;z -
: - - ata showing weekly absentees
Chennai 36°C 27°C in aclass
D(?Ihl 38°C 28°C Monday
Jaipur 39°C 29°C Tuesday
Jammu 41°C 26°C Wednesday -
Mumbai 32°C 27°C Thurg‘jay
Friday
Marksof fivestudentsin aHindii test Saturday
of 10 marksare: 4,5, 8,6, 7 representsone child
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What do these collections of datatell you?

For exampleyou can say that the highest maximum temperature wasin Jammu on
20.06.2006 (Table 3.1) or we can say that, on Wednesday, no child was absent.
(Table3.3)

Canweorganise and present these datain adifferent way, so that their analysisand
interpretation becomes better?We shall address such questionsin thischapter.

3.2 CoLLECTING DATA

The dataabout thetemperaturesof cities(Table 3.1) cantell usmany things, but it cannot
tell usthecity which had the highest maximum temperatureduring theyear. Tofind that, we
need to collect dataregarding the highest maximum temperature reached in each of these
citiesduringtheyear. Inthat case, thetemperature chart of one particular date of theyear,
asgivenin Table3.1 will not besufficient.

Thisshowsthat agiven collection of datamay not giveusaspecificinformationrelated
to that data. For thiswe need to collect datakeeping in mind that specificinformation. 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, befor e collecting data, we need to know what wewould useit for.
Givenbelow areafew situations.

Youwant to study the

— Performanceof your classin Mathematics.

— Performanceof Indiainfootball or in cricket.

— Femaleliteracy rateinagivenarea, or

— Number of children below theage of fiveinthefamiliesaround you..

Wheat kind of datawould you need inthe above situations? Unlessand until you col lect
appropriate data, you cannot know the desired information. What isthe appropriate data
for each?

Discusswith your friends and identify the datayou would need for each.
Someof thisdataiseasy to collect and somedifficult.

" 3.3 ORGANISATION OF DATA

When we collect data, we haveto record and organiseit. Why do we need to
dothat? Consider thefollowing example.

Ms Neelam, class teacher wanted to find how children had performed
in English. She writes down the marks obtained by the studentsin the
followingway:

23, 35, 48, 30, 25, 46, 13, 27, 32, 38

Inthisform, the datawas not easy to understand. She also did not know whether her
impression of the studentsmatched their performance.



DATA HANDLING

Nedlam’scolleague helped her organisethedatain thefollowingway (Table 3.4).

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

Inthisform, Nedlam wasableto know which student hasgot how many marks. But she
wanted more. Deepikasuggested another way to organisethisdata(Table 3.5).

Table 3.5
Roll No. Names Marks Roll No. Names Marks
Out of 50 Out of 50
3 Adhish 48 4 Dipti 30
6 Govind 46 8 Kavita 27
10 Neerg 38 5 Faizaan 25
2 Armaan 35 1 Ajay 23
9 Manisha 32 7 Jay 13

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

Many kindsof datawe comeacrossare put in tabular form. Our school rolls, progress
report, index in the note books, temperature record and many othersareall in tabular
form. Canyou think of afew more datathat you comeacrossin tabular form?

When we put datain aproper tableit becomes easy to understand and interpret.

Weigh (inkg) atleast 20 children (girlsand boys) of your class. Organisethedata, and
answer thefollowing questionsusing thisdata.

() Whoistheheaviest of al?

(i) Whatisthemost commonweight?
(i) What isthedifference between your weight and that of your best friend?

3.4 REPRESENTATIVE VALUES
Youmight beaware of theterm average and would have comeacrossstatementsinvolving

theterm‘average’ inyour day-to-day life:

® |shaspendsonanaverageof about 5 hoursdaily for her studies.
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® Theaveragetemperature at thistime of theyear isabout 40 degree Celsius.

® Theaverageageof pupilsinmy classis12 years.

® Theaverage attendance of studentsin aschool during itsfinal examination was
98 per cent.

Many moreof such statementscould bethere. Think about the statementsgiven above.
Doyouthink that thechild in thefirst statement studiesexactly for 5 hoursdaily?

Or, isthetemperature of thegiven place during that particular timeaways40 degrees?
Or, isthe age of each pupil inthat class 12 years? Obviously not.

Thenwhat do these statementstell you?

By averagewe understand that I sha, usually, studiesfor 5 hours. On somedays,
shemay study for lessnumber of hoursand on the other days she may study longer.

Similarly, the averagetemperature of 40 degree celsius, meansthat, very often,
thetemperatureat thistime of theyear isaround 40 degree celsus. Sometimes, it may
belessthan 40 degree celsiusand at other times, it may be morethan 40°C.

Thus, weredisethat averageisanumber that representsor showsthe central tendency
of agroup of observationsor data. Since averageliesbetween the highest and thelowest
vaueof thegiven dataso, wesay averageisameasure of the central tendency of thegroup
of data. Different formsof dataneed different formsof representative or central valueto
describeit. One of these representative valuesisthe“ ArithmeticMean”. Youwill learn
about the other representative valuesinthelater of the chapter.

3.5 ARrRITHMETIC MEAN

The most common representative value of agroup of dataisthe arithmetic mean or the
mean. To understand thisin abetter way, let uslook at thefollowing example:

Two vesselscontain 20 litresand 60 litresof milk respectively. What isthe amount that
each vessal would have, if both sharethe milk equally?Whenweask thisquestionweare
seeking thearithmetic mean.

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

Total quantity of milk 20+ 60
Number of vessels 2
Thus, each vesselswould have 40 litresof milk.

Theaverageor Arithmetic mean (A.M.) or smply meanisdefined asfollows:

litres=40litres.

_ Sum of dl observations
"~ number of observations

mean
Consider theseexamples.

ExampLE 1 Ashishstudiesfor 4 hours, 5 hoursand 3 hoursrespectively onthree
consecutive days. How many hoursdoes he study daily onan average?
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SoLuTioN  Theaveragestudy timeof Ashishwould be
Total number of study hours 4+5+3

Number of days for which he studied - 3
Thus, we can say that Ashish studiesfor 4 hoursdaily onan average.

hours =4 hours per day

ExampLE 2 A batsman scored thefollowing number of runsinsix innings:
36, 35, 50, 46, 60, 55

Calculatethe meanrunsscored by himinaninning.

SoLuTtioN Tota runs= 36+ 35+ 50 + 46 + 60 + 55 = 282.

Tofind themean, wefind the sum of dl the observationsand divideit by the number of
observations.

- 282 L
Therefore, inthiscase, mean= 6 - 47. Thus, themeanrunsscored inaninning are47.

Where does the arithmetic mean lie Zi i, (w_\\

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

THINK, Discuss AND WRITE

Consider thedatain theabove examplesand think on thefollowing:
® |sthemean bigger than each of the observations?
® |sitsmaller than each observation?

Discusswith your friends. Frame one more example of thistype and answer the
samequestions.

Youwill find that themean liesinbetween the greatest and thesmallest observations.  &———7
In particular, the mean of two numberswill alwayslie between the two numbers.

5+11
For examplethemean of 5and 11is —— =8 , which liesbetween 5 and 11.
Canyou usethisideato show that between any two fractiona numbers, you canfind

1 1
asmany fractional numbersasyou like. For example between 5 and 4 You havetheir
1 1

3 1 3 7
average =—— = - and then between — and 3" you have their average I3

2 8 2

1. Findthemean of your deeping hoursduring oneweek.

1 1
2. Findatleast 5 numbersbetween 5 and 5. M
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3.5.1 Range

The difference between the highest and the lowest observation gives us an ideaof the
spread of the observations. Thiscan befound by subtracting thelowest observation from
the highest observation. We call the result the range of the observation. Look at the

falowingexample:
ExavmprLE 3 Theagesinyearsof 10teachersof aschool are:
32, 41, 28, 54, 35, 26, 23, 33, 38, 40

() What istheageof theoldest teacher and that of the youngest teacher?

(i) What istherange of the agesof the teachers?
(i) What isthe mean age of theseteachers?

SoLuTION
(1) Arrangingtheagesin ascending order, weget:
23, 26, 28, 32, 33, 35, 38, 40, 41, 54

Wefind that the age of the oldest teacher is54 years and the age of the youngest

teacheris23 years.
(i) Rangeof the agesof theteachers= (54 —23) years= 31 years
(i) Mean ageof theteachers

3 23+26+28+32+33+35+38+40+41+54
a 10

years
50
= To years = 35 years

ExERcISE 3.1

1. Findtherangeof heightsof any ten studentsof your class.

2. Organisethefollowing marksinaclassassessment, inatabular form.

3. Findthemean of thefirst fivewholenumbers.
4. A cricketer scoresthefollowing runsineight innings:
58, 76, 40, 35, 46, 45, 0, 100.

Find the mean score.

4 6 7 5 3 5 4 5 2 6

2 5 1 9 6 5 8 4 6 7

(i) Whichnumber isthehighest? (i) Whichnumberisthelowest?
(i) What istherange of the data? (iv) Findthearithmetic mean.
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. Following table showsthe points of each player scored infour games:

Player Game Game Game Game
1 2 3 4
A 14 16 10 10
B 0 8 6 4
C 8 1n Didnot 13
Play

Now answer thefollowing questions:

0]
(i)
(if)
)

Find the mean to determine A’saverage number of pointsscored per game.

To find the mean number of points per gamefor C, would you dividethetotal
pointsby 3 or by 4?Why?

B playedin all thefour games. How would you find the mean?
Who isthebest performer?

. Themarks (out of 100) obtained by agroup of studentsin asciencetest are 85, 76,
90, 85, 39, 48, 56, 95, 81 and 75. Find the:

(i) Highest and thelowest marks obtained by the students.
(i) Rangeof themarksobtained.
(i) Mean marksobtained by thegroup.
. Theenrolment inaschool during six consecutiveyearswasasfollows:
1555, 1670, 1750, 2013, 2540, 2820

Find the mean enrolment of the schooal for thisperiod.
. Therainfal (inmm) inacity on 7 daysof acertain week wasrecorded asfollows:

Day Mon | Tue | Wed | Thurs| Fri Sat | Sun
Rainfall| 0.0 | 122 21 | 00 [ 205 55| 10
(inmm)

() Findtherangeof therainfall intheabovedata
(i) Findthemeanrainfal for theweek.
(i)  Onhow many dayswastherainfal lessthanthemeanrainfall.

. Theheightsof 10 girlsweremeasuredin cm and theresultsare asfollows:
135, 150, 139, 128, 151, 132, 146, 149, 143, 141.
() Whatistheheight of thetallestgirl? (i) Whatistheheght of theshortest girl?

(i) What istherange of thedata? (iv) Whatisthemean height of thegirls?
(v) How many girlshave heightsmorethan themean height.
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3.6 MobE

Aswe have said Mean isnot the only measure of Central tendency or the only form of
representative value. For different requirementsfrom adataother measures of Central
tendenciesare used.

Look at the following example

Tofind out theweekly demand for different Sizesof shirt, ashopkeeper kept recordsof sales
of sizes90 cm, 95 cm, 100 cm, 105 cm, 110 cm.. Following istherecord for aweek:

Size(ininches) 90cm | 95cm | 100cm | 105cm | 110cm | Total
Number of shirtssold 8 22 32 37 6 105

If he found the mean number of shirts sold, do you think that he would be ableto
decidewhich shirt sizesto keepin stock?

Moo toial Shirtesold Total number of shirts sold _ 105 _
een OH Ot SIS SOA= umber of different sizes of shirts 5

Should he obtain 21 shirts of each size? If hedoesso, will hebeableto cater tothe
needsof the customers?

The shopkeeper, on looking at the record, decidesto procure shirts of sizes95cm,
100cm, 105cm. He decided to postpone the procurement of the shirts of other sizes
because of their small number of buyers.

Look at another example

The owner of areadymade dress shop says, “ Themost popular size of dress| sell isthe
Sze90cm.

Observethat here a so, the owner is concerned about the number
of shirtsof different sizessold. Sheishowever looking at the shirt size
that issold themost. Thisisanother representative valuefor the data.

A Thehighest occuring event isthe sale of size 90cm. Thisrepresentative
valueiscalled themode of thedata.

Themodeof a set of observationsisthe observation that occurs
most often.

ExavpLE 4 Findthemodeof thegivenset of numbers: 1,1,2,4,3,2,1,2,2,4

SoLuTioN  Arranging the numberswith samevaluestogether, we get
1,1,1,2,2,2,2,3,4,4
Mode of thisdatais 2 becauseit occurs more frequently than other observations.

3.6.1 Mode of Large Data

Putting the same observationstogether and counting themisnot easy if the number of
observationsislarge. In such caseswetabul ate the data. Tabul ation can begin by putting
tally marksand finding thefrequency, asyou did in your previousclass.
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odkattefaloving g

EXAMPLE D Following arethe marginsof victory inthefootbal Find the mode of

matchesof aleague. (i) 2.6,5,3,0,3,4,3 245,
11 3! 2’ 5’ ll 41 61 21 51 21 21 2! 4’ 1’ 2’ 31 11 11 21 31 2’ 2’ 4’
6,4,3,2,1,1,4,2,1,53,3,2,3,2,4,2,1,2

Find themode of thisdata. @) 2,14, 16, 12, 14, 14, 16,

SoLuTioN  Letusputthedata inatabular form: ety 20 i 22, 4

Marginsof victory Tallybars Number of matches
1 HH 1HI 9
2 HH 1 14
3 HH I
4 HH
5 1l
6 I 2
Total 40

Looking at thetable, we can quickly say that 2isthe‘mode’ since 2 has occured the
highest number of times. Thus, most of the matches have been wonwith avictory margin
of 2goals.

THINK, Discuss AND WRITE

Can aset of numbers have more than one mode?

ExamMPLE 6 Find the mode of thenumbers: 2,2, 2,3,3,4,5,5,5, 6, 6,8

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

1. Rec ordtheageinyearsof al your classmates. Tabulatethe dataand find themode.
2. Recordtheheghtsin centimetresof your classmatesand find themode.

1. Findthemodeof thefollowing 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(incm) of 25 children aregivenbelow:
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 isthe mode of their heights? What do we understand by Mode here?

Whereasmean givesusthe averageof al observationsof thedata, the mode givesthat
observation which occursmost frequently in the data.
L et usconsder thefollowing examples:
(@ You haveto decideupon thenumber of chapattis needed for 25 peoplecalledfor a
feast.
(b) A shopkeeper selling shirtshasdecided to replenish her stock.
(©) Weneedtofind the height of the door needed in our house.
(d) Whengoingonapicnic, if only onefruit can be bought for everyone, whichisthe
fruit that wewould get.
Inwhich of these situations can we use the mode asagood estimate?
Consider thefirst statement. Supposethe number of chapattis needed by each person
is 2,3,2,3,2,1,2,3,2,2,4,2,2,3,2,4,4,2,3,2,4,2,4,3,5
Themodeof thedatais2 chapattis. If we use mode asthe representativevaluefor this
data, then we need 50 chapattis only, 2 for each of the 25 persons. However the total
number would clearly beinadequate. WWould mean be an appropriaterepresentative value?
For thethird statement the height of the door isrelated to the height of the persons
using that door. Supposethereare5 children and 4 adultsusing the door and the height of
each of 5 childrenisaround 135 cm. The modefor the heightsis 135
cm. Should weget adoor that is 144 cm high? Would all the adultsbe
ableto gothroughthat door?1tisclear that modeisnot the appropriate
representative value for this data. Would mean be an appropriate
representative value here?
Why not?Which representative val ue of height should be used to
decidethedoorheight?
Smilarly andysetherest of thestatementsand find therepresentative
vaueuseful for that issue.

TrY THESE

Discusswithyour friendsand give
(& Two situationswhere mean would be an appropriate representative value to
use, and

(b) Twosituationswheremodewould be and appropriaterepresentativevalueto use.
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3.7 MEDIAN

We have seen that in somesituations, arithmetic mean isan gppropriate measure of central i 3 \/>
tendency whereasin some other situations, modeisthe appropriate measure of central /%%& ‘

tendency.

L et usnow look at another example. Consider agroup of 17 studentswith thefollowing
heights (incm): 106, 110, 123, 125, 117, 120, 112, 115, 110, 120, 115, 102, 115, 115,
109, 115, 101.

The gamesteacher wantsto dividethe classinto two groups so that each group has
equa number of students, one group has studentswith height lesser than aparticular height
and the other group has student with heightsgreeter than the particular height. How would
shedothat?

L et usseethevariousoptionsshe has:
(i) Shecanfindthemean. Themeanis

106 +110+123+125+117+120+112+115+110+120+115+102+115+115+109+115+101
17

/

:@:113,5
17

o, if theteacher dividesthe studentsinto two groupson thebasisof thismean height,
such that one group has students of height | essthan the mean height and the other group
has studentswith hei ght more than the mean height, then the groupswould be of unequal
size. They would have 7 and 10 membersrespectively.
(i) Thesecond optionfor her istofind mode. Theobservationwith highest frequency is
115 cm, which would be taken asmode.
There are 7 children below the mode and 10 children at the mode and above the
mode. Therefore, we cannot dividethegroup into equal parts.
Let ustherefore think of an alternative representative value or measure of central
tendency. For doing thiswe again look at the given heights (in cm) of studentsarrange
themin ascending order. We havethefollowing observations:
101, 102, 106, 109, 110, 110, 112, 115, 115, 115, 115, 115, 117, 120, 120, 123, 125
Themiddlevaueinthisdatais 115 because thisval ue dividesthe studentsinto two
equal groupsof 8 studentseach. Thisvalueiscalled asM edian. Median refersto the
valuewhichliesinthemiddleof thedata(when arrangedinan
increasing or decreasing order) with half of the observations
aboveit and the other half below it. The gamesteacher decides . .
to keep the middle student asarefreein the game. Yourfriend found themedianandthe

Y i v th h ber of mode of agiven data. Describe and
ere, we consider only those cases where number o correct your friendserror if any:
observationsisodd.

o . , : 35, 32, 35, 42, 38, 32, 34
Thus, inagiven data, arranged in ascending or descending . ~
order, themedian gives usthe middle observation. Median = 42, Mode = 32
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Notethat in genera, we may not get the same valuefor median and mode.

Thusweredisetha mean, mode and median arethe numbersthat aretherepresentative
valuesof agroup of observationsor data. They lie between the minimum and maximum
valuesof thedata. They arealso called the measures of the central tendency.

ExampPLE 7 Findthemedian of the data: 24, 36, 46, 17, 18, 25, 35

SorLutioNn  Wearrangethedatain ascending order, we get 17, 18, 24, 25, 35, 36, 46
Medianisthemiddleobservation. Therefore 25isthe median.

EXERCISE 3.2

1. Thescoresin mathematicstest (out of 25) of 15 studentsisasfollows:
19, 25, 23, 20, 9, 20, 15, 10, 5, 16, 25, 20, 24, 12, 20

Find the mode and median of thisdata. Arethey same?

2. Therunsscoredinacricket match by 11 playersisasfollows:
6, 15, 120, 50, 100, 80, 10, 15, 8, 10, 15

Find the mean, mode and median of thisdata. Arethethree same?

3. Theweights(inkg.) of 15 studentsof aclassare:
38, 42, 35, 37, 45, 50, 32, 43, 43, 40, 36, 38, 43, 38, 47

() Findthemodeand median of thisdata
(i) Istheremorethan onemode?
4. Find themode and median of thedata: 13, 16, 12, 14, 19, 12, 14, 13, 14

5. Tdl whether thestatement istrueor fase:

() Themodeisawaysoneof thenumbersinadata.
(i) Themean can be oneof thenumbersin adata.

(i) Themedianisawaysoneof thenumbersin adata.
(iv) A dataalwayshasamode.
(v) Thedata6, 4, 3,8, 9, 12, 13, 9 hasmean 9.

3.8 UsE oF BAR GRrAPHS WITH A DIFFERENT PURPOSE

We have seen last year how information collected could befirst arranged in afrequency
distribution table and then thisinformation could be put asavisua representationinthe
form of pictographsor bar graphs. You can look at the bar graphs and make deductions
about thedata. You can a so get information based on these bar graphs. For example, you
can say that themodeisthelongest bar if the bar representsthe frequency.

3.8.1 Choosing a Scale

Weknow that abar graph isarepresentation of numbersusing barsof uniformwidth and
the lengths of the bars depend upon the frequency and the scale you have chosen. For
example, inabar graph where numbersin unitsareto be shown, the graph representsone
unit length for oneobservation andif it hasto show numbersin tensor hundreds, one unit
length can represent 10 or 100 observations. Consider thefollowing examples:
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ExampLE 8 Two hundred studentsof 6" and 7" classwere asked to nametheir favourite
colour so as to decide upon what should be the colour of their School
Building. Theresultsareshowninthefollowing table. Represent thegiven

dataon abar graph.
FavouriteColour Red Green | Blue | Ydlow | Orange
Number of Students 43 19 55 49 34

Answer thefollowing questionswith thehelp of the bar graph:
(i) Whichisthemost preferred colour and whichistheleast preferred?

(i) How many coloursarethereinal?What are

thQ/? Scale : 1 unit = 10 students
60

SoLuTioN Chooseasuitablescaleasfollows: 50
Startthescaleat 0. Thegreatest valueinthedatais

55, s0 end the scale at a value greater than 55, 0
suchas60. Useequd divisonsaongtheaxes, such 30
as increments of 10. You know that all the bars £ 20
would lie between 0 and 60. We choosethescale 2 10

such that the length between 0 and 60 is neither
toolong nor too small. Herewetake 1 unit for 10
students.

Wethen draw and |abel the graph asshown.
From the bar graph we conclude that
(i) Blueisthemost preferred colour (Becausethe bar representing Blueisthetallest).
(i) Greenistheleast preferred colour. (Because the bar representing Green is the
shortest).
(i) Therearefivecolours. They are Red, Green, Blue, Yellow and Orange. (Theseare
observed onthehorizonta line)

Red
Green
Blue
Yellow

ExavpLE 9 Following datagivestotal marks (out of 600) obtained by six children of
aparticular class. Represent thedataon abar graph.

Students Ajay Bali Dipti | Faiyaz | Geetika| Hari

MarksObtained 450 500 300 360 400 540

SoLuTION
(1) Tochoosean appropriate scalewemake equal divisionstakingincrementsof 100.
Thus 1 unit will represent 100 marks. (What would bethedifficulty if wechooseone
unit to represent 10 marks?)

]
(@]
c
©
o
o
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(i) Now represent the dataon the bar graph.

Scale : 1 unit = 100 marks

600
500
400
2 300 E
E YR IREIE:
22000 < = > °
£ 100 o o I
0

Students
Drawing Double Bar Graph

Consider thefollowing two collectionsdatagiving theaverage daily hoursof sunshinein

two cities Aberdeen and Margatefor all thetwelve monthsof theyear. Thesecitiesare
near the south pole and hence have only afew hourse of sunshineeach day.

In Margate
Jan |Feb | Mar | April May |June | July |Aug | Sept.|Oct. Nov. Dec.

Aver age
hoursof | 2 31| 4| 4 |73 8 |71 7 |6l|l6| 4| 2
Sunshine 4 4 2 4

In Aberdeen
Aver age
hoursof |12 |3 (31| 6 |5%|6l|5%|5 [42|a]| 3|13

. 2 2 2| 2| 2 2 4
Sunshine

By drawing individua bar graphsyou could answer questionslike
(1) Inwhichmonth doeseach city hasmaximumsunlight? or
(i) Inwhichmonthsdoeseach city hasminimumsunlight?

However, to answer questionslike* Inaparticular month, which city hasmoresunshine
hours’, we need to compare theaverage hours of sunshineof both thecities. Todothiswe
will learnto draw what iscalled adouble bar graph giving theinformation of both cities
Sideby side.

Thisbar graph (Fig 3.1) showsthe average sunshineof both thecities.

For each month we have two bars, the heights of which give the average hours of
sunshinein each city. Fromthiswe caninfer that except for the month of April, thereis
awaysmore sunshinein Margatethanin Aberdeen. You could put together asimiliar bar
graphfor your areaor for your city.
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|| Margate Scale : 1 unit = 1 hour of sunshine
|:| Aberdeen — |

House of sunshine
N
|
|
|
|
|
|

- —|
0 I
o
()]
L

c < = > (0] > - - - )
© o 5 ® c 5 2 Q 0 Q
> s < = 3 3 & & O a
S =)
<
Fig 3.1
Let uslook at another example morerelated to us.
ExamvpLE 10 A mathematicsteacher wantsto see, whether the new technique of teach-
ing she applied after quarterly test was effective or not. Shetakesthe
scoresof the 5 weakest childreninthe quarterly test (out of 25) andin
thehdf 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  Sincethere seemsto be amarked improvement in most of
the students, theteacher decidesthat she should continueto
usethe new techniqueof teaching. O T T T, T,
Can you think of afew more situtions where you could use double § 2 5 § 4
bar graphs’? Students

1. Thebar chart (Fig 3.2) showstheresult of asurvey totest water resistant waiches -

made by different companies.
Each of these companiesclaimed that their watcheswerewater resistant. After a NS !

test the aboveresultswererevea ed.

5 marks

Scale : 1 unit
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(@ Canyouwork afraction of the number of watchesthat

Number tested |eaked to the number tested for each company?
Number that leaked ,,  (b) Could youtell onthisbasiswhich company has better
40 S watches?
£ 2. Sdeof English and Hindi booksin the years 1995, 1996,
2 30 S 1997 and 1998 are given below:
= I
£ 20 = 1995 | 1996 | 1997 |1998
= 5 -
= English| 350 [ 400 | 450 | 620
10 ;D- Hindi | 500 [ 525 [ 600 | 650
0 § Draw adoublebar graph and answer thefollowing questions:
A B C D (@ Inwhichyear wasthedifferencein the sale of thetwo
Company language books|east?.
Fig 3.2 (b) Can you say that the demand for English books rose
fagter? Judtify.
EXERCISE 3.3
1. Usethebar graph (Fig 3.3) to answer thefollowing questions.
(@ Whichisthemost popular pet?  (b) How many children havedog asapet?
Pets owned by Students 600 Scale: 1cm = 100 books
of class seven. 4 500
12 S
10 2 400
Z8 ° .
§ 6 2300 - 3
g4 E 0o 3
» 2 Z - = o
. . 2 5 ¢ 0o 2 - S
53 3 3 [ 2 2 -
o o & E 5 0
Pet Animals Years
Fig 3.3 Fig 3.4

2. Readthebar graph (Fig 3.4) and answer the questionsthat follow:
Number of books sold by abookstore during five consecutive years.

(i) About how many bookswere soldin 19897 1990719927
(i) Inwhichyear were about 475 books sold? About 225 books sold?
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(i) Inwhichyearswerefewer than 250 books sold?

(iv) Canyou explain how youwould estimatethe number of bookssoldin 1989?
3. Number of childrenin six different classesare given bel ow. Represent thedataona

bar graph.

Class Fifth | Sxth | Seventh | Eighth| Ninth| Tenth

Number of Children | 135 120 95 100 90 80

(& Howwouldyouchooseascale.

(b) Answer thefollowing questions:

(1) Which classhasthe maximum number of children? And the minimum?
(i) Findtheratio of studentsof classsixthtothestudentsof classeight.

4. The performance of studentsin 1% Term and 2™ Termisgiven. Draw adouble bar
graph choosing appropriate sca e and answer thefollowing:

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

(i) Inwhichsubject, hasthechildimproved hisperformancethemost?
(i) Inwhichsubjectistheimprovement theleast?
(i) Hastheperformance gonedownin any subject?.
5. Consider thisdatacollected from asurvey of acolony.

FavouriteSport | Cricket | Basket Ball | Svimming | Hockey | Athletics

Wetching 1240 470 510 423 250

Participating 620 320 320 250 105

(i) Draw adoublebar graph choosing an appropriate scale.
Wheat do youinfer fromthe bar graph?
(i) Which sportismost popular?
(i) Whichismorepreferred, watching or participating in sports?
6. Takethedatagiving the minimum and the maximum temperature of variouscities

giveninthebeginning of thischapter (Table 3.1). Plot adoublebar graph using the
dataand answer thefollowing:

(i) Whichcity hasthelargest differencein theminimumand maximum temperature
onthegiven date?
(i) Whichisthehottest city and whichisthe coldest city?
(iif) Nametwo citieswhere maximum temperatureof onewaslessthan theminimum
temperature of the other.
(iv) Namethe city which hasthe least difference between its minimum and the
maximum temperature.




MATHEMATICS

3.9 CHANCE AND PROBABILITY

Thesewordsoften comeupinour daily life. We often say, “thereisno chance of it
0@ N5 o8 rainingtoday” and also say thingslike“ it isquite probablethat Indiawill win the
World Cup.” Let ustry and understand thesetermsabit more. Consider the tatements;

g:: : of (i) TheSuncoming up fromtheWest ()  Anantgrowingto3mheight.
Situations, (i) If youtakeacubeof larger volumeitssidewill also belarger.

aleast 3 (iv) If youtakeacirclewithlarger areathenit’sradiuswill alsobelarger.
examples of (v) Indiawinningthenext test series.

each, that are If wgl o_okatthgstatementsgi ven daoveyquwouldsaytha_t theSuncomingupfrom
sz theWestisimpossible, anant growingto3m isalsonot possible. Ontheother handif

h thecircleisof alarger areaitiscertainthatitwill havealarger radius. Youcansay thesame
appen, SOMe ooyt thelarger volumeof thecubeandthelarger side. Ontheother handIndiacanwin

that are thenext test seriesor loseit. Botharepossible.

impossible

andsomethat 3-9-1 Chance

may or may If you tossacoin, can you aways correctly predict what you will get? Try tossing
not happen acoin and predicting the outcome each time. Write your observationsin the
: S followingtable:

I.e., Situations

that have Tossnumber Prediction Outcome

some chance

of happening.

Do this 10 times. Look at the observed outcomes. Can you see a pattern in
them?What do you get after each head?Isit that you get head all thetime? Repeat the
observation for another 10 tosses and writethe observationsin thetable.

You will find that the observations show no clear pattern. Inthetable below wegive

you observationsgenerated in 25 tosses by Sushilaand Salma. Here H represents Head
%, and T representsTail.

) No. 112|3(4|5|6(7(8]9]10|11(12 |13|14 |15
iy, - | Outcome|H [T| T|H|T|T|T|H|T|T|H|[H|H|H [H
No. 16 (17| 18(19|20|21|22|23|24|25
(A\ Ooutcome| T [T|[H[T[T|[T[T[T|T[|T
\ 43 What doesthisdatatell you? Can you find apredictable pattern for head and tail ?
TN W Clearly thereisno fixed pattern of occurrence of head and tail. When you throw the coin
N
\ each timethe outcome of every throw can beeither head or tail. It isamatter of chance
~ / / that in oneparticular throw you get either of these.

Inthe above data, count the number of heads and the number of tails. Throw the coin
some moretimesand keep recording what you obtain. Find out thetotal number of times
you get ahead and the total number of timesyou get atail.

You a so might have played with adie. Thediehassix faces. When you throw adie, can
you predict the number that will be obtained?While playing Ludo or Snake and ladders
you may have often wished that in athrow you get aparticular outcome.
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Doesthedieawaysfall according to your wishes? Takeadieand throw it 150
timesandfill thedatainthefollowingtable:

Number on Die Tally Marks Number of timesit occured

1
2

Makeataly mark eachtimeyou get the outcome, against the gppropriate number.
For exampleinthefirst throw you get 5. Put ataly infront of 5. Thenext throw givesyou
1. Makeatally for 1. Keep on putting tally marksfor the appropriate number. Repeat
thisexercisefor 150 throwsand find out the number of each outcomefor 150 throws.

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

(Doinagroup)
1. Tossacoin 100timesand record thedata. Find thenumber of timesheadsandtails 1
occur init.
2. Aftaebthrew adie250timesandgot thefollowingtable. Draw abar graphfor thisdata i%&\é
\

Number ontheDie Tally Marks

THL LI LB

THLTHL T LT N
THUTHL TR
THLTHL T AL LT
THU LI TN
THLTHL TN

3. Throw adie 100 timesand record thedata. Find the number of times1, 2, 3,4, 5,
6 occur.

O O K~ W N B

What is probability?

Weknow that when acoinisthrown, it hastwo possible outcomes, Head or Tail and for
adiewehave 6 poss ble outcomes. We a so know from experiencethat for acoin, Head
or Tall isequaly likely to be obtained. We say that the probability of getting Head or Tall

1
isequal andis > for each.

For adie, possibility of getting either of 1,2, 3,4,50r 6isequa. Thatisfor adie

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

sixth(g ) probability. Wewill learn about thisin thelater classes. But from what we have

done, it may perhagpsbeobviousthat eventsthat havemany possibilitiescan have probability
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TRrRY THESE

Construct or
think of five

Stuationswhere
outcomes do not

haveequa
chances.

between 0 and 1. Those which have no chance of happening have probability 0 and
thosethat are bound to happen have probability 1.

Given any situation we need to understand the different possible outcomes
and study the possible chances for each outcome. It may be possible that the
outcomes may not have equal chance of occuring unlikethe cases of the coinand
die. For exampleif acontainer has5 red ballsand 9 whiteballsand if aball is
pulled out without seeing, the chances of getting ared ball are much more. Can
you see why? How many times are the chances of getting ared ball than getting
awhiteball, probabilitiesfor both being between 0 and 1.

EXERCISE 3.4

Tell whether thefollowing iscertain to hgppen, impossible, can happen but not certain.
(i) Youareolder today than yesterday. (i) A tossed coinwill land headsup.

(i) A diewhentossed shall land up with 8 on top.

(iv) Thenexttrafficlight seenwill begreen. (v) Tomorrow will beacloudy day.
Thereare 6 marblesin abox with numbersfrom 1 to 6 marked on each of them.
(1) What istheprobability of drawing amarblewith number 2?

(i) What isthe probability of drawing amarblewith number 5?

A coinisflipped to decidewhich team startsthe game. What isthe probability that
your teeamwill sart?

A box containspairsof socksof two colours (black and white). | have picked out a
whitesock. | pick out one morewith my eyesclosed. What isthe probability that it
will makeapair?

WHAT HAVE WE DISCUSSED?

The collection, recording and presentation of datahelp usorganise our experiences
and draw inferencesfrom them.

Before collecting datawe need to know what wewould useit for.

Thedatathat is collected needsto be organised in aproper table, so that it becomes
easy to understand and interpret.

Averageisanumber that represents or showsthe central tendency of agroup of
observationsor data.

Arithmetic mean isoneof therepresentative valuesof data.

Modeisanother form of central tendency or representative vaue. Themode of aset
of observationsisthe observation that occurs most often.

Medianisasoaform of representativevalue. It referstothevaluewhichliesinthe
middleof thedatawith half of the observationsaboveit and the other half below it.
A bar graphisarepresentation of numbersusing barsof uniformwidths.
Doublebar graphshel p to compare two collections of dataat aglance.
Therearesituationsinour life, that are certain to happen, somethat areimpossible
and somethat may or may not happen. The situation that may or may not happen has

achanceof happening.
*
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Equations

4.1 A Minp-Reabping GAME!

Theteacher has said that she would be starting anew chapter in f\ // /// S \\\‘7 \
mathematicsand it isgoing to be simpleequations. Appu, Sarita —“ a1l
and Ameenahave revised what they learnt in algebrachapter in 7%/ J %W %r/ G
ClassVI.Haveyou? Appu, Saritaand Ameenaareexcited because  — N
they have constructed agamewhich they call mind reader and they ) @7 W
want to present it to thewholeclass.

Theteacher gppreciaesther enthusasmandinvitesthemto present their game. Ameena
begins, sheasks Sarato think of anumber, multiply it by 4 and add 5 to the product. Then,
sheasksSaratotd| theresult. Shesaysitis65. Ameenainstantly declaresthat the number
Sarahad thought of is 15. Saranods. Thewhole classincluding Saraissurprised.

ItisAppu’sturn now. HeasksBauto think of anumber, multiply it by 10 and subtract
20 from the product. He then asks Balu what his result is? Balu saysit is 50. Appu
immediately tellsthe number thought by Balu. Itis7, Bau confirmsit.

Everybody wants to know how the ‘mind reader’ presented by Appu, Saritaand

Ameenaworks. Can you see how it works? After studying this chapter and chapter 12,
you will very well know how the gameworks.

4.2 SETTING UP OF AN EQUATION

L et ustake Ameena sexample. Ameenaasks Sarato think of anumber. Ameenadoesnot
know the number. For her, it could beanything 1, 2, 3, ..., 11, ..., 100, . ... Letus
denotethisunknown number by aletter, say X. Youmay usey or t or someother |etter in
placeof x. It doesnot matter which letter we useto denote the unknown number Sarahas
thought of. When Saramultipliesthe number by 4, she gets4x. Shethen adds5to the
product, which gives4x + 5. The value of (4x + 5) depends on the value of x. Thus
if x=1,4x+5=4x1+5=9. Thismeansthat if Sarahad 1in her mind, her result would
havebeen 9. Similarly, if shethought of 5, thenfor x =5,4x+5=4x5+5=25; Thus
if Sarahad chosen 5, theresult would have been 25.
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To find the number thought by Saralet uswork backward from her answer 65. We
haveto find x such that

4x +5=65 (4.2
Solutionto theequation will give usthe number which Saraheldin her mind.

Letussmilarly look at Appu’sexample. Let uscall thenumber Balu choseasy. Appu
asksBalu to multiply the number by 10 and subtract 20 from the product. That is, fromyy,
Balufirst gets 10y and from there (10y —20). Theresult isknown to be 50.

Therefore, 10y — 20 = 50 (4.2
The solution of thisequationwill give usthe number Balu had thought of .

4.3 REVIEW OF WHAT WE KNOW

Note, (4.1) and (4.2) areequations. Let usrecal| what welearnt about equationsin Class
V1. An equation is a condition on a variable. In equation (4.1), the variable is x; in
equation (4.2), thevariableisy.

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

Thevalueof an expression thusformed dependsupon the chosen value of thevariable.
Aswehavedready seen, when x=1, 4x+5=9; when x =5, 4x+ 5= 25. Similarly,
when X =15, 4x+5=4%x15+5=065;
when Xx=0, 4x+5=4x0+5=5; and so on.

Equation (4.1) isacondition onthevariablex. It statesthat the value of the expression
(4x+5) is65. The condition is satisfied when x = 15. It isthe solution to the equation
4x +5=65. When x =5, 4x + 5 = 25 and not 65. Thus x = 5 is not a solution to the
equation. Similarly, x = 0isnot asolution to the equation. No other value of x other than
15 satisfiesthe condition 4x + 5= 65.

Thevalue of the expression (10y — 20) depends on the value of y. Verify thisby

TrY THESE

giving fivedifferent valuestoy and finding for each y the value of (10 y—20). From
thedifferent values of (10y —20) you obtain, do you see asolution to 10y —20 =507
If thereisno solution, try giving more valuesto y and find whether the condition
10y — 20 =50 is met.
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4.4 WHAT EQUATION 1s?

Inanequationthereisalwaysan equality sign. Theequality sign showsthat 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 (theright hand sideor R.H.S.). In
Equation (4.1), theL.H.S.is(4x+ 5) andtheR.H.S. is65. Inequation (4.2), theL.H.S.
is(10y—20) and the R.H.S. is50.

If thereissomesign other than the equdity sign betweentheL .H.S. andtheR.H.S,,
itisnot an equation. Thus, 4x+ 5> 65isnot an equation.

It saysthat, the value of (4x + 5) isgreater than 65.

Similarly, 4x+5<65isnot an equation. It saysthat thevalueof (4x +5) issmaller
than 65.

Inequations, weoftenfind that theR.H.S. isjust anumber. In Equation (4.1), itis65
andin Equation (4.2), itis50. But thisneed not be always so. TheR.H.S. of an equation
may be an expression containing the variable. For example, theequation

4Xx+5=6x—-25
hasthe expression (4x + 5) on theleft and (6x —25) on theright 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 noteasimpleand useful property of equations. Theequation4x+5=65is
the same as 65 = 4x + 5. Similarly, the equation 6x — 25 = 4x +5 is the same as
4x + 5 = 6x — 25. An equation remains the same, when the expression on the left
and ontheright areinterchanged. Thisproperty isoften useful in solving equations.

ExamprLE 1 Writethefollowing statementsintheform of equations:
() Thesum of threetimesxand 11is32.
(i) If yousubtract 5from 6 timesanumber, you get 7.
(i) Onefourth of mis3morethan7.
(iv) Onethird of anumber plus5is8.

SoLuTtiON
(i) Threetimesxis3x.
Sum of 3xand 11is3x + 11. Thesumis 32.
Theequationis3x+ 11 = 32.
(i) Letussay thenumberisz zmultipliedby 6is6z
Subtracting 5from 6z, onegets6z—5. Theresultis?.
Theequationis6z—5=7
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£

o Thenmberxissma
RY 1HESE or  Thenumber xis5morethan 9.

i) Onefourthof mis% .
Itisgreater than 7 by 3. Thismeansthedifference(% 7)is3.
. .m
Theequationis 2 07 =3. ﬂ(\ )
(iv) Takethenumber toben. Onethirdof nis Z ( ¥
3 é/\

The number plus5 isg +5.1tis8.

Theequation isg +5=8.

ExampLE 2 Convertthefollowing equationsin statement form:

i) x-5=9 (i) 5p=20 i) 3n+7=1 (V) %—2:6

SoLutioNn (i) Takingaway 5fromxgives9.
(i) Fivetimesanumber pis20.
(i) Add7tothreetimesntoget 1.
(iv) You get 6, whenyou subtract 2 from onefifth of anumber m.

What isimportant to noteisthat for agiven equation, not just one, but many statements
formscan begiven. For example, for Equation (i) above, you can say:

Writeat least oneotherformfor  or ~ Thenumber xisgreater by 5than 9.
eachEquation (ii), (i) and(iv). or  Thedifference between x and 5is9, and so on.

ExamvpLE 3 Consderthefollowingsituation:

Raju'sfather’'sageis5 yearsmorethan threetimesRaju'sage. Rgu'sfather is44 years
old. Set up an equationtofind Raju’sage.

SorutioNn  Wedo not know Raju’s age. Let ustakeit to bey years. Threetimes
Raju'sageis3y years. Rgju'sfather’sageis5 yearsmorethan 3y; that
is, Rgju'sfather is(3y + 5) yearsold. It isalso given that Rgju’ sfather
is44 yearsold.

Therefore, y+5=44 (4.3

Thisisanequationiny. It will give Rgu’ sagewhen solved.

ExampLE 4 A shopkeeper sells mangoesin two types of boxes, one small and one
large. A large box containsas many as 8 small boxes plus4 |oose man-

goes. Set up an equation which givesthe number of mangoesin each small
box. The number of mangoesin alargebox isgiven to be 100.

Sorution  Letasmal box contain mmangoes. A large box contains4 morethan 8
timesm, that is, 8m + 4 mangoes. But thisisgivento be 100. Thus

8m+ 4 =100 (4.4)
You can get the number of mangoesinasmall box by solving thisequation.



SIMPLE EQUATIONS

ExERcISE 4.1

1. Completethelast column of thetable.

S. | Equation Value Say, whether the equation
No. is satisfied. (Yes/ No)
@ | x+3=0 X=3
@i | x+3=0 x=0
@) | x+3=0 x=-3
(iv) | x=7=1 X=7
V) | x-7=1 X=8
(i) | 5x =25 x=0
(vii) | 5x =25 x=5
(viii) | 5x =25 Xx=-5
m —_ —_
(iX) 3 =2 m=—
m
) 3 2 m=0
. m
(x) 3" 2 m=6

2. Check whether theva ue giveninthebracketsisasol utionto the given equation or
not:
@ n+5=19(n=1) (b) N+5=19(n=-2) (c) n+5=19(n=2)
(d) 4p-3=13(p=1) (9 4p-3=13(p=-4) () 4p-3=13(p=0)
3. Solvethefollowing equationsby trial and error method:
() 5p+2=17 (i) 3m—-14=4
4. Writeequationsfor thefollowing statements:
(i) Thesumof numbersxand4is9. (i) Thedifferencebetweenyand?2is8.
(i) Tentimesais70. (iv) Thenumber bdivided by 5gives6.
(v) Threefourthof tis15. (vi) Seventimesmplus7 getsyou 77.
(vii) Onefourth of anumber minus4 gives4.
(viii) If youtakeaway 6 from 6timesy, you get 60.
(iX) 1f youadd 3toonethird of z you get 30.
5. Writethefollowing equationsin statement forms:

i) p+4=15 (i) m—7=3 (i) 2m=7 iv) %:3
V) 3?’”:6 (Vi) 3p+4=25 (i) 4p—2=18  (viil §+2:8
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6. Setupanequationinthefollowing cases:
(i) Irfansaysthat he has 7 marblesmorethan fivetimesthe marblesParmit has.
Irfan has 37 marbles. (Takemto be the number of Parmit’smarbles.)
(i) Laxmi’sfatheris49yearsold. Heis4 yearsolder thanthreetimesLaxmi’sage.
(TakeLaxmi’'sagetobeyyears.)

(i) Theteacher tellsthe classthat the highest marks obtained by astudent in her
classistwicethelowest marksplus7. The highest scoreis87. (Takethelowest
scoreto bel.)

(iv) Inanisoscelestriangle, thevertex angleistwiceeither baseangle. (Let thebase
angle be b in degrees. Remember that the sum of angles of atriangleis 180
degrees).

4.4.1 Solving an Equation
Consder 8-3=4+1 (4.5)
Sincethereisan equality sign between thetwo sides, so, at present wecall it anumerical
equation. Youwill study about itsformal terminology inthelater classes.

Theequation (4.5) istrue. Let uscall it balanced, since both sides of the equation are
equal. (Eachisequal to5).
® L etusnow add 2 to both sides; asaresult

LHS. =8-3+2=5+2=7, RHS =4+1+2=5+2=7.
Again we have an equation that is balanced. We say that the balanceisretained or
undisturbed.

Thusif we add the same number to both sides of a balance equation, the balance
is undisturbed.

L et usnow subtract 2 from both the sides; asaresult,
LHS. =8 -3-2=5-2=3, RHS. =4+1-2=5-2=3.
Again, weget abalanced 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.

For examplelet us multiply both the sides of the equation by 3, weget
LHS =3%x(8-3)=3x5=15 RH.S =3x(4+1)=3x5=15
Thebalanceisundisturbed.
L et usnow divide both sides of the equation by 2.

5

LHS:(8—3)—2:5—2: 5

5
RH.S.=(4+1])+2=5+2=7 =LHS
Again, thebalanceisundisturbed.
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If wetake any other numerical equation, we shall find the same conclusions,

Suppose, we do not observe these rules. Specificially, suppose we add different
numbers, to thetwo sides of abalanced equation. We shadl findinthiscasethat theba ance
isdisturbed. For example, let ustake again Equation (4.5),

8-3=4+1
add2totheL.H.S. and 3totheR.H.S. Thenew L.H.S.is8-3+2=5+2=7andthe
new RH.S.is4+ 1+ 3=5+ 3=8. Thebalanceisdisturbed, becausethe new L.H.S.
and R.H.S. arenot equal.

Thusif wefail 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 variablerepresentsanumber only.

Oftenan equationissaidto belikeawe ghing balance. Doing amathematical operation
on an equationislikeadding weightsto or removing weightsfrom the pansof aweighing
balance.

A
A balanced equation islike aweighing balance with equal
weightson bothitspans, in which casethearm of thebalanceis
exactly horizontal. If we add the same weightsto both the pans,
thearmremainshorizontd. Smilarly, if weremovethesameweights
) )

from both the pans, thearm remains horizontal . On the other hand
if weadd different weightsto the pansor removedifferentweights | L.H.S. R.H.S.
fromthem, the balanceistilted; that is, thearm of thebalance | A balanced equation is like a
doesnot remain horizontal. weighing balance with equal weights
in the two pans.

Weusethisprinciplefor solving an equation. Here, ofcourse,
the balance isimaginary and numbers can be used as weights that can be physically
balanced against each other. Thisisthereal purposein presenting the principle. Let us
take someexamples.

® Consider theequation: x+3=8 (4.6)
Weshall subtract 3 from both sides of thisequation.
ThenewL.HSis x+3-3=x ad thenewRH.Sis8-3=5

Why should we subtract
A 3, and not some other
number? Try adding 3.
Will it help? Why not?

It is because subtract-

“ ing 3 reduces the L.H.S.

to x.

Sincethisdoesnot disturb the balance, wehave
New L.H.S. = New R.H.S. or x=5
whichisexactly what wewant, the solution of the equation (4.6).
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To confirm whether we areright, weshall put x=5intheoriginal equation. Weget
L.H.S.=x+3=5+3=8,whichisequal tothe R.H.S. asrequired.

By doing theright mathematical operation (i.e., subtracting 3) on both thesidesof the
equation, wearrived at the solution of the equation.

® | etuslook 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 thebalanceand also theL.H.S. will reducetojust x.

New LHS =x-3+3=x, NewRH.S =10+3=13

A Therefore, x =13, whichistherequired solution.
By puttingx = 13intheorigina equation (4.7) weconfirm that
thesolutioniscorrect:
L.H.S. of original equation=x—3=13-3=10

Thisisequal totheR.H.S. asrequired.
® Similarly, let uslook at theequations

By = 35 (4.8)
7
m
: 5= 5 (4.9)
{ Inthefirst case, weshal divideboth thesidesby 5. Thiswill giveusjustyonL.H.S.
Sy S5xy 35 5x7
= == - == 7
New L.H.S. 5 5 y ) New R.H.S. 5 5
Therefore, y=7
Thisistherequired solution. We can substitutey = 7in Eq. (4.8) and check that it is
stisfied.
Inthe second case, we shall multiply both sidesby 2. Thiswill give usjust monthe
L.HS

Thenew L.H.S. = %X2 =m. Thenew RH.S.=5x%x 2=10.

Hence, m=10(Itistherequired solution. You can check whether thesolutioniscorrect).

One can seethat in the above exampl es, the operati on we need to perform depends
on the equation. Our attempt should be to get the variable in the equation separated.
Sometimes, for doing sowemay haveto carry out morethan one mathematical operation.
L et ussolvesomemoreequationswiththisin mind.

ExavprLE 5 Solve (8) 3n+7=25 (4.10)
(b) 2p—1=23 (4.12)
SoLuTtiON

(@ Wego stepwiseto separatethevariablenonthel .H.S. of theequation. TheL.H.S.
is3n+ 7. Weshall first subtract 7 from it so that we get 3n. From this, in the next
step we shall divide by 3 to get n. 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



SIMPLE EQUATIONS

Now divideboth sideshy 3,
n_18 S0
or n = 6, whichisthesolution.
(b) What should wedo here?First we shall add 1 to both the sides:
2p—1+1=23+1 (Step 1)
or 2p=24
. . 2p _24
Now divide both sidesby 2, we get ST (Step 2)
or p = 12, whichisthesolution.

Onegood practiceyou should develop isto check the solution you have obtained.
Although we have not donethisfor (a) above, let usdoit for thisexample.

Let usput the solution p = 12 back into the equation.
LHS =2p-1=2x12-1=24-1
=23=RH.S
The solutionisthuschecked for itscorrectness.
Why do you not check the solution of (a) also?

We are now in aposition to go back to the mind-reading game presented by Appu,
Sarita, and Ameenaand understand how they got their answers. For thispurpose, let us
look at the equations (4.1) and (4.2) which correspond respectively to Ameena'sand
Appu’ sexamples.

® First consider theequation 4x + 5= 65. (4.1)
Subtract 5 from both sides, 4x+5—-5=65-5.
e 4x = 60
Divide both sidesby 4; thiswill separate x. We get % = 67?
or x = 15, whichisthesolution. (Check, if itiscorrect.)
® Now consider,10y —20= 50 (4.2)
Adding 20 to both sides, we get 10y—20+20=50+ 20 or 10y =70
Divideboth sidesby 10, we get 10y = 0
10 10
or y = 7, whichisthesolution. (Check if itiscorrect.)

Youwill redisethat exactly theseweretheanswversgiven by Appu, Saritaand Ameena.
They had learnt to set-up equationsand solvethem. That iswhy they could construct their
mind reader gameand impressthewholeclass. Weshall comeback tothisin Section4.7.



=T /A THEMATICS

EXERCISE 4.2

1. Givefirstthestep youwill useto separatethe variable and then solve the equation:
@x-1=0 (b) x+1=0 () x-1=5 (d x+6=2

@y-4=-7 () y-4=4 @ y+4=4 M) y+4 =-4
2. Givefirstthestepyou wil Ibuseto Separate the variable and then solve the equation:
(@ 31 =42 () =6 © §=4 (d) 4x=25
=36 Z.2 el h) 20t =10
(&) 8y = ® 37 © =13 () 20t =-

3. Givethestepsyouwill useto separatethe variable and then solvethe equation:

20 3
@3n-2=46 (b) 5m+7=17 (0 Tp:40 ©) %:6

4. Solvethefollowingequations.

@10p=100  (b) 10p+10=100 (c) §=5 ©) %:5
3p

G T=6 (f) 3s=-9 (@ 3s+12=0 (h) 3s=0

i) 2q=6 () 29-6=0 (k) 2q+6=0 () 2q+6=12

4.5 More EQuATIONS

L et us practise solving some more equations. While solving these equations, we shall [earn
about transposing anumber, i.e., moving it from onesideto the other. We can transpose a
number instead of adding or subtracting it from both sides of the equation.

ExamvpLE 6 Sove 12p-5 =25 (4.12)
SOLUTION _Note adding 5to bo_th si(_j&e
i ] ) isthe same aschanging side
® Adding5 on both sidesof the equation, of (=5).
12p-5+5=25+5 or 12p=30 12p-5=25
12p=25+5
® Dividingbothsidesby 12, Changing side is called
12p 30 5 transposing. While trans-
T 12 o Py _posi_ng a number, we change
itssign.

5
Check Puttingp= 5 intheL.H.S. of equation 4.12,

LHS = 12><§Ds —6x5-5
=30-5=25=R.H.S.
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Aswe have seen, while solving equations one commonly used operationisadding 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
fromboth sides. Indoing so, the sign of the number hasto be changed. What appliesto
numbers al so appliesto expressions. L et ustake two more examplesof transposing.

Addingor Subtracting Transposing
on both sides
() 3p—10=5 () 3p—10=5
Add 10to both sides Transpose (—10) fromL.H.S.toR.H.S.
3p—10+10=5+10 (Ontransposing — 10 becomes + 10).
or 3p=15 3p=5+10 or 3p=15
(i) bx+12=27 (i) 5x+12=27
Subtract 12 from both sides Transposing + 12
(Ontransposing + 12 becomes—12)
5x+12-12=27-12 5x=27-12
or 5x=15 or 5x=15

We shall now solvetwo more equations. Asyou can seethey involve brackets, which
haveto be solved before proceeding.
ExavrLE 7 Solve
@ 4(m+3) =18 (b) —2(x+3)=5
SoLuTION
@ 4(m+3) =18
Let usdivideboththesidesby 4. Thiswill removethebracketsintheL.H.S. Weget,

18 9
m+3=— m+3=—
g 7 2

9 .
or m=- 13 (transposing 3toR.H.S.)

3 9 9 6 3
or m=—_ (requiredsolution ——3=——-—=—
> (requi i )(as2 573 2)

Check L.H.S.= 4B+3}=4x%+4><3=2><3+4x3 [put m=

=6+12=18=RH.S
(b 2(x+3)=5
Wedivide both sidesby (- 2), so asto removethebracketsintheL.H.S. We get,

5 5 .
x+3= DE or X= DE 13 (transposing 3toR.H.S))

e x= o X=-— (required solution)
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11 11 6 -11+6
HS = 2| 0—=+3|=12| U—+—|=(2
Check L.H.S. ( 7 ) ( ) 2) ( 7 )

:_z(mgj =%=5 =R.H.S. asrequired.

4.6 From SoLutioN To EQUATION

Atul alwaysthinksdifferently. He looks at successive steps that one takesto solve an
equation. Hewonderswhy not follow the reverse path:

Equation ———» Solution  (normal path)

Solution ——— Equation  (reversepath)

Hefollowsthe path given bel ow:

Startwith l X=5

Start with the same step  Multiply both sidesby 4, 4x =20 Divideboth sdesby 4.
x=5andmaketwodifferent  Subtract 3 from both sides, l, 4x-3=17 T Add 3to both sides.

equations. ASKtwo of your Thishasresulted in an equation. If wefollow thereverse path with each

classmates to solve the

step, asshown on theright, we get the sol ution of the equation.

equations. Check whether _ _ _ _
they get the solution x=5. Hetd fedlsinterested. Shestartswith the samefirst step and buil dsup another

equation.
X=5
Multiply both sdesby 3 3x =15
Add 4 to both sides 3x+4=19

Start withy =4 and make two different equations. Ask three of your friendsto do the
same. Aretheir equationsdifferent fromyours?

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, you get one solution;
but given a solution, you can make many equations?

Now, Sarawantsthe classto know what sheisthinking. Shesays, “| shall takeHetd’s
equation and put it into astatement form and that makesa puzzle. For example,

Think of anumber; multiply it by 3and add 4 to the product. Tell methe sum you get.

If thesumis 19, theequation Heta got will giveusthe solutiontothepuzzle. Infact, we
know itis5, because Hetd started withit.”

Sheturnsto Appu, Ameenaand Saritato check whether they made

Try to make two numbe" ther pUZZ|ethISW<':Iy All thr%w, “Yedl”
puzzles onewiththesolution  We now know how to create number puzzles and many other similar
11 and another with 100 problems.
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EXERCISE 4.3

1. Solvethefollowingequations.

537
@2+3=" (B 5t+28=10 (O +3=2 () ,+7=5

2 2
G) %x=[[l0 () §x=24—5 ) 7m+%=13 (h) 6z+10=-2
3l 2 26
0 >=3 @) 5 =3
2. Solvethefollowing equations.
(@ 2(x+4)=12 (b) 3(n—5)=21 (c) 3(n-5=-21
(d 3-22-y)=7 (& -42-x=9 M 42-x=9

@ 4+5(p-1)=34 () 34-5(p-1)=4
3. Solvethefollowing equations.
@ 4=5(p-2) (b) —4=35(p-2) (© -16=-5(2-p)
(d) 10=4+3(t+2) (€ 286=4+3(t+5) (f) 0=16+ 4(m-6)
. (8) Construct 3 equationsstartingwithx =2
(b) Construct 3 equationsstartingwithx =—2

IN

4.7 AprPLICATIONS OF SIMPLE EgQuATiONs TO PRACTICAL
SiTuATIONS

We havedready seen examplesinwhich we havetaken statementsin everyday language
and converted theminto s mpleequations. Wed so havelearnt how to solvesmpleeguations.
Thusweareready to solve puzzles/problemsfrom practical situations. Themethod isfirst
to form equations corresponding to such situations and then to solve those equationsto
give the solution to the puzzles/problems. We begin with what we have already seen
(Examplel (i) and (iii), Section 4.2)

ExaMmpPLE 8 Thesum of threetimesanumber and 11 is32. Find the number.

SoLuTION

® |f theunknown number istakento bex, then threetimesthe number is3x and thesum
of 3xand 11is32. Thatis, 3x+11=32

This equation was obtained

® Tosolvethi ion r 11toR.H.S, soth - :
o solvethiseguation, wetranspose 11to R H.S., sothat earlierin Section 4.2, Example 1.

3Xx=32-11 or 3x=21

Now, divideboth sidesby 3
o X=—=7
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Therequired number is7. (Wemay check it by taking 3times7 and adding 11 toit. It
gives32asrequired.)

ExavpLE 9 Findanumber, such that onefourth of the number is3 morethan 7.
SoLuTION

® | et ustakethe unknown number to bey; onefourth of yis % .

Thisnumber (ﬂ iIsmorethan 7 by 3.

Hence we get the equation for y as % -7=3

® Tosolvethisequation, first transpose7to R.H.S. We get,

(i) When you multiply a pa ~3+7=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 _

thenumber i<? i 4=10x4 or y=40 (therequired number)
(i) What isthat number one Let uscheck theequation formed. Putting thevaueof yin theequation,

third of whichaddedto 5 40

gives8? LHS. =— -7=10-7=3=RH.S, asrequired.

4

ExavpLE 10 Rgu'sfather’'sageis5yearsmorethanthreetimesRaju’'sage. Find
Rau'sage, if hisfather is44 yearsold.

SoLuTtiON

® |f Rgu'sageistakentobeyyears, hisfather'sageis3y + 5andthisisgiventobe44.
Hence, the equation that givesRaju'sageis y+5=44

® Tosolveit, wefirst transpose5, to get y=44-5=39
Dividing both sidesby 3, we get y=13
Thatis, Rgu'sageis13years. (You may check theanswer.)

TrY THESE

EN
1 .
- '

Therearetwo typesof boxes containing mangoes. Each box of thelarger type contains
4 more mangoesthan the number of mangoes contained in 8 boxesof thesmaller type.
Each larger box contains 100 mangoes. Find the number of mangoes contained inthe
smaller box?
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ExXERCISE 4.4

1. Setupequationsand solvethem tofind the unknown numbersinthefollowing cases.

@
()
©
©)
©

®

@

Add 4 to eight timesanumber; you get 60.

Onefifth of anumber minus4 gives 3.

If | takethreefourths of anumber and count up 3 more, | get 21.
When | subtracted 11 from twice anumber, theresult was 15.

Munnasubtracts thrice the number of notebooks he hasfrom 50, hefindsthe
result to be 8.

Ibenhal thinks of anumber. If sheadds19toit and dividesthesumby 5, she
will get 8.

5
Anwar thinks of anumber. If he takes away 7 from 5 of the number, the
11

resultis —.
asutls2

2. Solvethefollowing:

@

(b)

©
()

Theteacher tellsthe classthat the highest marks obtained by astudent in her
classistwicethe lowest marks plus 7. The highest scoreis 87. What isthe
lowest score?

In anisoscelestriangle, the base angles are equal. The vertex angleis 40°.
What arethe base anglesof thetriangle? (Remember, the sum of threeanglesof
atriangleis180°).

Smita smother is 34 yearsold. Two yearsfrom now mother’sagewill be4
times Smita' s present age. What is Smita’s present age?

Sachin scored twiceasmany runsas Rahul. Together, their runsfell two short
of adouble century. How many runsdid each one score?

3. Solvethefollowing:

0]

Irfan saysthat he has 7 marbles more than five times the marbles Parmit has.
Irfan has 37 marbles. How many marblesdoes Parmit have?
Laxmi'sfatheris49yearsold. Heis4 yearsolder than threetimesLaxmi'sage.
WhatisLaxmi'sage?

Maya, Madhuraand Mohsinaarefriendsstudying inthe sameclass. Inaclass
test in geography, Mayagot 16 out of 25. Madhuragot 20. Their average score
was 19. How much did Mohsinascore?

People of Sundargram planted atotal of 102 treesin thevillage garden. Someof
the treeswerefruit trees. The number of non-fruit trees were two more than
threetimesthe number of fruit trees. What wasthe number of fruit treesplanted?
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. Solvethefollowingriddle:
| amanumber,

Tel my identity!
Take me seventimesover

And add afifty!
Toreachatriplecentury

Youdtill needforty!

WHAT HAVE WE DISCUSSED?

. Anequationisacondition on avariable such that two expressionsin thevariable
should haveequa value.

. Thevaueof thevariablefor which theequationissatisfied iscaled the solution of the
equation.

. Anequation remainsthe sameif theL.H.S. and theR.H.S. areinterchanged.
. Incase of the balanced equation, if we

() addthe samenumber to boththesides, or (ii) subtract the same number from
both thesides, or (iii) multiply both sidesby the samenumber, or (iv) divideboth
sides by the same number, the balance remainsundisturbed, i.e., the value of the
L.H.S. remainsequal tothevaueof theR.H.S.

. Theabove property givesasystematic method of solving an equation. Wecarry out
aseriesof identical mathemeatical operationson thetwo sdesof theequationin such
away that ononeof thesdesweget just thevariable. Thelast stepisthe solution of
theequation.

. Transposing meansmoving totheother side. Transposition of anumber hasthesame
effect asadding same number to (or subtracting the same number from) both sides of
the equation. When you transpose anumber from one side of the equation to the
other side, you changeitssign. For example, transposing +3fromtheL.H.S. tothe
R.H.S.inequation x+ 3=8givesx=8—-3(=5). Wecan carry out thetransposition
of an expression inthe sameway asthetransposition of anumber.

. We have learnt how to construct simple agebraic expressions corresponding to
practical Stuations.

. Wea solearnt how, using the technique of doing the same mathematical operation
(for exampleadding the same number) on both sides, we could build an equation
garting fromits solution. Further, weasolearnt that we could relateagiven equation
to someappropriate practical situation and build apractical word problem/puzzle
fromtheequation.
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5.1 INTRODUCTION

You aready know how to identify different lines, line segments and anglesin agiven
shape. Can you identify the different line segments and angles formed in the following
figures? (Fig 5.1)

Sl in U

0 (iii) (iv)

Fig 5.1
Canyou asoidentify whether the angles made are acute or obtuse or right?

Recall that aline segment hastwo end points. If we extend thetwo end pointsin either
direction endlesdy, weget aline. Thus, we can say that alinehasno end points. On the other
hand, recall that aray hasoneend point (namely itsstarting point). For example, look at the
figuresgivenbeow:

Q
A
0) ) 3
P Oe P

. i .
Fig 5.2

Here, Fig 5.2 (i) showsalinesegment, Fig 5.2 (ii) showsalineand Fig 5.2 (iii) isthat

of aray. A linesegment PQisgeneraly denoted by thesymbol PQ, alineAB isdenoted by

thesymbol AB andtheray OPisdenoted by OP . Givesomeexamplesof linesegmentsand
raysfromyour daily lifeand discussthemwithyour friends.
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Againrecall that an angleisformed when linesor line segmentsmeet. InFig 5.1,
observethe corners. These cornersareformed when two linesor line segmentsintersect
at apoint. For example, look at thefiguresgiven below:

A

0] _ (i)
Fig 5.3
InFig5.3(i) linesegmentsAB and BCintersect at B toform angleABC, and again
line segments BC and AC intersect at C to form angle ACB and so on. Whereas, in
Fig 5.3 (ii) linesPQ and RSintersect at O to form four angles POS,
SOQ, QOR and ROP. An angle ABC is represented by the symbol
ZABC. Thus,inFig5.3(i), thethreeanglesformed are ZABC, Z/BCA
and ZBAC, andinFig 5.3 (ii), thefour anglesformed are £/POS, £SOQ,
ZQOR and ZPOR. You have dready studied how to classify theangles
asacute, obtuse or right angle.

Note: Whilereferringtothemeasureof anangleABC, weshal writemZABC assmply
ZABC. Thecontextwill makeit dear, whether wearereferringtotheangleor itsmeesure.

List ten figures around you
and identify theacute, obtuse
andright anglesfoundinthem.

5.2 RELATED ANGLES

5.2.1 Complementary Angles
When the sum of the measures of two anglesis90°, theanglesare called complementary

angles.
60°
30° 35°
65°
0] (i) (i) (v)
Are these two angles complementary? Are these two angles complementary?
ves Fig 5.4 No

Whenever two angles are complementary, each angleis said to bethe complement
of theother angle. Intheabovediagram (Fig 5.4), the* 30° angle’ isthe complement of the
‘60° angle’ andviceversa
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Tuink, Discuss AND WRITE ‘WW
1. Cantwo acute anglesbe complement to each other? f Q\/(
2. Cantwo obtuse anglesbe complement to each other? ~ B
3. Cantwo right anglesbe complement to each other? yan

Try THESE
1. Whichpairsof following anglesare complementary?(Fig 5.5)

20
259
70° N 75°
0 (i)
52°
48° L 35° 55°¢ -
(i) Fig 5.5 )
2. What isthemeasure of the complement of each of thefollowing angles?
(i) 45° (i) 65° (iiiy 41° (iv) 54°

3. Thedifferenceinthe measuresof two complementary anglesis 12°. Find the measures of theangles.

5.2.2 Supplementary Angles
Let usnow look at thefollowing pairsof angles(Fig 5.6):

“0° 120 650 112

0] (i)
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100°

135°

80°

(i Fig 5.6 )

Do you noticethat the sum of the measures of the anglesin each of the above pairs
(Fig 5.6) comesout to be 180°? Such pairs of anglesare called supplementary angles.
When two angles are supplementary, each angleissaid to bethe supplement of the other.

THINK, Discuss AND WRITE

1. Cantwo obtuseanglesbe supplementary?
2. Cantwo acuteanglesbe supplementary?
3. Cantworight anglesbe supplementary?

TrY THESE

1. Findthepairsof supplementary anglesinFig5.7:

105°
(i)

50°

110°

v

S
>

45° N

(i) Fig 5.7 W)

0]

v
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2. What will bethe measure of the supplement of each one of thefollowing angles?
(i) 2100° (i) 90° (iii)y 55° (iv) 125°

3. Among two supplementary anglesthe measure of thelarger angleis44° morethan
themesasureof the smaller. Find their measures.

5.2.3. Adjacent Angles
Look at thefollowingfigures:

When you open abook it lookslike the above Look at this steering wheel of a car. At the

figure. InA and B, we find apair of angles, centre of the wheel you find three angles

placed next to each other. being formed, lying next to one another.
Fig5.8

At both the verticesA and B, wefind, apair of anglesare placed next to each other.
Theseanglesaresuchthat:
(i) they haveacommon vertex;
(i) they haveacommonarm; and
(iif) thenon-common armsare on either side of thecommon arm.

Such pairsof anglesare called adjacent angles. Adjacent angles have acommon
vertex and acommon arm but no common interior points.

Try THESE
1. Aretheanglesmarked 1 and 2 adjacent? (Fig 5.9). If they are not adjacent,
say, ‘why’.
1 —~—
1
2 2 1 2 N X[

N
v

0] (ii) (iii)
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5 >
1
' 2
! ' >

W) Fig 5.9 )

2. InthegivenFig5.10, arethefollowing adjacent angles?
(@ Z£AOBand £BOC
(b) «BOD and £BOC
Jusgtify your answer.

THINK, Discuss AND WRITE

Can two adjacent angles be supplementary?

Can two adjacent anglesbe complementary?

Can two obtuse angles be adjacent angles?

Can an acute angle be adjacent to an obtuse angle?

A wDNPRE

g} 5.2.4 Linear Pair

A linear pair isapair of adjacent angleswhosenon-common sdesareoppositerays.

2 1
Are /1, Z2 alinear pair? Yes Are /1, 2 alinear pair? No! (Why?)
0] Fig 5.11 (i)

InFig 5.11 (i) above, observe that the opposite rays (which are the non-common
sidesof Z1and £2) formaline. Thus, £1+ £2 amountsto 180°.

Theanglesinalinear pair are supplementary.
Haveyou noticed modelsof alinear pair inyour environment?

Note carefully that a pair of supplementary angles form a linear pair when
placed adjacent to each other. Do you find examplesof linear pairinyour daily life?
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Observe avegetable chopping board (Fig 5.12).

T
(G
VI

A vegetable chopping board A pen stand

The chopping blade makes a The pen makes alinear
linear pair of angleswith the board. pair of angles with the stand.
Fig 5.12

Canyou say that the chopping bladeismaking alinear pair of angleswith the board?
Again, look at apen stand (Fig 5.12). What do you observe?

THINK, DISCUSS AND WRITE

1. Cantwoacuteanglesformalinear pair?
2. Cantwoobtuseanglesformalinear pair?
3. Cantworight anglesformalinear pair?

TrY THESE

Check which of thefollowing pairsof anglesformalinear pair (Fig5.13):

405
140°
@)

90°

60°

65°

80°

115°

v

(iif) Fig 5.13 (iv)
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5.2.5 Vertically Opposite Angles
Next take two pencilsand tiethem with the hel p of arubber band at the middle as shown

(Fig5.14).

Look at thefour anglesformed £1, £2, £3 and Z4. 1
Zlisverticaly oppositeto /3. 2 4
and Z2isvertically oppositeto £4. 3
Wecall £1and £3, apair of vertically oppositeangles. Fig 5.14

Canyou nametheother pair of vertically opposite angles?
Does /1 appear to beequal to £3? Does £2 appear to be equal to £4?

Beforechecking this, let ussee somered life examplesfor vertically oppositeangles
(Fig5.15).

Draw twolines| and m, intersecting at apoint. You cannow mark £1, £2, /3 and
Z4 asintheFig (5.16).

Takeatracecopy of thefigure on atransparent sheet.

Placethe copy ontheorigina suchthat £ 1 matcheswithitscopy, £2 matcheswith
itscopy, ... etc.

Fix apin at the point of intersection. Rotate the copy by 180°. Do thelinescoincide
again’?

)

can berotated to get

Fig 5.16

Youfindthat £1 and £3 haveinterchanged their positionsand so have £2 and Z4.
Thishasbeen donewithout disturbing the position of thelines.

Thus, £1=/3 and £2 = /4.



LINES AND ANGLES KX

We conclude that when two lines inter sect, the vertically opposite angles so
formed areequal.

Let ustry to provethisusing Geometrical dea !

Let usconsider twolinesl andm. (Fig 5.17)

Wecan arriveat thisresult through logical reasoning asfollows: o

Let| and mbetwo lines, whichintersect a O, < 3 >m

0
making angles £1, /2, /3and /4. /</ |
Wewant to provethat £1 =3 and £2 = /4 Fig 5.17

Now, £1=180° — £2 (Because £1, £2 formalinear pair, so, Z1+ £2=180° (i)
Similarly, £3=180°- /2 (Since £2, Z3formalinear pair, so, £2+ £3=180° (ii)
Thefore, £1=43 [By(i)and(ii)]

Similarly, we canprovethat £2= /4, (Tryit!)

/

2

. >
—*

1. Inthegivenfigure, if
£1=30° find £2and £3.

2. Giveanexamplefor vertically oppositeanglesin
your surroundings.

ExampLE 1 InFig(5.18) identify: .E
() Fiveparsof adjacent angles. (i) Threelinear pairs.
(i) Two pairsof vertically oppositeangles.

SoLuTION . .
(i) Fiveparsof adjacent anglesare (£LAOE, ZEOC), (£LEOC, £LCOB), A
(£LAOC, £COB), (£COB, £BOD), (£EOB, £BOD)
(i) Linear pairsare(£AOE, LEOB), (£AOC, £COB),
(£COB, £BOD)
(i) Vertically oppositeanglesare: (£COB, ZAOD), and (£LAOC, £BQOD)

o
e

ExERCISE 5.1

1. Findthecomplement of each of thefollowing angles:

63° 570

20°

0] (i) (if)
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2.

o

10.

Find the supplement of each of thefollowing angles:

154°
105°

0] (i) (i)

I dentify which of thefollowing pairs of anglesare complementary and which are
upplementary.

(i) 65° 115° (i) 63°, 27° (i) 1120, 68°

(iv) 130°, 50° (v) 45° 45° (vi) 80°, 10°

Findtheanglewhichisequal toitscomplement.
Findtheanglewhichisequal toitssupplement.
Inthegivenfigure, £1and £2 are supplementary 1
angles
If £1isdecreased, what changes should take place
in £2 so that both the angles still remain
upplementary.

Cantwo anglesbe supplementary if both of them are:

(i) acute? (i) obtuse? (i) right?
Anangleisgreater than 45°. Isits complementary angle greater than 45° or equal to
45° or lessthan 45°?

Intheadjoiningfigure: A®

() IsL1ladjacentto £2? 1
(i) Is£AOC adjacent to LAOE? 2
(i) Do ZCOE and ZEOD form alinear pair? 3
(iv) Are/BOD and ZDOA supplementary? 4
(v) IsZL1verticaly oppositeto £4?

(vi) What isthevertically oppositeangleof £5?

Indicatewhich pairsof anglesare:

(i) Verticaly oppositeangles. (i) Linearpairs.

[Tie

«B
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11. Inthefollowingfigure, is.£1 adjacent to £2? Givereasons.

1

2

12. Findthevauesof theanglesx, y, and zin each of thefollowing:

Y
55° X 40° . X 25°
z S
0) (i)

13. Fillintheblanks:
(i) If twoanglesare complementary, thenthe sum of their measuresis
(i) If two anglesare supplementary, then the sum of their measuresis
(i) Twoanglesformingalinear pair are .
(iv) If two adjacent anglesare supplementary, they forma
(v) Iftwolinesintersect at apoint, thenthevertically oppositeanglesare always

(vi) Iftwolinesintersect at apoint, andif onepair of vertically oppositeanglesare
acuteangles, then the other pair of vertically oppositeanglesare .
14. Intheadjoiningfigure, namethefollowing pairsof angles.
(i) Obtusevertically oppositeangles
(i) Adjacent complementary angles
(iii) Equd supplementary angles
(iv) Unegua supplementary angles B 0
(v) Adjacent anglesthat do not formalinear pair
5.3 Pairs oF LINES

5.3.1 Intersecting Lines

A *E

11>

Ne

Fig 5.19
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Theblackboard onitsstand, theletter Y made up of line segmentsand the grill-door of
awindow (Fig5.19), what do dll thesshavein common? They areexamplesof inter secting
lines.

Twolines| and mintersect if they haveapoint in common. Thiscommon point Ois
their point of inter section.

THINK, DISCUSS AND WRITE

InFig5.20,AC and BE intersect at P. ¢
ACandBCintersect at C,AC and ECintersect at C.
Try tofind another ten pairsof intersecting linesegments. g

Should any two lines or line segments necessarily ¥ E
intersect? Canyou find two pairsof non-intersecting line A
segmentsinthefigure? 1

Fig 5.20

Cantwo linesintersect in morethan one point? Think about it.

1. Findexamplesfromyour surroundingswherelinesintersect at right angles.

2. Findthe measuresof theanglesmade by theintersecting linesat the verticesof an
equilatera triangle.

3. Draw any rectangleand find themeasures of anglesat thefour verticesmadeby the
intersectinglines.

4. If twolinesintersect, dothey dwaysintersect at right angles?

5.3.2 Transversal

You might have seen aroad crossing two or moreroadsor arailway linecrossing severa
other lines(Fig5.21). Thesegiveanideaof atransversal.

@) Fig 5.21 (ii)
A linethat intersectstwo or morelinesat distinct pointsiscalled atransver sal.
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IntheFig5.22, pisatransversal tothelines! and m.

P

Fig 5.22

InFig5.23thelinepisnot atransversal, althoughit cutstwo
lines| and m. Canyou say, ‘why’?
5.3.3. Angles made by a Transversal

InFig5.24, you seelines| and mcut by transversal p. Theeight
anglesmarked 1to 8 havetheir specia names:

Fig 5.23

TrRY THESE

1. Suppose two lines are given.
How many transversalscanyou
draw for theselines?

2. If alineisatransversa tothree

p lines, how many points of
1 intersectionsarethere?
(7 12 3. Trytoidentify afewtransversas
3 \{ inyour surroundings.
S
/N6
7
8
Fig 5.24
Interior angles /3, /4, /5, £6
Exterior angles /1, /2, /7, /8
Pairsof Corresponding angles Zland £5, Z2and /6,

Z3and L7, Z4and £8

Pairsof Alternateinterior angles

/3 and £6, £4 and £5

Pairsof Alternateexterior angles

Zland £8, £2and £7

Pairsof interior anglesonthe
samesideof thetransversa

/3 and £5, 4 and £6

Note: Corresponding angles(like Z1and £5inFig5.25) include

() differentvertices

(i) areonthesamesideof thetransversa and
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(iii) arein‘corresponding’ positions (aboveor below, |eft or right) relativeto the

twolines.
1
3 2 4
6
5
7 8
Fig 5.25
Alternateinterior angles(like £3and £Z6inFig 5.26) 3
() havedifferent vertices 4
(i) areonoppositesidesof thetransversal and 6 5
(iii) liebetween’ thetwolines. Fig 5.26
Try THESE
Namethepairsof anglesin eachfigure:
. 5
Ay

N
v

TR
E/

5.3.4 Transversal of Parallel Lines

Do you remember what parallel linesare? They are lines on a plane that do not meet
anywhere. Canyou identify pardld linesinthefollowing figures? (Fig 5.27)

/e uk

~/\.  Fig5.27
Transversasor pardle linesgiveriseto quiteinteresting results.
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Do THis

Takearuled sheet of paper. Draw (inthick colour) two paralel linesl and m.
Draw atransversal ttothelines| and m. Label £1and £2 asshown [Fig5.28(i)]. §
Placeatracing paper over thefiguredrawn. Tracethelinesl, mandt.
Slidethetracing paper alongt, until | coincideswith m.

Youfindthat £1 onthetraced figurecoincideswith £2 of theorigina figure.
Infact, you can seed| thefollowing resultsby similar tracing and diding activity.
(i) £1= 22 (i) «£3= 24 (iii) £5= £6 (iv) £7= 48 <~

7' P
/ /
< / > < l >'
LY N
< / >/ < / >
Ve Y
/ /
/ /
v 0) v (ii)
A '
[ /
. / 51 J | R
< \5/ . v .
< >0 [ m
g < >
~ g
/ /
v | 4
(ii) Fig 5.28 (iv)

Thisactivity illustratesthefollowing fact:

If two parallel linesare cut by atransversal, each pair of corresponding anglesare
equal inmeasure.

We usethisresult to get another interesting result. Look at Fig 5.29.
Whent cutsthe parallel lines, I, m, weget, £3 = /7 (vertically opposite angles).
But £7 = 8 (corresponding angles). Therefore, £3= /8
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Youcangmilarly showthat #1 = /6. Thus, wehave t
thefollowing result :

If two parallel linesarecut by atransversal, each 57 l
pair of dternateinterior anglesareequdl. 31

This second result leads to another interesting
property. Again, from Fig 5.29. 6 8 m

£3+ £1=180° (£3and Z1formalinear pair) 4
But £1=26 (A pair of alternateinterior angles)
Therefore, we can say that £3+ £6=180°.

Fig 5.29
Similarly, £1+ #8=180°. Thus, we obtain thefollowing result: 9

If two parald linesarecut by atransversa, then each pair of interior anglesonthesame
sideof thetransversal are supplementary.

You canvery easily remember theseresultsif you canlook for relevant * shapes .
The F-shape standsfor corresponding angles:

TheZ - shape standsfor alternate angles.
t

T 5

Draw apair of parald linesand atransversal. Verify the abovethree statementsby actually
messuring theangles.
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7
/

Lines! |[m;
tisatransversa
LX=?

/o /

Linesl || m;
tisatransversa
L72=7

L)
L~

[ ;
. 55
a - i

Linesa||b;

cisatransversal
£Ly="7?

t
/

m
S
Linesl || m;

tisatransversa
L X=7?

.1, betwolines
tisatransversa
Is£1=4/27

/ m

;F,
L,

5.4 CHECKING FOR PARALLEL LINES

If twolinesareparale, then you know that atransversal givesriseto
pairsof equal corresponding angles, equal alternateinterior angles
and interior angles on the same side of the transversal being
supplementary.

Whentwolinesaregiven, isthereany method to check if they are
parald or not?You need thisskill in many life-oriented Situations.

A draftsman usesacarpenter’ ssquare and astraight edge (ruler)
to draw these segments (Fig 5.30). Heclamsthey areparalel. How?

Areyou ableto seethat he haskept the corresponding anglesto
beequal? (What isthetransversal here?)

Thus, when a transversal cuts two lines, such that pairs of
corresponding anglesare equal, then thelineshaveto beparallel.

Look at theletter Z(Fig 5.31). The horizontal segmentshereare
paralld, becausethealternateanglesareequal .

When atransversal cutstwo lines, such that pairs of alternate
interior anglesare equal, the lines haveto be parallel.

[

Linesl ||m,p|lq;
Finda, b, c,d

Fig 5.30

Fig 5.31
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p
Draw alinel (Fig5.32). !
Draw alinem, perpendicular tol. Againdraw alinep,
suchthat pisperpendicular tom. 2 l

Thus, pisperpendicular to aperpendicular tol.

Youfindp||l. How?Thisisbecauseyou draw p such _
that £1+ £2=180°. Fig 5.32

Thus, when atransversal cutstwo lines, such that pairsof interior angleson the
same side of the transversal are supplementary, the lines have to be parallel.

/ >/ < \ s/

N
=
3\2
S
[=)
~
A2 A2
§ -~

50° 500
500 o < >m -~
b / 130"\\
ISl || m?Why? Isl||m?Why? If 1 ]| m, what is £x?

EXERCISE 5.2

1. Statethe property that isused in each of the
following satements?

h
4/3
@i If a|lb,then £1= /5. % \
5/6 b

(i) If £4=26,thenal|b. 77 8
(i) If £Z4+ £5=180° thenal|b. . \,
2. Intheadjoining figure, identify ﬂ71< .
(i) thepairsof corresponding angles. 2
(i) thepairsof dternateinterior angles. );Zy b
(i) thepairsof interior anglesonthesame P
sdeof thetransversdl. !
(iv) thevertically oppositeangles. ‘\€
3. Intheadjoiningfigure, p|| g. Find theunknown Y ¢ @\
angles. dp




4. Findthevaueof xineachof thefollowingfiguresif| || m.

. Inthegivenfiguresbelow, decidewhether | isparallel tom.
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. Inthegivenfigure, thearmsof two anglesareparald. A
If ZABC =70°, thenfind b
(i) «DGC
(i) «DEF 70° C

n
/(5'7" 5] 72°

N

N

N

N

>m 98°
‘/ (ii)

WHAT HAVE WE DIsSCcUSSED?

. Werecall that (i) A line-segment hastwo end points.

(i) A ray hasonly oneend point (itsvertex); and
(i) A linehasnoend pointson either side.

. Anangleisformed whentwo lines(or raysor line-segments) meet.

Pairsof Angles Condition

Two complementary angles M easures add up to 90°

Two supplementary angles Measures add up to 180°

Two adjacent angles Haveacommon vertex and acommon
arm but nocommon interior.

Linear pair Adjacent and supplementary

3. Whentwolines| and mmeet, we say they inter sect; the meeting pointiscalled the

point of intersection.

When linesdrawn on asheet of paper do not meet, however far produced, we call

themtobeparalld lines.
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4. (1) Whentwolinesintersect (looking liketheletter X) wehavetwo pairsof opposite
angles. They arecalled vertically oppositeangles. They areequal in measure.

(i) Atransversal isalinethat intersectstwo or morelinesat distinct points.
(i) Atransversa givesriseto several typesof angles.
(iv) Inthefigure, wehave

Typesof Angles | AnglesShown

Interior £3, /4, /5, £6
Exterior /1, /2, /7, /8
Corresponding Zland /5, 2 and /6,

Z3and £7, Z4and £8
Alternateinterior /3 and £6, 4 and £5
Alternate exterior Zland £8, 2 and £7

Interior, onthesame | £3 and £5, Z4 and £6
Sdeof transversal

(v) Whenatransversal cutstwo paralléel lines, we havethefollowing interesting
relationships
Each pair of corresponding angles are equal.
L1=/5,/3=47,/2=1,6,£4=/8
Each pair of alternate interior angles are equal.
£3=/6,/£4=/5
Each pair of interior angles on the same side of transversal are supplementary.
£3+ £5=180°, £4 + £6=180°

A
\

34
773




The Triangle and
Its Properties

Chapter B

6.1 INTRODUCTION

A triangle, you have seen, isasimple closed curve made of threeline
segments. It hasthree vertices, three sidesand three angles.

HereisAABC (Fig6.1). It has

Sides: AB, BC, CA Fig 6.1
Angles: OBAC, OABC, OBCA
Vertices: A,B,C
Theside opposite tothevertex A isBC. Can you namethe angle oppositeto thesideAB?
You know how to classify trianglesbased onthe (i) sides(ii) angles.

(i) BasedonSides: Scaene, Isoscelesand Equilaterd triangles.

(i) BasedonAngles: Acute-angled, Obtuse-angled and Right-angled triangles.

Make paper-cut modelsof the abovetriangular shapes. Compare your modelswiththose
of your friendsand discuss about them.

TryY THESE

1. Writethesix elements(i.e., the 3 sidesand the 3 angles) of AABC.
2. Writethe:
(i) Sideoppositetothevertex Q of APQR
(i) AngleoppositetothesideLM of ALMN
(i) Vertex oppositetotheside RT of ARST
3. Look at Fig 6.2 and classify each of thetrianglesaccordingtoits
(8 Sides
(b) Angles
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A L
&
S5cm G S
% & 8cm Tem
C
8(clr)n Q 6cm R M Tem N
(1) (111)
A P
& 6cmh
3cm
B 3cm C Q 6cm R
(v) (vi)
Fig 6.2

Now, let ustry to explore something more about triangles.

6.2 MEDIANS OF A TRIANGLE

Given aline segment, you know how to find its perpendicul ar bisector by paper folding.
Cut out atriangleABC from apiece of paper (Fig 6.3). Consider any oneof itssides, say,

BC . By paper-folding, locate the perpendicular bisector of BC . Thefolded creasemeets
BC at D, itsmid-point. Join AD .

A

I
v Fig 6.3

Thelinesegment AD ,joiningthemid-point of BC toitsoppositevertexAiscalleda
median of thetriangle.

Consider thesidesAB and CA and find two more medians of thetriangle.
A median connectsavertex of atriangletothemid-point of the opposite side.

'{{ﬂf*‘ THINK, Discuss AND WRITE
PRV
r **} 1. How many medianscan atriangle have?

-

4

¢

-

-2 2 2. Doesamedianliewholly intheinterior of thetriangle? (If you think that thisisnot
’ true, draw afigureto show such acase).

] h. -
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A
6.3 ALTITUDES OF A TRIANGLE

Makeatriangular shaped cardboard ABC. Placeit upright, ona
table. How “tall” isthetriangle? The height isthe distancefrom

vertex A (intheFig 6.4) to the base BC.

loe]
L1
@

FromAto BC you can think of many line segments (seethe
next Fig 6.5). Which among themwill represent itsheight?
The height isgiven by theline segment that startsfromA,

comesstraight downto BC,and isperpendicular to BC.

Thislinesegment AL isanaltitudeof thetriangle.

An altitudehasoneend point at avertex of thetriangle
and theother on thelinecontainingtheoppositesde. Through
each vertex, an dtitude can bedrawn.

THINK, Discuss AND WRITE

1. How many dtitudescan atrianglehave?
2. Draw rough sketchesof altitudesfromAto BC for thefol lowing triangles (Fig 6.6):

Acute-angled Right-angled Obtuse-angled
0 (i) (iif)
Fig 6.6

3. Will andtitudeawayslieintheinterior of atriangle?1f you think that thisneed not be
true, draw arough sketch to show such acase.

4. Canyouthink of atriangleinwhichtwo atitudesof thetrianglearetwo of itssides?
5. Canthealtitude and median be samefor atriangle?
(Hint: For Q.No. 4and 5, investigate by drawing thedtitudesfor every typeof triangle).

Do Tuis

Take several cut-outs of
() anequilaterd triangle (i) anisoscelestriangleand
(iii)y ascdenetriangle.

Find their dtitudesand medians. Do youfind anything specia about them?Discussit ﬁ“
withyour friends. =
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EXERCISE 6.1

1. InA PQR, D isthemid-point of QR .

L P
PM is
PD IS
ISQM = MR?
Q—=w b R

2. Draw rough sketchesfor thefollowing:
(@ InAABC,BEisamedian.
(b) InAPQR, PQ and PR areadltitudesof thetriangle.
() InAXYZ,YL isandtitudeintheexterior of thetriangle.

3. Veify by drawing adiagramif themedian and dtitude of anisoscelestrianglecan be
same.

6.4 EXTERIOR ANGLE OF A TRIANGLE AND ITS PROPERTY

Do Tuis
A 1. Draw atriangleABC and produceoneof itssides,
say BC asshownin Fig 6.7. Observe the angle
ACD formed at the point C. Thisangleliesinthe
exterior of AABC. Wecall it an exterior angle
L of the AABC formed at vertex C.
B C D~ Clearly IBCA isanadjacent angleto JACD. The
Fig 6.7 remaining two anglesof thetrianglenamely JA and B are
cdled thetwointerior opposteanglesor thetwo remote
s interior anglesof CJACD. Now cut out (or make trace copiesof) LA and OB and
R placethem adjacent to each other asshownin Fig 6.8.
I'I ]'*—.'J';. Do thesetwo piecestogether entirely cover JACD?

SEaa Canyou say that
mOACD =mUOA + mOB?

2. Asdoneearlier, draw atriangleABC and form an exterior angleACD. Now takea
protractor and measure JACD, 0A

and [JB.

Find thesum A + [0B and compare

it withthemeasureof JACD. Doyou Q

observethat JACD isequd (or nearly A

equal, if there is an error in B C I3>

measurement) to CJA + [1B? Fig 6.8
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You may repest the above two activitiesby drawing some moretrianglesaong with
their exterior angles. Every time, youwill find that theexterior angleof atriangleisequa to
thesum of itstwo interior opposite angles.

A logica step-by-step argument can further confirmthisfact.
An exterior angle of a triangle is equal to the sum of itsinterior opposite

angles. E
Given Consider AABC. A
JACD isanexterior angle. 1
To Show: mJACD = mJA +mOB ) 2VARY
Through C draw CE , parallel to BA . B C D~
Fig 6.9
Justification
Seps Reasons
(@ O1=0x BA || CE and AC isatransversal.
Therefore, dternate angles should beequal .
(b) 02=0y BA ||CE and BD isatransversal.

Therefore, corresponding anglesshould beequd.
(o O1+02=0x+0y
(d) Now, Ox+0Oy=mOACD FromFig6.9
Hence, 01+ 02=0ACD

The above relation between an exterior angle and itstwo interior oppositeanglesis
referredto asthe Exterior Angle Property of atriangle.

THINK, Discuss AND WRITE

1. Exterior anglescan beformedfor atrianglein many ways. Three of them areshown /

-

here (Fig 6.10) }j’&

=\
Fig 6.10

There arethreemoreways of getting exterior angles. Try to produce those rough
sketches.

2. Aretheexterior anglesformed at each vertex of atriangleequa ?

3. What canyou say about the sum of an exterior angle of atriangle and its adjacent
interior angle?
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ExavpLE 1 FindanglexinFig6.11.

N . . 50°
SoLuTioN  Sumof interior oppositeangles= Exterior angle
or 50° + x = 110° 110° 3
or X = 60° Fig 6.11
E“ N F : THINK, Discuss AND WRITE
g _ /::J‘{ . 1. What canyou say about each of theinterior oppositeangles, whentheexterior angleis
y K (i) arightangle? (i) anobtuseangle? (i) anacuteangle?
i

A 2. Cantheexterior angleof atrianglebeastraight angle?

TRrRY THESE

1. Anexterior angleof atriangleisof measure 70°and oneof itsinterior opposite
anglesis of measure 25°. Find the measure of the other interior opposite

509 angle.
2. Thetwointerior opposite anglesof an exterior angleof atriangleare60°and
50° 50° 80°. Find the measure of the exterior angle.
Fig 6.12 3. Issomethingwronginthisdiagram (Fig 6.12)? Comment.

EXERCISE 6.2

1. Findthevalueof theunknown exterior anglexinthefollowing diagrams.

X,
o X
70 45° 300 40°

(i) /c (i) (iif)

e 50 )
2
30°
/ 607 50°
60°
™ .

(iv)
(vi)
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2. Findthevdueof theunknowninterior anglexinthefollowingfigures:

125°
50°
g 115° 00°
(i) (i) * =

(iii)

A f

(iv) 3
v o 75

6.5 ANGLE SuM PROPERTY OF A TRIANGLE

Thereisaremarkable property connecting thethree anglesof atriangle. You aregoing to
seethisthroughthefollowing four activities.
1. Draw atriangle. Cut onthethreeangles. RearrangethemasshowninFig6.13 (i), (ii).
Thethree anglesnow condtitute oneangle. Thisangleisastraight angleand so has
measure 180°.

N DA

0 _ (i)
Fig 6.13

Thus, the sum of the measures of thethreeanglesof atriangleis180°.

2. Thesamefact you can observein adifferent way also. Take three copies of any
triangle, say AABC (Fig 6.14).

A
3 2 3 3
L2 C 2

Fig 6.14
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ArrangethemasinFig 6.15.
What do you observe about [11 + [12 + [13?
(Doyou aso seethe exterior angle 3 1

property’?) - =

Fig 6.15

3. Takeapieceof paper and cut out atriangle, say, AABC (Fig 6.16).
MakethedtitudeAM by folding AABC suchthat it passesthroughA.
Fold now thethree cornerssuch that all thethreeverticesA, B and Ctouch at M.

A A A
B C L B/ B ¢
0] (ii) (iii)
Fig 6.16

Youfindthat al thethree anglesformtogether astraight angle. Thisagain showsthat
the sum of themeasuresof thethree anglesof atriangleis180°.

4. Draw any threetriangles, say AABC, APQR and AXYY Z inyour notebook.
Useyour protractor and measure each of the angles of thesetriangles.

Tabulateyour results

Name of A Measures of Angles Sum of the Measures
of thethree Angles

AABC mUJA= mbOB= mUdC= mUOA +mOB+mUOC=

APQR mOP= mOQ= miR= mOP+mOQ+mOR=

AXYZ mOX= mdY= miz= mOX +mdY +mdzZ=

Allowing marginal errorsin measurement, you will find that thelast column always
gives180° (or nearly 180°).

When perfect precisionispossible, thiswill aso show that the sum of the measures of
thethreeanglesof atriangleis180°.

You are now ready to give aformal justification of your assertion through logical
argumen.

Statement Thetotal measur e of
thethreeanglesof a
triangleis 180°.

Tojudtify thislet ususetheexterior

angleproperty of atriangle.
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Given 01, 02, O3 areanglesof AABC (Fig 6.17).

(4 istheexterior anglewhen BCisextendedtoD.
Judtification 01+ [02=[4 (by exterior angle property)

01+ 02+ 03=04+ 03 (adding (I3 to both the sides)
But 04 and O3 formalinear pair s0itis180°. Therefore, 01+ 12+ [13=180°.
L et us see how we can usethis property inanumber of ways.

ExampLE 2 Inthegivenfigure(Fig6.18) findmOP. p

SoruTion By angle sum property of atriangle,
mOP + 47° + 52° = 180°
Therefore mOP= 180° — 47° — 52° Q4T S20\R
=180° —99° = 81° Fig 6.18

EXERCISE 6.3

1. Findthevaueof theunknown xinthefollowing diagrams.

2x
X X X
(iv) (v) (vi)
2. Findthevauesof theunknownsxandyinthefollowing diagrams:
80°
50°
* y
500 N2V 50° x XN 60°

(1) (i) (iii)
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y
Y

X
X
(iv) \<6O° v) - x>/ (vi) \<x

30°

TrY THESE

. éé;;‘p 1. Twoanglesof atriangleare30°and 80°. Find thethird angle.
ﬂ'—* K"_,-f _ 2. Oneof theanglesof atriangleis80° and the other two anglesare equal. Find the
" — measure of each of theequal angles.

ngj(’ 3. Thethreeanglesof atriangleareintheratio 1:2:1. Find al theanglesof thetriangle.
' Classfy thetriangleintwo different ways.

THINK, Discuss AND WRITE

Canyou haveatrianglewithtwo right angles?

Canyou haveatrianglewith two obtuse angles?

Canyou haveatrianglewith two acute angles?

Canyou haveatrianglewith all thethree angles greater than 60°?

Canyou haveatrianglewith al thethree anglesequal to 60°?

© 00 M NP

Canyou haveatrianglewith all thethree angleslessthan 60°?

6.6 Two SpEciIAL TRIANGLES : EQUILATERAL AND ISOSCELES

A trianglein which all thethreesidesar eof equal lengthsiscalled an equilateral
triangle.

Taketwo copiesof anequilateral triangleABC (Fig 6.19). Keep one of them fixed.
Placethesecondtriangleonit. It fitsexactly into thefirst. Turnit roundinany way and till
they fit with oneanother exactly. Areyou
ableto seethat whenthethreesidesof a A
triangle have equd lengthsthenthethree
anglesareaso of thesamesize?

Weconcludetha inanequilaterd triangles
(i) dl sdeshavesamelength. B H

(i) eachanglehasmeasure60°. 0
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A trianglein which two sides ar e of equal lengthsiscalled an isoscelestriangle.
|
X X

. M
® Fig 6.20 (if)

From apiece of paper cut out anisoscelestriangle XY Z, with XY =XZ (Fig 6.20).
Folditsuchthat Z liesonY. Theline XM through X isnow theaxis of symmetry (which
youwill readin Chapter 14). Youfindthat (1Y and [Z fit on each other exactly. XY and
XZ arecaled equal sides; YZiscalledthebase, Y and [Z are called base anglesand
thesearea soequal.

Thus, inanisoscelestriangle:
(i) twosdeshavesamelength.
(i) baseanglesoppositetotheequal sidesareequd.

TrY THESE

1. Findanglexineachfigure:

) (i)

100°

(iv)

110°

X
120° m

X X 5 T
(vii) (viii) y (ix)
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2. Findanglesxandyineachfigure.

927

y 120° . X

Q) (if) (iii)

6.7 SumMm ofF THE LENGTHS OF Two SIDES OF A TRIANGLE

1. Mark threenon-collinear spotsA, B and Cinyour playground. Using lime powder
mark the pathsAB, BC and AC.

A Ask your friend to start from A and reach C, walking along one or
A more of these paths. She can, for example, walk first long AB and then
7 \ aong BC toreach C; or shecanwalk straight long AC . Shewill naturally

R prefer thedirect path AC. If shetakesthe other path (AB and then BC),
' C shewill havetowalk more. In other words,
AB+BC>AC 0]

Similarly, if onewereto start from B and goto A, he or shewill not taketheroute
BC and CA butwill prefer BA Thisisbecause

BC+CA>AB (i)
By asimilar argument, you find that
CA+AB>BC (iir)

These observations suggest that the sum of the lengths of any two sides of a
triangleisgreater than thethird side.

2. Collect fifteen small sticks (or strips) of different lengths, say, 6 cm, 7 cm, 8 cm,
9cm, ..., 20cm.
Take any three of these sticksand try to form atriangle. Repeat thisby choosing
different combinationsof threesticks.
Supposeyoufirst choosetwo sticksof length 6 cmand 12 cm. Your third stick hasto
be of length morethan 12—6 =6 cmand lessthan 12 + 6 = 18 cm. Try thisand find
out why itisso.
Toformatriangleyouwill need any three sticks such that the sum of thelengths of
any two of themwill alwaysbe greater than thelength of thethird stick.

Thisaso suggeststhat the sum of thelengths of any two sidesof atriangleisgreater
thanthethirdside.
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3. Draw any three triangles, say AABC, APQR and AXYZ in your notebook
(Fig6.22).
A R Z

P
0; (ii) (iii)
Fig 6.22

Useyour ruler tofind thelengths of their side and then tabulate your resultsasfollows:

Name of A Lengths of Sides IsthisTrue?
AABC AB AB -BC<CA (Yes/No)
+ >
BC BC- CA < AB (Yes/No)
+ >
CA CA-AB<BC (Yes/No)
+ >
A POR PQ PQ —QR<RP (Yes/No)
+ >
QrR_ QR- RP<PQ (Yes/No)
+ >
RP_ RP-PQ < QR (Yes/No)
+ >
AXYZ XY XY -YZ<ZX (Yes/No)
+ >
YZ YZ-ZX <XY (Yes/No)
+ >
ZX ZX -XY <YZ (Yes/No)
+ >

Thisaso strengthensour earlier guess. Therefore, we concludethat sum of thelengths
of any two sidesof atriangleisgreater than thelength of thethird side.

We also find that the difference between the length of any two sidesof atriangleis
smdler thanthelength of thethird side.
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ExampLE 3 Isthereatrianglewhosesideshavelengths 10.2cm, 5.8 cmand 4.5cm?

SoLuTioN  Supposesuchatriangleispossible. Thenthesum of thelengthsof any two
sideswould begreater than the length of thethird side. L et uscheck this.

Is4.5+5.8> 10.2? Yes
s5.8+10.2>4.5? Yes
1s10.2 +4.5>5.8? Yes

Therefore, thetriangleispossible.

ExamvpLE 4 Thelengthsof two sidesof atriangleare6 cmand 8 cm. Betweenwhich
two numberscanlength of thethird sdefal?

SovruTtioNn Weknow that the sum of two sides of atriangleisalwaysgreater than
thethird.

Therefore, one-third side hasto belessthan the sum of thetwo sides. Thethird sdeis
thuslessthan8+ 6=14cm.

Thesde cannot belessthan thedifference of thetwo sides. Thusthethird sidehasto
bemorethan8—-6=2cm.

Thelength of thethird side could be any length greater than 2 and lessthan 14 cm.

EXERCISE 6.4

1. Isitpossibleto haveatrianglewiththefollowing sides?

L]
r () 2cm,3cm,5¢cm (i) 3cm,6cm,7cm

r=r

\ L.-:Pq}- f} (i) 6cm,3cm,2cm R

. Takeany point Ointheinterior of atriangle PQR. Is
(i) OP+0Q >PQ?
i) OQ+OR>QR?
(i) OR+ OP>RP?
3. AMisamedian of atriangleABC.
IsAB+BC+ CA>2AM?

(Consider the sides of triangles
AABM and AAMC.) C

4. ABCD isaquadrilateral.
ISAB + BC+ CD + DA >AC+BD?
5. ABCDisquadrilaterd.ls
AB+BC+CD +DA<2(AC+BD)?

h
|!“
N
w
7
le)
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6. Thelengths of two sides of atriangle are 12 cm and 15 cm. Between what two
measures should thelength of thethird sdefall?

THINK, Discuss AND WRITE -
p

1. Isthesum of any two anglesof atriangleawaysgreater thanthethird angle? Mﬂb

6.8 RIGHT-ANGLED TRIANGLES AND PYTHAGORAS PROPERTY "\

oy
g@x’
Pythagoras, a Greek philosopher of sixth century f l:f?é .'I
B.C.issadtohavefoundavery important and ussful Sl
property of right-angledtrianglesgiveninthissection. A
The property ishence named after him. Infact, this
property was known to people of many other
countriestoo. Thelndian mathematician Baudhayan
hasalso given an equivalent formof thisproperty. B C
We now try to explain the Pythagoras property. Fig 6.23

Inaright angled triangle, the sideshave some
specia names. The side oppositeto theright angle
is called the hypotenuse; the other two sides are
known asthelegs of theright-angled triangle.

INAABC (Fig 6.23), theright-angleisat B. So,

ACisthehypotenuse. AB and BC arethelegsof
AABC.

Make eight identical copies of right angled
triangle of any size you prefer. For example, you
make aright-angled trianglewhose hypotenuseisa
unitslong and thelegsare of lengthsb unitsand ¢ c
units(Fig 6.24). Fig 6.24

Draw twoidentica squaresonasheet withsSdes
of lengthsb +c.

You areto placefour trianglesin one square and the remaining four trianglesinthe
other square, asshowninthefollowing diagram (Fig 6.25).

¢ b

Fig 6.25 Square B
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Thesquaresareidentical; theeight trianglesinserted area soidentical.

Hencethe uncovered area of square A = Uncovered areaof squareB.

i.e., Areaof inner square of squareA = Thetotd areaof two uncovered squaresinsquare B.
a=p*+c

ThisisPythagoras property. It may be stated asfollows:

Inaright-angledtriangle,
the square on the hypotenuse = sum of the squareson thelegs.

Pythagoras property isavery useful tool in mathematics. Itisformally proved asa
theoreminlater classes. You should be clear about itsmeaning.

It saysthat for any right-angled triangle, the area of the square on the hypotenuseis
equal to the sum of the areas of the squaresonthelegs.

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 havearight-angled triangle,
the Pythagoras property holds. If the , a
Pythagoras property holds for some b b
triangle, will the triangle be right-
angled? (Such problemsare known as
converse problems). We will try to
answer this. Now, we will show that, c
if thereisatriangle such that sum of
the squareson two of itssidesisequal
to the square of the third side, it must Fig 6.26
bearight-angled triangle.

Do THis

Ly 1. Have cut-outs of squares with sides 4 cm,
-] 5cm, 6 cmlong. Arrangeto get atriangular
shape by placing the corners of the squares 6

f{ﬂ‘["-}ﬁ suitably as shown in the figure (Fig 6.27). 52 sl \¢
=
Sl S

Traceout thetriangleformed. Measure each

angleof thetriangle. You find that thereisno Z
rightangleat all. 42
Infact, inthiscaseeach anglewill beacute! Note
that 42+ 52 # 6%, 52+ 62 # 42 and 62 + 42 2 B2, Fig 6.27
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2. Repeat the above activity with squareswhose sides havelengths4 cm, 5cmand
7 cm. You get an obtuseangled triangle! Notethat

42 + 52 £ 7? etc.

Thisshowsthat Pythagoras property holdsif and only if thetriangleisright-angled.
Henceweget thisfact:

If the Pythagorasproperty holds, thetriangle must beright-angled.

ExavpLE 5 Determinewhether thetrianglewhoselengthsof sidesare 3cm, 4 cm,
5cmisaright-angledtriangle.

SOLUTION F=3x3=9;4=4x4=16,5=5x5=25
Wefind 3% + 42 =52,
Therefore, thetriangleisright-angled.

Note: Inany right-angled triangle, the hypotenuse happensto bethelongest side. Inthis
example, thesidewithlength 5 cmisthe hypotenuse.

ExampPLE 6 A ABC isright-angled at C. If a

AC=5cmand BC =12 cmfind 5 om ?

thelength of AB.

. . , C B
SoruTtioN A roughfigurewill helpus(Fig6.28). 12 em
By Pythagorasproperty, Fig 6.28
AB2=AC?+ BC?
=52+ 122 =25+ 144 =169 = 13
or AB?=13% So, AB=13
or thelengthof AB is13cm.
Note: Toidentify perfect squares, you may use primefactorisation technique.
TryY THESE
Find theunknown length xinthefollowingfigures(Fig 6.29):
15 cm

8 cm

8
(1) (i)
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24 37 37 x
12 3
7 12 cm 5cm
* < x >
(iv) (v) (vi)
Fig 6.29

EXERCISE 6.5

1. PQRisatrianglerightangledat P.If PQ=10cm
and PR =24 cm, find QR.

2. ABCisatrianglerightangledat C.If AB=25cm
andAC=7cm,find BC.

3. A 15mlongladder reached awindow 12 mhigh
fromtheground on placingit against awall at a
distance a. Find the distance of the foot of the
ladder fromthewall.

4. Which of thefollowing can bethesidesof aright a
triangle?

() 25cm,6.5cm, 6¢cm.
@) 2cm, 2cm, 5cm.
@) 1.5cm, 2cm, 2.5cm.
Inthecase of right-angled triangles, identify the
right angles.

5. Atreeisbrokenat aheight of 5mfromtheground
and itstop touches the ground at a distance of
12 mfromthe base of thetree. Find the original
height of thetree.

6. Angles Q and R of a APQR are 25° and 65°.
Writewhich of thefollowingistrue:

() PQ?+QR? =RP
i 2 - 2
(i) PQ*+RP=0QR 250 65°
(i) RP?+ QR? = PQ? Q R
7. Findthe perimeter of therectanglewhoselengthis40 cmand adiagonal is41cm.
8. Thediagonalsof arhombusmeasure 16 cmand 30 cm. Find itsperimeter.

15m 12m




THE TRIANGLE AND ITS PROPERTIES

THINK, Discuss AND WRITE

Whichisthelongest sdeinthetriangle PQR right angled at P?
Whichisthelongest sideinthetriangleABCright angled at B?
Whichisthelongest sdeof aright triangle?

“The diagonal of arectangle produce by itself the same area as produced by its | £
length and breadth”— Thisis Baudhayan Theorem. Compareit with the Pythagoras ="’

property.
Do THis

Enrichment activity

A w DN e

Therearemany proofsfor Pythagorastheorem, using ‘ dissection’ and ‘ rearrangement’
procedure. Try to collect afew of them and draw chartsexplaining them.

WHAT HAVE WE DiIscUSSED?
1. Thesix elementsof atriangleareitsthreeanglesand thethreesides.

2. Thelinesegment joining avertex of atriangleto themid point of itsoppositesideis
caledamedian of thetriangle. A trianglehas3 medians.

3. Theperpendicular line segment from avertex of atriangleto itsoppositesideis
caledanaltitudeof thetriangle. A trianglehas3 altitudes.

4. Anexterior angleof atriangleisformed when aside of atriangleisproduced. At
each vertex, you havetwo waysof forming an exterior angle.

5. A property of exterior angles:
The measure of any exterior angle of atriangleisequa to thesum of the measuresof
itsinterior oppositeangles.

6. Theanglesum property of atriangle:
Thetotal measure of thethree anglesof atriangleis180°.

7. Atriangleissaidtobeequilateral if each oneof itssideshasthe samelength.
Inanequilateral triangle, each angle hasmeasure 60°.

8. Atriangleissaidtobeisoscelesif atleast any two of itssidesare of samelength.

Thenon-equal side of anisoscelestriangleiscalleditsbase; the base angles of an
isosce estriangle have equa measure.

9. Property of thelengthsof sidesof atriangle:

Thesum of thelengthsof any two sidesof atriangleisgreater than thelength of the
thirdside.

Thedifference between thelengthsof any two sidesissmaller than thelength of the
thirdside.
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Thisproperty isuseful toknow if itispossibleto draw atrianglewhen thelengths of
thethree sidesare known.

10. Inarightangledtriangle, thesideoppostetotheright angleiscalled thehypotenuse
and the other two sidesare called itslegs.

11. PythagorasProperty:
Inaright-angledtriangle,
the square on the hypotenuse = the sum of the squaresonitslegs.

If atriangleisnot right angled this property doesnot hold good. Thisproperty is
useful to decidewhether agiventriangleisright angled or not.




Congruence of
Triangles

7.1 INTRODUCTION

You are now ready to learn avery important geometrical idea, Congruence. In particular,
youwill study alot about congruenceof triangles.
To understand what congruenceis, weturn to someactivities.

Taketwo stamps(Fig 7.1) of same denomination. Place one stamp over
the other. What do you observe?

4 " y \
oam—uahz‘ ;

Fig 7.1

One stamp coversthe other completely and exactly. Thismeansthat thetwo stampsare
of the same shape and same size. Such objectsare said to be congruent. Thetwo stamps
used by you are congruent to one another. Congruent objects are exact copies of one

another.
Canyou, now, say if thefollowing objectsare congruent or not?

1. Shaving bladesof the same company [Fig 7.2 (i)].

2. Sheetsof thesameletter-pad[Fig7.2(ii)]. 3. Biscuitsinthesamepacket[Fig7.2(iii)].
4. Toysmadeof thesamemould. [Fig 7.2(iv)]
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Therelation of two objects being congruent iscalled congruence. For the present,
wewill deal with planefiguresonly, although congruenceisagenera ideaapplicableto
three-dimensional shapesalso. Wewill try tolearn aprecise meaning of the congruence
of planefiguresaready known.

7.2 CONGRUENCE OF PLANE FIGURES
Look at thetwo figuresgiven here (Fig 7.3). Arethey congruent?

0] (if)
Fig 7.3

You can usethe method of superposition. Take atrace-copy of one of them and place
it over theother. If thefigurescover each other completely, they arecongruent. Alternatively,
you may cut out one of them and placeit over the other. Beware! You arenot allowed to
bend, twist or stretch thefigurethat is cut out (or traced out).

InFig7.3,if figureF iscongruent tofigureF,, wewriteF =F.,.
7.3 CONGRUENCE AMONG LINE SEGMENTS

When aretwo line segments congruent? Observethe two pairs of line segmentsgiven
here (Fig 7.4).

Ae B Pe eQ

(i) (i)
Fig 7.4
Usethe*trace-copy’ superposition method for the pair of linesegmentsin[Fig 7.4(i)].

Copy CD and placeiton AB . Youfindthat CD covers AB, with ConA and D onB.

Hence, theline segmentsare congruent. Wewrite AB=CD.

Repeat thisactivity for thepair of line segmentsin [Fig 7.4(ii)]. What do you find?
They arenot congruent. How do you know it? It isbecause theline segments do not
coincidewhen placed oneover other.

You should have by now noticed that the pair of linesegmentsin[Fig 7.4(i)] matched
with each other because they had samelength; and thiswasnot the casein [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 theabovefact, when two line segments are congruent, we sometimesjust
say that thelinesegmentsareequal; and wea sowrite AB = CD. (What weactually mean

is AB= CD).

7.4 CONGRUENCE OF ANGLES
Look at thefour anglesgiven here(Fig 7.5).

R
C

40° . Q 40°
A
1)

B

oe

( (i) (iii) (iv)
Fig 7.5

Make atrace-co;l(?f ZPQR. Try to superposeit on ZABC. For this, first place Q
onBand QP dong AB.Wheredoes ~ fall?ltfallson

Thus, ZPQR matchesexactly with ZABC.

Thatis, ZABC and ZPQR are congruent.

(Notethat the measurement of these two congruent anglesare same).

Wewrite ZABC= ZPQR (0]
or mZ/ABC = m ZPQR(Inthiscase, measureis40°).

Now, you take atrace-copy of ZLMN. Try to superposeiton ZABC. PlaceM onB
and along .Does falon  ?No,inthiscaseit doesnot happen. Youfind
that ZABC and ZLMN do not cover each other exactly. So, they are not congruent.
(Notethat, inthiscase, the measuresof Z<ABC and ZLMN arenot equal).

What about angles £XYZ and ZABC?Therays  and , respectively appear
[inFig7.5(iv)] to belonger than and . You may, hence, think that Z/ABC s
‘smaler’ than £XY Z. But remember that theraysinthefigureonly indicatethedirection
and not any length. On superposition, you will find that thesetwo anglesarea so congruent.
Wewrite ZABC= £XYZ (i)
or MZABC = m«XYZ
Inview of (i) and (i), wemay evenwrite

Z/ABC= /PQR=/XYZ

If two angles have the same measure, they are congruent. Also, if two anglesare

congruent, their measures are same.
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Asinthecaseof line segments, congruency of anglesentirely dependsontheequality
of their measures. So, to say that two anglesare congruent, we sometimesjust say that the
anglesareequal; and wewrite

ZABC= /ZPQR (tomean ZABC= ZPQR).

7.5 CONGRUENCE OF TRIANGLES

We saw that two line segments are congruent where one of them, isjust acopy of the
other. Similarly, two anglesare congruent if one of themisacopy of the other. We extend
thisideatotriangles.

Two triangles are congruent if they are copies of each other and when superposed,
they cover each other exactly.

A P

0] (i)
Fig 7.6

AABC and APQR havethe same size and shape. They are congruent. So, wewould
expressthisas

AABC = APQR
Thismeansthat, when you place APQR on AABC, Pfallson A, QfallsonB andR

fdlsonC,adso  fadlsalong AB , QR falsalong BC and PR falsaong AC. If, under

agiven correspondence, two triangles are congruent, then their corresponding parts
(i.e., anglesand sides) that match one another are equal. Thus, in thesetwo congruent
triangles, wehave:

Correspondingvertices : AandP,Band Q, CandR.

Correspondingsides  : ABand PQ, BC and QR, AC and PR.
Correspondingangles  : ZAand ZP, ZB and £Q, ZCand ZR.

If you place APQR on AABC such that Pfallson B, then, should the other vertices
also correspond suitably? It need not happen! Taketrace, copiesof thetrianglesand try
tofind out.

Thisshowsthat whiletaking about congruence of triangles, not only the measures of
anglesand lengths of sidesmatter, but al so the matching of vertices. Intheabove case, the
correspondenceis

AP BeQ, CoR
Wemay writethisas ABC < POQR
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ExampLE 1 AABC and APQR are congruent under the correspondence:

ABC <> RQP
Writethe parts of AABC that correspond to
() <P (i) <Q i) RP

SoruTioN For better understanding of the correspondence, et ususeadiagram (Fig 7.7).

—— C R -~
Fig 7.7
The correspondenceisABC <> RQP. Thismeans
AR BoQandCw P

So, ) PQ«<>CB (i) £Q«> «B and (i) RP <> AC

THINK, Discuss AND WRITE

Whentwotriangles, say ABC and PQR aregiven, thereare, inal, six possiblematchings
or correspondences. Two of them are
() ABCPQR  and (i) ABC«+— QRP.
Find the other four correspondences by using two cutoutsof triangles. Will all these
correspondences|ead to congruence? Think about it.

ExERCISE 7.1

Lo

Completethefollowing statements:

(@ Twolinesegmentsarecongruent if

(b) Among two congruent angles, one hasameasure of 70°; the measure of the
other angleis .

() Whenwewrite ZA = /B, weactualy mean

2. Giveany twored-lifeexamplesfor congruent shapes.

3. If AABC = AFED under the correspondence ABC «> FED, write all the
corresponding congruent parts of thetriangles.

4. If ADEF=ABCA, writethe part(s) of ABCA that correspondto

() <E (i) EF (i) «F (v) DF
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7.6 CRITERIA FOR CONGRUENCE OF TRIANGLES

We make use of triangular structuresand patternsfrequently in day-to-day life. So, itis
rewarding tofind out when two triangular shapeswill becongruent. If you havetwotriangles
drawninyour notebook and want to verify if they are congruent, you cannot everytime cut
out oneof them and use method of superposition. Instead, if we can judge congruency in
termsof approrpriate measures, it would be quiteuseful. Let ustry todothis.

A Game

Appu and Tippu play agame. Appu hasdrawn atriangleABC (Fig 7.8) and
has noted the length of each of its sidesand measure of each of itsangles.
Tippu hasnot seenit. Appu challenges Tippu if he can draw acopy of his
AABC based on bitsof information that Appu would give. Tippu attemptsto
draw atriangle congruent to AABC, using theinformation provided by Appu.

c Thegamedtarts. Carefully observetheir conversation and their games.

A

()

Ce
Q
>

5.5cm
Fig 7.8 SSS Game | .
Triangle drawn by Appu : Onesideof AABCis5.5cm.
Appu Tippu : Withthisinformation, | can draw any number of triangles(Fig 7.9)

but they need not be copies of AABC. Thetriangle | draw may be
obtuse-angled or right-angled or acute-angled. For example, hereareafew.

7

5.5 em 5.5cm 5.5cm
(Obtuse-angled) (Right-angled) (Acute-angled)
Fig 7.9

| have used somearbitrary lengthsfor other sides. Thisgivesmemany triangleswith
length of base5.5cm.

S0, giving only oneside-length will not help meto produce acopy of AABC.
Appu : Okay. I will giveyou thelength of onemoreside. Taketwo sidesof AABCto be
of lengths5.5cmand 3.4 cm.

Tippu : Even thiswill not be sufficient for the purpose. | can draw several triangles
(Fig 7.10) with the given information which may not be copiesof AABC. Hereareafew

to support my argument:
A\ <t .
5.5cm 5.5cm 5.5 cm

Fig 7.10
One cannot draw an exact copy of your triangle, if only the lengths of two sides
aregiven.
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Appu : Alright. Let megivethelengthsof all thethreesides. INAABC, | haveAB =5cm, A
BC=55cmandAC=3.4cm.

Tippu : | think it should be possible. Let metry now.
First I draw aroughfiguresothat | can remember thelengthseasily.

S B
| draw BC withlength5.5cm. 5.5cm

With B ascentre, | draw an arc of radius5 cm. The point A hasto be somewhereon Fig 7.11
thisarc. With Cascentre, | draw anarc of radius 3.4 cm. Thepoint A hasto beonthisarc
aso.
S0, A lieson both thearcsdrawn. ThismeansA isthe point of intersection of thearcs.

| know now the positionsof pointsA, B and C. Ahal | canjointhemand get AABC
(Fig7.11).
Appu : Excellent. So, to draw a copy of agiven AABC (i.e., to draw atriangle
congruent to AABC), we need the lengths of three sides. Shall we call thiscondition
asside-side-sidecriterion?
Tippu : Why notwecall it SSScriterion, to be short?

SSSCongruencecriterion:

If under agiven correspondence, thethree sides of onetriangleare equal tothethree
corresponding sidesof another triangle, then thetrianglesare congruent.

ExampPLE 2 IntrianglesABCand PQR, AB=3.5cm,BC=7.1cm,
AC=5cm,PQ=7.1cm QR=5cmand PR=3.5cm.
Examinewhether thetwo trianglesare congruent or not.
If yes, writethe congruencerelation in symbolic form.

SOLUTION Here, AB=PR(=35cm),
BC=PQ(=7.1cm)
and AC=QR(=5cm)

Thisshowsthat thethree sidesof onetriangleareequal to thethreesides
of theother triangle. So, by SSS congruencerule, thetwo trianglesare
congruent. From the abovethreeequality relations, it can beeasily seen
that A< R,B«— PandC« Q.

So, wehave AABC = ARPQ Fig 7.12

Important note: Theorder of thelettersin the namesof congruent trianglesdisplaysthe
corresponding relationships. Thus, when you write AABC = ARPQ, you would know

that AliesonR, BonP,ConQ, AB aong RP, BC along PQ and AC along RQ .
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D ExampLE 3 InFig7.13,AD =CD andAB =CB.
() Statethethreepairsof equal partsin AABD and ACBD.
(i) IsAABD =ACBD?Why or why not?
(i) DoesBD bhisect Z/ABC?Givereasons.

A  SoLution
() InAABD and ACBD, thethreepairsof equal partsare asgiven below:
AB = CB (Given)
AD = CD (Given)
B and BD = BD (Commoninboth)

Fig 7.13 (i) From (i) above, AABD =ACBD (By SSScongruencerule)
(i) £ABD=«CBD (Corresponding partsof congruent triangles)
So, BD bisects ZABC.

TrY THESE

1. InFig7.14, lengthsof thesidesof thetrianglesareindicated. By applying the SSS
congruencerule, statewhich pairsof trianglesare congruent. In case of congruent
triangles, writetheresultin symbolicform:

3 cm

M 3.2
2 cm
F
0] E 3cm _
(ii)
P
A
g 2 e 5 7
= N \G
C
B 4 cm Q
2.5cm

(i) Fig 7.14
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2. InFig7.15,AB=ACand Disthemid-pointof BC. A

(i) Statethethreepairsof equa partsin
AADB and AADC.

(i) 1sAADB=AADC?Givereasons.

(i) 1s£B=~£C?Why? R 2
3. InFig7.16,AC=BD andAD =BC. Which B - C
of thefollowing statementsismeaningfully written?  Fig 7.15
() AABC=AABD (i) AABC=ABAD. A B
Fig 7.16

THINK, Discuss AND WRITE

ABCisanisoscelestrianglewithAB =AC (Fig 7.17). A
Takeatrace-copy of AABC and also nameit as AABC.
() Statethethreepairsof equal partsin AABC and AACB.
(i) 1sAABC=AACB?Why or why not?

B C
(i) 1s«£B=«C?Why or why not? Fig 7.17
Appuand Tippu now turn to playing the gamewith adight modification.
SAS Game W/}W
Appu : Let menow changetherulesof thetriangle-copying game. k\)’

Tippu : Right, go ahead. SIS
Appu : Youhaveadready found that giving thelength of only onesideisuseless. \<
Tippu : Of course, yes. ié'é/
Appu : Inthat case, let metell that in AABC, onesideis 5.5 cmand oneangleis65°.

Tippu : Thisagainisnot sufficient for thejob. | can find many triangles satisfying your
information, but are not copiesof AABC. For example, | have given here some of them

(Fig7.18):
250 200
50°
65° 65°
65° 90 5.5cm 650 95
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Appu : So, what shall wedo?

Tippu : Moreinformationisneeded.

Appu : Then, let memodify my earlier statement. In AABC, thelength of two sidesare
5.5 cmand 3.4 cm, and the angle between these two sidesis 65°.

Tippu : Thisinformation should help me. Let metry. | draw first BC of length5.5.cm
[Fig7.29(i)]. Now | make65° at C[Fig 7.19 (ii)].

5.5cm 55cm ‘ 5.5cm

0) (i) (iii)
Fig 7.19

Yes, | gotit, A must be 3.4 cmaway from C along thisangular linethrough C.

| draw an arc of 3.4 cmwith C ascentre. It cutsthe 65° lineat A.

Now, | joinAB and get AABC[Fig 7.19(iii)].

Appu : Youhaveusedsde-angle-sde, wheretheangleis'included’ betweenthesides!
Tippu : Yes How shall wenamethiscriterion?

Appu : ItisSAScriterion. Doyoufollowit?

Tippu : Yes, of course.

SASCongruencecriterion:

If under acorrespondence, two sides and the angleincluded between them of atriangle
areequal to two corresponding sides and the angle included between them of another
triangle, then thetrianglesare congruent.

ExamprLE 4 Givenbelow are measurements of some partsof two triangles. Examine
whether thetwo trianglesare congruent or not, by using SAS congruence
rule. If thetrianglesare congruent, writethemin symbolicform.

AABC ADEF
@& AB=7cm,BC=5cm, £B =50° DE=5cm, EF= 7cm, LZE =50°
(b) AB=45cm,AC=4cm, ZA=60° DE=4cm,FD= 45cm, £D =55°
(0 BC=6cm,AC=4cm, £B=35° DF=4cm, EF=6cm, ZE=35°
(It will bealways helpful to draw arough figure, mark the measurementsand then
probethe question).
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SoLuTION
(& Here, AB=EF (=7cm),BC=DE(=5cm)and
included B = included ZE (=50°).Also,A<>F B« Eand C« D.
Therefore, AABC = AFED (By SAScongruencerule) (Fig 7.20)

B c E F B
Fig 7.20 Fig 7.21

(b) Here, AB=FDand AC=DE (Fig7.21).
Butincluded ZA #included £D. So, we cannot say that thetrianglesare
congruent.

(c) Here, BC=EF, AC=DFand £«B = ZE.
But B is not theincluded angle between thesidesAC and BC.
Similarly, ZE isnot theincluded angle between the sides EF and DF.

So, SA S congruence rule cannot be applied and we cannot conclude
that thetwo trianglesare congruent.

ExaMpLE D InFig7.23,AB=ACandAD isthebisector of /BAC.
() Satethreepairsof equa partsintrianglesADB and ADC.
(i) IsAADB=AADC?Givereasons.
(i) Is«£B=«£C?Givereasons.

SoLuTtioN
() Thethreepairsof equa partsareasfollows:
AB=AC (Given) B c
Z/BAD = ZCAD (AD bisects /BAC) andAD =AD (common) D
(i) Yes, AADB = AADC (By SAScongruencerule) Fig 7.23

(i) «B=«C (Corresponding partsof congruent triangles)

TrY THESE

1. Whichangleisincluded between thesides DE and EF of ADEF?

2. By applying SAS congruencerule, youwant to establishthat APQR = AFED. Itis
giventhat PQ=FE and RP=DF. What additional informationisneeded to establish
thecongruence?
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3. InFig7.24, measuresof somepartsof thetrianglesareindicated. By applying SAS
congruencerule, statethe pairsof congruent triangles, if any, in each case. In case
of congruent triangles, writethemin symbolicform.

Fig 7.24

4. InFig7.25, AB and CD bisect each other at O.
(i) Statethethreepairsof equal partsintwo
trianglesAOC and BOD.
(i) Whichof thefollowing statementsaretrue?
(& AAOC = ADOB
(b) AAOC = ABOD

ASA Game

Canyoudraw Appu’striangle, if you know
(i) onlyoneof itsangles? (i) onlytwoof itsangles?
(i) twoanglesand any oneside?
(iv) twoanglesandthesideincluded betweenthem?

Attemptsto solvethe above questionslead usto thefollowing criterion:

ASA Congruencecriterion:

If under acorrespondence, two anglesand theincluded side of atriangle areequal to
two corresponding angles and theincluded side of another triangle, then thetriangles
arecongruent.

ExamvpLE 6 By goplyingASA congruencerulg, itisto beestablished that AABC = AQRP
anditisgiventhat BC = RP. What additional information isneeded to
establish the congruence?
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SoruTtioN For ASA congruencerule, we need the two angles between which the
two sidesBC and RP areincluded. So, the additional informationis
asfollows:

/ZB= /R

A
and ZC= /P 0
| 300
ExaMPLE 7 InFig7.26, canyouuseASA congruence 3| 70°
[
C

rule and concludethat AAOC=ABOD?
SorLuTtioN InthetwotrianglesAOC and BOD, ~C= 2D (each 70°)

Also, ZAOC = ZBOD =30° (verticaly oppositeangles)
So, ZA of AAOC = 180° —(70° + 30°) = 80°

(using anglesum property of atriangle)
Smilaly, ZB of ABOD =180° —(70° + 30°) = 80°
Thus, wehave /A=,/B, AC=BDand ZC=2/D

Now, sideAC isbetween ZA and ZC and side BD isbetween /B and ZD.
So, by ASA congruencerule, AAOC=ABOD.

Remark

Giventwo anglesof atriangle, you can awaysfind thethird angle of thetriangle. So,
whenever, two angles and one side of onetriangle are equal to the corresponding two
anglesand onesideof another triangle, you may convert itinto ‘ two anglesand theincluded
side form of congruence and then apply the A SA congruencerule.

TryY THESE

1. Whatisthesideincluded betweentheanglesM and N of AMNP?

2. Youwant to establish ADEF = AMNP, using the ASA congruencerule. You are
giventhat £D = ZM and £F = ZP. What information is needed to establish the

congruence? (Draw arough figureand thentry!)
3. InFig7.27, measuresof somepartsareindicated. By applying ASA congruence L

rule, state which pairs of trianglesare congruent. In case of congruence, writethe
resultin symoblicform.

40° 60°
E 60 40°,
C 3.5 cm

0]
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D C
R M
N6
30° 60°  30° LX30° 304
1# Q L 6 cm o A ) B

(i) Fig 7.27 e
4. Givenbdow aremeasurementsof somepartsof two triangles. Examinewhether the
two trianglesare congruent or not, by ASA congruencerule. In case of congruence,
writeitinsymbolicform.

ADEF APQR
(i) «D=60° £ZF=80°DF=5cm £Q=60° ZR=80° QR=5cm
(i) «D=60° «F=80°DF=6cm ZQ=60° £ZR=80° QP=6cm
(i) £ZE=80° £F=30° EF=5cm ZP=80° PQ=5cm, ZR=30°
5. InFig7.28,ray AZ bisects /DAB aswell as
ZDCB.
(i) State the three pairs of equal partsin

D
triangles BAC and DAC. A /\c
(i) Is ABAC=ADAC? Givereasons. \}/
(i) IsAB=AD?Justify your answer.
B

(iv) 1sCD=CB?Givereasons.

v

N e

Fig 7.28

7.7 CONGRUENCE AMONG RIGHT-ANGLED TRIANGLES
A Congruenceinthe case of two right triangles deserves speciad attention. Insuchtriangles,
obvioudy, theright anglesare equd . So, the congruence criterion becomes easy.
Canyoudraw AABC (showninFig 7.29) with £B =90°, if
() onlyBCisknown? (i) only £Cisknown?
(i) ZA and £Careknown? (v) ABandBCareknown?
B c (v) ACandoneof AB or BC areknown?

Fig 7.29 Try thesewith rough sketches. You will find that (iv) and (v) help you to draw the
triangle. But case(iv) issmply the SAS condition. Case (v) issomething new. Thisleadsto
thefollowingcriterion:

RHSCongruencecriterion:

If under acorrespondence, the hypotenuse and oneside of aright-angled triangleare
respectively equa to the hypotenuse and one side of another right-angled triangle, then
thetrianglesare congruent.

Why dowecall this'RHS' congruence? Think about it.
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ExampLE 8 Givenbelow aremeasurementsof some partsof two triangles. Examine
whether thetwo trianglesare congruent or not, using RHS congruence
rule. In caseof congruent triangles, writetheresultin symbolicform:

AABC APQR
() £B=90°,AC=8cm,AB=3cm ZP=90°,PR=3cm,QrR=8cm
() £ZA=90°,AC=5cm,BC=9cm ZQ=90°,PR=8cm,PQ=5cm

SoLuTION
(i) Here, £B=2/P=90°,
hypotenuse, AC = hypotenuse, RQ (= 8 cm) and
sideAB =sideRP(=3cm)
So, AABC = ARPQ (By RHS Congruencerule). [Fig 7.30(i)]

5 cm 9 cm

3cm B C

0) Fig 7.30 (if)

(i) Here, A =2Q(=90°) and
sideAC=sidePQ (=5cm).
But hypotenuse BC # hypotenuse PR [Fig 7.30(ii)]
So, thetrianglesare not congruent.

ExampLE 9InFig7.31, DA LAB,CB LABandAC=BD.
Statethethree pairsof equal partsin AABC and ADAB.
Which of thefoll owing statementsismeaningful ?

) AABC=ABAD (i) AABC=AABD Al B
Fig 7.31

SoLuTioN Thethreepairsof equal partsare:
ZABC= ZBAD (=90°)
AC =BD (Given)
AB = BA (Commonside)
Fromtheabove, AABC = ABAD (By RHScongruencerule).
So, statement (i) istrue

Statement (ii) isnot meaningful, in the sensethat the correspondenceamong thevertices
isnot satisfied.
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TrRY THESE

1. InFig 7.32, measures of some parts of triangles are given.By applying RHS
congruencerule, statewhich pairsof trianglesare congruent. In case of congruent
triangles, writetheresultin symbolicform.

P
6
g &
o
- 90°
Q R

D
>

90~

™ woG'C

i~}

0
S
)

Fig 7.32

. Itistobeestablished by RHS congruencerulethat AABC = ARPQ.

What additiond informationisneeded, if itisgiventhat
/B =/P=90° and AB = RP?

. InFig7.33,BD and CE aredltitudesof AABC suchthat BD = CE.

(i) Statethethreepairsof equal partsin ACBD and ABCE.
(i) IsACBD =ABCE?Why or why not?
(i) 1s«£DCB = «£ZEBC?Why or why not?

. ABCisanisoscelestrianglewithAB = ACand AD isoneof its

atitudes(Fig 7.34).
(i) Statethethreepairsof equal partsin AADB and AADC.
(i) IsAADB =AADC?Why or why not?
(i) Is £B=«£C?Why or why not?
(iv) IsBD =CD?Why or why not?
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We now turn to examples and problems based on the criteriaseen sofar.

EXERCISE 7.2

1. Whichcongruencecriterion do you useinthefollowing?

@

()

©

(d

2. Youwant to show that AART = APEN,

Given: AC=DF
AB=DE

BC=EF

So, AABC = ADEF
Given: ZX =RP
RQ=2Y
ZPRQ=4£XZY

So, APQR = AXYZ
Given: ZMLN = ZFGH
ZNML = ZGFH
ML =FG

So, ALMN = AGFH
Given: EB=DB
AE=BC
ZA=/C=90°

So, AABE = ACDB

A

(@ If youhaveto use SSScriterion, then you need to show

() AR= (i) RT=

(b) Ifitisgiventhat LT = ZN and you areto use SAScriterion, P

you need to have

(i) RT = and

(i) PN=

(o) Ifitisgiventhat AT =PN andyou areto useASA criterion, g N

you need to have
0 ?

(i) ?



T \/ATHEMATICS

3. Youhaveto show that AAMP=AAMQ.

Inthefollowing proof, supply themissing reasons.

A Seps Reasons
@) PM=QM )
iy ZPMA=ZQMA (i)
@iy AM=AM (iii)
P M Q (iv) AAMP=z=AAMQ (iv)

4. INAABC, ZA=30°, /B=40° and ~C=110°
INAPQR, £P=30°, ~/Q=40° and ~R=110°
A student saysthat AABC = APQR by AAA R

congruence criterion. Ishejustified? Why or
why not?
A ; T

5. Inthefigure, thetwo trianglesare congruent.

The corresponding partsare marked. We can N } 0
WriteARAT = ? V
6. Completethecongruence statement: .

T

dc U
ABCA = ? AQRS= ?
7. Inasguared sheet, draw two triangles of equal areassuch that
(i) thetrianglesarecongruent.
(i) thetrianglesarenot congruent.

What can you say about their perimeters?

8. Drawaroughsketchof twotrianglessuch A
that they havefivepairsof congruent parts
but gtill thetrianglesare not congruent.

9. If AABCand APQR areto be congruent,
nameoneadditiona pair of corresponding
parts. What criterion did you use?
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AABC = AFED.
Enrichment activity B u C F

We saw that superposition isauseful method to test congruence of planefigures. We
discussed conditionsfor congruence of line segments, anglesand triangles. You can now
try to extend thisideato other planefiguresaswell.

1. Consder cut-outsof different sizesof squares. Usethe method of superpositionto
find out the condition for congruence of squares. How does the idea of
‘ corresponding parts under congruence apply?Arethere corresponding sides?Are
there corresponding diagonal s?

2. What happensif you take circles? What isthe condition for congruence of two
circles?Again, you can usethemethod of superposition. Investigate.

3. Trytoextendthisideato other planefigureslikeregular hexagons, etc.

4. Taketwo congruent copiesof atriangle. By paper folding, investigateif they have

equd dtitudes. Dothey have equa medians?\What canyou say about their perimeters
and areas?

WHAT HAVE WE DISCUSSED?

1. Congruent objectsare exact copiesof one another.
2. Themethod of superposition examines the congruence of plane figures.

3. Two planefigures, say, F, and F, are congruent if the trace-copy of F, fits exactly on
that of F,. We writethisas F, = F.,.

4. Two line segments, say, AB and CD, are congruent if they have equal lengths. We
writethisas AB CD . However, it is common to writeit 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 = m£ZPQR. However, in practice, it is
common to write it as ZABC = ZPQR.

6. SSS Congruence of two triangles:

Under a given correspondence, 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 agiven 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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8. ASA Congruence of two triangles:

10.

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 agiven correspondence, two right-angled triangles are congruent if the hypotenuse
and aleg of one of thetriangles are equal to the hypotenuse and the corresponding leg
of the other triangle.

Thereis no such thing asAAA 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 ancther).




Comparing
Quantities

8.1 INTRODUCTION

Inour daily life, thereare many occasionswhen we comparetwo quantities.
Supposewe are comparing heights of Heenaand Amir. Wefind that

1. Heenaistwotimestdler than Amir.
Or

1
2. Amir’sheightisE of Heena sheight.

Consider another example, where 20 marbles are divided between Ritaand 150cm 75¢cm
Amit such that Ritahas 12 marblesand Heena Amir
Amit has8 marbles. We say,
3
1. Ritahas 5 timesthe marblesthat Amit has.
Or

2
2. Amithas 3 part of what Ritahas.

Yet another exampleiswherewe compare —

speeds of a Cheetah and aMan.

The speed of aCheetahis6 timesthe speed

of aMan. X
Or

1 ,
The speed ofaManlsE of the speed of Speed of Cheetah Speed of Man
the Chestah. 120 km per hour 20 km per hour
Doyou remember comparisonslikethis?In ClassVI, we havelearnt to make comparisons

by saying how many times one quantity is of the other. Here, we seethat it can also be
inverted and written aswhat part one quantity isof the other.
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Inthegiven cases, wewritetheratio of theheightsas:

Heena' sheight : Amir’sheightis150: 75 or2: 1.

Canyou now writetheratiosfor the other comparisons?

These arerdative comparisonsand could be samefor two different situations.

If Heena'sheight was 150 cmand Amir’ swas 100 cm, thentheratio of their heightswould be,

150 3
Heena sheight : Amir'sheight=150: 100= 100 =5 or3:2

Thisissameastheratio for Rita’sto Amit’sshare of marbles.

Thus, we seethat theratio for two different comparisonsmay bethe same. Remember
that to compare two quantities, the units must be the same.

ExampLE 1 Findtheratio of 3kmto 300 m.

SoLuTioN  First convert both the distancesto the same unit.
So, 3 km=3x 1000 m= 3000 m.
Thus, therequiredratio, 3km: 300 mis3000:300=10: 1.

8.2 EguivaLENT RATIOS

Different ratios can al so be compared with each other to know whether they areequivaent
or not. To do this, we need to writetheratiosin theform of fractionsand then compare
them by convertingthemtolikefractions. If theselikefractionsareequal, we say thegiven
ratiosareequivalent.

ExampPLE 2 Aretheratios1:2and 2:3 equivaent?

SorLuTioN  Tocheck this, we need to know whether % = % .
e 1_1x3_32_2x2_4
ehave, 2 2x3 6'3 3x2 6

3 4 1 2
. 3.2 ) 1.2
Wefind that 6<% , Which meansthat BER

Therefore, theratio 1:2 isnot equivaent to theratio 2:3.
Useof such comparisons can be seen by thefollowing example.

ExampLE 3 Followingistheperformanceof acricket teaminthe matchesit played:

Year Wins L osses

Last year 8 2 Inwhichyear wastherecord better?
Thisyear 4 2 How canyou say so?
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SoLUTION Lastyear, Wins: Losses=8:2=4:1
Thisyear, Wins. Losses=4:2=2:1

4 2
Obviously,4:1>2:1 (Infractiona form, 1 > T)

Hence, we can say that the team performed better last year.

InClass VI, wehave al so seentheimportance of equivalent ratios. Theratioswhich
areequivalent aresaid to bein proportion. Let usrecall the use of proportions.

Keeping things in proportion and getting solutions

Arunamade asketch of the building shelivesin and drew sketch of her
mother standing besidethebuilding.

Monasaid, “ There seemsto be something wrong with thedrawing”
Canyou say what iswrong?How can you say this?

Inthiscase, theratio of heightsinthe drawing should bethe sameasthe
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 bein proportion. Often when proportionsare maintained, the
drawing seemspleasing totheeye.
Another examplewhere proportionsare used isin themaking of national flags.

Doyou know that theflagsareaways madein afixed ratio of length to its breadth?
Thesemay bedifferent for different countriesbut aremostly around 1.5: 1or 1.7: 1.

We can take an approximatevalue of thisratioas 3: 2. Eventhelndian post cardis
around thesameratio.

Now, canyou say whether acard withlength 4.5 cmand breadth 3.0cm %
isnear tothisratio. Thatisweneedto ask, is4.5: 3.0 equivalentto 3: 2?

Wenotethat 4.5:3.0=2>-4_3
3.0 30 2
Hence, weseethat 4.5: 3.0isequivalentto 3: 2.

We see awide use of such proportionsin real life. Can you think of some more
gtuations?

We have aso learnt amethod in the earlier classes known as Unitary Method in
whichwefirg find theval ue of oneunit and then theva ue of therequired number of units.

L et us see how both the above methods hel p usto achieve the samething.

il

ExampLE 4 A mapisgivenwithascaeof 2cm=1000km. What istheactua distance
between thetwo placesinkms, if thedistanceinthemapis2.5cm?
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SoLuTION
Arun doesit likethis Meera doesit like this
Let distance=xkm 2 cm means 1000 km.
1000
then, 1000:x=2:25 So,lcmmeansTkm
1000 2
=— Hence, 2.5 cm means M 2.5km
X 2.5 2
1000 x 25 2
—=— x 25 =1250 km
X 2.5
1000 x 25=xx 2 x=1250

Arun has solved it by equating ratiosto make proportions and then by solving the
equation. Meerahasfirgt found thedistancethat correspondsto 1 cm and then used that to
find what 2.5 cmwould correspond to. She used the unitary method.

L et us solve somemore examplesusing the unitary method.

ExampPLE 5 6bowlscost Rs90. What would be the cost of 10 such bowls?
SoLuTioN  Cost of 6 bowlsisRs90.

90
Therefore, cost of 1 bowl = Rs ?

90
Hence, cost of 10 bowls=Rs ? x 10=Rs 150

ExampPLE 6 Thecar that | own can go 150 kmwith 25 litresof petrol. How far can
itgowith 30 litresof petrol?

SorLuTioN  With 25litresof petrol, thecar goes150km. | 7

With 1 litrethe car will go % km.

. . . 150
Hence, with 30 litres of petrol it would go E><30 km=180km

Inthismethod, wefirst found thevauefor one unit or theunit rate. Thisisdoneby the
comparison of two different properties. For example, when you comparetotal cost to
number of items, we get cost per itemor if you take distancetravelled to timetaken, we get
distance per unittime.

Thus, you can seethat we often use per to mean for each.

For example, km per hour, children per teacher etc., denote unit rates.
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you beableto carry?

THINK, Discuss AND WRITE %}WW
I

Anant can carry 50 timesitsweight. If aperson can do the same, how much would 0 L,‘/((

ExERcISE 8.1

1. Findtheratioof:

(& Rs5to50paise (b) 15kgto210g
(00 9mto27cm (d) 30daysto 36 hours

. Inacomputer lab, thereare 3 computersfor every 6 students. How many
computerswill be needed for 24 students?

. Population of Rgjasthan =570 1akhsand population of UP= 1660 lakhs.
Areaof Rajasthan = 3lakh km? and areaof UP=2lakh km?.

(i) How many peoplearethere per km?in both these States?
(i) Which Stateislesspopulated?

8.3 PERCENTAGE — ANOTHER WAY OF COMPARING QUANTITIES

Anita’'sReport Rita’sReport
Total 320/400 Total 300/360
Percentage: 80 Percentage: 83.3

Anitasaid that she hasdone better as she got 320 markswhereas Ritagot only 300. Do
you agree with her? Who do you think has done better?

Mansi told them that they cannot decide who has done better by just comparing the

total marks obtai ned because the maximum marksout of whichthey got the marksare not
thesame.

Shesaid why don’t you seethe Percentages given in your report cards?
Anita sPercentage was 80 and Rita' swas 83. So, thisshows Ritahas done better.
Doyou agree?

Per centagesar enumer ator sof fractionswith denominator 100 and have been

used in comparing results. Let ustry to understand in detail about it.

8.3.1 Meaning of Percentage

Per cent isderived from Latinword ‘ per centum’ meaning ‘ per hundred'.

Per cent isrepresented by the symbol % and meanshundredthstoo. That is1% means

1
1 out of hundred or one hundredth. It can bewrittenas; 1% = m =0.01
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Tounderstandthis, let usconsider thefollowing example.

Rinamade atabletop of 100 different coloured tiles. She counted yellow, green, red
and bluetiles separately and filled the table bel ow. Can you hel p her compl etethetable?

Colour Number Rate per Fraction | Writtenas Read as
of Tiles Hundred
Yelow 14 14 14 14% 14 per cent
100
26
Green 26 26 — 26% 26 per cent
100
Red 35 35
Blue 25 | --------
Total 100

TrY THESE

1. FindthePercentageof children of different heightsfor thefollowing data.

Height Number of Children | InFraction | In Percentage
110cm 22
120cm 25
128cm 32
130cm 21
Total 100
2. A shop hasthefollowing number of shoepairsof different
Szes
Size2:20 Size3:30 Size4:28

Size5:14 Size6:8

Writethisinformation in tabular form asdoneearlier and
find the Percentage of each shoesizeavailableintheshop.

Percentages when total is not hundred

Inall theseexamples, thetotal number of itemsadd up to 100. For example, Rinahad 100
tilesinall, therewere 100 children and 100 shoe pairs. How do we cal cul ate Percentage
of anitemif thetotal number of itemsdo not add up to 100? In such cases, we need to
convert thefraction to an equivaent fraction with denominator 100. Consider thefollowing
example. You have anecklacewith twenty beadsin two colours.
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Colour Number | Fraction | Denominator Hundred In Percentage
of Beads
e 6 8 8 100_ 40 S
20 207100 100 °
Bl 12 2 209 60%
e 20 207100 100 °
Total 20
Anwar found the Per centageof red beadslikethis Ashadoesit likethis
Out of 20 beads, the number of red beadsare 8. 8  8x5
Hence, out of 100, the number of red beadsare 20 20%5
8 40
—x100 = 40 (out of hundred) = 40% -7
20 100 40%

We see that these three methods can be used to find the Percentage when the total
doesnot add to give 100. In the method shown in thetable, we multiply thefraction by

100
100" Thisdoesnot changetheva ueof thefraction. Subsequently, only 100 remainsinthe

denominator.

5
Anwar has used the unitary method. Ashahas multiplied by 5 to get 100 in the
denominator. You can use whichever method you find suitable. May be, you can make
your own method too.

Themethod used by Anwar canwork for al ratios. Can the method used by Ashaalso
work for al ratios? Anwar saysAsha' smethod can beused only if you can find anatura
number which onmultiplicationwith thedenominator gives 100. Since denominator was 20,
shecould multiply it by 5to get 100. If the denominator was 6, shewould not have been
ableto usethismethod. Do you agree?

TrY THESE /

1. A collectionof 10 chipswith different coloursisgiven. &é
/.

Colour | Number | Fraction | Denominator Hundred | In Percentage

Green @@@@
Blue
o 86 ®

Fill thetableand find the percentage of chipsof each colour.
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2. Malahasacollection of bangles. She has 20 gold banglesand 10 silver bangles.
What isthe percentage of bangles of each type? Canyou put it inthetabular form
asdoneintheabove example?

THINK, Discuss AND WRITE

1. Look at the examples below and in each of them, discuss which is better for
comparison.
Intheatmosphere, 1 g of air contains:

.78 g Nitrogen 78% Nitrogen
.21 gOxygen or 21% Oxygen
.01 g Other gas 1% Other gas

3

5 Cotton 60% Cotton
2 or
5 Polyster 40% Polyster

8.3.2 Converting Fractional Numbers to Percentage

Fractional numbers can have different denominator. To comparefractiona numbers, we
need acommon denominator and we have seen that it ismore convenient to compareif
our denominator is100. That is, we are converting thefractionsto Percentages. L et ustry
converting different fractional numbersto Percentages.

1
ExampLE 7 Write 3 asper cent.

1 1 100 1

—=x—=="x100%
SoLuTioN Wehave, 373 100" 3 0

= @% = 331%
3 3

XAMPLE 8 Outof 25 childreninaclass, 15 aregirls. What isthe percentage of girls?
OLUTION  Outof 25 children, thereare15girls.

. 15 -
Therefore, percentageof girls= 25 100 =60. Thereare60% girlsintheclass.

5
ExamvpLE 9 Convert 2 to per cent.

SoLutioNn  Wehave, % = %X100% =125%
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From these exampl es, wefind that the percentagesrelated to proper fractionsareless
than 100 whereas percentages rel ated to improper fractionsare morethan 100.

THINK AND DiIscuss

(i) Canyou eat 50% of acake? Canyou eat 100% of acake?
Canyou eat 150% of acake?

(i) Canapriceof anitemgoup by 50%? Canapriceof anitem go up by 100%?
Canapriceof anitem go up by 150%7?

8.3.3 Converting Decimals to Percentage

We have seen how fractions can be converted to per cents. Let usnow find how decimals
can be converted to pre cents.

ExampLE 10 Convert thegiven decimalsto per cents:

@ 0.75 (b) 0.09 © 0.2
SoLuTION
9
(8 0.75=0.75 x 100 % (b) 0.09= 1= =9%

= 1009 = 75%
~ 100 0= (970

2
(© 0.2= = x 100% = 20 %
10

TrY THESE

1. Convertthefollowingto per cents:

2 b) 35 hcd 2 0.05 .
@ B3 © 5 @ 3 © 0.
2. () Outof 32 students, 8 are absent. What per cent of the students are absent?

(i) Thereare25radios, 16 of them are out of order. What per cent of radiosare
out of order? ——

(i) A shop has500 parts, out of which 5 aredefective. What per cent are defective?
(iv) Thereare120voters, 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 decimal sto percentages. We can also do the
reverse. Thatis, given per cents, we can convert themto decimalsor fractions. Look at the
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table, observeand completeit:

Per cent 1% 10% 25% | 50% | 90% | 125% | 250%
Make some
more such _ 1 10 1
examples and Fraction 100 100~ 10
solve them.
Decimal 0.01 0.10

Parts always add to give a whole

In the examplesfor coloured tiles, for the heights of
children and for gasesintheair, wefind that whenwe &] IZ _
add the Percentageswe get 100. All the partsthat form v

thewholewhen added together givesthewholeor 100%.

So, if wearegiven onepart, we can awaysfind out the

other part. Suppose, 30% of agiven number of studentsareboys.

Thismeansthat if there were 100 students, 30 out of them would be boysand the
remaining would begirls.

Then girlswould obvioudy be (100—30)% = 70%.

TrY THESE

1. 35%+ % = 100%, 64% + 20% + % =100%
45% = 100% — %, 70% = % — 30%

. If 65% of sudentsinaclasshaveabicycle, what per cent 7~
of thestudent do not havebicycles? ( - ’

. Wehave abasket full of apples, orangesand mangoes.
If 50% are appl es, 30% are oranges, then what per cent
aremangoes?

THINK, Discuss AND WRITE

Consider the expenditure made on adress 7
20% on embroidery, 50% on cloth, 30% on stitching. |
I~~~ Canyouthink of moresuch examples?

<_F
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8.3.5 Fun with Estimation
Percentageshel p usto estimatethe parts of an area.

ExampLE 11 What per cent of theadjoining figureisshaded?

SoLuTtiON Wefirg find thefraction of thefigurethat isshaded. From thisfraction,
the percentage of the shaded part can befound.
1

1
= 0 0
> 2><100A) 50%

Youwill find that half of thefigureisshaded. And,
Thus, 50 % of thefigureisshaded.

TrY THESE

What per cent of thesefiguresare shaded?

0] (iN)
1 1
E 4
1 1
8 1 2
16
1 1
8
Tangram
You can make somemorefiguresyourself and ask your friendsto estimate the
shaded parts.

8.4 UsE oF PERCENTAGES

8.4.1 Interpreting Percentages
We saw how percentageswere hel pful in comparison. We have also learnt to convert
fractional numbers and decimalsto percentages. Now, we shall learn how percentages
canbeusedinred life. For this, we start with interpreting thefollowing Statements:
— 5% of theincomeissaved by Ravi.— 20% of Meera sdressesarebluein colour.
— Rekhagets 10% on every book sold by her.

What canyou infer from each of these statements?

5

By 5% we mean 5 partsout of 100 or wewriteit as 100° It means Ravi issaving
Rs5 out of every Rs 100 that heearns. Inthe sameway, interpret therest of the statements
givenabove.
8.4.2 Converting Percentages to “How Many”
Congder thefollowing examples:
ExampLE 12 A survey of 40 children showed that 25% liked playing football. How

many childrenliked playing footbal|?

SoLuTtiON Here, thetotal number of children are40. Out of these, 25% likeplaying
footbal. Meenaand Arun used thefollowing methodsto find the number.
You can choose either method.
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Arun doesit likethis Meena does it like this

. - 25
Out of 100, 25I|keplay|ngfmtbdl | 2506 of 40 =~ x 40
Soout of 40, number of childrenwhollike 100

25 40 =10
laying football = — x40 =10
Paying 100 Hence, 10 children out of 40 like
playingfootbdll.
JGAIT 1. And:
1

(@ 50% of 164 (b) 75%of 12 © 125%of 64

2. 8% children of aclassof 25 likegetting wet intherain. How many childrenlike
gettingwet intherain.

ExamvpLE 13 Rahul bought asweater and saved Rs 20 when adiscount of 25% was
given. What wasthe price of the sweater before the discount?

SoLuTiON Rahul has saved Rs 20 when price of swesater isreduced by 25%. This
meansthat 25% reduction in priceistheamount saved by Rahul. Let us
see how Mohan and Abdul havefound theoriginal cost of the sweeter.

M ohan’ssolution Abdul’ssolution
25% of theoriginal price=Rs20 Rs25issaved for every Rs 100
Lettheprice(inRs) beP Amount for whichRs20issaved
100
So, 25% of P=200r E><P=20 = —X%20 = Rs80
100 25
or P orP=20x4 Thusboth obtained theorigina price of
4 sweater as Rs 80.
Therefore, P=80
1. 9is25% of what number? 2. 75% of what number is15?

EXERCISE 8.2

1. Convertthegivenfractiona numbersto per cents.

1 5 3
@ 5 ® - © 3 @

~iN
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2. Convertthegiven decimal fractionsto per cents.

(@ 0.65 (b) 2.1 (c) 0.02 (d) 12.35
3. Estimatewhat part of thefiguresiscoloured and hencefind the per cent whichis
coloured.

() (i) (i
4. Hnd:
(@ 15%o0f 250 (b) 1%of 1hour (c) 20% of Rs2500 (d) 75% of 1kg

5. Findthewholequantity if
(@ 5% of itis600. (b) 12%of itisRs1080. (c) 40% of itis500 km.

(d) 70%of itis14 minutes. (e) 8%ofitisd0litres.

6. Convert given per centsto decimal fractionsand asoto fractionsinsimplest forms:
@ 25% (b) 150% (c) 20% (d) 5%

7. Inacity, 30% arefemales, 40% aremalesand remaining are children. What per cent
arechildren?

8. Out of 15,000 votersin aconstituency, 60% voted. Find the percentage of voters
who did not vote. Can you now find how many actually did not vote?

9. MeetasavesRs400from her salary. If thisis10% of her sdlary. What isher sdlary?

10. A local cricket team played 20 matchesin one season. It won 25% of them. How
many matchesdidthey win?

8.4.3 Ratios to Percents

Sometimes, partsare given to usin theform of ratios and we need to convert those to
percentages. Consider thefollowing example:

ExampLE 14 Reena smother said, to makeidlis, you must taketwo partsrice and
onepart urad dal. What percentage of such amixturewould berice
and what percentage would be urad dal?

SoLuTION Intermsof ratiowewould writethisasRice: Uraddal =2: 1.

Now, 2 +1=3isthetotal of al parts. Thismeans% partisriceand :—13 partisuraddal.

Then, percentage of ricewould be%xlOO % = 23& = 66z %.

3
100 1

1
Percentage of urad dal would be 3 100 % 3 33§ % .
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ExampLE 15If Rs250isto bedivided amongst Ravi, Raju and Roy, so that Ravi
getstwo parts, Raju three partsand Roy five parts. How much money
will each get? What will it bein percentages?

OLUTION The partswhich thethree boysare getting can bewrittenintermsof

ratiosas2:3:5. Total of thepartsis2 + 3 +5=10.
Amountsreceived by each Per centages of money for each
3><Rs250 =Rs50 Ravigetszme% 20%
10 10
3 Rs250 =Rs75 Rajugets > x100% 30%
10 10
S Rs250=Rs 125 Roygetsixloo% 50%
10 10

TrY THESE

1. Divide 15 sweets between Manu and Sonu so that they get 20 %
and 80 % of them respectively.

2. If anglesof atriangleareintheratio2: 3: 4. Find the value of

/ eachangle.
M 8.4.4 Increase or Decrease as Per Cent

There aretimeswhen we need to know theincrease or decreasein acertain 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 theincrease or decreasein aquantity asapercentage of theinitial
amount? Consder thefollowing example.

ExampLE 16 A school teamwon 6 gamesthisyear against 4 gameswon last year.
What isthe per cent increase?

OLUTION Theincreaseinthe number of wins(or amount of change) =6—-4=2.

amount of change 100

Percentageincrease= ——;
original amount or base

_ mcre@mthenumber of wms><1OO _ g 100 =50
original number of wins 4

ExampLE 17 Thenumber of illiterate personsin acountry decreased from 150 lakhs
t0 100 lakhsin 10 years. What isthe percentage of decrease?

OLUTION Origina amount =thenumber of illiterate personsinitially = 150 1akhs.
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Amount of change = decreaseinthe number of illiterate persons= 150—100=50Iakhs
Therefore, the percentage of decrease

_ amount of change | 29 100=33L
150 3

original amount

TrY THESE

1. FindPercentageof increaseor decrease:
— Priceof shirt decreased from Rs 80 to Rs 60.
— Marksinatest increased from 20 to 30.

2. My mother says, in her childhood petrol wasRe 1 alitre. ItisSRs52 per litretoday.
By what Percentage hasthe price gone up?

8.5 PRICES RELATED TO AN ITEM OR BUYING AND SELLING
| bought it for Rs600

and will sell it for Rs610

Thebuying priceof any itemisknown asitscost price. Itiswrittenin short asCP,
Thepriceat whichyou sell isknown asthesdlling priceor in short SP.

What would you say isbetter, toyou sdll theitem at alower price, same priceor higher
price than your buying price? You can decide whether the sale was profitable or not
depending onthe CPand SP. If CP< SP then you madeaprofit = SP—CP.

If CP=SP thenyou areinano profit nolosssituation.
If CP> SP thenyou havealoss= CP—-SP.
Let ustry tointerpret the statementsrel ated to pricesof items.
® A toy bought for Rs72issold at Rs80. DI
® A T-shirt bought for Rs120issold at Rs100. SN
® A cyclebought for Rs800issold for Rs940. C)/\ \%7;@
L et usconsider thefirst statement. '

Thebuying price (or CP) isRs72 andthe selling price (or SP) isRs80. Thismeans SP
ismorethan CP. Hence profit made = SP—CP =Rs80—-Rs72=Rs8

Now try interpreting theremaining statementsinasimilar way.

m)

7]

U
7

8.5.1 Profit or Loss as a Percentage
Theprofit or loss can be converted to apercentage. It isalways cal culated on the CP.
For the above exampl es, we can find the profit % or 1oss %.

L et us consider the example related to the toy. We have CP=Rs 72, SP= Rs 80,
Profit = Rs8. To find the percentage of profit, Nehaand Shekhar have used thefollowing
methods.
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Nehadoesit thisway

Profit 8
CP x 100 = 7—2

Profit per cent=

= l><100 = 11l
9 9

ProEi? OR
Loss , Pereawracs

100

Shekhar doesit thisway

OnRs72theprofitisRs8

8
OnRs100, profit = =3 100

( Avmizye en ,

Thus, theprofitisRs8 and

profit Per centis 11% :

CP=Rs 120, SP=Rs 100.

1
= 11% . Thus, profit per cent = 11§

Similarly you canfind theloss per cent inthe second Situation. Here,

* Therefore, Loss=Rs120—-Rs100=Rs?20

Loss
CcP
= 20 x100
120

50

Loss per cent = %100

16g
3

3

Try thelast case.

OnRs 120, thelossisRs20
Soon Rs 100, theloss

=20 100=2-162
120 303

2
Thus,I0$percenti316§

Now we seethat given any two out of thethree quantitiesrelated to pricesthat is, CP,
SP, amount of Profit or Lossor their percentage, we can find therest.

ExampLE 18 Thecost of aflower vaseisRs 120. If the shopkeeper sellsit at aloss
of 10%, find the priceat whichitissold.

OLUTION
findthe SP

We are given that CP=Rs 120 and L oss per cent = 10. We haveto

Sohan doesit likethis

Lossof 10% meansif CPisRs100,
LossisRs10

Therefore, SPwould be

Rs(100—-10) =Rs 90

When CPisRs 100, SPisRs90.

Therefore, if CPwere Rs120then
90

120 = Rs 108
100

SP

Anandi doesit likethis

Lossis10% of thecost price
= 10% of Rs120

£x120 =Rs 12

~ 100

Therefore

SP=CP-Loss
=Rs120—-Rs12 =Rs 108

Thus, by both methods we get the SP as
Rs108.
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ExampLE 19 Selling price of atoy car isRs540. If the profit made by shop-
keeper is20%, what isthe cost priceof thistoy?

SoLutioN  Wearegiventhat SP=Rs540andthe Profit=20%. Weneedtofindthe CP

Aminadoesit likethis Arundoesit likethis
20% profit will meanif CPisRs 100, Profit = 20% of CPand SP=CP+ Profit
profitisRs20 So, 540 = CP + 20% of CP
Therefore, SP=100+20 =120 20 1
Now, when SPisRs 120, =CP+ 10 ¥ CP= [1+ _] cp
then CPisRs 100.
Therefore, when SPisRs 540, - gcp_ Therefore, 540x> = CP
then CP= % 540 = Rs450 or Rs450=CP

Thus, by both methods, the cost priceisRs450.

TrY THESE

1. A shopkeeper bought a chair for Rs 375 and sold it for Rs 400. Find the gain
Percentage.

2. Costof anitemisRs50. It wassold with aprofit of 12%. Find the selling price.
3. Anarticlewassoldfor Rs250 with aprofit of 5%. What wasits cost price?
4. Anitemwassoldfor Rs540 at alossof 5%. What wasits cost price?

8.6 CHARGE GIVEN ON BORROWED MONEY OR SIMPLE
INTEREST

Sohini said that they were going to buy anew scooter. M ohan asked her
whether they had the money to buy it. Sohini said her father was going
to take aloan from abank. The money you borrow isknown as sum
borrowed or principal.

Thismoney would be used by the borrower for sometimebeforeitis
returned. For keeping thismoney for sometimethe borrower hasto pay
some extramoney to thebank. Thisisknown asl nter est.

You can find the amount you haveto pay at the end of the year by adding the sum
borrowed and theinterest. That is, Amount = Principal + I nterest.

Interestisgenerally givenin per cent for aperiod of oneyear. Itiswritten as say 10%
per year or per annum or in short as 10% p.a. (per annum).

10% p.a. meanson every Rs 100 borrowed, Rs 10istheinterest you haveto pay for
oneyear. L et ustake an exampleand see how thisworks.

ExamvprLE 20 Anitatakesaloan of Rs5,000 at 15% per year asrate of interest. Find
theinterest shehasto pay at end of oneyear.
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SorLuTIioN Thesum borrowed = Rs 5,000, Rate of interest = 15% per year.

Thismeansif Rs100isborrowed, shehasto pay Rs 15 asinterest for oneyear. If shehas
borrowed Rs 5,000, then theinterest she hasto pay for oneyear

=Rs E><5000 =Rs 750
100

So, at theend of theyear she hasto give an amount of Rs5,000+ Rs750= Rs5,750.
Wecanwriteagenera relationtofindinterest for oneyear. Take P astheprincipal or

sum and R % as Rate per cent per annum.

Now on every Rs 100 borrowed, theinterest paidisRsR

RxP  PXR

100 ~ 100 °

Therefore, on Rs P borrowed, theinterest paid for oneyear would be

8.6.1 Interest for Multiple Years

If theamount isborrowed for morethan oneyear theinterest iscal cul ated for the period
themoney iskept for. For example, if Anitareturnsthe money at the end of two yearsand
therate of interest isthe samethen shewould haveto pay twicetheinteresti.e.,, Rs750for
thefirst year and Rs 750 for the second. Thisway of calculating interest where principa is
not changed isknown assimpleinter est. Asthe number of yearsincreasetheinterest
alsoincreases. For Rs 100 borrowed for 3 yearsat 18%, theinterest to be paid at theend
of 3yearsis18+ 18+ 18=3x 18 =Rs54.
We canfind thegenera formfor smpleinterest for morethan oneyear.

Weknow that onaprincipal of RsP at R% rate of interest per year, theinterest paid

for oneyearis . Therefore, interest | paid for T yearswould be

Andamount you haveto pay at theendof Tyearsis A=P+ |

TrY THESE

)i

1. Rs10,000isinvested at 5% interest rate p.a. Find theinterest at the end of one
yedr.

2. Rs3,500isgivenat 7% p.a. rate of interest. Find theinterest whichwill bereceived
at theend of two years.

3. Rs6,050isborrowed at 6.5% rate of interest p.a.. Find theinterest and the amount
to bepaid at theend of 3years.

4. Rs7,000isborrowed 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 asin the case of pricesrelated to items, if you are given any two of thethree

PxTxR

quantitiesintherelation | = , you could find theremaining quantity.
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ExamvpLE 2 1 If Manohar paysaninterest of Rs 750 for 2 yearson asum of

Rs 4,500, find therate of interest.

Solution 1

I
100

_ PXTXR

Therefore, 750 =

750 100
or =
45%2 _375x100
Therefore, Rate = 85% © 4500

Solution 2

4500%2X R

For 2 years, interest paidisRs 750

750
Therefore, for 1 year, interest paid RST =Rs 375

OnRs4,500, interest paidisRs375
Therefore, on Rs 100, rate of interest paid

=8-%

1
3

TrY THESE

1. YouhaveRs2,400inyour account and theinterest rateis5%. After how many years

would you earn Rs 240 asinterest.

2. Onacertainsumtheinterest paid after 3 yearsisRs450 at 5% rate of interest per

annum. Find thesum.

ExERCISE 8.3

1. Tdlwhatistheprofit or lossinthefollowing transactions. Also find profit per cent or

loss per cent in each case.

(8 Gardening shearsbought for Rs250 and sold for Rs 325.
(b) A refrigerater bought for Rs 12,000 and sold at Rs 1.3,500.
(¢) 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.

2. Convert each part of theratio to percentage:

@ 31

decrease.

4. Arun bought a car for Rs 3,50,000. The next year, the price went upto
Rs3,70,000. What wasthe Percentage of priceincrease?

5. lbuyaT.V.for Rs10,000 and sell it at aprofit of 20%. How much money do| get

forit?

(b) 2:3:5 (0 14 (d) 1:2:5
3. Thepopulation of acity decreased from 25,000 to 24,500. Find the percentage

6. Juhi sellsawashing machinefor Rs13,500. Sheloses20% inthe bargain. What was
the priceat which shebought it?

\l

of carbonin chalk.
(i) Ifinastick of chalk, carbonis3g, what istheweight of the chalk stick?

. () Chak containscacium, carbonand oxygenintheratio 10:3:12. Find the percentage
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8.

9.

10.

Aminabuysabook for Rs275 and sellsit at aloss of 15%. How much doesshe sell
itfor?

Find theamount to be paid at theend of 3 yearsin each case:

(@ Principal =Rs 1,200 at 12% p.a. (b) Principal =Rs7,500 at 5% p.a.
What rate gives Rs 280 asinterest on asum of Rs56,000in 2 years?

If Meenagivesaninterest of Rs45for oneyear at 9% rate p.a.. What isthesum she
has borrowed?

WHAT HAVE WE DISCUSSED?

Weareoften required to comparetwo quantitiesin our daily life. They may beheights,
weights, salaries, marksetc.

Whilecomparing heightsof two personswith heights150 cmand 75 cm, wewriteit
astheratio150: 75 or 2: 1.

Tworratios can becompared by converting themtolikefractions. If thetwo fractions
areequal, we say thetwo givenratiosare equivaent.

If two ratios are equivaent then the four quantitiesare said to bein proportion. For
example, theratios8: 2 and 16 : 4 are equivalent therefore 8, 2, 16 and 4 arein
proportion.

A way of comparing quantitiesispercentage. Percentagesarenumeratorsof fractions
with denominator 100. Per cent means per hundred.

For example 82% marks means 82 marks out of hundred.

Fractions can be converted to percentagesand vice-versa.

7 3

100 4

Decimalstoo can be converted to percentagesand vice-versa.

For example, 0.25 = 0.25 x 100% = = 25%

Percentagesarewiddy usedinour daily life,

(& Wehavelearnt tofind exact number when acertain per cent of thetota quantity
isgiven.

(b) When partsof aquantity aregiven to usasratios, we have seen how to convert
them to percentages.

(c) Theincreaseor decreaseinacertain quantity can aso beexpressed aspercentage.

(d) Theprofitorlossincurred inacertain transaction can be expressed in terms of
percentages.

() Whilecomputinginterest on an amount borrowed, therate of interestisgivenin

terms of per cents. For example, Rs 800 borrowed for 3 years at 12% per
annum.

For example, % % 100 % whereas, 75% =

e e —




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 O to natural
numbers, we got the whole numbers, i.e., 0, 1, 2, 3, ... The negatives
of natural numberswere then put together with whole numbersto make
up integers. Integersare...., —3,-2,-1,0, 1,2, 3, .... We, thus, extended
the number system, from natural numbersto whole numbers and from

whole numbersto integers.

numerator

denominator
wherethenumerator iseither O or apostiveinteger and the denominator, apostiveinteger.
You compared two fractions, found their equivalent forms and studied all the four basic
operationsof addition, subtraction, multiplication and divison onthem.

InthisChapter, we shal extend the number systemfurther. We shdl introducethe concept
of rational numbersaongwith their addition, subtraction, multiplicationand divison operations.

You were aso introduced to fractions. These are numbers of theform

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 disanceof 3 kmto theright of aplace wasdenoted by 3, then
the distance of 5 kmto theleft of the same place could be denoted by —5. If aprofit of Rs150
wasrepresented by 150 then alossof Rs 100 could bewritten as—100.

Therearemany stuationssimilar to the above stuationsthat involve fractiona numbers.

3
You can represent a distance of 750m above sealevel as 2 km. Can we represent 750m

3 -3
below sealeve in km? Can we denotethe distance of 2 kmbelow sealevel by v ?Wecan

-3
Ssee 7 isneither aninteger, nor afractional number. We need to extend our number system
to include such numbers.
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9.3 WHAT ARE RaTIONAL NUMBERS?
Theword ‘rationd’ arisesfromtheterm‘ratio’. You know that aratio like 3:2 can also be

writtenas g . Here, 3and 2 arenatural numbers.

Similarly, theratio of two integerspand q(q* 0), i.e., p:q canbewrittenintheform
g . Thisistheforminwhich rational numbersare expressed.

A rational number is defined as a number that can be expressed in the
form g , Wherepand g areintegersandq?® O.

4
Thus, 5 isarational number. Here, p=4andq=5.

) IS _7 also arational number?Yes, because p=—3 and g =4 areintegers.

34,2
1 You have seen many fractionslike 8's ,15 etc. All fractions arerational
numbers. Canyou say why?
How about the decimal numberslike 0.5, 2.3, etc.? Each of such numbers can be

5
written asanordinary fraction and, hence, arerational numbers. For example, 0.5= —

10°
0333= -2 o
~593= 7000 ¢

TRy THESE

2
1. Isthenumber 3 rationa?Think about it. 2. List tenrational numbers.

> Numerator and Denominator
W In g , theinteger pisthe numerator, and theinteger q(* 0) isthedenominator.

Thus, in = thenumerator is—3 and thedenominator is 7.
Mention fiverational numbers each of whose
(@ Numerator isanegative integer and denominator isapositive integer.
(b) Numerator isapositiveinteger and denominator isanegative integer.
() Numerator and denominator both are negative integers.
(d) Numerator and denominator both are positive integers.

1 Areintegersalso rationa numbers?
Any integer can be thought of as arational number. For example, theinteger —5isa

rational number, because you can writeit as _TS . Theinteger O can also be written as

0 0O
0= 50" etc. Hence, itisalso arational number.
Thus, rational numbersinclude integersand fractions.
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Equivalent rational numbers
A rational number can bewrittenwith different numeratorsand denomingtors. For example,

-2
condder therational number —.

3
2  2x2_-4 2 _4 @\7

— . Weseethat —= isthesameas — .

37 3x2 6 3
2 (-2)x(-5)_ 10 -2 10
Al — = = . — hesameas ——.
0, 3 3x(_5) 15 So, 3 isalsothe as_15
-2 -4 10 _ :
Thus, 3 = 6 =15 Suchrational numbersthat areequal to each other are said to
be equivalent to each other.
_ 10 -10
Again, 157 15 (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 | HESE

obtaining equivaent fractions. Fill inthe boxes:

Just asmultiplication, thedivison of thenumerator and denominator 5 D o5 _15
by the same non zero integer, also gives equivalent rational numbers. For 0 ~===— ==
example, 4 16 [ []

10 10, (-5 _-2 12 12,12 _-1 3 _[]_9_-6
45" 15,(5) 3 2 212 2 O 77T
We write _—Zas—g,_—loas—g,etc.
3 3 15 15

9.4 PosiTivE AND NEGATIVE RATIONAL NUMBERS

Condder therationa number % . Boththenumerator and denominator of thisnumber are

352
positiveintegers. Sucharational number iscaled apostiverational number. So, 379

etc. arepositiverational number.
;

The numerator of % isanegativeinteger, whereasthedenominator 1. |s 5 a positive rational

isapositiveinteger. Sucharationa number iscalled anegativerational number?
-5 -3 -9 . . 2. List five more positive
number. SO, 785 etc. arenegativerationa numbers. e T e



MATHEMATICS

8x-1

8 , . 8 -8
1 Is— anegativerationa number?We know that — = ==,
TRY THESE -3 0 -3 -3x-1" 3

1. Is—8anegative -8 o 8 . L
P e e . ad 3 isanegativerationa number. So, —; isanegativerationa number.
2. List five more 5 6 2
negativerational Similarly, —»—,— etc. aredl negativerational numbers. Notethat their
numbers. B

numeratorsare posmveand their denominators negative.
1 Thenumber Oisneither apositive nor anegativerationa number.

-3
| Whatabout—5’7

y 3" (-1 _ -3
/ Youwﬂlsaethat—5 5—(1) E So, — |sapost|verat|ond number.
-2 -5
Thus, —,— etc. are positiverational numbers.

-5'-3

Which of these are negative rationa numbers?

5 3 6
0 32 (W - (i) — (iv) 0 V) 77 ™

9.5 RATIONAL NUMBERS ON A NUMBER LINE

You know how to represent integerson anumber line. Let usdraw onesuch number line.

-4 -3 -2 -1 0 1 2 3 4
The pointsto theright of O are denoted by + Sgnand are positiveintegers. The points
to theleft of O are denoted by — sign and are negative integers.
Representation of fractions on anumber lineisalso knownto you.
L et usseehow therational numbers can be represented on anumber line.

1
Let usrepresent the number - 5 on the number line.

Asdoneinthecase of pogtiveintegers, the postive rational numberswould be marked
ontheright of 0 and the negative rational numberswould be marked on theleft of 0.

1
To whichside of O will youmark - E?Beinganegative rational number, it would be
marked to theleft of O.

You know that while marking integers on the number line, successve integersare
marked at equal intervels. Also, from O, the pair 1 and—1 isequidistant. So arethe pairs 2
and -2, 3and -3.
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1 1
In the same way, the rational numbers 5 and - 5 would be a equal distancefromO.
1
We know how to mark the rational number 5 It ismarked at apoint which ishaf the

1
distancebetweenOand 1. So, - - would bemarked at apoint half the distance between

2
Oand-1.
T N
2 2
We know how to mark :—; onthe number line. It ismarked ontheright of O and lies
-3 . .
halfway between 1 and 2. Let usnow mark > onthenumber line. It lieson theleft of O
and isatthesamedistanceas:—g fromO.
: -1-2,_ -3 -4, :
In decreasing order, we have, 7,—(— -1, 7,7(— - 2) . This shows that
%3 liesbetween—1and—2. Thus, 73 lieshalfway between—1 and —2.
-4 -3 -2 -1 0 1 2 3 4
—=(=-2 — — == f— —=(0 - —= — —=(2
22 S 2= S S 5 A S 2=

-5 -7
Mark > and > inasmilar way.

1 1
Similarly, - 3 istotheleft of zero andatthesarnadistancefromzeroas§ istothe

1
right. So asdone above, - 3 can be represented on the number line. Onceweknow how

1 2 4 5
to represent - 3on the number line, we can go on representing - 37373 andsoon.
All other rationa numberswith different denominatorscan berepresentedinasimilar way.

9.6 RATIONAL NUMBERS IN STANDARD FORM

Observetherationa numbersg,'—s, E,i.
5 8 7 11
The denominatorsof theserational numbersare positiveintegersand 1 is
the only common factor between the numeratorsand denominators. Further,

the negative sign occursonly inthe numerator.
Such rational numbersare said to bein 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 arational number is not in the standard form, then it can be reduced to the
standard form.

Recdll that for reducing fractionsto their lowest forms, we divided the numerator and
the denominator of the fraction by the same non zero positive integer. We shall usethe
same method for reducing rational numbersto their sandard form.

—45
ExampLE 1 Reduceﬁ to the standard form.

—45_-45,3_-15_-15,5_-3

30 30,3 10 10,5 2

We had to divide twice. First time by 3 and then by 5. Thiscould also be doneas
-45 -4515 -3
30 30,15 2

Inthisexample, notethat 15isthe HCF of 45 and 30.

Thus, to reducethe 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)

If thereisnegative signinthe denominator, divide by ‘—HCF .

SoLUTION  Wehave,

ExampLE 2 Reduceto standard form:

, 36 .3
O T
SOLUTION

() TheHCFof 36 and 24is12.
Thus, its standard form would be obtained by dividing by —12.

36 _ 36, (12 _-3
24~ 24 (-12) 2
(i) TheHCFof 3and 15is3.

3_-3,(3 _1
15 -15 (-3) 5

Thus,

TRy THESE

Find th dard f f —18 iy =2
ind thestandard formof (i) 45 (i) 18
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9.7 CowmprARISON OF RAaTIONAL NUMBERS

Weknow how to comparetwo integersor two fractionsand tell whichissmaller or which
isgreater among them. Let usnow see how we can comparetwo rational numbers.

2 5
Two positiverationa numbers, like 3 and  can becompared asstudied earlier inthe

caseof fractions.

1 1
Mary compared two negative rational numbers - 5 and - 5 using number line. She

knew that theinteger whichwason theright Sde of the other integer, wasthe greater
integer.
For example, 5isto theright of 2 on thenumber lineand 5> 2. Theinteger —2ison

theright of —5 onthe number lineand —2>-5.

Sheused thismethod for rationa numbersaso. Sheknew how to mark rational numbers

1 1
on the number line. Shemarked - < and - — asfollows:

2 5
) —1}&0 !
1_-5 -1_-2
2 10 5 10
1 5
Hasshe correctly marked the two points? How and why did she convert - 5 to - 10
and-l -£°Shef ndhat-l' he'htf-lTh -E>-1 -1<-l
5to 10 oundt 5|stot rightof - 5. Thus, - > S or - 5<- .

2

3 1
Canyou compare - - and - ;?-5 and - =7

4 3° 3 5

1 1 1
We know from our study of fractionsthat — <— . And what did Mary get for - —

5 2 2
1
and - 5 ?Wasit not exactly the opposite?
You will find th 1>Ebut-1<-E
ou Wi mtat,2 5 5< 5"
D b h f 3.2 d 1 -E’>
0 you observethe same for 4 gad- g,

Mary rememberedthat inintegers shehad studied 4> 3
but—4<-3,5>2but -5<-2etc.
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I Thecaseof pairs of negative rational numbersis similar. To compare two negative
rational number s, we compare themignoring their negative signsand then reverse
the order.

5

7 5 7
For example, to compare - 5 and - 3 wefirst compare 5 and 3

7 5 -7 _ -
— — >
We get 5 < 3 and conclude that 5 3¢

Takefivemore such pairsand compare them.

Whichi 3 -E’?-ﬂ -7
Ich Isgreater 8or e 3or X

w

1 Comparison of anegative and apostiverationa number isobvious. A negative rational
number isto theleft of zero whereasapostive rational number isto theright of zero on
anumber line. So, anegativerationa number will dwaysbelessthan apogtiverationa
number.

Thus —2 <X
Us =7 =%

-3_ -2
I Tocomparerational numbers _—andj reducethemto their standard forms and

then compare them.

4 -16
ExampLE 3 Do 9 and 36 represent the samerational number?

SOLUTION  Yes, because - = 2 ,(_4) 716, -16_-16.-4_4
—9 -9 (-4) 36 36 36, -4 -9

9.8 RAaTIONAL NUMBERS BETWEEN Two RATIONAL NUMBERS

Reshmawanted to count the whole numbersbetween 3 and 10. Fromher earlier classes,
she knew there would be exactly 6 whole numbers between 3 and 10. Similarly, she
wanted to know the total number of integers between—3 and 3. Theintegersbetween—3
and3ae-2,-1,0, 1, 2. Thus, there areexactly 5 integers between—3 and 3.

Arethere any integers between -3 and —2? No, there is no integer between
—3 and —2. Between two successive integers the number of integersisO.
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Thus, wefind that number of integersbetweentwo integersarelimited (finite).
Will the same happenin the case of rational numbersalso?

Reshmatook two rational numbers %3 and %1 )

She converted themto rational numberswith same denominators.

< -3_-9_,-1_-5
5 15° 3 15

—9—8—7—6—5 —3—8—7—6—1
We have —<—<—<—<—0o < —-<—<_—-<—

15 15 15 15 15 % 5 15 15 15 3

Shecould find retional numbers —,— =2 between ~ and L.

e Cou INA rational nuMm 515 15’15 5 —an ?
Arethenumbers —, =2 the only rational numbersbetween - — and - =2
rethenu S 15'15'15 only rational numbers between 5 3
Weh -3_-18_-8_-16

ehave 5 30 15 30
and -18_-17_-16 -3 _-17 _-8
30 30 30 "5 30 15

-3_-17_-8_-7_-6_-1

Hence 530 15 15 15 3

So, we could find one morerational number between ?3 and —1

3

By using thismethod, you can insert as many rational numbers asyou want between
two rational numbers.

o . 8_=%30_-90 -1 -1'50_ -50

rea@mwes 5753 1507 3 3 50 150 R

280 -515 ~90 50 / X
79229 “and —= [
We get 39 rational numbers §150° " 1505 between 150 150 i.e., between

-3 74 / .L\

Eandg Youwill find that thelist is unending. ﬁ
-5 -8 . .

Canyoulist fiverational numbersbetween —- and =7 Find fiverational numbers
We can find unlimited number of rational numbers between any two between — -9 and—3

rational numbers. 7 8"



MATHEMATICS

ExampLE 4 List threerational numbers between—2 and - 1.
SOLUTION  Let uswrite—1 and —2 asrational numberswith denominator 5. (Why?)

Wehave, —1= - ad-2= =

ehave, —1=— and-2=—
10_-9_-8_-7_-6_-5 -9 _-8_-7_-6
<< <—<—<—or—2<—<—<—<?<—1

=0, 5 5 5 5 5 5

) -9 -8 -7

Thethree rational numbers between—2 and —1 would be, ? ,? ,?
Y takeany threeof —, —2, 1, =8
(You cantakeany ree05,5,5,5)

SOLUTION  Wehave,

or 31 3'32

Thus, we observe apattern inthese numbers.

-1'5_-5-16_-6-17_-7

Theother numberswouldbe ——=—,——= 6, p
335 15 336 18 37 21

Exercise 9.1

1. Ligtfiverationd numbersbetween:
\
f \ ) land0 (i) —2and—1 iy 2ad 2 ) —Sand?
\ @ -lan (i) —2and- (iir) 5 3 (iv) 5 3
1/7 2. Writefour morerational numbersin each of thefollowing patterns.
-3-6 -9 -12 . -1-2-3
..... (||) 28 12

O 57015 20"
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12 3 4 22486
(i) 6'-12'-18' 24" (iv) 32369
3. Givefour rationd numbersequivaent to:
o -2 5 4
0 = M —3 i) 3
4. Draw thenumber line and represent thefollowing rational numbersonit:
3 -5 -7 7
0 5 @i i) — V) 3

ThepointsP,Q, R, S, T, U, Aand B onthe number lineare suchthat, TR=RS=SU

5.
and AP=PQ = QB. Nametherational numbersrepresented by P, Q, Rand S.
USRT APQB
-4 -3 -2 -1 0 1 2 3
6. Whichof thefollowing pairsrepresent the same rational number?
-7 3 -16 0 -2 2
) —and— ——and—— i) —and—
0 2% W) 50 ¥ %5 ) —zonds
™) 5 %0 V) T5 s W) 3%
-5 5
iy —and—
(vii) 9 9
7. Rewritethefollowing rational numbersinthe smplest form: 1 \:
N , . -4 . -8
0 & (T (i) —5 ™ 75
8. Fillintheboxeswiththe correct symbol out of >, <, and =.
. -5 2 . -4 -5 -7 14
O 7l 13 R L BT
87 e i .55
™ 5 4 W 3 4 M Tl
, -7
Vi) 0 —
(vii) 5
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9. Whichisgreater ineach of thefollowing:

N 25 o 25 -4 o 3 2
0] (i) 6 3 (iir) 2.3
-11 2 4
i Ty -3_1-3_
™ 23 V) 577%
10. Writethefollowing rational numbersinascending order:
-8-2-1 iy =224 iy =233
0] 5'5' 5 (ii 39" 3 (iir) 75,

9.9 OrERATIONS ON RATIONAL NUMBERS
You know how to add, subtract, multiply and divide integersaswell asfractions. Let us

now study these basic operationsonrational numbers.

9.9.1 Addition
1 Letusaddtwo rational numberswith samedenominators, say — and?5

56
+
Wefind — 8 3 5

Onthe number ling, we have:
o N e N e N
4 5 6 7 §
3

v

-3 -2 -1 0 1 2 3 4 5 6

3 3 3 3 3 3 3 3 3 3 3
1 - 7

The distance between two consecutive points is 3 So adding ?5 to 3 will

N

mean, moving to the left of ! , making 5 jumps. Where do we reach? Wereach at 3

7 @50_2 2
L4E0_2 R
S0, 3 €37 3 g
Let usnow try thisway:
7,05 _7+(-5) 2
3 3 3 3
We get the same answer. \)

6 (-2) 3. (-5 _
-+ in bothwaysand check if you get the same answers.

ind — +
And g+ 2%73
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-7 5
Similarly, —* < would be

8 8
pa /W l L L l l L L N
-f 6 -5 -4 -5 -2 -1 0 1 2 35 4 5
8 8 8 8 8 8 8 8 8 8 8 8 8
What do you get?
Al —7§L°Atht al ?)
Also, s s 3 rethetwo values same”
\
e DT

So, wefind that while adding rational numberswith same denominators, we add
the numerators keeping the denominators same.

-11+Z_ -11+7 _j
5 5 5 5
1 How do we add rational numbers with different denominators?As in the case of
fractions, wefirst find theLCM of thetwo denominators. Then, wefind the equivaent

rational numbers of the given rational numberswith thisLCM as the denominator.
Then, add thetwo rational numbers. \
S

For example, let usadd -—57and-—32. Z

LCM of 5and 3is15.
-_7_-21 d-2 -10

Thus,

=

=——an
0, 5 15 3 15
Ths ._7+(-2)_-21+(-10):-31 -
5 3 15 15 15
Additive Inverse Find:
-4 4 -3,2
What willbe —+=="? 0 —*3
7 7
N -5 -3
_4 ﬂ -4+4 4 3340_ (i) —+—
7+7 Z =0.Also = 87!3 0. 6 11
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Inthecase of integers, wecall —2 astheadditiveinverse
of 2 and 2 asthe additiveinverse of — 2.

/’ N4
/ N
(( ) 4 .\\- 2 3 4’ - 4
@; -t '.3 -z -1 o 1 For rational numbers also, we call 3 astheadditive

4 4 -
inverseof 7 and 7 astheadditiveinverse of 74 Similarly,

-2

-2 2 2
— isthe additiveinverse of § and § isthe additiveinverse of ? .

3
-3,-9.5
A

) . "9, 9,9,
What will be the additive inverse of 9 "7

2
ExavpLE 6 Satpa walks 3 km from a place P, towards east and then from there

5
17 km towardswest. Where will hebe now from P?

Let usdenotethe distancetravelled towards east by positivesign. So,
the distancestowardswest would be denoted by negative sign.

Thus, distance of Satpa from the point P would be
2,2,5 2 (-12) 277 (-12)°3
79 3 7 377 73

SoOLUTION

14-36_-22_ 1

21 21 2

1
Sinceit isnegative, it means Satpdl isat adistance 12—1 kmtowardswest of P,

9.9.2 Subtraction
Savitafoundthe difference of two rational numbersg and g inthisway:

5 3_40-21_19

7 8 5 56
Faridaknew that for two integersa and b shecould writea—b =a+ (—b)
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5 3_5,(9_1
Shetried thisfor rational numbers also and found, - 8_7 3 56
Both obtained the sasmedifference.
] 7 5 3 8
Trytofind 89 11 7|nbothwaysD|dyougetthe§ameanSNer’)

So, we say while subtracting two rational numbers, we add the additive inver se of
the rational number that is being subtracted, to the other rational number.

2 4.5 14 5 14 _5 (-14)
12.04_5. 14 _> e a_s5 14
Thus, 37 %573 5 3+aoldltlvemverszt-:‘of 53 5
e +
e 50, 72 .1 (- .
_. = 2=\ 7 ] ‘
WhatW|IIbe7 86ﬂ (O W) 2z-"3 NS
2 @30 g+ additiveinverseof 59:E+§:£:13
7 €60 7 €60 7 6 42 42
9.9.3 Multiplication
: . -3 _ .. -3
L et usmultiply the rational number = by 2,i.e., wefind = X2,
o : 3
On the number line, it will mean two jumps of 5 totheleft.
6 -5 -4 -3 -2 10,1 2 3
5 5 5 5 5 5 5 5 5 5

-6
Wheredo wereach?Wereachat — . Let usfind it aswedidin fractions.

5
“3,-73%2_-6
5 5 5

We arrive a the samerational number.

-4 -6
Find — x3, 5 x4 ysing both ways. What do you observe?
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So, we find that while multiplying a rational number by a positive integer, we
multiply the numerator by that integer, keeping the denominator unchanged.

Let usnow multiply arationa number by anegativeinteger,

2, (5 2X(5_10
9 9

_ -5

Remermber -5 anbeitenzs
What will be A 5 5 10_-2x(-5)
-3, ... -6, SO, —X— = —=—F
i) —="7? (i) — (-2)? 9 1 9 9x1

5 5

. 3 3x(-2) _-6
_ _2 = -
Smilary, %2 =" T

Based on these observati fdthat'—3 5.:35_-15
ontheseo varons, wertin 3 7 8 7 56

So, aswedid in the case of fractions, we multiply two rational numbersin the

following way:
Step 1 Multiply the numerators of thetwo rational numbers.
: Step 2 Multiply the denominators of thetwo rationa numbers.
Ml :
L S Step 3 Writetheproduct as Result of Step 1
Result of Step 2
-3,.2_-32_-6
T — ==——
s 5 7 57 35
Als, -5.-9_-5(9_4

9.9.4 Division

2
We have studied reciprocals of afraction earlier. What isthereciproca of 7 ?1twill be

7
5 We extend thisidea of reciprocalsto rational numbersalso.

-2 7 -7 -3 -5
Thereciprocal of = will be — | e ; that of 5 would be 3
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TRy THESE /

-6 -8 ,
What will bethe reciprocal of E"md ?9 43\\\4\

Product of reciprocals
Theproduct of arational number withitsreciprocal isalways 1.

-4, : —-44
For example, o g?eu procal of ?g

___4 _9_1

9 4

- -6_-13
Smilarly, 1—3X? 1

Try somemore examplesand confirmthis observation.

4 -5
Savitadivided arational number 9 by another rational number = s

4 5.4 7 _-28
9° 7 9 -5 45°
She used theidea of reciprocal asdoneinfractions.

2
Arpit firgt divided 9 by and got — 8

45°
Hefindlysid =, =2 How didheget that?
efindly sai 9° 7~ a5 -Howdidheg
Hedivided themasfractions, ignoring thenegative sign and then put the negativesign
inthevalue so obtained.

8 2 -5
. Trydividing 3 by = both ways and seeif

Both of them got the sameval ue —— 5 -

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.

Thus, — —=£5’ reciprocal of o~—:=—" —=—
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TRy THESE Pl

.. —6.
(W —

wIiN

-7
Ad () 5 5

~ | o

ExXERcISE 9.2

1. Findthesum:

0 27625

(iv) B 11

3. Findtheproduct:

9. 219
0 75 §45

] 3. 20
™ 7 €53

4. Findthevaueof:

0 4>,§

1
H

(v)

lw o

5
¢ 2]
]
Q- O:

(vii)

9.3
W3"5

4+
M 0t 5

5 ®60
) 3™ €215

Ol

() 25

i — (-9
.2
v 1 5

(ii) 5 2

-2 1
™ 137

(i)

(V)

(i)

(i)

(V)

(i)

(V)

-9 22
T+ =
10 15

_+0

-6 270
13 &150

-7 220
12 * 130
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WHAT HAVE WE DISCUSSED?

P

. A number that can be expressed inthe form q

where p and g are integers and

g : O,iscaledarational number. The numbers 72 ,:—;,3 etc. arerational numbers.

. Allintegersand fractionsare rational numbers.
. If thenumerator and denominator of arational number are multiplied or divided by a
non-zero integer, we get arational number whichissaidto beequivaient tothegiven

rational number. For example —3 = % = 1—;3 S0, wi esaly — |stheequwdent

3 -
f f— Al P09
ormo . so notethat 1142 7

. Rational numbersare classified as Positiveand Negative rational numbers. Whenthe
numerator and denominator, both, are postiveintegers, it isapostiverationa number.
When either thenumerator or the denominator isanegative integer, it isanegative

rational number. For example, :—; isa positive rational number whereas ?8 isa

negativerational number.
. Thenumber O isneither apositive nor anegative rationa number.

. Arationa number issaid to beinthe standard formif its denominator isa positive
integer and the numerator and denominator have no common factor other than 1.

Thenumbers§1 % etc. arein gandard form.

. Thereareunlimited number of rational numbersbetween two rational numbers.

. Two rational numberswith 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 thetwo denominators and
then converting both the rational numbersto their equivalent formshaving the

L CM asthe denominator. For example, 2+§_ﬁ+i_ﬂ:'—7. Here,

3 8 24 24 24 24
LCM of 3and 8is24.
. While subtracting two rational numbers, we add the additive inverse of therational
number to be subtracted to the other rational number.
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10. To multiply two rational numbers, we multiply their numerators and denominators

product of numerators
product of denominators

11. Todivideonerationa number by the other non-zero rational number, wemultiply the
rational number by the reciproca of the other. Thus,

separately, and writethe product as

-7 4_-7 . 4, -7_3_-21
5:3 2 x (reciprocal of §)_7x2_?.




Practical
Geometry

Chapter 10

10.1 INTRODUCTION

You arefamiliar with anumber of shapes. You learnt how to draw someof themintheearlier
classes. For example, you can draw aline segment of givenlength, alineperpendicular toa
givenline segment, an angle, an angle bisector, acircleetc.

Now, youwill learn how to draw paralld linesand sometypesof triangles.

10.2 CoNSTRUCTION OF A LINE PARALLEL TO A GIVEN LINE,
THROUGH A POINT NOT ON THE LINE

Let usbeginwithan activity (Fig 10.1)
(i) Takeasheet of paper. Makeafold. This
fold representsalinel.

(i) Unfold the paper. Mark a point A on the -
paper outsidel.

(i) Foldthe paper perpendicular tothelinesuch
that this perpendicular passesthroughA.
Namethe perpendicular AN.

(v) Make a fold perpendicular to this
perpendicular through the point A. Name
the new perpendicular lineasm. Now, | ||
m. Doyou see‘why’?

Which property or propertiesof pardléel lines
can helpyou hereto say that lines| and m
arepardld.
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You can use any one of the propertiesregarding thetransversal and parallel linesto
makethisconstruction usingruler and compassesonly.

Sep 1 Takealine'l’ andapoint‘ A’ outsidel ' [Figl0.2(i)]. o
< o >/
B
Sep 2 Takeany pointBonl andjoinBtoA [Fig10.2(ii)]. @
A
4 = > [
B .
(ii)

Step 3 With B ascentreand aconvenient radius, draw anarc cuttingl at Cand BA at D
[Fig 10.2(iii)].
A

D,

B /C
(iii)

Step 4 Now withA ascentreand the sameradiusasin Step 3, draw anarc EF cutting AB
at G[Fig10.2(iv)].
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Step 5 Placethe pointed tip of the compasses at C and adjust the opening so that the
pencil tipisat D [Fig 10.2 (v)].

Sep7 Now,joinAHtodraw aline*m’ [Fig 10.2 (vii)].

é,@;%/
ra—ra w7 A B - ——

Notethat ZABC and ZBAH arealternateinterior angles. Fig 10.2 (i)—(vii)
Thereforem|| |

THINK, Discuss AND WRITE

1. Intheaboveconstruction, canyoudraw any other linethrough A that would be also
paralld tothelinel ?

2. Canyoudightly modify theabove congtructionto usetheideaof equa corresponding
anglesinstead of equal aternate angles?

A
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ExErcise 10.1

1. Drawaline, say AB, takeapoint C outsideit. Through C, draw alineparallel toAB
using ruler and compassesonly.

2. Drawalinel. Draw aperpendicular tol at any point on|. On this perpendicular
chooseapoint X, 4cmaway froml. Through X, draw alinemparall€l tol.

3. Letl bealineand Pbeapoint not onl. Through P, draw alinemparallel tol. Now
joinPtoany point Q onl. Chooseany other point R onm. Through R, draw aline
pardld toPQ. Letthismeet| at S. What shapedo thetwo setsof pardld linesenclose?

10.3 CoNsTRUCTION OF TRIANGLES

Itisbetter for youto go through thissection after recalling ideas
£3=/1+22 ontriangles, in particular, the chapterson propertiesof triangles - £1+£2+£3=180°
and congruenceof triangles. X

X
1 You know how triangles are classified based on sides or
5 5  anglesandthefollowingimportant propertiesconcerningtriangles:
Y 7 Y 7
A
A
B —C

() Theexterior angleof atriangleisequal in measuretothe
sum of interior oppositeangles. A

(i) Thetotal measure of thethree anglesof atriangleis180°. . .
(i) Sum of thelengthsof any two sidesof atriangleisgreater c s

thanthelength of thethird side. bt 2 = @

atb>c (iv) Inany right-angled triangle, the square of the length of
hypotenuseisequal to the sum of the squares of the lengths of the other two
Sdes.
Inthe chapter on‘ Congruenceof Triangles , wesaw that atriangle can bedrawnif any
oneof thefollowing setsof measurementsaregiven:
(i) Threesides.
(i) Two sidesand the angle between them.
(i) Twoanglesand the side between them.
(iv) Thehypotenuseand aleginthecaseof aright-angledtriangle.
Wewill now attempt to usetheseideasto construct triangles.

10.4 CONSTRUCTING A TRIANGLE WHEN THE LENGTHS OF
1ITs THREE SIDES ARE KNOWN (SSS CRITERION)

Inthissection, wewould construct triangleswhen dl itssidesare known. Wedraw first a
rough sketch to give anideaof wherethe sidesare and then begin by drawing any one of
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thethreelines. Seethefollowing example:

ExampLE 1 CongructatriangleABC, giventha AB=5cm, BC=6cmandAC=7cm.

(Rough Sketch)

SoLuTION A
Sep 1 Firgt, wedraw arough sketchwith givenmesasure, (Thiswill helpusin = g Z ey
deciding how to proceed) [Fig 10.3()]. -
B C
6 cm
0]
Step 2 Draw alinesegment BC of length 6 cm [Fig 10.3(ii)]. ]°3 6 cm é
(i)
Step 3 From B, point A isat adistance of 5 cm. So, with B as centre, draw an arc of
radius 5 cm. (Now A will be somewhere on thisarc. Our jobisto find where
exactly Ais) [Fig10.3(iii)]. —
B 6 cm (iii) C
Step 4 From C, point A isat adistance of 7 cm. So, with C as centre, draw an arc of
radius 7 cm. (A will be somewhereonthisarc, wehavetofixit) [Fig 10.3(iv)].
»
. (8 {
S
E:i 6 cm é

)
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Step 5 A hastobeon boththearcsdrawn. So, it isthe point of intersection of arcs.
Mark the point of intersection of arcsasA. JoinAB and AC. AABCisnow ready
[Fig10.3(v)].

A

5Cm
&

B 6 cm C

Fig10.3 (i) — ()

Now, let us construct another triangle DEF such that DE =5 cm, EF =6 cm, and
DF =7 cm. Takeacutout of ADEF and placeit on AABC. What do we observe?

We observethat ADEF exactly coincideswith AABC. (Notethat thetriangleshave
been congtructed when their threesidesaregiven.) Thus, if three sidesof onetriangleare
equal to the corresponding three sides of another triangle, then the two triangles are
congruent. Thisis SSS congruency rulewhichwehavelearnt in our earlier chapter.

THINK, Discuss AND WRITE

A student attempted to draw atrianglewhoserough figureisgiven here. Hedrew QR first.
Thenwith Q as centre, hedrew an arc of 3cm and with R ascentre, hedrew an arc of
2 cm. But he could not get P. What isthe reason? What property of

™ P 2. triangledo you know in connection with thisproblem?
35 2 Cansuchatriangleexist? (Remember the property of triangles
Q 6om R | ‘Thesum of any two sidesof atraingleisawaysgreater thanthe
e
Fig104Think: Isthisright? | Tirdside)
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ExEercise 10.2

4.

Construct AXYZ inwhich XY =4.5cm,YZ=5cmand ZX =6cm.
Congtruct an equilateral triangleof sde5.5cm.

Draw APQRwithPQ =4 cm, QR =3.5cmand PR =4 cm. What type of triangle g

isthis?
Construct AABC suchthat AB=2.5cm,BC=6cmand AC=6.5cm. Measure ZB.

10.5 CoNSTRUCTING A TRIANGLE WHEN THE LENGTHS OoF Two

SIDES AND THE MEASURE OF THE ANGLE BETWEEN THEM
ARE KNowN. (SAS CRITERION)

Here, we havetwo sides given and the one angle between them. Wefirst draw asketch
and then draw one of the given line segments. The other stepsfollow. See Example 2.

ExampLE 2 Congtruct atriangle PQR, given

SoLuUTION

that PQ=3cm,QR=5.5¢cm
and ZPQR = 60°.

Step 1 First, we draw arough sketch with 60°

P (Rough Sketch)

given measures. (This helps us Q 35

. . D
to determine the procedure in )
congtruction) [Fig 10.5(i)].

5.5cm

ol )

Siep 2 Draw aline segment QR of length (i)

5.5cm[Fig 10.5(ii)].

Sep 3 AtQ,draw QX making 60° with QR.

Step 4 (Tofix P, the distance QP has been

(Thepoint Pmust besomewhere ~_460°
onthisray of theangle)

[Fig 10.5(iii)].

Q 5.5cm I:{
(iif)

given).
With Q ascentre, draw anarc of redius
3 cm. It cuts QX at the point P

';Uo

[Fig 10.5(v)].

e
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Sep 5 JoinPR. APQRisnow obtained (Fig 10.5(v)).

Fig 10.5 (i)—(v)

L et usnow construct another triangleABC suchthat AB =3 cm, BC=5.5cmand
m<£ABC =60°. Takeacut out of AABC and placeit on APQR.What do we observe?
Weobservethat AABC exactly coincideswith APQR. Thus, if two sidesand theincluded
angleof onetriangle are equal to the corresponding two sidesand theincluded angle of
another triangle, thenthetwo trianglesare congruent. Thisis SAS congruency rulewhich
wehavelearntinour earlier chapter. (Notethat thetriangleshave been constructed when
their two sidesand the angle included between thesetwo sidesare given.)

THINK, Discuss AND WRITE

Intheabove construction, lengths of two sidesand measure of oneangleweregiven. Now
study thefollowing problems:

INAABC, if AB=3cm,AC=5cmand m£C=30°. Canwedraw thistriangle?We
may draw AC =5 cmand draw £C of measure 30°. CAisonearmof ZC. Point B should
belying ontheother arm of ZC. But, observethat point B cannot belocated uniquely.
Therefore, the given dataisnot sufficient for construction of AABC.

Now, try to construct AABCif AB =3cm,AC=5cmand m«B = 30°. What dowe
observe? Again, AABC cannot be constructed uniquely. Thus, we can concludethat a
uniquetrianglecan beconstructed only if thelengthsof itstwo sidesand themeasure of the
included angle betweenthemisgiven.

ExErcise 10.3

1. Construct ADEF suchthat DE=5cm, DF =3 cmand mZEDF = 90°.

2. Condgruct anisoscelestriangleinwhichthelengthsof each of itsequa sidesis6.5cm
and theangle betweenthemis 110°.

3. Construct AABCwithBC=75cm,AC=5cmand mZC =60°.
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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)

Asbefore, draw arough sketch. Now, draw the given line segment. Make anglesonthe
two ends. Seethe Example 3.

ExampLE 3 Construct AXYZifitisgiventha XY =6cm,

m£ZXY =30° and m«£XYZ =100°.

SoLuUTION

Sepl

Sep 2

Sep 3

Sep 4

Step 5

Beforeactual construction, wedraw
arough sketchwith measuresmarked
onit. (Thisisjust to get an ideaas
how to proceed)

[Fig10.6(i)].

Draw XY of length 6 cm.

At X, draw aray XPmakinganangle
of 30°with XY . By thegiven condition
Z must be somewhere on the XP.

AtY, draw aray YQ making an
angle of 100° with YX. By the
given condition, Z must be on the
ray YQ also.

Z hastolieon boththerays XPand
Y Q. So, the point of intersection of
thetworaysisZ.

AXY Zisnow completed.

(Rough Sketch) Z

3()° 100°
X
6 cm Y
0]
)'( 6 cm S'(
(ii)
P
6 cm S'(
(i) Q
/
. 300 100 ]
X 6 cm Y
(iv)
Z
100°
X 6 cm Y

Fig 106 ()—(v) ™
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Now, draw another ALMN, where mZNLM = 30°, LM = 6 cm and

mZNML = 100°. Takeacutout of ALMN and placeit onthe AXY Z. We observe

i v  that ALMN exactly coincideswith AXYZ. Thus, if two angles and the included

( ) rg % side of onetriangle are equal to the corresponding two angles and theincluded side
./ =t Oof another triangle, then the two triangles are congruent. ThisisASA congruency
rulewhich you havelearnt in the earlier chapter. (Notethat the triangles have been

constructed when two angles and the included side between these anglesare given.)

THINK, Discuss AND WRITE

Inthe above example, length of aside and measures of two angleswere given. Now study
thefollowing problem:

InAABC, if AC=7cm, m£A = 60° and m«B =50°, can you draw the triangle?
(Angle-sum property of atriangle may helpyou!)

Exercise 10.4

1. Construct AABC, givenm£A =60°, m«£B =30° andAB =5.8cm.

2. Construct APQRif PQ=5cm, mZPQR =105° and mZQRP = 40°,
(Hint: Recall angle-sum property of atriangle).

3. Examinewhether you can construct ADEF suchthat EF=7.2cm, mZE=110° and
m«F=80°. Justify your answer.

10.7 CoNSTRUCTING A RIGHT-ANGLED TRIANGLE WHEN THE
LENGTH OF ONE LEG AND ITS HYPOTENUSE ARE GIVEN
(RHS CRITERION)
(Rough Sketch)

L Hereit iseasy to maketherough sketch. Now, draw alineasper thegiven side.
Makearight angleon oneof its points. Use compassesto mark length of sideand

S %, hypotenuse of thetriangle. Completethetriangle. Consider thefollowing:
ExamvpLE 4 Construct ALMN, right-angled at M, giventhat LN =5cmand

M N MN =3 cm.
3 cm

0 SOLUTION
Step 1 Draw arough sketch and mark the measures. Remember to mark the
rightangle[Fig 10.7(i)]. R R
Step 2 Draw MN of length 3cm. M 3cm N
[Fig 10.7ii)]. (i)
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Step 3 AtM, draw MX L MN. (L should be

somewhere on this perpendicular) TX
[Fig 10.7(iii)].
Sep 4 WithN ascentre, draw anarcof radius5cm.
(L must beonthisarc, Snceitisat adistance
of 5cmfromN) [Fig 10.7(iv)].
==X
S e .
// "' M ' 3cm N
(i)
/ &
£ o ! ] .
M N "' M | 3cm N =X
IV
) A

Sep 5 L hastobeontheperpendicular lineMX
aswell asonthearc drawnwith centreN.
Therefore, L isthemeeting point of these
two.

ALMN isnow obtained.

[Fig10.7 (V)]

l
|

ul } .
M 3cm N
v)

Fig10.7 (i) —(v)

Exercise 10.5

1. Construct the right angled APQR, where mZQ = 90°, QR = 8cm and
PR=10cm.

2. Congtruct aright-angled trianglewhose hypotenuseis6 cmlong and oneof thelegs 2=
is4cmlong. N

\—
3. Construct an isosceles right-angled triangle ABC, where m£ZACB = 90° and
AC=6cm.

f
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Miscellaneous questions

Below are given themeasures of certain sidesand angles of triangles. Identify those
which cannot be constructed and, say why you cannot construct them. Construct rest of
thetriangles.

Triangle
AABC
APQR
AABC
ALMN
AABC
APQR
AXYZ
ADEF

Given measur ements

mZA = 85°; m«B = 115°; AB=5cm.
m£Q = 30°% mZR= 60°; QR=4.7cm.
mZA = 70°; m«£B = 50°; AC=3cm.
m«ZL = 60°; mZN = 120°; LM =5cm.
BC=2cm; AB=4cm; AC=2cm.
PQ =35cm, QR=4cm,; PR=35cm.
XY =3cm, YZ=4cm; XZ=5cm
DE=4.5cm; EF = 5.5cm; DF=4cm.

WHAT HAVE WE DISCUSSED?

InthisChapter, welooked into the methods of someruler and compassesconstructions.

Givenalinel and apoint not onit, we used theideaof ‘equal aternateangles ina
transversal diagramtodraw alineparaléd tol.

We could also have used the idea of ‘equal corresponding angles' to do the

construction.

Westudied themethod of drawing atriangle, usingindirectly the concept of congruence

of triangles.
Thefollowing caseswerediscussed:

SSS: Giventhethreesidelengthsof atriangle.

SAS: Giventhelengthsof any two sidesand the measure of the
angle between thesesides.

ASA: Giventhe measuresof two anglesand thelength of side
included between them.

RHS: Giventhelength of hypotenuse of aright-angled triangleand

thelength of oneof itslegs.



Perimeter and
Area

Chapter 11

11.1 INTRODUCTION

In Class VI, you have already learnt perimeters of plane figures and areas of squares and
rectangles. Perimeter is 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 SQuAaREs 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 cm. Both these pictures have to be separately framed and laminated.

Who has to pay more for framing, if 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 it by the
rate for lamination.

What would you need to find, area or perimeter, to answer the following?
How much space does a blackboard occupy?
What is the length of a wire required to fence a rectangular flower bed?

w N e

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 you remember,
Perimeter of a regular polygon = number of sides x length of one side
Perimeter of a square = 4 X side




>

B

Fig 11.1
D
L
Fig 11.2 C
D
L
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Fig 11.3
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Perimeter of a rectangle = 2 x (I + b)
Area of arectangle = | x b, Area of a square = side x side

Tanya needed a square of side 4 cm for completing a collage. She had a
rectangular sheet of length 28 cm and breadth 21 cm (Fig 11. 1). She cuts off
asquare 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?”

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.

Fig 11. 4

. Experiment with several such shapes and cut-outs. You might 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.

Give two examples where the area increases as the perimeter increases.

Give two examples where the area does not increase when perimeter increases.

ExaMPLE 1 A door-frame of dimensions 3 m x 2 m s fixed on the wall of dimension

10 m x 10 m. 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 of the wall has to be done excluding the area of the door.

Areaofthedoor=1xb

=3x2m’> =6m?

Area of wall including door = side x side=10m 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 area of a rectangular sheet is 500 cm?. If the length of the sheet is

25 cm, what is its width? Also find the perimeter of the rectangular sheet.

SOLUTION  Areaof the rectangular sheet = 500 cm?

Length (I)=25cm
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Area of the rectangle = | x b (where b= width of the sheet)

. Area 500
Therefore, width b= = =20cm
[ 25
Perimeter of sheet=2 x (I + b)=2 x (25 +20) cm =90 cm

So, the width of the rectangular sheet is 20 cm and its perimeter is 90 cm.

ExaMPLE 3 Anu wants to fence the garden in front of her
house (Fig 11.5), on three sides with lengths
20 m, 12 mand 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
equalto20m+12m+ 12 m, i.e., 44 m.

Cost of fencing =Rs 150 x 44 =Rs 6,600.

ExamMPLE 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?

SoruTioN Side of the square =10 cm
Length of the wire = Perimeter of the square =4 x side =4 x 10 cm
=40cm
Length of the rectangle, | = 12 cm. Let b 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)
0 12+b

or > =

Therefore, b=20-12=8cm

The breadth of the rectangle is 8 cm.
Area of the square = (side)?
=10cm x 10 cm =100 cm?
Area of the rectangle =1 x b
=12 cm x 8 cm =96 cm?
So, the square encloses more area even though its perimeter is the same as that of the rectangle.

ExAMPLE 5 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 x40 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.
Area of the rectangle =1 x b
1600 =1 x 25

L | =64
25 = or = cm

So, the length of rectangle is 64 cm.

Perimeter of the rectangle= 2 (I + b) =2 (64 + 25) cm
=2x89cm=178 cm

So, the perimeter of the rectangle is 178 cm even though its area is the same 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

() itsarea (i) the cost of the land, if 1 m? of the land costs Rs 10,000.

2. Find the area of a square park whose perimeter is 320 m.

3. 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. Ifthe 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. If the 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 wire is in the shape of a rectangle. Its length is 40 cm 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 cm. If the breadth of the rectangle is
30 cm, find its length. Also find the area of the rectangle.

8. A door oflength 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 per m?.
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11.2.1 Triangles as Parts of Rectangles

Take a rectangle 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.

Are they exactly the same in size?

5cm

Can you say that both the triangles are equal in area?

Are 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 of the
rectangle. Both the triangles are equal in area.

1
The area of each triangle = 5 (Area of the rectangle)

1

X(Ixb) = %(8)(5)

™ |

=20cm?

N|g

Fig 11.8

Take a square of side 5 cm and divide it into 4 triangles as shown (Fig 11.8).
Are the four triangles equal in area?

Are they congruent to each other? (Superpose the triangles to check).

What is the area of each triangle?

1
The area of each triangle = 7 (Area of the square)

1 . 1
Z(Slde)2 = 1(5)2 cm’ = 6.25 cm?

11.2.2 Generalising for other Congruent Parts of Rectangles

A rectangle of length 6 cm and breadth 4 cmis divided intotwo A 2 o 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. (You may
have to rotate them).

4 cm

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 F 2em C

1 :
Therefore, the area of each congruent part = > (The area of the rectangle) Fig 11.9

x(6x4)em® =12 cm?

N | —
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TrRY THESE

Each of the following rectangles of length 6 cm and breadth 4 cm is composed of
congruent polygons. Find the area of each polygon.

L

N
’_l

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?
Let us find a method 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.

|

v (i) (iif)
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
>h > ggiﬁgﬁ:h the height of the parallelogram (Fig 11.11).
s Now, 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 band the height h, respectively of the parallelogram.

Fig 11.11 Thus, the area of parallelogram = base x height=Db x h.

base = length
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Any side of a parallelogram can be chosen as base of the
parallelogram. The perpendicular dropped on that side from the opposite
vertex is known as height (altitude). In the parallelogram ABCD, DE is
perpendicular to AB. Here AB is the
base and DE is the height of the

parallelogram.

In this parallelogram ABCD, BF is the
perpendicular to opposite side AD. Here AD is the
base and BF is the height.

D C
height />
-
A E 1 B
base

Consider the following parallelograms (Fig 11.12).

A7 T

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 x3 =15 squnits

(b)

©

(d)

(©)

()

e

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).

On

1T

(OS]
W

m
i 4cm

Fig 11.13

Find the perimeter and area of each of these parallelograms. Analyse your results.

You will 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.

Find the area of following parallelograms:

8 cm

|}
0 / ARy
8 cm

(i) Inaparallelogram ABCD, AB=7.2 cmand the perpendicular from C on ABis4.5 cm.

11.4 AREA OF A TRIANGLE

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.

A gardener wants to know the cost of covering the whole of a triangular garden with
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Draw a scalene triangle on a piece of paper. Cut out the triangle.

Place this triangle on another piece of paper and cut out another
triangle of the same size.

So now you have two scalene triangles of the same size.
Are 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
=5 (base % height) (Since area of a parallelogram = base x height)

1 1
= E(th) (or Ebh , in short)

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?

In the 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?

Can we say all the triangles are equal in area? Yes.
Are the triangles congruent also? No.

We conclude that all the congruent trianglesareequal in
areabut thetrianglesequal in area need not be congruent.

-

Fig 11.15
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4C
—

D> B 6
1

Fig 11.16

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
triangle.

Can you find the area of the triangle?

ExaAMPLE 6 One of the sides and the corresponding height of a

parallelogram are 4 cm and 3 cm respectively. Find the
area of the parallelogram (Fig 11.17).

SoLuTION Given that length of base (b) =4 cm, height (h) =3 cm

Area of the parallelogram= b x h i

=4cmx3cm=12cm? 3 em
|
ExAMPLE 7 Find the height ‘X’ if the area of the }—|
parallelogram is 24 cm? and the base is 4cm
Fig 11.17

4 cm.

SOLUTION Area of parallelogram=b x h

s Therefore, 24 =4 x x(Fig 11.18)
Q

»

Fig 11.18

or T:X or X=6cm

So, the height of the parallelogram is 6 cm.

ExAMPLE 8 The two sides of the parallelogram ABCD are 6 cm and 4 cm. The height
corresponding to the base CD is 3 cm (Fig 11.19). Find the

(1) area of'the parallelogram. (i) the height corresponding to the base AD.

SoLuTION

(i) Areaofparallelogram=b x h

(i)

Area of parallelogram= b x x A B

Therefore,

=6cmx3cm=18 cm?
base (b) = 4 cm, height =X (say),

Area= 18 cm?

%
X

18=4x X

18 _
.-

X=4.5cm

X

D 6 cm

Thus, the height corresponding to base AD is 4.5 cm. Fig 11.19
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ExaMPLE O Find the area of the following triangles (Fig 11.20).

R
Fig 11.20

SoLUTION

o
=y
I

(1) Areaoftriangle = X QR X PS

1
2

X4 cmx2cm =4 cm?

o
=
I
I
X
X
r‘
o

(i) Areaoftriangle =

N | —

N|— = N[= N~

X3cmX2cm=3cm?

ExampLE 10 Find BC, ifthe area of the triangle ABC is 36 cm? and the height AD is
3cm (Fig 11.21). A

SoLuTiON Height =3 cm, Area =36 cm?

53 cm

]

) 1
Area of the triangle ABC = ) bh

B C
1 36x2 .
or 36= EXbX3 ie., b= 3 =24 cm Fig 11.21
So, BC=24cm
ExampLE 11 InAPQR,PR=8cm, QR =4 cmand PL=>5 cm (Fig 11.22). Find:
(1) the area of the APQR (i QM P
SoLuTioN
() QR =base =4 cm, PL=height=5 cm .
1 S
Area of the triangle PQR = ) bh o1
. : ;
=EX4CII1XSCII1=1()cm2 L Q 4 cm R

Fig 11.22
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(i) PR =base =28 cm QM =height=?

ExERrRcIisE 11.2

Area=10cm?

1 1
Area of triangle = EXth ie, 10= Ex8><h
h_E_§_25 S M=2.5
=4 T 57 o, QM =2.5cm

1. Findthe area of each of the following parallelograms:

‘3 cm

B

5cm
(b)
¢ 2
2 4.4 om_.. >
(d) (e

2. Find the area of each of the following triangles:

[ ]
2.5cm

(©

Sam 5 :
- :
4 cm 3 cm 3cm
(@) (b) () (d)

3. Find the missing values:

SNNo. Base Height |Area of the Parallelogram
a 20 cm 246 cm?
b. 15 cm 154.5 cm?
C. 8.4 cm 48.72 cm?
d. 15.6 cm 16.38 cm?
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4. Find the missing values:

Base Height | Areaof Triangle

15¢cm 87 cm?
31.4mm 1256 mm?
22 cm 170.5 cm?

5. PQRSisaparallelogram (Fig 11.23). QM is the height from Q
to SR and QN is the height from Q to PS. If SR =12 cm and
QM =7.6 cm. Find:

(a) the area of the 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). Ifthe area of the parallelogram
is 1470 cm?, AB =35 cm and AD =49 cm, find the length of BM
and DL. Fig 11.24

7. AABCisrightangled at A (Fig 11.25). AD is perpendicular to BC. fAB =5 cm,
BC =13 cm and AC = 12 cm, 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 cmand BC=9 cm (Fig 11.26). The height
AD from A to BC, is 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 if he takes two rounds
of aracing 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)

(a) (b) (©)
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  pointon the 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
of the circular object and taking all round it.

Thedistancearound acircular region isknown asitscircumference.

Fig 11.30

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?

% Still, 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.

So, we need some formula for this, as we have for rectilinear figures or shapes.

Let us see if there 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 circumference
by using string. Also find the ratio of the circumference to the diameter.

Circle| Radius Diameter | Circumference Ratio of Circumference
toDiameter

1. 3.5cm 7.0cm 22.0cm %: 3.14
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2. 7.0cm 14.0 cm 44.0 cm %:3.14
66

3. 10.5cm 21.0cm 66.0cm 5:3.14
132

4. 21.0cm 42.0cm 132.0cm E=3.14
32

5. 5.0cm 10.0 cm 32.0cm E=3.2
94

6. 15.0cm 30.0cm 94.0 cm %=3.13

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 7 or 3.14.

C
So, we can say that — = T, where ‘C’ represents circumference of the circle and ‘d’

d
its diameter.
or C=nd
We know that diameter (d) of a circle is twice the radius (r) i.e., d=2r
So, C=nd=mx2r or C =2mr.

g

InFig11.31,
(a) Which square has the larger perimeter?
(b) Which is larger, perimeter of smaller square or the

circumference of the circle? Fig 11.31

Take one each of quarter plate and half plate. Roll once each of these on
a table-top. Which plate covers more distance in one complete revolution? */
Which plate will take less number of revolutions to cover the length of the
table-top?
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ExamMPLE 12 Whatis the circumference of a circle of diameter 10 cm (Take = 3.14)?

SoLuTiON Diameter of the circle (d)=10 cm

Circumference of circle= td
=3.14x10cm=314cm
So, the circumference of the circle of diameter 10 cmis 31.4 cm.

ExampPLE 13 What is the circumference of a circular disc of radius 14 cm?

(Use T = 2)
7

SoLuTtiON Radius of circular disc (r) = 14 cm
Circumference of disc = 2mr

= 2x%x14 cm =88 cm

So, the circumference of the circular disc is 88 cm.

ExampPLE 14 The radius of a circular pipe is 10 cm. What length of a tape is required
to wrap once around the pipe (= 3.14)?

SoLuTtiON Radius of the pipe (r)= 10 cm
Length of tape required is equal to the circumference of the pipe.
Circumference of the pipe = 21r
=2x3.14%x10cm
=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 = - ).

SoLuTION In this shape we need to find the circumference of semicircles on each side
of the square. Do you need 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 = td
1 14
Circumference of the semicircle = 5 nd : on
1 22 =
=— — l4cm =
> 7 22 cm

Circumference of each of the semicircles is 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 t= 7)

SoLuTiON To find the perimeter of the semicircular disc (Fig 11.33), we need to find
(1) Circumference of semicircular shape (i) Diameter
Given that radius (r) = 7 cm. We know that the circumference of circle = 2mr

1
So, the circumference of the semicircle = E 2r=mr Q

22
=— 7cm =22 ¢cm

7
So, the diameter of the circle=2r =2 x 7cm= 14 cm Fig 11.33
Thus, perimeter of each semicircular disc= 22 cm + 14 cm =36 cm
11.5.2 Area of Circle 7 .
Consider the following: / //{, @‘ ![ ‘,

purchase fertiliser. If 1 kg of fertiliser is required for 1 square metre area,

® A farmer dug a flower bed of radius 7 m at the centre of a field. He needs to &(
how much fertiliser should he purchase?

® What will be the cost of polishing a circular table-top of radius 2 m at the rate

of Rs 10 per square metre? LS
Can you tell what we need to find in such cases, Area or Perimeter? In such
cases we need to find the area of the 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 circleinto ~ Fig 11.34
eighthsand cut along the folds [Fig 11.35(ii)].

DB

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).

{ ARERRE

f¢—— 1 circumference ——— |

Fig 11.37

What is the breadth of this rectangle? The breadth of this rectangle is the radius of the
circle, i.e., ‘r’.

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 of the 32 sectors, which is half of the circumference.
(Fig 11.37)

Area of the circle = Area of rectangle thus formed =1 x b

1
= (Half of circumference) x radius = (5 2pr ) X1 =mr?

So, the area of the circle = 7r?

TrRY 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.

ExampLE 17 Find the area of a circle of radius 30 cm (use ©t=3.14).

SoLuTION Radius, r =30 cm
Area of the circle =mr’=3.14 x 302=2,826 cm?

ExaMpPLE 18 Diameter of a circular garden is 9.8 m. Find its area.

SoLuTION Diameter, d=9.8 m. Therefore, radiusr=9.8+2=49m
22 22
Area of the circle = ntr2= e X(4.9)’ m?= - X4.9X4.9m?2=75.46m?

ExampLE 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.
Find: (a) thearea ofthe larger circle
(b) thearea of'the smaller circle

(c) the shaded area between the two circles. (mt=3.14)
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SoLUTION

(@)

(b)

(©

Radius of'the largercircle = 10cm
So, area of the larger circle = wr?
=3.14 x10 x 10 =314 cm?
Radius of'the smaller circle =4 cm
Area ofthe smaller circle = mr?
=3.14 x4 x 4=150.24 cm?
Area of the shaded region = (314 —50.24) cm? =263.76 cm?

ExErcisE 11.3

10.

Find the circumference of the circles with the following radius: (Take = %)
(a) 14cm (b) 28mm (c) 21cm

Find the area of the following circles, given that:

(a) radius =14 mm (Take w= %) (b) diameter=49m

(c) radius=5cm
Ifthe circumference of a circular sheet is 154 m, find its radius. Also find the area of

22
the sheet. (Take m= 7)

A gardener wants to fence a circular garden of diameter 21m. 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
of the remaining sheet. (Take 1 =3.14)

Saima wants to put a lace on the edge of a circular table cover of diameter 1.5 m.
Find the length of the 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 including
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 t=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. If the same wire is bent into the shape
of a square, what will be the length of each of'its sides? Which figure encloses more

<«~— 10cm—

22
area, the circle or the square? (Take T = 7)

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 = 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 circumference of a circle is 31.4 cm. Find the radius and the area of the circle?
(Take m=3.14)

13. A circular 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? (t =3.14)

H

' 4. 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 w=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 t= 7)

17. The minute hand of a circular clock is 15 cm long. How far does the tip of the minute
hand move in 1 hour. (Take t=3.14)

11.6 ConvERsION oOF UNITS

We know that 1 cm= 10 mm. Can you tell 1 cm?is equal to how many mm?? Let us explore
similar questions and find how to convert units while measuring areas to another unit.

Draw a square of side 1cm (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 of a square of side 1cm = Area of 100 squares, of each side Imm.
Therefore, 1 cm?= 100 x 1 mm?
or 1 cm?= 100 mm?
Similarly, Im’=1mx1m
=100cm x 100 cm (As 1 m=100 cm)
= 10000 cm?

Now can you convert 1 km? into m??
In the metric system, 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 smaller unit, the resulting number of units will
be bigger.
For example, 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
For example, 1000 cm 10000 ™ 0.1m
Convert the following:

() 50cm?*inmm? (i) 2 hainm? (i) 10m?inecm?*  (iv) 1000 cm? in m?

11.7 APPLICATIONS
You must have observed that quite often, in gardens or parks, some space is left all around _g

in 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. P 2.5m Q
ExampLE 20 A rectangular park is 45 m long and 30 m wide. A 45 m B
A path 2.5 m wide is constructed outside the
park. Find the area of the path. 30m
SoLuTtioN Let ABCD represent the rectangular park and
the shaded region represent the path 2.5 m wide. D ] / C
S R

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+2.5m=35m
Area of the rectangle ABCD =1 x b =45 x 30 m*= 1350 m?
Area ofthe rectangle PQRS = | x b= 150 x 35 m? = 1750 m?
Area of the path = Area of the rectangle PQRS — Area of the rectangle ABCD
= (1750 — 1350) m* =400 m*

ExampPLE 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/ : 77 B
cementing it at the rate of Rs 250 per 10 m?. / /////////////// // // ///

SoLuTION Let ABCD be the square park of side 100 m. The

shaded region represents the path 5 m wide. /
PQ=100—-(5+5)=90m

Area of square ABCD = (side)? = (100)* m* = 10000 m? /

Area of square PQRS = (side)’ = (90)> m? = 8100 m? /

D

Therefore, area of the path = (10000 — 8100) m? = 1900 m?
Cost of cementing 10 m*= Rs 250
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250

Therefore, cost of cementing 1 m>= Rs 10

_ 250
So,  costofcementing 1900 m*>= Rs To x1900=Rs 47,500

ExamMpPLE 22 Two cross roads, each of width 5 m, run at right angles through the centre
of arectangular 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 the rate of Rs 105 per m?.

SoLuTION 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 B Wwhich is to be subtracted.
1 | Now, PQ=5mand PS=45m
// EH=5mand EF=70m
45m K|/ |L
E ] i F KL=5mand KN=5m
H NI/ M G Area of the path = Area of the rectangle PQRS area of
| the rectangle EFGH — Area of the square KLMN
| = PS x PQ + EF x EH - KL x KN
D S R C =@45x5+70x5-5x5)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. A picture 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 verandahofwidth 2.25 mis constructed all along outside a room which is 5.5 m
long and 4 m wide. Find:

(i) the area of the verandah.
(i) the cost of cementing the floor of the verandah at the rate of Rs 200 per m?.
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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6. 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
area of the roads. Also find the area of the park excluding cross roads. Give the
answer in hectares.

7. 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 of the fields. If the width of each road is 3 m, find

(1) the area covered by the roads.
(i) the cost of constructing the roads at the rate of Rs 110 per m*.

8. 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)

9. The adjoining figure represents a rectangular lawn with a circular flower bed in the ///// //% |
middle. Find:
(1) theareaof the wholeland (i) the area ofthe flower bed
(iii) the area of the lawn excluding the area of the flower bed 5m
(iv) the circumference of the flower bed.
10. Inthe following figures, find the area of the shaded portions: Tom
A 10 cm E 8 cm B P Q
! i
6 cm
=
F 5 ! =
[e) (e
4 C'In g v
S R
D «— 18cm —> C 10cm U 10cm
® (ii)

11. Find the area of the quadrilateral ABCD.

Here, AC=22cm, BM =3 cm,
DN =3 cm, and / \
BM L AC,DN L AC
22cm 3cm
A\_V
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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.

. We have 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 a rectangle =2 x (length + breadth)
(c) Areaofasquare=side x side

(d) Areaofarectangle=Ilength x breadth

. Areaofaparallelogram = base x height

1
. Areaofatriangle = 5 (area of the parallelogram generated from it)

1
=3 base x height

. The distance around a circular region is known as its circumference.

. . . ) ) 22
Circumference of a circle = ntd, where d is the diameter of a circle and = £l

or 3.14 (approximately).
. Areaofacircle =mr?, wherer is the radius of the circle.

. Based on the conversion of units for lengths, studied earlier, the units of areas can
also be converted:

1 cm?= 100 mm?, I m?>=10000 cm?, 1 hectare =10000 m.
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12.1 INTRODUCTION

We have aready come across simple algebraic expressions likex + 3, y—5, 4x + 5,
10y—5and soon. InClass VI, we have seen how these expressionsare useful informulating
puzzlesand problems. We have al so seen examplesof severa expressionsinthe chapter on
smpleequations.

Expressionsare acentral concept in algebra. This Chapter isdevoted to algebraic
expressions. When you have studied this Chapter, you will know how algebraic
expressions are formed, how they can be combined, how we can find their valuesand
how they can be used.

12.2 How ARE ExXPREsSIONS FORMED?

We now know very well what avariable is. We use letters x, y, |, m, ... etc. to denote
variables. A variable can takevariousvalues. Itsvalueisnot fixed. On the other hand, a
constant hasafixed value. Examplesof constantsare: 4, 100, 17, etc.

We combine variablesand constantsto make a gebrai c expressions. For this, weusethe
operationsof addition, subtraction, multiplication and divison. We have already come across
expressionslike4x + 5, 10y —20. Theexpression 4x + 5isobtained from thevariablex, first
by multiplying x by the constant 4 and then adding the constant 5 to the product. Similarly,
10y—20isobtained by first multiplying y by 10 and then subtracting 20 from the product.

The above expressionswere obtained by combining variableswith constants. We can
also obtain express ons by combining variableswith themsal ves or with other variables.

Look at how thefollowing expressionsare obtained:
X2, 2y?, 3x2 =5, xy, 4xy + 7
(i) Theexpressionx?isobtained by multiplying thevariablex by itsdlf;
XX X =X2
Just as4 x 4iswritten as4?, wewritex x X = x2 It iscommonly read as x squared.
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(Later, when you study the chapter * Exponentsand Powers' you will redlisethat x?
maly also beread asx raised to the power 2).

Inthe same manner, we canwrite XX XXX=x3
Commonly, x3isread as‘x cubed'. Later, you will realisethat x* may a so beread
asxraised to the power 3.

X, X2, %3, ... areall algebraic expressions obtained from x.
(i) Theexpresson2y?isobtainedfromy: 2y?=2xyxy
Here by multiplyingy with y we obtain y? and then we multiply y? by the constant 2.
(iii) In(3x>—5) wefirst obtain x?, and multiply it by 3to get 3x2.

From 3x2, we subtract 5tofinally arriveat 3x2—5.

Describe how the (i) Inxy, wemultiply thevariablexwith another variabley. Thus,
following expressions X Xy = Xy.

areobtained: (V) In4xy + 7, wefirst obtain xy, multiply it by 4 to get 4xy and add
7xy + 5, Xy, 4x* — 5x 710 4xy to get the expression.

12.3 TERMS OF AN EXPRESSION

We shal now put inasystematic form what we havelearnt above about how expressions
areformed. For this purpose, we need to understand what ter msof an expression and
their factorsare.

Consider the expression (4x + 5). In forming this expression, wefirst formed 4x
separately asaproduct of 4 and x and then added 5toit. Similarly consider theexpression
(3x2 + 7y). Here we first formed 3x? separately as a product of 3, x and x. We then
formed 7y separately asaproduct of 7 andy. Having formed 3x? and 7y separately, we
added them to get the expression.

You will find that the expressionswe deal with can always be seenthisway. 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 asterms. Look at the
expression (4x2— 3xy). We say that it hastwo terms, 4x2 and —3xy. Theterm 4x?isa
product of 4, x and X, and the term (—3xy) isaproduct of (—3), xandy.

Terms are added to form expressions. Just as the terms 4x and 5 are added to
formtheexpression (4x + 5), theterms 4x2 and (—3xy) are added to givethe expression
(4x2 — 3xy). Thisis because 4x? + (—3xy) = 4x2 — 3xy.

Note, theminussign () isincludedintheterm. Inthe expression 4x2—3xy, we
took theterm as (—3xy) and not as(3xy). That iswhy we do not need to say that
termsare* added or subtracted’ toforman expression; just ‘added’ isenough.

Factors of a term

We saw abovethat the expression (4x% — 3xy) consists of two terms4x? and —3xy. The
term 4x?isaproduct of 4, x and x; we say that 4, x and x arethe factors of theterm 4x2.
Atermisaproduct of itsfactors. Theterm —3xy isaproduct of thefactors—3, xandy.
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We can represent the terms and factors of )
the terms of an expression conveniently and ~ EXpression (4x* - 3xy)
elegantly by atree 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 P
dotted linesfor factorsand continuouslinesfor | Factors 4
terms. Thisisto avoid mixing them.

Let usdraw atreediagram for theexpression
5xy + 10.

The factors are such that they cannot be
further factorised. Thuswe do not write 5xy as |
5 x Xy, because xy can be further factorised. =~ Terms 5xy 10
Similarly, if X wereaterm, it would bewritten as ’
X x X x x and not x? x x. Also, remember that ’
1 isnot taken as aseparate factor. Factors 5

Expression (5xy + 10)

Coefficients
We havelearnt how to writeaterm asaproduct of factors.

Oneof thesefactorsmay benumericad andthecthersagebraic

(i.e., they containvariables). Thenumerical factorissaidtobe
thenumerica coefficient or smply thecoefficient of theterm. 1. What arethetermsin the
Itisalso sadto bethecoefficient of therest of theterm (Wthh followi ng expressi ons?
isobvioudy theproduct of algebraicfactorsof theterm). Thus Show how the terms are
in5xy, Sisthecoefficient of theterm. Itisa so the coefficient formed. Draw atreediagram
of xy. Intheterm 10xyz, 10 isthe coefficient of xyz, inthe

. - for eechexpresson:
term—7x2y?, —7 isthe coefficient of x2y2.
. . . . 8y + 3%, 7Tmn — 4, 2x%y.
Whenthecoefficient of atermis+1, itisusualy omitted. : -
For example, Ixiswrittenasx; 1 x?y?iswritten asx?y? and . Writethreeexpressioneach

so on. Also, the coefficient (1) isindicated only by the having4terms,
minus sign. Thus (=1) x is written as — x; (—1) x?y?is
written as—x?y? and so on.

Sometimes, theword * coefficient’ isused inamoregenera way. Thus
wesay that intheterm 5xy, 5isthe coefficient of xy, xisthe coefficient of Sy
andyisthecoefficient of 5x. In 10xy?, 10isthe coefficient of xy?, xisthe R8¢ DI G
coefficient of 10y? andy?isthecoefficient of 10x. Thus, inthismoregenera |dentify the coefficients
way, acoefficient may beeither anumerical factor or analgebraicfactoror  of the terms of following

aproduct of two or more factors. Itis said to be the coefficient of the  expressons
product of the remaining factors. Ax—3y,a+b+5,2y+5, 2xy

ExampLE 1 |dentify, inthefollowing expressions, termswhicharenot
congtants. Givethelr numerica coefficients:
xy +4,13-y? 13—y + 5y% 4p°q —3pg? + 5
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SoLUTION
S. No. Expresson Term (whichisnot Numerical
aConstant) Coefficient
() Xy +4 Xy 1
(i) 13—-y? —y? -1
(i) 13-y +5y? -y -1
5y? 5
(v) |4p°q—3pcf+5 4p*q 4
— 3pgf -3
ExamPLE 2

(8 What arethe coefficientsof xinthefollowing expressions?
AX—3y,8—X+Y,yX—Y, 22— 5xz
(b) What arethecoefficientsof yinthefollowing expressons?
Ax—3y,8+yz, yZZ2+5 my+m

SoLuUTION

(8 Ineachexpressionwelook for aterm with x asafactor. Theremaining part of that
termisthecoefficient of x.

S. No.| Expresson | Termwith Factor x Coefficient of x
(i) ax — 3y 4x 4
(ii) 8—x+y —X -1
(i) yX—y y’x y:
(iv) 2z - 5xz —5xz -5z

(b) Themethodissimilar tothat in (a) above.

S. No.| Expresson | Termwithfactory Coefficient of y
(i) Ax -3y -3y —3
(ii) 8+yz yz z
(iif) yZ* +5 yz’ z
i) my +m my m

12.4 LikeE AND UNLIKE TERMS

Whentermshavethe sameadgebraicfactors, they areliketerms. When termshavedifferent
agebraicfactors, they areunliketerms. For example, inthe expression 2xy—3x + 5xy—4,
look at theterms 2xy and 5xy. Thefactorsof 2xy are 2, x andy. Thefactorsof 5xy are5,
xandy. Thustheir dgebraic (i.e., those which contain variabl es) factorsarethe sameand
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hencethey areliketerms. On the other hand the
terms 2xy and—3x, have different algebraicfactors. RY 1HESE

X

They areunliketerms. Similarly, theterms, 2xy ~ Group the like terms together from the g,, ‘
and 4, areunliketerms. Also, theterms—3xand 4 fallowing: AVAZA)
areunliketerms. 12x, 12, — 25x, — 25, — 25y, 1, x, 12y, \¥ /

12.5 MonoMmiALs, BINOMIALS, TRINOMIALS AND

POLYNOMIALS

An expression with only one term is called a monomial; for example, 7xy, — 5m,
327, 4 etc.

Anexpressionwhich containstwo unliketermsiscaleda

binomial; for example, x +y, m—5, mn + 4m, a> — b’ are : :
binomials. The expression 10pq is not a binomial; it isa Classnfy the fOHOW'_ng
monomial. The expression (a + b + 5) isnot abinomial. EXpressons asarnonqmld,
It containsthreeterms. abinomid or atrinomid: a,

An expression which contains three terms is called a i+bb’_abS+ )e(l; k))(,yak-)'-+53.
trinomial; for example, theexpressionsx+y+ 7, ab+ a+b, B x + 2’ 4pq’ _3q+ 5p’
3 —5x+2, m+n+ 10 are trinomials. The expression o, -~ o hg 40002
ab+a+b+5is, however not atrinomid; it containsfour =’ ' :
termsand not three. Theexpressionx + y + 5xisnot atrinomia asthetermsxand 5xare
liketerms.

In general, an expression with one or moretermsiscalled apolynomial. Thusa
monomial, abinomia and atrinomid ared| polynomias.

ExampLE 3 Statewithreasons, which of thefollowing pairsof termsareof like
termsandwhich areof unliketerms:

i) 7x, 12y (i) 15x, —21x (i) —4ab, 7ba (iv) 3xy, 3x
(V) 6xy?, 9x%y Vi) pg?, —4pg? (vii) mn?, 10mn
SoLuTtiON
S. Pair Factors Algebraic Like/ Remarks
No. factorssame | Unlike
or different | terms
(i) X 7, X Different Unlike Thevariablesinthe
12y 12,y termsaredifferent.
(it) 15x 15, x Same Like
—21x 21, X
(i) | —4ab| —-4,ab Same Like Remember
7 ba 7,a,b ab=ba
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(iv) 3xy 3, XY Different Unlike Thevariableyisonly
3x 3, X inoneterm.

V) | exy? | 6,xY, y} Different Unlike | Thevariablesinthetwo

Xy | 9 X XY termsmatch, but their
powersdo not match.

M) | pg? | Lpaq Same Like Note, numerical
—4p?| —4,p, 0,9 factor Lisnot shown

Following simple steps will help you to decide whether the given terms are like
or unliketerms:

(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.
(i) 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 thetermsand (2) the order in which thevariablesare multiplied in the
terms.

ExERrcIsE 12.1

1. Getthealgebraic expressionsinthefollowing casesusing variables, constantsand
arithmetic operations.

(1) Subtractionof zfromy.
(i) One-hdf of thesum of numbersxandy.
(iii) Thenumber zmultiplied by itsdlf.
= 7 (iv) One-fourthof the product of numberspandg.
(v) Numbersxandy both squared and added.
(vi) Number 5 added to threetimesthe product of numbersmand n.
(vii) Product of numbersy and z subtracted from 10.
(viii)  Sum of numbersaand b subtracted fromtheir product.
2. (i) Identify thetermsandtheir factorsinthefollowing expressons
Show thetermsand factors by tree diagrams.
@ x-3 (b) 1+x+x © y-y
(d) Bxy?+ 7x?y (e —ab+2b?—3a2
(i) Identify termsand factorsintheexpressionsgiven below:
@ —-4x+5 (b) —4x+ 5y () by+3y?
(d) xy + 2x3y? ® pg+q (f) 1.2ab-24b+36a
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(0) %x+i (h 0.1p*+0.2¢
3. Identify the numerical coefficientsof terms(other than constants) in thefollowing
expressions.
(i) 5-3t2 @i 1+t+t2+t2 (i) x+2xy+ 3y
(iv) 100m+1000n (v) —p°Q®+ 7pq (vi) 1.2a+08Db
(vii) 3.14r? (vii) 2(I +b) (ix) 0.1y+0.01y?
4. (a) Identifytermswhich containxand givethe coefficient of x.
0 yx+y (i) 13y*—8yx (i) x+y+2
(iv) 5+z+z (V) 1+x+xy (Vi) 12xy? +25
(i) 7x + xy?
(b) Identify termswhich containy? and givethe coefficient of y2.
@) 8-xy (i) Sy*+7x (i) 2x?y — 15xy? + 7y?
5. Classfyintomonomids, binomiasandtrinomias.
() 4y-7z (i) y? (i) x+y-—xy (iv) 100
(v) ab—a-b (Vi) 5-3t (vii) 4p?q—4pg? (viii) 7mn
(ix) 22—3z+8 (x) a2+ b? x) Z2+z

Xi) 1+x+x?
6. Statewhether agiven pair of termsisof likeor unliketerms.
() 1,100 @iy =7x, %x (i) —29x, — 29y
(iv) 14xy, 42yx  (v) 4mép, 4mp? (i) 12xz, 12x27
7. ldentify liketermsinthefollowing:
(8 —xy?, —4yx2, 8x2, 2xy?, Ty, — 11x2, — 100x, — 11yx, 20x?y,

— 6%, Y, 2xy, 3

(b) 10pq, 7p, 8q, — p?0? — 7qp, — 100q, — 23, 1297p?, — 5p?, 41, 2405p, 78qp,
13p?q, gp?, 701p?

12.6 ADDITION AND SUBTRACTION OF ALGEBRAIC
EXPRESSIONS

Congder thefollowing problems:

1. Saritahas some marbles. Ameena has 10 more. Appu says that he has 3 more
marblesthan the number of marbles Saritaand Ameenatogether have. How doyou
get the number of marblesthat Appu has?

Sinceitisnot given how many marbles Saritahas, we shall takeit to bex. Ameena
then has 10 more, i.e., X + 10. Appu saysthat he has 3 more marbles than what
Saritaand Ameenahave together. So wetake the sum of the numbersof Sarita's
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marblesand Ameena smarbles, and to thissum add 3, that is, wetake the sum of
X, X+ 10 and 3.

Ramu’sfather’spresent ageis 3 timesRamu’sage. Ramu’ sgrandfather’ sageis 13
yearsmorethan the sum of Ramu’sage and Ramu’ sfather’ sage. How do you find
Ramu’'sgrandfather’ sage?

SinceRamu’'sageisnot given, let ustakeit to bey years. Then hisfather’sageis
3y years. Tofind Ramu’ sgrandfather’ sagewe haveto takethe sum of Ramu’'sage(y)
and hisfather’sage (3y) and to the sum add 13, that is, we haveto take the sum of
y, 3y and 13.

In agarden, roses and marigolds are planted in square plots. The length of the
sguare plot inwhich marigoldsare planted is 3 metres greater than thelength of the
sguareplot inwhich rosesare planted. How much bigger inareaisthemarigold plot
thantheroseplot?

Let ustakel metresto belength of theside of therose plot. Thelength of theside of
themarigold plot will be(l + 3) metres. Their respectiveareaswill bel?and (I + 3)%
The difference between (12+ 3)? and 12 will decide how much bigger in areathe
marigoldplotis.

Inall thethree situations, we had to carry out addition or subtraction of algebraic
expressions. There are anumber of real life problemsin which we need to use
expressionsand do arithmetic operationson them. In thissection, weshal | seehow
algebraic expressionsare added and subtracted.

TrRY THESE

Think of atleast two situationsin each of which you need to form two algebraic
\  expressionsand add or subtract them

. Adding and subtracting like terms
| /}f Thes
shall learn how to add or subtract liketerms.

mplest expressionsaremonomials. They consist of only oneterm. To beginwithwe

® | etusadd 3xand 4x. We know xisanumber and so also are 3x and 4x.
Now, X +4x=(3xX)+(4%xX)

or

@® | et usnext add 8xy, 4xy and 2xy

or

= (83+4) xx (usingdistributivelaw)
=7 XxXX=7X

Sincevariablesare numbers, we can
3x +4x = 7x usedigtributivelaw for them.

8Xy + 4xy + 2xy = (8 X Xy) + (4 X xy) + (2 x Xy)
=(8+4+2)xxy
=14 x xy = 14xy

8xy + 4xy + 2xy = 14 xy
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@® | etussubtract 4nfrom 7n.
m—4n=(7xn)—(4xn)
=(7-4)xn=3xn=3n

or n—4n=3n

® Inthesameway, subtract 5ab from 11ab.
11ab —5ab = (11 -5) ab = 6ab

Thus, the sumof two or moreliketermsisaliketermwith anumerical coefficient

equal to the sum of the numerical coefficients of all the like terms.

Smilarly, the difference between two like termsisa like termwith 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 aready seen examplesof this, when 5isadded to x, wewritethe
result as(x + 5). Observethat in (x + 5) both theterms 5 and x are retained.

Similarly, if weadd theunliketerms3xy and 7, thesumis3xy + 7.
If wesubtract 7 from 3xy, theresultis3xy —7

Adding and subtracting general algebraic expressions
L et ustakesomeexamples.
® Add3x+1land7x—5
Thesum=3x+ 11+ 7x-5
Now, we know that theterms 3x and 7x areliketermsand so also are 11 and —5.
Further 3x+ 7x=10xand 11 + (- 5) = 6. We can, therefore, simplify thesum as:
Thesum=3x+ 11+ 7x-5
=3x+7x+11-5 (rearranging terms)
=10x+ 6
Hence, 3x+ 11+ 7x—5=10x + 6
® Add3x+11+8zand 7x—5.
Thesum=3x+11+8z+ 7x-5
=3x+7x+11 -5+ 8z (rearangingterms)
Notewe haveput liketermstogether; thesingle unliketerm 8zwill remain asitis.
Therefore, thesum=10x+ 6+ 8z
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® Subtracta—bfrom3a-b+4

Thedifference=3a—-b+4—(a—b) Note, just as
=3a-b+4-a+b —-(5-3) =-5+3,
Observe how wetook (a—b) inbracketsandtook | —(@—b)=—a+b.

careof sgnsin opening thebracket. Rearranging the
termsto put liketermstogether,

Thedifference=3a—-a+b-b+4

The signs of algebraic
terms are handled in the
same way as signs of
numbers.

=(3-1)a+(1-1)b+4

Thedifference=2a+ (0)b+4=2a+4

or

3a—-b+4—-(a-b)=2a+4

We shall now solve some more examples on addition and subtraction of expression
for practice.

ExampLE 4 Collect liketermsand simplify theexpression:

SoLuTION

TrRY THESE

@  Addand subtract
) m-n,m+n
(i) mn+5-2,mn+3

Note, subtracting aterm
isthesameasaddingits
inverse. Subtracting—10b
is the same as adding
+10b; Subtracting
—18a is the same as
adding 18aand subtrac-
ting 24abisthesameas
adding — 24ab. The
signs shown below the
expressionto besubtrac-
tedareahelpincarrying
out the subtraction
properly.

12m? —9m+ 5m—4n? — 7m+ 10
Rearranging terms, wehave

12m? — 4n¥ + 5m—-9m—7m+ 10
=(12-4) P+ (5-9-7)m+ 10
=8+ (—4-7)m+10

=8n? + (-11) m+ 10
=8n?—11m+ 10

ExampPLE 5 Subtract 24ab — 10b — 18a from 30ab + 12b + 14a.

30ab + 12b + 14a — (24ab — 10b — 18a)
=30ab + 12b + 14a—24ab + 10b + 18a
=30ab —24ab + 12b + 10b + 14a + 18a
=6ab + 22b + 32a

Alternatively, wewritethe expressionsone below the other with thelike
termsappearing exactly below liketermsas:

30ab + 12b + 14a
24ab —10b - 18a
- + +

6ab + 22b + 32a

SoLUTION
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ExampLE 6 Fromthesum of 2y? + 3yz, —y? —yz—7? and yz + 22, subtract the
sum of 3y*— 7 and —y* +yz + 7%

Sorution  Wefirst add 2y? + 3yz, —y?>—yz— 22 and yz + 222,

2y2 + 3yz
- ¥ - yz - Z
+ yz + 27
y» +3z + Z @)
We then add 3y? — 7 and —y?+ yz + 7
3y2 - 2
- V¥ + yz + 7
2y + vz @

Now we subtract sum (2) from thesum (1):
y + 3z + Z
22+ yz

-y + 2z + 7

ExERCISE 12.2

1. Smplify combiningliketerms:
() 21b-32+7b—-20b
(i) —22+132-5z2+72 —15z
(i) p—(p-a)-a-(a-p)
(iv) 3a—2b—ab—-(a—b+ab)+3ab+b-a
(V) 5%y — 5%+ 3yx? — 3y? + X2 — y? + 8xy? — 3y?
(V) (By*+5y—4)—(8y—-y*—4)

2. Add:
() 3mn, —5mn, 8mn, —4mn
() t—8tz, 3tz—z z-t
@iy —=7mn+5, 12mn+ 2, 9mn -8, —2mn -3
(v) a+b-3,b-a+3,a-b+3
(v) 14x + 10y —12xy — 13, 18 — 7x — 10y + 8xy, 4xy
V) 5m-7n,3n—-4m+ 2,2m-3mn-5
(Vi) 4%y, — 3xy?, —bxy?, 5x%y
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(vii)) 3p%0?—4pq + 5, — 10 p?g?, 15 + 9pq + 7p°0?
(ix) ab—4a,4b—ab, 4a—4b
X) X¥—-y?=1,y?—1-x3,1-x2—V?
3. Subtract:
(i) -by?fromy?
(i) 6xyfrom-12xy
(i) (a—Db)from(a+b)
(iv) a(b-5)fromb(5—-a)
(v) =P+ 5mn from 4m? —3mn + 8
(Vi) —x2+10x—-5from5x—10
(vii) 5a?-— 7ab + 5b? from 3ab — 2a — 2b?
(viii) 4pqg—5¢? — 3p? from 5p? + 392 — pq
4. (@) What should be added to x + xy + y? to obtain 2x? + 3xy?
(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—y?+ 6xy + 20?
6. (@ Fromthesumof 3x—y+ 11 and—y—11, subtract 3x—y —11.

(b) From the sum of 4 + 3x and 5 — 4x + 2x?, subtract the sum of 3x?— 5x and
X+ 2x + 5.

12.7 FINDING THE VALUE OF AN EXPRESSION

Weknow that the value of an algebraic expression dependson thevalues of thevariables
forming theexpression. Thereareanumber of Situationsinwhichweneedtofindthevalue
of an expression, such aswhen wewish to check whether aparticular value of avariable
satisfiesagiven equation or not.

Wefind values of expressions, also, when we useformulasfrom geometry and from
everyday mathematics. For example, theareaof asguareis|? wherel isthelength of a
sideof thesquare. If| = 5cm., theareais5°cm? or 25 cn?; if thesideis 10 cm, thearea
is10?cm? or 100 cm? and so on. We shall see more such examplesin the next section.

ExampLE 7 Findthevaluesof thefollowing expressionsfor x=2.
Q) x+4 (i) 4x—3 (i) 19 —5x
(iv) 100 — 10x3

SoLuTiON Puttingx=2
() Inx+4,wegetthevalueof x+4,i.e,
X+4=2+4=6
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@) Indx—3,weget
4x-3=(4%x2)-3=8-3=5
(i) 1n19—5x%2, we get
19-5¢=19-(5%x2)=19-(5%x4)=19-20=-1
(iv) In100-10x3, we get
100 — 10x3= 100 — (10 x 2% = 100 — (10 x 8) (Note 23 = 8)
=100-80=20

ExampLE 8 Findthevaueof thefollowing expressonswhenn= —2.
() 5n-2 @iy 5n?+5n-2 @) n*+5n>+5n-2

SoLuTION
(i) Puttingthevalueof n=-2,in5n-2, weget,
5-2)-2=-10-2=-12
@) In5n?+5n-2, wehave,
forn=-2,5n-2=-12
and5n*=5x(—2)?=5x4=20 [as(—2)*=4]
Combining,
5n?+5n-2=20-12=8
@ii) Now, forn=-2,
5n*+5n-2=8and
n°=(2?°=(2) x (-2) x(-2)=-8
Combining,
nd+5n°+5n-2=-8+8=0
We shall now consider expressions of two variables, for example, x +y, xy. Towork
out the numerical value of an expression of two variables, we need to give the val ues of
both variables. For example, thevalueof (x+y), forx=3andy=5,is3+5=8.
ExamvpLE 9 Findthevalueof thefollowing expressionsfora=3,b=2.
@) a+b (i) 7a—4b (i) a2+2ab+b?
(iv) a®-bd
SoLuTiON  Substitutinga=3andb=2in

() a+b,weget
atb=3+2=5
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7a—4b, we get

Ta—4b=7%x3-4%x2=21-8=13.

a’+ 2ab + b? weget

a2+2ab+ =32 +2x3x2+22=9+2%x6+4=9+12+4=25
a®—Db? weget

- =3F-28=3x3x3-2x2x2=9x3-4%x2=27-8=19

ExERcISE 12.3

10.

. 1fm=2, findthevaueof:

i) m-2 (i) 3m-5 (i) 9—5m
) 3m—2m—-7 ) " 4

. If p==2,find thevaueof:

i) 4p+7 (i) —3p?+4p+7 (i) —2p*-3p?+4p+7
. Findthevaueof thefollowing expressions, whenx=-1:

(i) 2x-7 (i) —x+2 i)y +2x+1
(iv) 2¢—-x-2

If a=2,b=-2, findthevalueof:

(i) a+b? (i) a?+ab+b? (i) a*2—-b?

Whena=0, b=-1, find thevalue of the given expressions:

(i) 2a+2b (i) 2a2+b?2+1 (i) 2a?b + 2ab?+ab
(iv) a®+ab+2

Simplify theexpressonsand find thevalueif xisequal to 2

) x+7+4(xx-5) (i) 3(x+2) +5x—-7
(i) 6x+5(x-2) (iv) 4(2x—1)+3x+11
Simplify theseexpressionsand find their valuesif x=3,a=-1,b=-2.
() 3x-5-x+9 (i) 2—8x+4x+4
(i) 3a+5-8a+1 (iv) 10-3b—-4-5b

(v) 2a—2b—-4-5+a

() Ifz=10, findthevalueof Z2—3(z—-10).

@iy 1fp=-10, findthevalueof p>*—2p—100

What should bethevalueof aif thevaueof 2x* + x—aequasto 5, whenx=07?

Simplify theexpressionandfinditsvaluewhena=5andb=-3.
2(a®2+ab)+3-ab
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12.8 UsiNng ALGEBRAIC EXPRESSIONS — FORMULAS AND
RULES

Wehave seen earlier d o that formul asand rulesin mathematicscan bewritteninaconcise
and general form using algebraic expressions. We seebelow severa examples.

® Perimeter formulas
1. Theperimeter of an equilatera triangle= 3 x thelength of itsside. If we denotethe
length of thesideof theequilaterd triangleby |, thentheperimeter of theequilateral
triangle=3|
2. Similarly, the perimeter of asquare=4l
where| =thelength of the side of the square.
3. Perimeter of aregular pentagon =5l

where| =thelength of the side of the pentagon and so on.

® Area formulas
1. If wedenotethelength of asquareby |, then the area of the square =12
2. If wedenotethelength of arectangle by | and itsbreadth by b, then the areaof the
rectangle=1xb=1b.
3. Smilarly,if bstandsfor thebaseand hfor theheight of atriangle, thentheareaof the

. bxh bh
triangle= ——=—.
2 2
Onceaformula, that is, the algebrai c expression for agiven quantity isknown, the
value of the quantity can be computed asrequired.

For example, for asquare of length 3 cm, the perimeter isobtained by putting theva ue
| =3 cmintheexpression of the perimeter of asquare, i.e., 4l.

The perimeter of thegiven square= (4 x 3) cm=12cm.
Similarly, the area of the square is obtained by putting in the value of
[ (=3 cm) intheexpression for theareaof asquare, that is, |3

Areaof thegiven square=(3)2cm?=9cm?.

® Rules for number patterns
Study thefollowing Satements:

1. If anatural number isdenoted by n, itssuccessor is(n+ 1). We can check thisfor
any natural number. For example, if n= 10, its successor isn + 1=11, whichis
known.
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Do THis

. If anatural number isdenoted by n, 2nisan even number and (2n + 1) an odd

number. Let uscheck it for any number, say, 15; 2n=2xn=2x 15=30isindeed
anevennumberand2n+1=2x15+1 =30+ 1=31isindeed an odd number.

Take (small) line segments of equal length such as matchsticks, tooth pricksor
pieces of straws cut into smaller piecesof equal length. Jointhemin patternsas

showninthefiguresgiven:

. ObservethepatterninFig12.1.

It consists of repetitions of the shape[ |
made from 4 line segments. Asyou seefor
one shape you need 4 segments, for two
shapes7, for three10 and soon. If nisthe
number of shapes, then the number of
segmentsrequired toform n shapesisgiven
by (3n+1).

You may verify thisby takingn=1, 2,
3,4, ..., 10, ... etc. For example, if the
number of letters formed is 3, then
the number of line segments required
is3x3+1=9+1=10, asseen from
thefigure.

. Now, consider thepatternin Fig 12.2. Here

the shape|_| isrepeated. The number of
segmentsrequiredtoform1, 2, 3, 4, ...
shapesare 3, 5, 7, 9, ... respectively. If n
standsfor the shapesformed, the number of
segmentsrequiredisgiven by theexpression
(2n+1). Youmay check if theexpressionis
correct by taking any valueof n, say n=4.
Then(2n+1)=(2x 4) + 1 =9, whichis
indeed the number of line segments
requiredtomake4|_|s.
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TrY THESE

Make similar pattern with basic figuresasshown

" YL
o |
] ] s
R ]
: (4n+1) : (3n +2)
(The letter[d) (The le.tterH)

(Thenumber of ssgmentsrequiredto makethefigureisgiventotheright. Also,
theexpressonfor thenumber of ssgmentsrequired to maken shapesisaso given).

Go ahead and discover more such patterns.

Do Tuis o1

Makethefollowing pattern of dots. If you take agraph paper or adot paper, it will : : 4
be easier to makethe patterns.

Observe how the dotsare arranged in asquare shape. If thenumber of dotsina ® e e

row or acolumninaparticular figureistakento bethevariablen, then the number of : : : ?

dotsinthefigureisgiven by theexpressionn x n=n? For example, taken=4. The
number of dotsfor thefigurewith 4 dotsin arow (or acolumn) is4 x 4= 16, asis ¢ o o o
indeed seen from thefigure. You may check thisfor other valuesof n. Theancient e e o o 10

Greek mathematicians called the number 1, 4, 9, 16, 25, ... square numbers. eoee

® Some more number patterns Teees
Let usnow look at another pattern of numbers, thistimewithout any drawingtohelpus © e @ @ o 25

® 0000

3, 6, 9, 12, veey 3n, o000 0

Thenumbersare such that they aremultiplesof 3 arranged in anincreasing orde,

® 0000
beginning with 3. Thetermwhich occursat then™ positionisgiven by theexpresson3n. e e e e o o
You can easily find theterm which occursin the 10" position (whichis3x 10=30); o o o o ¢ o 36
100" position (whichis3 x 100 = 300) and so on. eecoceoe

o 00000

® Pattern in geometry

What isthe number of diagonalswe can draw from one vertex of aquadrilateral?
Checkit, itisone. n2
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From onevertex of apentagon? Check it, itis2.

E D F E
D C
Al B
B B C

Fromonevertex of ahexagon?Itis3.

The number of diagonals we can draw from one vertex of apolygon of n sidesis
(n—3). Check it for a heptagon (7 sides) and octagon (8 sides) by drawing figures.
What isthe number for atriangle (3 sides)? Observe that the diagonal s drawn from any
one vertex divide the polygon in as many non-overlapping triangles as the number of
diagonasthat can be drawn from the vertex plus one.

ExERcISE 12.4

1. Observethepatternsof digitsmadefromlinesegmentsof equal length. Youwill find
such segmented digitson the display of eectronic watchesor calculators.

o | || L[]

e

6 1 16 21 ... (Gn+1) ...
O ||
| I

4 7 10 13 ... (Bn+1) ...
o [ L L]
NN

7 12 17 22.... (5n+2) ...

If the number of digitsformed istaken to be n, the number of segmentsrequiredto
formndigitsisgiven by the algebraic express on appearing on theright of each pattern.

How many segmentsarerequiredtoform 5, 10, 100 digitsof thekind E |—| B
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ALGEBRAIC EXPRESSIONS

Usethegiven agebraic expression to completethe table of number patterns.

=

Expression Terms
1 Jdf 4| 5 200 ... 200N

2n-1 S| 7] 9| - 19 - - -

3n+2 s 10| -| - - | - - |-

In+1 w3 7| -] - - [ - - |-

n+20 27 41| 48| - - - - - -

n|R|lo| o w[®

n”+1 2 10| 17| - - - - | 10,001| -

WHAT HAVE WE DISCUSSED?

Algebraic expressions are formed from variables and constants. We use the
operationsof addition, subtraction, multiplication and divison onthevariables
and constantsto form expressions. For example, the expression 4xy + 7 isformed
fromthevariablesx andy and constants4 and 7. The constant 4 and the variables
x and y are multiplied to give the product 4xy and the constant 7 isadded to this
product to givethe expression.

Expressionsare made up of terms. Termsareadded to make an expression. For
example, theaddition of theterms4xy and 7 givesthe expression 4xy + 7.

A termisaproduct of factors. Theterm 4xy inthe expression 4xy + 7 isaproduct
of factorsx, yand 4. Factorscontaining variablesare said to be algebraicfactors.

The coefficient isthe numerical factor in theterm. Sometimesanyonefactor ina
termiscaled the coefficient of theremaining part of theterm.

Any expression with one or moretermsiscalled apolynomial. Specifically aone
term expressioniscalled amonomial; atwo-term expressioniscalled abinomial;
and athree-term expressioniscaledatrinomial.

Termswhich havethesamedgebraicfactorsareliketerms Termswhich havedifferent
algebraicfactorsareunliketerms. Thus, terms4xy and — 3xy areliketerms; but
terms4xy and—3x arenot liketerms.

Thesum (or difference) of twoliketermsisaliketerm with coefficient equal to
the sum (or difference) of the coefficients of the two like terms. Thus,
8xy —3xy = (8 —3)xy, i.e., bxy.

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.

10.

In situations such as solving an equation and using aformula, we haveto find the
valueof an expression. The value of the expression depends on the value of the
variablefromwhichtheexpressionisformed. Thus, thevaueof 7x—3forx=5is
32,since7(5)-3=35-3=32.

Rulesand for mulasin mathematicsarewr itten inaconciseand generd formusing
agebraicexpressions.

Thus, the area of rectangle = Ib, wherel isthe length and b isthe breadth of the
rectangle.

The general (n") term of anumber pattern (or asequence) isan expressioninn.
Thus, the n" term of the number pattern 11, 21, 31, 41, ... is(10n+ 1).




Exponents and
Powers

Chapter 13

13.1 INTRODUCTION

Do you know what themassof earthis?It is
5,970,000,000,000,000,000,000,000 kg!

Canyou read thisnumber?

Mass of Uranusis 86,800,000,000,000,000,000,000,000 kg.
Which hasgreater mass, Earth or Uranus?

Distance between Sun and Saturnis 1,433,500,000,000 m and di stance between Saturn
and Uranusis 1,439,000,000,000 m. Can you read these numbers? Which distanceisless?

Thesevery large numbersare difficult to read, understand and compare. To makethese
numberseasy to read, understand and compare, we use exponents. Inthis Chapter, we shall
|earn about exponentsand also learn how to use them.

13.2 EXPONENTS

We canwritelarge numbersin ashorter form using exponents.
Observe  10,000=10x 10 x 10 x 10 = 10*

The short notation 10* stands for the product 10x10x10x10. Here* 10’ iscalled the
baseand ‘4’ the exponent. The number 10*isread as 10 raised tothe power of 4 or
simply asfourth power of 10. 10*iscalled theexponential for m of 10,000.

We can similarly express 1,000 as apower of 10. Since1,000is10
multiplied by itself three times,

1000=10x 10 x 10=10®
Hereagain, 10%isthe exponentia form of 1,000.
Smilaly, 1,00,000=10x10x 10x 10x10=10°
10°isthe exponential form of 1,00,000

In both these exampl es, the baseis 10; in case of 10° the exponent
is3andin caseof 10°theexponentisb.




T \/ATHEMATICS

EAD BOTH

We have used numberslike 10, 100, 1000 etc., whilewriting numbersin an expanded
form. For example, 47561 =4 x 10000+ 7 x 1000+5%x 100+ 6x 10+ 1

Thiscanbewrittenas4 x 10°+ 7 x10*+5x 10?°+ 6 x 10 + 1.
Try writing these numbersinthesameway 172, 5642, 6374.

Inall the above given exampl es, we have seen numberswhose baseis 10. However
the base can be any other number also. For example:

81=3x3x 3 x3canbewrittenas81 = 3* here 3isthe baseand 4 isthe exponent.

Some powers have special names. For example,

10%, whichis10raised tothe power 2, dsoread as' 10 squared’ and

10% whichis10raised to the power 3, alsoread as‘ 10 cubed’.

Canyoutdl what 52 (5 cubed) means?

5° means5istobemultiplied by itself threetimes, i.e., 5°>=5x5x5=125

So, wecan say 125 isthethird power of 5.

What isthe exponent and the basein 5°?

Similarly, 2> =2x2x2x2x2= 32, whichisthefifth power of 2.

In 25, 2isthebaseand 5 isthe exponent.
Inthesameway, 243=3x3%x3x3x3=3
B4=2%x2x2%x2x2%x2=2°

625=5x5x5x5=5"

102 |
IO RASED TO THE
POWER 2

103 16 RAISEDTD
THE POWER 3

)

Find five more such examples, where anumber isexpressed in exponential form.
Alsoidentify the base and the exponent in each case.

You can also extend thisway of writing when the baseisanegativeinteger.
What does (—2)® mean?

Itis (2P=(-2)x (2)x (2)=-8

Is (-2)*=167? Checkit.

Instead of taking afixed number let ustake any integer a asthe base, and write the
numbersas,

axa=a’ (readas‘asquared’ or ‘araisedtothe power 2')
axaxa=a’(readas'acubed’ or‘araisedtothepower 3')
axaxaxa=a*(read asaraised to the power 4 or the 4" power of a)

axaxaxaxaxaxa=a’ (read asaraised to the power 7 or the 7" power of a)
and soon.

axaxaxbxb canbeexpressed as a®b? (read as a cubed b squared)
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R0/  Try Trmss |
squared into b raised to the power of 4). RY 1HESE

Express.
ExamvpLE 1 Express256 asapower 2. () 729 asapower of 3 - .
SOLUTION Wehave256=2x2x2x2x2x2x2x2. (i) 128asapowerof2 \\; 1//
Sowecansay that 256 = 28 (i) 343asapowerof 7 <=3

ExampPLE 2 Whichoneisgreater 23 or 32?

SoLuTioN Wehave 22=2x2%x2=8 and 32 =3x3=09,
Since9 > 8, so, 3?isgreater than 22

ExampLE 3 Whichoneisgreater 8% or 28?

SoLUTION #2=8x8=64
282 =2%x2x%x2%x2x2x%x2%x2x%x2 = 256
Clearly, 28> 82

ExamvpLE 4 Expand a®b?, a2b?, b?a®, b*a2 Arethey all same?
SoLuTioN a*bk? = a’x b?
= (axaxa)x(bxb)
—axaxaxbxb
a’b® = a? x p?
—axaxbxbxb

b2 a3 = h? x a3
=bxbxaxaxa
b3a2: b3xa2

=bxbxbxaxa
Notethat inthe case of termsa®b? and a2 b* the powers of aand b aredifferent. Thus
a’b? and &’ b® aredifferent.

Ontheother hand, a®b? and b? a® are the same, sincethe powersof aand bin these
two termsarethe same. The order of factors does not matter.

Thus, a®b? = a® x b> = b? x a® = b? a%. Similarly, a? b* and b® a? are the same.

ExampLE 5 Expressthefollowing numbersasaproduct of powersof primefactors:

i) 72 (i) 432 (iii) 1000 (iv) 16000 2 | 72
SoLuTION 2036
(i) 72=2x36=2x2x18 2|18
=2x2x%x2x9 —39—
=2%x2x2%x3x3=28x3 1=
Thus, 72=23x 32 (required primefactor product form) 3
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(i) 432=2x216=2x2x108=2x2x%x2x54
=2X2X2%X2%X27=2x2%x2%x2x3x%x9
=2x2%x2%x2x3x3%x3

or 432=2¢%x 3 (requiredform)

(i) 1000=2%x500=2x2%x250=2x2x%x2x 125

=2%x2x2%x5%x25=2x2%x2x5x5x%x5
or 1000 = 28 x 53

Atul wantsto solvethisexamplein another way:
1000 = 10 x 100 = 10 x 10 x 10

= (2x5)x(2x5)x(2x5) (Sincel0=2x5)
=2x5x2x5x2x5=2x2%x2%x5x5x%x5
or 1000= 28 x 53

IsAtul’smethod correct?

(iv) 16,000= 16 x 1000 = (2x 2x 2 x 2) x1000 = 2* x10° (a5 16 =2 x 2 x 2 X 2)

Z(2x2x2x2)x(2x2%x2x5x5x5)=2x 28 x 53
(Since1000=2x2x2x5x5x5)

=(2x2x2%x2x2x2%x2)x(5x5x5)
or, 16,000 =2" x 5°

ExampLE 6 Work out (1)%, (-1)3, (-1)4, (=10)3, (-5)*.

SoLuTION
() Wehave(1)°=1x1x1x1x1=1

Infact, youwill realisethat 1 raised to any power is1.

@i FP=CE)xEE)x()=1x(-1)=-1

i) (D*=EDxE)x (D) x(-1)=1x1=1 (e =+1
You may check that (—1) raised to any odd power is(-1),
and (—1) raised to any even power is(+1).

(iv) (-10) =(-10) x (-10) x (-10) = 100 x (—=10) =— 1000

(V) (-5)*=(-5) x (-5) x (-b) x (-5) =25x 25=625

(_1) odd number = _1

ExErcIiseE 13.1

1. Findthevdueof:

@M 2 @iy 92 (i) 112 (iv) 5*
2. Expressthefollowinginexponentia form:
() 6x6%x6%6 (i) txt @) bxbxbxb

(iv) 5xb5x7x7x7 (v) 2x2xaxa (v axaxaxcxcxcxcxd
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3. Expresseach of thefollowing numbersusing exponentia notation:

(i) 512 @iy 343 @iy 729 (iv) 3125
4. |dentify thegreater number, wherever possible, in each of thefollowing?
(i) 4or3* @) 5 or3 (iii)y 28 or 82

(iv) 1002 or 2@ (v) 2% or 10?
5. Expresseach of thefollowing asproduct of powersof their primefactors:

() 648 (i) 405 i) 540 (V) 3,600
6. Smmplify:

@) 2x10° (i) 72x 22 (i) 22x5 (V) 3x4

) 0x 10 (Vi) 52x 3 (Vi) 24 x 3 (viii) 32 x 10¢
7. Srplify:

() (=4 (i) () x(-2° (i) (3)*x (-5)?

) (=2°x(-10)°
8. Comparethefollowing numbers:
(i) 2.7x10%;15x%10° (i) 4x10%;3x 107

13.3 Laws or EXPONENTS

13.3.1 Multiplying Powers with the Same Base
() Letuscaculate2?x 28
22xB=(2x2)x(2x2x%x2)
Z2X2X2X2x%x2=25=2%3
Notethat thebasein 22 and 2% issameand the sum of the exponents, i.e., 2and 3is5
i) () *(3)°=[(=3) x (3) x ([)x (J)] *[(-3) x (=3) x ()]
= () x(=3) x (=3) x (3) x (-3) x (-3) x (-I)
= (9
- (_3)4+3
Again, notethat the baseis same and the sum of exponents, i.e., 4and 3,is7
(i) a’xa*=(axa)x(axaxa xa)
—axaxaxaxaxa= a
(Note: the baseisthe same and the sum of the exponentsis2 + 4 =6)
Smilaly, veify:
42 x 42 = 42+2
3P x 3P =323



-7/ ATHEMATICS

Canyou writethe appropriate number in the box.

Try THESE i ) o
 Simplifyandwritein (711" > (=11)°= (-11)
7 exponentid form: b? x b® = bD(Remember, baseissame; bisany integer).
)
A O 2x2 ¢ x ¢t = cl (cisany integer)
R ) pxp? 0
M (i) 4 x4 i dm=d
V) adxaxal From thiswe can generalisethat for any non-zero integer a, wherem
() 5 x5 x5z and narewhole numbers,
V x 57 x
(V) (~4)x (~4) anxa=ant
Caution!
Congider 23 x 32

Canyou add the exponents?No! Do you see‘why’ ? Thebase of 22is2 and base
of 3?is3. Thebasesare not same.

13.3.2 Dividing Powers with the Same Base
Let ussmplify 37+ 3*?

¥ 3333333

¥y 3333
=3x3x3=3F=31
Thus 3+3=31
(Note, in 3" and 3* the baseis same and 37 + 3* becomes 3'*)
Smilaly,
. i=5><5><5><5x5x5
5 5%5
=5x5x5x5=5'=56-2
or 5+ 5 =52
Let abeanon-zerointeger, then,
a a
or atrat=at?

Now canyou answer quickly?
108+ 108 = 108-3=10°
72+ 79=70
af+as=all
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00+ ps = pl] TrYy THESE

cl00 = co0 = o0 Simplify and writein exponential
Ingeneral, for any non-zerointeger a, e (e, - L= L1

S > ) 22 (i) 10°+ 10
o ' @iy 9 +97 (iv) 20+ 20
wheremand n arewhole numbersand m > n. =7/ (V) 72+ 70

13.3.3 Taking Power of a Power
Congder thefollowing

smpify (22)"(3?)'

Now, means 22 is multiplied two timeswithitself.

(2)=2x2

=2%*3(Sincea™x a"=a"*") /C
- 26: 23><2

Ths (2) =20

Similary () =3 x 3 x 3 x3
= Pr2+2+2

=38 (Observe 8isthe product of 2and 4).

— 32><4

10

Canyoutdl what would (72 would beequal to?

)
So (23

(

(

7%) = 72%10 = 720
a2 —_ a2><3 - ae . g . .
Smplify andwritetheanswer in
(@m)3 = a3 = gon exponentia form:
From thiswe can generdisefor any non-zerointeger ‘a’, where'm 2 4 N (22}
nt 0 6 @ (2)
and‘n’ arewhole numbers,
n - 50 \2 3\’
a" "=am G (7)™ (5)
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ExampLE 7 Canyoutell whichoneisgreater (5) x 3or (5° )3 ?

SoLuTion (5% x3means5?ismultipliedby 3i.e.,,5x5x3=75

but (52)3 means52ismultiplied by itself threetimesi.e.
52 x 52 x 52 = 56 = 15 625
Therefore (523> (5% x 3

13.3.4 Multiplying Powers with the Same Exponents
Canyou simplify 23 x 3*? Noticethat herethetwo terms 22 and 3* have different bases,

but the same exponents.

Now, 22x F=(2%x2%x2)%x(3x3x%x3)
=(2x3)x(2x3)x(2x3)
=6%x6x6
=6° (Observe6 isthe product of bases2 and 3)

N Consider 44 x 3* = (4x4x4x4)x(3x3x3x3)
< f_ \ =@x9x@xIx (@4xIx (4x3
y =12x 12x 12 x12
éb. =12
;,,W N\ Consider, dso, 3 x & =(3x3)x(axa)
= (3xa) x (3xa)
TRY THESE _ —(3xa)
;ln.ltxl r;tmozar(lZLGg form using - (30 (Note: 3xa= 3a)
() #x23 (i) 22xb> Smilaly, a'xb® =(axaxaxa)x (bxbxbxb)
(i) @2 xt2 (v) 5°x(=2)° =(axb)x(axb)x(axhb)x(axh)
=(axb)!

—2)4 x (=34
) 29 =(@)  (Noteaxb=ab)
Ingenera, for any non-zerointeger a
am x bm= (ab)™ (wheremisany whole number)

ExampLE 8 Expressthefollowingtermsintheexponentia form:
@) 2x3p (i) (2a)° (iii) (— 4m)?

SoLuTION
() (2x3)°= (2x3)x(2x3)x(2x3) x(2x3)x(2x3)
= (2%x2%x2%x2%x2)x(3x3x3%x3x%x3)
= B’x 3P
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() (2a)*= 2ax2ax?2ax?2a
= (2x2x2x2)x(axaxaxa)
= Z%xagt
(i) (—4m)*= (—4xm)®
= (—4xm)x (—4xm)x (-4 xm)
= (—4) X (- 4) X (=) x (mx mxm) = (=4 x (m)*

13.3.5 Dividing Powers with the Same Exponents
Obsarvethefollowing smplifications:

 zewe 2222 (2

0 37 3x3x3x3 3333 Putinto another form

3
@& axaxa a a a (a) uinga™ b"
(il) = T —X—X— =] —
b bxbxb b b b {5
) #£+3
From these exampleswemay generaise (i) 2°+Db°
m m (i) (=2°+b°
a"+b" = Z—m = (%) whereaand b areany non-zerointegersand (iv) p*+q
: () 5°+(=2)°
misawhole number.
3 4 4\
ExavmpPLE 9 Expand: (i) (g) (i) (7)
SoLuTtiOoN
4
0 (E) _ z; _ 3x3%x3x3 o
5 51 5X5X5X5 Obeservethefollowing pattern:
26=64
i Ay (o (4 (4 (4 (49 (9 2 =32
7 7 777 77 2¢=16
22 =8
2 =9
® Numbers with exponent zero 221 o
3P 20 =9
Canyoutdllwhat = equalsto? You can guess the value of 2° by just studying the
pattern!
F _ 3x3x3x3x3_, Youfindthat 20=1

_ 3 3x3x3x3x3 If you start from 3¢ = 729, and proceed as shown
by using lawsof exponents abovefinding 3°, 3%, 3,... etc, what will be 3°=?
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3P P=35-5=2730
So P =1
Canyoutell what 7°isequal to?

L= =70

And 7 TxXTX7 :
7 TXTXT \
Therefore 7=1
Smilaly a-at=az*=a
a® axaxa
Am a3+a3: 3 1
a’ axaxa
Thus a® = 1 (for any non-zerointeger a)

So, we can say that any number (except 0) rai sed to the power (or exponent) Ois 1.

13.4 MiISCELLANEOUS EXAMPLES USING THE LAwWS OF
EXPONENTS

L et ussolve some exampl esusing rules of exponents devel oped.
ExampLE 10 Writeexponential formfor 8 x 8 x 8 x 8 taking baseas2.

SOLUTION Wehave, 8 x 8 x 8 x 8 =8

But weknow that 8=2x2x2=28

Therefore 8= () =2Bx 2B x2Bx28
=234 [Youmay asouse (a™)"=a™|
= D12

ExampLE 11 Simplify and writethe answer intheexponential form.

37
0 (y}xfﬂs (i) 29x 22x 55 (i) (6°x 6% + 63
(v) [(22Px3F] x5 (v &=+2°
SoLuTION
37
0] (?}65 = (377)x&

= 3PBx3P = 35 = 30
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(i|) MWx P2x G5 = D3+2 % G5
= 25x% 55:(2><55:105

i) (6°x6")+6° = 624 - g

(iv) [(22)3><36}<56 = [26 x 3¢] x 5°

= (2><3)6><56

= (2><3><5)6 = 30°
(V) 8=2x2x2=2°
Therefore 8 + 2°= (292 + 2°

=26+ 23 =926-3— 23

ExampLE 12 Smplify:

12*x9% x4 2 34 23
) —— i 3y o3 4 .
0] xS =07 (i) 2°x a’x ba (iii) Bt
SoLUTION
(i) Wehave

124 X93 X4 _ (22X3)4X(32)3X22
63 X82 x 27 - (2X3)3X(23)2X33

(22) () 3 22 v 3¢ g
23 33 3 3 _23 26 3 3

28 2x346 _210X310
26x3FP T 293P
= D10-9 x 310-6= D1 x 34
=2x81=162
(i) 2xa®xbat=2xa>x5xat
=28xExa3xag*=8x5x g3+
=404’
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2 30 20 2xB'x2®  2x2%x3
9 42 - 32>< 22 2 - 32x22 2

(i)

| 25x3 | 2x3

— — n6 4 2
T oxE Toxg 2 S

=2°x3FP=4%x9=36
Note: Inmost of the examplesthat we havetaken in this Chapter, the base of apower

wastaken aninteger. But al theresultsof the chapter apply equally well toabase
whichisarational number.

ExERCISE 13.2

1. Usinglawsof exponents, smplify and writetheanswer in exponential form:

(i) Fx3FPx3? (i) 6% + 6% (i) a*xa?
V) 7x72 v 5° 5 (Vi) 25x5°
(i) a*x bt (vii)) (3*)’ ) (2°+29)x2°
x) 8+8
2. Simplify and expresseach of thefollowing inexponentia form:
2° 3 4 . 3 .
) P — i) 5 x5 5 i) 25°+5°
0] T 3 (i) (il
3x 7% x11 3
- @ 1 0 ] 0
(iv) AXLT V) T T W) 2°+3°+4
2xa’
T 0] 0 0 0 0 0
(i) 2°x3x4 (viii) (3 +2%) x5 (iX) P
a . 4 b ) 3 \2
) pej xa (1) VST (xii) (2 ><2)
3. Saytrueorfaseandjustify your answer:
(i) 10 x 10 =100 (i) 22 >5° (i) 22x3*=6°

(v) 3°=(1000)°
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4. Expresseachof thefollowing asaproduct of primefactorsonly inexponentia form:

() 108 x 192 (i) 270 (i) 729 x 64
(V) 768
5. Smplify:
0 (25)2><73 i 25%5% x1* i F 10° 25
x7 10° x¢* 5 6

13.5 DEeciMAL NUMBER SYSTEM

Let uslook at the expansion of 47561, which wealready know:
47561 =4x10000+7%x1000+5x100+6x 10+ 1
We can expressit using powersof 10in theexponent form:
Therefore, 47561=4x10°+7x10°+5x 10°+6 x 10"+ 1 x 10°
(Note 10,000 = 104, 1000 = 103, 100 = 10?, 10 = 10* and 1 = 10°) \
L et usexpand another number:

104278 = 1x 100,000+ 0x 10,000+ 4 x 1000+ 2x 100+ 7x 10+8x 1
=1x10°+0x10°+4x10°+2x 10°+ 7 x 10t + 8 x 10°
=1x10°+4x10°+2x 10°+ 7 x 10* + 8 x 10°

Noticehow theexponentsof 10 start fromamaximumvaueof 5andgo ondecreasing
by 1 at astep fromtheleft to theright upto 0.

13.6 EXPRESSING LARGE NUMBERS IN THE STANDARD FORM

L et usnow go back to the beginning of the chapter. We said that large numbers can be
conveniently expressed using exponents. Wehavenot asyet shownthis. Weshal do sonow.

1. Sunislocated 300,000,000,000,000,000,000 m from the centre of our Milky Way
Galaxy.

2. Number of starsin our Galaxy is 100,000,000,000.

3. Massof the Earthiis5,976,000,000,000,000,000,000,000 kg.

These numbersarenot convenient to writeand read. To makeit convenient TRrRY THESE

Wwe use powers. EXpa'ldbyexprng
Observethefollowing: powers of 10 in the
59=59x 10=5.9 x 10" exponential form:
590 = 5.9 x 100 = 5.9 x 10? 0(3 276243
5900 = 5.9 x 1000 = 5.9 x 10° (i) 56,430

5900 = 5.9 x 10000 = 5.9 x 10* and so on. (iv) 1,76,428
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We have expressed all these numbersin the standard form. Any number can be
expressed asadecimal number between 1.0 and 10.0including 1.0 multiplied by apower
of 10. Suchaform of anumber iscalled itsstandard form. Thus,

5,985 =5.985 x 1,000 =5.985 x 10° isthe standard form of 5,985.

Note, 5,985 can also be expressed as59.85 x 100 or 59.85 x 102, But these are not
thestandard forms, of 5,985. Similarly, 5,985 =0.5985 x 10,000 =0.5985 x 10*isaso
not the standard form of 5,985.

We are now ready to expressthelarge numberswe came across at the beginning of
thechapter inthisform.

The, distance of Sunfrom the centre of our Galaxy i.e.,
300,000,000,000,000,000,000 m can bewritten as

3.0 x 100,000,000,000,000,000,000 = 3.0 x 10 m
Now, can you express40,000,000,000 in thesimilar way?
Count the number of zerosinit. Itis10.
o, 40,000,000,000 = 4.0 x 10%
Mass of the Earth = 5,976,000,000,000,000,000,000,000 kg
=5.976 x 10 kg
Do you agreewith thefact, that the number whenwrittenin the standard formismuch
eader to read, understand and compare than when the number iswritten with 25 digits?
Now,
Mass of Uranus = 86,800,000,000,000,000,000,000,000 kg
=8.68 x 10® kg
Simply by comparing the powersof 10in theabovetwo, you cantell that the mass of
Uranusisgresater than that of the Earth.

Thedistance between Sun and Saturnis 1,433,500,000,000 m or 1.4335 x 10%m.
Thedistance betwen Saturn and Uranusis 1,439,000,000,000 m or 1.439 x 10”m. The
distance between Sun and Earth is 149, 600,000,000 m or 1.496 x 10*m.

Canyoutell which of thethreedistancesissmallest? wm
Jill

e

ExampLE 13 Expressthefollowing numbersinthestandard form: \f\

() 5985.3 (i) 65,950
(i) 3,430,000 (iv) 70,040,000,000
SoLuUTION

(i) 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°
(i) 70,040,000,000 = 7.004 x 10,000,000,000 = 7.004 x 10%
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A point to remember isthat onelessthan thedigit count (number of digits) totheleft
of thedecimal pointinagiven number istheexponent of 10inthestandard form. Thus, in
70,040,000,000 thereisno decimal point shown; weassumeit to beat the (right) end.
From there, the count of the places (digits) totheleftis 11. The exponent of 10inthe
standard formis11—1=10.1n5985.3 thereare 4 digitsto theleft of the decimal point
and hencethe exponent of 10inthestandardformis4—1=3.

ExERrcISE 13.3

1. Writethefollowing numbersintheexpanded forms:
279404, 3006194, 2806196, 120719, 20068
2. Findthenumber from each of thefollowing expanded forms:
(@ 8x10*+ 6 x10° + 0x10? + 4x10" + 5x10°
(b) 4 x10° + 5x10° + 3x10? + 2x10°
(©) 3 x10*+ 7x10? + 5x10°
(d) 9 x10° + 2x10% + 3x10*
3. Expressthefollowing numbersin 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. Expressthenumber gppearing inthefollowing statementsin standard form.
(& Thedistance between Earth and Moon is 384,000,000 m.
(b) Speedof light in vacuum is 300,000,000 ns.
(c) Diameter of theEarthis1,27,56,000 m.
(d) Diameter of the Sunis1,400,000,000 m.
(e) Inagalaxy thereareon an average 100,000,000,000 stars.
() Theuniverseisestimated to be about 12,000,000,000 yearsold.

(9 Thedigtanceof the Sunfrom the centre of theMilky Way Galaxy isestimated to
be 300,000,000,000,000,000,000 m.

(h) 60,230,000,000,000,000,000,000 moleculesare contained in adrop of water
weighing 1.8gm.

(i) Theearth has1,353,000,000 cubic km of seawater.
() Thepopulation of Indiawasabout 1,027,000,000in March, 2001.
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WHAT HAVE WE DISCUSSED?

1. Verylargenumbersaredifficult to read, understand, compare and operate upon. To
make all these easi er, we use exponents, converting many of thelarge numbersina
shorter form.

2. Thefollowing areexponentia formsof somenumbers?
10,000 = 10* (read as 10 raised to 4)
243=35, 128=72".

Here, 10, 3and 2 arethe bases, whereas4, 5 and 7 are their respective exponents.

We also say, 10,000 isthe 4" power of 10, 243 isthe 5" power of 3, etc.
3. Numbersin exponential form obey certainlaws, whichare:

For any non-zero integersa and b and whole numbersmand n,

(@ amxa'=an*n

(b) a"+a"=a™", m>n

© @)"=am

(d) amx b= (ab)"

m

(e) a”+ b=

f a=1
(g) (_1)even number — 1

(_1 odd number — __ 1

olo




Symmetry

Chapter 14

14.1 INTRODUCTION

Symmetry isan important geometrical concept, commonly exhibited in natureandisused
amostinevery fiddof activity. Artigts, professionals, designersof clothing or jewel lery, car
manufacturers, architectsand many othersmake use of theideaof symmetry. Thebeehives,
theflowers, thetree-leaves, religious symbols, rugs, and handkerchiefs— everywhereyou
find symmetrical desgns.

N N
"Iir
'

Architecture Engineering
You havedready hada‘fed’ of linesymmetry inyour previousclass.
Afigurehasalinesymmetry, if thereisalineabout which thefiguremay befolded sothat
thetwo partsof thefigurewill coincide.
You might liketo recall theseideas. Hereare someactivitiesto help you.

Compose apicture-album Create some colourful Make some symmetrical
showing symmetry. Ink-dot devils paper-cut designs.
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Enjoy identifying lines(also cdled axes) of symmetry inthedesignsyou collect.
L et usnow strengthen our ideas on symmetry further. Study thefollowing figuresin
whichthelinesof symmetry aremarked with dotted lines. [Fig 14.1 (i) to (iv)]

0] (i) (i) (V)
Fig 14.1

14.2 LINES OF SYMMETRY FOR REGULAR POLYGONS

You know that apolygonisaclosed figure made of several line segments. The polygon
made up of theleast number of line segmentsisthetriangle. (Can there beapolygon that
you can draw with still fewer linesegments? Think about it).

A polygonissaidtoberegular if dl itssdesareof equd lengthand al itsanglesare of
equa measure. Thus, an equilateral triangleisaregular polygon of three sides. Canyou
nametheregular polygon of four sides?

Anequilateral triangleisregular because each of itssides has samelength and each of
itsanglesmeasures60° (Fig 14.2).

60°

60° 60°
a
Fig 14.2

A sguareisasoregular becauseall itssidesare of equal length and each of itsangles
isaright angle(i.e., 90°). Itsdiagonalsare seen to be perpendicul ar bisectors of one
another (Fig 14.3).

Fig 14.3
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If apentagonisregular, naturally, itssides should have equal length. Youwill, later on,
learn that the measure of each of its anglesis108° (Fig 14.4).

\/

v 108 7
Fig 14.4

A regular hexagon hasdl itssdesequa and each of itsanglesmeasures
120°. Youwill learn moreof thesefigureslater (Fig 14.5).

Theregular polygonsare symmetrical figuresand hencetheir linesof
Symmetry arequiteinteresting,

Each regular polygon hasasmany linesof symmetry asit hassides[Fig14.6 (i) - (iv)].
We say, they have multiplelinesof symmetry.

three lines of four lines of five lines of six lines of
symmetry symmetry symmetry symmetry

Equilateral Triangle Square Regular Pentagon Regular Hexagon
(1) (i1) Fig 14.6 (ii1) (iv)
Perhaps, you might liketo investigatethisby paper folding. Go ahead!
The concept of linesymmetry isclosely related to mirror reflection. A shapehasline
symmetry when one hdf of itisthemirror imageof theother half (Fig 14.7). Amirror line,
thus, helpstovisuadisealineof symmetry (Fig 14.8).

4

Isthe dotted line amirror line? No. Isthe dotted lineamirror line? Yes.
Fig 14.8

Fig 14.7
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Whilededing with mirror reflection, careisneeded to note down theleft-right changes

Fig 14.9
The shapeissame, but the other way round!

Play this punching game!

Fold a sheet into two halves Punch ahole

two holes about the

symmetricfold.
Fig 14.10

Thefoldisaline (or axis) of symmetry. Study about punchesat different locationson
thefolded paper and the corresponding linesof symmetry (Fig 14.10).

ExEerciseE 14.1

1. Copy thefigureswith punched holesand find theaxesof symmetry for thefollowing:

o
o
° o
o

@ (b) © @
(#) (%)
o

(®) (f) @ > (h)
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o
(%)
o o (%)
o
(1) ) (k) M

2. Giventheling(s) of symmetry, find the other hole(s):

(a) (b) (©) (d) (e)

3. Inthefallowingfigures, themirror line(i.e., thelineof symmetry) isgiven asadotted
line. Completeeach figure performing reflectioninthedotted (mirror) line. (You might
perhaps placeamirror along the dotted lineand ook into the mirror for theimage).
Areyou ableto recall the name of thefigureyou compl ete”?

@ o © o © 5

4. Thefollowingfigureshave morethan onelineof symmetry. Suchfiguresaresaidto
havemultiplelinesof symmetry.

@ ® ©
Identify multiplelinesof symmetry, if any, ineach of thefollowing figures:

(a) (b) (©)



MATHEMATICS

> L
(e) ® (2 (h)

5. Copy thefiguregiven here.

Takeany onediagond asaline of symmetry and shadeafew more squaresto make
thefigure symmetric about adiagonal. I sthere morethan oneway to do that? Will
thefigure be symmetric about both the diagonal s?

6. Copy thediagram and complete each shapeto besymmetric about themirror ling(s):

/ DS
/
/ < ° °
° \\\o
@ ® © )

10.

Statethenumber of linesof symmetry for thefollowing figures:
(@ Aneguilaterd triangle (b) Anisoscelestriangle (c) A scdenetriangle

(d) Asguare (e) Arectangle (f) Arhombus
(9 Apadldogram (h) A quedrilatera (i) Aregular hexagon
() Adrcde

What |lettersof the English dphabet havereflectional symmetry (i.e., symmetry related
tomirror reflection) about.

(& avertical mirror (b) ahorizonta mirror

(¢) both horizontal and vertical mirrors

Givethree examplesof shapeswith no lineof symmetry.
What other name can you giveto theline of symmetry of
(@ anisoscdestriangle? (b) acircle?

14.3 ROTATIONAL SYMMETRY

What do you say when the hands of aclock go round?
onedirection, about afixed point, the centre of theclock-face.

aclockwiserotation; otherwiseit issaid to beanticlockwise.

You say thet they rotate. Thehandsof aclock rotatein only

Rotation, likemovement of thehandsof aclock, iscaled
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What can you say about the rotation of the blades of aceiling fan? Do they rotate
clockwise or anticlockwise? Or do they rotate both ways?

If youspinthewhed of abicycle, it rotates. It can rotatein either way: both clockwise
and anticlockwise. Givethreeexampleseachfor (i) aclockwiserotationand (i) anticlockwise
rotation.

When an object rotates, its shape and size do not change. Therotation turnsan object
about afixed point. Thisfixed point isthe centre of rotation. What isthe centre of
rotation of thehands of aclock? Think about it.

Theangleof turning during rotationiscaled theangleof rotation. A full
turn, you know, meansarotation of 360°. What isthe degree measure of
theangleof rotation for (i) ahaf-turn?(ii) aquarter-turn?

A hdf-turn meansrotation by 180°; aquarter-turnisrotation by 90°.

Whenitis12 O’ clock, the hands of aclock aretogether. By 3O’ clock,
the minute hand would have made three complete turns; but the hour hand
would have made only aquarter-turn. What can you say about their positions
at 6 O’ clock?

Haveyou ever madeapaper windmill? The Pgper windmill inthe picture
lookssymmetrical (Fig 14.11); but you do not find any line of symmetry. No
folding can help you to have coincident halves. However if yourotateit by *
90° about thefixed point, thewindmill will look exactly the same. We say the Fig 14.11
windmill hasarotational symmetry.

D C B A D
A/7|L/C D/7|L/B C/7|L/A B/7|L/D A/7|L/C
90° 90° 90° 90°

Fig 14.12

Inafull turn, thereare precisely four positions (on rotation through the angles 90°,
180°, 270° and 360°) when thewindmill looks exactly the same. Because of this, we say
it hasarotational symmetry of order 4.

Hereisone moreexamplefor rotational symmetry.
Consider asquarewith Pasoneof itscorners(Fig 14.13).
L et usperform quarter-turns about the centre of the square marked .

190 P I P L P
190° | 9(0° I

Y ->—-——ut‘_3—-—-> ,de ->—-—C) -——F-> *

: 909 90%1 !

| S |

(1) (i) (iii) (iv) (v)

Fig 14.13
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Fig 14.13 (i) is the initial position. Rotation by 90° about the centre leads
to Fig 14.13 (ii). Note the position of P now. Rotate again through 90° and you get
Fig 14.13 (iii). Inthisway, when you completefour quarter-turns, the squarereachesits
original position. It now looksthesameasFigl14.13(i). Thiscan be seen with the help of
the positionstaken by P,

Thusasguarehasar otational symmetry of order 4 about its centre. Observethat
inthiscase,
(i) Thecentreof rotationisthe centre of the square.
(i) Theangleof rotationis90°.
(i) Thedirectionof rotationisclockwise.
(iv) Theorder of rotational symmetry is4.

TrY THESE
1. (@ Canyounowtel theorder of therotationa symmetry for anequilatera triangle?
(Fig14.14)

i R Ri

)/»

I

I

I

I

I
A

- { \\
: aip 0 Gy

Fig 14.14
(b) How many positions are there at which the trianglelooks exactly the same,

when rotated about its centre by 120°?
2. Whichof thefollowing shapes(Fig 14.15) haverotationa symmetry about themarked
point. >< )B ;
0] (if) (iif) (iv)
Fig 14.15
Do THis

Draw two identical parallelograms, one-ABCD on apiece of paper and the other
A'B' C' D' on atransparent sheet. Mark the points of intersection of their diagonals,
Oand O'respectively (Fig 14.16).

‘ )}/ Placetheparalelogramssuchthat A'liesonA, B'lieson B and soon. O'thenfalls
onO.
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Stick apininto the shapesat the point O.

Now turn the transparent shapeinthe clockwisedirection.
How many times do the shapes coincidein onefull round?
Wheat isthe order of rotational symmetry?

The point where we havethe pinisthe centre of rotation. Itisthe
intersecting point of thediagonasinthiscase.

Every object has arotational symmetry of order 1, asit occupies
same position after arotation of 360° (i.e., one complete revolution).
Such caseshavenointerest for us.

You havearound you many shapes, which possessrotationa symmetry
(Fig14.17).

Road sign
(i)
Fig 14.17
For example, when you dicecertainfruits, the cross-sectionsare shapeswith rotational
symmetry. Thismight surpriseyou when you noticethem [Fig 14.17(i)].
Thentherearemany road signsthat exhibit rotational symmetry. Next timewhenyou
walk dong abusy road, try toidentify such road signsand find about the order of rotational
symmetry [Fig 14.27(ii)].
Think of some more examplesfor rotational symmetry. Discussin each case:
() thecentreof rotation (i) theangleof rotation
(iii) thedirectioninwhichtherotationisaffected and
(iv) theorder of therotational symmetry.

TRrRY THESE

Givethe order of the rotational symmetry of the given figures about the point
marked x (Fig 14.17).

L [x[ | X

0] (i) (iif)
Fig 14.18
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ExErcisel4.2

1. Whichof thefollowing figureshaverotational symmetry of order morethan 1.

@ () © (d € )

2. Givetheorder of rotational symmetry for eachfigure:

NX A

(b) ©

e X’;

© ) ©

14.4 LINE SYMMETRY AND ROTATIONAL SYMMETRY

You have been observing many shapesand their symmetriessofar. By now you
would have understood that some shapeshave only line symmetry, some haveonly
rotational symmetry and some have both line symmetry and rotationa symmetry.

- For example, consider the square shape (Fig 14.19).
How many linesof symmetry doesit have?
: Doesit haveany rotational symmetry?
Fig 1 419 If ‘yes, what isthe order of therotational symmetry?
Think about it.
The circleisthe 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

of symmetry. Observe any circle pattern. Every line

y \:f « / ,,; through the centre (that is every diameter) forms a
- o :—: line of (reflectional) symmetry and it has rotational
'/; , \‘ symmetry around the centre for every angle.



Someof the English dphabetshave fascinating symmetrical structuresWhich capital
lettershavejust oneline of symmetry (like E)?Which capital | ettershave arotational
symmetry of order 2 (likel)?

By attempting to think on such lines, youwill beabletofill inthefollowing table:

Alphabet Line Number of Linesof | Rotational [Order of Rotational
Letters | Symmetry Symmetry Symmetry Symmetry
Z No 0 Yes 2
S
H Yes Yes
@) Yes Yes
E Yes
N Yes
C

ExEeRrcisE 14.3

1. Nameany two figuresthat have both line symmetry and rotationa symmetry.
2. Draw, wherever possible, arough sketch of
(1) atrianglewith both lineand rotational symmetriesof order morethan 1.

(i) atrianglewithonly line symmetry and no rotational symmetry of order more

than 1.

(i) aquadrilateral with arotational symmetry of order morethan 1 but not aline

symmetry.
(v) aquedrilaterd withlinesymmetry but not arotationd symmetry of order morethan 1.
3. If afigurehastwo or morelinesof symmetry, shouldit haverotational symmetry of

order morethan 1?

4. Fillintheblanks:

Shape

Centreof Rotation

Order of Rotation

Angleof Rotation

Square

Rectangle

Rhombus

Equilaterd
Triangle

Regular
Hexagon

Circle

Semi-circle
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. Namethe quadrilatera swhich have both lineand rotational symmetry of order more
than 1.

. After rotating by 60° about acentre, afigurelooksexactly the sameasitsoriginal
position. At what other angleswill thishappen for thefigure?

. Canwehavearotationa symmetry of order morethan 1 whoseangleof rotationis
(i) 45°? (i) 17°?

WHAT HAVE WE DISCUSSED?

. Afigurehaslinesymmetry, if thereisalineabout which thefiguremay befolded so
that thetwo partsof thefigurewill coincide.

. Regular polygonshave equal sidesand equal angles. They have multiple(i.e., more
than one) linesof symmetry.

. Eachregular polygon hasasmany linesof symmetry asit hassides.

Regular Regular Regular Square Equilaterd
Polygon hexagon pentagon triangle
Number of lines 6 5 4 3

of symmetry

. Mirror reflection leadsto symmetry, under whichtheleft-right orientation haveto be
taken careof.

. Rotation turnsan object about afixed point.
Thisfixed pointisthecentreof rotation.
Theangleby which the object rotatesistheangle of rotation.

A haf-turn meansrotation by 180°; aquarter-turn meansrotation by 90°. Rotation
may be clockwiseor anticlockwise.

. If, after arotation, an object looks exactly the same, we say that it hasar otational
Symmetry.

. Inacompleteturn (of 360°), the number of timesan object |looksexactly thesameis
caledtheorder of rotational symmetry. Theorder of symmetry of asquare, for
example, is4while, for anequilaterd triangle, itis3.

. Someshapeshaveonly onelineof symmetry, liketheletter E; somehaveonly rotationd
symmetry, liketheletter S; and some have both symmetriesliketheletter H.

Thestudy of symmetry isimportant because of itsfrequent usein day-to-day lifeand
more because of the beautiful designsit can provideus.

e T —



Visualising Solid
Shapes

Chapter 15

15.1 INTRODUCTION: PLANE FIGURES AND SOLID SHAPES

Inthischapter, youwill classfy figuresyou have seenintermsof what isknown asdimension.

In our day to day life, we see several objectslike books, balls, ice-cream conesetc.,
around uswhich have different shapes. Onething common about most of these objectsisthat
they all have somelength, breadth and height or depth.

That is, they al occupy space and havethreedimensions.
Hence, they are called three dimensional shapes.
Do youremember some of thethree dimensiona shapes(i.e., solid shapes) wehaveseen

inearlier classes?
TRrRY THESE
Match the shapewith thename:
@ (@ Cuboid (iv)

(i) @ (o) Cylinder | (v) (€) Pyramid

(iii) ] (c) Cube (Vi) (f) Cone

Fig 15.1
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Try toidentify some objects shaped like each of these.

By asimilar argument, we can say figuresdrawn on paper which haveonly length and
breadth are called two dimensional (i.e., plane) figures. We have al so seen sometwo
dimensiona figuresintheearlier classes.

Matchthe2 dimensional figureswiththenames(Fig 15.2):

0] (@ Cirde

(in) (b) Rectangle

(if) (© Square

) (d) Quedrilatera

v) g (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, EnDGESs AND VERTICES

Do you remember the Faces, Vertices and Edges of solid shapes, which you studied
earlier? Hereyou seethem for acube:

Vertex —g, ‘ R
E P 4— Edge Face

[

0o G I) (iif)
Fig 15.3

The 8 corners of the cube are its vertices. The 12 line segments that form the
skeleton of the cube areits edges. The 6 flat square surfacesthat are the skin of the
cube areitsfaces.
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Completethefollowingtable:
Table 15.1
Vertex —»
Face

Face —» <+— Vertex

Edge Edge
Faces(F) 6 4
Edges(E) 12
Vertices(V) 8 4

Can you seethat, thetwo dimensional figures can beidentified asthe faces of the
threedimensona shapes? For exampleacylinderB hastwofaceswhicharecircles, |

N

and apyramid, shaped likethis A hastrianglesasitsfaces. <

2]
We will now try to see how some of these 3-D shapes can be visualised on a2-D % )
surface, that is, on paper.

Inorder todothis, wewould liketo get familiar with threedimensional objectsclosdly.

L et ustry forming these objects by making what are called nets.

15.3 NETSs ForR BuiLDING 3-D SHAPES

Takeacardboard box. Cut theedgestolay thebox flat. You havenow anet for that box.
A netisasort of skeleton-outlinein 2-D [Fig154 (i)], which, whenfolded [Fig154 (ii)],
resultsina3-D shape[Figl54 (iii)].

I

(i)
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8 Here you got anet by suitably separating the edges. Isthe
y reverseprocess possible?
3 8 3 Hereisanet 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. (You may usesuitable units). Theboxisa
solid. Itisa3-D object with the shape of acuboid.

3 Similarly, you can get anet for aconeby cutting adit dong
] itsdant surface (Fig 15.6).

O
You have different nets for different
shapes. Copy enlarged versions of the nets
given (Fig 15.7) andtry tomakethe 3-D shapes
V5
\

Fig 155

indicated. (You may also like to prepare
skeleton models using strips of cardboard

fastened with paper clips). Cut along here Fig 15.6
Cube Cylinder Cone
0] (i) (iif)
Fig 15.7

Wecould asotry to makeanet for making apyramid likethe Great Pyramidin Giza
(Egypt) (Fig 15.8). That pyramid hasasguare base and triangleson thefour sides.

Fig 15.8 Fig 15.9
Seeif you can makeit withthegiven net (Fig 15.9).
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Hereyoufind four nets(Fig 15.10). Therearetwo correct netsamong them to make
atetrahedron. Seeif you canwork out which netswill make atetrahedron.

VAVAN/AVANVAVAVAN
NZAVANIVAN

Fig 15.10

Exercise 15.1

1. Identify thenetswhich canbeused to make cubes(cut out copiesof thenetsandtry it):

N
0 () (i)

(iv) v) (i)

2. Dicearecubeswith dotson eachface. Oppositefacesof adieawayshaveatotal |
of seven dotson them. /
Herearetwo netsto make dice (cubes); the numbersinserted in each squareindicate %
the number of dotsin that box. \

I nsert suitable numbersin the blanks, remembering that the number onthe
oppositefacesshouldtotal to 7. 1[2

3. Canthisbeanetfor adie? 314
Explainyour answer. 5|6
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Fig 15.11

4. Hereisanincomplete net for making acube. Completeitin at least two different
ways. Remember that a cube has six faces. How many aretherein the net here?
(Givetwo separate diagrams. If you like, you may use a squared sheet for easy
meanipulation.)

5. Matchthenetswith appropriatesolids:

@ | 0

(b) (i)

(d) (iv)

Play this game

You and your friend sit back-to-back. One of you reads out anet to make a3-D shape,
whilethe other attemptsto copy it and sketch or build the described 3-D object.

15.4 DRAWING SoOLIDS ON A FLAT SURFACE

Y our drawing surfaceis paper, whichisflat. When you draw asolid shape, theimagesare
somewhat distorted to makethem appear three-dimensiond. Itisavisud illuson. Youwill
find heretwo techniquesto hel pyou.

15.4.1 Oblique Sketches

Hereisapictureof acube (Fig 15.11). It givesaclear ideaof how the cubelookslike,
when seen from thefront. You do not see certain faces. In the drawn picture, thelengths



visuaLIsING soLID sHAPES [IIEEFE

arenot equal, asthey should beinacube. Still, you areableto recogniseit asacube. Such
asketch of asolidiscalled an oblique sketch.

How can you draw such sketches? L et us attempt to learn thetechnique.

Youneed asquared (linesor dots) paper. Initidly practising to draw onthese sheetswill
later makeit easy to sketch them on aplain sheet (without theaid of squared linesor dots!)
L et usattempt todraw an oblique sketch of a3 x 3 x 3 (each edgeis3 units) cube(Fig 15.12).

Sep 1 Sep 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.

Sep 3 Sep 4
Join the corresponding corners Redraw using dotted linesfor
hidden edges. (It isaconvention)
The sketch is ready now.
Fig 15.12

Inthe oblique sketch above, did you notethefollowing?
() Thesizesof thefront facesand itsopposite are same; and

(i) Theedges, whichareall equal inacube, appear so inthe sketch, though the actual
measures of edgesare not taken so.
You could now try to makean oblique sketch of acuboid (remember thefacesinthis
casearerectangles)

Note: You candraw sketchesinwhich measurementsalso agree with those of agiven
solid. To do thiswe need what is known as an isometric sheet. Let ustry to
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3
Fig 15.14 (i)

3

make a cuboid with dimensions4 cm length, 3 cm breadth and 3 cm height on
givenisometric sheet.

15.4.2 Isometric Sketches

Haveyou seen anisometric dot sheet? (A sampleisgiven at theend of thebook). Sucha
sheet dividesthe paper into small equilateral triangles made up of dotsor lines. Todraw
sketchesin which measurements al so agree with those of the solid, we can useisometric
dot sheets.

L et usattempt to draw anisometric sketch of acuboid of dimensions4 x 3 x 3 (which
meanstheedgesforming length, breadth and height are4, 3, 3unitsrespectively) (Fig 15.13).

Sep 1 Sep 2
Draw a rectangle to show the Draw four parallel line segments of
front face. length 3 starting from the four corners

of the rectangle.

Sep 3 Sep 4
Connect the matching corners This is an isometric sketch
with appropriate line segments. of the cuboid.
Fig 15.13 LI

Notethat the measurements are of exact sizein anisometric
sketch; thisisnot so in the case of an oblique sketch.

ExampLE 1 Hereisanobliquesketchof acuboid[Fig 15.14(i)].
Draw an isometric sketch that matches this
drawing.

SoLuTioN  Hereisthesolution[Fig 15.14(ii)]. Note how the IR
measurementsare taken care of. Fig 15.14 (ii)
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How many unitshaveyoutakenaong (i) ‘length’ ?(ii) ‘ breadth’ ?(iii) ‘ height’ ?Do
they match with the unitsmentioned inthe oblique sketch?

EXxERcCISE 15.2

1. Useisometric dot paper and make an isometric sketch for each one of the %ﬁ\,\%
given shapes: N

2
2
3
3 3 3 2
6 2
8
() (i)
2 2
2 2
2 2
[ 4
(i) Fig 15.15 (iv)
2. Thedimensionsof acuboid are5cm, 3cmand 2cm. Draw threedifferent isometric

sketches of thiscuboid.

3. Threecubeseachwith 2 cm edgeare placed side by sideto form acuboid. Sketch
anobliqueor isometric sketch of thiscuboid.

4. Makean oblique sketch for each one of the givenisometric shapes:

L] L] L] L] L] L]

e o o o o o o o o

® O o o o o o o o o
e © o o o o o o o o
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5. Give(i) anobliquesketch and (ii) anisometric sketch for each of thefollowing:
(@ A cuboid of dimensions5cm, 3cmand 2 cm. (Isyour sketch unique?)
(b) A cubewithanedge4cmlong.

Anisometric sheet isattached at the end of thebook. You could try to make on it some
cubesor cuboidsof dimensions specified by your friend.

15.4.3 Visualising Solid Objects

Sometimeswhen you |ook at combined shapes, some of them may be hidden from
your view.

Herearesomeactivitiesyou couldtry inyour freetimeto help you visuaise somesolid
objects and how they look. Take some cubes and arrange them as shown in

Fig 15.16.
7 ' ‘ /'
0) 7 i) (i)
Fig 15.16

Now ask your friend to guess how many cubesthere are when observed fromthe
view shown by thearrow mark.

TrY THESE

Try to guessthe number of cubesin thefollowing arrangements (Fig 15.17).

| U

) Fig 15.17 (if) (iif)
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Suchvisualisationisvery helpful. Supposeyou form acuboid by joining such cubes.
You will be ableto guesswhat thelength, breadth and height of the cuboid would be.

ExampLE 2 If two cubes of dimensions 2 cm by 2cm by 2cm are

placed side by side, what would the dimensions of the 2em=H
resulting cuboid be?

SoLuTioNn  Asyou can see(Fig 15.18) when kept side by side, the 2cm=B
lengthistheonly measurementwhichincreeses, itbecomes 2" | 2%
2+2=4cm. Fig 15.18

Thebreadth= 2cmandtheheight=2cm.

I WA

1. Twodice are placed side by side as shown: Can you say what the total
would be on theface oppositeto

@ 5+6 (b) 4+3
(Remember that in adie sum of numberson oppositefacesis?)

2. Threecubeseachwith 2 cm edge are placed side by sideto formacuboid. Try to
make an oblique sketch and say what could beitslength, breadth and height.

15.5 VIEwWING DIFFERENT SECTIONS OF A SOLID
Now let ussee how an object whichisin 3-D can beviewed 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). Itislikeacuboid withasquareface. You ‘dice’ itwith
aknife.

Whenyougivea'vertica’ cut, you get severa pieces, asshowninthe
Figure 15.20. Eachface of the pieceisasquare! Wecall thisfacea
‘cross-section’ of thewholebread. Thecrosssectionisnearly asquare
inthiscase.

Beware! If your cut isnot ‘vertical’ you may get adifferent cross
section! Think about it. Theboundary of the cross-sectionyou obtainisa Fig 15.20
planecurve. Doyou noticeit?

A kitchen play

Haveyou noticed cross-sections of some vegetableswhen they are cut for the purposes
of cookinginthekitchen? Observethevariousdicesand get aware of the shapesthat
result ascross-sections.
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Play this

Makeclay (or plasticine) model sof thefollowing solidsand makevertical or horizontal cuts.
Draw rough sketches of the cross-sectionsyou obtain. Namethem wherever you can.

Fig 15.21

ExErcIise 15.3

1. What cross-sectionsdo you get whenyou givea

, (i) vertica cut (i) horizontd cut
. tothefollowing solids?
| (& Abrick (b) A roundapple (c) Adie
(d) Acircular pipe () Anicecreamcone

15.5.2 Another Way is by Shadow Play

A shadow play
\ ) Shadowsareagood way toillustrate how three-dimensiona objectscan beviewedintwo
dimensions. Have you seen ashadow play?Itisaformof entertainment using solid
articulated figuresin front of an illuminated back-drop to create theillusion of moving
images. It makessomeindirect useof ideasin Mathematics.

) , Youwill need asourceof light and afew solid shapesfor thisactivity. (If
E@ﬂ | you have an overhead projector, placethe solid under thelamp and do these
| \\ investigations.)
Fig 15.23 Keep atorchlight, right in front of aCone. What type of
shadow doesit cast on the screen? (Fig 15.23) 1y
Thesolidisthree-dimensiona; what isthe dimens on of the shadow?
If, instead of acone, you place acubein the above game, what type of
shadow will you get?
Experiment with different positionsof the source of light and with different

positionsof the solid object. Study their effects on the shapesand sizes of the
shadowsyou get.

Hereisanother funny experiment that you might havetried already: i
Place acircular platein the open when the Sun at thenoontimeisjust right /"
aboveit asshowninFig 15.24 (i). What isthe shadow that you obtain?

Fig 15.22
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Will it besameduring
SU (&) forenoons? —i& (b) evenings?

77

Fig 15.24 (i) - (iii)
Study the shadowsin relation to the position of the Sun and thetime of observation.

ExERrcise 15.4

1. Abulbiskept burningjust right abovethefollowing solids. Namethe shape of the
shadows obtained in each case. Attempt to give arough sketch of the shadow.
(You may try to experiment first and then answer these questions).

‘
{”//’f \.§\

D

B,

A cylindrical pipe
(i) (iif)
2. Herearetheshadowsof some 3-D objects, when seen under thelamp of an overhead

projector. Identify the solid(s) that match each shadow. (There may be multiple
answersfor thesel)

Atriangle
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3. Examineif thefollowing aretrue satements:
(1) Thecubecan cast ashadow inthe shape of arectangle.
(i) Thecubecan cast ashadow inthe shape of ahexagon.

15.5.3 A Third Way is by Looking at it from Certain Angles
to Get Different Views

Onecanlook at an object standing in front of it or by theside of it or from above. Each
timeonewill get adifferent view (Fig 15.25).

Front view Sideview

Fig 15.25
Hereisan exampleof how onegetsdifferent viewsof agiven building. (Fig 15.26)

i

Building Front view Sideview Top view
Fig 15.26
You could do thisfor figuresmade by joining cubes.

Fig 15.27
Try putting cubestogether and then making such sketchesfrom different sides.
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Try THESE

1. Foreachsolid, thethreeviews(1), (2), (3) aregiven. Identify for each solid the
corresponding top, front and Sideviews.

Solid Itsviews
Top (@) ) €)
Side
/
/
Front
Top
/ Side
| 7
Front
Top
< Side
Front ~
5 Cubes
Top
Side
Front

2. Draw aview of each solid asseen from thedirection indicated by thearrow.

W

— —

(1) (ii) (iii)
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WHAT HAVE WE DISCUSSED?

. Thecircle, thesgquare, therectangle, the quadrilateral and thetriangleare examples
of planefigures; the cube, the cuboid, the sphere, the cylinder, the cone and the
pyramid are examples of solid shapes.

. Planefigures are of two-dimensions (2-D) and the solid shapes are of
three-dimensions(3-D).

. Thecornersof asolid shapeare called itsver tices; theline segmentsof itsskeleton
areitsedges; anditsflat surfacesareitsfaces.

. A net isaskeleton-outline of asolid that can befolded to makeit. Thesamesolid

can have severa typesof nets.

. Solid shapes can be drawn on aflat surface (like paper) realistically. Wecall this
2-D representation of a 3-D solid.

. Twotypesof sketchesof asolid arepossible:

(@& Anobliguesketch doesnot haveproportiond lengths. Still it conveysall important
aspects of the appearance of the solid.

(b) Anisometric sketch isdrawn on anisometric dot paper, asampleof whichis
givenat theend of thisbook. 1nanisometric sketch of thesolid the measurements
kept proportional.

. Visualising solid shapesisavery useful skill. You should beableto see* hidden’

parts of the solid shape.

. Different sectionsof asolid can beviewed in many ways:.

(& Oneway istoview by cutting or slicing the shape, which would result inthe
cross-section of the solid.

(b) Another way isby observing a2-D shadow of a3-D shape.

(c) Athirdway istolook at the shapefrom different angles, thefront-view, the
side-view and thetop-view can providealot of information about the shape




ExERrcIsE 1.1

1. (a) Lahulspiti: —8°C, Srinagar: —2°C, Shimla: 5°C, Ooty: 14°C, Bangalore: 22°C
(b) 30°C (c) 6°C (d) Yes;, No 2. 3
3. —-7°C; -3°C 4. 6200m 5. By apositiveinteger; Rs 358
6. By anegative integer; — 10. 7. (i) isthe magic square
9. (@ < (b) < () > (d s<
(e) >
10. (i) 11jumps (i) 5jumps (i) @-3+2-3+2-3+2-3+2-3+2-3=-8
(b) 4—2+4-2+4=8
8in (b) represents going up 8 steps.
EXERCISE 1.2
1. Onesuch pair could be:
(a -10,3 (b) —-6,4;,(-6-4=-10) (c) 3,3
2. Onesuch pair could be:
@ —2,-10; [-2—(-10) =8] (b) —6,1
© 1,2,(-1-2=-3)
3. Scores of both the teams are same, i.e., =30; Yes
4. (i) -5 @ o @iy -17 (iv) -7
(v) -3
ExERcISE 1.3
1. (@ -3 (b) —225 (c) 630 (d) 316 (e) O
(f) 1320 (9) 162 (hy -360 (i) -24 G 36
3. (i) —a @M @22 (b)-37 (c)0
4, Ax5=-5-Ax4=-4=-5+1-1x3 =-3=-4+1,
—1x2=-2=-3+1,-1x1=-1=-2+1,-1x0=0=-1+1s0,-1x(-1)=0+1=1
5. (a) 480 (b) —53000 (c) —15000 (d -4182
(e) —62500 (f) 336 (g) 493 (h) 1140
6. —10°C 7. ()8 (ii)15 (iii)0O
8. (@) Lossof Rs1000 (b) 4000 bags
9. (@ -9 (by -7 (c) 7 d -11
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ExERcIsE 1.4
1. (@ -3 (b) -10 () 4 d -1
(e) —13 (f) O (9 1 (hy -1 i1
3. (@ 1 (b) 75 (c) —206 d -1
(e) —87 (f) —48 (@ -10 (h) -12
4. (-6,2),(-12,4), (12,-4),(9,-3), (-9, 3) (There could be many such pairs)
5. 9pm.;-14°C 6. ()8 (ii)13 7. 1hour
ExERcISE 2.1
7 39 4Z Lo 31 9
1. (i) 5 (i) 8 8 (iii) 5 (@iv) 165
13 3 37 1 39 7
W's % WG % UG 4
. 282 . 731 @ }
2. () 3219 (i) 107’5 3. Yes 4. 3 463 cm
 ol7 N 5 . .
5. () 82—0cm (i) 7gcm; Perimeter of AABE is greater.
6 iCm 7 2. RitU'1 8. Vabhav; b 1ofanhour
10 C 5 g ' Y :
EXxERCISE 2.2
1.() (d) (i) (b) (i) (a) (iv) (c)
2. () (o (i) (a (i) (b)
1 1 5 1 2
3. () 4% (i) 13 (i) 1= v) 13 V) 23
. a2 . 1
(vi) 15 (vii) 67 (viii) 16 (ix) 45 x) 9

4. Oneway of doing thisis: A A A OOO0OQ0oQd

AAA| |lOooOoO

AAA OooOd
() (i (i)

5. (@ ()12 ()23 (b) ()12 (ii)18 (©) ()12 (ii)27 (d)(i) 16 (i) 28

00O
OXOLOX®)
OXOJOX®)




(€)

3 3
15— 33—
5 (b) 4
1 1
19— 27—
2 ® 5

0L )2

S S R
.0 @35 B 55 ©F
2. () 1% (i) g
5 NPEE
v 3 V) 155
3. () 2% (i) 4%
4. (i) §Of§ (i) 1Of§
' 5 8 2 7
@ )55 ()5
: .. 84
1. () 16 (i) 5

2. ()

7
3 (improper fraction)

5
(>iv) s (proper fraction)

(vii) 11 (whole number)

3. ()

4. (i)

(vi)) S

! T
6 W 25
4 2
5 0 3
48 11

(viii) 5

INNSW=ae) 295
(C) 15% (d) 25%
b () 2% (ii) 62—14 8. (i) 2litres (ii)g

(i) 8

EXERCISE 2.3

1
2—m
5. 2

(ii)

(i)

(v)

(ii)

(ii)

(i)

(ii)

(vii)

(iv)

6.

(b)

2,6 3
@ g ® % © =
9
16

1
48

(iv)

33

2i (V) 1

42

10%hours 7. 44Kkm

.8 8
(I)E(II)E

EXERCISE 2.4

k2 3

7 (iv) 2 (v)
8 . .
5 (improper fraction) (iii)
7 . :
I (proper fraction) (vi)
6 ) B3

ol ™) v)
3 -

o V) 3 v)

12
25

4 1
N Lol
(vi) 5 (vii) -
9 7
7 W 5
7 .
9 (proper fraction)

8(whole number)

7 vy 3t
8 M) %9
21 L4
16 V) 15
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1. (i) 05 @) 0.7 @iy 7 (iv) 1.49 (v) 230
2. () Rs0.07 (i) Rs7.07 (i) Rs77.77 (iv) Rs0.50 (v) Rs2.35
3. (i) 0.05m,0.00005km (i) 3.5cm, 0.035m, 0.000035 km
4. () 0.2kg (i) 3.470kg (iii) 4.008kg
. 1 . 1
5. () 2><10+0><1+0><E+3><ﬁ (i) 2><1+0><E+3><R
(i) 2x100+0x10+0x1+0x E+3x 100
i 2x1+0xi+3xi+4x—
) 10 °7 100" 1000
6. () Ones (i) Hundredths (iii) Tenths (iv) Hundredths (v)
7. Ayubtravelled moreby 0.9 kmor900m 8. Saralabought morefruits
EXERCISE 2.6
1. () 12 (i) 36.8 (iii) 13.55 (iv) 804 (v) 0.35
(vii) 1.72
2. 17.1cm?
3. () 13 (i) 368 (i) 1537 (iv) 1680.7 (v) 3110
(vii) 362  (viii) 4307 (ix) 5 (x) 0.8 (xi) 90
4. 553km 5. (i) 0.75 (i) 517 (i) 63.36 (iv) 4.03
(vi) .68  (vii) 0.0214 (viil) 10.5525 (ix) 1.0101 (x) 110.011
EXERCISE 2.7
1. (i) 02 @) 0.07 (iii) 0.62 (iv) 109 (v) 16238
(vii) 0.99 (vii) 0.16
2. () 048 (i) 525 (iiiy 0.07 (iv) 331 (v) 27.223
(vii) 0.397
3. () 0.027 (i) 0.003 (i) 0.0078 (iv) 4.326 (v) 0.236
4. (i) 00079 (i) 0.0263 (iii) 0.03853 (iv) 0.1289 (v) 0.0005
5. () 2 (i) 180 (i) 6.5 (iv) 442 (v) 2
(vii) 510 (vii) 27 (ix) 21 6. 18km
ExERrcISE 3.1
2 Marks Tally Marks Frequency
1 | 1
2 I 2

EXERCISE 2.5

Thousandths
9. 14.6km

(Vi)

(Vi)

(Vi)
(xii)
v)

(Vi)

(Vi)

(Vi)

(Vi)

0.88

844.08

15610

0.025

2.07

0.056

0.9853

31
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ANSWERS

3 | 1
4 I 3
5 m 5
6 Il 4
7 I 2
8 | 1
9 | 1
@i 9 @i 1 (i) 8 (iv) 5
. . ... 0+8+6+4 18 9
2 4, 50 5. (i) 125 (ii) 3 (i) ——— =ZOFE (iv) A
() Highest marks= 95, Lowest marks=39  (ii) 56 (iii) 73 7. 2058
(i) 20.5 (ii) 5.9 (iii)5 9. (i)151cm (ii)128cm (iii))23cm  (iv) 1414cm (V)5
ExERCISE 3.2
Mode = 20, Median = 20, Yes. 2. Mean= 39, Mode = 15, Median = 15, No.
(i) Mode = 38, 43; Median =40 (i) Yes, there are 2 modes.
Mode = 14, Median = 14
M T (i) F @y T (iv) F
ExERCISE 3.3
(a) Cat (b) 8
(i) Maths (i) S. Science (i) Hindi
(i) Cricket (i) Watching sports
(i) Jammu (i) Jammu, Bangalore
(i) Bangalore and Jaipur or Bangalore and Ahmedabad (iv) Mumbai
ExXERCISE 3.4
(i) Certainto happen (i) Can happen but not certain (iii) Imposible
(iv) Can happen but not certain (v) Can happen but not certain
o1 o1 3 1
0 5 @ 3 5
ExERCISE 4.1
() No. (i) No (i) Yes (iv) No (v) Yes (vi) No

(i) Yes (vii) No (ix) No x) No (xi) Yes
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N

. (9
3. ()

4. (i)

v)

(i)

(ii)
V)
(vii)
(viii)
6. ()

1. (d
(c)
(e)
(9
2. (8

(c)

(€)

(9)

(c)

(9)

No (b) No (c) Yes

p=3 (i) m=6

X+4=9 (i) y—-2=8

3t : N
Z =15 (Vi) 7m+7=77 (vii)
Z 3 30

3

Thesumof pand 4is15
Twice anumber mis7

(i)
(iv)
(Vi)

Three-fifth of anumber mis6

(d) No (e) No (f) No

(i) 10a=70  (iv) §=6

%-4:4 (vii) 6y—6=60
7 subtracted frommis 3

One-fifth of anumber mis 3
Three times anumber p when added to 4 gives 25

2 subtracted from four times a number pis 18

Add 2 to half of anumber p to get 8

5m+7=37 (i) 3y+4=49 (ii)

21+7=87 (iv) 4b=180°

EXERCISE 4.2

Add 1to both sides; x=1
Add 1 to both sides; x =6

(b)
(d)

Add 4 to both sides; y = -3 ()
Subtract 4 from both sides; y =0 (h)
Divideboth sidesby 3;1 =14 (b)
Multiply both sidesby 7; p=28 (d)
- . 36
Divide both sidesby 8; y = 5 (f
. . 7

Multiply both sidesby 5; a= 5 (hy
Step 1: Add 2 to both sides (b)
Step 2: Divide both sidesby 3; n=16
Step 1: Multiply both sideshy 3 (d)
Step 2: Divide both sidesby 20; p=6
p=10 (b p=9 () p=20

s=—-4 (h) s=0 i) g=3

Subtract 1 from both sides; x = -1
Subtract 6 from both sides; x = -4
Add 4 to both sides; y =8

Subtract 4 from both sides; y =—8
Multiply both sidesby 2; b=12

25
Divide both sidesby 4; x = T

15
Multiply both sideshy 3; z= 1

1
Divide both sidesby 20; t = 5

Step 1: Subtract 7 from both sides
Step 2: Divide both sidesby 5; m=2
Step 1: Multiply both sides 10
Step 2: Divide both sidesby 3; p=20
(d p=-15 () p=8
() 9=3 (k) g=-3

(f) s=-3
0 gq=3



12.
13.

(@)

(9)

(@)

()

(@)

(@)
(b)

(@)

(d)

(9)

(@
(i)

()
()
()
(v

. 45°

(i)
(i)
(i)
(i)
(i)
(vi)

EXERCISE 4.3

18
y=8 (b t="5" (c) a=-5 (d g=-8
=2 M oz=2 0 1= ) b=12
m=_ () z=- 0 1= () b=
x=2 (b) n=12 () n=-=2 () y=4
x=- 1 © p=7 () p=7
_ 14 _S __6 _
P= 0 p=7 () p= S (d t=0

x 2
Equations are: 10x + 2 = 22; §=§;5X_3:7

Equationsare: 3x=—-6; 3x+7=1;3x+10=4

EXERCISE 4.4

X
8x+4=60;,x=7 (b §_4=3;X=35
2m-11=15; m=13 () 50-3x=8;x=14

Answers IIIFFF I

_ fy oxz 2
(@ x=-4 () x=7
17
(e x—:
(e) t=3 (f m=2

(©) %y+3=21;y=24

x+19

Q) =8;x=21

(c) Sachin: 132 runs, Rahul: 66 runs

(i) supplementary
(vi) complementary

6. 2 will increase with the same measure as the decreasein 1.

5n 11
5 7 = > :n=5
Lowest score = 40 (b) 70° each
6 (i) 15years @iy 25 4. 0
EXERCISE 5.1
70° @ 2r @iy 33°
75° @i 93 (i) 26°
supplementary (i) complementary
supplementary (v) complementary
5. 90°
No (i) No (i) Yes 8. Lessthan 45°
Yes (i) No (i) Yes (iv) Yes

L1, 24, /5, 22+ /3 (i) £1,25; 24,25

x=55°y=125° z=125°
90° (i) 180°
obtuse angles

(iii) supplementary

(v) Yes (viy «£COB

. Z1and £2 are not adjacent angles because their vertex is not common.
(i) x=115°y=140° z=40°

(iv) linearpar  (v) equa
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(i) £AOD, £BOC (i) «EOA, ZAOB (i) «EOB, LEOD
(iv) £EOA, LEOC (v) «£AOB, ZAOE; ZACOE, ZEOD; LEOD, ZCOD
EXERCISE 5.2
(i) Corresponding angle property (i) Alternateinterior angle property

(ifi) Interior angles on the same side of the transversal are supplementary
() £1,25 22, £6: /3, /7, 24, /8 (i) 22,8, 43,45
(i) «£2,25,23,/8 (iv) Z1,23;,£2,/4,/5,/7, /6, /8
a=55° b=125° c="55°% d=125° e=55° f = 55°
(i) x=70° (i) x=60° (i) x=100°

(i) «DGC=70° (i) «DEF=70°
(i) lisnotparallel tom (@ii) lisnot parallel tom
(i) lisparallel tom (iv) lisnot paralel tom

ExXERCISE 6.1

. Altitude, Median, No.

EXERCISE 6.2
() 1200 (i) 110° (i) 70° (iv) 120° (v) 100° (Vi) 90°
() 65 (i) 30° (i) 35° (iv) 60° (v) 50° (Vi) 40°

EXERCISE 6.3

@ 7o° (i) 60° (i) 40° (iv) 65° (v) 60° (vi) 30°
(i) x=70°y=60° (i) x=50°y=80° (i) x=110°y=70°
(iv) x=60°y=90° (v) x=45°y=90° (vi) x=60°y=60°

EXERCISE 6.4

(i) Notpossible (i) Possible (iii) Not possible
() Yes (i) Yes (i) Yes 3. Yes 4. Yes 5. No
Between 3 and 27

EXERCISE 6.5
26cm 2. 24cm 3. 9m 4. (i)and(iii) 5. 18m 6. (i)
98 cm 8. 68cm
EXERCISE 7.1
(@) they have the same length (b) 70° () mZA=m«B
ZA & LF, /B <> LE, /C > £D, AB < FE, BC < ED, AC < FD
() «C (i) CA (i) <A iv) BA
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Answers IEET LI

EXERCISE 7.2

(@) SSSCongruencecriterion (b) SAS Congruence criterion

(c) ASA Congruencecriterion (d) RHS Congruence criterion

(@ (i) PE (ii) EN (iii) PN (b) (i) EN (ii) AT

(c) (i) ZRAT = ZEPN (ii)ZATR = ZPNE

(i) Given (i) Given (i) Common (iv) SAS Congruence criterion 4. No
AWON 6. ABTA, ATPQ 9. BC=QR, ASA Congruence criterion

ExERcCISE 8.1

(@ 101 (b) 5007 (c) 1003 (d 201 2. 12 computers
() Rajasthan: 190 people; UP: 830 people (i Rajasthan

EXERCISE 8.2

4
(a 12.5% (b) 125% (c) 7.5% (d) 287%
(a) 65% (b) 210% (©) 2% (d) 1235%
1 3 3
i) =,25% i =600 i) —;37.5%
@) 2 0 (i) 5,60/0 (iii) 3 0
3
(@ 375 (b = minute or 36 seconds (c) Rs500

(d) 0.75kgor 750g
(@) 12000 (b) Rs9,000 (c) 1250km (d) 20minutes (e) 500litres

1 3 1 1
. . . . 0,
(8025 5 () 155 (© 02 ¢ (@) 005 7. 30%

40%; 6000 9. Rs4,000 10. 5 matches

EXERcISE 8.3

(@) Profit = Rs 75; Profit % = 30 (b) Profit = Rs 1500; Profit % = 12.5
(c) Profit = Rs500; Profit % = 20 (d) Loss=Rs100; Loss % =40
(8 75%; 25% (b) 20%, 30%, 50% (c) 20%; 80% (d) 12.5%; 25%; 62.5%
5
2% 4. 57% 5. Rs12,000 6. Rs16,875
(i) 12% (ii) 259 8. Rs233.75 9. (8 Rs1,632 (b) Rs8,625

0.25% 11. Rs500
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10.

ExERrcISE 9.1
, 21212 5 358 10 9
(I) 3’2151317 (") 2’3’ 17’5
3% 7 3 33 11 32 31 _ 11,11
) 25 "9 a5 a5 15 45 45 V) 575%35
15 18 21 24 456 7
® 2573035 20 ) 16°20"24" 28
5 6 7 8 i 8 10 12 14
() 3036 42" 48 V) 215 18 ;
), 4 6.8 10 5 1015 20 25 ;) 8121628
O 42128 3 0 9 12715 () 18'27'36'63
3
A
(i) < : : ————1 : >
-2 -1 0 1 2
(”) < : +—t i' +—t—— : : >
—1 ] 0 1
8
=7
4
(ili) pa 1 ? : 1 : 1 1 1 N
-2 —1 0 1 2
A
x
(iv) < } ————————1 >
-1 0 1
7 8 4 5
P represents 3 Q represents 3 R represents 3 S represents 3
(i), (iii), (iv), (v)
.4 5 | 4
(i) 3 (i) 9 (iii) 13 (iv) 5
(i) < (i) < (i) = (v) > V) < (i) =
5 5 2 2
.5 5 2 1 32
() > (i) 6 (iii) 3 (iv) (v) -
) 321 5 412 . 333
@) 555 (i) 339 (iii) > 17

i) >



1.

2.

3.

4.

Answers T IE

EXERCISE 9.2

3 I L 17 .82
0 i) 15 (i) 35 ™) 59
% ) 2 o ¥
V) = V) 3 i) 75
.1 23 L1 8 3
O 2 ) & T W) “gg V) =3
.63 .27 54 8 [
O (i) =5 (i) =5 V) 3 V) =
(vi) 1
. 5 3 L4 o1 14
0 - (i) 75 (i) 7 V) 3 V) 3
(vi) o4 (vii) 2
Exercise 11.1
(i) 150000 m? (i) Rs1,500,000,000
6400 m? 3. 20m 4. 15cm; 525 cm? 5. 40m
3lcm; Square 7. 35cm; 1050cm? 8. Rs284
ExERrcise 11.2
(@) 28 cm? (b) 15cm?>  (c) 8.75cm? (d) 24 cm? (e) 8.8cm?
(@) 6cm? (b) 8 cm? (c) 6cm? (d) 3cm?
(@ 123cm (b) 103cm (c) 58cm (d) 1.05cm
(@ 116cm (b) 80cm (c) 155cm
(a 91.2cm? (b) 11.4cm
length of BM = 30cm; length of DL =42 cm
60
Area of AABC = 30 cn??;, length of AD = 13 cm
Area of AABC = 27 cn?;, length of CE=7.2cm
ExErcise 11.3
(@) 88cm (b) 176 mm (c) 132cm
550
(@) 616 mm? (b) 1886.5m? (c) — cm?

7
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3. 245m; 1886.5m? 4. 132m; Rs528 5. 21.98 cn??

6. 4.71 m; Rs70.65 7. 25.7cm 8. Rs30.14 (approx.) 9. 7cm; 154 cm? 11cm; circle.
10. 536 cm? 11. 23.44 cn?? 12. 5cm; 78.5 cm? 13. 879.20m?
14. Yes 15. 119.32m;56.52m 16. 200Times 17. 94.2cm

ExErcisE 11.4

1. 1750 m?; 0.675 ha 2. 1176 m? 3. 30cm?

4. (i) 63m? (i) Rs12,600 5. (i) 116m? (i) Rs31,360

6. 0.99hg; 1.2 ha 7. () 441m2 (i) Rs48,510 8. Yes, 9.12mcord isleft
9. (i) 50m? (i) 12.56m? (i) 37.44m? (iv) 12.56m

10. (i) 110cm? (i) 2150 cm?; 11.66 cn?

Exercise 12.1

1 1
1. () y—-z (i) > x+y) (i) z (iv) 2 pq (V) x> +y? (vi) 5+3mn
(vii) 10-yz (viii) ab—(a+b)
2. () (9 i 3 (b) 1+x|+x2 (c) y —Iy3
I | | I 1, y' ¥
X -3 1 X X A
7 AN s NS
XX 1y Yy
d) 5xy24|r7x2y (© —ab+ 2|b -3a
| | | | |
Sxy’ Xy —ab 26 34
/’Iw\\\ //I \\\ //T\\ //T\\ /’T\\
55Xy 7 X Xy -1 a b 2 b b 3 a a
(i) Expression Terms Factors
(@ —-4x+5 —4x -4, %
5 5
(b) —4x + by — 4x —4.X
Sy Sy
(©) Sy + 3y? 5y 5y
3y? 3yy
(d) Xy+2x%y? Xy Xy
2x2y? 2,% %Y,y
(e) pa+q Ppq p, g
q q




4. (a)

Answers T

(f) [1.2ab—2.4b+3.6a 1.2ab 1.2,ab
—2.4b -24,b
3.6a 3.6,a
ol 3t 3, 3,
4 4 4 4
1 1
4 4
(h) | 0.1p?+ 0.2¢? 0.1p? 01, p p
0.29? 0.2,q,9
Expression Terms | Coefficients
(@) 5 - 3t? -3t -3
(i) RSN etthic t 1
t? 1
t 1
(iii) X+ 2xy + 3y X 1
2Xxy 2
3y 3
(iv) 100m +1000n 100m 100
1000n 1000
V)| — P+ 7pg - PP S
7pq 7
(vi) 1.2a+0.8b 12a 12
08b 0.8
(vii) 3.14r? 3.14r? 3.14
(viii) 2(1 + b) 2l 2
2b 2
(i) 0.1y + 0.01y? 0.1y 0.1
0.01y? 0.01
Expression Terms with x | Coefficient of x
@) yx+y y2X y?
(i) | 13y*-8Byx — 8yx -8y
(iii) X+y+2 X 1
(>iv) 5+z+ 2 ZX z
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(V)| 1+x+xy X 1
Xy y
(vi) 12xy? + 25 12xy? 12y?
(vii) 7 Xy xy? y?
(b) Expression Terms with y? | Coefficient of y?
0] 8 —xy? - xy? - X
(i) 5y + 7X 5y? 5
(i) | 2x2y — 15xy? + 7y? —15xy? —15x
7y? 7
5. (i) binomid (i) monomid (i) trinomid (iv)
(v) trinomia (vi) binomid (vii) binomid (viii)
(ix) trinomia (x) binomid (xi) binomid (xii)
6. (i) like (ii) like (i) unlike (iv)
(v) unlike (vi) unlike

monomia
monomia
trinomia
like

7. (A) —xy?, 2xy?; —Ayx?, 20xy; 8x2, —11x2, — 6x3; 7y, y; — 100X, 3x; — 11yX, 2xy.

(b) 10pg, —7qp, 78qp; 7p, 2405p; 8q, — 1000, —°q?, 1207p?% —23, 41; —5p?, 701p% 13p%q, qp?

ExERcISE 12.2

1. (i) 8-32 (i) 72+1222-20z (i) p—q
(V) 8x%y + 8xy? — 4x2— Ty?
2. (i) 2mn (i) —5tz (i) 12mn-4
(v) 7x+5 (vi) 3m-4n-3mn-3
(viii) 5pqg + 20 (ix) O X) —x—y*-1
3. (i) 6y? (i) —18xy (i) 2b
(v) 5m?—-8mn+8 (vi) x*-bx-5
(vii) 10ab — 7a%— 7b? (viii) 8p?+ 80— 5pq
4. (@) xX+2xy—Vy? (b) 5a+b-6
5. 42— 3y?* — xy
6. (@ -y+11 (b) 2x+4
Exercise 12.3
1. () O @i 1 @iy -1
2. () 1 @i -13 @) 3

(iv)
(vi)
(iv)
(vi)

(iv)

(iv)

a+ab
4y -3y
at+tb+3
Ox%y — 8xy?

5a + 5b — 2ab

1

3. ()-9 (i)3 (ii)0 (v)1



ANSWERS

4. (i) 8 (i) 4 (i) 0 5. (i) -2
6. () 5x-13;-3 (i 8x-1;15 (i) 11x-10;12
7. () 2x+4;10 (i) —4x+6;—6 (i) H5a+6;11 (iv) —8b+6; 22
8. () 1000 (i) 20 9. -5 10. 2a2 +ab+3; 38
ExErcise 12.4
1. Symbol | Number of Digits [ Number of Segments 2. ()
(ii)
C : .
10 51
100 501 (iii)
4 5 16
10 31 (iv)
100 301
H 5 27 (v)
10 52
100 502
ExEercise 13.1
1. () o4 (i) 729 (i) 121 (iv) 625
2. () 6* (i) t? (i) b* (iv) &?x7° (v)
3. () 20 @iy 72 (i) 3° (iv) 5°
4. (i) 3 (i) 3° (i) 28 (iv) 20 (v)
5. () 28x3* (i) 5x3* @iy 2x3Fx5 (iv) 2xFx
6. () 2000 (i) 19 (i) 40 (iv) 768 (v)
(vi) 675  (vii) 144 (viii) 90000
7. () -64 (i) 24 (i) 225 (iv) 8000
8. () 2.7x102>15x 108 (i) 4x10%<3x 107
ExErcise 13.2
1. () 3% (i) 6° (i) a® (iv) 7¢*2 (v)
(vii) (ab)* (viii) 3% (ix) 28 (x) 8-2
2. () 3 (i) 5° (i) 5° (iv) 7x11° (v)
(vii) 1 (viii) 2 (ix) (2a)? (x) a (xi)

(in2 (o (v)2
(iv) 11x+7;29
(v) 3a—2b-9;-8

2n-1— 100":199
3n+2— 5":17;
10 32;
100™: 302
in+1— 5M:21;
100: 41;
100" : 401
7n+ 20 — 5" : 55;
10" : 90;
100t : 720
n+1— 5":26;
10": 101

22x @ (vi) a®xctxd

210

0

53 (vi) (10)°
3orl (vi) 3
a’b (xii) 28
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3

N

N

. (i) Fase 10 x 10" = 102 and (100)1 = 102
(iii) False; 65 =25 x 3
S () 22x3 (i) 2xFx5

(iv) True 3*=1,(1000)°=1
(i) 3 x2¢ (iv) 286x3

ExEercise 13.3
279404

=2x10°+7x10°+9x10°+4 x 102+ 0 x 10" + 4 x 10°

(i) False; 2°=8,52=25

5. (i) 98 (ii)% (i) 1

3006194 =3 x 106+ 0x10°+0x 10*+6x 103+ 1 x 10+ 9 x 10* + 4 x 10°
2806196 =2 x 1084+ 8x10°+0x 10*+6x 10°+ 1 x 10°+ 9 x 10+ 6 x 10°

120719 =1x10°+2x10°+0%x 103+ 7 x 10+ 1 x 10" + 9 x 10°
20068 =2x10°+0x10°+0x10°+ 6 x 10" + 8 x 10°
(a) 86045 (b) 405302 (c) 30705
(i) 5x10 (i) 7x10° (i) 3.1865 x 10°
(v) 3.90878 x 10* (vi) 3.90878 x 10°
. (8 384x10°m (b) 3x 10 m/s (c) 1.2756 x 10’'m
(e) 1x10" (f) L.2x10"years (g) 3x10°m
(i) 1.353x10°km®  (j) 1.027 x 10°

ExEercisE 14.1

l ,
! (#)
: G
| ’
o | o /
I //
: s/
! 7
1
@ (b)
|
I
N /
o o I e
I | _ _____‘*’_____
o ° // I \\
SN
I
(d) ©

(d) 900230

(iv) 3.90878 x 10°

(d 14x10°m
(h) 6.023 x 10%

©

®



Answers T T I

®
i

0]

()

@

0

(k)

0)

©

(b)

@

©

()

(¢) Rhombus

(b) Triangle

(@) Square
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1 1 1
(D D
|
|
|
|
- | !
(d) Circle (e) Pentagon (f) Octagon
| I - I
L ! - i >
|
(a (b) (c)
N ! / ! N ! 7
D : f%
, ()
(e) () )
7. (@ 3 b 1 (¢ O (d 4 (e) 2
(99 O (hy O (i) 6 () Infinitely many
8. (@ AH,I,M, O, T,U, VW, X,Y (b B,C,D,EH, IO X
(¢c) O, X,I,H

10. (a) Median (b) Diameter
EXERCISE 14.2

1. (@, (b), (d), (), (f)
2. (a) 2 (b) 2 © 3 d 4 (e 4 (f) 5

(9 6 (h) 3
ExERcISE 14.3

3. Yes 5. Square 6. 120° 180°, 240°, 300°, 360°
7. () Yes (i) No

EXxERcISE 15.1
1. Netsin(ii), (iii), (iv), (vi) form cubes.



Answers IEENK I

3. No, because one pair of opposite faces will have 1 and 4 on them whose total isnot 7, and another pair
of opposite faceswill have 3 and 6 on them whose total isaso not 7.

4. Three faces

(a) (i) (b) (iii) © () (d @

—— = ——

BRAIN-TEASERS
Solvethe number riddles:

(i) Tell mewho | am! Who | am!
Take away from me the number eight,
Divide further by adozen to come up with
A full team for agame of cricket!
(i) Add four to six times anumber,
To get exactly sixty four!
Perfect credit is yours to ask for
If you instantly tell the score!

Solve the teasers:
(i) Therewasin the forest an old Peepal tree
The grand tree had branches ten and three
On 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 usfind?
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(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 | have
is 108 rupees. So how many five-rupee coins do | have? And how many
two-rupee coins?

| 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?

Twenty-seven small cubes are glued together to make abig 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 itsfaces?

(i) two of its faces?

(iii) three of its faces?

Rahul wanted to find the height of atreein 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?

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?

A cloth shrinks 0.5% when washed. What fraction isthis?

Smita's mother is 34 years old. Two years from now mother’s age will be 4 times

Smita's present age. What is Smita’'s present age?

Maya, Madhura and Mohsina are friends studying in the same class. In aclasstest in

geography, Mayagot 16 out of 25. Madhuragot 20. Their average score was 19. How

much did Mohsina score?

Answers

1.
2.

3.

6.

() 140 (i) 10

(i) Sparrows: 104, crows: 52, Parrots: 26
(i)  Number of 5 Rupee coins = 12, Number of 2 Rupee coins =24
124 4. (i) 6 (ii)10 (iii) 8 5. 60 feet

1

24minutes 7. 200 8. 7yeas 9. 21
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