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PREFALE

Mathematics is a demanding, challenging and dynamic subject which is deeply associated with the day to
day life activities and experiences to different types of quantities. Every one uses mathematics in his/her
daily life in various ways irrespective of their knowledge of mathematical concepts. Study of mathematics
introduces to child the basic mathematical concepts and skills needed for the child to face real life
problems.

A Gateway to Mathematics is a series of eight books from Class I to VIII, based on the latest
reviews and guidelines issued by the NCERT and CBSE. Our objective is to empower the students with
ideal and quality education. Each chapter is well-illustrated with relevant study material, stepwise solved
examples and adequate practice questions are there on each topic. It helps the preceptor to increase the
ability of a child to easy understand, analyze and solve the problems with accurate logical sequence.

All the books of this series have enough Diagrams, Clear Explanations, Maths Lab Activities to help
children understand the several principles and patterns of mathematics intended for them.

Salient features of the series are:

» Interactive study approach.

» Easytolearn educational methodology.

» Simple and easy language has been used keeping in mind the comprehensive level of the students.

» Each topic has appropriate illustrations which help in visualization of abstract mathematical concepts.

» Examples and word problems to provide a variety of experience to children and to sharpen their
observational skills.

+ Points to remember is given at the end of each chapter to highlight some important points of the topics.

» Maths Lab Activities to explore and improve the child's memory potential and to utilize the rich and
varied opportunities available outside a classroom situation.

» Todevelop creativity in the children, enough pattern exercises have been introduced.
» Revision exercises including MCQ's are given for self assessment of the learners.

Any constructive suggestions for the improvement of this series are always appreciated.

— Publisher
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Let Us Revise

‘ Exercise n

a
(a) A number of the form b where a and b are integers and b # 0 then the number is called a

1. Fillinthe blank spaces-

(b)  Fractional numbers whose numerators are smaller than the denominators are called

(c) Fractional numbers whose numerators are greater than the denominators are called

(d)  Numbers havingwhole numbers as well as fractionalnumbersarecalled ..................... .
(e)  Numberslike —3,-2,-1,0,1,2,3arecalled ............................. .

(f) If the numerator as well as denominator of a rational number is negative or positive the rational
numberiscalled............................. rational number.

(g)  Incasethe numerator or the denominator of a rational number is negative. The rational number is

[oF: | [=To [ rational number.
2. Choose rational numbers out of the following.
o7 2 0 B3
@ S b g @ = @ 5 @ -1 (e 17
3. Choose positive rational numbers out of the following.
-5 -3 3 0 -9 +2 1 -6 2
- 7 _l - 7 _I _I — 7 - ’ - and -
8 11 9 9 -11 +5 3 -6 2
4. Change them to rational numbers with positive denominators.
9 -3 1 0 -11
a) — b) — c — d — e —
@ — O — @O = @ e
6 12
5. Showthatﬁ and 36 are equal. ,
6. Write three equivalent rational numbers of 5
7. Express arational number with numerator 35.
-3
8. Find absolute values of rational numbers %and 5 -
9. Put<, >or=intheblank spaces.
11 =23 63 1 11 9 3 4
@ (]2 o2 ] i 2w ] A
-15 =51 =71 2 35 10 -6 -12
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10. Arrange in ascending order.
2 -4 5 -1
35" -6"2

11. Arrangein descending order.
4 9 42
5 " -15 3
12. Add
2 7 -1 -2
—and = — and —
(@) 3 3 (b) g 9
-7 5
13. Subtract — from —.
10 10
14. Write additive inverse of the following rational numbers.
3 = 2
@ - (b) © 2
15. Write multiplicative inverse of the following rational numbers.
2 1 -5
(@) = (b) = () —
3 7 11
16. Without actual division find which of the given rational numbers are terminating.
11 17 7 12
(@ — (b) — () — d —
30 24 16 25

17. Write fifteen million three hundred seventy four thousand five hundred twelve in numeral.
18. Which of the following numbers are divisible by 8.

(@) 1790184 (b) 136976 (c) 901674 (d) 36792
19. Encircle the numbers which are divisible by 11.

(a) 66311 (b) 137269 (c) 4334 (d) 83721
20. Write 10 rational numbers between é and i
21. WriteadditiveinverseofthefoIIowingSnume(lers.

(@) -15 (b) O () 1
22, What must be subtracted from -7 to get 14.
23. 0°C,-2°C. Which of the two given temperatures is warmer.
24, Determine the numbers given below:

(a) Predecessorof49 (b) Successorof32

(c) Predecessorof56 (d) Successorof67

25. The product of four numbers is 48. if three of them are 2, 4 and 6. Find the fourth number.

26. Find 12 rational numbers between —1and 2.
27. What are the three preceding consecutive whole numbers of the number 7510001?
28. Find thevalue of 'n"if—
(@) n-7=5 (b) n+7=17 (c) n+4=9
29. Determine the smallest whole number which can be added to 735 so that the resulting number is

exactly divisible by 11.
6 A Gateway to Mathematics-8
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30.
31.

32.
33.

34.

35.

36.

37.

38.

39.

40.
41.

42,
43.

44,

45.
46.
47.

48.
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Find the largest four digit number exactly divisible by 28.

There are 222 red balls in a basket. A boy takes out six red balls and replaces them with 12 white balls.
He continues to do so till all red balls are replaced by white balls. Determine the number of white balls
putinthe basket.

Write all the pairs of twin primes between 50 and 100.

Which of the following numbers are prime?

(@) 91 (b) 63 (c) 89 (d) 87
Find HCF of the following pairs of numbers.

(@) 396,1080 (b) 144and198

Write HCF of —

(a) Two primenumbers (b) Two consecutive numbers
(c) Twocoprimesnumbers (d) 2andanevennumber

Atrader has 120 litres of oil of one kind, 180 litres of oil of another kind and 240 litres of oil of third kind.
Find the greatest capacity of a measuring tin which would measure each type of oil exactly.

Reduce each of the following numbers to its lowest term.

(a) 2% (b) 217
481 799
Find LCM by prime factorization method.
(@) 112,54,108,135,198 (b) 24,36,40
Find LCM of the following set of numbers by division method.
(@) 22,54,108,135,198 (b) 12,15,20,27

Which smallest number is exactly divisible by 96 and 240 ?

The LCM and HCF of two numbers are 180 and 6 respectively. If one number is 30. Find the other
number.

-3 2 -11
Findthesumof — *g¥| 7o
Find the additive inverse of :
@ 2 (b =13 (¢ ~117 () 91

11 -23 199 —237
Verify that (__1 .,.gj_,_ § - -1 + (E +§j
3 5) 5 3 5 5

Sukhbeer bought a television for< 10,000 and a camera for< 7500. He sold the television at a loss of
12% and the camera at a gain of 20%. Find his total loss or gainin percent.

In an alloy of zinc, nickel and copper. The percentage of zinc and nickel are 35% and 45% respectively.
Find the mass of copperin 1 kg of alloy.

A 130 metre long train moving at a speed of 65 km/hour passes a tree. How long will it take to pass the
tree?

Convert 105 m/secinto km/hour.
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49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

Study the tables given below and find the table in which x and y vary directly.

(a) X 3 5 7 9 13 15
Y 12 20 28 36 52 60
(b) X 5 6 7 9
v 25 30 35 50
Find the value of 'P'inthe given equationift=1.
3 1-1t 3
—(7P-1)- (2P- —)=t+ =
4 2 2
Write the following numbers in the form of scientific notations—
(@)  0.000000000032 (b) 0.000000001234
(c) 6300000000000 (d) 15430000000000
Find the reciprocal -
1, 3
a — b) (=
(@ 4) (b) ( 4)

Find the quotient without actual division. 130013 , 13

Subtract 2x’—4x’—3x+5 from4x’ +x'—x+6

One third of the length of a tree is under the ground, one fourth is under water and the remaining 5 metres
is over the ground. Find the total length of the tree.

Simran bought a pen set for?751 ,abookfor< 2501 and andumbrella for?125E ,from a departmental
store. How money did she spendinall? 2 4

-14
The sum of two rational numbers is -2. If one of the numbers s -2. If one of the numbers is ? ,Find the
other.

The boarding house of a school has enough food for 720 students for 35 days. After 5 days 120 students
leave the school. How many days will the food last?

Fillin the blanks to complete the statements.

(a)
(b)
(c)
(d)

The product of arational number andits reciprocalisalways ...........cccccccceveeeennn. .
The number which hasnoreciprocalis..............cccccoiiiiii. .
Thenumber.............cocooeiiiiii. and ... are theirownreciprocals.

ZEroiS....coveiccecciiieeeeen reciprocal of any number.

Encircle the correct answer.

(a)

(b)

(c)

Ifallthe three angles of atriangle are equal then each of themis equal to—

(i) 90° (ii) 45° (iii) 60° (iv) 30°

If the two acute angles of aright triangle are equal. Then each acute angleis equal to—

(i) 30° (ii) 45° (iii) 60° (iv) 90°

An exterior angle of atriangleisequal to 105° and two interior opposite angles are equal, then each
ofthese anglesis equalto—

A Gateway to Mathematics-8
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(d)

(e)

M 7 W 722 i) 522 ) 372
Atriangle can be constructed by takingits as—

(i) 80°,60° (i)  75°,115° (iii)  135°,45° (iv)  90°,90°
Thelength of arectangleis doubled and its breadthis halved. Its area will be —

(i) Half times the original area (ii) Same asthe original area

(iii) Two timesthe original area (iv) Fourtimesthe original area

A Gateway to Mathematics-8

S




Rational Numbers

O Revision of The Number Systems

Let usrecall the number systems, that we have studied in our earlier classes. So far we have studied—
1. Natural Numbers

2. Whole Numbers

3. Fractional Numbers

4, Integers

NATURALNUMBERS

The numbers other than zero are called natural numbers. Numbers like 1, 2, 3, 4,5 .......... are called natural
numbers.

WHOLE NUMBERS

All the numbers used for counting including zero are called whole numbers. 0, 1, 2, 3,4, 5 .......... are whole
numbers.

Allwhole numbers are natural numbers but all natural numbers are not whole numbers.
FRACTIONALNUMBERS

The numbers of the form of g ,whose pand qarewhole numbersand g0 are fractional numbers.

1 1
The numberO, 1, 25 ) E,E , 2 > are fractional numbers.
INTEGERS 37
The numbers -3,-2,-1,0,1,2,3.......... nare called integers.

The difference between fractional number and rational number : Fractional numbers include only positive
integers whereas rational numbersinclude positive as well as negative integers.

.3 . . 3 . . .
Numbers like E are fractional as well as rational numbers. Whereas — isarational number but not a fraction.

Similarly all natural numbers are rational numbers also but all rational numbers are not natural numbers. Allwhole
numbers are also rational numbers.

RATIONAL NUMBERS

All the numbers of the form of P ,wherepandgqareintegersandq=0.-1,-2,-3,0,1,2,3, arerational
q

2 -2 2 -2
____‘/—\/—numbers

O Properties of Rational Numbers

1. Positive rational numbers: The rational numbers whose both the numerator and denominators are
either positive or negative are said to be positive rational numbers.

A Gateway to Mathematics-8
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2. Negative rational numbers : Rational numbers whose numerators or denominators are negative are said to be
negative rational numbers or simply negative rationals.

p_p=m
3. Equivalent rational numbers: If P isarational numberthen ; = q—m ,Where misanon zerointeger.
q -
p_4 p_pim_4%2 2
Example: 7 16"q q+m 16-2 8

p_p
4.if P isarationalnumberand misacommondivisorof pand g. Then 5 = q——m .Where misanon zerointeger.
3 3s3 1

15 15:3 5
5. Standard form of rational number : if s is a rational number having no common divisor this rational number is

Example :

said to be inthe standard form.

5
The rational number ; is in standard form as it has no common divisor. A non standard rational number can be
converted into standard form by dividing with acommon divisor other than 1.
25
Example : Express 25 instandard form.

) 25 25+5 5
Solution : — = —— = —
45 45+5 9
E is a rational number in the standard form as it has no more common divisor other than 1.

9

O Comparison of Rational Numbers (Method - 1)

STEPS OF COMPARISON :

1. A rational number in the standard form must not have a negative denominator. If the denominator is
negative convert it to positive.

2. Take LCM of all the denominators.
3. Work out the numeratoras we do foraddition and subtraction of fractional numbers.
4, Compare the numerators. The rational number having larger numerators are greater.
. . p
Example : Forany givenrational number a
PitP 50
a q
Solution : [B} =|0 ifB =0
q q
PitP <o
L a4 q
-3/ |3 -7 7
forexample, |—|=|—|=|—|=—.
11 |11 -13| 13

A Gateway to Mathematics-8 1
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O (Method - 1)

Property: Let % and gbe rational numbers where b and d are positive integers. Then.

a (o
b g

lfaxd>cxbthen 2> £
b d
lfaxd<cxbthen & < £
b d
-5 3
Example: Compare 7and 2
Solution : - -3
7 4
—-5x4 = =20
—3x7 = =21
-20>-21
-5 3
Therefore — > ——
7 4
Example : If% and 3 are two rational number, then
. _axc _ Product of numerators
Solution : =

a c
Exd bxd Product of denominators
2,(7).247) 14
3 5

3x5 15
a c e axcxe.....
—X—X =X =
b d f bxdxf.....

O Arranging Rational Numbers in Ascending and Descending Order

Example: Arrange __2, - and —4 inascending order.
3 15 5

Solution: ThelLCM ofdenominators3,15and5is 15

-2 = =-2x5 = -10
'3 3x5 15
4 _ —4x3 _ -12
5  5x3 15
-9 _ -9x1 _ -9
15  15x1 15
-2 -1 _ -9
15 15 15

-4 -2 -9

5 <3 <715

12 A Gateway to Mathematics-8
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‘ Exercise m

1. Expressin standard form.
4 10 11 13 24
a) — b) — ) — d — e) —
(a) 2 (b) 20 (c) o 2() = (e) o
2. Write three equivalent rational numbers of 9
3. Compare each pair of the given rational numbers.
11 110 6 36 21 42 5 100 3 -3
@ — (b) —,— © —— (d) —,— (e) -, —
25 250 7 37 57 114 9 180 7 7
4. Which of the following pairs of rational numbers are equal?
-11 33 3 6 7 -28
(@) —,— by = 2 () L =2
7 =21 -5'10 4 -16
3 -12 4 -1 25
d —— e) —,— f) —,—
(@) 13 52 (e) 12 3 (") 52
5. Write each of the mixed fractionsin p/q form.
4 2 1 2
(@) 3— (b) 6-= () -5= (d) -7-=
5 3 4 3
6. Sort out the rational numbers which are not equal to 3 .
_ 5 6
@ 2 b) 2 © 2 @ = () 2
5 -5 -3 5 10 50
7. Write rational numbers equivalent to ? with denominators.
(@) 20 (b) =30 (c) 35 (d) -40
8. Fillinthe blank boxes with symbols <, >or=.
3 -2 -3 1
a) — 0 b) — 0 c — —
@ o [ (b) @ - n
-5 -4 2 3 -1
(d = — (e) -= -= (f — 0
7 7 3 4 2 S
9. Which of the two rational numbers is greater in the given pair.
(a) -12 or—3 (b) 4 or il (c) ior 7
5 -5 10 -13 - 12
(d) -1 ori (e) T oor 2 (f) 4 or B
3 -5 -9 8 3 7
10. Arrangein ascendingorder.
4 =5 7 2 . 3.5 79
@ 5183 ) 2716 s
3 -7 -11 -13 -4 -9 13 -23
(C) P AR A (d) — Yy, ———
=510 15 20 7 14 -28 42
11. Arrange the following rational number in descending order.
-13 8 1 -3 7 -11 17
(a) _21_1_1_ (b) DN Y N N
6 -3 3 10 =15 20 -30
-5 -7 -13 23 -10 -19 -23 -39
(C) Y A A (d) ’ ’ ’
6 12 18 -24 11 22 33 44
12, Find two rational numbers whose absolute value is% .
. .
A Gateway to Mathematics-8 13
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13. Fillinthe blank space—-
(a)  Everynegative rational numberis....................... zero.
(b)  Ifx,y,zarerational numberssuchthatx>yandy>zthen........................ .
(c)  Tworational numbers are said to be equaliftheyare equalintheir...................... form.

(d) If the integers p and g have no common divisor other than 1 and g is positive then the rational
numberissaidtobeinthe....................... form.

(e) If P isarational number,thenqgcannotbe....................... .
q

(f)  Betweentworationalnumberstherelie........................ number of rational numbers.

1
(g) The reciprocalof;,wherea;tOis ........................ .

(h)  The number which cannot be the reciprocal of any numberis....................... .
(i) land-lare.......cccccceeiinnnn. ofitself.
(j)  Theproductofarationalnumberanditsreciprocalis.........................

14. Mark (v') for true or (x) for False.

a ] o a a+m
(a) If — isarationalnumberand misanintegerthen — =
b b b+m

(b)  Everywhole numberis a rational number but every rational number is not a whole number.

(c)  Zeroisthesmallestrational number.

a
(d) 0 isrational number wherea=0.

(e) Allintegersarerational numbers.
(f)  Thequotient of two integersis always a rational number.
(g8) Thequotientoftwointegersisalwaysaninteger.

15. Encircle the correct answers.
(a) Thegreatestrational numberout of the following rational numbersis ?
. 5 .. 5 .5 . -5
i — i - 1) iv) —
(i) > (i) M (iif) . (iv) c
(b)  Whichoneisthe smallestrational number?
L3 L4 ] 2
M 5 (i = (i)~ (iv) 3
(c)  Whichofthe followingis notin standard form?
. 7 . 10 13 . 27
i — i — i) — iv) —
(i) c (ii) >0 (iif) 3 (iv) >3
(d) IfE=§ thenthevalue of xis—
X
(i) 23 (i) -23 (i) 32 (iv) 2
(e) If liswritten with denominator 12. Then its numerator will be —
(i) 48 (i) 3 (i) -8 (iv) 8
(f)  Which of the following is a positive rational number ?
i = iy 2 (i) > iv) =
-4 4 —4 4

A Gateway to Mathematics-8
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O Representing Rational Numbers on The Number Line

NUMBER LINE

Alinedividedinto equal partsand numbers written onitis said to be anumberline. Todraw a numberline —
(i) Draw aline of any length in your note book.

(ii) Select the middle point on the numberline and select it to be equal to'0".

(iii) On eitherside of the number line divide the line into unit lengths.

Value of numbers decrease Value of numbers increase

G F E D C B A

2 3 4 5 6 7
Value of numbers increase

A B C D E F G
-7 -6 -5 -4-3 -2 -1 0 1

(iv) On the right hand side of the '0' we have positive integers. The numbers or integers corresponding to A, B,
C, D, E, F, are positive integers. Whereas the integers corresponding to A, B, C, D, E, Fand G on left hand side
are negative integers.

(v) When we move on the right hand side of 0, the values of integers increase. Whereas when we move on the
left hand side of 0, the value of numbers decreases.

(vi) Ingeneral the value increase towards the right hand side. Therefore —3<—2<-1<0<1<2<3......

(vii)  Betweenanytwo rational numbers of the number line there lies infinite numbers of rational.
1 1

Example1: Represent g and —g onanumberline.

Solution: < I I I I I I

|
N
|
=
[
=
o -
W~ 13
S
=+

+» Drawaline. Mark a point O on it. This point represent 0 (zero). On either side of O mark A
and A, respectively of equal lengths.

% Arepresents1whereasA, represents—1

% Divide OAand OA,inthree equal parts

1

«* Thepointmin OArepresents 3

X/
*

% Thepointm,on OA, represents 3

5 5 .
Example2: Represent > and—E onthe numberline.

Solution:  Converttheimproper rationalsinto mixed numbers.
5 1 5 1
—=)— -_= _2_
2 2 2 2

% Draw a number line and mark the point ABC and A’, B!, C' on the right hand side and left
hand side and left hand side of O respectively at equal intervals.

%  DivideBCandB’, C'into two equal parts.

A Gateway to Mathematics-8
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Mark the points as p and p'. These points are the appropriate point for g and

_2 respectively.
2

1

P* B A’ A B P C
_ T _—EI_) _I _I T T T i T 7z
3 > 2 1 0 1 2 > 3
Example 3: Marktherational-3,-2,-1,0,1,2,3onthe numberlineandarrangethemin —
(a) Ascendingorder
(b) Descendingorder
Solution : ct B Al A B I
-3 -2 -1 0 1 2 3
Draw anumberlineand mark A, B, Csuchthat OA=AB=BContheright hand side of O.
Similarly mark the points A1, B1, and C1 of equal unit length on the left hand side of O. Such
that OA1=A1B1=B1C1
a. Ascendingorder of rationals —
—3<-2<-1<0<1<2<3
b. Descendingorder of rationals —
3>2>1>0>-1>-2>-3
[ ]
‘ Exercise m
1. Fillinthe blanks.
(a) Thedistance between-2and % onanumberlineis......ccccccccevvviiiiiinnn. .
(b)  Thedistance betweenOand%onanumberlineis ............................... .
(c)  Whilemovinglefttorightwefind ............oooeeeeeein. rationals.
(d) _?2 liestothe............ooooiiinnnnnnn, of zeroonthe number line.
1 -5
(e)  Therational number E and ? 1] o sides of 0 onanumberline.
(f) Therationalnumber__—11 liestothe............oooeiiiiinnnnnnn, of 0onthe numberline.
2. Represent the following rational numbers on the number line.
@ 5 (b) 3 © 1 @ 25
1 5 2 3
(e) 3= (f) 6= (8) 5= (h) 3=
2 7 3 4
3. Represent each of the following numbers on the number line.
(@) 2 (b) -5 (© 2 @ 53
8 6 5
_1 M 3 (8) _12 h _1
3 4 3

A Gateway to Mathematics-8



O Addition of Rational Numbers
PROPERTIES OF ADDITION OF RATIONAL NUMBERS

a c . . . .
1. —+— =Arationalnumber—Closure property. The sum of two rational numbers is always a rational number.

b

Example1: Add iandﬂ
9 9
Solution : 4 +(_11j _4+(-11)
9 9 9
_A-i
9 9
2 2482 512 commutative property.
b d db '
1 5
Example2: Add 5 and E
. 1. 5 5 1
Solution: 4+ = T4z
3 6 6 3
_ 2+5 _ 245
6 6
-7 -7
6 6
3. The, sumoftwo rational numberis-2, if one of the numbersis “14, find the other.

5
=14
Example 3: Sum of two rational number of like -2, =

Solution: Letthe number bex.
-14
=X+ [—j =-2
5
14
= X=-2+—
5
_-10+14 i
5 5
. .4
Hence, the required numberis E .

4 (a+0j (0+aj 2 Associati ty of
. = = —|= 1 Associative property of zero.
b b/ b Property
Thatis when zerois added to any rational number the sumis the rational number itself.

2
Example4: Add — and O.
Z40| = 0+—
[5 ' ) ( 5)
A Gateway to Mathematics-8 17
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2+0 0+2
5 ) LS
2 2
5 5
5. (g+—_a)= [—_a+3j = 0, Additive inverse.
b b b b
Forevery rationalnumber% there exists a rational number _2  such that %4‘? = at—)a = g =0
—a
Therefore F and % are additive inverse of each other.
Example5: Findadditive inverse of i .
7
3 _
Solution : The additive inverse of ; is_3 .ltcan be proved by addingit.
3 -3) 33 3-3 0
— 4 — :———:—:—:O
7 7 7 7 7 7
6.  Subtraction of rational numbers.
a c
Let —and — betwo rational numbers.
b d
a c a c
Then, E +additive inverse of EZB_H =rational number.
Solved Example1:  Find additive inverse of the following rational numbers.
3 -17 7 -4
a) — b) — ) — d —
@ (b) = . © 5 @ =
Solution : (a) Additive inverse of 5 is 5
(b) Additive inverse of - is 7 or 17
7 9 9 9
(c) Additive inverse of —
7x-1 -7 9 -7 7 7
= — Theadditiveinverseof — is ¥/ or L
-9x-1 9 2 9 9 9
(d) Additiveinverse of —
4 Ax-1 g4 _
— = — = i , The additive inverse of iis _4
-9 9x-1 9 9 9

1 2
Solved Example2:  Subtract 2 from —.

3
Solution : (Ej_(lj = 2 L additive inverse of %
3
2 (-1 2) 1
= —+ — = — |7
7 Gl
. 8-3 5
12 12
Solved Example3:  Subtract -3 from __2
7 5
-2 = -2 -
Solution: _2__3 = — +additiveinverse of—3
5 7 5 7
-2 3
= — 4 —
5 7
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Solved Example 4 :

Solution:

Solved Example 5 :

Solution :

Solved Example 6 :

Solution:

Solved Example 7 :

Solution :

A Gateway to Mathematics-8

-14 +15 1

35 35
3

-5
What should be added to? toget 9

Letthe numbertobe added be=x

x
I
I

+
I

The sum of two numbersis—7. If one of themis i , find the other rational number.
Letthe other number be =x 6

_—11+x = =7
6
11
X = -7+ —
_ -31
X = 42 +11 _ ==
6 6

-31
The other numberis —

3 2
3 3
Evaluate | —| x| —
5 5

The commutative property states that rational number can be arranged in desired way. The
associative property states that rational number can be groupedin desired manner.

o)

Simplify[ 2+ 2,78, 72
37 9 21

F + (_—Sﬂ + {i + (_—Sﬂ — using commutative and associative identities.
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Solved Example 8 :
Solution :

Solved Example 9:

Solution:

Solved Example 10:

Solution:
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21
2 7 -14+21
© 9 217 63
71
63 9

What should be subtracted from _73 toget'l".
Letthe number be added be =x

__3—)( =1
7 3
—-X = 1+ ;
~ 7+3
—x =
10
—x ek
7
—x x(-1)= 2 x(-1)
X = __10 ans.
7
Find absolute values of the following rational numbers.
2 -2 21 =23
(a) 5 (b) El (c) > (d) >7
2 Rl 2
(a) 7 = ﬂ =7
-2 2| 2
b) |— =11 = —
() |2 Tl
n Py 2z
(c) ol T @ =3
23 Py 3
@ 5 = t
(e) —151‘= [-151]_ 151
309 309] 309
pikad®
Add |—| and |—
7 21
‘-_3+‘-_9 I I A=
7| |21 7] 2 72
949
o
21 7
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‘ Exercise w

1 Add-
4 -2 -4 -6 5 -1 -7 1 =17 -1
—and— —and— —and— —and— —and—
@ gandg (b qgandgy (o gandte(d) o grandg o) Smands
2. Find the sum of the following —
@ 22 o) = 0
¥ 5y 8’12 g
7 =5 7 8 2 1
(d —,— (e) —,= (f = =
24 16 -18 27 -15 -12
3. Verify the following -
INEINE ST
@ T 1T o1 T (b) 12 -12
(C) _1+ __2+__3 = _1+__2 +__3 (d) __7+i +__13=__7+ i+__13
3 4 3 4 11 -5 22 11 -5 22
(e) —20+ 3 0+ 2] 2L
-5 -10 -5) -10
4. Find additive inverse of each of the following rational numbers -
@ () — @ =2 @ o ) —
AT, 30 T , ® 29
=17 =23 17 .
(fl — (8) — (h) — i 3
9 1 9 3
5. Subtract:
_—4fromg b _—1from_—3 ifromi
(@) (b) - from— € = from
-4 4 -1
(d) —fromi () Zfrom— (f) —fromé
15 10 5 5
6. Find the sum using rearrangement property -
(a) __11+__2+§+£ (b) §+__11+__1+__8
5 3 5 3 8 6 4 3
(¢ B,U 5,7 (@ =H,2,74,7Db
20 14 7 10 7 6 9 7
-2 -1
7. What rational number should be subtracted from 3 toget ??
5
8. What rational number should be added to—1to get 5 ?
9. Fillin the blanks:
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7
Verify that—(—a)=a, whena=(a) 5

10. (b)
11. Verify that—(a+b)=(-a) + (-b), when-—
3 3
a —, b= — b) a=
(a) 1 1 (b)
2 31 1
12. What should be subtracted from the sum of E+Z+§ toget 5 ?
13. Simplify—
13 (-2 -5) 11 1 (-2 -1
(a) —+| —|+| — |+—+—+| — (b) —
6 3 6 9 3 9 3
14, Write true or false —
(a) If|lal=0,thena=0
(b) If]lal=]|b]|,thena=b
” a_c la] el
C — ,then
"o d BN
15. Fillin the blank space with one of the following symbols. >, <or=:
-5 6 -5 6
(@) I —<-— ,then =l 161
7 13 | 7] [13]
-5 _-5 |51 |51
(b) If —<— ,then ——.........
5 6 |5] |6 |
t <2 e [21]
(c) 3 YK en |8| .......... |24|
-9 8 -9 8
(d) If —>— ,then u .......... u
-10 9 |-10| 9]
-1 3 - =11 13| | -4
(e) If —+—=—,then——+——.........
2 2 2 I2| |2] |12]

O Multiplication of Rational Numbers

Product of Rational Numbers—

9.

b

-2

Examplel1: ——
3

If 9 and £ rational numbers then, AL
b d b d

c
"4
5
77

__3’ b=__6’
4 7
10 (1 -5 1 3
| — |+ = [+—+=
7 [6) [7] 12 4

=arational numberif & and< are rational numbers: (closure property)

-10

—— whichisarational number.

21

c
d

a
— X —

J Commutative property of multiplication.

Accordingto this property, the rational numbers can be multiplied in any order.

&

-
22

g
YW
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Example2: EXE = EXE =E
7 4 4 7) 28

a c) e a (c e . e
(— X —j X—=—=X (a X ?j — Associative property of multiplication.

This property states that while multiplying three or more rational numbers they can be grouped in any

o [ 3 A2

2 x 1=1x E = E —Multiplicative property by 1.

b
When a rational numberis multiplied by 1 the productis the rational number itself.
Example 4 : §><1 1x%—%
a
b x0=0x b =0 —Multiplicative property of O.
This law states that when a rational numberis multiplied by 0, the productisO.
9 9
Example5: —x0=0x—=0
11 11

a (c e a c

x| =+= — +

b (d fj (b dj

Example6: __3x[3+__5j=(
4

a c e a_ ¢ a_e N . C e .
—X| ———|=| =x— |—| —x— | —Distributive property of multiplication over subtraction.
b (d f b d b f
Example 7 : lx 5.2 = EXE lxé
2 {9 9 2 9 2 9
5 2 5-2 3 1

18 18 18 18 6

—x—=1 —(existence of multiplicative inverse or reciprocal).
a

S . a . b
The multiplicative inverse of rational number b is — .
a

3
Example 8: Whatisthen multiplicationinverse of g ?

z{”zr’l 1
/5/2/11

Solved Example : Verify the following :
. 8 —3 -3 8
(i) X
15 16 16 15
. 2 (6 -14 2 6) -14
(i) —=x X ——
3 (7 15) (3 7) 15
5 (-4 -7\ (5 -4\ (5 -7
(iii) =x| —+—|=| =x— |+| =x—
6 5 10 6 5 6 10
i L (8,3). (3.8
Solution : (i) 1516 16 15
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- t_.
10 10
LHS = RHS

1x-1 _ 1x-1
5x%x2 5x2

8 -3 -3 8
# = — X —
(15 16) (16 15)

2 (6 -14 2 6) -14
(ii) —X| —Xx——| = | —Xx— [x——
3 \7 15 3 7 15
2 12 4 -14
= - X— = —X—
3 15 7 15
- B . 8
15 15
= Hence verified.
5 4 -7\_ (5 -4 5 -7
(iii) x| —+—|= | Zx— 4| Zx—
6 5 6 5 6 10
_ 5, (‘8”)] _ o0, -3
-6 © 30 60
_ E —40 + (—35)
6 10 60
. S5
60
. 2.3
4 4
LHS = RHS. Hence verified.
[
‘ Exercise m
1. Verify the following and state the laws used.
-17 -11 -11 -17 -2 7
(a) X——=—X (b) —X—
8 7 7 8 5 11
1 (5,7).(1,5),2 o 16
© 5% 8)7\ 276 )3 @ =
-11 19 19 -11
X = X =1 —x0=0
© 191" T 1o (f)
2. Answer then following questioninshort -

(a)
(b)
(c)
(d)
(e)
(f)

Does'0'have areciprocal?

—
24

e
QW

&

What s the product of a rational number and its reciprocal?

What arethereciprocal of 1 and -1 respectively?

Canzerobe areciprocal y/x, where x=07?

What is the multiplicative reciprocal of a positive rational number ‘a’?

What is the multiplicative reciprocal of a negative rational number ‘-a’?
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3. Find the products-
5 -9 -13 =25
_ X —

a) ——X— b c — d —x24
(@) -18 20 (b) 15 26 (© -21 5 (d)
7 -13 3 -7 -9 5
e) —x(-48 f) ——x(-10 —x— h —X—
(e) 4 (—48) (f) - (-10) (8) = 3 (h) > %
4, Fillinthe blanks—
-21 18 18 -7 =7
(@) — X=X (b) 28x—=— X............
17 35 35 19 19
15 -21) -5 -21 -5 -12 4 25 -12 4
(€) | = X—— |X—=rrrrrrenr X| —x— (d) —X| —=x——|=| —X=—= |Xerrrrrrrres
7 10 6 10 6 7 15 -19 7 15
5. Verify the following -
3 13 3 (1 3 -5 -2y 3 -5 (-2 3
(a) —X—= [ X—=—X| —X— (b) —X— | X—= —X| — X —
4 2) 7 4 \2 7 6 5 7 6 5 7
7 (2 4 7 2 7 4 -3 (7 -5 -3 7 -3 -5
() =x|=4—=|=|=x—|+|=x— (d) —x|—+—|=|—%x—|+| —x—
8 \4 5 8 4 8 5 7 8 12 7 8 7 12

6. Simplify using the properties of multiplication over addition and multiplication over subtraction of
rational numbers.

-3 (4 -11 -2 (3 7 (5 1
o o7 o (5] @ 3(3+3)

7. Let a,bandcbethreerational numbers havingthevaluesa=_—1, b= _—3c= _—4.Verifythefollowing using
the givenvaluesofa,bandc. 3 5 °

(a) axb=bxa (b) ax(bxc)=(axb)xc
(c) ax(b+c)=axb+axc (d) (a=b)"=a'=b"isfalse
(e) (axb)'=a+b isfalse f)  Jatl=lal™

(g) Ib7|=1b|" (h) I =1c|”

(power of —1isasignofreciprocal, | | isasignforfindingabsolute value)

8.  Whatarethe properties of multiplication involved in the equation 7 x %x =Xx?
9. Name the propertiesinvolvedinthe following —
42x§=(14x3)x§=(3x§)x14= 1x14=14

10. Findxifxisarationalnumberandxxx=x
11. Whatarethetwo rational numbers, which are reciprocals of themselves ?

12.  Whatisthereciprocal of xif x#0?

]
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O Division of Rational Numbers

(a) E_E E_E (b) E_E—Exg
b d d b b d b ¢
E_Eid..d 4 —divi | .
(c) b d b= ividen i ivisor, result quotient
36 9 N
Solved Example 1: DIVIdEE byg k
42 1 facts to Know
Solution : ﬁ_g =i€x/§/z 2 P :
16 8 16 9 - O Babylonians developed tales of :
12 1 reciprocals. To divide a by b, they -
8 tea+b=a: (1/b) (:=ratio =x)
SolvedExample2: Divide 5o byl wroteath=a: (1/b) (=ratio=y) .
Solution: i+1=£><1=E
23 23 1 23
Solved Example3: Divide 93 by 0.
5
Solution 5 + 0, notdefined.
[ ]
‘ Exercise E
1. Divide—
-36 24 -4 -3 =15
a) -18 by — b — by — 0 — —
(@) Y 37 (b) 50 Y 75 (©) 16 18
10 -2 7 =14 5
d —by— e — — f — by 15
(@) 33y11 (e) 18 51 (") 12 Y
2. State whether the following are true or false —
7.3 _3 .7 hy —.8.8.74
@ 4716 T16 22 b) 3 5 =973
() 12.3_3. 12 (d) __22_ i_i — __2243 —_ __2243
¢ "2 a4 7 \1a 21 7 1) 7 2
o (2444 B5)0L(B), 4[5 o [(£-17).10_(9,10) (17 10
® s 25) 7)) 5\ 7) 2577 20 40) 3 \20 3) (40 3
3. Fillinthe blanks—
-2 -2 -4 12
— e — S — (1) =i, — e =-1
(@ 575 (b) 72 (-1) () 3
6 6 -9 -11
(d =+ == (@) e +1=— f)l —+ . =1
7 7 17 25
26
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4, Simplify -

@ 24.7° (b) _g.=’ (@ 2.1 1g)
1 12 18 7

(d -1.=8 (e) —16. 15 (f) =65 .13
10 5 35 14 14 7

5. The product of two numbersis 6. If one numberis 12, find the other number.

-20 -
6.  Theproductoftwonumbersis — .If one numberis —4,find the other number.

7. By what number should we multiply —20 toget —?
63

8. By what number should ;—9 be multiplied to obtain 2_6 ?
-12 13 1 -
9. Divide the sum of7 and ? by the productof—2 and -3 .
- 7

10. Dividethesum ofg and 8 by their difference.
12

11. Writetrueorfalse—
(a) Wecandivide11byO.
(b)  Rationalnumbersare always associative under division.
(c)  Rationalnumbers are always commutative under division.
(d) Rationalnumbersare closed under division.

O Finding Rational Numbers Between Two Rational Numbers

Method -1
Let pand g be two rational numbers such that p < g. If we wish to find out rational numbers between p and g, which
areq’,q’,g’andq’, then—

i) g = %lp+q)

i) q = %@+

(i) ¢ = %+

(iv) g = %(@+p)

Solved Example : Forany rational number P .

pP.pP q
ion: —+—=1
Solution : q q

Method -2 1

Solve Example : Find fourrational numbers between g and E
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Solution : Since we have to find four rational numbers. Therefore, multiply both the numbersin such a way
that their denominators are equal.
1 5 5
6 5 30
1 10 10

310 30

6 30 30 30 30 3 1
Solve Example: Find (a) 4 rationalnumbersbetween — and —
1

(b) 40rationalnumbers between 3 and 5

1 1
(c) 100rationalnumberbetween — and 5

1 1
Solution: (a) 5 < E,there areinfinite rational numbers between = and l

1 10 _10 1 15 _15
3 10 30 2 15 30
10 11 12 13 14 15

30 30 30 30 30 30 1
Solution: (b) Find40rational numbersbetween = and —

>
1 100 100 1 150 150

3 100 300’ 2 150 300

1 100 1 150
—=——and

3 300 2 300

150
or 1 and 1 or ——. 150 the numbers 101,102,103, .... 149 lie, between 100

3 2 300 and 150 therefore
1 101 102 103 149 1
< < <

300 300 300 300 3
500 _ 500 1 750 _ 750

2
1
3 500 1500 2 750 1500
-

he 100 rational numbers between} and E are

100
———,thereisdifference of 50 rational numbers between —

(c)

1< 501 < 502 < 503 749 1
3 1500 1500 1500 1500 2
[ ]
‘ Exercise m
. -5 6
1. Insert 10 rational numbers between — and — .
13 13
2. Find four rational numbers between—1 and—7%.

3. Find three rational number between—-3 and 3.
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10.

11.

12.

13.

14.

A Gateway to Mathematics-8

Find arational numberbetweenpandgif:

4 o ) -5 =2

(a) P= 5 9= (b) p= e 97 %
1 7 1 1

() p= g , A= 1o (d p= 5 , a= 4

‘ Exercise w

Two pieces of lengths 4% and 2% have been cut off from a rope of 11m. Find the length of the remaining
rope.

1 3
A container of sugar weighs 4ngg. If the weight of the containeris 13Z kg. Find the weight of sugarinit.

3
Find the cost of 35 kg of oranges if one kg of orange costs Rs. 4GZ .

3 2
Find the area of arectangular park whichiis 303 m longand 205 mwide.

1
A rope has been cut into 26 pieces. The total length of the rope is 715 m. Find the length of one piece of
rope.

7 2
Arectangularroomis SE m.wide. Itsareais 685 m’. Find the length of the room.
.. _3 .3 .
The product of two fractions is 75 .Ifonefractionis 4; .Find the other fraction.

In a factory > of the workers are women. There are 240 men. Find the number of people working in the
factory.

2
How much distance will a bus coverin 7% hoursifitis moving at a speed of 405 km/hr?

1 3 2
Mr. Kohli sets out for his office with¥ 80. He spend 55 as busfare. ?135 onsnacksand 4g onrepair of his

shoes. How much money was left with him when he returned back home ?

Japneet gave 9 of grapes to the guests, 40 grapes were left in the bowl. How many grapes did the bowl
contain?

2
OnthelIndependence day celebrations 5 ofthe audience were seated. While 15000 were standing. Find the

total number of the audience.

1 1
If jane earns ¥ 16000 per month. She spends 2 of her salary on food, 0 of her salary is sent to her parents,

1 .
she spends 2 of hersalary on conveyance. How muchis she able to save each month?

Aman gets ¥ 300 as pocket money each month he spends % of his pocket money to eat fast foods. % of the

money is spent on chocolates. How much money is left with him.

29
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O Summary of Facts Discussed

1.

30
4

Anumber of the form of P , Wherepandqareintegersand g#ois called arational number.

q
Properties of rational numbers can be discussed on the four basic operations of mathematics. Theyare:
(i)  Addition (+) (ii)  Subtraction(-)
(iii)  Multiplication (x) (iv)  Division (%)

. . . . . . a .
The absolute value of a rational number is equal to its numerical value, which symbolically expressed as — if
b

aandbareintegers.

Closure properties of rational numbers :
The rational properties are closed under all the basic properties of operations. That is if 9 and E are
b

rational numbersthen.

a ¢
—+ =, .

a. b d Iisarationalnumber.
a_ ¢

b. p ( isarationalnumber.
axc

C. b d isarational number.

d.  —=+< isarationalnumberif (S % 0)

. —+— sarational numberif (—#

b d d

Commutative properties:
a. (i.,.ﬁj - (E.,.EJ Commutative law of addition.
b d

d b
b. R I B Commutative law of multiplication.
b d d b

c a ¢ c a
R — ¢ R —
b d d b

d. a ¢ c a
—r— || ==
b d d b

Under operations of subtraction and division the rational numbers are not commutative.

Associative properties:

Associative law states that rational numbers can be grouped in the desired way under the operations of

multiplications and additions.

a. S+E]+E = E+(E+EJ — Associative law of addition

X?:—X —x—j — Associative law of multiplication

A Gateway to Mathematics-8



10.

11.

Distributive Properties:

Gl (I PR O Distributi ty of multiplicati dditi

—X| —+—|=—=X—+—x— — Distributive property of multiplication over addition.

b \d f) b db f Property P

axle_ &2, 38 Distributive property of multiplication over subtraction.
b \d f) b d b f

Identity properties:

a a_a S .
a. —+0=0+—-=— — zeroadditiveidentity.
b b b
a a
b . 0= b — zerosubtractive identity.
a a e e .
c. BXO = OXE =0 — zero multiplicative identity.
a_, _a
d Bxl‘ 1XE‘E — multiplication identity.
a .
e. BTO — notdefined

Inverse Identities :

a,m_(a)_a_, .
a b b b1 b — Additive inverse.
1 1
a a a (b a - e . a
b. —x—=1or —X[—j x—=1x a - Multiplicativeinverse orreciprocal of = .
b b b \a = b
b
-1 -1
a a
c. [(Bj } =E — Reciprocal of the reciprocal of any numberis the numberitself.

b
gandg.
b d

. 1fa c). . .
If 9 and £ are two rational numbers then, E(B + a] is a rational number lying between
d

e . a c
There are infinite numbers of rational numbers between — and — .

The integer p in the rational number Z is called its numerator and q is called its denominator.

A rational number is said to be positive if its numerator and denominator are either both positive :
integers or both negative integers.

Rational numbers are closed under addition, subtraction, multiplication, and division.
Rational numbers are commutative and associative under addition and multiplication.
Zerois the additive identity and 1 is the multiplicative identity for rational numbers.

A Gateway to Mathematics-8
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............................................................................................................

For a given rational number (__pj , there exists on additive inverse £ Eﬂj =( suchthat
q q

Q<

>
P, (—nj _0
. . P _q . I

» Foragivenrational number 2 x = = ], such that q q

: q p

- » Inrational numbers, multiplication distributes over addition and subtraction.
>
>
>

Every rational number can be represented on a number line.

On anumber line, a rational number to the right is always greater than the number to its left.

There exist infinite rational numbers between two given numbers.

7
5 9 9 9 1
. . .
. . . .
2 1
3 7
11
) ) 2 )
3
19
1 19
= T
_+_
6 34 14 45
m T -5 - 5
p,qg_p, p p p p
—+l=40 J Z+0="-2 -
g b g q q qa qgq
p.r_r.p P
—F—=—F— —+-1=1-—
g s s q J q q J
-15
29
15 29 -15 29
o . = . 5 . T .
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2. Namethe property of a addition used in each of the following :

(a) [f)J,(Ej:o:(E)J,(fj (b) (E+§j isarational number
7 7 7 7 9 5

(C) 2.‘.(2):0 (d) E+(__9j:(__9j+5
39 {39 7 (19) (19) 7
() 1,(15,2).(1,15),2 () —+0=0+—=t
6 39 11) |6 39) 11 18 18 18
3. Writethe additive inverse of each of the following:
3 -5 15 -7
d b) — = d —
(a) - (b) m (c) - (d) -
1 18 5 -18
(e) 2% () (8 19 h =3

4. Writethe multiplicationinverse of each of the following :

@) 2 (b) =2 (c) -7 (d) -3x2
5 5 7
(e) % (0 2 © = (h) _2_207

5. Name the property of multiplication used in each of the following :

2 (1 2 2 1 2 2 17 (23 18 17 23) 18
(a) =x|=+=|==x=+=—x— (b) =—=x| —=x—|=] —x— |x—
9 \7 5 9 7 9 5 21 \45 51 21 45) 51
3,2.3).3,2.3,3 78 1=1x 1878
€ 271775 _4 7 4 5 (d) 103 103 103
i -4

(il)xi_ (_1j L
© (%67 )21 22 Ue7 M 76 s
6. Simplifythe following:
-8) 2 7 1 3 -2 4 3 2
— x=x—x— x4 - " xZ
(a) (7] 5 15 32 b) 5%7 735 1077

7. Representthefollowingrational numbers onthe numberline.

(a) -3 (b) = () & (d) 2 () 2
5 11 9 15
o3
-
H 1. Nine times the reciprocal of a rational number equals 6 times the reciprocal of 17. Find the rational
@ number.
g 2. Which rational numbers have absolute value lessthan 6 ?
A Gateway to Mathematics-8 33
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a Objective : To understand the properties of rational numbers through
Activity
Materials Required : Two envelopes : one envelope containing cards on which

rational numbers and symbols are written and the other

envelop containing strips on which properties of rational

numbers are written.
Envelopel
Envelope 2
Procedure : Thisgameis played between two students. (Student A and Student B)
Stepl : StudentAisaskedtotake outastripfromenvelope2randomly.
Step2 : Student B is asked to choose number cards and symbol cards from Envelope 1
and demonstrate the property shown on the strip.
Step3 : Eachcorrectanswergets2 marksand each wronganswer gets 1 negative mark.
Step4 : Thestudentwho gets more marks will be judged the winner.

Forexample : Student A chooses the strip commutative property of addition.

Student B demonstrates the property :

B E BB

A Gateway to Mathematics-8
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Playing with Numbers

O Introduction

Puzzles have been part of our lives since ancient days. In the ancient days puzzles were more popular. Philosophers
in the ancient days were very patient thinkers and this helped them to invent new laws and identities of
mathematics.

The number puzzles are based on algebraic identities. We all know the popular ancient mathematicians like
Pythagoras, Pascal, Aryabhatta, Ibne Masa Alkhwarizmi. Pythagoras introduced his theorem about the right
angled triangle, Pascal introduced algebra, the bases of modern mathematics. The word algebra derives its name
froman Arabicword aljabr.

Ramanujam was also an Indian mathematical geniusin the recent past. He introduced many numerical facts.

Example : 1. The cube of a number that ends in 0 also ends in 0. What about the cube of a number
thatendsin 8?

2. The cube of a number that ends in 6 also ends in 6. What about the cube of a number
thatendsin3?

3. The cubes of all numbers that end in 5 also end in 5. What about the cubes of numbers
thatendsin2?

The answersto questions1,2and 3 are 2,7 and 8 respectively.

4. Arethefollowing groups of numberequal?
8=2=01-0)+2-1)=(1+0x6)+(1+1x6)=(1+1x0x0)+
(1+2x1x3)

If you observe it carefully you will find that they are all equal. These are the way how the

ancient people used to find cubes of numbers.

5. Arethefollowing numbersdivisible by 117?

(a) 345693 (b) 7204252  (c) 3240237

Solution : (a) 345693
(3+5+9)—(4+6+3)
=17-13=4.

The number 345693 is not divisible by 11 because the difference of sum of alternate numbers
isnot0aswellasitis notamultiple of 11. Is it not a mathematical fact?

(b) 7204252

(7+0+2+42)—(2+4+5)

=11-11=0

The number 7204250is divisible by 11.
(c) 3240237
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(3+4+2+7)—(2+0+3)
=16-5
=11
The difference of the sum of alternate numbersis divisible by 11.
Therefore the number3240237isalso divisible by 11.
Trythese
5.Write Yes or No.
(@) 399870isdivisible by 5.
(b) 999778 is notdivisible 2.
(c) 46551isdivisible by 3.
(d) 357114isdivisible by 6.
(e) 7534116isdivisible by9.
Let us now discuss the divisibility tests in detail.

If one third of one fourth of number is 15, then
what is two tenth of that number?
Solution: let the number be x.
then,% of% of x=15
=x=15x12=180 )

So, required number = 7, x 180 = 36

O Divisibility Test For Numbers Written In Generalized From

1. Divisiblity Test By 2

Letthe numberbeaifaissingle digit number, abifitis two digit numberand abcifitis a three digit number.

Incase of gitis at the units place...

Incase of ab, bis atthe units placeand ais at the tens place. We can also write itas 10a + b.

In case of abc, cis at the unit place, b at the tens place and a is at the hundreds place. We can express it as 100a +
10b+c.

Inallthe three casesthe digitsat a, band care variables. While place values are constant.

The divisibility fact of 2 states that, a number having the digits 0, 2, 4, 6 and 8 at its units place is divisible by 2.
Therefore the numbers:6925230,925876,69992,99774 and 25558 are all divisible by 2.

2. Divisiblity Test By 3

This divisibility fact of 3 states that if the sum of all digits is divisible by 3 without a remainder then the number is

alsodivisible by 3.
a+b+c

3
Example1: A number which is divisible by 3, when divides a two digit number and gives a quotient
of 12. The digit at the units placeis 6. Find the digit at the tens place of its place value.

Letthe number be a three digit number then

=X

Solution : Let the numberbe ab, whereb=6andx=12,then

a+b a+6
=12 = =12
3 3

a+6=12x3
a=(12x3)-6 3
a=36—-6=30 Hence

0+6
=12

The numberatthetensplaceis 3, andits place valueis 30. The number ab = 36.

—
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3. Divisiblity Test By 4

A natural numberisdivisible by 4 if the number atits units and tens place is divisible by 4.
Forexample, the numbers 39864, 789312,56308, 659316, 2225920,63928,559732,33536are
divisible by 4.

4. Divisiblity Test By 5

Natural numbers having 0 or 5 at it units place are divisible by 5.

Example : 1000, 205, 3930, 9995 are divisible by 5.

5. Divisiblity Test By 6

Natural numbers which are divisible 2 as well as 3 are also divisible by 6.

Allthose numbers which have 0, 2,4, 6 or 8 atits units place and their sum s divisible by 3 are also divisible by 6.

Example : 376122,712632,127236 are divisible by 3.
Solved Example : Which of the following numbers are divisible by 6.
(@) 35941 (b) 635112 (c) 73081
Solution : (@) 35941 — Notdivisible by 6 becauseithas1atits units place.
(b) 635112 — Thesumofnumbers=6+3+5+1+1+2=18
The number is divisible by 6 as its sum of digits is divisible by 3. At the same time itis also
divisible by 2.
(c) 73081 — Notdivisible6asitisnotdivisible by 2aswellas 3.

6. Divisiblity Test By 8

Anatural numberis divisible by 8 if the number formed at hundreds, tens and units place is divisible by 8.
Solved Example : The numbers 34320, 2600 are divisible by 8.

7. Divisiblity Test By 9

Allthose natural numbers whose sum is divisible by 9 are also divisible by 9.

Solved Example : 35295,29535and 53259 are not divisible by 9. As their sums are not divisible by 9.
3+5+2+9+5 = 24
2+9+5+3+5 = 24
5+3+2+5+9 = 24

Example : The numbers, 32868,35883, 87183 are divisible by 9. As their sums are 27.
3+2+8+6+8 = 27
3+5+8+8+3 = 27
8+7+1+8+3 = 27

8. Divisiblity Test By 10
The numbers which have 0 at its units place, are divisible by 10.
Example : 1000, 35930, 8925000 are divisible by 10.
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‘ Exercise m
1. Findthe numbersdivisible by 2.

67,21,3529,5230, 698,986, 4354,5443.

2. Whichofthe following numbers are divisible by 3?
314,726,814,915,84,73,42,105

3. Which ofthe following numbers are divisible by 4?
74,84,72,364,3536,6328,5316,39014

4. Which of the following numbers are divisible by 5?
395, 930, 33390, 80000, 80009, 11115, 22220, 9682, 8693,97

5. Which of the following numbers are divisible by 6?
83,93,49, 69, 23,3500,9000, 498, 558,294, 414,138

6. Which of the following numbers are divisible by 8?
280,552,525,4200, 698, 5536

7. Which of the following numbers are divisible by 9?
5536, 525,280, 698,6282,2520,4200

8. Findthe numbersdivisible by 10?
2330, 3920, 1000, 100008, 230006, 370, 50008

9. Thesum ofatwo digitnumberwhendivided by 3 gives a quotient of 5. The digit at its units placeis 7. Find :

a+b
(Hints

= X)

(a) Thedigitatitstensplace
(b) Theplacevalue of the digit at tens place
(c) Thenumber

10. The sum of the three digits of a number when divided by 3 gives a quotient of 3. The numbers at the hundreds
a+b+c

and units places are 2 and 1. Find the number. (Hints X)
11. The sum of the numbers of a three digit number when divided by 9 gives a gives a quotient of 2. Find the
number. The digit a,b,c are in the order of hundreds tens and ones respectively. The digits at the hundreds

andtens placesare 5 and 8 respectively. Find the number and the digit at its units place.

O Patterns of Numbers

Are you aware of the word pattern? The word pattern means that similar numbers of similar design get repeated.

Inthis sub units we will discuss only number pattern.
Solved Example 1: Fillinthe blanks.

(i) 2°

(i) 3’

(iii) 4°

Solution : (4°-3%

(13_03)+(23_13)
(13_03)+(23_13)+(33_23)
(1°=0°)+(2°=2)+(3°=2") +(ceovovornn. )
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Solved Example 2 :  Fillinthe blanks spaces.

i) 1° = 1+0x6

(i) 2° = (1+0x6)+(1+1x6)

(i) 3° = (1+0+6)+(1+1x6)+(1+1x6+2x6)

(iv) 4 = (1+0x6)+(1+1x6)+(1+1x6+2X6)+(..ccccovrnnn.... )
Solution : (1+1x6+2x6+3x6)
Solved Example 3: Fillinthe blanks.

(i) 1° = (1+0x3)

(i) 2° = (1+0x3)+(1+2x1x3)

(ii) 3° = (1+0x3)+(1+2x1x3)(1+3x2x3)

(iv) 4 = (1+40x3)+(1+2x1x3)+(1+1%x2x3)+(ccccornene.n. )
Solution : (1+4x3x3)

Solved Example 4: Seethe patternandfill the gaps.
() (111111111)° = 12345678987654321
(i) (11111111)° 123456787654321
(1) (L221200) = e

(iv) (oo )? = 12345654321
(v) (11111)° T
Solution : (i) 1234567654321

(iv) (111111)°
(v 123454321

‘ Exercise w

3
1. (a) WhoisJapneetifsheisafractionwhichisequivalentto E .Ifher denominatoris 25. Find her numerator.
(b) WhoisJaskaran?IfheisfractionwithdenominatorasQ,whichisequivalenttoz.
3

(c)  Deviyaniasked whoisshe?Sheisafractioninthe lowest term equivalent 77 .
121

2. 77 =1+2+3+4+5+6+7+6+5+4+3+2+1

6" =
5° =

3. 1111111 =  123456X9+6+ ..o,
111111 = 12345X9+...ccoiiii.
11111 = 1234X94 i
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4. 123x8+3 = 987

12x8+2 T
1x8+1 T
5. 4321x9-1 = 38888
54321x9-1 = 488888
.......... x9-1 T .

O Figure Problems

Solved Example 1: Evaluate 25” with the help of squares.

Solution : 1. If the digits of the number are two. Divide the square into four sub squares. Draw

diagonals of the square, as shown inthe figure.
Write digits of the number horizontally and vertically as shown in the figure.
Multiply each digit on the left of the square with each digit on top of the column.
4. Divide each sub square into four more sub square with dotted lines. Write product in the

diagonal dotted sub squares. If the number of the product is single, write in the lower

squareand puta'0'inthe uppersubsquire.

5. In case the product is a two digit number. Write the digit of the tens place above the

diagonal and unit below the diagonal.

6. Starting below the lowest diagonal sum up the digits along the diagonal. Underline the

unit digitand take carry ifany tothe diagonal above.

7. Theunitdigits which have been underlined forms the number.

2x2=04 2x5=10
= T
25°=625 ~0
4 0”1
5x2=10 5x5=25
1
1+4+41=6 <] 0 5
P v
, 0+2+0=2 5
Solved Example 2 : Evaluate 39° by the diagonal method. 3 9
39°=1521 0 2
0 / 9 7
2

13 / /
+ 2 7 1
15 8

+7

22
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Solved Example 3 : Find square of 486.

486" =236196 4 8 6
4x4 16 1/ 1 3 2
4x8 = 32 ) 3 4 6 2 4
4x6 24 6 / 3 . .
8x4 32 +3 3 5 4 8
8x8 64 12 2
86 48 ! é / 2 4 3
6x4 24 13 5 . /4 i ;
6x8 48 r1 . . 8 6
6x6 36 14 4 3
2 4 +2
L + 4 19
20
1
21

Solved Example 4 : The diagram of a triangle is given below. Fill up the vacant smaller triangles with digits 1to 9 on

eachsidesothatthesumis21.

A

Solved Example 5 : Convert the given figuresintoa human being.

Solution : @ A /\ A
X X
A /A\ /A\
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‘ Exercise @

1. Usethegivenfigurestomake ascenery.

2. Findsquare of 35 by the diagonal method of squares.

3. Asquareisgivenbelow.

Use thissquare of find 85.

4. Evaluate 232, usingthe givensquare.

5. Evaluate 692, using the given square.

6. Complete the square in such a way that the . o
sum of the numbers in each row, column 5
andalongthe diagonalsis 15. 9

7. Fillupthe missing rows of Pascals triangles.
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8. Usetheserectanglesto makeahuman being.

]
-

[] []

9. The figure shown resembles the number eight. Matchsticks have been used to make the figure. Name the
sticks that you will remove.

10.

AN 56
TS @ ................... @OO
AN
® 38
O AN
383 Q0
i) Q.00 QN
AN
0]0]0)
(i) O ...... O .............. 000
AN
0000
o 000000000
AN
A Gateway to Mathematics-8
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(a)
(b)
(c)
(d)
(e)
(f)
(8)

To convertittonine
To convertittoseven
To convertit tosix

To convertit to five
To convertitto four
Toconvertittothree
Toconvertittotwo

2
3

4
7

6

Study the figure. Balance the figures of each rows containing balls beads in such a way that figures (i) and (ii)
of all rows arein proportion by drawing beads, balls, cubes.

(b)

(c)

(e)

(f)

=

(i) OOQ ................ 808

o . C
o
o O
o O
B —




O Magic of Numbers

As you know that all the number games and tricks are based on mathematical identical. Let us discuss a few

examples.
Example : Write 1 using the digit 9 only in three ways.
1 1 1
Soluti ()/g1 (b)991 ()29@1
olution : a - = — = c — =
y:1 1 99 999
1 1
9
Example : Write 10 using the digit 9 only. Solution: 9+ 5 =10
Solved Example : Reduce the numberE to its lowest term by cancelling just one number each from the
95
numerator and denominator.
1
Solution : The usual wayis el = 1 .But we have to cancel only one number. //;5—9 = —
5 5

Call all numbers having a digit common between the numerator and denominator be

cancelledin such away.

O Finding an Unknown Number

Solved Example : Go through the conversation between Sridhar and Deepali. Also learn how Sridhar

found the unknown number.

Sridhar . HelloDeepali!lcan find the number that you will imagine.
Deepali . 0.K.lhaveselected the number.
Sridhar : Add8tothatnumber.
Sridhar : Multiply the number by 3.
Deepali . Ihave multiplied.
Sridhar :  Subtract 6 fromthe multiplied number.
Deepali . lhavesubtracted.
Sridhar :  Dividedthe number by 3.
Sridhar : Subtractthe original number.
Deepali : I have completed both division and subtration.
Sridhar : Youareleftwith6.

—
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O Calculation by Sundaram

Letthe numberbe x

= x+8
=  3x(x+8)=3x+24
= 3x+24-6=3x+18
3x+18 _ 3x N 18
3 3 3
= x+6

X+6—-x =6
Solved Example : Replacethe letters with numbers.

(1 1K7
x312

M5L

T2NO

3PQO0O0
3R524

Solution: 2x7=14, L=4

2xK+1=5 2K=5-1=4 K=

NS

K=2

M=2x1

N=1x7=7

T=1x1=1

Q=3x7=21=1,carry?2.

P=3x2+2=8

S=M+2+q=2+2+1=5
R=T+P=1+8=9.

(ii)  Replacetheletters with numbers.

A6B4C
+17255
O9DOES
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C=8-5=3
E=5+4=9
B+2=10=0carry1
13=10-28
D=7+6=13=3carryl
A+1+1=9
A=9-2=7.

Solved Example : Find xin the given sum.

51x

1x3

701

+

Choose a number which when added to 3 gives 1 at its units place. This number when
added to 1 gives zero. As at the tens place to sum we have 0. This number should be 8.

518
Solution : Thereforex=8, havethesum= +183
701
Solved Example : Remove the letters of the product with numerals.
N
x N
M N
Solution : Choose anumber which when multiplied by itself gives the same digit atits unit place.

Suchanumberis6.
6 x6 =36, While the other numeral Mis different from N.

Product N 6
xN X6 N=6
M N 36 -
Solved Example : Findxandy of the sum.
X+X+y+x=Xxy
Solution : Anumber whichwhen added three times givesthe same numeral as 5.
Therefore 5+5+5=15
x=5,y=1
Solved Example : Express 10 using letters 9 only.
Solution: 9+¥= 9+1 = 10
Solved Example : Express 8 as the sum of two numbers. Using the digits 7 only.
Solution : 7+/7—7=7+1 = 8
Solved Example : An old man tells his friend that he is the grandfather of A. But A refuses to be his

grandson. Both Aand the old man are correct. Then whois A?
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Solution: It is true that old man is correct. But A refuses in view of the facts that she is old man's

‘ Exercise @

. 26 . . .
1. Intherational number — if we cancel 6 to the numerator as well as the denominator. The number is reduced
65
to its lowest form. Make two more such rational numbers in which if the numerator and the denominator are

granddaughter.

cancelledthe rational number reducesto the lowest form?

2. Replace letters with numbers.

(a 61A (b) N (c) 17 (d 1A
+1A3 x N xZ x A
801 M N VA 9A

3. Replacetheletters with the numbers.

(a) LAT B 34)9996 (kiLm

x312 N8OO
BSC 31P6
D2EO QORO
__3FGOO. D13T
EEALLELS XYZ
0
4. Select a number which when reversed and added with the selected number, forms a 3-digit number and is

divisible by 11.

5. Athree digit number was entered into a calculator. The numbers were repeated to form a six digit number.

What number will we get if this number is consecutively divided by 13,11and 7 ?

o)

%oéntg to Remember :

A two-digit number can be represented as 10 p +q.
A three-digit number can be representedas 100p+10q+r
Magic squares are full of fun. They can be created as 3 x 3 or as 4 x 4 grids.

industry.
There are very interesting patterns hidden in numbers.

Many series of Mathematics are in vogue. The logic behind them is interesting as well as full of -
knowledge. :

We must learn to solve puzzles in Mathematics. Puzzles sharpen our brain.

>
>
>
">  Wecan give codes to numbers and letters. These codes are used in intelligence operations, business and
>
>
>
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Anumber is divisible by 2 if its unit is divisible by 2.
Anumber is divisible by 3 if the sum of its digits is divisible by 3.

>
>
- » Anumberis divisible by 5 if its ones digit is either 5 or zero.
* »  Anumberis divisible by 9 if the sum of its digits is divisible by 9.
»  Anumberis divisible by 10 if its ones digit is 0.
>

The rules of divisibility are applicable to all those numbers whose number of digits is three or more.

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (v') the correct options.
(a)  Which ofthe following numbers are divisible by 2?

(i) 162 ) (i) 293 ) (iii) 350 ~J(iv) 467 .
(b)  Which of the following numbers are divisible by 3and 9 both?

(i) 81 )Gy 112 ) (i) 345 __J(iv) 567 .
(c)  Whichofthese numbers are divisible by 10?

(i) 104 ) @iy 200 ) (iii) 650 ~J(iv) 930 -
(d)  Numberisdivisible by 3 if the sum of its digits is divisible by—

(i) 2 Gy 4 i)y 3 _J(iv) 5 L3

2. Which are the next numbersinthese series?
(a) 2,5,10,17°7
(b) 0,7,26,63 7

3. Complete this magicsquare.

30

20 | 18
16 | 12 | 10
6

4. Intable20eggstobe boiledin5minutes. How much time would 40 eggs take to be boiled ?

5. In a certain code language, the word ARMY has been coded as DUPB. How would you be coding the word
TIGER inthe same code language ?

6. Writethe general forms of the following numbers.

(a) 508 (b) 187
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7. Writethese numbersin the numerical form.
(a) [100x7]+[10x8]+[9]
(b) [100x6]+[10x3]+[0]
8. ApplythefourArithmetic operatorsto complete this equation.
81 9 4 iz 19 = 0
1 1
9. Anold man had 23 buffaloes. He wanted to give 5 of them to his eldest son, 3 of them to the middle son and
1
g ofthemtotheyoungestson. How many buffaloes did each one of the songet ?
10. Replace question-marks with appropriate numbers.
(a) 5°+6°+?=31" (b) 6 +7°+?=43
11. Putthedigits from 1to9inthe circles of the figure given here. The three digits
inany lie mustadd up to make 12.
12. Check whether the following numbers are divisible by 15.
(a) 900 (b) 210 (c) 4768
13. Check whether the following numbers are divisible by 9. O
(a) 695 (b) 5418 (c) 567
14. Thenumber5q5isdivisible by 15. What can be the probable three numbersif qis known?
15. The number 106 risdivisible by 6. What is the value of r ?
-
[H| Createamagicsquare(3x3).Itscentral number has been given toyou.
(0)
il
S
15
Hint : Make a 3 x 3 magic square for a total of 45.
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a Objective : To use the concept of magical squares to solve multiple grids within

Adtivity

Materials Required : Penciland eraser.

Procedure : Fill in the grid so that every horizontal row, every vertical column and every 3 x 3 box contains the
digits 1-9. Without repeating the numbersin the same row, column or box.

The numbers given below are fixed.

1

|

|

1

|

|

1

|

|

1

|

|

1

|

|

1

|

|

2 | 3| 5 !
|

1

9 7 | |1 |
|

|

4 6 !
|

1

1 4 |
|

7 | 5 1 6 9 | 3 i
|

1

6 2 | | 7 !
1

|

3 | |1 5 i
|

g | |7 9 i
1

|

4 | 7 | 1 |
|

|

1

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
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Exponents and Powers

In earlier classes we have studied about how integers can be expressed in the form of power.
Example : 3* = 3x3x3x3 -2 —2x=2x—2x-2=2"
—5° =  —5x-5x—5=—5 -2° —2x—2x-2=-2’

In the number 3%, 3 is called the BASE and the number 4, is called the POWER, or EXPONENT or INDEX of the
number. The number 3‘isread as " three raised to the power four".
Forall positive integers aand nwe have

a",Whenniseven
(-a)’= {

—a", whennisodd
The system of writing numbers in this formis called POWER NOTATION.
Let x be a number then x"= xxxxx.....m times. In this class we will extend the system of power notation to rational
numbers.
The base as well as the exponents can be positive or negative.

O Positive Integral Exponent of a Rational Number

Let P be any rational numberand n be a positive integer, then.

q n
{BJ :EXBXB....ntimeS
9) 4 g9 4q

3

p P
Thus [5) :q_n for every positive integer'n'.

Example 1: Simplify and evaluate the following.

(a) ij (b) [ﬁj © (‘_2]
5 4 3

(a) §j3=i=3><3><3:£

5 5% 5x5x5 125

(b) —_3)4 -3' _-3x-3x-3x-3 _ 81

4 ) 4% 4x4x4xd 256
5
© =2 _=2° _ -2x-2x-2x-2x-2 =32
3 3° 3x3x3x3x3 243

Negative Integral Exponent of a Rational Number

P : 149 ' _q" _gxqgxgq..ntimes
q P p"  pxpxp...ntimes

Example2 : Evaluate the following.

@) (Ej (b) (i) (© 4 (A (jj
5 5 5
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2 -1
o (5 -
(b) (ij _
5
(© (4)‘4{1] T e
(@) —_3j 3) _5 _125
5 -3 -3* =27
Example3:  Evaluate — . .
D C
2 5 4
Solution : (a) (l):l (b) (__3]0:1 (c) (éjozl
2 5 4

Expressing Rational Numbers in Exponential
form to Standard form and Vice Versa

Rational numbersin exponential form can be converted to standard form and vice versa using laws of exponents.

Examplel : Expressthe following rational numbersin standard form.
3 4 2 3
7 -5 69 21
@ (2 o (2] © [—j @ [2L
9 11 72 -25
3 3 4 4
(a) z] 7. (b) [_5) _5'_ 625
9 9® 729 11 11* 14641
o (8 " 69° _4761_529 @ (2 P21 9261 9261
72 72> 5184 576 -25 -25° -15625 15625

To bring a rational number in the standard form it should be reduced to the lowest term if its denominators are
negative. It should be changed to negative. It should be changed to positive.

Example2 : Express the following rational numbersin exponential form.
-343 -49 81 -32 16 8
a) —— (b)) — (o) — d —— (e) — f) —
(@) 729 (b) 64 © 625 (d -243 (e) -49 (f) 125
3 3 5 5
-343 -7 -7 -32x-1 32 2 2
(a) —:—3: R (d) = :—5: —
729 9 9 —243x-1 243 3 3
—49 (=7 _(-7Y 16x-1 16 4 (4Y
(b) “64 7| & 8 © Tgox—1 29 7 \7

o 8.3 _(3 ) fn 8.2 _[2 ’
8.3 _[3 8 .2 _[2
625 5° |5 125 5° |5
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Example 1:

Solution:

Example 2:

Simplify :

1r_ 1 _ 1
5> 5x5x5 125

T

o (i) (5)° =
Evaluate each of the following.
(i) 5°x5°, (i) 5°+5°
() 5°x5'=5"=5°=15625.

(i) 5°+5’= g =5"°=5°=3125
(i) (37)’=3"=3=729
_ 11 3 113 1331
(iv) (EJ = E = ﬁ
" 1 1 1
v) (Ej 3 = @F < 97
! (J @ e

Using laws of exponent simplify.

(3'x57) "+ 7"

-(5:4)+ (3

-1
(3 =

Example 3:

Solution:

Example 4:

Solution:

157 105
1 %1

(iii)

(i) (-3)7 =

(3%’ (iv) [E

12

64

T 27

Ifa=2and b=3thenfind the values of each of the following.

(i) a’+b'=2"+3°=4+27=31.

(i) a"+b'=2°+3"=8+9= 17.

o (3]G G
(i) |=+=|=|=+=] = =
a b 2 3 3x2

Find the value of xif.

(i) 3=81 (i) 27°=1

(i) 3=81 (i) 27 =1
3x=34 =2x—3
x=4 =x—-3

1

i) 377= —

(iii) =
33x—5= 3]2-)( - 33x—5 - 3—2x
3x-5 =-2x =3x+2x=15
5x =5 =x =1

A Gateway to Mathematics-8

- N

6> 36

33)(75: _

(i) 7

1}
o N
1
x
1}
w

1

(-3

;




Example5: Using prime factorization, express 144 x 750 as the product of prime factors.
Solution : By prime factorization, we have

2 | 144 2 | 750
2 72 3| 375
2 36 5| 125
2 18 5 25
3 9 5 5
3 3 1
1
144 = 2x2x2x2x3x3=2"x3’
and, 750 = 2x3x5x5x5=2x3x5’
So, 144x750 =  2'x3°x2x3x5’=(2°x3’x5’)
Example6: Solve each of the following exponential equations.
(i) 7=343 (ii) 27=1
Solution: (i) 7°=343 =7=7"  (ii) 27=1  =27=2" [ 2°=1]
—>x=3 =>x-3=0 = x=3.
[ J
‘ Exercise w
1. Write the base and exponentin each of the following :
1
(@) 2° (b) (-5)° (c) Ea
2. Write each of the following in exponential form:
81
(@) 5x5x5x5 (b) EXEXEXE (c) —
7 7 7 7 625
(d)  (=2)x(=2)x(=2)x(-2)x(-2)
3. Simplify and write the answer in the exponential form:
1
(a) 32><§ x(3)" (b)  (=5)"x(=5)"x(-5)°
4. Find thevalue of x:
(a) 57=25 (b) 2¥+2"=2° ()  (2)+(2)'=1
5. (a) Express729asapowerof3. (b)  Express343asapowerof7.
(c) Express—128asapowerof-2.
6. Find the value of x, if :
(a) 2'+2"+2'=192 (b) 2°+2°=2° (c) 8°=32"
7. Evaluate the following:
e 12y 5 9 x27x81°
(a)  3x'—(8x)'+8(x))+(3x) b) | < | %2 (€ 32.3"xg1?
8. Express each of the following as a product of prime factors only :
(@) 108x192 (b) 363x132
9. Solve the following exponential equations:
(a) 67=1 (b) (2y=2° (€ 37= &
-
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‘ Exercise m

1. Express as arational numberin standard form:
@ (1) ) _(4Y) © _ 3)4 (d) (Z 4
3 27 11 4
2. Expressinthe exponential form:
9 243 16 -125
— b) ——+ — d —/—=
@ 5 ) Tooa (©) [8J @
3. Express as rational numbers:
2 2 3 2 2
2 ~2)\. 1 l _ 1 x 23 1 3 i
@ (3 z).[sj (b) [(2} (4 @ |5) 2%
3 2 3 4 6
@ (3 een 0 @y
4 3 3 3 9
4 3 4 3
@ (2] 3 (h) (Ej [1)
3 4 5 3
4 Find the reciprocal of the following rational numbers:
3 2 3 5 ) 4 -5 3
8 (_j (b) [—j (© _j @ [
7 4 3 9
5 4 4 2
@ (2 (") (ij @ (2 O =
3 -4 11 27
5 Find the absolute values:
4 2 5 3
(a) [ij (b) (‘_ﬂj (c) Z) d [
-3 13 7 3
4 4V
6. State which rational numberis greater 3—2 or (_j
3
2 2
7 Find 12 rational numbers between 3 and (Ej
4 4

O Laws of Exponents

Let 2 be any rationaland mand n be integers. Then we have the following identities.

a) b a c) (a) (cY

@ (3= C) o (35) (3] G)
En
a) a/b) _\b
2 | =] =1 (6) C/dj— -

oo

(3) (7)

| o
3
X
VR
T |low
~—
1
7 N\
T |low
3
+
=]
O |o
N S
iR
1
[V ey

a) . (a) (a) " a_c)" 1 b dY
4 |=| = |=]| =|=] ifm>n (8) —X—j = n=(—x—j
( ) b (bj (b} b d (ach a C
b d .
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Solved Example : Evaluate and name the law of exponent used in evaluating the following rational numbers.
o e wE el
3 2 2
(&) oG E) @) w3 0 (E3)
5 5 5 11 5/7 13 11
5) -3
3

]_lusmgtheldentlty 2) ; gl |
(o] = (-6)-%
J -

Solution : (a) (

)

’ 7
j usingtheidentity( j = (_
11
4 3
1 1 a
— | x| — | usingtheidentit
) #(3) e (31 (5]
GG () -
2 2 2 2 128
5 2 m-n
(e) 2 —(gj using the identity (gj ( j [ j whenm>n.
5 5 b
% 5; g 2_ z 52_ g _2__—
5) |5 5 5 * 125
2 =5 ) -2 a m a n a m-n
(f) Z1 2| Z| usingtheidentity | Z| = Z| =| = whenm>n.
5 5 b b b
J-0-07-0-H
5/ \5 5 5 5
_ 1 . (a1 5V 5 125
= ; usingtheidentity |—| = =| = | ===—
2 b
4
3 m m n
3,5 Lanetheidentioe | xS =[@) X[ €
(g) 2 %17 ) usingtheidentity | > b 4
3.5Y_(3Y_(5).® 5 _27 125 3375
7 11 7 11) 7° 11* 343 1331 456533
ey ¥
(h) [ j using identity [a/bj _\b
79 (o)
d

2y 2 g
2/3Y _\3) _3 _ 57 _8 343_2744
5/7 (5)3 52 125 27 125 3375

@m
chr

] using the identity (

©
7\
2]~

(d)

(S,

7° 343
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(i) (lxij_ using the identity (Exﬁj_n I S [Rxﬂjn
13 11 b d (a Cjn

7x7

b d

(7,2Y .1 (13 11Y _(143) _20449
13 11 (7 2}2 7 2 14 196
X

‘ Exercise m

13 11
1. Write True or False for the following statements :
. 3 20. 7 20
(b) Thereciprocalof | = | is 3
7

_3 50 3 50
@ (a) '(aj

(c) (100)"=  1000% (d) {[3 } is reciprocal of 3°
(e) (110+110)*=110%+110%
2. Fillinthe blanks:
(@) (-5)°x(-5) =(-57 . (b) (13)’x(13)° =13" ...

(© @@@” ........... (@ @_@D@D ...........
(e) (I_Q G_;j(;_;j ........... 0 22 Gj ...........

1 O
(8) (-79)+(-79)° = [_—79) ...........

Solved Examples

Example 1: Express the followingin the form of rational numbers.
-4
-3 1 -3 -2 - -
@ 2 (b) [—j @ (3 @ o (e [ij
1 1 ? 2 /
-4 4
Solution : (a) 2'3=2_3 =3 (b) [lj =(gj _16
-3 3 3 2 1 1
@ |3 =|3) "5 @ (3 = =3
2 3) 3 27 -3 9
) =Yt (7Y 7t 2401
7 -5) (-5)* 625
Example 2: Evaluate the following.
3 2 5 2 -3 -2
2 2
o (3 @G w0
5 5 7 7 3 3
3 2 342 5 5
Solution : (a) 2 X 2) _(2) (2] -2_.32
5 5 5 5) 5 3125
5 -2 5-2 3 3
OROROROE
‘
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3 3 3 3 3 2) 5 32

Example 3: Simplify— (__ZJ_AX[__SJZ
7 7

Solution : 2V (=5 (7Y (=5Y

)3 -E3)

-7 -5° -7"x-5 -7°x-5" 49x25 1225

x JR—
28 7 2° x7? 2° 16 16

Example4:

sowon: 2] (2] +(2)

= (-3)"=(-3)"=-19683

%4}

3

j=2

=

<

|
/N
|
wl L
~
&

X
I/
|
wl L
N
S

(31} = (-3)° x (-3)’

Example5: (37x77) =47
-1 -1
1 1 B 1 1
i o — X — +4 = - -
Solution : [3 7) (21) 4
21
1 21 4
21—T-l=—+— =21x4=284
4 1 1
2 -1
Example6: (27'+8M)+ | £
3 1
. Lo 2‘1_1+1 3 _(4#1) 2.5 2_ 5 _5
Solution : (27+87) + 3 5873 3 3 83 4x3 12
1\ (1) (1) A
Example 7 : Simplify— | = | +| =] +|=
5 3 2
-2 -2 -2
Solution : 1 + 1 + 1
5 3 2
=5"+3"+2°= 25+9+4 =38
1 -1 5 -1
Example 8: By what number should (—j be multiply so that the productis (—j ?
Solution : Let the number be x 2 4
1 -1 5 -1
— XX=| —
2 4
4
=2XX =——
4
=X =— +2
-5
4 1 2 -1 =2
= —X—=—X—= —
-5 2 -5 -1 5 . S
Example 9: By what number should [__zj be divided so that the quotientis [ij ?
. 27
Solution: Letthe number be x
—
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) -3 . 4 -2
_ - X=| —
3 27
3 3
_ (—2] _(27Y
X 4
_27 y 1 _27x27
-8 x 4x4
_1_27x27 x—_8
x 4x4 27
1=
X 2
=xx=27=2
2 -1 -2
=X= —X—=—
=27 -1 27
Example 10: If 57+ 25 =125, find the value of x.
Solution : 5> 25 = 125
- 52x+1 52 - 53
- 52x+1 - 53 x 52
- 52x+1 - 53+2
= 2x+1 = 5
= 2 = 5-1 = 2x=4
= X = i = x=2
2
[ ]
‘ Exercise m
1. Simplify the rational numbers and express with positive exponents :

CEEMET PR B
25 25 25 5 5 5 5
(@ @1@” X(ET o (gj‘z ) " (—_T “
7 7 7 11 11
2. Evaluate: (a) (ij_sx(—ls)‘-” (b) (lj_4+(ﬂj4 (c) (_—6J_Z><
20 44 7 g
" (-
8 4
(_1j (zj O
(g) 2 ) Tlg (h)y (37+47)

e) (2'x57) 24" (f) (47+87) "= (Ej
3

VR
R N)
~

AN

3. Find reciprocal :
5 _ -
@ [(3)] ()" (b) (;5]3+[—_5j4
7 3 11 11
‘
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-3 -3 9 -2
4, Find the rational number which should be multiplied with (7j sothatthe product is (gj .

Find the rational number with which (-=6) “should be multiplied so that the productis9™.

6. Findthevalueof xIf:
(@) 7™'+49=243 (b) 3*+9=27
3 -2 6 -2 ' .
7. If x=|—1| X|—=| , findthevalueofx".
4 9
8. Show that:
(a) 2'x27=2"" (b) (=27)"x(-27)’=(-27)""
-3 -4 —3+(-4) 2 2 2
-2 -2 -2 8 7 7 8
o @R )
3 3 3 3 11 11 3
0. Find the value of x such that :

o (3 () -G o (3050 -6)
O Using Exponents for Scientific Notations

Sometimes we come across very large or very small numbers. Which when expressed in digits or numbers become
very difficult to understand. Such numbers are written in the form of powers. In science we come across very large
numbers such as —

(a) Distances of star, sunand moon etc.
(b) Agesofearthanduniverse.
(c) Speedoflightand otherrays.
Aswellasvery small numberssuchas —
(a) Sizeof atomsand molecules.
(b)  Size of unicellular organisms.
(c) Size of blood cellsand other cells.
Expressing these numbersinthe form of powers is called Scientific Notation.
In scientific notation we simply shift the decimal after the extreme left non zero digit.
Example1: Change the number 9000000000000 to scientific notation.
Solution : 12 zeroes succeed the digit9
it can be writtenas9x 10
Example2: Change the number 9365002.01 to scientific notation.
9365002.01 N
1x10°
= 9.365002 x 10°
= 9.4x10° approximately.

Solution : 10°

—
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Example 3: Change 0.000000934 to scientific notation.

~—
0.000000934 x10” _ 9.34

Solution : 2
107 10
=9.34x10”
3
Example4: Change ————— intoscientific notation.
1000000
Solution : _ 3 .3 . 3x10°

1000000 10°

O Short Cut Method

Example2: 9365002.01

Solution : 9.365002x10°or 9.4x10°
Because the decimal has shifted six places towards the left.
Example 3: 0.000000934=9.34x10"’
Because the decimals has shifted seven places towards the right.
The digits on the left of the decimal are denoted by the letter k. The power of 10is
denoted by n. Therefore the scientific notations are numbers of the form of kx 10"
Thatis, when we say that n=5. It means that the power of the 10is 5 or 10°.
Example4: Changethe number 936520003.03to —

(a) n=5 (b) n=7 (c) n=8
Solution : (a) n=5
=Kkx10°
Shift the point five places towards the left
9365.2000303 x 10° or 9365.2x10°
(b) n=7
=K x10’
=93.652000303x10"  or 93.65x 10’
() n=8
Kx10°

=9.3652000303 x 10° or 9.4x10°

‘ Exercise w

1. Express in scientific notation or in the form of k x 10" with value of n given:

(@)  190000000,n=8 (b)  12300000000,n=9

(c) 0.0000000000000037,n=-15 (d)  0.0000000066,n=-9
2. Write the following numbers in the usual form:

(a) 9.5x10’ (b) 9.8x10’° (c) 6.5146939x 10’

(d) 3.8x10" (e) 1.001x10" (ff)  6.5x10°

‘
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3. Express the number 71865000000 in the form of kx 10", where:

(a) n=10 (b) n=9 (c) n=7 (d) n=6 (e) n=8
4. Express the number 0.00003984 in the form of Kx 10" where :

(@) n=- (b) n=- () n=-
5. Reexpress the following statements with their numbers in the form of scientific notation with k=1

(Hint k = No of digits counted from left to right)

(@) Thespeed oflightis approximately 300000 km/second in the vacuum.

(b) Thespeedoflightisexactly299792.5 km/second in the vacuum.

(c) Theuniverse isapproximately 8,000,000,000 years old.

(d)  Theearth isapproximately 6,000,000,000 years old.

(e) Themeandistance of sunfromtheearthis 150,000,000 km.

(f) Themassoftheearthis5980,000,000,000,000,000,000,000,kg.

(g) Theunitangstrom (A)is usedto measure radii of atoms and molecules and wavelength.
1A =0.0000000001 m.

(h) Eachdayin Delhi 1050000 kg of pollutants are released.

()  Theearthhas1,353,000,000 km’ of sea water.

(). Theseawatercontains13,61,10,00000 kg of gold.
1

(k)  Theunitmicronisusedto measure microorganisms.1micron= ——
1000, 000

Negative rational numbers as exponents

Example5: (272 = ( 1 j _ 1 _ ( 1 ]
(27)" [(27)2 ]1/3 327 %27

Solution: 1

1 1

Y3x3x3x3x3x3  3x3 9
Laws of exponent for rational exponents. If x and y are any rational numbers different from zeroand g, b
are any two integers then we have the following laws of rational exponents.

(l) Xaxxb — Xa+b (“) X_a — Xa—b (|||) i a= ﬁ
x" y y°
‘ Exercise m
1. Express each of the following in exponential form:
_ 10
(a) 334 (b) 427 () w25~ G
2. Express each of the following as radicals: AN
(a) 21" (b) 27" (c) (335)" (d) (Ej
—
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3. Express each of the following with positive indices:

2 _
@ x* (b) x™" @ X (@ o7
4. Simplify :
1/2 3/2 X4/3 1/2\4 5\0
(@) x"xx (b) = (c) (x™) (d) (x)
5. Evaluate the following: X 1 16
2/3 —2/3 R [ 64 j
a 8 b 27 c 3/ d —
(a) (b) (c) 16/ (d) 29
6. Determine x so that:- (a) 5/°x 5"°=57 (b)  800=8x10°xx"*".
7. By what number should we multiply 81%*°so that the product becomes 3** ?
8. If 4~4"" = 24 then find the value of (2x).
9. Determinexandysothat3*=81and 81" =3.
10. Evaluate the following
(a) (3°+4%)" (b)  (5°+12%)" (c) 37 x 349 (d)  (0.04)"

Radicals : If a is a rational number and n is a positive integer such that the n” root of a i..e. \/g ora " isanirrational

number thenitis called " radicals.

Example6: \/E or 5" since 5is arational numberand 2 is a positive integer such that 5*?or /5 is an irrational
number. So /5 isaradical ofindex 2.

Pureradical: Aradicalthatcontains noradical factor otherthan 1iscalled a pure radical.

Example 7 : \/5 E/E and ‘\‘/5 are pure radicals.

Mixed Radicals : A radical which has a rational factor other than unity. The other factor being irrational is called a

mixed radical.

Example8:  53%[3 377 and2 4/5 are mixed radicals.

Simplest form of asquare root radical : Asquare root radical is said to have in simplest form if —

(i) Thereis nofractionintheradical.
(ii) No perfect square is a factor of radical.
Example 9: Express 125 jnits simplest form:
63
Solution : wehave [125 _
63

N2 55 s

2137

5 [5x7 5 +/5x7
= —X = — X

3 \7x7 3
:EX\/g = i)< 35
37 21
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Example 10: Simplify : 1
() 18 +/50 —+/32 (i) /84 =7 i) =73
Solution : () V18 ++/50-+/32 =.9x2 + v25x2 - J16x2
= J3x2  + \5Ex2 - 4*x2
=32 +52 - a2
=(3+5-4N2 = 42
(i) x/8_4+\/7=%= 874=x/§ =\2"x3 =243
T S ><6+\/§= 6++/3 =6+\/§=6+\/§
6-3 (6-+3) 6+3 62_(\/5)2 36-3 33

Multiplying the numeratorand denominator by 6 + \/5

‘ Exercise w

1. Express the following radicals in exponential form:
3 71

a b C 4l— d 3

(@) s (b) 7 (c) 2 (d) 159
2. Express the following as radicals in each case. Find the radical and the index:

1/19
(a) 16" (b) 125 @ [&
17

3. Express each of the following as mixed radicals :

(a) /18 (b) 405 (c) /108 (d) /300
4. Express each of the following as pure radicals :

33

(a) 2v6 (b) 75 (c) 45 @ >\ (e) 10313
5. Express each of the following as a mixed radicals in the simplest form:

(a) /125 (b) 112 () /192 (d) 75
6. Simplify :

(a) J6x3  (b) V9612 (c) /30048 +75-v27  (d) (7{/2+5)(7v2-5)
7. Simplify :

(a) V126 x\/ax\/g (b) (\/§+\/§)z+(\/§_\/§)z

V147 x /243
- .
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Doints to IRemember :

» Exponents are powers to the numbers called bases.
»  Verylarge and very small numbers are expressed in the form of exponents for convenience.

- (- - (3]
G e
- (-] (ZJHX(ZJH . ) IE 1;) 19
(oo (o

6]

» Aradical that contains no rational factors other thanIis called a pure radical.

» Aradical which has a rational factor other than unity. The other factor being irrational is called a mixed *
radical. :

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (') the correct options.
(a)  Which of the followingis correct for (—1)*?
iy -1 ) (i) o ) i) 1 ) (iv) 20 .

(b)  Thereciprocal of ;—i isequal to—

(i % i) ;—; G % " | (v) noneofthese |
(c)  Whatisthevalue of 'm'for which (—4)™"x (-4)”=-64?

(i) 4 ) i)y -4 ) i) 3 ) (iv) 64 )
(d)  Whatisthevalueof11”°+11"°?

(i) 111 ) i) 11 ) (iii) 144 ) (iv) 121 L]
(e) 64 Canbewrittenas.

343 3 .. -3 3 . 3

0 & G Gj ) i) [g] ) @
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(f) Theproduct of4’and 4’isequal to—

(i) 16° _J iy 16 Gy # v # o
(g)  Whatisvalueof'x'in3%= %?
(i 1 i) -1 i) o v -2
(h)  2°+2%isequalto—
(i) 2’ ) i) 2 ) i)y 4 ) (iv) 4
2. Write the base and the exponentin each of the following :
@ (3 N @ (2
(e) (2)° (f) {Gj} (g) (2x3) (h) 2°+2°
3. Simplify the following:
(a) 6°:6 (b) @] —@] (c) (ab)’+(ab)
3V ( 3Y 1Y (1Y
o B e GG
4, Find the value of 'x' in each of the following:
(@) 5'=125 (b)  (2x2)'=2° (c) [‘%):;—i (d) (a’xa’)=d"
5. Simplify the following:
@) ST B @77 (0 (@A) @ (243
6. Find the value of x for each of the following:

(@) Xex= - (b) (ij(i) (i)
16 15) (15 15
3 -3 3p
7. Find the value of p so that (%) x(ij :(ij

8. Simplify the following:

-

H 1 Thevalue of (2°)’isequalto.........ccccveeen.ee.

@ X ’ 2\

iy 2. Thevalue of (;j X(gJ (1

S
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a Objective ¢ To verify the law of exponents experimentally when the bases
e e aredifferent,i.e. x"xy" = (x xy)".
ﬂctn"ty Materials Required :  Glazed paper, white papers (to note the results), sketch pens,
fevicol and chart paper.
Procedure: 1. Takeaglazed paperandfoldittwice asshown.
Step 1:

Step 2:

Step 3:

Step4: Unfoldthe paper

Now the creased paper represents 2°= 4.
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2. Take another paperanddivideitinto three parts, colour them and fold then as shown.
Step 1:

:

Step 2: Dividethe folder paperagainintothree partsand fold againitas shown.

Step 3: Unfoldthe paper.

This creased paper represents 3°=9.

3. Takeanother paperanddivideitinto 6 parts.

& % N




Step2: Folditasshown.

=

Step3: Unfoldthe paper

This creased paper represents 6°=36
S02°x3"=4x9=36=6"
itisverifiedthat 2°x3°=36=6"

ie. X'xy'=(xxy)"

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ——
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Squares and Square Roots

We have studied the numbers with powers. The numbers with the power of two are called squares and numbers
itself are called square roots. The number which can be expressed in the form of square roots are called perfect
squares.

Perfect squares can be expressed in the form of square roots by prime factorisation method or long division
method. The numbers which are not perfect squares can also be changed to approximate square root number
called approximate square roots.

If xand y are natural numbers such that x =y’ then xis the square of the numbery called square number of perfect
square. All natural numbers are not perfect square. Fox example, 6,18, 60,90 are not perfect squares. Because
they cannot be expressed in the form of square roots. The numbers from 1 to 100. There are only 100 perfect
squares from 1to 10,000. Some of the numbers which are perfect square are givenin the table.

Number Square Number Square Number square
1 1 8 64 15 225
2 4 9 81 16 256
3 9 10 100 17 289
4 16 11 121 18 324
5 25 12 144 19 361
6 36 13 169 20 400
7 49 14 196 25 625

O Characters of Perfect Squares

1. Thesquare numbers of perfect squares usuallyend with 0, 1,4, 5, 6, or 9. But itis not necessary that all numbers
ending0, 1,4, 5, 6 or 9 are perfect squares. Of course the perfect squares never end with digits 2, 3, 7and 8.

2. (a) Thesquaresof numberendingin1land9with1.

Example : 1= 1 19°= 361 99° = 9801 9° = 81
21°= 441 101°= 10201 11 = 121 29° = 841
(b) The numbers end with 2 or 8 their squares end with 4.

Example: 2°= 4 12° = 144 22° = 484
8= 64 18° = 324 28" — 784
(c) Thesquares of numbers ending with3and 7 end with 9.

Example: 3°= 9 13° = 169 23° = 529
7= 49 17° = 289 27° = 729
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Example :

Example

Example

Example :

Example :

Example :

Example :

Solution:

Example :
Solution :
Example :

Solution:

(d) Thenumberswhichendin4 or6, their perfect squaresendin 6.

4= 16 14’ = 196 24’ = 576
6= 36 16" = 256 26" = 676
(e) The perfectsquares of numbersthatendinOor5endinOor5.
5 =25 15" = 225 25" = 625
10* = 100 20° = 400 30° = 900
(f) The perfectsquares leave aremainder of 0or 1, whenthey are divided by 3.
12 16 27 85
3)36 )49 3)81 3256
-3 -2 =5 24
X6 19 21 16
-6 -18 21 -15
X X —1 XX 1

(g) Ifxisaperfectsquare then 2xis never a perfect square.
5°=25, 25isa perfect square.
2x25=50,50is not a perfect square.
Thatis, if a perfect square is doubled. It would never be a perfect square.

(h) Foreverynatural number_n. We have

(n+1)=-n’=(n+1+n)(n+1-n)= [(n+1)+n)
(i) 25°-24’=25+24=49
(i) 69°-68°=69+68=137

The difference of squares of two numbers

is equal to their sum, i.e, for every natural

number n, we have.

(n+1)* ' n’ = (n+1+n) (n+1-n)
={(n+1)+n}

for example, 28 - 27°=28+27

=55

(i) Foreverynaturalnumbern. We have
n’=Sum of first n odd numbers.
7°=1+3+5+7+9+11+13=49
(j) Fornaturala,bandc, (a’+b°)=c’
Such numbers are called pythagorean Triplets.
(k) Ifnaturalnumbera>1,thenwe have
(2a,a’—1, a’+1) as a Pythagorean Triplet.
Leta naturalnumber a=3. Find the Pythagorean Tripletsrelated toa.
20=2x3=6, a-1=3’-1=8, d+1=3’+1=10.
There Pythagorean Tripletsare 6, 8, and 10.
Find the sum withoutadding, 143+5+7+9+11+13+15
8’=64
Express 81 asthe sum of odd numbers.

81=9=1+3+5+7+9+11+13+15+17
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O Square Roots

Let the two numbers be x and y, such that x =y’ then y is the square root of x. If x is a perfect square its square root
will be anintegeral square root. If xis not a perfect square its square root will not be anintegeral square root.

O Properties of Square Roots

The square roots of even numbers are even and square roots of odd numbers are odd.

2. Ifanumberendsineven number of zeroes. It is a perfect square. The numbers of zeroes of its square root will
be half of zeroes of the perfect square.

3. Allnegative numbers are not perfect squares. Therefore negative numbers have no square roots.
4. Ifanumberhasasquarerootthenits units digits mustbe0,1,4,5,6or9.

Numbersendingin 2,3, 7, or 8 are not perfect squares. Hence they have no square roots.

O Finding Square Roots by Prime Factorisation Method

Observe prime factorisation of 8,12 and 18
8=2x2x2, 12=2x2x3 18=2x3x3

Can the numbers 8, 12 and 18 have square roots? No! They do not have square roots because their prime
factorisationis not paired. Prime factorisations of perfect squares should have the following characters.

If xis a prime factor of numbery then x x xis a prime factor of y*. Conversely if x x xis a factor of y’ then xis a factor of

yand xis a prime number.
‘ Exercise W

(a) Squaresofnumberssuchas11’,111% 1111’ form beautiful patterns.

1. WriteTrueorFalse.

(b) Perfectsquaresleave aremainder of 0or 1whendivided by 7.

(c) Theperfectsquare of numbersending in0OalwaysendinO.

(d) Double of perfect squares never form squares.

(e) Numbersending with 2,3, 7,8 never form perfect squares.

(f) NumberswhichendinO, 1,4, 5 or 6 are always perfect squares.

(g) Thesquaresofnumbersendinginlor 9 mayormaynotendinlor9.

2.  Which of the following numbers are not perfect squares.

(a) 5017 (b) 32453 (c) 9728
3. Findunitdigit of the following numbers if squared without actual calculation.
(@) 62958 (b) 88990 (c) 36827
(d) 1234 (e) 372 (f) 61
(g) 2863 (h) 350 (i) 99999
4. \Verifythatthe following numbers are not perfect square.
(@) 3567 (b) 3058 (c) 63453
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5. If the following numbers are squared, which of the following would have an even number as its square
root?

6521,3332,53904, 69, 30,37
6. Which of the following numbers will have an odd number at its units place if squared?
(a) 12345 (b) 999 (c) 2221
(d) 6356 (e) 2934 (f) 6358
7. Findthe sumwithoutadding:
(a) 1+3+5+7+9
(b) 1+3+5+7+9+11+13+ 15
(¢) 1+3+5+7+9+11+13+ 15+17 +19
(d) 1+3+5+7+9+11+13+ 15417 +19+21+23
8. Expressthefollowing asthe sum of odd numbers.
(a) 49 (b) 81 (c) 36 (d) 121
9. Thesmallest numbers of Pythagorean Triplets are—
(@) 3 (b) 5 (c) 7 (d) 8
Find the other two numbers.
10. Thebiggest numbers of Pythagorean Triplets are—
(a) 17 (b) 37 (c) 82
Find the other two Pythagorean Triplet numbers.

11. Fillintheblanks:

(i) 17=1

(i) 2°=1+3

(iii) 3°=1+ 3+5

(iv) 4=1+................. Forriiiee, +7

(V) 7°=1+4 Forererrereerenens Forererrereenenens Forereererrerenens Forrererrerrnrann Forrrrerrrreeens )

6400
3200
1600
800
400

O How to Find Square Roots by Prime Factorisation

Find prime factorisation of the perfect square. Group the similar primes in pairs. Out of

each pair of prime numbers of prime factorisation, choose one prime. Find the product

of prime numbers choosen. This product is the square root of perfect square.

Example1: Findthesquarerootof 6400 by prime factorisation method

Solution: 6400=2%x2%x2x2x2x2x 2x2x5x%x5
A/ 6400 =2x 2x2x%x2x5=80 1

[V N[N [N[NNN|NN
N
o
o
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Example2: What is the least number with which 9408 should be multiplied to make it a 219408
perfectsquare? 2|4704
Solution: 9408=2x2%x2x2x2x2x 7x7x3 2]2352
Ina prime factorisation of 9408 all the numbers except 3 are in pairs. To make _2[1176
it pair we need another 3. 2|588
Therefore, the least number with which 9408 should be multiplied to make it —g ii;l
perfect squareis 3. ~la9
9408 x3=28224 71 7
Example 3: Find the least number with which 2352 should be divided to make it a perfect o 1
square. 5] 9357
2352=2x2x2x2x7x7x3 21176
In the prime factorisation we see that all the factors are in pairs except 3. Had 2[/588
the number 3 not been these in the factorisation the number would have been 2(294
aperfect number. Toremove it we have to divide it 3147
by 3. 2X2x2x2x3%x7x7 -784 7149
3 7|7
Example 4: Find the least square number or perfect square divisible by each of the E
numbers4,8,9and 10. 2|4, 8,9, 10
Solution: ThelCMof4,8,9,&10=360 212,4,9,5
=2%x2x2x5%x3x%x3 211,2,9,5
Inthe prime factorisation the factors 2 x5 do not form a pair. 5| 1,9,5
360x2x5 =3600 ; 2’
3600istheleast square numberdivisible by 4, 8,9, and 10. 1
Example5: An army commander has 2025 soldiers with him. He wants to arrange the
soldiers in such a way that number of rows of soldiers are equal to the number 52025
of soldiers. Find the number of soldiers in each row. 51405
Solution : Letthe numberofsoldiersbe = x % 223;
Letthe numberrowsbe = x 39
Total number of soldiers = xxx=x" E 3
X =2025=5x5x3x3x3 x3 1

/2025 _ 5x3x3=45

There are 45 rows of soldiers. Each row has 45 soldiers.

Example 6: Show that 63504 is perfect square. Also, find the number whose square is
63504.

Resolving 63504 into prime factors we obtain
Solution: 63504 = 2x2x2x2x3%x3x3x3x7x%x7

Grouping the factors in pairs of equal factors we obtain 65504 = (2 x 2) x (2x2)x(3x3) x(3x3)
x(7x7)

76
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Clearly no factor is left over in grouping the factors in pairs in equal factors. So
63504 is a perfect square.

Again 63504 (2x2x3x3x7)

63504
31752
15876
7938
3969
1323
441
147
49

[Grouping first factorin each group]
= 252
Thus 63504 isthe square of 252.

Example7: Which of the following perfect squares are squares of even numbers : 121, 225,
256,1296, 65617

SIS I P NN INYIN

Solution : We know that squares of even numbers are always even.

256.and 1296 are squares of even numbers.
256=16", 1296 =36’
Example8: Which ofthe followingtriplets are Pythagorean ?
(1,2,3),(3,4,5), (6,8,10), (1,1,1)
Solution : We know that the three natural numbers m, nand p are called Pythagorean triplets if
m’+n’=p’.
(i) 1°+2°=3’=1+4=9=5=9
But 5#9
(1,2,3) are not Pythagoreantriplets.
(i) 3°+4°=5"= 9+16=25= 25=25.
(3,4, 5) are Pythagoreantriplets.
(iii) 6°+8°=10"=36+64=100=>100=100
(6, 8,10) are Pythagorean triplets.
(iv) I’+1°=1"=1+1=1=2=1
But 2#1
(1,1,1)are not Pythagorean triplets.

‘ Exercise @

1. Whichofthefollowing numbers are perfect squares?
(a) 484 (b) 941 (c) 576 (d) 2500
2.  Find the smallest number by which the given numbers must be multiplied so that the perfect square.

(a) 23805 (b) 12150 (c) 7688

i
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3.  Whichofthefollowing numbers are perfect squares?
11,12,16,32,36,50,64,79,81,111,121
4. Using prime factorization method, find which of the following numbers are perfect squares.
189,225,2048,343,441,2916,11025, 3549
5. Findthe greatest number of two digits which is a perfect square.
6. Findthesquareroot of each of the following by prime factorization.
(a) 441 (b) 1764 (c) 4096 (d) 8281
7. Which ofthe following numbers are not perfect squares?
(a) 81 (b) 92 (c) 121 (d)132
8. Guessand verify the square roots of —
(a) 27x27 (b) 196 (c) 38x38
9. Finalthesquarerootsof 121 and 169 by the method of repeated subtraction.

10. Write the possible unit digits of the square roots of the following numbers which of these numbers are odd
square roots.

(a) 9801 (b) 99856 (c) 998001
11. Writethe primefactorization of the following numbers are hence find their square roots.

(a) 7744 (b) 9604 (c) 5929 (d) 7056
Some short-cuts to find squares : In order to find the square of a number we multiply the given number by itself.
The multiplication is convenient for small numbers but for large numbers multiplication may be laborious and time

consuming. In this section, we shall discuss some short methods for finding the squares of natural numbers

without using actual multiplication.
Column method : The methodis based upon an old Indian method of multiplying two numbers.

This method used the identity (a +b)° =a’ + 2ab + b* for finding the square of a two digit number ab (Where ais the
ten digitand bisthe unit digit). We follow the following steps to final the square of two digit numbers ab (where ais

the tensdigitand bis the units digits)
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Step1: Make three columns and write the values of a°, 2 x a x b and b” respectively. As an illustration let us take

ab=57
Columnl Columnll Columnlll
a’ 2xaxb b’
25 70 49

Step 2 :Underline the unit digit of b (In column 11l) and write it below the column. Now add the tens digit of b’
columntotheresultof 2xaxb incolumnll.

Columnl Columnll Columnlll

a’ 2xaxb b*
25 70 g
+4
=74 9

Step 3: Underline the unit digit in column Il and write it below the column. Now add the tens digit of column Il to
the result column a’and write the result below the same column.

Columnl Columnll Columnlii
a’ 2xaxb b’
25 70 49
+7 +4
=32 = 4
4 9
Step4: Underthe numberincolumnl.
a’ 2xaxb b*
25 70 49
+7 +4
=32 =74
32 4 9
Step5:  Writethe underlined digits 4 at bottom of each column to obtain the square of the given number.

In this case, we have 57°=3249.

Diagonal Method. This method is applicable to final the square of any number irrespective of the number of digit
inthe number. We follow the following steps to final the square of a number by this method.

Stepl:  Obtainthe numbersand countthe numberof digitsinit.

Step2:  Drawthediagonalsof each subsquare.Asanillustration, let the numberto be squared be 349.

‘
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Step3:

Example :

Example :

Write the digits of the numbers to be squared along the left vertical side and top horizontal side of the

squares as shown below.

3 4 9
10+1=1 0 1 2
) Carry 1 9 2 7
1+9+1+1=12 1 1 3
Carry 1 2 6 6
1 242 +1+2+2+2+11 2 3 8
7 6 1
Carry 2
7+3+6+3+7+2=28 349 =121801
Carry 2
6+ 8+6=20
Find 68°: )
4 3+1=4 4
C 1
] arry ] 8 8
4+6+4+2=16 6
Carry 2 8 4
- 2
8+6+8-22 ° 68 = 4624
9 4

Remark: The diagonal method can be applied to final square of any numberirrespective of the number of digits.

Example 1:

80

(1) Find the squares of the following number using column method. Verify the result by finalising

(2)

(3)

(4)

(5)

the square using the usual multiplication.

1. 25 2. 37 3.54 4. 71 5. 96
Find the squares of the following number, using diagonal method.

1. 98 2. 273 3. 348 4. 295 5.171
Find the squares of the following numbers.

1. 127 2. 575 3. 512 4. 95 5. 852
Find the squares of the following number using the identity.

(a+b)’=a’+2ab+b’

1. 405 2. 510 3.211 4. 625

Find the squares of the following number using the identity.

(a—b)’= 2a0-2ab+b’

1. 395 2. 99 3. 575 4. 498

Square Root : The square root of a number ais that number which when multiplied by itself gives a as
the product.

Thusif bisthe square root of anumber a then

bxb=a orb’=a

Thus squarerootofanumberaisdenoted by\/a it follows this form such that

b=

Ja & b'=a.

i.e.bisthesquarerootofaifandonlyifaisthe square of b.
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Example2: (1) 4 =2 because2’=4
(2) 49 =./7 because7’=49
(3) 324 =18 because 18°=324

Remark: Since 4 = 2° = (-2)° therefore 2 and =2 can both be the square roots of 4. However we agree that
square root of a number will be taken to positive square root only thus /4 =2.

Properties of square roots:

Property 1: If the units digits of a numberis 2, 3, 7 or 8 then it does not have asquare in N (the set
of natural numbers.)

Property2: The square root of an even square number is even and that root of and odd square
numberis odd.

Property3: IfanumberhasasquarerootisN, thenits unitsdigit mustbe0,1,4,5,60r9.

Unit digit of Square 0 1 4 5 6 9

Unit digit of root 0 lor9 20r8 5 4or6 3or7

Property4: Negative numbers have no square root in the system of rational numbers.
Square Root of a Perfect Square by Prime Factorization

In order to final the square root of a perfect square by prime factorization. We follow the following

steps.
Procedure.
Step 1: Obtainthe given number. 218100
Step 2 :Resolve the given number into prime factors by successive division. 2(4050
Step 3 : Take one factor from each pair. _3 2025
. 3| 675
Step 4 :Findthe product of factor. —
3| 225
Example 3: Findthe square root of 8100. 3] 75
Solution: 8100 = 2x2x3x3x3x3x5x5 5|25

\J8100 = 2x3x3x5=90 5

Example4: Find the smallest number by which 9408 must be divided so that it becomes a perfect square. Also,

Find the square root of the perfect square so obtained. 219408
9408 = 2x2x 2x2x 2x2x7x7x3. _2|4704
2(2352
Hence, as 3 doesn't make any pair and dividing by 3 will make the 9408 ] 1176
aperfectsquare. z 588
Square root of the obtained perfect square will be — _2]294
3147
2x2x2x7=56 ~7]a9
7

81
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Example5: Findthesquare root of the following by means of factors: 23(529
(i) 529 (ii) 298116 23| 23
1
Solution: (i) 529 = 23x23
- /529 = 23x23 _2|298116
)3 _2 149058
- 3]74529
(ii) 298116 = 2x2x3x3x7x7x13x13 3(24843
5 298166 = 2x2 x 3x3 x 7x7 x 13x13 _7/8281
_7]|1183
= 2x3x7x13 = 546 13 169
Example 6. 1764 studentsaresitingin an auditorium in such a manner that there are as many 13 13
students in a row as there are rows in the auditorium. How many rows are 11

thereinthe auditorium?

Solution:  Because number of rows and number of students in a row are equal. Therefore 211764
we must find the square root of 1764. _ZW
1764 = 2x2x3x3x7x7 3(aa1
w J1764 = 2x2x3x3x7x7 _3]147
7|49
= 2x3x7 —7
= 42 1

.. No. of rowsinthe auditorium =42
Squareroots of perfect squares by method of long division

When the square numbers are very large. The method of finding their square roots by prime factorization
becomes very lengthy and difficult also. In such cases, we use the method of long division to find the square root.

Let usillustrate the division method by the taking the number 54776.

234
Step 1: Place abarover every pair of digits starting form the unit digit. 2 |[Ta77e
Step 2 :Bringdown the number under the next bar to the right of the remainder. 4
43 | 147

{54776 = 234 129
Step3:  Double the quotient and enter it with a blank on the right or the next digit of the 469 | 1876
next possible divisor. 1876

Step4:  Guess the largest possible digit to fill in the blank and also become the new digit in 0
the quotient.

Step 5 :Bringdown the number under the next bar to the right of the new remainder.

Step 6 :Repeatabove stepstill all bars have been considered.

\89 %
QW &
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Example7: (1) Find the square root of : (i) 4489 (ii) 46656 (iii) 54756 (iv) 390625
(i) (i) 216 (iif) (iv)

el - e
| &  _ 2]46656_ 2 [ 54756 6 | 300625
6 |a489 4 — — T
127883 14 129 244
188 426| 2556 464 1856 1245|6225
x _ [ 2556 1856 6225
- 4489 = 67 X R x

..\ 46656=216 oo 54756 =234 . [390625=625

(2) Find the least number which must be subtracted from 18265 to make it a perfect 6
square. Also, find the square root of the resulting number.

Now we find the remainder in the last steps is 40. This means if 40 be subtracted from the 23
given number the remainder will be zero and the new number will be a perfect square.

Hence the required least number=40 265
18265-40 =18225 S
Also 18225 =(135)’

‘ Exercise @

1. Dothefollowing numbers have perfect double powersin their prime factorisation ?

(@) 60 (b) 64 (c) 81 (d) 98
2. Findsquareroots by prime factorisation.

(a) 7056 (b) 8100 (c) 9216

(d) 11025 (e) 225

3. Justifyifthe numbers are perfect squares and if so find their roots.
(a) 15876 (b) 17424

4.  Find the least number with which the numbers 1575 should be multiplied and divided to make
square.

5.  Bywhatnumbershouldthe number 726 be multiplied to make it a perfect square?

135

18265

1

82
69
1365

1325

40

it a perfect

6.  Thestudentsof aclass arranged a picnic. Each of the students contributed as many rupees as the students in the

class. The total contribution was< 1225. Find the strength of the class.
7.  Findtheleastsquare number whichis exactly divisibly by each of the numbers 3,5, 8,12, 15 and 20.
8.  Findtheleastsquare numberwhichis exactly divisible by each of the numbers 3,5, 6,9, 15 and 20.
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O Square Root by Long Division Method

Solved Example : Find square root of 10 % , Correct uptotwo decimal places.

Solution: 10

O Steps of Long Division Method.

1.

2 2322 3.265

—=="==10.66666...... 3 [10.666666
3 3 s
621 66
12
646 | 4266 5
3876, IQE =3.265n
6525 39066

=3.27

32625 (up to 2 decimal 6525 places)

6441

Group the digits of perfect square in pairs by underlining it. Starting with the digits in units place. Each pair of
the digits and the remaining unpaired digits if any are called the periods.

The paired or unpaired digits at the highest place value is the first period. Find the largest number whose
squareisjustequal to orjust lessthan the first period. Write this number as divisor as well as the quotient.
Subtract the product of square of the divisor from the first period and bring down the digits of the next
period. These digits along with the remaining digits if any become the new dividend.

Now double the quotient or the divisor as both are equal and write the number by the side of the dividend.
Think of another digit which when multiplied by itself and the dividend brought down is just equal to or just
less than the dividend.

Write the product below the dividend accordingly and subtract. If remainder is not zero repeat the

procedure till we get 0 at the remainder place. The quotient obtained is the square root of the perfect
square.

O Advantages of Long Division Method of Finding

Square Root, Over Prime Factorisation Method

Thelong division method is a quicker method to find square roots of perfect squares.

Long division methods are suitable for finding square root of long and big perfect square numbers.

Long division method can be used to obtain square roots in decimals of numbers, which are not perfect
squares.

Example : Find square root of 17424 by long division method.

Solution:{17424 = ? 132

84
4

1 (17424
+1 |1

23 |74

+3 (69
262 (0524

+2 | 0524
264 | 000 -\ 17424 =132

w
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Example :

Solution:

Example

Solution :

Example

Solution :

Example

Solution :

Example :

Solution :

Find the square root of 10609 by long division method

103
+1 |1
20 | 006
+0 | 00
203 | 0609
+3 (0609
206 | 000 ..A/10609 =103
: Evaluate — /66049 —_—25_7_
2 | 66049
+2 |4
45 | 260
225
507| 03549
+7| 03549
: Findthe greatest number of 4 digits which is a square number. 9_9_
The greatest 4 digits numberis 9999 trying to find square root of 9999. 99999
+9 | 81
The remainder shows that 9999 is not a perfect square and 99° is 198 —
189 | 1899
lessthan 9999.
Therefore, 9999 — 198 = 9801 911701
Hence, 9801 is the greatest four digit number which is a perfect 198 | 0198
square.
32
: Find the smallest four digit number which is a perfect square. 3 | 1000
+3 19
The smallest four digit number is 1000. Let us try to find out the square —
62 | 100
root of 1000.
+2 | 124
The division shows that 1000 is not a perfect square the required ——
numberis(124—-100)+ 1000 =24+1000 =1024 Ans.
257
What should be subtracted from 66060 to make it a perfect square? 2 [ 66060
Letus try to find out the square roots by long division method. +2 |4
The remainder shows that the no. 66060 is greater by 11 to be a 45 | 260
perfect square. +5 225
Required nois: 66060—11 = 66049 507/ 3560
+7 | 3549
514] 0011
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Example : What should be added to 5600 to make it a perfect square ? 74

Solution : Let us try to find out the square root of 5600 by long division method. 7 | 5600
We observe that 74’ =5476 < 5600< 5625= 75°. 7 149
. ) 144 | 700
Therefore, the required numberto be addedis
. +4 | 576
75°-5600=5625-5600=25 128 | 124

25should be added to 5600 to make it a perfect square.

Example : Find the cost of creating afence around afield whose areais 4 hectare at the cost of ¥ 45 per meter.

Solution: 1 hectare

1.

4.

7.

10.
13.
14.
15.
16.
17.

10,000m’
10,000m*x 4 = 40000m’

Area of the field

Perimeter x Cost
4 xSide

Areaofsquare = S
S = JAreaof square field

= /40,000 m?
= 200m
Perimeter = 4x200m=800m

Cost = 800m x45

Cost of fencing

Perimeter

= ¥36000.
[ ]
Exercise
/193600 2. /119025 3. /390625
/99856 5. 49284 6. 92416
/19600 8. /17956 9. /10404
/11449 11. +/14161 12. /6241

Find the least number which must be subtracted from 390700 to make it a perfect square.
Find the least number which must be subtracted from 18625 to make it a perfect square.
Find the least number which must be subtracted from 19625 to make it a perfectsquare.
Find the least number which must be added to 92400 to make it a perfect square.

What should be added to 17900 to make it a perfect square?

What number should be added to 8400 to make it a perfect square? Find the square root of the number
obtained.

Find the greatest number of four digits, whichis a perfect square.

Find the cost of creating a fence around a square field of area 9 hectares at a cost of I 25 per metre.
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O Square Roots of Rational Numbers
Law:1 1./mxn = \/EX\/E

, fm_ Jm
i N
Example : Findthesquareofg
Solution : 49 \/7 7
“_ \/7
Example: Find t fE
xample: Findsquarerootof -7~

25 225 J15° 15

Solution : 1 = N = \/212 =51
Example : Evaluate 11025
15876
|15 126
Solution : 1111075 115876
+1 |1 +1 |1
20| x10 2058
+0 0 +2 | 44
205| 1025 246| 1476
5| 1025 6| 1476 11025 105 V105 105
[ o000 % " 15876 1262 1262 | 126

Example: Evaluate/0.2916 = 0.54
0.54

51 0.2916
+5 |25
104 | 416

4 1416
000

Solution:

Example : Evaluate 4@

2
Solution: / 225 15 = 15
\/ 49 7

Solution by Rule —1 0.14
Example: Evaluate ./0.0196 1]0.01%
+1 1
24 96
Solution: ~0.0196=0.14
_ 4] 96
00
‘
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O Solution by Rule —II :
J001%6 = 20 | 1/14 1 014

10000 1002 =100 "
Example : Evaluate |_10000
1000000
2
Solution: |-10000  _ v100 _ 100

1000000 19002 1000

Example: Evaluate /15625

Solution by Rule —I S
1 156.25

Solution: [1546.25 =12.5 +1 |1
22 | 56
+2 | 44
24511225

511225

0000

O Solution by Rule —II

[15625 /1252 125
\156.25 = W = 102 =70 12.5

Example : Findsquarerootof 3tothree placesof decimal.
Solution: [3

1.73
1 | 3.0000
+1 |1
27 | 200
+7 | 189
343| 1100
3| 1029
071
J3 =173
[
‘ Exercise E
1. Find square roots:
(a) 625 (b) 121 (c) 54 (d) 16
729 256 225 81
—
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2. Evaluate:

(a) |J22o (b) 222 (€ 20889 (@ 2o
15129 625 308025 4489

3. Findthesquareroots:

O e () 35 (0 4oy (@) 355 (o) B35 () 56y
4. Evaluate:

(a) o8 x/162 B) 5oms
5. Evaluatethesquareroot:

(a) 0.0169 (b) 0.1 (c) 231 (d) 1.7

(e) 84.8241 (f) 9.3025 (g) 16.81 (h) 7.29
6. Findsquareroots of the following numbers.

(a) 0.2916 (b)1.0816 (c) 10.0489 (d)9.8596 (e) 75.69

Evaluate /2 uptotwo placesof decimals.

8. Asquareandarectangle have equal areas. The length of the rectangle is 13.6 metres and breadth 3.4 metres.
Find length of sides of the square.

9. Findsquareof (243

363

10. Evaluate 12
169

11. Evaluate 0.8 up totwo places of decimal.
12. Findthesquare root of the following numbersin decimal form:
(a) 84.8241 (b) 0.813604 (c) 0.008464 (d) 0.0576 (e) 0.000169
13. Whatisthatfraction which when multiplied by itself gives 227.798649?
14. Findthesquarerootof:

(@) [422 (b)  a073L
49 121
15. Findthesquareroot of the following fractions to two decimal places:
3 2 0.625
a) = b) 1= Cc -
(a) 2 (b) = (c) B

16. Whatisthe fraction which when multiplied by itself gives 0.00053361 ?
17. Findthesquarerootof924.831 uptothree decimalplaces.

18. Inabasket there are 1250 flowers. A man goes for worship and puts as many flowers in each temple as there
aretemplesin the city. Thus, he needs 8 baskets of flowers. Find the number of templesin the city.
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Anatural number nis perfect square if n = m* for some natural number m. :

>
»  The square of a natural number is the product of the number with number itself Thus a’ = (a x a).
> A perfect square number is never negative.
»  Anumber ending in 2, 3, 7 or 8 is never a perfect square.

J7. .. All perfect square numbers ending in. zeroes.have.even numbers of -zeroes: A perfect-square-number - - - -
: ending in odd number of zeroes are never perfect squares. :

The square of an even number is always even and the square of an odd numberis always odd.
There are no natural numbers m and n such thatm = 2n°.

>
>
> For any natural number n we have n’= sum of the first n odd numbers.
» For any natural number n greater than 1 we have, (2n,n’ - 1,n’ + 1) called Pythagorian Triplets.
>

The square roots of anumber 'a’ is that number which when multiplied by itself gives 'a’ as the product

written in the form of ./a x+/a =a.

By prime factorisation of number we can find out the square root of the number.

Y VY

The square root of anumber can also be found by long division.

In the division method of finding square roots, the pairing of integral part of the number starts from
right to left and for decimal part it starts from left to right.

Approximate values of square roots could be found for those numbers which are not perfect squares.

: . a : .
- » if'a'and'P' are not perfect squares then to find \E we can first convert them to decimal numbers and

then use division method to find their square roots.

»  If aand bare natural numbers then
. _ ;A . a_n~Na
(i) Vaxb =axyb (ii) \f N

> Jnisnever arational numberif nis not a perfect square.

- » For finding the square root of a decimal fraction, make the numbers of decimal places even by adding
zeroes. Put the decimal point in the square root as soon as the integral part is exhausted.
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| EXERCISE _

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (v') the correct options.

(a)  Whichofthe followingis a perfect square?

(i) 47 )Gy 22 i) 63 ~J(iv) 25 Ll
(b)  Which of the followingis not a perfect square?
(i) 48 I I (1) I ) (i) 4 ) iv) 36 Ll
(c)  Thesquareofaproperfractionis.......ccccceevvveeenunnnnn. afraction.
(i)  greaterthan | (i) smallerthan | (iii) equalto | (iv) None .
(d)  Thesumoffirst'n'odd natural numbersis equal to —
(i)  n? ) Gi) n*+1 i) n+l _J(iv) 2n .
(e)  Foranynatural number, n>1, which of the following is a Pythagorean triplet?
(i)  2n-1,2n,2n+1 (i) 2n,n*-1,n*+1 .
(i) 2n,2n-1,2n+1 L3 (iv)  Noneofthese J
(f)  Foreverynnaturalnumbers{(n+1) —n’}=?
() {(n+1)+n} ) i) {n+1)-n) D
(i) {(n—1)+n} | (iv) Noneofthese .
(g)  Which ofthe following methodsis used to find the square of anumber?
(i)  ColumnMethod | (i) Lattice Method Ll
(iii)  Both(a)and (b) | (iv) Noneofthese L]
2. Findthe possible number of digits in the square of the following numbers :
(a) 8 (b) 65 (c) 125 (d) 1060
3. Writethe possible digit at the ones place in the square root of the following numbers :
(a) 9801 (b) 99856 (c) 998001 (d) 657666025
4. Findthesquare of the following numbers using column method :
(a) 19 (b) 53 (c) 72 (d) 89
5. Findthesquare of the following numbers using diagonal method :
(a) 17 (b) 145 (c) 289 (d) 678
6. Findthesquareroot of the following numbers by successive subtraction:
(a) 36 (b) 49 (c) 100 (d) 225
7. Findsquareroot of the following numbers by using their ones and tens digits :
(a) 324 (b) 625 (c) 5929 (d) 18496
8. Usingprime factorisation, find the square root of the following numbers:
(a) 256 (b) 1444 (c) 5184 (d) 90000
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H 1. Find /12996 andhence evaluate \/0.012996 + \/1.2996 ++/129.96.
(0)

J; 5 - |/0.7569 +4/0.4761

|0.7569-+/0.4761

I [
: ab Objective : To Identify and write appropriate numbers on the number line. :
| ) ) . .
Materials Required :  Apen. '
. Activity | P .
[
I I
: Procedure : Fillin the missing numbers on each number line given below. :
I I
|
| 2.0 3.0 |
| 1. < 1 e 1 1 1 1 1 1 1 1 Y 1 s |
| - 1 T 1 1 1 1 1 1 1 1 T 1 > |
[
| |
| |
: 4.8 5.8 :
ettt |
[
I I
| |
| 10.2 103 |
| 3 < 1 é 1 1 1 1 1 1 1 1 é 1 > |
| hl ) T ) ) ) ) ) ) ) ) T ) > |
I I
| |
[ [
| 44.3 44.4 !
ettt |
| |
[ [
l 111.1 111.2 |
| 5 & 1 é 1 1 1 1 1 1 1 1 é 1 > 1
| - 1 T 1 1 1 1 1 1 1 1 T 1 > I
| |
[ [
|
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Cubes and Cube Roots

The cube of a number'n'=nxnxn=n’
Let n,=2
n,=3
n,=5
Then (n)’=2=2x2x2=8
(n,)’=3’=3x3x3=27
(n,)'=5=5x5x5=125

The natural numbers 8, 27 and 125 are perfect cubes because they are cubes of natural numbers n,, n, and n,
respectively. These numbers can also be prime factorised to form cubes of some natural numbers.

O Perfect Cubes

Prefect cubes are those natural numbers which can be expressed as the product of triplets of equal factors.

The definition of perfect cubes is a test to find if a natural number is a perfect cube. Resolve it into prime

factors. If it forms the triplets of the same factors it is a perfect cube.

Example : 2°=2x2x2=8thatis the cube 2 is 8.
4°= 4 x 4 x 4 = 64 that is the cube of 4 is 64.

Perfect Cube: A natural number is said to be a perfect cube if it is the cube of some natural number. In other
words, a natural number nis a perfect cubeif there exists a natural number mwhose cubeisn.i.e

n=m’
Example 1: Find - cube root of rational number
e 3/12_5
512
Solution : Y125 I5x5x5 5

3512 ¥3x8x8 8

Example 2 :  Find the cube of:
(i) I—i (i) g (i) 1.5  (iv) 0.08

(i) [ﬁf_ -8x-8x-8 -512
11 11x 11x 11 1331
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(i) [Zj3_7x7x7_£

9) “9x9x9 729 26
_2| 128
(i) (15) = [1—5]3 DX DX BB 5 a7 26—
10 10 x 10 x 10 1000 21 32
3 21 16
(iv)  (0.08) :( 8 j ___8x8x8 512 4500515 5 8
100 100x 100 x 100 1000000
Example 3 : 1s 256 a perfect cube? 2! 4
Solution : Grouping the factors in triplets of equal factors we get 21 2
256=(2x2%x2)(2x2x2)x2x2 1
Clearly after grouping there are two triplets of 2 and one doublet, that
indicates that 256 is not a perfect cube. 21 216
Example 4 : |s 216 a perfect cube? What is that number whose cube is 216? 2| 108
Solution : 216 into Prime factors, we get 2| sa
216 =(2x2x 2) x (3x 3 x 3) 3
We find that the prime factors of 216 can be grouped into triplets of equal
factors and no factor is left over 39
Therefore, 216 is a perfect cube 3 3
Taking one factor from each triplet. We obtain 2 x 3 = 6. !
Thus 216 is the cube of 6.
Some Properties Of Cubes Of Natural Numbers
1 Cubes of all even natural numbers are even. _2y 392
2. Cubes of all odd natural numbers are odd. _2| 19
3. Cubes of negative integers are negative. 2| 98
Example 5: What is the smallest number by which 392 must be multiplied so that the 71 49
product is a perfect cube. 5 5
Solution : 392 =(2x2x2)x 7 x 7 -
Grouping the factors in triplets of equal factors we get 1
392 =(2x2x2)x 7 x 7
We find that 2 occurs as a prime factor of 392 thrice but 7 occurs as a prime 2| 8640
factor only twice. Thus if we multiply 392 by 7, 7 will also occur as a prime 2| 4320
factorthrice and the product willbe 2 x2 x2 x7 x7 x7 which is a perfect cube. 21 2160
Hence we must multiply 392 by 7 so that the product becomes a perfect cube. 51 1080
Example 6 :  What is the smallest number by which 8640 must be divided so that the - -
quotient is a perfect cube? 21 540
Solution: 8640 = 2 x2 x2 x2 x2 x2 x3x3x3x5 2. 20
We note that 2, 2 and 3 occurs as a prime factor of 8640 thrice but 5 occurs as a 30 135
prime factor only once. 3] 45
If we divide 8640 by 5, the quotient would be 2x2x2x2x2x2x3x3x3 whichisa 3| 15
perfect cube. Therefore, we must divide 8640 by 5 so that the quotientisa 5] 5
perfect cube. 1
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Example 7 : If one side of the cube is 16 meters, find its volume.

Solution: Oneside of the cube

16m
(Side)’
(16)° =16x16x16

Volume of the cube

4096 m’

‘ Exercise W

1. Find the cubes of following numbers.
(@) 7 (b) 21 (c) 40 (d) 100
2. Write the cubes of all natural numbers between 1 and 10 and verify the following statements.
(a) Cubesofallodd natural numbersare odd.
(b) Cubesofalleven natural numbers are even.
3. Which of the following are perfect cubes?
(a) 64 (b) 108 (c) 1000 (d) 1728 (e) 243
4. Find the volume of cube whose surface areais 384 m’.
5. Which of the following numbers are not perfect cubes?
(a) 64 (b) 216 (c) 243 (d) 1728
6. Find the cubes of:
(a) 4 (b) 13 (c) 0.001 (d) -=2.9
9 8
7. Prove thatif anumberistriple thenits cubeis 27 times the cube of the given number.
8. Find the smallest number by which 8788 must be divided so that the quotientis a perfect cube.
9. Which of the following are cubes of even natural numbers?
512,729,1000,3375,13824
10. Which of the following are cubes of odd natural numbers?
125,343,1728,4096, 32788, 6859
11. If one side of the cubeis 14 metres, find its volume.
12. Write (T) or (F) for the following statements.
(a) 3375isaperfectcube. J
(b) 243isnotaperfectcube. J
(c) Nocubecanendwith exactly two zeroes. J
(d) Ifa’endsinanevennumber of zeros, thena’endsinan odd number of zeros. J
-
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

96

—
L\

(e) Thereisno perfectcube whichendsin4.
(f) Cubesofalleven natural numbersare odd.

(g) Thecubeofanumberisthatnumberraised tothe power3.

L\_\_\_

(h) Foranintegera,a’isalwaysgreaterthana’.
Find the cube root of each of the following natural numbers.

(a) 4913 (b)1728 (c) 17576 (d) 35937 (e) 1157625

Find the smallest number which when multiplied with 3600 will make the product a perfect cube. Further
find the cube root of the product.

The volume of a cube is 9261000m’. Find the side of the cube.
Find the cube roots of each of the following integers.
(a) —125 (b) —8000 (c) 3375 (d) =753571

Find the cube roots of each of the following rational numbers.

-125 64 10648 9261
@ - (b)  ——= © == (d  ——C
729 1331 12167 42875

Find the cube roots of each of the following numbers.
(a) 8x125 (b)-1728x216 (c) =729x—-15625
Evaluate—

(a) 336 x 3384 (b) 396 x Y144 (o) 3100 x 3270

The volume of a cubical box is 13.824 cubic metres. Find the length of each side of the box.

Show that—
(a) 729 , 729 (b) /-512 -512
4 31000 1000 Yaas | V33
Find the cube roots of the following number by finding their units and tens digits.
(a) 389017 (b) 110592 (c) 46656
24389

3
m-.

Find the side of acube whose volumeiis 16

Find the units digit of the cube root of the following numbers.
(a) 226981 (b) 13824 (c) 571787

Divide 88209 by the smallest number so that the quotient is a perfect cube. What is that number? Also,
find the cube root of the quotient.
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CubeRoots: Thecuberootofanumberxisthatnumberwhose cubeisgivenx.

The cube root of x is denoted by the symbol 3/x

Thus ¥8=2  307=9  3Yea=4 3Y125=5

Cube Root Of A Perfect Cube By Factors : In order to find the cube root of a perfect cube by factors, we follow the
following procedure.

(1) Obtain the given number.

(2) Resolve it into prime factors.

(3) Group the factors in triplets such that all the three factors in each triplet are equal.
(4) Take one factor from each triplet formed in step .

(5) Findthe product of factors obtained in step IV this product is the requested cube root.

The above procedure is illustrated in the following examples. 2| 13824
Examples 8 : Find the cube root of 13824 2, 6912
2| 3456
13824 = (2x2x2) x (2x2x2) x (2x2x2) x (3x3%3)
2| 1728
Taking one factor from each triple we get | sea
3/13824 =2%x2x2x3 =24 ol 432
Cube Root of A Negative Integral Perfect Cube 21 216
If a is a positive integer then - a is negative integer. 2| 108
We know that (- a)’ =-a’ 2] 54
So 3-a3=—a 3.3 = —x 31 27
1 3 9
In general we have 3/—x = (—x)® = -3 3 3
Example 9 :  Find the cube root of —1728. 1
Solution:  Wehave 3/-1728 = —3/1728 2| 1728
Now resolving 1728 in prime factors, we get 2| 864
1728 = (2x 2x2) x (2x 2x2) x (3x3x3) 21432
2| 216
s31728 =2%x2x3=12 2| 108
Hence  3-1728 = J1728 =-12 2| 54
Cube root of a rational number : Ifx and a are two rational numbers such thatxX’=a. Thenwe 3] 27
say that xis the cube root of a and we write: 3] 9
Examplel0 : Find the cube root of each of the following numbers: x = \3/5 3
1331 11| 1331 ]
ittt 1
4096 11| 121
Solution:  We have : 3\/1331 _ Y1331 1, 11
4096 4096 1
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1331 =11 x 11 x 11
4096 = (2x2x2)x(2x2x2)x(2x2x2)x(2x2x2)

4096
2048
1024

512

256

128

= - 31331 =11and ..3/4096 2x2x2x2=16

3
Hence i/1331 ~ 133 _1u

4096 34096 16

Example 11: Multiply 2592 by the smallest number so that the product is a perfect cube.

o] o] o] o] o [ [ [mo [mo [m |
(e))]
S

Also, find the cube root of the product. 32
Solution: 2592 = 2x2x2x3x3x3x2x2x3 16
We know that if a number is to be perfect cube then each of its prime factors 8
must occur thrice or in multiples of three. Hence, the smallest number by 4
which the given number must be multiplied in order that the product is cube is 2
2x3%x3=18 1
Product =2592x 18
2| 2592
= 46656 ]
2| 1296
= 2x2x2x3x3x3x2x2x2x3x3%3 2| 648
- 346656 = 2x3x2x3=36 21 160 2| 324
2| 80 2 162
Solved Examples 2| 40 3] 81
] ) ) 2| 20 3 27
Example : Show that 160 is not a perfect cube. Find prime — ]
factorisation of 160. i 10 i S
5 5 3 3
Solution : 160 = 2x2x2x2x2x5 1

In the prime factorisation of 160 we find that, we have only one triplet of same factor. The
three other number of the prime factorisation do not form the triplets of the same factor.

Therefore the natural number 160 is not a perfect cube. 71 343
Example : Show that 343 is perfect cube. Also find the number whose cube is 71 49
343. l /
Solution : 343=7x7x7=7
. 2| 216
343 is the perfect cube of 7. N —
2| 108
Example : Show that 216 is a perfect cube. Also the number whose cube is 216. 2| 524
Solution : 216 = 2x2x2x3x3x3 3] 27
31 9
The number 216 is a perfect cube. ?
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To find the number whose cube is 216. Group the triplets and take one factor from each of the triplets and find

their product.

Example :
Solution :
Example :

Solution :

Example :

Solution :

Example :

Solution :

, 2| 2560
2x3=60r6=216 2| 1280
Write 216 in the form of triplets of only one type of factors. 21 640
216 =6x6x6 2| 320
Find the prime factorisation of 2560. 2| 160

2| 80
2560 = 2X2x2Xx2X2x2x2X2%2x5 N
2| 40
In the prime factorisation we see that we have three triplets of similar factors. 5| 5q
We are left with a factor which does not form a triplet. S 10
To make it a triplet we should multiply it with 5x5 = 25 5| 5
The least number with which 2560 should be multiplied to make it perfect 1
squareis 25.
Find the number with which 3087 may be multiplied to make it a perfect cube.
3087 = 3x3x7x7x7 3| 3087
It may be multiplied with 3 to make it a perfect cube. 3| 1029
Perfect cube =3087 x3=9261 7] 343
7| 49
3x7 =21 —
71 7
The number is a cube of 21 BRI
or 21°=9261

Find the least number with which 3087 may be divided to make it a perfect cube.
3087 = 3x3x7x7x7

3087 , (3x3)

= Perfect cube or 3087 , 9

= Perfect cube.

O Cube of a Rational Number

()2
b/ b

Solved Examples

Example :

Solution :

Evaluate

3

(2]3 22 2x2x2 8
3? 3x3x3 27
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O Properties of Cubes

1. Cubes of even number are always even.

2. Cubes of odd numbers are always odd.

3. Cubes of negative integers are always negative.
4

Cubes of positive integers are always positive.

Example : Evaluate—
3 3
Solution : [;3] = _—3 = —3x=3x-3 = 27
5 5 5x5x5 125
Example : Find cubes of—

(i) 0.06
SOLUTION BY RULE -1

(i) (0.06)° = 0.06 x0.06 x 0.06
0.000216

SOLUTION BY RULE - 1I

[ 6 f 6 6 6
= X X
100 100 100 100

(0.06)* =
216 = 0.000216
= 1000000
Example : Find cube root of 4 ~729
1331
Solution : 3 ﬁ
1331
Y729  —(3/3x3x3x3x3x3)
1331 J11x11x11
-9
11

O Cubes of Numbers 1 to 25

1’ 1 6 = 216 11°= 1331 16°= 4096 21°=9261

2’ 8 7' = 343 12°=1728 17°= 4913 22°=10648
3’ 27 8 = 512 13°=2197 18°=5832 23°= 12167
4 64 9°= 729 14°= 2744 19°= 6859 24°=13824
5’ 125 10° = 1000 15°= 3375 20°= 8000 25°=15625

100
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‘ Exercise @
1. Find cubes —

(@) 11 (b) 21 (c) 15 (d) 100

(e) 2.5 (f) 3.5 (g) 0.8 (h) 1.2
2. Evaluate—

2\’ 3’ 1Y)’

o (13) o (15 o (5
3. Which of the following numbers are perfect cubes?

(@) 9261 (b) 5324 (c) 3375 (d) 27000

(e) 243 (f) 343 (g) 800000 (h) 125
4, Which of the following are cubes of even numbers?

(a) 8000 (b) 1331 (c) 216

(d) 729 (e) 3375 (f) 4096
5. Find the least number with which 196 should be multiplied to make it a perfect cube.
6. Which is the least number with which 1372 may be multiplied to make it a perfect cube?
7. Which is the least number with which 1600 may be divided to make it a perfect cube?
8. Find the least number with which 28561 should be divided to make it a perfect cube?
9. What is the least number with which 1323 should be multiplied to make it a perfect cube?
10. Convert into cubes of natural numbers.

(a) % (b) % (c) 8000
11. Justify—

(@) Ifxleavesaremainder of 1 when divided by 5, then x’ also leaves a remainder of 1 when divided by 5.
(b) If x is an even natural number then X is also an even number.

(c) If xis an odd number then x’ is also an odd number.

(d) If x is a negative integer then X’ is also a negative integer.

(e) If a’ endsin 4 then o’ ends in 8.

(f) If a’endsin 9 then a’ ends in 7.

(g) If a’ endsin 6 then @’ ends in 6.

O Cube Roots

Cube Root: The cube root of a natural number 'n'is that number whose prime factors are triplets of m, then mis
the cuberoot of n. They are written as g/_symbolically.

‘
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Example : Evaluate 327 and 3125
Solution: 327 = 3¥3x3x3 =3
3125 = 3Y5x5%x5 =5

Example : Find cube roots of the following perfect cubes. 13| 2197
() 2197 (b) 4913 (¢ 8000 13| 169

Solution : 32197 = ¥13x13x13 = 13 13 13

O Properties of Cube Roots

1. x =K 2. Py = kxfy s $=?

4. (at+b)’=a’+3a’b+3ab’+b’ !

5.  Cubes of numberendingin0,1,4,5,6and9endsin0, 1,4, 5, 6 and 9 respectively.

6. The cube of number ending in 2 ends in 8.

7. The cube of a number ending in 8 ends in 2.

8.  The cube of a number ending in 3 ends in 7.

9. The cube of a number ending is 7 ends in 3.

10. (i) (1°-0) =1 (i) 20 -1 =7 (i) 3°-2° =19
(iv) 4°-3°= 37 vy 5 -4 =61 (vij 6-5 =091
(viiy 7°-6’= 127 (viii) 8 - 7° = 169 (ix) 9°-8 =217
(x) 10°-9° = 271 (xijy 11° - 10°= 331 (xii) 12°-11° = 397

These number can be used to find cube roots by repeated subtraction method.

11. (i) 1’ = (1°-0°)

(ii) 2’ = (1°-0)+(2°-1

(i) 3 = (’-0)+ (2°-1°)+(3°-2)
12. (i) 1° = (1+0x6)

(ii) 2° = (1+0x6) + (1+1x6)

(i)  3° = (1+0x6)+ (1+1x6) + (1+1x6+2x6)
13. (i) 1° = (1+1x0x3)

(ii) 2° = (1+1x0x3)+(1+2x1x3)

(i) 3® = (1+1x0x3)+(1+2x1x3)+(1+3%x2x3)
14. (i) 1’ =1

(ii) 2’ = 1+7

(i) 3 =1+7+19

(iv) 4° = 1+7+19+37
102
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(v 5 = 1+7+19+437+61

(vij 6 = 1+7+19+37+61+91

(vii) 7° = 1+7+19+37+61+91+ 127

(viii) 8 = 1+7+19+37+61+91+ 127 + 169

(ix) 9 = 1+7+19+37+61+91+ 127 +169 + 217
(x) 10°

1+7+19+37 +61+491+ 127 +169 +217 + 271

O Method of Finding Cube Roots by Prime Factorisation

2| 8000
1. Find prime factorisation and express the number as products of primes. 2| 4000
2. Make group of triplets of similar factors. 2| 2000
3. Chose one prime out of one triplet and find the product. 2| 1000
4. This product is the cube root. 17| 4913 2| 500
Example : Find cube roots of the following perfect cubes. 17| 289 2] 250
12
(a) 4913 (b) 8000 17] 17 5 125
1 5| 25
Solution : (a) 34913 = 317x17x17 = 17 c 5
(b) 38000 = 32x2x2x2x2x2x5%x5%x5 1
Example : Evaluate 3/-2744 5| 2744
Solution:  3/-2744 = Y14x-14x-14 = —14 2| 1372
Example : Evaluate 3/64 x 343 2| 686
7 343
Solution : /64 x 343 = %/2x2x2x2x2x2x%/7x7x7 7 19
YaxaxaxY7x7x7 Fl 7
o 1
= 4x7 = 28
Example : Resolving 6859
Solution : Resolving 6859 into prime factors, we have
We seen;
19(6859 . .
(After grouping no factor is left)
19| 1125
19| 375 6859 = 19x19x19
1 Grouping into triplets of identical prime factors, we have
6859 = (19x19x19)
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Hence Perfect cube

Example : Evaluate 3/125x-64
Solution : 125x-64 = V125x3/(-64)

- Y5x5x5x-3/(4x4x4)

= 5x-4 =-20

Example : Evaluate /ﬁ
512

colution 3\/-125 3125 -Y5x5x5 -5
ution : = = = —
512 3512 3Y8x8x8 8
[ ]
‘ Exercise @
1. Evaluate -

5.

6.

O Alterative Methods of Finding Cube Roots and Cubes

(a) 3375 (b) /4096 9261 @ 46656
() 91125 (f) 389017  (g) /551368 (hy  ¥531441

Find cube roots —

125 27 —64 729 343 3375
a — b) — c) — d —— e fy ——
(@) 216 (b) 125 (© 343 (@ 2197 (€) 166375 (f) 4913
Evaluate —
3375
(a) 3 E (b) 33—
1000 -9000

What is the least number with which 6075 should be multiplied to make it a perfect cube? Also find the cube
root of that number.

What is the least number by which 120393 should be divided so that the quotient has cube root?

Find the number with 33275 may be divided, so that the quotient has a cube root.

64

Find cube roots by repeated subtraction: -1
Solved Example : Evaluate %/a by repeated subtraction of numbers. (1,7.19, 37,61, 91, E?

127,169,217,331,397........... ) 56

Solution: Refer to values of (13 -03), (23 —13), (33 —23) discussed in the section =19
of characters of cubes, whichare 1,7, 19, ...... 37

Subtract each of the numbers given in the brackets one by from the _3%

104
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perfect cube.
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We get the remainder 0 after subtracting 4 times. 216

364 =4 -1
215
Solved Example : Evaluate3/216 by repeated subtraction method. =7
208
Solution : No. of subtraction = 6 -19
198
216 = ¢ 350 —-37
__1 152
Solved Example :  What may be subtracted from 350 to make it a perfect cube? Find by 349 -61
repeated subtraction method. —/ 91
Solution : After repeated subtraction we get a remainder of 7. 7 should be —19 0
subtracted from 350 to make it a perfect cube. 323
-37
Number of subtraction = 7 286
-61
Hence 350-7 = 343 225
-91
V343 = 7 134
-127

‘ Exercise m ’

1. Verify byrepeated subtraction method if the following numbers are perfect cubes.
(a) 572 (b) 750 (c) 246
2. What should be subtracted from 139 to make it a perfect cube?
3.  Whatshould be added to 335 to make it a perfect cube. Find by repeated subtraction method.
4. Findtheunitdigit of the cube root of the following perfect cubes. Without actual calculation.
(@) 1331 (b) 1728 (c) 2197
(d) 2744 (e) 3375 (f) 4096
5. State true or false.
(@) Cubeof24willendin6. ..,
(b) Cubeof69willendinl. ...,
(c) Cubeof37willendin3. ...,
(d) Cubeofd2willendind. ...

(e) Cubeof88willendin2. ..,
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»  The cube of anumber is the number raised to the power of 3.
»  The cube of an even number is even and the cube of an odd number is odd.
»  The square of a number cannot be negative, but the cube of a number can be negative.
»  Forany positive numbers aandb,
Ja _ i
b /b
3_33 - _3a3 = -3

1. MULTIPLE CHOICE QUESTIONS (MCQs):

Tick (v') the correct options.

(a)

Which of the following numbers is a perfect cube?

(i) 121 ) i)y 145 ) (i) 343 ~J(iv) 215 Ll
(b)  Which of the following numbersis not a perfect cube?
(i) 1331 iy 14m ) (i) 2197 _J(iv) 3375 L3
(c) 3/64x27 =2
(i) 12 Gy 4 i) 3 ~Jv) 8 Ll
(d) %125 =72
(i) 5 ) i) 25 i) 125 ~ J(v) 50 .
(e) 4/—343 _ 9
512 4 6 ~
M < i = )iy =2 a2 .
2. Whichofthefollowing numbers are not perfect cubes?
(a) 25 (b) 512 (c) 13824 (d) 42875
3. Findthe cuberoot of the following numbers by successive subtraction.
(a) 216 (b) 343 (c) 1331 (d) 2744
4. Findthecuberoot of the following numbers by using their ones and tens digits.
(a) 4096 (b) 6859 (c) 42875 (d) 103823
5. Findthecuberoot of the following numbers.
(a) 2744 (b) 5832 (c) 42875 (d) 74088

6. Findthesmallest numberbywhich 29160 should be divided so that the quotient becomes a perfect cube.

’ 106
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1. Ifadivides b, then a’ divides b’. Isit true? Give reason to support your answer.

H

(_;)_ 2. Find the value of the infinite product given below :
3

Q 7 .26 63 k® -1

P=—x—x—x..Xx

9% 8 e K1

| ‘
: ab Objective : To find out the cube roots through a pattern by activity method. |
|
i Activity Materials Required :  Chart paper, geometry box, sketch pens. i
' [
: Procedure : Write cubes of the first twenty natural numbers as follows : :
' [
|
: Natural numbers Cubes Using the numbers from the difference of cubes, i
: make a pattern by completing the following table in I
| 1 1 your notebook. :
I I
[
! 2 8 1 i
I
| 3 27 1+7 2°
|
i Z 64 147419 3 |
[
: 5 125 1+7+19+37 4* :
I
i 6 216 1+7+19+37+61 5° l
|
: 7 343 1+7+19+37+61+91 6° !
: 8 512 147+19+37+61+91+127 7
I I
| 9 729 g i
| 93 |
: 10 1000 :
3
| 11 1331 10 |
I 3 I
: 12 1728 11 :
12°
l 13 2197 |
[ 133 |
: 14 2744 !
| 14° |
I 15 3375 3 [
| 15 |
I 16 4096 3 :
I 16 I
[
: 17 4913 17° :
18 5832 '
: 18° |
: 19 6859 193 :
I
. 20 8000 20° :
- |
. .
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Algebraic Expressions
and ldentities

The word algebra derives its name from a book of mathematics titled Al—jabr wail Maquabaiahin 9th century by an
Arab mathematician ibn Musa at Khuwarizmi. Moreover the first mathematicians to use algebraic notations were
two ancient mathematicians, Aryabhata (inventor of zero) and Brahmagupta. They used ya (;) for the variable. This

abbreviation ya corresponds to x of modern mathematics.

O Algebraic Expressions

The symbols in mathematics which have a fixed value are called constants such as 1, 2, 3, 4, 5........ The symbols
whose values are variable are called variables such as x, y, z, a, b, ¢, k, | and m etc. Expressions having variables and
constants connected by fundamental variables operations of mathematics are called ‘Algebraic Expressions’. The

operations of mathematicsare+,—, xand +.
Terms : The parts of expression which are separated by the signs of positive (+) and negative (=) are called its terms.

Types of Algebraic Expressions

[Two add two or more algebraic expression, we collect the terms from each and them.]

Algebraic expressions are classified into different categories according to the number of terms they contain.
1. Simple Expressions or Monomial are the algebraic expressions which consist of only one term.
Examples: 3x,2x’°,3x"y, 8xyz, etc.

2. Binomial are the algebraic expressions which consist of two terms.

Examples: 2x°+y, —4x’—xy, 3xX°y +4y’x,— 2x’yz + 3xy, etc.
3. Trinomial are the algebraic expressions which consist of three terms.
Examples: 2xy+3xy+2x, 3x’yz—2xy + 5z, etc.

4. Polynomial or Compound Expressions are the algebraic expressions which consist of two or more terms.
Examples: 4x-5,

3x'—4xy +2z,

3a’b—5a+6a°+7b,

2a°—4ab+16a’+7, etc.

An algebraic expression of the form,
a+bx+cx’' +dzZ +ex‘+ ............
where, a,b,c d, e, .......... are the constants

and X is a variable and is known as polynomial in x.

< J
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O Degree of an Algebraic Expression

If an expression does not have any index or power, its index and power is regarded to be 1. Hence that is the degree
of the polynomial.
Forexample: 5x+2y+2z,2x+7yand 5a have no power onthem. Therefore all the expressions have a degree of 1.
In5a°+3a, 3k’ + 7k and 5a° the highest power of each expressions is 2. Therefore degree of each polynomial is 2.
Inthe expressions x’ +x, 5a° + 2, the highest power of each term is 3. So they are polynomials of third degree.
In multiplied polynomials the powers of literal factors of the expressions are added.
Forexample: Inthe polynomials (i) 3x°y’, (i) %ha'd’
The degree of expression (i) is5+2=7
The degree of expressions (ii)is3+2=5.
Or we can say that (i) isa polynomial of seventh degree and (ii) is a polynomial of fifth degree.
Solved example : Change the following expression to algebraic expressions.
(i) Thedifference of 7andanumber.
(ii) Thesumofanumberandb5.
(iii) Productofanumberand11.
(iv) Multiplyanumberby3andadd5.
Solution: Letthe number be ‘a’ then:
(i) 7-a (i) a+5 (iii) 11a (iv) 3a+5

O Like and Unlike Expressions

The expressions having the same literal factors are called like terms and those having different literal factors are
called unlike terms.

Solved Example : Separate pairs of expressionsinto—
(i) Likeand (i) Unlike terms
1 1
-7d’y,ya’ = Kim®, = KI
(@) —7a’y,ya (C)3 m’, 3 Kim
2 2 2 3 2
(b) —3a’y,—3ay (d) 5xyz, “2 xzy
Solution: (a) and(d)are pairs of like terms

(ii) bandcare pairs of unlike terms.

O Addition of Algebraic Expressions

While adding an algebraic expression, we collect the like terms and add them. The sum of sevral like terms is the
sum of the coefficients of the like terms.

An algebraic expression is a combination of numerals, literal numbers (letters) and the symbols of the
fundamental operations.

-
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Solved Example : Addthe following algebraic expressions—
(I) 5X2yr_4XZYI3X2y
(i) m*=3mn, m’+mn, mn+n’
(iii) 6a+8b—5c,2b+c—4a,a—3b—-2c
Solution: (i) 5x°y,—4x’y,3x’y
5%’y + (—4x’y) + 3x’y (monomials)
=5x’y—4x’y + 3x’y

=(5-4+3) x’y (by collecting the coefficients of the like terms)

=4x’y

(i) m’=3mn, m’+mnandmn+n’

=(m’+m?) +(=3mn+mn+mn)+n’(by collecting like terms)

=2m’—mn+n’

(iii) 6a+8b—5¢c, 2b+c—4aanda—3b-2c

To solve this expression, we shall use the vertical method and write the like terms in

columns
6a + 8b — 5¢
— 4a+2b+c (trinomials)
+a —-3b-2
3a +7b — 6¢
= 3a+7b - 6¢

O Subtraction of Algebraic Expressions

Two add two or more algebraic expressions, we collect the like terms from each and add them. While subtracting,

we write the given algebraic expressions in two rows in such a way that the like terms occur one below the other.

The expression from which we have to subtract s in the first row and the expression which is to be subtracted is in

the second row.
Solved Example : (i) 7'y’ from—11x"y’
(i) 11ab’+abfrom16ab’—3ab
(iii) 4a+5b—3cfrom6b6a—3b+c
Solution: (i) 7X’y*from-11x"y’
(—11x°y) = (7x"y")
=—11xy’ = 7x’y’
=—17x'y’

(i) 11ab’+abfrom16ab’—3ab
=(16ab’—3ab)—(11ab’+ab)
=16ab’-11ab’—ab
=(16ab’~11ab’)+(-3ab—ab)
=5ab’—4ab

&5

1o

L S 4

(monomials)

(binomials)
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(iii) 4a+5b—3cfromb6a—3b+c

We shall use the vertical method to solve this algebraic expression. We will write like
terms below each otherand change the signs of the terms to be subtracted.

ba — 3b + c (trinomials) 6a — 3b + ¢
— (4a+ 5b — 3c) (bychangingthesigns) — (4a+ 5b — 3c¢)
2a — 8b + 4c

= 2a — 8b + 4c
Solved Example : Fromthesum of5a+6b—7cand9a—16b—2csubtract 7a—10b+9c.
Solution: Adding the two expressions we get,

52 + 6b - 7c
+ 9a - 16b - 2c
14a - 10b - 9c

Now by subtracting 7a—10b + 9c from the above sum we get,
14a - 10b - 9c or 14a —10b - 9c
—(7a - 10b + 9¢) — 7a +10b - 9¢)
72 + 0 — 18c

= 7a - 18c

‘ Exercise m

1 3.3_3 2.2 2
(a) X3 % 9x (b) 3xy,4xy, 9xy () xyz,—xyz,xyz
(d) 5a’b,—4a’b,5ba’ (e) 7xX’y,xy’,—5xy’ (f) 3abc,5ab,7ac’
(g) 3X°yz,—-3x’yz,—7x’zy

1. Identifylike and unlike terms.

2. Pickoutlike termsfrom each group of expressions.
(@) xy,yz, 5yx (b) a,7b,and5b (c) 5b,3a,2a
(d) 6p,8x,zy,3x (e) ab,d’,11a,3d’ (f) a’z,2az,3az’, 40’z
(g) 9x,7y,x,8b,6x

3. Changethestatementsto algebraic expressions.
(a) Subtract7fromanumber
(b) 3addedtoanumbermultiplied with 5.
(c) Thesumofnumberand 11 multiplied by 7.
(d) 2subtracted from the product of 6and anumber
(e) 7multipliedtothe difference of 8 and a number.

4. Findthedegree of the following polynomials.
3

(a) = (b) 4a+3b+c (c) 3x°y’—5x’yz’—3x
(d) 5x°—y’+7xy° (e) 5x'—3x°+4x+5
‘
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5. Classify the following polynomials as monomials, binomials and trinomials :

(a) 2x+3y (b) m*+4n (c) %xz
(d) 8X—9y+3xy (e) %xs—x—Z (f) —3x

6. Addthefollowing:
(a) 2x—5y—-4z and 3x+5y—-4z
(b) —3a°-2b°+4,-a’-5b’-8and 20’ +4b’+6
() 2x'=3x+6, x=3x",—4+x’,—-2x+7x =3
(d) 2X*+4y°+2,-2X'=5y'+7,-x’+y’
(e) 3mn+4pqg+2,-3pg—4mn—1,-pg—mn
7. Subtractthe following:
(a) (2a—b)from(5a+2b-3)
(b) (=m’=2n)from (6m’—3n+8)
() (-5p+qg+7s)from(7p—8q+r)
(d) (—4x"+5y’—xy+9)from (=X’ =4y’ +xy—7)
(e) (4p’q—3pqg+5pq’—8p+7q—10)from(18—3p—11q+5pqg—2pq°+5p°q)
Find the perimeter of triangle whose sides are m+n,—2m+nand 4m+ 3n, respectively, in terms of mand n.

Subtract—2x"+y’—xy +x from the sum of X+ 4y’—6xy, x'—y’ +2xy, y'+6 and x’—4xy.

O Multiplication of Algebraic Expressions

Laws Of Signs For Multiplication
(i) The product of two numbers having like signs is positive.

(ii) The product of two numbers having unlike signsis negative.

If xand y are two variables, then

(+x) (+y) = (+xy)
(=x) (=y) = (+xy)
(+x) (=y) = (=xy)
(=x) (+y) = (=xy)

Rule Of Multiplication : While multiplying two or more variables, the powers of like variables are
added.

Forexample : x'xx’=x"=x

O Multiplication of A Monomial by A Monomial

Rule : Productoftwomonomials )

_ =(Product of their numerical coefficients) x (Product of their variables)

—
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1
Solved Example : Ifa—1:3,find thevalueofa’+ —

, a a
Solution: we have, a 1,
a
Squaring both sides, we get [a 1]2_32 Salt L 2xaxi=9
_1] = " .
a

o+l 2-9
a

o+ L o9p2=11

1
Solved Example : If a+— =8. Find the value of a’ +i2
a a
Solution: we have, a+l:8. )
. a . 1 2
Squaring both sides. we get (a+—) =8
a

1 1
3a2+—2+2xax—:64
a a

:>a2+i2=64—2=62
a

O Multiplication of A Polynomial by A Monomial

Rule : Tomultiply a polynomial by a monomial, we commonly use distributive law.

a x (b+c) = axb + axc

)

Solved Example : Find the product of :
6a’b’x (2a’—4ab +5b°)
Solution: 6a’b’x(2a’-4ab+5b")

= (6a°b’x2a’)+[6a°b’x(—4ab)]+(6a°b°x5b’)

= 12a'b’-24a°b’+30a°b’
Solved Example : Simplify : a(a’+a+1)+5andfind its value for a =—1
Solution: a(a’+a+1)+5=a’+a’+a+5

Substituting, a=-1, we have

(1)’ + (1)’ + (1) +5

= -1+1-1+5
= 4
Thus, the value of a (a°+a+1)+5 for a=—1is 4.
Solved Example : Subtract :  3/(/-4m+5n)from 4/(10n-3m+2/)
Solution: We have, 3/(l-4m+5n) = 3/-12Im+15In
and, 4/(10n-3m+21) = 40In-12Im+8f’

Onsubtraction, we have,
40In—-12Im+8F°
+ 15/In-12Im+3F
(-) +) ()
25/n + 0 +5F

Thus, {4/(10n=3m+2)}—={3/(I-4m +5n)}=25In+5/
=5/(5n+1)
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O Multiplication of A Binomial by A Binomial

Rule : Letusconsidertwo binomials(a+b)and (c+d), respectively. Using distributive law
of multiplication over addition, we have )

N

(a+b) x (c+d)=ax(c+d) +bx(c+d)
= (axc +axd) + (bxc + bxd)
ac+ad+bc+bd
Solved Example : Multiply: (2pq +3q”) and (3pg+2q°)
Solution: (2pg+39°)x(3pg +2q°)
=2pq (3pq+2q°) +3q’ (3pq +24’)
={(2pa) x(3pa) +(2pa) x (29°)} +{(30°) x (3pa) + (3a") x (29°)}
=6p°q’ +4pq’+9pq’+64"*
=6p’q’+13pq’+6q"

Multiplication of A Binomial by A Trinomial
or Multiplication of A Polynomial by A Polynomial

Golden Rule; Product of two monomials = (product of their numerical co-efficients) x
(product of their variables) known method of (Horizontal method)
By using the distributive low of multiplication over addition twice, we may find the product of two binomials
(a+b)x(c+d)=ax(c+d)+bx(c+d)
=(axc)+(axd)+(bxc)+(bxd)
=ac+ad+bc+hbd

‘ Exercise w

1. Find the product of following monomials :
(a) 5a°band—2ab’ (b) —6x’y and —4x’y’
(c) —4xy’and—2x’y (d) =3xyand 7x’y’

2. Obtain the volume of rectangular boxes with the following length, breadth and height, respectively :
(a) 2xy, 3x’y, 4xy’ (b) 2p,6q,7r
(c) 3x,4xy, 2xyz (d)a,d’,a’
3. Simplify the expressions and evaluate them as directed :
(a) x(x-3)+2,for x=1
(b) 3y (2y—7)-3(y—4)-63, for y=-2
4. Find the area of arectangle whose sides are 5xand 2y.
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Find the area of a square whose sides are 4a’.

Solve:

(@) {5x(3—x)}+{6x*—13x} (b) {2ab(a+b)}-{3ab(a—b)}
7. Find the product of :

(a) (@)% (20")x (4") (b) @xij(l_zxvj

(c) (_Tlo pq3) X(§p3q) (d) xxx*xx’xx"*
8. Simplify:

(a) (a+b) (a™—ab+b?)

(b) (2x°-5x+4) x (x*+7x=8)

(c) (3a™+b’)x(2a°+3b%)

(d) (2m’-5m’-m+7) x (3-2m+4m®)

O Division of Algebraic Expressions

Rule of Division : If xisa variable and a and b are positive integers, such thata > b, then

O Division of A Monomial by A Monomial

Solved Example : Divide:
(i) 15x’y° by—3xy
(ii) =12x°y’z by—2xyz
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2 5
Solution: (i) 12()(:; ) (i_ij X(Z_l)v(s_l) =— 5xy4
3 2
(ii) —ii))((y\; z_ [—_122j X(3—1)y(2—1)z(1—1) =6x2y120 =6x2y

Division of A Polynomial by A Monomial

Golden Rule and method:- Quotient of two monomials = (Quotient of their numerical co-efficients) X(Quotient of

their variables). ey DXV _ (E) XD Z sxyt
=3xy -3
Rule : Todivide apolynomial by a monomial, divide each term of the polynomial by the monomial. )
Solved Example : Divide:
9x°+24x°-18x’ by 3x°
Solution: (9x°+24x°-18x’ )+ 3x*

3

ox° 24x° 18x

;T 2 2
3x 3x 3x
= 3x'+8x—6x

O Division of A Polynomial by A Polynomial

To divide a polynomial by an another polynomial, follow the steps given below:
Step-1: Arrangethetermsofthedivisoranddividendindescendingorder oftheir degrees.

Step-2: Divide the first term of the dividend by the first term of the divisor to obtain the first term of the
quotient.

Step-3: Multiply all the terms of the divisor by the first term of the quotient and then subtract the result from
the dividend.

Step-4: Theremainderobtained (if any), becomesthe new dividend.

Step-5: Repeat the above process, until you get the remainder either as 0 or a polynomial of degree less than
that of adivisor.

Solved Example : Divide:
(X—4x+4) by (x-2)

- ™

Solution: X—Zix2—4x+4 ix—z

x*=2x
-+
C —2x+4
—-2x+4
+ -
0

- >

Quotient= x-2, Remainder=0
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Solved Example : Divide:
(2X°+x°~5x—2) by (2x +3)

Solution: 2x+3)2x3+x2—5x—2 ((2—x—1
2x+3x

-2x-5x
-2x"-3x
+ o+
 2x-2
-2x-3
+ o+
1

- 7

Quotient =x"—x-1, Remainder=1

‘ Exercise w
1. Divide :

(a) 45x°y’ by 5xy (b) 32abc’ by —4ac
(c) —64a’b’cby—8abc (d) —24xyz’ by 12xyz
2. Divide :
(a) 4x"—12x+36x by 4x (b) 6x’y—8xy +10xy’ by —2xy
(c) 9a’°b*—12ab’+15a°b’ by 3ab (d) 21a'+14a’-7a’ by —74d°
3. Divide the following and write the quotient and remainder :
(a) (2x°+3x+1) by (x+1) (b) 5a°-15a°+12a+3 by (3—-3a+a’)
(c) (x'+4x’—2x"+10x—-25) by (x+5) (d) (6m°’=31m+47) by (2m-5)

O Standard Identities

Anidentityisanequation which is true for all values of the variables.

Identity-1 : (a+b)’' = (a’+2ab+b’)

Proof :  Wehave,
(a+b)’ = (a+b)(a+b)
= ala+b)+b(a+b) { *.® Usingdistributive law}
= a’+ab+ba+b’
= a’+2ab+b’ [ "." ab=ba]
Thus, (a+b)’ = a’+2ab+b’
.
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Identity-2 : (a-b)’ = (a’-2ab+b’)

Proof ¢ Wehave,
(a—b)’ = (a-b)(a-b)
= a(a—b)-b(a—Db) { °.” Usingdistributive law}
= da—ab-ba+b’
= a—2ab+b’ [ *." ab=ba]

Thus, (a—b)> = a’—=2ab+b’
Identity-3 : (a+b)(a-b)= (a’-b’)

Proof : Wehave,
(a+b) (a—b)= a(a—b)+b(a—-b) { °." Usingdistributive law}
= a—ab+ba-b’
= a-b [ "." ab=bad]
Thus, (a+b) (a-b) = a—=b’
Identity-4 : (x+a)(x+b)= x'+(a+b)x+ab
Proof : Wehave,
(x+a) (x+b) = x(x+b)+a(x+b) { °." Usingdistributive law}
= X+xb+ax+ab
= X+(a+b)x+ab

Thus, (x+a) (x+b) = Xx*+(a+b)x+ab

O Application of Identities

Solved Example : Solve the following :
(i) (x+5)(x+5) (i)  (2x+3y)(2x+3y)
(iii) (x—2) (x—2) (iv) (4x—3y)(4x—3y)
Solution: (i) (x+5)(x+5)
= (x+5)° { *." Usinglaws of exponents}
= X+2xxx5+5° { °." Using(a+b)’ =(a’+2ab+b*)}
= x'+10x+25
(i) (2x+3y) (2x+3y)
= (2x+3y)° { . Usinglaws of exponents}
= (2x)+2(2x)(3y)+(3y)’ { *." Using(a+b)'=(a’+2ab+b’)}
= 4X'+12xy+ 9y’
(i) (x=2) (x—2)
= (x=2)° { °." Usinglaws of exponents}
= X=2xxx2+2’° { "." Using(a—b)’'=(a’-2ab+b*)}
= x'—4x+4
(iv) (4x—3y) (4x—3y)
= (4x-3y)’ { °." Usinglaws of exponents}
= (4x)=2(4x)(3y)+(3y)’ { "." Using(a—b)’=(a’-2ab+b’)}

16x°—24xy + 9y’
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Solved Example : Find the following squares by using the identities :

2
(i @mgn] (i) (0-4p—05q)

, (23
Solution: (i) §m+5n
Usingidentity (a+b)*=a’+2ab+b’, we have

(3] +2(3m) 3+ 3)
—m| +2|-m|| —n|+| =
3 3 2 2
— & 2 2 g 2
= gm+2mn+ on
(ii) (0-4p—0-5q)°
Usingidentity (a—b)*=a’—2ab+ b’, we have
= (0-4p)°*-2x(0-4p) % (0-5q) +(0-5q)’
= 0-16p’-0-4pg+0-25¢°

Solved Example : Evaluate usingidentities:
(i) (2x+3y) (2x=3y) (i) (7a°+8b%) (7a™-8b)
Solution: Usingtheidentity (a+b) (a=b) = (a™=b’),we have

(i) (2x+3y) (2x-3y)
= (2%)'-(3y)’
= 4x° -9y’

(ii) (7a°+8b%) (7a’-8b?)
= (7a)’—(8b)°

= 490°-64b’
Solved Example : Using (x+a) (x+b) = X’ +(a+b)x+ab, find :
(i) 103x104 (i) 9:7x9-8

Solution: (i) 103x104 = (100+3)(100+4)

= (100)*+(3+4)x100+3 x4

= 10000+7x100+12

= 10000+700+12

= 10712

(ii) 9:7x9:8 = (9+0-7)(9+0-8)
= (9)*+(0-7+0-8)x9+0-7x0-8
= 81+1:5x9+0-56
= 81+13-5+0-56

= 95-06
‘ Exercise m

1. Solvethefollowing:

(a) (x+8)(x+8) (b) (x+11) (x+11)

(c) (4x+7y) (4x+7y) (d) (x—12)1(x—12)

(e) (3x-5y) (3x-5y) (f) 3a— 3 )(Ba—3 )
2. Find the following squares by using the identities :

(a) (2x+3y)’ (b) (4p—3q)’ (c) (6x°=5y)’

(d) (xy+32)’ (e) (0-4p—0-5q)’ (f) (2xy+5y)

—
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3. Evaluate the following using identities :

o (3+3) (52

(b) (3x+7y)(3x=7y)

(c) (0-8x+0-3y)(0-8x—0-3y)

(d) 983*-17°

(e) 12-1*~7-9°
4. Using (x+a) (x+b)=x"+(a+b)x+ab, find :

(a) 6:3x64 (b) 208 x 205 (c) 58x52 (d) 3-7x3-2
5. Show that:

(a) (9p—5q)°+180pg=(9p+5q)’

2
(b) [im—énj +2mn=28m2 + 20
3 4 9 16

(c) a’+3a+2=(a+1)(a+2)
6. Using a’-b’=(a+b) (a-b), find :

(a) 102°-98’ (b) (0-51)*—(0-49)*

o)

Doints to Remember :

> Expressions that contain one, two or three terms are called monomials, binomials and trinornials,f
respectively. In general, any expression with three or more terms can be called a polynomial. :

Terms with same literal factors are called like terms. If the literal factors are not the same, they are called:
unlike terms. :

Only like terms can be added or subtracted.
When a monomial is multiplied by another monomial, the product is amonomial.

While multiplying a polynomial by a monomial, every term in the polynomial is to be multiplied by the:
monomial. :

While multiplying two polynomials, every term in one polynomial is to be multiplied by every term in the:
other polynomial. .

While dividing a polynomial by a monomial, every term of the polynomial is to be divided by the monomial.?
To divide a polynomial by a polynomial, the long division method is used. :

On performing long division, we arrange the dividend and the divisor in the standard form, thatis, arrange:
them in descending order of the divisor. :

On performing long division, if the remainder is 0, the divisor is a factor of the dividend.
The degree of the remainder has to be less than the degree of the divisor.

Anidentity is an equation which is true for all values of the variables that it contains.

VVVYVY VVY V VVY V

The important and useful identities are:

Identity 1: (a+b)’=a*+2ab+b’

Identity 1: (a-b)*=a’- 2ab + b’

Identity 3: (a+b) (a-b)+a’*- b’ (Itis called the difference of two squares.)
Identity 4: (x+a) (x +b)=x"+ (a+b)x +ab

o~ o~ -
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| EXERCISE _

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (V) the correct options.

(a) 44Xy +3x’isa—

(i) Monomial | (i) Binomial | (i) Trinomial | (iv) Noneofthese |
(b) Isxandyaretwovariables, then (—x) x(-y)="?

() xy i) () i) xx(y) | (iv) Noneofthese |
(c) Theareaofasquare of side 6xis—

(i)  6x i) 124 i) 36X | (iv) 36x _
(d) x'+x"=?

(i) x° i) K i) K™ | (iv) Noneofthese |
(e) (a-b)=?

(i) (a’=2ab+b’) | (i) (d*+2ab+b’) | (i) (a’+b) | (iv) (a™=b)) .
(f)  The quotient when—56xyz’ divided by 8xyz is—

(i =72 )y 77 i) 8xyz ] (iv) -567° L

2. Theage of fatheris 13xy — 6x° + 4a” — 1. The age of the son is 25x” + 16xy — 3b’ — 2. Find the difference of their

ages.

3. The perimeter of atriangleis 6a’ —4a +9 and two of its sides are a’— 2a + 1 and 3a° — 5p + 3. Find the length of
the third side of the triangle.

Add 3x’ +4x—2 to the product of (3x—4) and (x +5).

From the product of (xy +y + 1) and (y—6) subtract 4xy’ + 9y’.

Add the product of (4ab +b) and (b—7) to the product of (-3ab+1)and (b +2).

What should be subtracted from 14a” + 13a—15 to make it divisible by 7a—4?

What should be subtracted from 4x’ +8x’ +8x + 7 to make it divisible by 2x’ —x+1?

© 0 N o U &

The perimeter of a triangle is 7x* — 17xy + 5y° + 8 and two of its sides are 4x’ — 7xy + 4y’ =3 and 5 + 6y’ — 8xy + X"
Find the third side of the triangle.

10. Theexpression 2x'—x’ —3x" + 5x—2 should be divided by which expression to get x’ +x—1 as the quotient?

@@
-

1l
H 1. Ifa’+ 21 2 =27, find the value of o'+ —;
a a
%) 2. Ifx =11, find the value of
Q (a) X'+ 2 (b) x'+4
—
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a
°o_ o Objective : Tovisualise and reinforce the concept of identities.
Adctivity

Materials Required : Chart paper/ graph paperand colored sketch pens.

Procedure : To prove (a+3)°=a’+ 6a + 9 using a diagram proceed with the following steps:

Step1: Draw a square ABCD and divide it into two squares and two rectangles as shown
using a black tram.

D

A < a >E< 3—>B

Step 2: Let AE measure a units and EB measure 3 units since AB = AE + EB, we have AB =
(a+3)units.

Step3: Shade the two squares is red colous and two rectangles in green colour to

distinguish betweensquare and rectangles.

Area of square ABCD = Area of square AEIG + Area of rectangle EBHI + Area
of square IHCF + Area of rectangle DGIF

(@+3)=d"+3a+3 +3a
(a+3)*=a" +6a+9 sq. units.

We can put any numerical value of a to verify the equation.
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Factorisation

We have learnt multiplication of algebraic identities. The number that we get after the multiplication is called the
product. The expressions of which it is the factor can divide the product without any remainder. These numbers
are called factors of the product.

Let us select a number say 12. The numbers that can divide it are called its factors. The numbers 1, 2,3,4,6and 12
candivideit. Therefore all these numbers are its factors. The number 12 can be written in the following forms.
12=1x12 12=4x3 12=2x6

12=6x2 12=3x4 12=12x1

The numbers which are written in the form of its factors is called the factor form. If the numbers are written in the
form of products of prime factors. It is called the prime factor form. For example, 12m can be written in the form 2 x
2x3=12.Thisisthe prime factor form. The process of writinga number or expression in the form of products of its
factorsis called factorisation.

O One As A Factor

Since 1is the factor of every number. All numbers can be written in the form of the product of factor 1. Therefore
when write a numberin the factor form. We need not write the number in the form of factor of one.

Similarly all the numbers are factors of itself. Therefore we will also not write a number in factor form of the
number itself. Forexample—12=12x1, 5=5x1 7=7x1

O Factors of Algebraic Expressions

Consideranumber 3ab. In this expression 3, aand b are factors of 3ab. In the factor form it can be written as—3ab =
3xaxb.

Similarly the expression 5x’y’z and be written in the factor form as.

5xxxxxyxyxz=5x"yz

O Common Factors

In algebraic expressions if the terms are two or more than two in number the factors which are common to both
are called common factors.

For exampleis the binomial expressions.

3a+6

3xa=3anda

3x2=6

Theterms 3aand 6 have acommon factor 3. Hence both the terms can be written as
3xa+3x2=3x(a+2)=3(a+2)=3a+6.
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Example1:

Solution:

Example 2:

Solution:

Example 3 :

Solution:

Example4:

Solution:

Example5:

Solution:

124

Factorise 12x’y + 15xy’

12X’y =12 XX XXXy

15xy* = 15X XXy XYy

Factorise 15ab’ + 18ab’

15ab’=3x5xaxbxb

18ab’=2x3x3xaxbxb

The common factorsare 3,aandb.

15ab’ +18a’b = 3ab(5b + 6a)

Factorise qp’+42pq + 499’

qp’+42 pq+49q’is of the from,

a’+2ab+b’ wherea’=qp’=(3p)’, b’ =49q°

=(7q)’and 2ab=42pq=(2x3px7q)

. ap’+42pq+499°=(3p)°+2x3px7q+(7q)’
=(3p+7q)

Factorise3ab+3b+5a+5

In the expression we have no common factor. However the first two terms and the last two terms
do have common factors.

Insuch cases we find the factors of the first two terms and the last two terms separately.

3ab = 3xaxb
3b = 3xb
5a = 5xa
5=5x1

Let us find the common factor of 3aband 3b
3ab+3b = 3b(a+1)
5a+5 = 5(a+1)

or
3ab+3b+5a+5 = 3b(a+1)+5(a+1)

We can see thatin the former and the later pairs of terms (a + 1) iscommon we can writeitas—=(a
+1)(3b+5)

Such a method of factorisation is called factorisation by regrouping. As we grouped the first and
lasttwo termsindividualy. Then we regrouped them by finding another common factor.

Factorise 12ab—8b+12—-18a
Steps of factorisation—

Is there any common factor of all the terms? We see that there is no common factor for all the four
termsotherthan4.
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Since we do not have any common factor. Try to regroup them. We can regroup the first and last
two terms.

12ab—-8b+12-18a

4b(3a—-2)+6(2-3a)

Do we get a common factor after regrouping. No! we don’t. Think! What can be done to get a
common factor?

Let us see by changing the order of the last terms and see.

12ab—8b—18a+12 12ab o, 8b__,
4b ab
_ _2)-6(3a- 18 12
4b(3a-2)-6(3a-2) 6a _3a, -5

(3a—2)(4b-6)

‘ Exercise m

Factorise—

1. 14a’+21a'b-28a’b’
2. -5-10p+20p°

3. 9a’-6a’+12a

4. 8X'=72xy+12x

5. 18a’h’-27a’h’+36a’b’
6. 24a’-36a’b

7. 10a’-15a’

8. 36a’b—60a’b’c

9. 16m’-24mn

10.  15xy’—20x’y

11. 12a’v’-21a’p’

12. 12a+15

13. 14a-21

14. 9a-12a’

O Factorisation by Identities

The threeidentities that we will use for factorisation are—
1. (a+b)’=a’+2ab+b’
2. (a=b)’=a’=2ab+b’
3. (a+b)(a=b)=a’-b’
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Example1:

Solution:

Example 2:

Solution:

Example 3:

Solution:

Example 4:

Solution:

Example5:

Solution:

126

L S 4

Factorise 2a’+9a+10

Try to match the expression with identities above. The expression does not match the identity 3
as it has only two terms, while our expression has three terms. Morever the terms of the identity
are squared. In our expression only one terms is squared.

It does not match identity number 2 also asone of the terminitis negative.
Our expression does not match identity 1 also, as it has two squared terms.

Such expressions should be expanded into four terms by splitting the middle term into two. Then
they can be factorised by regrouping method.

Split the middle term in such a way that its sum is 9 and its product is equal to

(2x10)=20

Two suchnumbersare4and5
2a’+9a+10

2a’°+4a+5a+10
2a(a+2)+5(a+2)
(a+2)(2a+5)

Factorise 25a°—16b°
25a’—16a’ usingidentifya’—b’=(a+b) (a—b)
Find squarerootof25and 16

J25 = 5

J16 = 4

(5a)°—(4b)’
(5a+4b)(5a—4b)

Factorise 4y’ - 20yz + 257’
4y*-20yz+257°is of the from.
a’-2ab+b’where
a’=4y’=(2y)’, b’=257
=(5z)’and 2ab=20yz=(2x2yx 52)
.. 4y’ -20yz+252°=(2y)’- 2 (2y) (52)+ (52)°
=(2y-52)°

Factorise (302)*—(298)°
(302)*—(298)°

(302+298) (302—-298)
600+4
2400

Factorisea’—7a+12

We have to find two numbers whose sum is 7 and the product is (1 x 12) = 12. Arrange these
numbersin such a way that we get a common expression. Two such numbers are 3and 4.
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a’-7a+12 = a’-4a-3a+12
= a(a—4)-3(a-4)
= (a—4)(a-3)
[ ]
‘ Exercise w
Factorise the following expressions—
1. a’-4ab+4b’ o atats 16, 1x4-15x1S
. a—4ab+ . a+a+4 . 4415
2. X'y*—6xyz+97° 10. 9a’+24a+16
, , 1.1x1.1-0.5x0.5
3. 1-6a+9a 11. 36a +36a+9 17. 11405
4. 1-2x+x 12. 144m’°+120m+25
, , , 2.5%x2.5-0.5%0.5
5. 16a"-24a+9 13. a"+6ab+9b 18. 25+05
6. 9a’—12a+4 14. 9+6x+X
, , 1.37%x1.37-0.63x0.63
7. aa—10a+25 15. 1+2x+X 19. 1.37+0.63
8. a’—6a+9

- » The algebraic expressions which can be written in the form of products of expression, then each of
these products are called its factors.

»  The process of writing an expression in the form of its products is called factorisation.

- »  When a common monomial factor occurs in each term. Find HCF of all the terms of the given expression
and divide each term by its HCF. Write the given expression as the product of this HCF and the quotient
obtained.

* » When a binomial is common in the given expressions. Find the common binomial and write the given
expressions as the product of this binomial and quotient obtained on dividing the given expression by
this binomial.

» In the regrouping method, arrange the terms of the given expressions in groups in such a way that all
the groups have a common factor. Factorise each group and take out the factor which is common to
each group.

- » Identities used for factorisation are-
: (@) x°+(a+b)x+ab=(x+a)x+b)
(b) (a+b)y’=a’+2ab+b’
() (a-b)y*=a’-2ab+b’
(d (a+b)(a-b)=a’-b’
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| EXERCISE _

1. MULTIPLE CHOICE QUESTIONS (MCQs) :
Tick (v') the correct options.
(a) (a+b)(a—b)isequalto—
(i) (@°+b?) ) (i) (@°-b?) (i) (a+b) ~J(iv) (a=b) .
(b) (a+b)’isequalto —
(i) (a+b)(a+b) | (ii) (a=b)(a=b) | (i) (a+b)(a=b) ~|(iv) Noneofthese |
(c) (a=b)isequalto—
(i) (a+b)(a+b) | (i) (a—-b)(a—b) | (i) (a+b)(a=b) ~|(iv) Noneofthese |
(d) (5a°-45b%)="?
(i) (5a—9b)(5a+9b) | (ii) (5a—9b)(9a+5b)  |(iii) 5(a—3b)(a+3b) [(iv) 9(a—3b)(a+3b) |
2. Factorise-
(a) 14a’+21a'b-28a’b’
(b) -5-10p+20p°
(c) 9a°—6a’+12a
(d) 8x*—72xy+12x
(e) 18a’b’—27a’b’ +36a’b’
(f) 24a’-36a’b
(g) 10a’-15a’
(h) 16a°-24a+9
(i) a’+6ab+9b’
(j) 9a°-12a+4
(k) 9+6x+X
() 36a’b—60a’b’c
(m)16m’=24mn
(n) 15xy’—20x’y
(o) 12a’b’-21a’b’
(p) 12a+15
(g) 14a-21
(r) 9a—-12a’
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H| 1. Findthevalueofxinthefollowing:

(0) (a) (b)

i} 7

@ X 15 X 9

127 31 22 13
63
T e e e e e e e e e e e e p
: a Objective : To write a word problem in the form of an equation and then :
' e s factoriseit. [
 Activity |
I Materials Required : Apen. :
| |
|
l Procedure : Writethe equations and their fractions. :
| |
| |
: Problem Equation Factors I
|
[
: 1. A number square plus eight times :
| the same number minus three is :
I equal to38. |
[
[ 2. Forty divided by a number plus :
|
[ seven times the number is equal :
| t0 10. i
[
| 3. A number plus its cube plus seven :
|
I times then number added to 21 is :
| 1. i
[
I 4, Twenty divided by a number :
: minus the cube of another :
| number plus 87 is seven. |
|
: 5. Thirty-nine times the square of a :
: number is equal to three times |
| the number plus 12. I
v |
~ e e e e —_—_ |
s
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Linear Equations in One Variable

Two equal expressions are collectively called an equation. e.g. if expression 7x —5and 4x+ 13 are equal, then 7x—
5=4x+13isanequation.

1. To solve an equation means : to find the value of letter x this letter x is called the variable or unknown
quantity.
2. The equation in which the variable i.e. x, y, or z etc. is in first order (i.e. is lightest power is one) is called
equation.
Example 1: Solve (i) dx = 18-2x
4x = 18—-2x
dx+2x = 18
6x = 18
oo
= 3Ans.
(ii) 8 = 5x—7
8 = 5x-7
8+7 = bx
15 = 5x
1—5 = 3x
5
x =13
Example 2: Solve 21-3(a-7) = a+20
21-3a+21 = a+20
42-20 = a+3a
22 = 4a
a= 22_51
4
Example 3: Solve y*2_y-3 = 1
4 3 2
Solution: L.C.M of denominators4,3and2=12
12><y—+2—12><y—_3 = 12x1
4 3 2
3(y+2)-4(y-3) =6
3y+6—-4y+12 = 6
-y =-12
y =12
-
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Example4:

Solve (i) -

On cross—multiplying : we
7x
7x

7x—5x
2x
X

a-2
a+4
(a=2)(a+1)

a+2a+a-2

(ii)

a'+a-2

2 2
a-a-da-a
-2a
a

get

a-3
a+1l
= (a-3)(a+4)
= a’-3a+4a-12
= a’+a-12
= =12+2
= -10
5

‘ Exercise m

Solve the following equations.

1.

20=6+2x 8.
15+x=5x+3 9.
4x—-13=7—x 10.
14+5x=10—-x 11.
3x+2 _ 12.
X—6
3a-4=2(4-aqa) 13.
7. 2(7a-3)=3(4a-2) 14.

3(b—-4)=2(4-b)

7—x=x-1

Xx—4
11
8 x-12
5 9

x+2_
9
_X_

5(8x+3)=9(4x+7)

3(x+1)=12+4(x-1)

™ 1
X Z(x=20)=>+32
4 4 4

TO SOLVE PROBLEMS BASED ON EQUATIONS.

1.

2.
3.
4

Read the problem carefully to find out what is given and what is to be known.
Represent the unknown quantity by x or by some other litteras a, b, y, z etc.
Accordingtothe conditions givenin the problem, write the relation between knowns and unknowns.
Solve the equation to obtain the value of the unknown.
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15.

16.

17.

18.

19.
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Example5:

Solution:

Example6:

Solution:

Example 7:

Solution:

Example 8:

Solution:

132

Find a number such that one—fifth of itis less than its one—fourth by 3.

X X
Letthe required number be x since, one—fifth ofx=g and one—fourth of it Z then according to the
problem.

X X
—_——_—— = 3
4 5
5x — 4x
=3
20
x= 3x20=60

The difference of the squares of two consecutive even natural numbers is 92. Taking x as the
smaller of the two numbers form an equationin xand hence find the larger of the two.

Since the consecutive even natural numbers differ by 2 and it is given that the smaller of the two
numbersis x. Therefore the next (larger) even numberisx + 2.
Accordingtothe problems.
(x+2)-x"= 92
X +4x+4—-x"= 92
4x=92-4= 88
_88 _

X = 22
4

Largerevennumber=x+2=22+2=24
Arectangleis 8 cmlong and 5 cm wide its perimeter is doubled when each of its sides is increased
by xcmform an equationinxandfindits new length.
Since length of the rectangle =8cm and its width=5cm.
Its perimeter = 2 (length + width)
= 2(8+5)=26cm
onincreasing each of its side by xcm
Itsnewlength= (8+x)cm.
and new width=(5+x)cm.
Its new perimeter= 2(8+x+5+x)cm

Given new perimeter = 2timesthe original perimeter.

26+4x= 2x26
dx= 52-26=26
x=§= 6.5cm.
4

A man is 24 years older than his son. In 2 years his age will be twice the age of his son. Find their
present ages.

Letthe present age of son be x years
Present age of father= x+ 24 years.
In2years
Theman'sagewillbex+24+2= x+26years.

According to the problemx+26= 2 (x+2)
Onsolvingwegetx= 22
Presentageofman= x+24=22+24=46years

and presentage of sonx= 22years.
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Example 9: One day a boy walked from his house to his school at the speed of 4 km/hr and found that he was
ten minutes late to the school. Next day he ran at the speed of 8 km/hr and found that he was 5
minute early to the school. Find the distance between his house and the school.

. . . distance
Solution: Sincetime= ———
speed

X X
First day he takes 2 hrsto reach the school and next day he takes g hrsto reach the school.

1
Since,thedifferenceoftwotimings=10minutes+5minutes=15minutes=zhrs.
Cox_x_1
4 8 4
Onsolving, we get x=2km.

‘ Exercise m

1. Fifteenlessthen4timesanumberis9. Find the number.

N

Three numbers are in the ratio of 4:5:6. If the sum of the largest and the smallest equals the sum of the third
and 55, find the numbers.

28is12lessthan4timesanumber. Find the number.

Five lessthan 3 timesanumberis 20. Find the number.

Fifteen more than 3 times Neetu’s age is the same as 4 times her age. How old is she?

Anumber decreased by 30is the same as 3 times the number decreased by 14. Find the number.
A’s Salary is same as 4 times B’s salary. If together they earnI 3750 a month. Find the salary of each.

Find the number whose fifth partincreased by 5 is equal toits fourth part diminished by 5.

0 ® N o U W

Six more than one—fourth of a number is two—fifths of the number. Find the number.

10. Thelength of arectangle is 8cm more than its width. If the perimetre of the rectangle is 64 cm. Find its length
and width.

11. Thesum ofthree consecutive odd numbersis57. Find the numbers.

12. Two years ago, Sahil was three times as old as his son and two years hence, twice his age will be equal to five
times that of his son. Find their present ages. Check your solution.

13. Divide 105 into two parts so that one—fourth of one is equal to one—third of the other.

14. The length of a rectangle is 3m more than 5 times the width. The perimeter is 126m. Find the length and the
width.

15. Findthree consecutive even numbers whose sumis 234.

16. The first side of a triangle is 2cm longer then the second side. The third side is 5cm shorter than twice the
second side. If the perimetre of the triangle is 49 cm find the lengths of its sides.
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Dointsito Remermber s
" » Anequation remains unaltered on:
: (i) Adding the same number to each side of it.

(ii) Multiplying each side of it by the same number.

(iii) Dividing each side of it by the same number.

(iv) Consecutiveintegers are takenasx,x+1x+2..........

» Consecutive even numbers are taken X, X+2,X+4.

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (V') the correct options.

(a) Whichoftheseisnotalinearequation?

(i) 3x+5=12 ) (i) 4x’=16 | (i) y+z-2=0 ) (iv) §=7 .
(b) Thesolutionofequation3x—1=5,iS...cccccccvvveeeeeeennn. .
(i) 2 (i) -2 ) (iii) % | (iv) none .
(c) Anumberwhen multiplied by 5 exceedsitself by 32. The numberis........cccouveeennens .
(i) 3 | (i) 4 (i) 6 ] (iv) .
(d) Anumberwhenaddedtoitsonefourth gives40. The numberis.........cccceeeene. .
(i) 16 (i) 32 | (iii) 36 | (iv) 40 .
(e) Two consecutive natural numbers whosesumis85are......ccccceeeeeeeennnn. .
(i) 32,53 ) (i) 42,43 | (iii) 41,44 | (iv) 40,45 )
2. Solvethefollowing equations:
(a) 20=6+2x (b) 3(b—4)=2(4-b) (0 3a-+=2452
5 5 5
X 1 4x 2x
(d) 15+x=5x+3 () 7—x=x-1 (f) 5—25=?—?

3. Findthe numberwhose fifth partincreased by 5is equal toits fourth part diminished by 5.
4. Sixmorethan one—fourth of a numberis two—fifths of the number. Find the number.

5. The length of a rectangle is 8cm more than its width. If the perimetre of the rectangle is 64 cm. Find its length
and width.

6. Thesum of three consecutive odd numbersis57. Find the numbers.

7. Two years ago, Sahil was three times as old as his son and two years hence, twice his age will be equal to five
times that of his son. Find their present ages. Check your solution.
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H 1. One dozen pencils is to be distributed between two children, so that the number of pencils the
C%? second child get double the number of pencils the first child got. How many pencils do the two
(Q children get?

2. How many kg of Basmati rice worth ¥ 96 per kg should be mixed with 15 kg of Basmati rice worth¥ 80
per kg to obtain a mixture costingI 90 per kg?

a Objective : To understand the balancing of an equation.
A,ctivity Materials Required : Weights like cards containing natural numbers, and variable like

®0123456789

Procedure: Foreach balance, calculate the unknown weights. Also, write sown and solve an equation for each situation.

|
| |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
i |
i Balance Equation Value of x :
|
| 3 +[x [5+]2 |
: 3+x=5+2 x=4 I
i |
I |
i |
| 7 +[x [4-:]6 |
| |
I |
i |
|
i 9 +{2 |6 +|x i
: |
I |
I |
i |
i 5 +[1 [x +[4a i
|
i |
I |
i |
! x + 8 5 + 4 |
|
| |
I |
i |
| 8 +|5 |3 +«x i
|
i |
I |
i |
| 1+8 |x+2 |
| |
I |
I |
e e e e ]
.
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Profit, Loss, Discount
and Compound Interest

O Profit or Loss:

1. Supposeamanbuysanarticle forZ40andsellsitforI 55 obviously he makes a profit of ¥ (55—40) =3 15.
HereZ 40is the cost price C.P.I 55 is the selling price (S.P.) and¥ 15 is the profit.

If the selling price of an article is more than the cost price thereis a profit.
Profit (or gain)=S.P—C.P

2. Now,the manbuysthe article for ¥ 55 and sells it for 40 he loses3 (55—40) =3 15
Ifthe selling priceis lessthanits cost price then thereis aloss.
Loss=C.P.-S.P.

Profit or loss is always calculated on cost price. Given above X 15 is profit on ¥ 40 and in ¥ 15 is loss on I 55 if

profitorlossis calculated on 100. Itis called profit percent or loss percent Profit %

= Profit 100 Loss%= 955 x100
C.P. C.P.
Example 1: Mehta buys a table-fan for3 600 and sells it forI 750 find his gain and gain percent.
Solution : Gain=S.P.—C.P.=X750-3600=3 150
Gain%= 221, 100 = 120 1 100 = 25%
C.P. 600
Example 2: A men buys an article for¥ 5000 and sells it for 4500. What is his loss percent?
Solution: Loss=C.P.—S.P.=%5000-3%4500=3 500
Loss%= L5 . 100=2%9 100 = 10%
C.P. 5000
Example 3: Jacob buys an old scooter for ¥ 4700 and spends T 800 on its repairs if he sells the scooter for

5800. Find his gain or loss percent.

Solution : Total C.P. of the scooter = ¥4700+3800=35500
Since = S.P.=¥5800
Gain = ¥5800-35500=3%300
300 5
Gain% = ——x100=5—%
5500 11

Profit or loss percent is always on the total cost - price.

Example 4: A fruit seller buys oranges at 5 for ¥ 4 and sells them at 4 for X 5. Find his profit on percent. Find
total no. of oranges he sold if he earns a total profit of I36.

Solution : Since C.P.of 5oranges=34
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4
C.P.of 1orange ?E =3 0.80

SinceS.P.of4oranges = X5
5
S.P.of1orange = ?Z =3 1.25
Profit = S.P.—C.P.=1.25-0.80=0.45
Profit 0.45

and profit% =

x100 = ——x 100 = 56.25%
0.80

Totalprofit

Also no of oranges sold -
Profit of one orange

236 _
0.45

In order to find profit or loss as percent always calculate the C.P.and S.P. of equal number of articles.

In Example 4 given above instead of finding C.P. and S.P. of one orange. If we find the C.P.and S.P. of 5 oranges or 20

oranges or 100 oranges etc. even then the profit percent will remain the same.

Example5: Aradiois purchased for3 1200 and sold forZ 1080. Find loss percent.

Solution: C.P.=%1200 S.P.=%1080
Loss=1200-1080=% 120

Loss% = 120 x100 =10%
00
Example6: By selling 144 hens. Murphy lost the S.P. of 6 hens. Find her loss percent.
Solution: Let S.P.of1hen = 1

S.P.of144hens = T144x1=144
andloss = S.P.of6hens
= 6x1=X6
C.P.of 144 hens = S.P.+Loss
= 3144+36=3150

L 6
Therefore, loss% = =058 x100=——x100=4
C.P. 150
‘ Exercise W
1. Findthe profitorloss percent:
(a) C.p. = X275 Profit = 25
(b) S.p. = %320 Gain = 72
(c) S.p. = %250 Lloss = <50
(d) c.p. = 400 S.p. = 450
(e) S.p. = %360 C.P. = T400
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10.

11.

12.

Hrithik goes from Agra to Delhi to buy an article. Which costs I 6500 in Delhi. He sells this article for ¥ 8000 in
Agra. Find his gain or loss percent consider that he spends3 700 an transportation, food etc.

Moyna bought 10 note books forI 40 and sold them atI 4.75 per notebook find her gain percent.

A boy buys an old bicycle for3 162 and spends3 18 on its remains. He sells the bicycle forZ 171 find his gain or
loss%.

A shopkeeper bought 300 eggs at 80 paisa each. 30 eggs were broken in transaction and then he sold the
remaining eggs at one rupee each. Find his gain or loss percent.

A man sold his bicycle for 405 losing are length of its cost price finding : (a) his cost price (b) his loss percent
X

[Hintlet C.P.=% xthenloss =?10

and x— % =405

Amansold aradio set forI 250 and gained one - nineth of its cost price find.

(a) Hiscostprice

(b) His profit percent

A shopkeeper sells his goods at 80% of their cost price. What percent does he gain or loss?

The cost price of an article is 90% of its selling price. What is the profit or loss percent?

A shopkeeper mixes two variants of rice in ratio 3:1. The first variety costs ¥ 32/kg, while other costs ¥36/kg. If
the mixed riceis sold at price of ¥ 28.05/kg. Find the profit/loss incurred by shopkeeper.

Shalley sold two sarees forI2185 each. On one saree she lost 5%, while on the other she gained 15%. Find her
gainor loss per cent onthe whole transaction.

Madan Lal purchased an old scooter for ¥ 12000 and spent I 2850 on its overhauling. Then, he sold it to his
friend Karambir for3 13860. How much percent did he gain or loss?

TO FINALISES.P. WHEN C.P. AND GAIN PERCENT OR LOSS PERCENT ARE GIVEN.

Example 7: Girdhariboughtafountain penfor312. Forhow much should he sellitto gain 15%?

Solution: Since, C.P.of thepen = %12
.. Gain = 15%oftheC.P.
15x12
=¥2X2% 3180
100
SinceS.P. = C.P.+Gain
Ha L)
Alternative MethodS.P. = chp,
100
100+1 T115x12
J100+415 51 3115%12 21060
100

142
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Example 8: An article bought forZ 450is sold at loss of 20% find its selling price.

Solution : Since, C.P. = %450
Loss = 20%0fZ450=% 29740 =,
100
AndS.P. = C.P—Loss
= ¥450-390=3360
_ 0
s.p. = (100 IOSSA)XC,P,

100

100-20
(190-20)
100

80
I——x 450 =%360
100

Tofind C.P.when S.P. and gain percent or loss percent are given:
Example 9: Raman sells an article for¥360 at a gain of 20% find his cost price.
Solution : Let C.P.of thearticle = 3100
Gain=20%0f3 100 = %20
andS.P.=%100+320 = %120

WhenS.P.isT120;C.P. = 3100
100

120

WhenS.P.isT360;C.P. = %x360= 3300

WhenS.P.isT1C.P =

100
Alternative method: CP.————xS.P. =ﬂx T 360
100 + gain% 100 +20
=?,100><3'>60 - %300
120
Example 10 : Bysellingan article forZ382.50aman losses 15% find its cost price.
Solution: LetC.P. = 3100
Loss = 15%0f3100=3 15
andS.P. = ¥100-3%15=%85
WhenS.P.is< 85;C.P. = 3100
100
WhenS.P.X1;C.P. =3 —
85
) 100 x 382.50
WhenS.P.is¥382.50:C.P. = X g
= 3450

A Gateway to Mathematics-8

N




p-— 00 cp
100 —loss%

[ﬁj x3382.50
100 -15

1 2.
_z 00 x382.50 %450
85

Example 11 : Janet sells two watches for< 198 each; gaining 20% on one and losing 20% on the other. Find his gain
% or loss % on the whole transaction.

Solution : Since for one watch : S.P.=% 198 and gain=20%
1
= Lx 198
(100 + 20)
1
QcPp 00

.=—S.P.
(100 + gain%)

= 3165

Since; for other watch : S.P.=3 198 and loss 20%

~.cp = _ 100

_ =7 43198
(100 - 20)

~.C.P. = 3247.50

100

P.=———SP.
100 — loss%
Total C.P. of both the watches = ¥165+3247.50=3412.50

Total S.P. of both the watches = ¥198+3198=3%396

Loss onthe while = ¥412.50-%396=%16.50

andloss% = 16.50 x100% = 4%
412.50
‘ Exercise W
1. Findthesellingpriceif:
(a) C.p.=%425 profit = 12%
(b) C.P.=%382 loss = 15%
(c) C.P.=%352 overheads = ¥28and
profit = 20%
(d) C.p.=%576 overheads = ¥44andloss=16%
2. Findthecostpriceif:
(a) S.p.=T121 gain = 10%
(b) S.P.=%475 loss = 5%
() S.p.=%430 gain = 7%%
(d) S.p.=X732 loss = 8.5%
—
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By selling an article for% 900; a man gain 20%. Find his cost price and the gain.
By sellingan article¥ 704; a person loses 12%. Find his cost price and the loss.
Amansellsaradio setforI 605 and gain 10%. At what price should he sellitin order to gain 16%.

Afruit-seller sells 8 bananas for a rupee gaining 25%. How many banana did he buy fora rupee.

N o v 0w

A sells an article to B at a gain of 10% and B sells the same article to C at a gain of 12%. If C pays< 616 for the
article. Find how much did A pay for it?

8. Toshibabought 100 hens for¥ 8000 and sold 20 of them at a gain fo 5%. At what gain percent she must sell the
remaining hens. So asto gain 20% on the whole.

9. Adealergets3 56 less by sellingachairon 8% gaininstead of 15% gain. Find the C.P. of the chair?

10. Mr. Pratham sold his scooter for ¥ 6720 at a gain of 12%. He paid 2% of the selling price to the broker. Find his
net gain as percent.

11. A man bought a piece of land for 15000. He sold 1/3 of this land at a loss of 5 percent. At what gain percent
should he sell the remaining land in order to gain 8% on whole the transaction.

12. Ashopkeepersellsanarticle at 15% gain. Had he sold it for¥ 18 more he would have gained 18%. Find the cost
price of the article.

13. Bysellingasilver necklace foZ 657, ajewellerloses 8.75%. For how much did he purchase it?

Discount

In order to dispose off the old or damaged goods; some shopkeepers offer a reduction on the marked price of their
articles. This reduction is called discount.

(i) Discount is always given on marked price (M.P.) of the article. (ii) Selling price or price paid by the
customer =M.P.—discount.

Example 12 : Ashopkeeper offers a discount of 10% on a tea-set. Find the discount and net selling price of a tea-set
whichis marked at3 450.

Solution: M.P.ofteaset = ¥450

Discount = 10% of%450=345

Net selling price =450—-45 = I405

Example 13 : A beadsman marks his goods at 35 percent above the cost price and then allows a discount of 15
percent. What profit percent does he save.

Solution: Letthe C.P. = 3100
hence, marked price =3 (100+35) = 135
Discount = 15%0f135 = ¥20.75

Selling price= 3(135-20.75)=3114.25

%(114.25-100)
Z 100

and hence profit percent= x100 =14.25%
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Example 14 : A dealer allows his customers a discount of 25 percent and still gain 25 percent. Find the marked

price of a article which costs the dealer3 720.

Solution:  Since, Costprice=%720and gain=325% 0f3720=3 180

S.P.=%(720+180) = T900
Now let he marksitat3 100
Since, discount given =25% 0f3100=25S.P.=3%(100-25)=%X 75

WhenS.p.=%75 M.P. = 2100
100
Whens.p.=Z75 MP. =T —
75
When S.P.=Z 900 M.p. = ¥ 100x900
75
=31.200

Example 15 : Find the single discount equivalent to two successive discounts of 20% and 10%.
Solution:  Letthe marked price of anarticle be I 100.

Then, the discount givenonit = 320
The price after the first discount = ¥(100-20) =3 80
The next discount = 10% of3 80

10
=F|80x—| =38
X ( g 100)

The price after the second discount = ¥ (80-8)=372
ThenetS.P. =372
The single discount equivalent to the given discounts =(100—-72)% =28%

‘ Exercise m

If marked price of an articleis¥350and itis sold at a cash discount of 15%. Find its selling price.
Final theS.P.if.

(a) M.P.=%1300anddiscount=10%
(b) M.P.=500and discount=15%

1
Afterallowingadiscount of75 % on the marked price an article is sold for¥ 555. Find its marked price.

An article marked forZ 650is sold forZ 572. What percentage discount was it on?

Aready made garments shop in Delhi allows 20 percent discount on its garments and still makes a profit of 20
percent. Find the marked price of a dress which is bought by the shopkeeper for< 400.

Find discountin percent when.
(a) M.P.=%900 and S.P.=X873
(b) M.P.=%500 and S.P.=%425
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7.  Acycle merchantallows 25% commission on his advertised price and still makes a profit of 20%. If he gainI 60
over the sale of one cycle. Find his advertised price.

8. The marked price of a water cooler is T 4650. The shopkeeper offers an off season discount of 18% on it. Find
its selling price.

9. Aladyshopkeeperallows her customer a 10% discount on the marked price of the goods and still gets a profit
of 25%. What is the cost price of a fan for her marked at3 12507

10. Thelist price of atable fanisT 480 and itis available to retailer at 25% discount for how much should a retailer
sellittogain 15%?

11. Apublishergives 32% discount on the printed price of abook to book sellers. What does a bookseller pay for a
book whose printed priceisI275?

12. Anarticle marked at¥ 800 is sold at a discount of 10%. Find its cost price if the dealer makes a profit of 20%.
Also, find the profit percent if no discount had been allowed.

13. Adealerofscientificinstruments allows 20% discount on the marked price of the instrument and still makes a
profit of 25%. If his gain over the sale of ainstrument is% 150, find the marked price of the instrument.

14. Findthesingle discount which is equivalent to two successive discounts of 20% and 5%.

O Compound Interest

So for, we had learnt about simple interest as the extra money paid by the borrower to the lender for the privilege
of using the money. We have learnt earlier that if principal =X P, rate = R% per annum and time =T years then the
simple interest given by the formula.

_ PxRxT
~ 100 ‘ .
Incompoundinterestterm. C.I= P{l + %} -p ORC.I= P[(l + %} - 1} [Here, n =Periods of time]

S

[Here, P=Principal, R=Rate, T=Time.

Forexample: If principle =5000 and rate of interest =10%

5000x10x1
100

S.I.for2year=3 | 2000x10x2 1 - .00
100
Clearly in computing S.I. the principal remains constant throughout. But, the above method of computing interest

is generally not used in banks.

S.I.forlyear=?[ }:?500

COMPOUND INTEREST. If the borrower and the lender agree to fix up a certain interval of time (say, a year or a
half-yearly or a quarter of a year etc.). So that the amount = (principal + interest) at the end of a interval becomes
the principal for the next interval then the total interest over all the intervals, calculated in this way is called the
compound interestandis abbreviated as C.I.

If no conversion period is specified the conversion period is taken to be one year. ‘

Example1: Find the compound interest on< 1000 for two years at 4% per annum.
—~—
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Solution : Principal for the firstyear = 31000

_ (100x4><1j
Interest for the firstyear = 3 T 100
L PxRxT
Usinginterest =
100

=340
Amount atthe end of firstyear = ¥1000+340=31040

Principal forthe second year = 31040
(1040 x 4 x 1]

100
41.60

Interest for the second year

Amount at the end of second year=%1040+341.60=31081.60

.. Compound interest=% (1081.60-1000) =3 81.60
Example2: Find the amount and the compound interest on< 20,000 for 3 years at 10% per annum.
Solution:  Wefirst outthe compound interest on3 100 for 3 yearsat 10% perannum.

Intereston< 100 at 10% for 1 year=3 10

Thus amount atthe end of the firstyear=3 (100 +10) =3 110

Thisformsthe principal for the second year.

110
110x10x1 1] =711
100

.. Amount atthe end of the secondyear=%110+311=3121

Interest forthe second year=x% [

Again this form the principal for the third year

121x10x1
Interestforthethirdyear=?(T) =312.10
Amount attheendfthethirdsyear=3121+312.10=133.10and C.1.=3(133.10-100) =% 33.10
Example 3: Find the compound interest of ¥ 8000 for 1 years at 10% per annum. Interest being payable half
yearly.
Solution:  Wehave.

Rate of interest =10% per annum =5% per half year
Time=1%years=3 half-years.
Original principal = ¥ 8000

8000 x 5
SIXox2 1) = 400
100

Amount at the end of the first half year = ¥ 8000 +3 400 =3 8400

Interest for the first halfyear =X (

Principal for the second half year = 38400

8400x5x1

Interest for the second halfyear =% ( ) =420
100

-
A Gateway to Mathematics-8

— I A .

v

148
\» -



Amount atthe end of the second half year=% 8400 +3420=3% 8820

Principal for the third half-year = 8820
8820x5x1

) =441
100

Amount atthe end of the third half year = ¥8820+3441=39261
Compoundinterest =39261-38000=3 1261
Example4: Computethe compoundintereston3 5000 for 1% years at 16% per annum compounded half yearly.
Solution:  Rateofinterest=16% perannum =8% per half-year.
Time=1%years=3 half—years.
Original principal = 35000
5000
A} 2400
100
Amount at the end of the first half-year = (5000 + 400) =3 5400

Principal for the second half-year = 35400
5400><1><8j 3432
100

Amount atthe end of the second half-year =3 (5400 + 432) =3 5832

Interest for the third halfyear =3 (

Interest for the first halfyear =% (

Interest for the second half-year =% (

Principal for the third half-year = ¥ 5832

5832x1x8

B8 246656
100

Amount atthe end of the third half-year = ¥ (5832 +466.56) =3 6298.56
Compound interest = 3 (6298.56—5000) =% 1298.56

‘ Exercise m

1. Findtheamountandthe compoundinterest of I2500 for2yearson12% perannum.

Interest for the third half-year =3 (

2. Whatwill be the compound interest on< 4000 in two years when rate of interest is 5% per annum?

3. Find the difference between the simple interest and the compound interest on ¥ 5000 for 2 years at 8% per
annum.

4. Subhra deposited T 6250 to a company at 9.5% per annum compound interest for 2 years. Calculate the
amount she will get after 2 years.

5. Lovely borrowed a sum of % 12000 from a finance company at 5% per annum compound annually. Calculate
the compound interest that Lovely has to pay to the company after three years.

6. Bindu borrowed I 20,000 from her friend at 18% per annum simple interest. She lent it to Poly at the same
rate but compounded annually. Find her gain after 2 years.

7. Findthe compound interest at the rate of 10% per annum for two years on that principal which in two years at
the rate of 10% per annum gives< 200 as simple interest.

8. Dinesh deposited T 7500 in a bank which pays him 12% interest per annum compounded quarterly, what is
the amount which he receives after 9 months.

-
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1
9. Find the compound interest on I 1000 at the rate of 8% per annum for 1= years when interest is
compounded half-yearly. 2

10. Palash received a sum of % 40,000 on a loan from a finance company. If the rate of interest is 7% per annum
compounded annually. Calculate the compound interest that Palash pays after 2 years.

O Computation of Compound Interest

By Using Formula : In the premium section. We have discased some problems on the computation of compound

interest. As you have seen that the method of computing compound interest was very lengthy. Specially when the

period of timeisvery large in this section.

Formula: Let p be the principal and the rate of interest be R% per annum. If the interest is compounded annually.

Thentheamount Aandthe compound interest C.l. at the end of R years is given by.

Example5:

Solution:

Example6:

Solution :

Example 7 :

150

L Q. 4

1+RY"
A=P[—) ; n=no of years andC..=A—-P
100

Find the amount on T 25000 at 12% per annum compound interest for 3 years. Also calculate the
compound interest.
Here p=3 25000 R =12% perannum and n =3 years.

R n
. Amount after 3years = P [1+—]
100

3
12
-3 25000><(1+—j
[- 100
= 25000 x 25 x 28 28
25 25 25

175616
=

] =335123.20

Amount after 3years = 335123.20

And compoundinterest =3 (35123.20—25000) =3 10123.20
Find the compound interest onI 15625 for 9 months at 16% per annum, compounded quarterly.

. . R n 4 n
Here, Principal (P) =% 15625, Now, Amount,(A)=P [1+ﬁj = ?15625(1+ﬁj
Rate(r)=16%p.a ,
=4% per quarter =X 15625@—2] = ?15625x%x%x§—§
Time(T)=9 months =317567
=3 quarters Since, Compound Interest = Amount - Principal
C.I=%17576-315625=3 1951

Shrey deposited in I 7500 in a bank for 6 months at the rate of 8% interest compounded
guarterly. Find the amount he received after 6 months.
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Solution:  Here,p=37500,R=8% perannumandn=6months

" 6 1
Amount after 6 months = P[l + l] —year = —year.
100 12 2

1 2
=3 7500><[1+ ]
2x100

51 51
=3 7500 x — x — =X7803.
50 50

O Compound Interest when Time is a Fraction

Wheninterest is compounded annually but time is a fraction.
Formula:If p=principal r=rate perannumand time 32 years.
Ex R\J

R 3
A=P(1+—] x| 1+4—
100 100

Find the compound interest an< 24000 at 15% per annum for 2 5 years.

Example 8:
Solution:  Here,p=3 24000, R=15% perannumand time=2§ years. 1)
1 R 2 1+—XR
Amount after2 7 years =P (1+—) X 3
3 100 100
5
15’ las
=3 24000x(1+—j x| 142
100 100

o | 22) 22
- 100 100

e faoox(2) (2]
22 20
=333327

Compound interest =< (33327 -24000)=3 9327

O Finding Principal When A., C.l, and N are Given

Find the principal. If the compound interest compound interest compound annually at the rate of

Example 9:
10% perannum for three yearsisI 331.

Solution:  Letthe principalbe3I 100then 3
10
Amount after three years = | 100 x (1 + —)
100
3
110
=3 | 100 x (—]
< { 100 ]
‘
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=3133.10
Compound interest = I(133.10-100)=33.10

Now, If compound interestis< 33.10 Principal =% 100
100
If compound interestis3 1, Principal =X 33719

Incompound interestis =X 331,
100x 331

Principal =3 [ j =1000
33.10

Hence principal < 1000.

O Finding the Interest Rate Percent Per Annum

Example 10 : At what rate percent perannum, compound interest will¥ 10,000 amounttoI 13310in three years?
Solution:  LettheratebeR% perannum.We have, P =principal =% 10000 Aamount=313310and n=3years.

P(1+i]n
A= 100
R 3
= 13310 =1oooo[1 + —j
100
13310[ RT
- =1+ —
10000 100
1331[ RT
el i DA
1000 100
3 3 3 3
Llon) (s (2
10° 100 100 10
R 1 , R _1 ._100_

= —— = R= 10
100 10 ~ 100 10 10

Hencerate=10% perannum.
Example 11 : In what time willZ 1000 amount to¥ 1331 at 10% perannum compound interest?
Solution:  Letthetimebenyears.

Then,theamount = ¥ | 1000 x (E)
10
1OOOX(E] =1331
10

Or(g}” 01331 11x11x11 (E]

10/ 1000 10x10x10 \10
[11)“ ) ( 11]3
10/ \10
So,n=3
Hence, the requiredtimeis 3 years.
—
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‘ Exercise m

1. Computethe compoundinterestin each of the following by using the formula when—
(a) Principle=33000, Rate=5%time=2years
(b) Principle=% 5000, Rate =10 percent per annum time =2 years
(c) Principle=3 12800, Rate =7.5%time =3 year

2. Find the amount of I 2400 after 3 years. When the interest is compounded annually at the rate of 20% per
annum.

3. Find the amount of I 4096 for 18 months at 12.5% per annum. The interest being compounded semi-
annually.

4. Prasadlent out< 10,000 for 2 years at 20% per annum, compounded annually. How much more he could earn
if the interest be compounded half-yearly?

5. Deepali borrowed I 15625 from the State Bank of India to buy a scooter. If the rate of interest be 16% per
annum compounded annually, what payment will she have to make after 2 year, 3 months?

Compute the compound interest on 15625 for 9 month at 16% per annum compounded quarterly.
Onwhat sum will the compound interest at 5% per annum for 2 years compounded annually beZ 164.

AsumamountstoX 756.25 at 10% per annum in 2 years. Compounded annually find the sum.

v %O N o

In what time will 1000 amount to< 1331 at 10% per annum compound interest?

10. The present population of a town is 2800. If it increases at the rate of 5% per annum. What will be its
population after 2 years?

11. The cost of a machine is< 175000. If its value depreciates at the rate of 20% per annum what will be its value
after 3 years. Also find the total deprecation.

12. Inafactorythe production of scooters was 40,000 which rose to 48400 in 2 years. Find the rate of growth per
annum.

Doints to Remember :

- »  IfS.P.>C.P.i.e.in case of profit.

. . 100 + Profit%
(i) Profit =S.P.-C.P. (iii) S.p.=CP.|———
100
() Profits= "M 100 (iv) C.P.= (M)
100 + Profit%

. n
: R
»  Amount aftern yearsis givenby A=P [1 + ﬁj

» If the principal remains the same through out the loan period, then the interest calculated on this -
principalis called the simple interest. :

: > If the rates be p% for the first year q% for the second year and r% is the third year then amount after 3:

years= P (1+L) x[1+ij +[1+Lj
100 100 100
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| EXERCISE _

MULTIPLE CHOICE QUESTIONS (MCQs) :
Tick (V') the correct options.

(a)

The price at which goods are purchased is called —

(i) costprice - (i) selling price J(iii) profit
(b) Ifselling price ismore than the cost price, what will happen?

(i) profit . (if) loss J(iii) no profit
(c) IfC.P.isT 918, thenthe gain percentis —

(i) 6% (i) 8% | (iii) 10%
(d) Therewillbelossif —

(i) S.P.>C.P. | (i) cp>sp (i) C.P.=S.P.
Find the profit orloss percent:
(a) C.P. = %479 Profit = 205
(b) S.p. = 250 Loss = %50
(c) C.p. = %400 S.P. = 450
(d) .. = %360 Cp. = %400
Find discountin percent when.
(a) M.P. = 900 and S.p. = 3873
(b) M.P. = Z500 and S.P. = 425

. (iv) loss
. (iv) noloss

) (iv) 12%

S U U B

L3 (iv) noneofthese

4. Whatwillbethe compoundinterestonI4000intwo years when rate of interestis 5% per annum?

5. Trilok deposited % 7500 in a bank which pays him 12% interest per annum compounded quartely. What is the
amount which he receives after 9 months?

w ® N

A shopkeeper sells his goods at 80% of their cost price. What percent does he gain or loss?

The cost price of an article is 90% of its selling price. What is the profit or loss percent?

By selling an article forI 900; a man gain 20%. Find his cost price and the gain.

Subhra deposited ¥ 6250 to a company at 9.5% per annum compound interest for 2 years. Calculate the
amount she will get after 2 years.

compounded annually will become more than double?

1. What is the least number of complete years, in which a sum of money at 20% per annum

2. At what rate per cent compound interest, does a sum of money become nine-fold in 2 years?
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Lab
Activity

Objective

Materials Required

To find a formula for future value by using compound interest.

Chart paper, geometry box and sketch pens.

asimple pattern:

You can simplify it by noticing that you can keep out factors

r
of 1+ E foreachline.If youdoso, the balance comesto

Year Balance
Now P
r
1 P[1+—j
100
2 P[1+Lj
100
3 P(1+L]
100
4 P[1+Lj
100

Suppose you open an account that pays a guaranteed interest rate, compounded annually. The balancein

For calculating the future value, write P for your principal and r for the return expressed as percent.

Letustake P-Rs 1000, r=5%, n=5years

Procedure:
principal.
Your balance will grow according to the following schedule :
Year Balance
Now P
r
1 P+—P
100
r r
2 (P+—Pj [1+—]
100 100

Year Balance
Now Rs 1000
5
1 1000( —) Rs 1050
100
5
2 1000( —] =Rs1102.50
100
5
3 1000[1+—] =Rs1157.62
100
5
4 1000[1+—j =Rs1215.50
100
5
5 1000[1+—] =Rs1276.28
100

your account which it will grow to at some pointin the future is known as the future value of your starting,
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Understanding Quadrilaterals

Quadrilateral Definition :

Thefigure made up of the four line segments is called the quadrilateral with vertices A, B, Cand D.
D

C
A B A B
D C D
(iii)
(i)
Figures (ii), (iii) are quadrilaterals but fig (i) in not a quadrilateral, because the line segments AB, BC, CD and DA

(i)
intersect at points other than their ending—points.

iii

The quadrilateral with vertices A, B, Cand D is generally called the quadrilateral ABCD.

O Various Types of Quadrilaterals :

(i)  Parallelogram : A quadrilateral in which both pairs of opposite sides are parallel and equal is called a
parallelogram, written as || gm. or AB || DC.

(ii) Rectangle: Aparallelogram each of whose angle is 90°,(right angle) is called a rectangle, written as AB || CD,
AD||BCand ZA=/B=/C=/D=90°.

(iii) Square: Arectangle havingallsides equaliscalled asquare.

A B A
(i)

1

w A (i) B
(iv) Trapezium : A quadrilateral in which two opposite sides are parallel and two opposite sides are non—parallel is
called atrapezium.
Infig, ABCD is a trapezium in which AB || DC.
Trapeziumis said to be anisosceles trapezium if its nonparallel sides are equal.
Thus, ABCDis asisisosceles trapeziumif AB|| DCand AD=BC.
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(v) Rhombus: A parallelogram having all sides equal is called arhombus.
In fig, ABCD is arhombus in which AB || DC, AD || BCand AB=BC=CD =DA.
(vi) Kite : Aquadrilateralin which two pairs of adjacent sides are equal is known as kite.

Aquadrilateral ABCD is a kite, if AB=AD, BC=CD but AD#=BCand AB#CD.

D
A C
B D
A B
A B
(iv) (v) (vi)

Result on parallelogram:

Inaparallelogram

(i) theoppositesidesare equal;

(ii) theopposite anglesare equal;

(iii) diagonalsbisecteachother.

Proof: Letusconsidera parallelogram ABCD. Draw its diagonal AC. Now, in triangles ABCand CDA, we have

/1 = /2 (Alternate angle) c
/3 = /4 (Alternate angle)
AC = AC (Common)
AABC = ACDA (ASAproperty)
So, AB = CDandBC=DA
Also, /B = /D
Similarly, by drawing the diagonal fig BD, we can prove that
AABD = ACDB

From this, we get LZA=~ZC

This proves (i), (ii) and (iii).

Inorder to prove (iv) let us consider a parallelogram ABCD. Draw its diagonals AC and BD, intersecting each other at
apointO.

Intriangles OAB and OCD.
We have AB = CD (opposite sides of a para.)

ZCOD = ZAOB (Verticallyopp.angles)
ZDCO = ZOAB (Alternate angles)

S AOAB = AOCD
Hence, OA = 0CandOB=0D.
This shows that diagonals of a parallelogram bisect each other.

157
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Remark 1 : A rhombus, a rectangle and a square are special types of parallelograms. So, all the properties of
parallelogram are satisfied in each of them

The converse of the above properties :

(i) Aquadrilateralis aparallelogram, if its opposite sides are equal.

(ii) Aquadrilateralis aparallelogramif its opposite angles are equal.

(iii) Aquadrilateralisa parallelogramifit has one pair of opposite sides paralleland equal.
(iv) Aquadrilateralisaparallelogramifit has one pair of opposite sides paralleland equal.
Remark 2 : Since opposite sides of a parallelogram are equal, therefore perimeter=2(/+b),
Where/and b are the lengths of its two adjacent sides.

Diagonal properties of rhombus : The diagonals of arhombus bisect each other of right angles.
Proof: We have proved above that the diagonals of a parallelogram bisect each other.

But, we know that everyrhombus is a parallelogram.

So, it follows that the diagonals of arhombus bisect to each other.

Now, in order to prove that the diagonals of arhombus are perpendicular to each other, consider arhombus ABCD.
Draw its diagonals ACand BD whichintersect ata point O. Now, in triangles COD and COB, We have

CD = CB (sides of arhombus)
CO = 0OC (common) b ¢
OD = OB ( Oisthe mid pointof BD)
ACOD = ACOB 5
So, Z/COB = ZCOD
But, COB+COD = 2rightangles (linear pair) A B
ZCOB = ZCOD=1rightangle

Hence, the diagonals of arhombus bisect each other at right angles.

Summary : We may summarize the properties of a rhombus as follows :
Sum of angles of a

quadrilaterals is
always 360°

(i) Allthesidesofrhombusare equal.

(ii) Theoppositesides of arhombus are parallel.

(iii) Theadjacentangles of arhombus are supplementary.

(iv) Thediagonalsof arhombusbisect each other atright angles.
Diagonal properties of rectangle :

Property 1:Each angle of arectangleisarightangle.

Property 2 : Let ABCD be a rectangle such that, /A =90°. we have to prove that each angle of arectangle ABCDisa
right angle. for this, we have to show that /B=/ZC=/D=90°

Since ABCD is a parallelogram.

AB=DC,BC=ADand LZA=/C, £/B=ZD.

Hence, ZC=90°

Now, AB || DCand AD intersects them at Aand D respectively. [.. ZA=90°]
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ZA+ /D = 180° C

Hence 90°+ /D = 180°
So, ZD = 180°-90°=90°
But, ZB = /D
c ZB = 90°
Hence, LA=/C=/D = 90° A

Property 2 : The diagonal of arectangle are equal.
Proof: Given arectangle ABCD in which ACand BD are its diagonals.
To prove AC =BD

Proof AABD and A BAC, we have D
AB = BA (common)
ZA = /B (eachequalto90°)
AD = BC (opposite side ofa || gm)
AABD = ABAC
Hence = BD = AC.
A

The diagonals of arectangle are equal.

O Properties of Square

Property: The diagonals of a square are equal and perpendicular to each other.
Given Asquare ABCD whose diagonals ACand BD intersect at O.

Toprove AC=BDand AC_L BD. D
Proof:In AABCand A BAD, we have:
AB = BA (common)
BC = AD (sidesof asquare)
ZABC = /BAD (each equalto90°)
AABC = ABAD
Hence, AC = BD
Now, in A AOBand AOD, we have : A
OB = OD (diagonals of a || gm bisect each other)
AB = AD (sidesof asquare)
AO = AO (common)
AAOB = AAOD
ZAOB = ZAOD
But ZAOB+ ZA0D = 180°

ZAOB = ZAOD=90°
Thus, AO L BD,AC_ BD
Hence AC=BDandAC_ BD
The diagonals of asquare are equal and perpendicular to each other.

The above properties can be summarize as under:
Summary:lnasquare:
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(i) allthesidesare of the same length.

(ii) eachangleisrightangle.

(iii) thediagonalsare of equallength.

(iv) thediagonals bisect each otheratrightangles.

lllustrative Examples

Example1:

Solution:

Example 2:

Solution:

Example 3 :

Solution:

g
160

e/
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Inthe adjacent figure, ABCD is a parallelogram in which Z/DAO =40°, Z/BAO=35°and ZCOD =65°

calculate: D C
(i) ZABO (i) ZobcC -

(i) ZACB (iv) ZCBD

We have A 35°

ZAOB = COD=65°[opposite pair of angles] (vertically opposite £5)
But, the sum of the angles of a triangles of 180°.

/ABO = 180°—(35+65)=80°
Z0DC = ZABO=80°[Alternate angles]
ZACB = ZDAO=40°[Alternate angles]

Now, A+ /B = 180°
75°+ /B = 180°
So, /B = 180°-75°
ZB = 105°
Z/ABO+/CBD = 105°
or /CBD = (105°-80°)=25 [.. ZABO=80°]

Show thata cyclic parallelogramis a rectangle.
Let ABCD be acyclic parallelogram.
We know that the sum of the opposite angles of

acyclicquadrilateral is 180°.
ZA+/C=180° .o (i)

We also know that the opposite angles of a P ¢
parallelogram are equal. A B
ZA=ZC (ii)
From (i) and (ii) we get
ZA=/C=90°

Hence, ABCDis arectangle
In a parallelogram the sum of any two adjacent angles is 180° or in a parallelogram, two adjacent

angles are supplementary.
Let ABCD be a parallelogram.

Then, ZA, ZB; /B, ZC; ZC, ZD and £D, ZA are

D C

four pairs of adjacent angles, we have to prove

that. A B
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ZA+/B=180°, /B+/C=180°, ZC+/D=180°, ZD+ £ZA=180°.Ina parallelogram
ABCD, we have AD || BC and transversal AB intersects them at A and B respectively.

ZA+/B=180".

Similarly, we can prove that /B+ /C=180°, ZC+ /D=180°, ZD+ ZA=180°
Example 4: Three angles of a quadrilateralare 60°, 75°and 100°, Find its fourth angle.
Solution : sumofthree angles=60°+75°+100°=235°

we know that sum of all angle of a quadri lateral =360°

.. Fourthangle=360°-235°=125°

Hence, the sides of the parallelogramare3x3m=9mand5x3m=15m
Example5: One of the diagonals of arhombusis equal to one of its sides find the angles of the rhombus.
Solution : Let ABCD be arhombus such thatits diagonal BD is equal toits sides.
Thatis, AB=BC=CD=AD=BD D C
A ABD and BCD are equilateral
ZA = ZC=60° O
Now, ZA+ /B = 180°
60°+ /B = 180°
/B =180°-60°=120° A B
Hence, ZA=60°=/Cand /B=/D=120°

Example6: Find the length of a side of the rhombus. Whose diagonals AC and BD are of lengths 8 cmand 6 cm
respectively. Let ACand BD intersect at O. Since the diagonals of a rhombus bisect each other at right
angles. D

AO=1Ac=1 x8cm=4cm

2 2
and BO=18D=1x6cm=3cm
2 2 o
Since AOBisaright triangle right angled at O. A C

therefore, by Pythagoras theorem
AB’=0A’+ 0B’

AB'=4’+3’

AB’=16+9

AB’=5 = A B=5cm B
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Example 7 : PQRSisasquare. PRand SQintersect at O. State the measure of ZPOQ.

Solution : Since the diagonals of a squareintersect a right angle. Therefore, Z/POQ=90°

qQ
Example 8: PQRSisasquare determine ZSRP. 1 R
Solution: PQRSisasquare.

PS=RSand ZPSR=90°

Now, in PSR, we have 2
PS = SR P Q
Z1 = /2 [.". Angle opp.toequalsidesare equal]

But, Z1+/2+PSR = 180° [.. ZPSR=90°]

2/1+90° = 180°

So, 2/1 = 90°
Z1 = 45°

‘ Exercise W

1. Themeasure of one angle of a parallelogramis 70°. What are the measures of the remaining angle ?
2.  Twoadjacentanglesofaparallelogramareinl:2. Find the measures of all the angles of the parallelogram.

3. Thesumoftwo opposite angles of parallelogramis 130°. Find all the angles of the parallelogram.

4. Inthebelow figure 1, ABCD is a trapezium in which AB || DC. If /A =60° and /B =40°. Find the measure of its
remaining two angles.

5. Show that a diagonal of a parallelogram divided it into
two congruent triangles.

60° 40°

Fig. 1

6. Inaparallelogram ABCD, the diagonals bisect each otherat 0. ZABC=30°, Z/BDC=10°and ZCAB=70°.Find
ZDAB, ZADC, ZBCD, ZAOD, £DOC, ZBOC, ZAOB, ZACD, ZCAB, ZADB, ZACB, ZDBCand ZDBA.

7. Infig.2,BDEFand DCEF are both parallelograms. IsittruethatBD=DC?

-
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8. Infig. 2, supposeitisknownthat DE=DF. Then,is ABCisosceles?

F E
B ) C
Fig. 2
9. Diagonals of parallelogram ABCD intersect at O as shown in fig. 3, xy contains o, and x,y are point on
opposite sides of the parallelogram. Give reasons for each of the following: c
(a) 0OB=0D X
(b) ZOBY=/DOX 0
(c) ABOY=ADOX
(d) ZBOY=/DOX
A Fig. 3

10. Draw aparallelogram ABCD, in which AB=4cm, AD=3cmand Z/BAD =60° measure its diagonals.
11. Drawa parallelogram ABCD, if AB=5cm, AD =3 cmand BD=4.5cm measure AC.

12. Thediagonals of a parallelogram are not perpendicular. Isitarhombus ? Why or why not ?

13. ABCDisarhombus. If ZACB=40°, find ZADB.

14. Ifthediagonalsofarhombusare12cmand 16 cm, find the length of eachside.

15. Constructarhombus whose diagonals are of length 10cmand 6 cm.

16. Drawarhombus, having each side of length 3.5 cm and one of the angles as 40°.

17. ABCDisrhombusandits diagonalsintersectatO.
(a) IsABOC= ADOC?Statethe congruence conditionused ?

(b) Alsostateit /BCO=/DCO.

18. ABCD is a rhombus whose diagonals intersect at O. If AB = 10 cm, diagonal BD = 16 cm, find the length of
diagonal AC.

19. Thesidesofarectangleareintheratio3:2andits perimeteris 20 cm. Draw the rectangle.
20. Thesidesofarectangleareintheratio5:4.Finditssidesifthe perimeteris90cm.

21. Drawasquare whose each side measure 4.8cm.

D
22. In the adjacent figure, ABCD is a rhombus whose diagonals c
intersect at O. If AB = 10 cm and diagonal BD = 16 cm, find the
length of diagonal AC.
[HingOB=8cm, AB=10cmand ZAOB =right angle] 0
OA’=(AB’—0B’) (by Pythagoras Theorem)
Now, AC=2 OA A B

A Gateway to Mathematics-8 163
N 5 |




23.

Which of the following statements are true:

(@) Rhombus hasonly two pairs of equal sides.

(b) Rectangle’s diagonals are equal.

(c) Squarehasallitssides of equal length.

(d) Rectangle’s diagonalsare perpendicular.

(e) Squarediagonalsareequaltoitssides.

(f)  Rhombus hasallits sides of equal length.

(g) Rectangle'sdiagonalsare equal and bisect each other.

(h)  Rhombusisa parallelogram.

)

Doints to IRemember :

A quadrilateral is a polygon of four sides.
In quadrilateral if each of its angles isless then 1807, thenitis convex.

The sum of measures of the angles of aquadrilateralis 360°
The sum of the measures of exterior angles of apolygonis 360°
Aparallelogramis a quadrilateral with opposite sides parallel.
Inaparallelogram, opposite sides are equal.
Inaparallelogram, opposite angles are equal.
Inaparallelogram the diagonals bisect each other.

Inaparallelogram, two adjacentangles are supplementary.

A quadrilateral, whose ane pair of opposite sidesis parallelis called a trapezium.

Ifnonparallel sides of trapezium are equal,itis calledisosceles trapezium.
Aparallelogram, whose all sides are equal, is called arhombus.

The diagonals of arhombus bisecteach other atrightangles.

If all angles of parallelogram are 90°, itis arectangle.

The diagonals of arectangle are equal and bisect each other.

If all angles of arhombus are right angles, then itis a square.
Diagonals of a square are equal and bisect each other at aright angles.

If 2 pairs of adjacent sides of quadrilateral are equal, thenitis a kite.

JOO0OO0O

(
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| EXERCISE _

(a)  Ifthediagonalsof a quadrilateral bisect each other, then it must be :

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (v) the correct options.

(i) Square | (ii)Rectangle | (iii) Rhombus | (iv)Parallelogram |
(b)  Thesumofanglesof aquadrilateralis:

(i) 90° | (ii)180° | (i) 270° | (iv)360° .
(c)  Ifthethreeanglesofaquadrilateral are 75" each, thenits fourth angle must be:

(i) Acute | (ii)Obtuse | (i) Right | (iv)Noneofthese |
(d)  Thequadrilateral whichis equilateral but not equiangularis:

(i) Square | (ii)Rectangle | (iii)Rhombus | (iv) Trapezium ]
(e)  Aquadrilateral whichis equiangular but not equilateral is :

(i) Rectangle | (ii)Square | (iii) Rhombus | (iv) Trapezium N
(f)  Aquadrilateral whichis both equiangularand equilateralis:

(i) Kite | (i) Rectangle | (iii)Square | (iv) Rhombus J

(g)  Themeasure of each angle of a convex polygonis:
(i)Morethan180° | (ii)Lessthan180° | (iii)Equalto180° | (iv)Noneofthese |
(h)  Isthe number of sides of a polygon same as the number of angles ?
(i) Yes | (ii)No | [(iii)Donotknow | (iv)Maybe »
2. Inthe adjoining figure, ABC is a right-angled triangle and O is the mid point of the side opposite to the right
angle. Explainwhy O is equidistantfrom A,Band C. (The dotted lines are drawn additionally to help you)

IR D
0
B 'C
3. Intheadjoiningfigure, both RISKand CLUE are parallelograms. Find the value of x.
K E S U
o RN
120 T~
. . 70°
R [ C L

4. Statetrue(T)orfalse(F):
(@)  Allparallelogramsare trapezium.
(b)  Everysquareisarectangleaswellasarhombus.
(c)  Allrectanglesare squares.
(d)  Allrhombuses are parallelograms.
(e)  Allsquaresaretrapezium.
(f)  Alltrapeziumsare square.
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5. Find the value of x, if the two adjacent angles of a parallelogram are (3x—4)° and (3x+16)°. Also, find the
measure of each of its angles.

H Ifthe sides of asquare are (5a—17) cmand (2a + 14) cm, then find the length of its sides and diagonal.

ab Objective : To verify the properties of a square by paper folding.

ActiVity Materials Required :  Asheetof paper, pencil, scissors.

Procedure:
Step1. Takearectangularsheetof paper.

Step2. Folditasshowninfigure and cutoff the extra portion.

(i) (ii) (iii) (iv)
Stepl. Unfoldthesheetandyougetasquare ABCD with crease ACas diagonal.
Step1l. FolditalongBDandyougetanotherdiagonal with crease BD.
Insquare ABCD, you observe that:
()  AB=BC=CD=AD
(i) mZLA=mAB=m£ZC=m<£ZD=90°
(i) AC=BD
(iv) OA=0B=0C=0DandAC_LBD.

Thus, allthe properties of a square stand verified.

e o o o e e — — — — — — —— o ————————————————————— ————————————————— ——— — —— — —
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Construction of

-2 =
Quadrilaterals

O Quadrilaterals

Let A, B,C,D be four points in a plane such that not three of them are
collinear and the line segments AB, BC, CD and DA do not intersect
except attheirend points.
Then the figure formed by these four lines segments is called a
quadrilateral.
A quadrilateral ABCD has

(i) Foursides:AB,BC,CDand DA

(ii) Fourangles: ZA, ZB, ZCand £D

(iii) Twodiagonals:ACandBD
Adjacent Sides : Two sides of a quadrilateral which have no common end point are called its adjacent sides. For
Example: ABand BC,BCand CD etc.
Opposite Sides : Two sides of a quadrilateral which have a common end points are called its opposite sides.
Thus AB, CD and BC are two pairs of opposite sides.
Adjacent Angles : Two angles of a quadrilateral which have a common side are called adjacent angles. For
Example: ZAand /B, ZBand ZCetc.
Opposite Angles : The angles which are not adjacent are known as opposite angles. Thus in the given figure, ZA
and £C, ZBand ZD are two opposite angles.
[The sum of allthe angles of a quadrilateral is 360°]

O Construction of Quadrilaterals

We know that in case of a quadrilateral the elements are its four sides, two diagonals and its four angles. Thus a
quadrilateral has ten elements. It is possible to draw a convex quadrilateral if any five independent elements are
given. To draw a non-convex quadrilateral, sixindependent elements are required.

We divide the required quadrilateral into two triangles which can be easily constructed. These two triangles
together will form a quadrilateral.

1. To construct a quadrilateral when four sides and one diagonal are given:

Example1: Construct a quadrilateral ABCD in which AB = 3.5¢cm, BC 4cm, CD 4.8cm, DA =2.8 cm and AC =
7cm. D

Solution : First we draw a rough sketch of ABCD and write down %c}“ 4.8 cm
its dimensions as shown. Vv

We may divideitinto two triangles ABCand ACD.

Steps of construction:
(i) DrawAC=7cm.
(i)  Withaascentreand radius 3.5cm draw and arc (below AC) B

(iii)  WithBascentreand radius4cmdraw another arc. Cutting the previous one at B.
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(iv) Join ABandBC.

(v)  With A as centre and radius 2.8 cm draw an arc
(above AC)

(vi) Withascentreandradiusequalto4.8cmdraw
anotherare. Cutting the previousoneatD

(vii) JoinADandCD.
(viii) ABCD is the required quadrilateral shown is

figure.
2. To construct a quadrilateral when three sides and two diagonals are given :
Example2: Construct a quadrilateral ABCD in which BC = 5cm, CA = 6.5cm, AD = 4.4cm, CD = 6.5cm BD =
5.6cm.
Solution: Let us draw a rough sketch of the required quadrilateral and write down its dimensions.We can
divide the quadrilateral into two triangles DCA and DCB. C
So, we construct these triangles to have the required 62 s

guadrilateral.
Steps of construction:
(i) Draw DC=6.5cm.

(ii)  With D as centre and radius equal to 4.4cm draw an
arc.

5cm

(iii)  With Cas centre and equal to 5.6cm draw another arc
tocutthe previousarcatA.

(iv) JoinADandAC.

(v)  With D as centre and radius equal of 6.5¢cm draw an
arc.

(vi)  With C as centre and radius equal to 5cm draw
anotherarcto cutthe previously drawn arcat B.

(vii) JoinBC,BDand AB

(viii) ABCDistherequired quadrilateral showninthe figure.

We observe, that while doing
construction on quadrilateral,
we construct two triangles

from the given data.

3. To construct a quadrilateral when four sides and one angle are given :
Example 3: Constructaquadrilateral ABCD in which AB=3.8cm,BC=3.4,CD=4.5cm,AD=5cmand /B=75"
Solution: Draw a rough sketch of the required quadrilateral and write

downitsdimensions. We can divideitinto AABCand ACD.

Steps of construction:
(i) Draw AB =3.8cm.
(i)  Make ZABX=75°

(iii)  With B as centre and equal radius equal to 3.4cm,
cut off BC=3.4cmalong BX.

(iv)  JoinAC.
(v) With A as centre and radius equalto 5cm draw an arc.
(vi)  With C as centre and radius equal to 4.5cm draw
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anotherarcto cutthe previously drawn arcatD.
(vii)  JoinDCand DA.

(viii) ABCDistherequired quadrilateral showninthe figure.

4, To construct a quadrilateral when three sides and two included angles are given :
Example4: Construct quadrilateral ABCD in which AB =4.2cm, BC =5cm, CD =5.4cm, /B =110° and £C =
80°
Solution : Let us draw a rough sketch of the required quadrilateral and write down the given dimensions.
Steps of construction:
(i) DrawBC=5cm,
(ii)  Make £CBX=110° A
(iii)  With B as centre and radius 4.2cm, cut out BA %)
4.2cmalongBX. .
(iv) MakeBCY=80° %\ 2
(v)  With Cas centre and radius 5.4cm draw an arc to <
cut CYatD.
(vi) JoinDA. ° 5 cm c
(vii) ABCDistherequired quadrilateral, showninthefigure.
5. To construct a quadrilateral when three angles and their two included sides are given :
Example 5 : Construct a quadrilateral ABCD in which AB =4.4cm, BC=5cm, Z/A=65°, /B=110°and £LC=125°
Solution : Draw a rough sketch of the required quadrilateral ABCD and write down its dimensions.
Step of Construction :
(i) DrawAB=4.4cm,
(i) Make ZABX=110° s
(iii)  With B as centre and radius 5¢cm draw an arc to cut BX at 125° C
C.
(iv) Make ZBCY=125°and /BAZ=65°
(v) LetCYandAZintersectatD.
(vi) Then ABCDis the required quadrilateral. o5° 1102
A 44 cm B
Exercise
1. Constructaquadrilateral ABCD in whichAB=4.3cm,BC=6.2cm, CD =5cm, DA=5cmand AC=8.3cm.
2. Construct a quadrilateral PQRS in which PQ = 5.5cm QR = 4.8cm, RS = 4.3cm SP = 3.9cm and diagonal PR =
4cm.
3.  Construct a quadrilateral PQRS in which QR = 7.5cm, PR =PS =7cm, RS =6cm and QS = 10cm, measure the
fourthside.
4.  Constructaquadrilateral ABCD in which AB=BC=4cm,CD=3.5cm, DA=5.5cm, AC=8cmand BD =5cm.
5.  Constructaquadrilateral ABCD in which AB=BC=4cmAD=5.5cmand £ ABC=130°.
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6.  Constructaquadrilateral ABCD in which AB=3cmBC=4cm CD=3cmand DA=3.5cm ZAand ZA=80°.

7.  Construct a quadrilateral ABCD in which AB=cm BC=5cm CD =4.8cm DA=120°and £C=70".

8.  Construct a quadrilateral PQRS in which PQ = 6¢cm QR =5.8cm, RS = 3cm £Q=45° and ZR=90°.

9.  Constructaquadrilateral ABCD in which AB=6cm BC=4.5cm ZA=60°, Z/B=110° £ZD=90°.

10. Constructaquadrilateral ABCD in whichAB=4cmAC=5.2cm, AD=5.6cmand ZABC= ZACD=80°.

Construction of special types of quadrilaterals.

Example 1:

Solution:

Example 2:

Solution:

Example 3 :

Solution:

-
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Construct a parallelogram ABCD in which AB=3.6cm, BC=4.2cmand AC=6.5cm.

In a parallelogram opposite sides are equal. Thus we have to construct a quadrilateral ABCD in
whichAB=3.6cmBC=4.2cmCD=3.6cm,AD=4.2cmand AC=6.5cm.

Steps of Construction:
(i) DrawAC=6.5cmasshownin fig.

(ii)  WithAascentreandradius AB=3.6cmdraw an arc.

(iii)  With C as centre and radius BC = 4.2cm draw and B
anarc, interactingthe arcdrawn is steps || at B. (_oc,é\ 75
< c
(iv)  With A as centre and radius AD = 4.2cm draw and > %
arconthe side of ACopposite to that of B. A 6.5 cm c
(v)  With C as centre and radius CD = 3.6cm, draw
anotherarctheintersectthearcdrawninstepivat. ¥> N
c ©
(vi) Join AB, BC. AD and CD to obtain the required. K >
parallelogram ABCD. D

Construct a rectanlge ABCD in which side BC=5cm, BD =
6.2cm.

First draw a rough sketch of the required rectangle and write down its dimensions.

Steps of Construction:

(i) DrawBC=5cm.

(ii) DrawCX andBC.

(iii)  With Bascentreandradius 6.2cm draw and arcto cut CXatD.

(iv) JoinBD.

(v)  WithDascentreandradius 5cmdraw an arc.

(vi) WithBascentreandradius equalto CD draw another arc. Cutting the previous arcatA.
(vii) ABCDisrequiredrectangle.

Constructarhombus with sides 5cm and one diagonal 6.5cm.

A rhombus is quadrilateral having all sides equal and opposite sides parallel, thus we have to
construct a quadrilateral ABCD. Whose all sides are equal to 5¢cm and one diagonal. say AC =
6.5cm. To draw this, we follow the following steps.

Steps of Construction:
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(i) DrawAC=6.5cm
(i)  WithAascentreandradius AB=5cmdraw an arc.

(iii)  With Cascentreandradius CB=5cm, draw anotherarc
intersectingthe arcdrawn at B.

(iv)  With A as centre and radius AD = 5cm, draw an arcon
the side at AC opposite to that of B.

(v)  With C as centre and radius CD = 5c¢m, draw another *5‘% <
arc, intersecting the arcatD. %°
(vi) Join AB, BC, CD and AD to obtain the required 5
rhombus.
Example 4: Constructasquare ABCD, each of whose diagonalis 5.5cm. "
Solution : We know that the diagonals of a square bisect each other at right angles so] we proceed
according to the following steps. D
Steps At Constructions: 7{
(i) DrawAC=5.5cm
(i)  Drawthe perpendicular XY on AC, meeting ACto O.
(iii)  From O set off OB = % (5.5) = 2.75cm along OX. DO = A @) C
2.75cmalong OX.
(iv) JoinAB,BC,CDand DA. }4
(v) ABCDistherequiredsquare.
B

P W NPR

w ® N

10.
11.

12.
13.

. vY
‘ Exercise @

Construct a parallelogram ABCD in which AB=5.3cmBC=4.6cmand AC=7.5cm.
Construct a parallelogram ABCD in whichAB=4.3cmAD=3.9cmand BD=6.7cm.

Construct a parallelogram ABCD in which BC=6¢cm £/BCD =110°and 4.5cm.

Construct a parallelogram one of whose side is 4.3cm and whose diagonals are 5.7cm and 7.1 cm measure
the otherside.

Construct a parallelogram ABCD in which diagonal AC = 3.7cm, diagonal BD = 4.5¢cm and the angle between
ACandBDis 65°.

Constructarectangle ABCD whose adjacent sidesare 12cm and 8cm.
Construct asquare, each of whose diagonals measures 6¢cm.
Constructasquare, each of whose diagonals measures 7.2cm.

Construct a rectangle PQRS in which QR = 4cm and diagonal PR = 6.5cm. Measure the other side of the
rectangle.

Constructarhombus whose diagonalsare 5.7cmand 8.2cm.
Constructarhombus whose sideis 7.5cmand one angleis 70°.

Construct atrapezium ABCD in which AB=5.9cmBC=4.1cm,CD=3.4cm, /B=80°and DC||AB.
Draw trapezium ABCD in which AB||DC AB=7.1cmBC=54.cm,AD=6.2cmand Z/B=62°.

‘
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» A quadrilateral is a geometrical figure with four sides and four angles. It is a polygon having four sides.

» The eight elements of quadrilateral are-four sides and four angles.

> A quadrilateral can be constructed, if—
(a) Foursides and one diagonal have been provided
(b) Four sides and one angle have been provided.
(c) Three sides and two diagonals have been provided.
(d) Three sides and two included angle have been provided.
(e) Two adjacent sides and three angle have been provided.

» We can also construct special types of quadrilaterals, viz, parallelogram, rectangle, square and rhombus. °

1. MULTIPLE CHOICE QUESTIONS (MCQs) :
Tick (V) the correct options.

(a) A quadrilateralis also a kind of —

(i) hexagon _J(ii) polygon | (iii) 3Dshape | (iv) sketch .
(b) How many minimum elements are needed to draw any quadrilateral?

(i) 8 (i) 6 ) (i) 5 - (iv) 4 -
(c) Three sides of a quadrilaterals have been given. what additional information do you need to draw it?

(i)  fourthside | (i) anytwoangles u

(iii) twoincluded anglesbetweengivensides | (iv) noneofthese u

(d)  Asquare hasfourangles, each one of them beinga/an—

(i) acuteangle  |(ii) obtuseangle | (iii) rightangle | (iv) noneofthese |
(e) Ifthree angles of a quadrilateral have been given, we need the measure of the following to draw it.

(i)  threesides.  |(ii) foursides | (i) twoincludedsides | (iv) fourthangle |

(f) The diagonals of arectangleare—

(i)  equal (i) unequal | (iii)  non-intersecting | (iv) noneofthese |
(g) The sum oftheinteriorangles of asquareis—

(i) 270° (i) 290° | (i) 360° | (iv) 380° -
(h)  Eachdiagonals of a parallelogram dividesitinto—

(i)  twoequalsquares | (i) twoequaltriangles .

(iii) twocongruenttriangles ~ | (iv) noneofthese u
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10.
11.

Draw a quadrilateral PQRS, whose datais as follows:
PQ=6cm QR=5.1cm
RS=3.4cm PR (diagonal)=6.9cm
Write the steps of construction, too.

Draw a quadrilateral ABCD, whose data is as follows:

AB (base)=3.5cm BC=5.3cm
CD=7.2cm DA=3.2cm
Z/DAB=125°

Write the steps of construction too.

Draw a quadrilateral PQRS in which PQ (base) = 3 cm, QR = 2.8 cm, RS = 4.3 cm PR (diagonal) = 4.1 SQ
(diagonal) =5.3 cm. Write the steps of construction, too.

Draw a quadrilateral ABCD in which ABis the base. The vital datais as follows.
AB=5cm BC=4.9cm CD=4cm
/DAB=80° Z/CBA=69°

Draw the steps of construction, too.

Draw the step of quadrilateral PQRS for which the following data has been provided PQ (base) = 7.0 cm QR =
4.9cm

ZSPQ=74° ZPQR=95° ZQRS=73°
Write the steps of construction, too.

Draw a quadrilateral ABCD in which AB =4.7 cm, BC =3.5 cm and AC = 5 cm. What type of quadrilateral is it ?
Write the steps of construction, too.

Draw a quadrilateral PQRS in which PQ = 7 cm and diagonal PR = 8.6 cm. Write the steps of construction, too.
Draw a square ABCD in which PQ =7 cm and diagonal PR = 8.6 cm. Write the steps of construction, too.
Draw asquare PQRS, whose diagonal lengthis 4.5 cm.

Draw a quadrilateral ABCD in whichAB=6.5cm,BC=5cm, DA=60°, DB=110°and DD =85°.

In which of the following cases, can you draw a quadrilateral ?
(a)  Foursidesandadiagonal are given.
(b)  Fouranglesandoneside are given.
(c) Foursides and one angle are given.

(d)  Threesidesandtwo diagonals are given.
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a Objective : To understand the shapes of various quadrilaterals.
Activity Material Required 1 Cardboard (two big sheets)
2 Glue
3 Cutter
4, Penciland eraser
5 Ruler
6 Set squares and compass
Procedure
1. Draw atriangle onthe cardboard sheet. Its base is 8 cmand its heightis 4 cm. Cut out the sheet.

2.  Drawa parallelogram with base 10 cm and height 6 cm. Use set squares and compass to do so. Cut it out of the
sheet.

Draw arectangle of length 8 cmand breadth 3 cm. Cut it out of the sheet.
4. Calculatethe areaof all these three shapes.

On the second sheet of cardboard, draw two boxes. They must be big enough. Look at the figure

|

| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
[ |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
' |
|

! shown ahead. :
| % |
: |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
| |
| |
I I
' |

+ Parallelogram —I_ Rectangle — Square
area

Triangle
area

area area

6. The area of the square is the sum of the areas of three shapes drawn earlier. Calculate the length of
its sidesand draw iton the sheet.

Paste the triangle, parallelogram and rectangle on the left hand box.
8. Pastethesquareontheright hand box.

Fillin the blank boxes below.

Sides of the square:

Area ofthe square:

N e e e e o o e e e e e — — — — — — — — — —— ————————————— —————— ———— ——————— ——— — —— — ——— —
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Circle and its Properties

We have learnt about circles and some of their propertiesin the previous class. Let us recall some definitions.

Circle : A circle is a set of those points in a plane that are at a given constant A

distance from a given fixed pointin the plane.

Radius : A line segment with one end point at the centre of the circle and the N

other on the boundary of the circle is called a radius of the circle. All radii of a g Radius
circleare equal. §O i
Diameter : Aline segment passing through the centre of the circle and having its

end points onthe boundary of the circle is called a diameter of the circle. In fig AB

isadiameter of thecircle. B

Clearly, AB=2xo0p

i.e.diameter=2xradius.

Chord: A line segment joining any two points on a circle is called a chord of the ﬁ‘ord

circle.

Clearly, adiameteristhe longest chord of the circle. .
Semicircle : A diameter of a circle divides the circle into two equal parts, each

partis called asemicircle.

Secant: Asecantisaline segment thatintersects a circle at two points. < Secant >
Circumference of acircle : The perimeter of acircle is called its circumference.

Ifristheradius of a circle, then its circumference Cis given by the formula.

C=2mr.

Arc : An arc is a part of a circle included between two points on the A ] B
circumference of the circle.

Minor Arc: Anarcofacircleiscalled minorarcifits lengthisless thanthe length

of the semicircle. V
Major Arc : An arc of a circle is called a major arc if its length is greater than the

length of the semicircle.

In fig we have minor arcﬂB\=f)_(E,

Major arcXE:ﬁB\ Y

Degree measure of an arc: The degree measure of an arcis the measure of its central angle of degree.

Thusinthe givenfigure, ABs an arc of a circle with centre O Z AOB s the central angle and the measure of ZAOBin
degreesis called the degree measure or simply the measure of arc AB, written as m (AB) =x°.
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Congruent arcs : Two arcs of a circle are congruent if either of them can
be superposed on the other so as to cover it exactly. The degree
measures of the two arcs are the same.
Thelengths of the congruent arcs are always equal.

Sector of a circle : A sector of a circle is the region enclosed by an arc of
the circle and the two radii of its end points.

Thusin the given figure, region OAB is a sector. A\%/B

Segment of circle : Asegment of a circle is the region bounded by an arc /\
A Minor Segment B

of the circle and the chord.

In fig. AB is a chord of the circle with centre O. This chord divides the

circular region into two parts. Each part is called a segment of a circle. °0
The region containing the centre of the circle is called the major Major Segment
segment and the part which does not contain the centre is called minor

segment.

Tangent of a circle : A line that intersects a circle in exactly one point is
called tangent to thecircle.

The point at which the tangent intersects the circle is called the point of

contact. . )
Cyclic quadrilateral : If all the four vertices of a quadrilateral lies on a og
circlethensuch a quadrilateralis called cyclic quadrilateral.
Thus in the given figure, ABCD is a cyclic quadrilateral and the points
ABCD are concyclic. v
D C

O Properties of Chords of A Circle
Property 1 : The perpendicular from the centre of a circle to a chord
bisectsthe chord.
Proof : Let AB be a chord of a circle with centre O and let OL L AB. Join
OAandOB. A‘\/B
Inrighttriangles OLA and OLB, we have

OA = OB (Radii of the samecircle)

OL = OL (Common line segment)
and, ZOLA= ZOLB (Each equalto90°)
So, AL =LB [.". Congruent parts of congruent triangles

are equal] —

Hence, L bisects AB. A—L B
Property 2 : (Converse) The line joining the centre of a circle to the mid
point of a chordis perpendicularto the chord.
Proof : Let AB be a chord of a circle with centre O and let M be the mid
point of AB.Join OM, AO and BO. Then we have to prove that
OM LAB. AB
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In A OMA and OMB, we have

OA

oM

AM
.. AOMA
So, ZOMA
But, LOMA
) LOMA

+

OB (radii of the same circle)
oM (Common)
BM (.. Misthe mid point of AB)
= AOMB (sss property)
£LOMB (congruent parts of congruent AS)
£LOMB=180° (linear pair)
£0OMB=90°

Hence, OM L AB.

lllustrative Examples

Example 1:

Solution:

Example 2:
Solution :

Example 3 :
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In a circle with centre O and radius equal to 13cm AB is a chord which is 24cm long. Find the
distance of the chord from the centre.

.. Draw OM _LAB.

Since the perpendicular from the centre of a circle bisects the
chord, we have AM=MB=12cm

Now in right angles A OMB we have
OM’= (OB’~-MB?) =[(13)—(12)*] = 25.

OM=\/£=5cm. A\VB

Hence, the distance of the chord from the centre =5cm.

Inacircle of radius 7cm, find the distance of a chord of length 9cm from the centre.
Let PQbe achord of acircle with centre O and radius OP =7cm such that PQ=9cm
LetOM L PQ.

Since perpendicular from the centre of the circle on a chord bisects the chord.
Therefore, Mis the mid point of PQi.e.

PM=MQ = 2 cm
2
Thus, inright triangle OMP, we have
9
OP=7cm,PM= 5 cmand Z0OMP=90°

.. ByPythagorastheorem,
OP’=0OM’+PM’

OM?= 0P~ P\ M
OM= /OP? —OM?

2
9 81 [196-81 [115
77— = =\/49——=\/ =\/
2 4 4 4

1
oM =5 115 cm.

v115

Hence, the distance of the chord from the centreis cm.

Two circles of radii 10 cm and 8cm intersect each other and the length of the common chord is
12cm. Find the distance.

&




Solution : Let O and O' be the centres of the circles of radii 10cm and 8cm respectively and let PQ be their
common chord. We have OP=10cm, O'P=8cmand PQ=12cm

o PL = 1/2PQ=6cm
Inrighttriangle OLP, we have 5
OP* = OL*+LP’
OL = op? —LP?* =10’ - 6’
= \/64cm=8cm
Inrighttriangle O'LP we have 4
O'P* = O'L+LP’
O’ = \JOP? —LP? =/8? =67 =,/28cm =5.29cm
0'0=0L+L0= (8+5.29) cm=13.29cm
[
‘ Exercise @
1. In a circle of radius 13 cm, a chord is drawn at a distance of 12 cm from the centre. Find the length of the

chord.
2.  Achordofacircleis20cminlength andits distance from the centreis 24 cm. Find the radius of thecircle.
3. Inacircle with a radius 10 cm what will be the length of a chord 6 cm away from the centre of the circle ?

4. In a circle of radius 10 cm, a chord is placed 6 cm from its centre. Another chord with same length is placed
15cmaway in anothercircle. Find the radius of the second circle.

5.  Achordofacircleis 16 cmin length and its distance from the centre is 6 cm. Find the length of a chord of the
same circle at adistance of 8 cm from the centre.

6.  Two circles with centres A and B intersects in P and Q and M is the mid point of PQ. AM,BM are joined. Find
/. AMP and ZBMP. Also, show that the points A,M,B are collinear.

[Hint: ZAMP and £BMP formalinear pair.
Give amethodtofind the centre of the given circle.
PAand PB are two chords of a circle with centre O. If diametre POQ bisects Z APB< prove that PA=PB.

9. ABisadiameter of acircle and CD is a chord of the circle which intersects AB at x at right angles. Given that
AX=2cmandXB=18cm.Find CD.
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Equal chords of a circle and angles subtended to the centre:

Property1:

Inacircle, equal chords subtend equal angles at the centre.

We can verify the above result by an experiment given below.

Example1:

Property 2:

Example2:

Draw a circle with centre and any two equal chords of acircleand any radius r.

Then we have to prove that

LAOB = LCOD.
In A AOB and COD, we have
AB = CD (Given)
OA = OC (Each equaltoradiusr)
OB = 0D (Each equaltoradiusr)
So, by sss condition of congruency we have
AAOB = ACOD
LAOB = LCOD (Correspondingpartsofcongruenttrianglesareequal)

Repeat the experiment with two more different radii of the circle.

In each case, you will find that equal chords subtend equal angles at the centre.

In a circle, chords which subtend equal angles at the centre are equal. We can verify the above
result by an experiment given below.

Let AB and CD be two chords of a circle with centre O such that they subtend equal angles at the
centrei.e. ZAOB= £COD. Then, we have to prove that AB=CD.

OA = OC (Each equal toradius)
/AOB = /COD (given)
OB = 0D (Each equal to radius)

So, by SAS criterion of congruence, we have
AAOB = ACOD \ /
AB = CD
Repeat the experiment with two more chords of diffent radii. In each case, you will find the
chords which subtend equal angles atthe centre are equal.

Property 3 (Converse): Chords of acircle equidistant from the centre are equal.

Example 3 :
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Letus draw a circle with centre O and any radius.

Let AB and CD be any two chords such that OM = ON, join OA
and OC. ‘
Inright angled triangle OMA and ONC, we have ':30
OA = OC (radii of the samecircle) l
OM = ON (given) > N/D
AOMA = AONC (RHSproperty)
So, AM = CN.

But, we know that the perpendicular from the centre of a circle bisects the chord.
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AN = % ABandCN=%CD.

So, AM = % CNAB=%CD
AB = CD
Hence, the chord ABand CD are equal.
Property4: Equal chords of a circle are equidistant from the centre.
Proof: Let us draw AB and CD be two equal chords of a circle with centre O. join OAand OC. Draw OM LAB and ON
1CD, we have to prove that OM=ON. B— D
AM = ¥ ABandCN=%CD.
But, AB = I CDAB=%CD M0 |
2 HE
AM = CN
Now, inright angled triangles OMA and ONC, we have
OA = OC (radii of the same circle) A——C
AM = CN (proved above)
AOMA = AONC (RHSproperty)

Angles in the same segment of a
Circle ( or angles in the same arc
of a circle) are equal.

So, OM =0ON (congruent parts of congruent triangles)

lllustrative Examples

Example1: Find the regular number of sides of a regular polygon inscribed in a circle if each side of it
subtends an angle of 60° at the centre.

Solution : Letthe number of sidesbe n
360
Then, nx60° =360, n=——=6
60
The number of sides of the polygon =6.
Example2: Aregular hexagon of side 5 cmisinscribed inacircle. Whatis the radius of the circle ?
Solution : Aregular hexagon has 6 equal sides.

These 6 sides become the six equal chords of the circle.
Eachside of the hexagon

Subtendsanangle= [@} 60°.
60
LAOB = 60° 7 E
In AOB, we have
OA = OB
LOAB = LOBA A D
But LAOB+ £ OAB+/£0BA=180°
60°+2/0AB = 180°
2/0AB = 180°-60° B~—— —°C
OAB = 12200 =60°
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Thus, in AOAB, we have
£LOAB=~L0BA=~LA0B=60°
So, thetriangleis equilateral
Hence, OA=0B=AB OA=8cm

Example 3: Whatis the size of the angle subtended by the side of a regular triangle inscribed in a circle at the
centre?
Solution : We know that the angle subtended by the side of aregular nsided triangle inscribed in a circle at

its centreis given by—

o o

Heren=3 {ﬂ} = {?} = 120°

n
Example 4: If two chords are equally inclined to the diameter through their point of intersection, prove that
the chords are equal.
Solution : Let ABand AC be two chords of a circle with centre O. Such that AB and ACare equally inclined to
the diametre LAODi.e. ZDAB= £Z0AC. We have to prove that AB=AC
Draw OM LABand ON LAC. 2
Now in right angled AOMA and ONA, we have
OA = OA (common)
LMAO = LNAO (given) A 5 D
LAOM = LAON ['790° —£BAO=90°-£CAOQ]
AOMA = AONA
So, OM = ON c

This shows that the chords AB and AC are equidistant from the centre.
But, the chords equidistant from the centre are equal.
AB = AC
Example5: In the given figure, two chords AB and CD of a circle with centre O intersects at a point P inside

thecircle; OE L AB,OF L. CDand OPisjoined. If ZOPE = ZOPF, prove that (i)AOMP = AONP (ii)
OE =OF (iii)AB=CD

Solution: In AOEP and OFP we have c 2
LOPE = LOPF (given) M
LPOE = LPOF [. 90°-ZO0OPE=90°-LO0PF] ;
Op = 0P (common) oF ©
AOEP = AOEP
So, OE = OF (congruent partsof congruenttriangles) P
This shows that the chords AB and CD are equivalent from the centre.
Butthe cords equidistant from the centre are equal.
AB = CD
—
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‘ Exercise @

Aregularoctagonisinscribedinacircle. What angle does each side of the octagon subtend at the centre ?

A square ABCD is inscribed in a circle with centre. What angle does each side of the square subtend at the
centre O?

Aregular polygonisinscribedin acircle. If aside subtends an angle of 72° at the centre, what is the number of
sides of the polygon?

An equilateral triangle ABCininscribed in a circle with centre O. Find ZBOC.

In fig (@) AXand CX are equal and are secants to the circle with centre O. AX cuts the circle at Aand B and CX cuts
the Circle at Cand D. Prove that AB=CD. A

A AABCisinscribed in a circle with centre
O and the centre is equidistant from the
sidesas showninfig(b). Prove that ABCis
an equilateral triangle. [Hint : chords AB
and BC are equidistant from O. So, they
areequal.]

Chords AB and CD of a circle with centre
O intersect at a point inside the circle. fig. (a) fig. (b)
OM L ABand ON L CD meet ABand CD

in Mand N respectively as shown in fig. (c). If ZOSN = £Z0SM, then prove that:

(i) AOSM = AOSN (i) OM=ON (i)  AB=CD

C
In fig. (d) AOB is a diametre of a circle xmv

with centre O. Chords XY and WZ are

paralleland equal. ShowthatAC=DB. B

If the radius of a circle is 12cm. Find bA 0
theside of aregular hexagoninscribed D '
init. D

A circle is a set of those points in a plane that are at a given constant distant from a given fixed point in
the plane. The fixed point is the centre and the given constant distance is the radius.

In a circle, the line joining the centre to the mid point of a chord is perpendicular to that chord.
Chords of a circle which are equidistant from the centre are equal.

Each side of aregular polygon inscribed in a circle subtends the same angle at the centre.

The sum of all the angles subtended by aregular polygon inscribed in a circle atits centre is 360°.
An arc of a circle is called a major arc if it is greater than the semi circle.

An arc of a circle is called minor arc if its length is less than the length of the semi circle.
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O Some Angle Properties of The Circle

Degree measure of an arc of a circle : In a circle with centre O, the degree of a minor arc AB is the measure of the
centreangle AOB and intended by the symbol m (AB). y

Thusin figm (AB) = /. AOB.

m (majorarc AYB) = 360°—Zm (minor AB)
= Ritles ZAOB

m (minorarcAxB) = /. AOB

so, m (minor AB) + m (major AB)=360°.

Incircle with centre O, the degree measure of a semicircle is 180° as shown infigure. A B
Thus, m (semicircle) = 180° X
Example1: Diameter ABand CD of acircleintersectat O are shown.
Solution : If m (BD)=60°. Find m (AO), m (AC) and m (BC).
We have,
m(BD) = 60°
£LBOD = 60° A D
Since LAOD and £BOD formalinear pair. 4
LAOD+£BOD = 180°
LAOD = 180°—/BOD c °
LAOD = 180°-60°=120°
m(AD) = ZAOD =120°
Now, m(AC) = ZAOC
= /LBOD=60°
Wehave,m(BC) = /BOC
= LAOD
= m(AD)=120°
Example2: Inacircle the measure of major arcis three times the measure of minor arc, find the measure of
eacharc.
Solution : Let the measure of minorarc=x°Then, measure of majorarc=(360°—x°) Itis giventhat:

Measure of Major arc =3 (measure of minor arc)

(360°-x°) = 3x°
360—x = 3x
360 = 3x+x
4x = 360
360
x = — =90°
Y|

Hence, measure of major arc=(360°—90°)=270°

measure of minorarc=x°=90°
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Example 3: In the adjoining figure, AB is a minor arc of a circle with
centre O such that m (AB) =80°. Bisect AB.

Solution : Since m(AB) =80°, we have AOB =80°.
Now we have to find a point COB
ABsuch thatm (AC)=m (CB)=40°
Draw aray OD such that AOD =40° A B
Letray OD meetarcABatC. C

Then clearly Cbisects AB. L/

Example4: In the given figure, AB is a diameter and OC is a radius of a
circle with centre O.If ZAOC=60°, find :

(i) m(ac) (ii) m(BC) (iii) m(ABC)
Solution : (i) m(AC)=anglesubtendedbyACatO=~ZA0C=60°.
(i) m(BC) = angle subtended by BC at O = 4BOC= A B
180°-60°=120°.
(iii) m(ABC)=360°-m(AC)=360°—-60°=300°

‘ Exercise @

1. Inthegivenfig.-A, AB and CD are two diametres of a circle with centre O. If m (AD) = 140°, final m (AC) m(BD)
and m (BC).

fig.-A

2. Draw a circle with centre O and radius 2 cm. Mark points A,B and C (in the order) on the circle, such that
(a) m(AB)=60°and
(b)  m(BC)=120° whatsayaboutm(ABC)?

3. Infig.-COA, OBand OCareradiiof acircle suchthat OA L OBand ZBOC=110°. What is the measure of
(@) MinorarcAB? B
(b) MajorarcAB?
(c) MinorarcAC?
(d) MajorarcAC? 1105 o0°

0
(e) MajorarcBC? ‘
(f)  MinorarcBC?
fig.-C
- ,
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4. In the fig.-D, AB is a diameter and OC is a radius of a circle with centre O. If
/.BOC=50°, find the measure of—

(a) MinorarcBC
(b) MajorarcBC

(d) MajorarcAC

m
(c) MinorarcAC AUB

5. Draw a circle with centre O and radius 4.2 cm. Mark points A,B,C (In this fig.-D
order) onthe circle such that m (AB)=75°and m (BC) =95°. Find m (ABC) and
m (ACB).

6.  Two pointsonacircle determine a minorarcand a major arcto bein the ratio
4:5, Find the measure of each arc.

N

7. Infig.-EBCisadiameter. Find the valueat Z/AOC, Z/A+/B, Z/Aand £Bif
(@) m(AC)=70° (b) m(AC)=2x°
fig.-E
8. In fig.-F AB and CD are two chords of a circle with centre O. If m(minor AB) =

m (minor CD) prove that chord AB =chord CD.

Relation between aninscribed angle and measure of its intercepted arc.

We shall learn about an important relation between an
inscribed angle in a circle and the measure of it intercepted
arc. We state the said relation as aresultas under.

Result1:Inacircle, the measure of aninscribed angleis half the measure of its intercepted arc.

Example 1: Draw three circles as shown in fig. and label them as (i) (ii) and (iii). Label the centre of each circle
asO.
< C
4 /
A B
&
A
B
U (i) (iii)
.
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Solution : In the circle (i), take an arc AXB and a point C an the remaining part of the circle. Join OA, OB, AC
and BC.

Mesure £ ACBand ZAOB.
Repeat the above procedure with circle (ii) and (iii).

m(A x B) -2 ZACB or

. ' M(AxB
Circle No ( ) m~/AOB -2_/ACB

In each case, you will find that that ZAOB—-2 ZACB is zero (or so small that it may be ignored). Thus, in all cases, we
have—

ZAOB-2 ZACB=0

ZAOB=2 ZACD

Result2: Angleinasemi-circleisarightangle.

Proof: Let AB be a diametre of a circle with centre O.

Let Cbe a pointonthe semi-circle, since the angle formed by are AB at the centre is double the angle formed at C.

.. 2/ACB = ZAOB=180°, ZACB=

_ 180°
orACB=90°=1rightangle. ;
Example 1: In each of the following figures point O is the centre of the circle. Find the value of x.
C
A 8
68°
0]
Q <
A B
A B
Solution : Using the properties we know that in a circle the angle

subtended by it at any point on the remaining part of the
circle, we have

(i) ZAOB=2ZACBor2x=70°0rx=35".
(i) ZAOB=2/ACBorx=2x68°0orx=136°.
(iii) Z£AOB=2 ZACBorx=2x50°=100°.
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Example2: In the adjoining figure, ADC is an equilateral triangle inscribe in a circle with centre O. Find
ZBOC.
Solution : Since AABCis an equilateral triangle each of its angles measure 60°.
/ZBAC = 60°
Now «BOC = 2/BAC=2x60°=120°
Example 3 : In the given figure A ABC is inscribed in a circle with centre O -
and BCisadiameter, If ZABC=35°, Find ZACB. B 35 o) C
Solution : We know that the angle in a semicircleis right angle.
ZBAC = 90°
Also, ZABC = 35° (given)
ZACB 180°—(90° +35°)
= 55° A
Example 4: In figure A, B, C are three point on a circle such that the angles /
subtended by the chords AB and AC at the centre O are 70° and
110° respectively. Determine ZBAC and the degree measure
ofarc ZBPC. D

Solution: We have, since arc BPC makes ZBOC at the centre and ZBAC
atapointonthe remaining part of the circle.
ZBAC=/%B0OC
Now /BOC=360°—(110°-70°)=180°.
m (BPC)=180°and ZBAC=%(£B0OC)
=% x180°x90°
Example5: Intwo circles arc down with sides AB, AV of a triangle ABC as diametres. Two circles intersectata
point D. Prove that D lies on BC.
Solution : Join AD since angleinasemicircleisarightangle.
Therefore,

ZADB = 90°and ZADC=90°

B C
W
ZADB+ZADC = 90°+90°
ZADB+/ADC = 180°
BDCisastraightline, Dlieson BC.
Example6: Infigure chords CAand DB are both perpendicular to AB. Show that CA=DB.
Solution : JoinBCand AD.

Now, in AABC, we have
ZA=90°
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BCisadiameterofthecircle. Thusin ABD,
We have £90° Cf D
ZADisadiameter of the circle. ‘ '

Thus AD and BCintersect at O, the centre of the circle. o .- 0 . ano
907 907

ZAOC=/BOD A s

Chord AC=Chord BD.

[
‘ Exercise @
1. In each of the following figures, point O is the circumcentre of the circle. Find the value of x.
C C

(a)

A O
O <
A B
B
\_/

(d)
2. Find the value of x, y, zin figure (i), (ii), (iii).

C
v

0

7 B
C X
()
A

3. Inthe adjoining fig. (a), AABCisinscribed in a circle with centre O and BC
isadiameter. If /BCA=48°, find ZABC. 48°
B c
)
fig. (a)
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4. Inthefig. (b), twocirclesintersectat Pand Q. AP and PB are the diametres. Show that AQB is a straight line.
P
A B
W
fig. (b)

5. In the fig. (c), O is the centre of the circle. If chord BC = radius OB =

4cmandAisany pointonthecircle, find ZBAC.
6. In fig. (d) ACB is semicircle and CD AB. Show that CD*= AD x BD. C
7. The measures of the arcs of two sides of triangles are 130° and 80°.

Find the angles of the triangle. A D B
8. Two angles of atriangle inscribed in acircle are 60° and 70°. Find the fig. (d)

measure of the arcs of the three sides.
9. The sides of an inscribed triangle have arcs measuring (2x—24)°, and (2x+ 12)° and (3x+ 36)°. What kind of a

triangleisit? s

m |

10. Infig. (e), if AOB is a diameter of the circle and AC = BC, then what is the A

measure of ZCAB?

C
fig. (e)

11. Accircleis divided into three parts in the ratio 3:4:5. Find the angles of the

triangle formed by joining the points of division.
12. Infig.(f), ZOAB=40°. Whatis the measure of ZACB? A ‘A A

Py fig. (f)
Doints to Remember :

- » Themeasure of an arc AB of a circle with centre O is AOB.
 » Anarcacircleisintercepted by an angle if-
(i) Theend point of the arcis on the arms of the angle.
: (ii) Each arm of the angle contains at least one end - point, and
(iii) Except for the end-points, the arc lies in the interior of an angle.
- » Anangel withits vertex at the centre of a circle is called a central angle of the circle.
- » Inacircle, if two central angles are equal, then intercepted arcs are congruent.
> The angle in a semicircleis 1 right angle.
»  Aquadrilateral is called a cyclic quadrilateral if all vertices lie on circle.
- » Inacyclic quadrilateral, the sum of each pair of opposite anglesis 180°.
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| EXERCISE _

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (V) the correct options.

(a) Whichoneisthecircumference of the circle?

(i) 2= ) (i) 2r ) (iii) 2mr ] (iv) mr ]
(b) Whichdividescircle into two equal parts?

(i) Radius | (i) Chord | (iii) Arc | (iv) Diameter ]
(c) Alinesegmentpassingthroughthecentreis...................... .

(i) Chord | (i) Diameter | (iii) Radius | (iv) Arc .

(d) fOP=13cmandPM=12cminthefig.(a)thenOM="?

(i) 5cm | (i) 25em .

? fig. (a)

(iii) 10cm J (iv) 7cm J PWQ

(e) Anarcofacircleisgreaterthanthesemicirclecalled........................
(i)  Minorarc | (i) Majorarc | (ii) Majorchord | (iv) Minorchord |
A
(f) Inthefig.(b) ZBOC=60° /BAC="?

(i) 120° ) (i) 30° ) A

fig. (b)
(iii) 90° | (iv) 45° ) BC

2. Inacircle with aradius 10 cm what will be the length of a chord 6 cm away from the centre of the circle ?

3. Inacircle of radius 10 cm, a chord is placed 6 cm from its centre. Another chord with same length is placed

15cmawayin anothercircle. Find the radius of the second circle.
4. Iftheradiusofacircleis12cm.Find the side of a regular hexagoninscribedinit.
5. The measuresof the arcs of two sides of triangles are 130° and 80°. Find the angles of the triangle.

e
[

1. In the figure O is the centre of the circle. If AB and CD are two
diameters, Z/BOC=36°then find the measure of /x.

(P)C)es
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ab Objective : To verify thatanglein a semicircleis aright angle.

eda Materials Required : Chart paper, pencil, compass, ruler, a pair of scissors,
Activity

fevistick/glue.

Procedure:
Step1l. Drawacircle of convenientradius with O as centre on the chart paper (Fig. 1).
Step2. DrawadiameterandnameitasAB. ABdividesthe circle into two semicircles (Fig. 1).
Step3. Markany pointP onone ofthe semicirclesandjoin Pto Aand BasshowninFig1.
Step4. Cutouttriangularportion APBasshownin Fig2.

Step5. Cutoutanothertriangular portion A'P'B' congruent to APB obtained in Step 4 above as shown in Fig 3.
Shade congruent angles P and P'as shown.

Step6. Drawaline XY onthechartpaperand markapointMonit.

Paste ZP and ZP' side by side in such a way that both vertices P and P' fall on M and the sides PB and
P'B' coincide with each otherasshownin Fig. 4.

P
a

Fig. 1 Fig. 2
B (B')
P pP'
B B' /‘\
y A PMP' A x
A A'
Fig. 3 Fig. 4

You will notice that side PAand P'A' of ZP and ZP' fall on the line XY.
It shows that ZAPB+ ZA'P'B'=180°

But ZAPB = ZAP'B' (AAPB=AA'P'B')
2/APB = 180°
N /APB = 90°

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

P |
I
I
I
I
I

A 5 B A B :
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Hence, angleinasemicircleisarightangle.

e o o o — — — — — — —— ————————————————————— ——— — ————————————————— ——— — —— — —
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Visualising Solid Shapes

We are familiar with the different types of shapes. In order to study these shapes, we can divide them into two
categories — plane shapes and solid shapes.

Plane shapes have two measurements like length and breadth and therefore, they are called
two-dimensional shapes or 2D shapes. Whereas a solid object has three measurements like length, breadth,
height or depth. Hence, they are called three-dimensional shapes or 3D shapes. Also, a solid object occupies some
space.

What is the relationship between the number
of edges and vertices of any pyramid.

LETUSHAVEALOOKON THE FOLLOWING

2D AND 3D SHAPES.

O 2D SHAPES

Number Number Number
of Faces of vertices of edges

(Well know as Euler's formula)

Square Triangle Rectangle Circle
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Many a times, we come across combinations of different shapes. For example—

A tent A tin Softy (ice-cream)
A cone surmounted A cylindrical shell A cone surmounted by a
on a cylinder hemisphere
A photoframe A bowl Tomb on a pillar
A rectangular path A hemispherical shell Cylinder surmounted
by a hemisphere
O Views of 3d-Shapes

You know that a 3-dimensional object looks differently from different positions so we can draw it from different
perspectives. For example, a given hut can have the following views.

Top

A hut
Front Side Front view Side view Top view

Similarly, a glass can have the following views

Aglass Side view Top view
‘
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‘ Exercise w

1.  Thethreeviews are given for each of the given solids. Identify for each solid the corresponding top, front and
side views.

(a) A MatchBox (i) (ii) (iii)

(b)  ATelevision

(c) Acar

(d)  Analmirah

2. Identify the top view, front view and side view for each of the given solids.
Top
(a)
o s
Front ae (i (i) (i)
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(b) Top

Side

Front (i)

(c) Top

Side

(i)

Front (i)

Top

(iii)

(d) l

(i)

1
Side
Front
(i)
Top
(e)

<_Side

Front (i)
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3. Draw the front view, side view and top view of the given objects.
(@) Amilitarytent (b) Atable

Top

Top; l

+Side

T /

Front Front

Side

(c) Ahut (d)  Ahexagonalblock

Top

Top

«— Side

f Front

Front

(e) Adice (f)  Asolid

Top Top

l l

T Front

Front

Side

/

O Mapping Space Arounds Us

Amapisadrawing of the earth ora part of it on the paper. You must have gone through various maps while reading
the subjects of history and geography.

How do we read maps? What can we conclude and understand while reading a map? What information does a
map have and what it does not have? Is it different from a picture? In this section, we will try to find answers to
some of these questions. Look at the map of a house whose picture is given alongside.
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When we draw a picture, we attempt to represent reality as it is seen with all its details, a map depicts only the
location of an object. Secondly, different persons give pictures completely different from others. It is not true in a
map. The map of the house remains the same irrespective of the position of the observer. In other words, view is
very important for drawing a picture butitis not relevant for map.

Now, look at the map. It is drawn to show the route from
Rohan's house to his school.

Rohan's hosue Rohan's sister's school

O

From this map, canyoutell —

@)

Olo
(i)  Thedistance of Rohan's school from his house ? o
(ii)  Doeseverycircleinthe mapappeararoundabout? O
(iii)  Whoseschoolis neartothe house, Rohan's or his sister's ?

It is very difficult to answer the above questions on the A 1 OO - OO/\

basis of the given map. O\JO N
The reason is that we do not know if the distances have been
drawn properly or whether the circles drawn are roundabouts O
orrepresent somethingelse. Rohan's School
Another map is drawn to show the route from the house to
Rohan's sister school. ( J [ Traders |
This map is different from the earlier maps. Here, different = = L=Ischool
symbols have been used to mark different landmarks. Secondly, = E gl SZ:Z
longer line segments have been drawn for longer distances and 8 = 0 Post Qfﬁce
shorter line segments have been drawn for shorter distances. 0o @0 Hospital
Thus, itisamapto ascale. el Lkm &

\§ J

Now, following questions arise :
—  Howfaris Rohan's school from his residence ?
—  Whoseschoolis nearertothe house, Rohan's or his sister's ?

—  Whicharetheimportantlandmarks on the route ?
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Thus we realise that, use of certain symbols and mentioning of distances has helped us read the map easily. The
distances shown on the map are proportional to the actual distances on the ground. This is done by considering
proper scale. While drawing a map, one must know, to what scale it has to be drawn, i.e., how much of actual
distance is denoted by 1 mm or 1 cm in the map. This means, that if one draws a map, he/she has to decide that 1
cm of spacein that map shows a certain fixed distance, say 1 km or 10 km. This scale can vary from map to map but not
withina map.

Have a look at the map of India and the map of Delhi. In the map of Delhi 1 cm of space is representing smaller
distances as compared to the distancesin the map of India.

Thelargerthe place and smaller the size of the map drawn, the greater is the distance represented by 1 cm.
Thus, we can conclude that—

(a) Amapshowsthelocation of a particular object/placein relation to other objects/places.

(b) Signsareusedtoshow the different objects/places.

(c) Thereis no reference or perspective in map, i.e., objects that are closer to the observer are shown to be of
the same size asthose that are farther away. For example, look at the following illustrations.

INDIA

(d) Mapsuseascalewhichis fixed for a particular map. It reduces the real distances proportionately to distances

onthe paper.
‘ Exercise W

1. Look at the following map of a city.
Cemetery Library Court POI'.Ce Lake
Station
Bus Fire Primary Sr. Secondary Hosbital
Station Station School School P
Bus ) Community
Park
Station College Post Office Centre
.......... River
Water ’—\‘
Plant

198 A Gateway to Mathematics-8
- & $



Colourthe map as follows: Blue-Water, Red-Fire station, Pink-Library, Dark green-Schools, Green-Park,
Brown—Community Centre, Purple-Hospital, Orange - Cemetery.

2. Look at the given map of a city.

4
CEMETARY POLICE FIRE
STATION STATION

PRIMARY
SCHOOL

SECONDARY
SCHOOL

Answer the following :

(a) Colour the map as follows : Blue-Water, Red-fire station, Yellow-Library, Dark green-School, Green-
Park, Pink-College, Purple-Hospital, Orange-Cemetery.

(b)  Markagreen'X'attheintersection of Road 'C' and Nehru Road, Green 'Y' at the intersection of Gandhi
Road and Road A.

()  Whichisfurther east, the city park or the market ?
(d)  Whichisfurthersouth, the primary school or the Sr. Secondary School ?
Sketch a map of your classroom using proper scale and symbols for different objects.

4.  Sketch a map of your school compound using proper scale and symbols for various features like playground,
main building, garden etc.

5.  Sketchamap givinginstructions to your friend so that she reaches your house without any difficulty.

O Faces, Edges And Vertices

Look at the following solids. Vertex
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Each of these solids is made up of polygonal regions which are called its faces. These faces meet at edges which are
line segments; and the edges meet at vertices which are points. Such solids are called polyhedrons.

AN QO
i A

These solids are polyhedrons These solids are not polyhedrons

\

How are the polyhedrons different from the non-polyhedrons ? Study the following figures carefully.

Base
Base Base Lateral
surface
Curved Lateral surface
surface Sphere Cylinder Cone

Convex polyhedrons : You will recall the concept of convex polygons. The idea of convex polyhedron is similar.

e

These are convex polyhedrons These are not convex polyhedrons

, 200 ‘A Gateway to Mathematics-8




Regular polyhedrons : A polyhedron is said to be regular if its faces are made up of regular polygons and the same
number of faces meet at each vertex.

This polyhedron is regular.

Its faces are congruent, regular
polygons. Vertices are formed by the
same number of faces.

This polyhedron is not regular. All the sides
are congruent; but the vertices are not
formed by the same number of faces.

3 faces meet at S, but 4 faces meet at T.

Two important members of polyhedron family around are prisms and pyramids.

g

Prisms Pyramids

A polyhedron whose base and top are congruent polygons and whose other faces, i.e., lateral faces are
parallelogramsinshapeis called a prism.

On the other hand, a polyhedron whose base is a polygon (of any number of sides) and whose lateral faces are
triangles with a common vertex is called a pyramid. (If you join all the corner of a polygon to a point not iniits plane,
you get a model for pyramid). A prism or a pyramid is named after its base. Thus a hexagonal prism has a hexagon as
its base, and a triangular pyramid has a triangle as its base. What, then, is a rectangular prism ? What is a square
pyramid ? Clearly their bases are rectangle and square respectively.

Forany polyhedron,

F+V—-E=2 Number of faces|+| Number of vertices =| Number of edges|+ 2

Where, 'F' stands for number of faces, 'V' stands for number of vertices, 'E' stands for number of edges. This
relationshipis called Euler's formula.




‘ Exercise W

1. (a) Howareprismand cylinders alike ?
(b) Howare pyramidsand conesalike ?
2. Verify Euler'sformula for these solids.

(a) Ei (b)

3.  Canapolyhedron have foritsfaces—

(a) 3triangles? (b) 4triangles? (c) asquareandfourtriangles?
Isasquare prism same as a cube ? Explain.

Isit possible to have a polyhedron with any given number of faces ? (Hints : Think of a pyramid).
Canapolyhedron have 10faces, 20 edges and 15 vertices ?

N o un s

Which are prisms among the following ?

(a)/ (b)

A nail Unsharpened pencil
> (d)
A table weight A Box

Doints to IRemember :

A cuboid is a solid bounded by six rectangular faces. It has 6 faces, 12 edges and 8 vertices.

A cuboid is called a cube when the length, breath and height of a cuboid are equal.

planes.

A pyramid is a solid whose base is a plane rectilinear figure and whose side faces are triangles having a

>
>
» A prism is a solid whose side faces are rectangles and whose ends are identical polygons in parallel
>
common vertex.

>

A pyramid with a triangular base is called tetrahedron. It has 6 faces, 6 edges and 4 vertices.
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O N ow

| EXERCISE _

MULTIPLE CHOICE QUESTIONS (MCQs) :
Tick (v') the correct options.
(a) Thenumberofedgesinacuboidis—
(i) 8 _J (i) 10 J(iii) 12 J (iv) 14
(b) Asolidfigure bounded by six rectangular facesis called a—
(i) cube ] (ii) cuboid J(iii) cylinder J (iv) prism
(c) Apyramidwithatriangularbaseiscalleda—
(i) pyramid ) (ii) tetrahedron J(iii) prism J (iv) cube
(d) Which ofthe followingisapolyhedron?
(i) cube | (ii) cone | (iii) sphere J (iv) cylinder
Identify the top view, front view and side view of the given figure.
Top
(a) (b) (c)
I Side LT
L
Front f ..............................................................
. Verify Euler's formula for these solids.
(a) (b)
Cana polyhedron have forits faces—
(a) 3triangles? (b) 4triangles? (c) asquareandfourtriangles?
Whatisamap?
What are 3-D shapes?
Are the faces of aregular polyhedron made up of regular polygons?
Sketch a map givinginstructions to your friend so that she reaches your house without any difficulty.
- -

1. Look at the given picture. Seven cubes are glued together.

Canyou find the total number of faces glued together?

(P)C)es
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ab Objective : Tovisualise and understand 3-D figures

|

[

|

Activit Materials Required : Chart paper, pencil, ruler and a pair of scissors. :
Y |

|

[

|

Procedure: Draw the netof 3-D figures on a chart paper. You can draw the diagram of the net of 3-D figures (as shown!
below) on a large scale. Use scissors to cut along the lines. Fold the chart paper to form the solid figures.|
Now in the figures so formed use different coloured chart paper to decorate your solid shapes with:
interesting patterns.

Cylinder

Square

|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
: Cube
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
: pyramid Cone
I
|
l

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Triangular prism :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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Area of Triangle and
Parallelogram

O Introduction

We have learnt about the areas of rectangles and squares upto class VII. In this section, we shall learn to find the
areas of some morerectilinear figures, a parallelogram, a triangle and a trapezium.

O Some Definitions and Properties

Rectilinear figure

Afigure made up of some line segment is called a rectilinear figure the line segments forming the figure are known
as the side of the figure. A rectilinear figure is said to be a closed rectilinear figure if it has no open ends. A
rectilinear figure is said to be simple if no two sides of it intersect except ata common end point.

Clearly, arectangle, asquare,arhombus, a triangle etc. are simple rectilinear figures.

Region

The part of the plane enclosed by a simple closed rectilinear figure is called the region enclosed by it.

Area

The magnitude of the plane region enclosed by a simple closed figure is called its area.

Units of measurement of area

Asquare centimetre (cm”or sq.cm) isa standard unit of area and is defined as follows.

Asquare centimetreis the area of the region formed by square of side 1 cm.

Other standard units of area are square metre (cm’) sq — decimetre (dm?’), sq-decametre (dam’) or an arc, square
hectometre (hm®) or hectare square kilometre (km’) etc.

Otherstandard units of area and their relations are

100cm’ = 10x10cm’ = 1dm’
100dm’ = 10x10dm = 1m’
1m’ = 100x100cm’ = 10000cm’
100m’ = 1dam’

or, 100 m’ = ldam’ = 1larc
10000 m* = 1hm’

or 10000 m’ = 1lhectare

Also 100ares = 1 hectare

10°m’ = 1km’
Also 100 hectares 1km’
Area of asquare and arectangle
In the earlier class, we have learnt how to find the area of a rectangle and a square. We shall review the formula
and problemsrelated to them.
Area of rectangle
Let ABCD be a rectangle of length = AB =/ units and breadth = AD = b units. Then area of the rectangle = (/ x b) sq.
units. Then—
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Area ) b ¢
Length = units.
Breadth
Area b
Breadth = units.
ength
Diagonal = /P +b* units. A / B

2. Area of the four walls of a room : Let there be a room with length =/ units, breadth = b units and height = h
units, Then—

(i) Areaofthedwalls=[2(/+b)xh]sq.units P ©
(ii) Diagonal oftheroom= m units

3. Areaandperimeterofasquare:
Let ABCD be asquare each of whose sides measures a unit, Then—
(i)  Areaofthesquare = a’sqg.units. A 8
(i) Diagonal of the square = (J/2a) units
(iii) Perimeter ofthe square = 4aunits

(iv) Areaofthesquare [% (diagonals)’]

O lllustrative Examples

Example 1: A rectangular grassy lawn measuring 38 m by 25 m had been surrounded externally by a 2.5 m
wide bath. Calculate the cost gravelling the path at the rate of “6.50 per sq. metre.

Solution : Let ABCD be the grassy lawn and let EFGH be the external boundary of the path around the lawn.
Thenthe area of the path = (Theareaofrec. EFGH)—(Theareaof rect. ABCD)
Thus, AB = 38mandBC=25m.
The areaof rect. ABCD = (ABxBC)

=  (38x25)m’=950m’

Also, EF = (2.5m+38m+2.5m)=43m
FG =  (2.5m+25m+2.5m)=30m.
The areaofrect. EFGH = (EFxFG)

= (43x30)m’=1290m’
The area of the path = (Theareaofrect. EFGH)—(The area of rect. ABCD)
= (1290-950)m2 =340m’
Thecostofgravellingthepath = (340x6.50) = 32210
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Example 2: The length of a rectangle is twice its breadth. Find the dimensions of the rectangle if its area is

288 m2.
Solution : Let the length of the given rectangle be xcm. then,
Breadth = 2xcm [.. Breadth=2xlength (given)]
Area atthe rectangle = (2xxx)cm’=2x"cm’

Butareaisgivenas288cm’

2x° = 288

e - 288 =144
2

x = Jlaa

X = 12cm

Hence, length of the rectangle =24 cm, and breadth of the rectangle =12 cm.

Example 3: Find the area of a rectangular plot, one side of which measure 35 metres and the diagonal is 37
metres. 5 r c
Solution : Letthe other side be x metres.
Then (35)°+x° = (37)2
or X =[(37)"-(35)"] = 144 < q
X = 12
Thus, the other side of the rectangle =12 metres.
Theareaattherectangle=(35x12)m*=420m A p B
Example 4: Find the area of asquare, the length of whose diagonal is 3 metres.
Solution : Area of the square = Y x(diagonal)
= [hx3x3]m’
= 45m’
Example5: Find the area of the square joining the mid-points of the sides. If the area of square is 16 cm”.
Solution : We have,
Area of square ABCD = 16cm’
Eachside of square = W = 4cm

In DAPS, we have
AP=%AB=2cmandAS=%AD=2cm.
Also, PS2 = AP2 + AS2 (using Pythagoras theorem)

PS= \[a2+4% =\[32 =42

Thus, each side of square PQRS is of length 4\/§cm .

Area of the square = PQRS = (4\/5 cm)’=32cm’.
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Example6: Aroomis9 metreslong, 8 metres broad and 6.5 metres high. It has one door 2 x 1.5 mand three
windows each of whose dimensions are 1.5 m x 1 m. Find the cost of white washing the walls at

Z3.75perm’.
Solution : Length=9m, breadth=8m, height=6.5m.
Area of room (4 walls) =  2(l+b)xh
=  2(9+8)x6.5=221m’
The areaof 1 door =  (1.5x2)m’=3.0m".
The area of 3 windows = 3x(1.5)m’=4.5m’.
L Theareaof1doorand3windows = (3.0+4.5)m’=7.5m".
So,  Theareatobewhite washed = (221-7.5)m°=213.5m".
Cost of white washing = 3(213.5 3.75)=3800.63.
[ ]
Exercise
1. Arectangular hall 12 metreslong 10 metres broad is surrounded by a verandah 3 metres wide. Find the area
of the verandah.
2. A table clothes 5m x 3m, is spread on a meeting table. If 25 cm of the table cover is hanging all around the
table, find the area of the table top.
3. A 115 m long and 64 m broad lawn has two crossroads at right angles, one 2m wide, running parallel to its

length and the other 2.5m wide, running parallel toits breadth. Find the cost of the roads at ¥ 4.60 per m’.

4, The length and breadth of a rectangular park are in the ratio 5: 2. A 2.5 m wide path running all around the
outside of the park has an area of 305 m’. Find the dimensions of the park.

5. Find the area of arectangular plot one side of which measures 35m and diagonal 37m.
6. If the perimeters of two squares are intheratio a: b, prove that their areas are intheratioa”: b’.
7. Ahallis 36 m long and 24 m broad. Allowing 40 square metres for doors and windows, the cost of papering

the walls at< 8.40 per square metre is3 4704. Find the height of the hall.

8. The area of 4 walls of a room is 168 m’. The breadth and height of the room are 10 m and 4 m respectively.
Find the length of the room.

0. Aroomis 8.5 mlong, 6.5 m broad and 3.4 m high. It has two doors, each measuring 1.5 m by 1 m. And two
windows, each measuring 2 m by 1 m. Find the cost of painting its four walls at I 4.60 per square metre.

10. Theperimeters of two squares are 3.36 m and 7.48 m respectively. Find the perimeter of square whose area
isequal tothe sum of the areas of these two squares.

11. Findthelength of thelargest pole thatcanbeplacedinahallthatis 10 mlong, 10 m broad and 4 m high.

[Hint :length of the diagonal of the room = /12 +b2+h? ]

12. Thearea of 4 walls of a hall is 320 m”. The length and breadth of the hall are 12.5 m and 7.5 m respectively.
Find the height of the hall.

P
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O Formula for the Area of a Parallelogram and Triangle

We have learnt in previous class, how the area of a triangle can be obtained when its base and the corresponding

altitude are given and the measurement of the region enclosed by the four sides of a parallelogramisits area.

In this section, we will learn to find the area of an equilateral triangle and the area of a parallelogram whose sides

are given. Let us consider the following experiment.
Formulal : Areaofequilateraltriangle:

Let ABC be an equilateral triangle whose each side is unit in length. Let applying Pythagoras theorem in DABD, we
have

AB2 AD2+BD2

AD2 AB2 — BD2

2 2 .
\/az—a—=\/3’i=ix\/§ units
4 4 2

% x (Base x Height)
% xBCxAD a a

AD

Area of DABC

= 1><a><\/3_E SQ. units.
2 2

- - B
= T3X(Side)2 SQ. UNITS.

Thus, area of an equilateral triangle = {?x(side)z} sg. units.

Areaof anisosceles triangle
Let ABCbeanisosceles triangle such that AB=AC=b unitsand BC = g units. Draw AB=BC. Then,BD=DC=a/2.
Applying Pythagoras theoremin DABC, we have

A
AB° = AD’+BD :
2
b2 = AD+ |2
2
2
A’ = b -2
4
AD =, @
4
a2
1 2 1 .
= Yxax,lb 7 ‘/szasex\/(equalS|de)2—(base)2
‘
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Heron’s Formula

Let a, b, c be the lengths of the sides of a given triangle. Then, s =% (a + b + ¢) is called the semiperimeter of the
triangle.

A Greek mathematician, Heron, gave the formula for the area of a triangle as

Areaof triangle = \/s (s—a)(s—b)(s—c) squnits.

Let ABCD is a parallelogram. Take AB as the base of the parallelogram. Clearly, the diagonal BD divides their
parallelogram into two equal triangles.

Let DE L AB.

Area of parallelogram ABCD

= 2 x (area of DABD)
2 x (% x AB x DE) sq. units
(ABx DE) sq. units

(base x height) sg. units.

O lllustrative Examples

Example1: Find the altitude of a parallelogram whose areais 2.25 m*and base is 25 dm.
Solution : We have,
2.25m’

Area ofthe given parallelogram

25dm= Em =2.5m

Base of the given parallelogram

10
Area _ 2.25
Altitude of the given parallelogram = Base - 2.5 m

0.9m=(0.9x10)dm

= 9dm
Example2: Find the area of a parallelogram with base 5 cm and altitude 4.2 cm.
Solution: We have,
Base=5cmandaltitude = 4.2cm
Area of the parallelogram = Base x Height
= (5x4.2)cm’=21cm’
Example 3: The base of parallelogram is twice its height. If the areais 512 cm’, find the base and its height.
Solution : Let the heightbexcm
Then, the base = 2xcm

The area of the parallelogram (2xxx)cm’=2x2cm’

X= /256 =16

Thus, the heightis 16 cmand the baseis 32 cm.
-
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Example4:

Solution:

Example5:

Solution:

Example6:

Solution:

Example 7 :

Solution:

Example 8:

Solution:

Find the altitude of a triangle whose base is 20 cm and areais 150 cm’.

We have altitude of a triangle

Here, base=20cmand area

2% Area

Base

2x150
150cm altitude = XZO =15cm

Find the area of an equilateral triangle, each of whose sides is 10 metres long.

The areaofthetriangle

ﬁxlelo}mz
4

w}m [-3=173]=a325m

Find the area of an equilateral triangle having each side 4 cm.

3
We know that the area of an equilateral triangle is equal to T(side)z}q. units

Here, side=4cm
Area of the given triangle

4

{ﬁxf}mz

4+/3 cm?

The base of anisosceles triangleis 12 cm and its perimeteris 32 cm. Find its area.
We have, base=12cmand perimeter=32cm

Letthe length of each equal sides=6 cm

Perimeter
2b+12
2b

[\ base=12cm given]
32cm

32cm
(32-12)cm

b=10cm:Sumof equal sides=(10+10)=20cm

We have

Base=12cmandequalside

Area of the triangle

1
10cm 3 xBasex \/ (equal side)* — (base)’

%x 12 x4/(20)* —(12)?

6x,/400—-144
6x+/256 =6x16

96cm’

The area of a triangle is equal to that of a square whose each side measures 60 metres. Find the
side of the triangle whose corresponding altitude is 90 metres.

We have,
Area ofthe square
Area ofthe square
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Altitude of the triangle = 90m
2xArea

Side of the triangle = - -
correspondingaltitude

2x3600
= ———— |m =80m.
90
[ J
Exercise
1. Find the areain square centimetre of the triangle whose base and altitude are as under:
(a) Base=15cm,Altitude=8cm (b) Base=1.5cm, Altitude=8cm
(c) Base=32cm,Altitude=105cm
2. Findthe area of atriangle, the length of whose sidesare 78 m50 mand 112 m.

3. The cost of painting the top surface of a triangular board at 80 paise per square metre is I 176.40. If the
height of the board measures 24.5 m, find its base.

4. Find the area of the equilateral triangle, each of whose sides measures.

(a) 18m (b) 20m D C
(c) 11cm

5. Find the area of a right angled triangle with hypotenuse 25 cm &Ld\
and base7cm.

6. Afieldinthe form of a parallelogram has one of its diagonals 42
m long and the perpendicular distance of this diagonal form
either of the outing verticesis 10.8 m. Find the area of the field.

7. A field is in the form of a triangle. If its area be 2.5 m” and the
length of its base be 250 cm, find its altitude.

8. Arectangularfield is 48 m long and 20 m wide. How many right A
triangular flower beds, whose sides containing the right angle
measure 12 mand5mcanbelaidinthisfield ?

9. Calculate the area of the pentagon ABCDE where AB = AE and B E
with dimensions as showninfigure.

20cm

10. Find the area in square metre of the parallelogram whose
base and altitudes are asunder:

12 cm

(a) Base=10dm,Altitude=4.6dm

(b) Base=2m,20cm, Altitude=60cm

“—20cm ——»

(c) Base=6.4dm,Altitude=25cm

11.  Find the altitude of a parallelogram whose area is 2.25 m” and
baseis25dm.
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12. Theadjacentsides of a parallelogram are 10 m and 8 m. If the distance between the longer sides is 4 m, find

the distance between the shortersides.

O Area of A Quadrilateral, ARhombus and A Trapezium

Area of a quadrilateral

Let us consider a quadrilateral ABCD whose one diagonal, say AC, and the lengths of the perpendiculars to AC from

the opposite vertices Band D are given. c
LetBE_L ACand DF L AC. D
Then, the area of quadrilateral ABCD :
= Area of DACD +Area of DABC
= %xACxBE+%ACxDF F
= % x AC x (BE + DF) sqg. units. A °
Example 1: A diagonal of a quadrilateral is 30 m in length and the perpendicular to it form the opposite

verticesare 6.8 mand 9.6 m. Find the area of the quadrilateral.

Solution : Let ABCD be the given quadrilateral in which BE . ACand DF L AC

LetAC=30m,BE=6.8mand DF=9.6m

Now, the area of the quadrilateral ABCD

Area of arhombus

(Area of ABC) + (Area of ACD)
= (% xACxBE)+(%xACxDF)
= [(%x30x6.8)+(%x30%9.6)]m’

= (102+144)m2=246m’

Arhombus is parallelogram in which all the sides are equal. We also know that the diagonals of a rhombus bisect

each otheratrightangles.

Considerarhombus ABCD whose diagonals ACand BD intersect at O.

D c Area =

A B =

Hence, area of arhombus =
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Example 1: Find the altitude of arhombus whose areais 36m2 and perimeteris 36 m.

Solution : We have perimeter of the rhombus = 36m
and, area of therhombus =  36m’
Now, Side of the rhombus = M=§=9m
No.ofsides 4
Altitude of the rhombus = Area_36_,
Side 9
Example 2: Find the area of arhombus, the lengths of whose diagonalsarea36 cmand 22.5cm.
Solution : The area of the rhombus = % x (product of diagonals)
= (2x36x22.5)cm’=405cm’
Example 3: The area of rhombus is 72 cm’. If one of the diagonals is 18 cm long, find the length of the other
diagonal.
Solution : We have
Area of therhombus = 72cm’
Length of one diagonal = 18cm
Now, Area of the rhombus = 72cm’
% x 18 x Length of the other diagonal = 72
9 x Length of the other diagonal = 72
Length of the other diagonal = 72/9cm=8cm

Area of trapezium

We have learnt that trapezium is a quadrilateral whose one pair of opposite sides are parallel. If two non parallel
sides of atrapezium are equal. Itis called anisosceles trapezium.

Let h be the height of the trapezium ABCD. Then, DL = h join AC, clearly, AC divides the trapezium ABCD into two
triangle ABCand ACD. D

Area of trapezium ABCD = Area of DABD + area of DACD
Since histhealtitude of trapezium ABCD.
Therefore, itis also the altitude of DABC and DACD.

C

Area of DABC = %axABxh
andareaof ACD = % xDCxh
Substituting these values in equation we get Area of trapezium
ABCD =  Y%xABxh+%xCDxh 7
= % x(AB+DC)xH A ) °

% x (sum of the parallel sides) x (distance between parallel sides)

Hence, the area of a trapezium equals half the sum of parallel sides multiplied by the altitude.

Example 1: Find the altitude of a trapezium, the sum of the length of whose bases is 6.5 cm and whose area
is26cm2.
Solution : Let the altitude of the trapezium be hcm we have,
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Area of the trapezium = 26cm’
= % x (sum of the bases) x Altitude = 26
= % x6.5xAltitude =26

Altitude = 2x2 . 8cm
6.5
Hence, the altitude of the trapeziumis 8 cm.
Example 2: The area of atrapeziumis 352 cm’. The distance between the parallel sidesis 16 cm. If one of the
parallel sidesis 25 cm, find the other.
Solution : Let therequiredside = xcm.
Then, the area of the trapezium = [¥x (25 +x) x 16] cm”
= (200+8x)cm’
But, the area of the trapezium = 352cm’
200+ 8x = 352
or, 8x = (352-200)=152
X = {E} =19
8
Hence, the otherside=19 cm.
Example 3: Find the area of a trapezium whose parallel sides are 57 cm and 39 cm and the distance between
themis28cm.
Solution : The area of the trapezium = % x(sum of parallel sides) x (distance between them)

=[x (57 +39)x28]cm’=1344 cm’

‘ Exercise W

1. Find the area of arhombus whose each side is of length 5 m and one of the diagonalsis of length 8 m.
2. Ifthe area of arhombus be 48 m2 and one of its diagonal is 12 cm. Find its altitude.
3. Adiagonal of a quadrilateral is 26 cm and the perpendiculars drawn to it from the opposite vertices are 12.8

cmand 11.2 cm. Find the area of the quadrilateral.

4. Find the area of the rhombuses whose dimensions are—
(a) Side=7.5cm,Altitude=12cm (b) Side=12.6cm, Altitude=2dm
5. Find the area, in square metres, of the trapezium whose bases and altitude are as under—

(a) Base=20dmand12dm,Altitude=10dm.
(b) Base=20cmand3dm,Altitude=25dm.
(c) Base=150cmand30dm,Altitude=9dm.

6. The area of arhombusis 216 cm’. If one diagonal is 18 cm, find the other.
7. The area of arhombusis 119 cm’and its perimeteris 56 cm. Find its altitude.

—
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10.

11.

12.

13.

14.
15.

16.

17.

o E %

Find the area of trapezium, whose parallel sides are of length 16 dm and 22 dm and whose heightis 12 dm.

Find the height of trapezium, the sum of the length of whose bases (parallel sides) is 60 cm and whose area
is 600 cm’.

The area of a trapezium is 1586 cm® and the distance between its parallel sides is 26 cm. If one of the parallel
sidesis 84 cm, find the other.

The area of a trapezium is 1080 cm’. If the lengths of its parallel sides are 34.4 cm and 65.7 cm, find the
distance between them.

The parallel sides of a trapezium are 25 cm and 13 cm; its non-parallel sides are equal, each being 10 cm.
Find the area of the trapezium.

The cross section of a canal is a trapezium in shape. If the canal is 10 m wide at the top 6 m wide at the
bottom and the area of cross section is 72 m’. Determine its depth.

Find the sum of the lengths of the bases of a trapezium whose areais 4.2 m*and whose height is 280 cm.

Find the area of fig. (a) as the sum of the areas of two trapezium and a 30cm
rectangle.
A garden is in the form of a rhombus whose side is 30 metres and the \
corresponding altitude is 16 m. Find the cost of levelling the garden at the rate
of¥ 2perm’. £ £
10cm S g
The area of a trapezium is 180 cm”and its height is 9 cm. If one of the parallel > | ~
sides longerthan the other by 6 cm find the two parallel sides. v
A\ 4
N —
@) 30cm f|g. (a)

Doints to IRememberz :

A plane figure together with its interior is called the ‘region’ enclosed by the plane figure.

(a) Areaofarectangle=(lengthxbreadth)

(b) Length { area ]b dth= | ¢4
CHEHIS= | readtn | AT length

(c)  Diagonal=(ength)? + (breath)>

Areaof aparallelogram =base x height

B area Height area
ase= ;Height =
height 8

base

Areaof triangle =% xbase x height

) _ 2xarea _ 2xarea
Heightof triangle= ——— Base of triangle = -
base height

Areaof aquadrilateral =[diagonal x sum of offsets onit]

Areaof trapezium =% (sum of the parallel sides) x distance between the parallel side)

Standard unit of measurement of areais cm’.
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| EXERCISE _

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (v) the correct options.

(a)

(b)

(c)

(d)

Theareaofa equals halfthe sum of its parallel sides multiplied by its altitude.

(i) circle | (i) trapezium | (iii) triangle | (iv) rectangle .
Ifthe length of the side of a squareis 5 cm, then the perimeter of the square will be—

(i) 25cm | (i) 15cm | (iii) 20cm | (iv) 30cm J

isthe quadrilateral in which one pair of opposite sides are parallel to each other.

(i) trapezium | (b) rectangle | (iii) square | (iv) circle J

The area of a parallelogram with base 5cm and altitude 6cmis—

(i) ?Mside)z (i) ?xside ) (iii) ?Mside)z | (iv) (basexheight) |

2. The parallel sides of a trapezium are 12 cm and 8 cm and the distance between them is 6 cm. Find the area of
the trapezium.

NoukRw

Find the area of atriangle whose base and heightare 6 cmand 12 cmrespectively.

The diagonal ofarhombusare 16 cmand 12 cm. Find its area. Also find its perimeter.

If the area of arhombus be 48 cm”and one of its diagonal is 12 cm. Find its another diagonal.

The areaof arhombusis 119 cm’and its perimeteris 56 cm. Find its altitude.

The cost of painting the top surface of a triangular board at 80 paise per square metre isI 176.40. If the height

of the board measures 24.5 m, find its base.
8. Findthelength ofthelargest pole thatcanbeplacedinahallthatis 10 mlong, 10 m broad and 5 m high.

=)
~

>
°
H Calculate the area of the shaded region as shown in the figure.
Q) (@ (b) ;
g 2m 2m i
3m 3m
4'm
2m
2m 25m
——15m—
3m 3m
2m 2m
25m
~-
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ab Objective :  Tofindareaofatrapezium by paper activity.

[
|
[
Activity Materials Required : Square sheet of paper, thick white sheet, marker pen, a pair of:
scissors, geometry box, fevistick. :

|

[

[

|

Procedure : (i) Drawatrapeziumwith parallel sides aand b on a squared sheet of paper.

(i)  Cut two congruent trapeziums. Name them as ABCD and EFGH. Colour both with different:

colours [see Fig. (a)]. :

(iii) Arrange the congruent trapezia in such a way that they form a parallelogram as shown in Fig.I

(b).

v

a+b
a » D (G) b

A A

—

—
——
e

| \
| | \ /
\ |

|

[

[

|

[

[

|

[

[

|

[

[

|

[

[

|

[

[

|

[

[

|

L L \ | ] |
B F G Be—L b »C (H)¢——a—> :
Fig. (a) Fig. (b) :

[

[

(iv) DrawAL_LBE,letAL=h :

[

|

[

Area of parallelogram ABEF = area of trapezium ABCD + area of trapezium EFGH :
[

= area of trapezium ABCD +area of trapezium ABCD :

[

= 2 (area of trapezium ABCD) {congruent figures are equal in area} :

[

[

|

or, AreaoftrapeziumABCD = % area of parallelogram :
|

[

lBExAL=1(BC+CE)xAL=l(a+b)xh '

2 2 2 :

[

Thus, areaofatrapezium = 1 sumofthe parallel sides x perpendicular distance between them. :
e |
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Surface Area and Yolume

O Introduction

We have learnt in previous class how to find the volume and surface area of a cuboid. We shall learn in this chapter
aboutthe volume and surface area of a right circular cylinder.

Formula

1. Cuboid: If/,bandharerespectively the length, breadth and height of a cuboid, then—
(i) Volume of cuboid = (/x b x h) cubic units.
(ii) Total surface areaofthe cuboid=2 (/b +bh+/h)sq. units.

(iii) Lateralsurface areaof the cuboid =[2(/+b) xh] sq. units.
(iv) Diagonal of the cuboid = /I’ +b? +h? units

2.  Cube:Ifaunitisthelength of each edge of acube, then—
(i) Volume of cuboid = a’ cubic units
(ii) Total surface area of the cube =64’ sq. units.
(iii) Lateral surface area of the cube =4a”sq. units.
(iv) Diagonal of the cuboid = +/3a units.

3. Standard unitofvolume: The standard unit of volume is 1 cube centimetre, written as 1cucmor 1cm’.

The volume of a cube at side 1cmis cm’ other standard units of volume and their relations are :

3

1000mm* = 1cm
1000cm’ = 1dm’
1000dm’ = 1m’

Capacity of avesselis expressedin litres.

1cm’ = 1ml

1000cm® = 1000m/=1 litre

1m’ = 1000lit.= 1k =
Right circular cylinder : In our daily life we see around us many solids like measuring jars, storage «
tank, a circular pillar, a garden roller, circular pencil, gas cylinder etc. such solids are right circular =
cylinder. ;—\
A right circular cylinder has two plane ends. Each plane end is circular in shape and the two plane e
endsare parallel; thatis, they lie parallel planes. Each of the plane end is called a base of the cylinder.
An alternative definition of R.C.C. : A solid generated by the revolution of a rectangle about one of o,
itssidesisarightcircular cylinder. Radius
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In the figure rectangle ABCD revolve about its side AB and completes a full round as shown in the C B>
figure, ABis called the axis of the cylinder and DA is its radius.

Volume of R.C.C. (Right Circular Cylinder): Condiserarightciurlarcylinder of raidusrand height h.

We know that the volume of acuboid = Areaofthebase xheight

[(mtr’) x h] cubic units

[(7tr’) x h] cubic units _—
D A

Surface area of R. C. C. (Right Circular Cylinder) : Arightcylinder of radiusrand height hisshowninthefigure.

Now take a strip of paper of width h.

Wrap the strip around the cylinder, till you reach again. Now cut off the strip. Remove the piece of the strip so cut off
and speed it onaplane suface. We will find that strip is a rectangle of length 2r and breadth h.

The area of curved surface of the cylinder=  Area of the rectangle strip of paper.

(2mrh) sg. units

Total surface area (2mrh+(27r’) sq.

> rh (2 trh +2 mr’) sq. units
Volume and surface area of follow of hollow cylinder :
Letr,and r, be the external and internal raidii of a hollow cylinder and h be its height as shown in figure.

We have

(i) EachbaseSurface Area 7 (r,’—r,’) sq. units
2 1

(i) CurvedSurface Area 27rh+27rh

NI~— 4
= 2mh(r,+r,)sq.units
(iii) TotalSurfaceArea = 2mrh+2nrh+2n(r,’=r,’)
= 2nrh+2nrh+2m(r,—r)(r,+r,)
= 2m[(r,+r,)h+(r,—r)(r,+r,)]sq. units [ﬂ
or = 2m[(r,+r,)h+(r,—r)]sq.units
(iv) Volume of the material = mr,h—nr’h
= rwh(r,’—r’)cu. units @ v

lllustrative Examples ,

Example1: Findthevolume of aright circular cylinder, if the radius (r) of its base and height (h) are 7cm and 15

cmrespectively.

Solution : Volume of acylinder = =r’h
22
Herer=7cmandh = 15cm ['.'n=7]
Volume of the cylinder = % x (7)°x 15 cm’
= 22x7x15cm’
= 2310cm’
-
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Example2.  Aniron pipeis 21 cm long and its exterior diameter is 8 cm. If the thickness of the pipe is 1 cm and
iron weight is 8g/cm’, find the weight of the pipe.

Solution : The external radius of the pipe = 4cm

The internal radius of the pipe (4-1)ecm=3cm

22
The external volume [7 x4 x4x21] cm’

1056 cm’
§><3><3><21]cm3

594 cm’

The internal volume

The volume of the metal = (1056 — 594 )cm’

= 462cm’

The weight of the pipe = 462x8 kg. =3.69 kg.

1000
Example3:  Arectangle piece of paper of dimensions 22 cmby 12 cm. isrolled alongits length to from a cylinder.
Find the volume of the cylinder so formed.

Solution : The height of the cylinder is 12cm and the circumference of its base is 22cm.

Let r be the radius of the cylinder.

Then2nr=22orr = [22x 7 }=7cm

7 22x2] 2
r=5cm and h = 12cm

So, the volume of the cylinder = nr’h

B [2><Z><Z><12}=462cm3
7 2 2

Example4: The thickness of a hollow wooden cylinder is 2cm. It is 35¢cm long and its inner radius is 12cm. Find
the volume of the wood required to make the cylinder assuringitis open at either end.

Solution : We have s em —
r = innerradius of the cylinder = 12cm
Thickness of the cylinder = 2cm
R = outerradius ofthe cylinder =  (12+42)=14cm §
h = height of the cylinder = 35cm B
Volume of the wood =  qn(R-r)h —
=, x[(14)’=(12)']x35cm’ T
= 7 x(14+12)x(14-12)x35cm’
. 2
_ 7
) (§x26x2x35jcm3

(22 x26 %2 x 5) cm® = 5720cm’

‘
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Example5: A cylindrical road roller made of iron is 1m wide. Its inner diameter is 54m and thickness of the iron
sheetrolledintotheroadrolleris 9 cm. Find the weight of therollerif 1 c.c. ofiron weights 8 gm.

Solution : The width of theroad rolleris1 m = 100cm
So, Height (length of the cylinder = 100cm)
Inner radius of the cylinder = r=54/2cm=27cm
Thickness of the iron sheet =  9cm
Outer radius of the cylinder = R=(27+9)cm
= 36cm
Thus, volume of the iron sheet used = (nR’h = nr’*h)em’

= n(R-r)xhcm’
= [3.14x(36+27)(36—27)100] cm’

= 314 ,63x9x100cm’
100
= 178038cm3

178038 x 8 ks.
1000
= 1424.304kgs.

Example6:  Theradiusand height of acylinderareinthe ration5: 7 and its volume is 550 cm’.

Findits radius. (t =22/7)
Solution: Let the radius of the base and height of the cylinder be 5xcmand 7 xcmthen,
Volume = 550cm’

5 nr'h = 550

7 x(5x)*x7x = 550

2—72 x25¢'x7x = 550

22 x25%° = 550

550’ = 550

X = 1 x=1cm

Hence, radius of the cylinder=5xcm (5x1)cm=5cm.

Example 7 : The volume of a cylinder is 448 ncm’ and height 7cm. Find its lateral surface area and total
surface area.
Solution : Let the radius of the base and height of the cylinderbercmandhcm,
Then, h = 7cm(given)
Now, volume =  448ncm’
nr’h = 448n
ro = 448 =64
7
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8cm

r

Lateral surface area = 21trh cm’

2><2—72><8x7cmZ =352cm’

Total surface area (2nrh +27r’) cm’
2nr( h +r) cm’

2x 22 x8x (7+8)cm’

7 2 2
5280 cm” = 754.28cm
7

Example 8: The diameter of a garden roller is 1.4 m and it is 2 m long. How much area will it cover in 5
revolutions (t=22/7)?

Solution : Area covered = curved surface x No. of revolution
Here, r = 14 = mandh=2m
2

2nrhm’=2x22 7x2=88m’
7

curved surface x No. of revolution

(8.8x5)m’=44m’

Curved surface

Area covered

Example9: How many cubic metres of earth be dug outto sinkawell 22.5 m deep and of diameter 7 m? Also,
find the must cost of plastering the inner curved surface at I 3 per square metre.

Solution : Volume of earth to be dug out = Volume of the well
- [ZEXZXZXZZ.S}m3
7 2 2
866.25m’

2nrh

[2x§x szxzz.S}mz
495 m’

3 (495 x 3)

31485.

‘ Exercise W

1. The area of the base of a right circular cylinder is 154 cm® and its height is 15cm. Find the volume of the
cylinder.

Areaoftheinnercurved surface

Cost of plastering the inner curved surface

2.  Aclosed metallic cylindrical box is 1.25 m high and it has a base whose radius is 35 cm. If the sheet of metal
costs T 80 per m’, find the cost of the metal of the box.

3. Ifthe radius of the base of a right circular cylinder is halved keeping the height same what is the ratio of the
volume of the reduced cylinder to that of the original.

‘
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10.

11.

12.

13.

14.

15.

16.

17.

Find the number of coins, 1.5 cm in diameter and 0.2 cm thick to be melted to form a right circular cylinder of
height 10 cm and diameter4.5cm.

A solid iron rectangular block of dimensions 4.4m, 2.6cm and 1 m is casted into a hollow cylindrical pipe of
internal radius 30 cm and thickness 5 cm. Find the length of the pipe.

A solid cylinder has total surface area of 462 sq. cm. Its curved surface are one-third of its total surface area.
Find the volume of the cylinder.

A rectangular vessel 22 cm by 16 cm by 14 cm is full of water. If the water is poured into an empty cylindrical
vessel of radius of 8cm. Find the height of water in the cylindrical vessel.

The volume of a 1 metre long circular iron rod is 3850 cm’. Find its diameter.

The cost of painting the total outside surface of a closed cylindrical oil tank at 60 paise per sq. dmis< 237.60.
The height of the tank is 6 times the radius of the base of the tank. Find the volume correct to two decimal
places.

Water is flowing at the rate of 3 km/hr through a circular pipe of 20 cm inter hall diameter into a circular
cistern of diameter 10 mand depth 2 m. In how much time will the cistern be filled?

An iron pipe 20 cm long has exterior diameter equal to 25 cm. If the thickness of the pipe is 1 cm. Find the
whole surface area of the pipe.

A cylindrical tube, open at both ends is made of metal. The internal diameter of the tube is 10.4 cm and its
lengthis 25 cm. The thickness of the metal is 8 mm every where. Calculate the volume of the metal.

Find the thickness of the cylinder. The total surface area of the hollow cylinder which is open from both sides
in4609 sqcm, area of baseringis 115.5sg.cmand height 7 cm.

Find the ratio between the total surface area of a cylinder to its curved surface area, given that its height and
radiusare7.5cmand3.5cm.

When 1 cubican of copper weights 8.4 gm. Find the length of 13.2 kg of copper wire of diameter 4mm.
Two circular cylinders of equal volumes have their heightsinthe ratio 1 : 2. Find the ratio of their radii.

The inner diameter of a circular well is 3.5 m. It is 10 m deep. Find the cost of plastering its inner curve at3 4
per sg. meter.

O Volume and Surface Area of Right Circular Cone

Introduction :

The formula for the volume and surface area of right circular cone are very useful in our every day life, since we

come across conical figures almost on every step. We see around us such as conical tomb, birthday cap, conical

vessel etc.

226
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Right circular cone : Aright circular cone is a solid generated by revolving a line segment
which passes through afixed point and which makes a constant angle with a fixed line.

Inthe figure Vis a fixed point, VAis the revolving line with VO. VO is afixed line. When the
VA revolves around the fixed line VO such ZOVA remains same in very position of A, Aright
circularconeis generated.

The fixed point Vis called the vertex of the cone.
Thefixed line VO is called the axis of the cone.
Arightcircular cone hasa plane end whichisin circular shape. Thisis called the base of the cone.

The length of the line segment joining the vertex to the centre of the base is called the height of the cone. VO is the
height of the cone.

The radius OA of the base circleis called the radius of the cone.
Volume of a right circular cone :

Experiment : Take a conical cup of radius r and h. Also take a cylindrical jar of radius r and height h. Fill the cup with
water to the brim and transfer the water to the jar, repeat the process two times more. We will find that 3 cup full
to brim will fill the jar completely. Thus, we conclude that -

3 (Volume of a cone of radius rand height h)

(Volume of a cylinder of radius r and height h)

7r’h cubic units.

.. Volume of acone of radiusrand heighh = Enrzh} cubicunits.

Also, Volume of the cone of radius rand h.

1 2
3 x(mr'h)xh

1
3 x (Area of the base) x height
Surface area of aright circular cone:

Experiment: Letthe hollow right circular cone of radius r, height h and slant height | as show in figure. The base
of the coneis circle of radiusr.

Thus,

Length of circular edge = 2nr and, Area of the plane end = rtr’ cut the cone along the slant
height VA and spread out it on a plane surface. You will find that the spread out figis a
sector of a circle of radius equal to the slant height | of the cone and whose arc is equal to
the circumference of the base of the cone.

.. Curvedsurface are of the cone

= Areaofthesector VAB A 0 oA
=5 x (arclength) x (radius)
1 x27rl =7l
2
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The area of the curved surface of aright circular cone of radius r and slant height | is given by,

S
S
Also, S

= rl

1 x 27trl
2

= Tl

(circumference of base) x (slant height)

Total surface area of the cone

=curved surface area + area of the base

=murl+url’ = wr(l+r)

The curved surface area of a coneis also called the lateral surface area.

lllustrative Examples

Example 1 :

Solution:

Example 2:

Solution :

Example 3:

Solution:

Example4:

228

e/

L\

Find the volume of a right circular cone 1.02 m high, if the radius of its base is 28 cm.
We know that the volume V of aright circular cone of radius rand height his given by,
v=1 nrh

Here?: r=28cmandh=1.02m =102 cm

V= [% % 27_2 x 28 %28 x 102Jcm3

=83776 cm’

The volume of a coneis 18480 cm’. If the height of the cone is 40 cm. Find the radius of its base.

Let the radius of the cone be r cm.

We have h =40cm
and vV =18480cm’
122
ZxZ8xr’ x40 = 18480
3 7
= 18480 x3x7 =441

22 x40

r= J441cem =21cm

The base radii of two right circular cones of the same height are in the ratio 3 : 5 find the ratio of
theirvolumes.

Letr,and r, be the radii of two conesand v, and v, be their volumes let h be the height of two cones.

1 2 1 2
Thenv, = 3T h, V,= 37, h,
V lmlzh r’ 9 n_3
Vil e s s

A conical tank is 3 m deep and its circular top has radius 1.75m. Find the capacity of the tank in

kilometers.
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Solution :

Example5:

Solution :

Example6:

Solution :

Example 7 :

Solution

We have, r=1.75mand h=3 m.
Capacity of the tank = % nr’h,
=122 175 %175 x3m?
3 7
9625 m’
9.625 Kiloliters.

The diameter of aconeis 14 cmandits slant heightis 9 cm. Find the area of its curved surface.

We know that the area S of the curved surface of aright circular cone of radius V and slant height | is
given by,

S = ml

Here, r =14 cm=7cmand/=9cm

2

s =§><7><9cm2=198cm2

The radius of a cone of radius 3 cm and vertical height is 4 cm. Find the area of the curved surface.
We haver=4cmandh=3cm. v

Let | cm be the slant height of the cone.
Then,

r’ + h’
32 +42
25

/75 cm =5cm r
25 B (0] 3cm A

4cm

.. Area of the curved surface = nrl
= [2 x 4 x 5} cm’
7
=62.85 cm’

How many lead shots each .03 cm in diameter can be made from a cuboid of dimensions 9 cm x
1llcmx12cm?

The volume of the cuboid = (9 x 12 x 11) cm’ = 1188 cm’)
The radius of cone lead shot = [E } cm=0.15cm’
The volume of one lead shot

22

_ 3 _ 3
B Ex7xo.1sxo.15xo.15} cm ‘[i}cm

7000
Volume of cuboid

.. The number of lead shots
Volume of 1lead shot

[1188 x @}
99

84000
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Example8: The lateral surface of a cylinder is equal to the curved surface of a cone. If the radius be the same,

find the ratio of the height of the cylinder and slant height of the cone.

Solution : Let r be theradius of both the cylinder and the cone.

10.

11.

230

Lethand|respectively be the heights and slant height of the cylinderandthe cone.
Then,

Lateral surface of the cylinder = curved surface of the cone.

2nrh = 7l
2h = |
h _1
I 2
h:/=1:2

‘ Exercise m

Find the volumes of the cones whose dimensions are -

(a) baseradiusis=3.5cm, height =12m

(b) baseradiusis=5dm, height =10.5cm

(c) baseradiusis=21cmheight =15cm

Find the total surface area of a cone, if its slant heightis 9 m and the radius of its base is 12 m.

The area of the base at aright circular cone is 314 cm’ and its heightis 15 cm. Find the volume of the cone.

The radius and height of a cone are in the ratio 4 : 3. The area of the base is 154 cm’ . Find the area of the
curved surface.

The volume of aright circular coneis 1232 cm’. If the radius of its base is 14 cm, find its curved surface.
Aconeandacylinder are having the same base. Find the ratio of their heights if their volumes are equal.

Aright triangle with its sides 5cm, 12 cm and 13 cm is revolved around the side 12 cm. Find the volume of the
solid so formed.

A conical vessel whose internal radius is 5 cm and height 24 cm is full of water. The water is emptied into a
cylindrical vessel with internal radius 10 cm. Find the heights to which the water rises.

A right angled triangle in which the sides containing the right angle are 8 cm and 15 cm in length is curved
around on the longer side. Find the volume of the solid thus generated. Also, find the total surface area of the
solid so formed.

A tent is in the form of a right circular cylinder surmounted by a cone. The diameter of the cylinder is 24
meters. The height of the cylindrical portion is 14 metres, while the vertex of the cone is 19 metres above the
ground. Find the area of the canvas required for the tent.

The cylinder is within the cube touching all the vertical faces. A cone is inside the cylinder. If their heights are
same with the same base, find the ratio of their volumes.
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12. If the height of the cone is doubled and the radius of the base is kept the same as before, find the change in
volume.

O Volume and Surface Area of A Sphere

Introduction:

We shall learn in this section about volume and surface area of a sphere, hemisphere and spherical shell. The
objects which are in the shape of a ball are known to have the shape of a sphere. We shall learn about these and

their formula will be applied to solved some problems. -
Definitions:

Sphere : The set of all points in space which are equidistant from a fixed point,
iscalled asphere.

The fixed pointis called its centre and the constant distance is called its radius.

Inthis fig. Ois centre of sphere and POP is diameter and OP is radius of sphere. Sphere
Intersects the sphere ata point P such that as,

Hemisphere : A plane through the centre of a sphere divides the sphere into
two equal parts, each of which is called a hemisphere.

Spherical shell : The difference of two solid concentric spheresis called a spherical shell. Hemisphere

A spherical shell has a finite thickness, which is the difference of the radii of the two solid spheres which determine it.
Volume of asphere:

(i)  Thevolume Vofasphereof radiusris given by,
V= % srcubic units.
(ii) Thevolume Vofahemisphere of radiusris given by,
V= % 7’ cubic units.
(iii) Curvedsurface area of hemisphere
= (27r’) sq. units
(iv) Totalsurface area of hemisphere
= (27r’ +7r’)
= (37r’) sq. units
(v) Thevolumevofaspherical shellwhose outer andinner radiiare Rand rrespectively is given by,

4 3 3 . .
V= § 7 (R°—r’) cubic units.
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Surface area of sphere:
We state the following formulas without proof:
(i)  Surfaceareasofasphere of radiusris given by,

s = 47r’ sg. units
(ii)  Curvedsurface area of a hemisphere of radius ris given by,

s = 271r’sq. units
(iii) Totalsurface area of ahemisphere of radiusris given by,

r=2mr+ar

= 37r’sg.units

(iv) IfRandrareouterandinnerradiiof ahemisphere shellthen outer surface area =4sr*sq. units.

lllustrative Examples

Example 1: Find the volume of sphere of radius 7 cm.
Solution: Thevolume of sphere = V= % 7r’ cubicunits
Here, r=7cm
= §><§x7x7><7cm3
=1437.33¢cm’
Example 2: The curved surface area of asquare is 1386 cm’. Find its volume.
Solution : We know that the curved surface area of asphere =4 7r'cm’
4mr’ = 1386
4x— xr’ = 1386

7

_‘
1l

2 1386><l><1 =ﬂ
22 4 4

- \/441_\/21x21 2
4 2x2 2

4
". Thevolume ofthe sphere = Ertr3

4 22 21 21 217
—X—X—X—X—ICM
37 2 2 2

4851 cm’
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Example 3: A hemisphere bowl is made of steel sheet 0.5cm thick. The inside radius of the bowl is
4 cm. Find the volume of steel used in making the bowl.

Solution : Wehaver=4cm R=(4+0.5)cm=4.5cm.
Volume oftheinner hemisphere = 2 ar
3
g><2><4><4><4 cm’®
13 7
Volume of the outer hemisphere = % 7R’

T 12422 45%45%45 |em?
37

Volume of steel used = gx2x4,5x4,5x4_5—gx2x4x4x4 cm’®
3 7 37
E><7>{(4.5) ~(4)* Jem

214
- ——x(91.125-64)cm®
21

44
—x27.125cm’
21

= 56.83cm’
Example 4: How many spherical bullets can be made out of a solid cube of lead whose edge measures 44 cm,
eachbullet being4 cmindiameter.
Solution : Total bullets be x,
Radius of aspherical bullet = 4 cm=2cm
2
. 4 3 3
Volume of a spherical bullet = 3 ax(2) cm
T 1228 |om?
3 7
Volume of xspherical bullets = |:£x£x8xx:|cm3
3 7
Volume ofthe solidcube = (44)°’cm’

Volume of x spherical bullets = Volume of cube

= EXEXSXX =(44)3
3 7

= i><2><8><x =44x44x 44
3 7
44 x 44 x 44 x3x7
x = 4x22%8
= 2541 cm’
‘
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Example5: Find the surface area of asphere of radius 7 cm.

Solution: Thesurface area of asphere
s = 4nr’
r=7cm

s ={4x§x7x7}cmz

= 616cm’
Example6: Find the volume of a sphere whose surface areais 154 sq cm.
Solution : Surface area = 154cm’
s = 47r'=154
4x=xr* =154

154x7 49 49 7
f'2= =— ;= —=—Ccm
4x22 4 4 2

LetV be the volume of the sphere. Then,

ve=2ar
3

4 2 7 7 7]
V = | =X—X=—X=—x—|cm
3 7 2 2 2

1
V = {§><11x7x7}cm3

V = 179.66cm’

Example 7 : A sphere, a cylinder and a cone are of the same radius and same height. Find the ratio of their
curved surfaces.
Solution: r bethe common radius of a sphere acone and a cylinder.

Then height of the cone = height of the cylinder = height of the sphere=2r.

| be the slant height of the cone.

=N +h?  I=Jr +4r =452

S, =
S, = 4nr’

S, = 2nrx2r =4mar’

S, = Jl'l’/=7[r><\/§ = 1ty/ 5r% =nr/5
S, = S,=S,=47r" : 4nr’ i qryf5

4:4Zr[r\/§
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Example 8: Show that the surface area of a sphere is the same as that of the lateral surface of a right circular

cylinder that just enclosed the sphere.

Solution: The radius of sphere bercm . Surface area of the cylinder

10.

11.

12.
13.
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= 4xr'cm’

The radius and height of a circular cylinder that just enclosed the
sphere of radius r arerand 2 rrespectively.
Surface areaofthe cylinder = 27rx2r

We obtainthat = 4zr'cm’

r
r
r

The surface area of the sphere is equal to the surface area of the
cylinder that just encloses the sphere.

‘ Exercise W

Find the volume of a sphere whose radius is:

(a) 3.5cm (b) 10.5cm (c) 4cm

Find the total surface area of hemisphere whose radiusiis:

(a) 21cm (b) 2.8cm (c) 6.3cm

Find the volume of hemisphere of radiusis 3.5cm.

Find the surface area and total surface area of a hemisphere of radius 21cm.

Ashopkeeper has one laddoo of radius 5 cm. With the same material, how many laddoos of radius 2.5 cm can
be made.

A solid sphere of radius 3 cm is melted and then cast into small spherical balls each of diameter 0.6 cm. Find
the number of balls thus obtained.

Aconeand ahemisphere have equal bases and equal volumes. Find the ratio of their heights.

A spherical canon ball, 28 cm in diameter is melted and cast into a right circular conical shape, the base of
whichis 35 cmin diameter. Find the height of the cone, correct to one place of decimal.

A cylindrical jar of radius 6 cm contains oil. Iron spheres each of radius 1.5 cm are immersed in the oil. How
many sphere are necessary to raise the level of the oil by two centimeters?

The volume of two spheres are in the ratio 64 : 27. Find the difference of their surface areas, if the sum of
theirradiiis 7.

4
The surface area of asphereis 4527cm2. Whatisits volume?
The surface area of a sphere is 5544 cm’. Find the diameter.

The radii of aspherical balloonin creasesfrom 7 cmto 14 cm. Compare the surface areas of the balloon in the
above two cases.

-
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14.

15.

>
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The internal and external diameter of a hollow hemispherical vessel are 24 cm and 25 cm respectively. The
cost to pointone sq.cm of the surfaceis 7 paise. Find the total cost to paint the vessel all over.

The diameter of a copper sphere is 6cm. It is beaten and drawn into the wire of diameter 0.2 cm. Find the
length of the wire.

&)

Doints to Remember :

The solid sphere with centre O and radius r is the region in space enclosed by the sphere.

A plane through the centre of a sphere divides it into two equal parts each of which is called a
hemisphere.

The space occupied by a solid body is called its volume.

(i)  Volume of a cuboid =(Ixbxh) cubic units.
(ii) Total surface area of a cuboid = 2 (Ib+ bh+1h) sq. units.
(iii) Lateral surface area of a cuboid =[2 (1+b) x h)] sq.units

(iv) Diagonal of acuboid /I + b* + h® units.

(i)  Volume of a cube = a’cubic units.

(ii) Total surface area of a cube = (64°) sq. units.
(iii) Lateral surface area of a cube = (4a°) sq. units.
(

iv) Diagonal of a cube=,/3a units

For a cone of heighth, base radius rand slant height I, we have
i F=MH+P

(ii) Volume of the cone = ( % n¥’ h) cubic units.

(iii) Area of curved surface of the cone = (n7l) sq. units.
(iv) Total surface area of a cone = nr(l+7) sq. units.
For a sphere of radius r, we have

—T7r
3

(i)  Volume of a sphere = L‘L 3 | cubicunits.
(i) Surfaceareaof the sphere= (4 nr’) sq. units.

For a hemisphere of radius r, we have

(i) Volume of the hemisphere = z

3

(ii) Curved surface area of the hemisphere = (2xr’) sq. units.

r’ cubic units.

(iii) Total surface area of the hemisphere = (3xnr’) sq. units
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| EXERCISE _

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (v) the correct options.

(a) Totalsurfaceareaofthecubeis........cccccoevvvvinrrrrnnnnenn.

(i) 6asq.unit | (i) 6a’sq.unit | (iii) 6a’unit | (iv) 6asq.unit B
(b) Volume ofrightcircularcylenderis.......ccccceeeiiiiiiieeeeennns

(i) =rh | (i) mrh?® | (iii) r’h | (iv) =r'h ]
(c) Areaofthecurvedsurfaceofarightcircularcon@is.....cccccceeeeiiiiiiiiiiciccnnns

(i) % nrl | (i) mrl | (iii) =rl ] (iv) gnrl ]
(d) Volume ofasphereofradiusrisgivenby......cccccvvvevveeveeeieeeennnnn.

(i) %nra (i) %nra ) (i) %ﬂ:rz ] (iv) 2nr B
(e) Whatisthesurfaceareaofasphere of radius of 7cm?

(i) 618cm’ | (i) 516cm’ | (ii)) 720cm’ | (iv) 616cm’ )
(f)  Whatistheslant height (l) of a coneif radius (r) =3 cm, vertical height (h) =4 cm?

(i) 5cm N (i) 25cm - (iii) 9cm N (iv) 16cm N

2. Water is flowing at the rate of 3 km/hr through a circular pipe of 20 cm inter hall diameter into a circular
cistern of diameter 10 m and depth 2 m. In how much time will the cistern be filled?

3.  Aniron pipe 20 cm long has exterior diameter equal to 25 cm. If the thickness of the pipe is 1 cm., find the
whole surface area of the pipe.

4. Acylindrical tube, open at both ends is made of metal. The internal diameter of the tube is 10.4 cm and its
lengthis 25 cm. The thickness of the metal is 8 mm every where. Calculate the volume of the metal.

5. Findthe volumes of the cones whose dimensions are -

(a) baseradiusis=3.5cm, height = 12m
(b) baseradiusis=5dm, height = 10.5cm
(c) baseradiusis=21cmheight = 15cm

6. A conical vessel whose internal radius is 5 cm and height 24 cm is full of water. The water is emptied into a
cylindrical vessel with internal radius 10 cm. Find the heights to which the water rises.

7.  Arighttriangle withitssides 5cm, 12 cmand 13 cmis revolved around the side 12 cm. Find the volume of the
solid so formed.

1. What is the lateral surface area of a cuboid where length, breadth and height are 2a, 2b and 2c
respectively?

2. Whatis the volume of a cylinder whose radius adn heightis 1 uniteach ?
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ab Objective :  Toobtainthe formula of the surface area of a cylinder.

Activity Materials Required : Aclosed right circular cylinder, drawing sheet, a pair of scissors, ruler,
fevistic.

Procedure : é 5
Step-1: Removethetopandthe bottom of the circular cylinder [see fig. (a)].

These two circles are same radii.
Fig. (a)

a4

Step-2: Cutthe curved portion of the cylinder vertically as shown in Fig. (b)
and paste it on adrawing sheet. You obtain a rectangle.

Step-3: Pastethetwocircles obtainedinstep (1) alsoasshownin Fig(c).

v

Fib. (c)

Step-4: Measuretheradius of one ofthecircles. Let us writeitasrunits.

Step-5: Measurethelength and breadth of the rectangle. Let us write these
asland hrespectively.

Step-6: Butl=circumference of the base of cylinder = 27r.

Socurvedsurfaceareaofcylinder = areaofrectangle=Ixh

Area of each circular region nr’

Total surface area of cylinder curved surface area +area of top + area of bottom
= 2urh+nr’+nr
= 2nrh+2nr’

= 27r (h+r)

e e o o o e o — — — — — ——— — —————————————— ——————— ——— ——— ——— ———— ———— ——— — —— — —
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Statistics

O Introduction

Statistics is a very broad subject, with applications in a vast number of different fields. In generally one can say that
statistics is the methodology for collecting, analyzing, interpreting and drawing conclusions from information. It is
asetof concepts, rules, and procedures that help us to:
« Organize numerical informationinthe form of tables, graphs and charts thus organizing and tabulating data.
« Understand statistical techniques underlying decisions that affect our lives and well-being.
« Make informed decisions.
We need information in the form of numerical figures in various fields. Each numerical figure is called observation
andthe collection of all observations s called the data.
Collection of observations is the first step in statistical investigations.
Raw data:
A collection of observations gathered initially is called raw data.
Forexample: Lookatthe following list of marks (out of 100) scored by 30 students of class VIII in a test:
55, 65, 15, 40, 35, 70,90, 92, 84, 85
70,75,65,72,80,78,64,88,78,76
55,54,52,72,70,90, 85,75, 65, 80

Data:

After collection of data, the investigator has to find ways to condense them in tabular form in order to study their
salient features such an arrangementis called presentation of data.

Let the marks obtained by 30 students of class VIl in a class test, out of 50 marks according to their roll numbers be.
39,25,5,33,19,21,12,41,12,21,19,1,10,8,12,17,19,17,17,41,40,12,41,33,19, 21,33,5,1, 21

The data in this form are called raw data or ungrouped data. The above raw data can be arranged in serial order as
follow:

2. 25 12.

3. 5 13. 10 23. 41
4. 33 14. 8 24, 33
5. 19 15. 12 25. 19
6. 21 16. 17 26. 21
7. 12 17. 19 27. 33
8. 41 18. 17 28. 5
9. 12 19. 17 29.

10. 21 20. 41 30. 21

Theraw data when arranged in ascending or descending order of magnitude is called an array or arrayed data.

‘
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Arithmetic mean:

Arithmetic mean or simply the mean of some given observations is defined as,

lllustrative examples:
Examplel:

Solution:

Example 2:

Solution:

Example 3:

Solution:

240

Mean - Sum of the given observations
Number of these observations

Given below are marks (out of 100) obtained by 20 students of a class in mathematics in an annual
examination:

23,75,56,42,70,84,92,51,40, 63

87,58, 35,80,14,63,49,72,66,61;find

(i) Thelowest marks obtained

(ii)  Thehighest marks obtained

(iii) Therangeofthegivendata

Arrange the above datain an ascending order, we get,
14,23,35,40,42,49,51,56,58, 61
63,63,66,70,72,75,80,84,87,92

From the above data, we make the following observations.

(i) Lowestmarksobtained = 14
(ii)  Highest marksobtained = 92
(iii) Rangeofthegivendata = (92-14)=78

The mean of 15 observations was found to be 34. Later on, it was detected that an observation 32
was misread as 23. Find the correct mean of the given observations.

Calculated mean of 15 observations =34

Sum of all these observations=(34 "15)=510

Inthese observations, 32 was misread as 23

Correctsum of these 15 observation=510-23+32=519

1
Hence, correct mean = {5—9} = 34.6

There are 40 boys in a class. The mean height of 25 of them is 158 cm. if the mean height of the
remaining boysis 154 cm. Find the mean height of the whole class.

Mean height of 25 boys = 158cm
Sum of the height of 25 boys = (1587°25)cm
= 3950cm
Remaining number of boys = (40-25) = 15
Mean height of 15 boys = 154cm
Sum ofthe heights ofthese 15boys =  (154°15)cm
= 2310cm
Sum of the heights of 40 boys = (3950+2310)cm
= 6260cm
Mean height of the whole class = [@} cm = 156.5cm.
40

Hence, the mean height of the whole classis 156.5 cm.
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10.
11.
12.

‘ Exercise W

Find the mean of the first ten natural numbers.

Find the mean of the first ten prime numbers.

Find the mean of all factors of 10.

Find the mean of first 10 even natural numbers.

The marks obtained (out of 50) by 12 students in an examination are given below.
40,32,10,44,23,35,21,36,12,15, 26,24

(@) Findthe mean marks.

(b) Findtherange.

The weights of new born babies (in kg) in a hospital on a particular day are as follows:
2.3,2.2,2.1,2.7,2.6,3.0,2.5,2.9,2.8,3.1,2.5,2.8,2.7,2.9,2.4
(a) Rearrangetheweightsindescendingorder.

(b) Determinethe highest weight.

(c) Determinetherange.

(d) How manybabiesweight morethan 2.8 kg?

Given below are the heights (in cm) of 11 boys of a class.
146,143,148,132,128,139, 140,152,154,142,149

Arrange the above datainanascending orderand find.

(@) Theheight of the tallest boy.

(b) Theheight of the shortest boy.

(c) Therange ofthe given data.

(d) Themean height.

The mean of six numbers is 29. If one of the numbers is excluded, the mean of the remaining numbers
becomes 31. Find the excluded number.

The mean of the five observations is 17. If the mean of the first three of these observations is 15 and that of
the lastthreeis 18. Find the third observation.

The mean of 75 numbersis 35. If each numberis multiplied by 4, find the new mean.
The mean of five numbersis 27. If one numberis excluded, their meanis 25. Find the excluded number.

The mean of 8 numbersis 15. If each number multiplied by 2. What will be the new mean?

O Distribution

Frequency table is a method to present raw data in a form which one case easily understand the information
containedinthe raw data.

Frequency distributions are of two types:
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(i)  Discretefrequency distribution
(ii)  Continousorgrouped frequency distribution
lllustrative examples:

Example 1: Find the mean wages of 60 workers in a factory from the following frequency distribution table.
Wagesinrupees Frequency
800 25
850 10
900 12
950 8
1000 5
Total 60
Solution: We may calculate the mean as given below.
Wages (in rupees) Frequency
X f fx
800 25 25x800 = 20000
850 10 10x 850 = 8500
900 12 12x900 = 10800
950 8 8x950 = 7600
1000 5 5x1000 = 5000
Total 60 51900
Example 2: The following data given marks out of 40, obtained by 30 students of a classin a test.

40,12,37,17,27,30,6,2,23,19, 39, 25,5, 33, 25,5,33,19,21,12,17,19,17,12,8,10, 1,9, 21,13,
Arrange themin ascending orderand presentit as grouped data.
Solution: By arranging the marks in ascending order, we get:

1,2,5,5,6,8,9,10,12,12,12,13,17,17,17,19, 19, 19, 21, 21, 23, 25, 25, 27, 30, 33, 33,37, 39, 40

Marks m;ga?‘%rn%{/ tudents
1-10 8

11-20 10

21-30 7

31-40 5
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‘ Exercise m

1. The number of membersin 20 families are given below:
4,6,5,5,4,6,3,3,5,5,3,5,4,6,7,3,5,5,7
Prepare afrequency distribution data.

2. The following data gives the number of childrenin 40 families.
1,2,6,5,1,5,1,3,2,6,2,3,4,2,0,4,4,3,2,2,0,0,1,2,2,4,3,2,1,0,5,1,2,4,3,4,1,6,2,2
Representitinthe form of afrequency distribution data.

3. Construct a frequency table for the following ages (in years) of 30 students using equal class intervals, one of
them being 9-12, where 12 isnotincluded.

18,12,7,6,11,15,21,9,8,13,15,17,22,19,14,21,23,8,12,17,15,6, 118, 23,22,16,9, 21, 11, 16.
4, The marks scored by 40 students of class VIIl in mathematics are given below:

81,55,54,73,47,35,54,38,68,52,54,45,70,83,43,54,62,64,72,92,84,76,63,43, 45, 26, 29, 68, 54, 73,
77,50,64,35,79,64,62,72,70,54

Prepare afrequency distribution table.
5. Themonthly wages of 30 workersin a factory are given below.

840, 851, 890, 885, 878, 840, 890, 833, 836, 848, 896, 804, 808, 890, 810, 869, 845, 820, 832, 812, 890, 868,
806, 840, 840, 810, 830, 835, 806.Prepare frequency distribution table.

6. The weights (in grams) of 40 oranges picked at random from a basket are as follows.
50,40, 65, 60, 55, 45, 30, 90, 85, 70, 75, 82, 85,110, 70, 55, 35, 30, 35, 55, 75, 40, 100, 40, 110, 35, 45, , 84, 35.
Constructafrequencytable.

7. Find the mean weight of 50 boys from the following data:

Weight (in kg) 50 52 | 54 o e———

Number of boys 6 8 15 14 7

8. The marks scored by 20 studentsin a test are given below.
54,42,68,56,62,71,78,51,72,53,44,58,47,64,41,57,89,53,84,57.

Complete the frequency table and find the greatest frequency.

9. The heights of 25 girls were measured and recorded as given below find the mean:
Height (incm) 135 140 145 150 155
Number of girls 6 5 8 3 2 1
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O Graphical Representation of Data

Examples1: Thefollowingtable showsthe expenditurein percentage incurred on the construction of a housein
acity:

Item Brick Cement Steel Labour |Misce

Expenditure
(in 15% 20% 10% 25%

percentage)

30%

Represent the above data by a pie chart.

Solution: Total percentage =100.
Centerangle foracomponent = (valueof thleocoomponent x 3600]
Calculation of central angles
Item Expenditure (in percentage) Central angle
Brick 15% (15/100x360° = 54°
Cement 20% (20/100x360° = 72°
Steel 10% (10/100x360° = 36°
Labour 25% (25/100x360° = 90°
Miscellaneous 30% (30/100x360° = 108°
Steps of construction:
1. Draw a circle of any convenient radius.
2. Draw a horizontal radius of the circle.
3. Draw sectors starting from the horizontal

radius with central angles of 54°, 72°36"
90°and 108’ respectively.
] o Miscellaneous
4. Shade the sectors differently using different 108°
colorsand label them.
Thus, we obtain the required pie chart, shownin the adjoining figure.

Examples2:  The following data represent the favourite type of movie of a group of friends. Represent the data
into a piechart.

Favourite Type of Movie

Comedy Action Romance Drama

4 5 6 1
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Solution:

Comedy Action Romance Drama SciFi
4 5 6 1 4
4/20 = 20% 5/20=25% | 6/20=30% 1/20=5% 4/20 = 20%

Now you need to figure out how many degrees for each "pie slice" (correctly called a sector).

AFull Circle has 360 degrees, so we do this calculation:
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Comedy Action Romance Drama SciFi N
4 5 6 1 4 20
4/20=20% | 5/20=25% | 6/20=30% 1/20=5% 4/20 = 20% 100%
4/20=360" | 5/20=360° | 6/20 =360’ 1/20 = 360’ 4/20 = 360° 360’
72° 90" 108° 18° 72°
o
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‘ Exercise W

1. Given below is the frequency distribution of the heights of 50 students of a class. Draw a histogram.
Classinterval  140-145 145-150 150-155 155-160 160-165
Frequncy 7 13 19 10 6

2. Draw a histogram of the following data.
Classinterval  10-15 15-20 20-25 25-30 30-35 35-45
Frequency 40 92 90 52 28 59

3. The following table shows the number of illiterate persons in the age group (10-15 years) in a town. Draw a
histogram.
Age group 10-16 16-22 22-28 28-34 34-40 40-46
(inyears)
Number of persons 175 325 100 150 250 400

4. Inastudy of diabetic patientsin avillage, the following observations were noted. Draw a histogram.
Agein 10-20 20-30 30-40 40-50 50-60 60-70
Years
Number of 90 40 60 20 120 30
patients

5. Draw a histogram for the following data.
Classinterval  20-25 25-30 30-35 35-40 40-45 45-50
Frequency 30 24 52 28 46 10

6. Draw a histogram for the following frequency distribution.
Classinterval  101-150 151-200 201-250 251-300 301-350
Frequency 28 12 15 45 46

7. Number of work shops organized by a school in different areas during the last five years is as follows.
Years 95-96 96-97 97-98 98-99 99-2000
No. of workshops 26 35 43 54 62
Draw a histogram representing the above data.

8. Construct a histogram for the following data.
Monthly School 30-60 60-90 90-120 120-150 150-180 180-210

fee (in Rupees)
No. of 6 15 13 19 9 3

Schools

<l
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9. The following histogram shows the
number of literate females in the age

group 10to 70 yearsin the town. 1
900 —+
(a) Write the age group in which the
number of literate females is 800 —
lowest? © 700 -
(b) In which age group literate TEU
females are highest? o 600 -
(c) What are the class marks of the % 500 —+
? S
cIasse's. ' 8 400 -
(d) Whatisthe width of the class? .
© 300 —+
2
200 —+
100 —+
0 >
10 20 30 40 50 60 70
Age groups
10. The number of hours for which
students of a particular class watched
television during holidays, is shown ——
though the given graph:
(a) For how many hours did the
maximum number of students
watch TV?
(b) How many students watched TV
forlessthan4 hours?
(c) How many students spent more
than 5 hoursinwatching TV?
I it
ours | fol rid H
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Doints to IRemember :

» Eachnumerical figure is called an observation and the collection of all observations is called the data.

» Therawdatacanbearranged is any one of the following ways:
(i) Serialorder
(ii) Ascendingorder
(iii) Descendingorder
» Theraw datawhen putin ascending or descending order of magnitude is called an array or arrayed
data.

» The number of lines an observation occurs in the given data, is called the frequency of the
observation.

Frequency distributions are of two types:
(i) Discretefrequency distribution
(ii) Continuousor grouped frequency distribution.

Frequency table is a method to present raw data in the form of a table showing the frequency of
various observations.

The difference betweenupperlimitandlowerlimit of a classintervalis called the class size.

Themiddle value of aclassintervalis calledits class mark.

YV VYV VY

A frequency histogram is a graphical representation of a frequency distribution in the form of :
rectangles with class intervals as basses and heights propotional to corresponding frequencies -
there is no gap between any two successiverectangle.

1. MULTIPLE CHOICE QUESTIONS (MCQs):
Tick (v') the correct options.

(a) Collection of numerical values of unorganised fromis called—

(i) rawdata | (i) frequency | (i) statistics | (iv) groupeddata |
(b) Datacanberepresented pictorially graphically by—

(i) histogram . (ii)  Piechart | (i) bargraph . (iv) allthethese .
(c) Therangeofthedata64,67,57,60,59,71is—

(i) 71 (i) 14 | (i) 57 | (iv) 128 )
(d) Thereare...... limitsineach class.

(i) 4 ] i) 3 (i) 2 | (iv) 16 )

(e) Themiddlevalueofaclassintervaliscalledits—

(i) limit | (i) frequency | (iii)  classmark | (iv) noneofthese |
A Gateway to Mathematics-8
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(f) Histogramisa pictorial representation of the granted datain the form of —

(i) circles | (i) rectangles | (i) tangents | (iv) diameters |

(g) Inapiechart,thedataarerepresentedinacircle by

(i)  sectors | (ii) chords | (i) tangents | (iv) diameters |
2. Findthelower classlimitand upper class limit for the following.
(a) 65-70 | (b) 110-125 | (¢ 0-10 | (d) 15-25 .
3. Findthesize of theclassinthefollowing.
(a) 0-8 (b) 0-12
8-16 12-24
16-24 24-36
24-32 36-48
32-40 48-60

4. Adicewasthrown40timesand thefollowing scores were obtained.
3,2,4,6,3,5,1,2,4,4,6,5,4,1,2,5,6,4,2,2,2,6,5,3,4,1,2,6,4,2,1,3,5,5,4,2,3,1,1,6
Prepare afrequency table using tally makes for the scores and draw the bar graph.

5. Readthegraph carefully and answer the following questions.

Y
600 +
500 +
ke
3 400 T
%
©
(&)
%5 300 T+
]
o)
£ 200 + _
4 o -
3 1 2 g
100 + 2 E 2 g £
> ) El <} > 8
S = 7] o o [
Months

(@) Whatinformationis given by the bargraph ?

(b) How many cars were sold during the months under survey ?

(c) Whatisthe average number of cars sold by during the months under survey ?
(d) Namethe monthsinwhich 450 or more cars were sold.

(e) Namethe monthsinwhich300orlesscarsweresold.
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L]
ou as of your friends what their favourite
B} You ask 20 of your friends what their favouri
% colour is. The pie chart below show how many
Q picked each colour. What percent of your
friends picked red?
o e e e e e e e e e e e e e e e e e e e e e == ——— ~a
Lab
AG”Vlty Objective : Torepresentthetime spent by astudentinadaythrough a picchart.
Materials Required : Chart paper, geometry box, sketch pens.
Procedure

1. Representtheinformationinatabularformasshown below.

Atschool Playing Watchingtelevision | Studyathome Sleeping
7 3 2 4 8

2.  Draw a circle of any reduces on a chart paper divide the circle into 5 sectors because the students is
indulged in five activity subdivide the total angle at the centre of the circle 360° in the ratio of the hours
spentindifferent activities.

( At school )
Playing
Watching Television
Study at home
30 Sleeping )

3.  Make apattern or shade these sectors so that we can differentiate between activities.
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Introduction to Graph

O Introduction

Graphs are used to represent the numerical data in the visual form so that it can easily be understand. Thus, graphs
are also defined as “the visual representation of data”.

O Linear Graphs

Sometimes, a graph is in the form of a broken line. A line graph consists of bits of line segments joined
consecutively.

We have studied about the co-ordinate system, where we have locate the pointsin a plane as shown below :

On agraph paper, draw two mutually perpendicular lines X" OX and YO Y’, intersecting each other at point O.

L
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These lines are known as co-ordinate axes.
Line X' OXis called x-axis and line YOY' is called y-axis.

Point Ois called point of origin.

The plane of the paperin which these co-ordinate axes are drawn is called cartesian plane.

d |
ou|

The two axes divide the cartesian plane into four parts. Each part is referred as quadrant. Each quadrant is

numbered as |, I, lll and IV in the anti-clockwise direction. We read them as quadrant I, quadrant I, quadrant lll
and quadrantIV.

Sign  : Starting from O, on the right-hand side of the y-axis, every end-point of a square on

the x-axis, represents a positive integer.

Onthe left hand side of y-axis, every end-point of a square on x-axis, represents a negative integer.
Above the x-axis, every end-point of a square on y-axis represents a positive integer.

Below the axis, every end-point of a square on y-axis, represents a negative integer.

’ 78 252 A Gateway to Mathematics-8
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O Ordered Pair

Writing a pair of numbers in a specified order is called an ordered pair.

Forexample : (a,b)isan ordered pair with a at the first place and b at the second place.

O Co-ordinate of A Point

Let P be any point on a graph paper, at a distance of a
units from x-axis and b units from y-axis.
Then, the co-ordinates of P are P (a, b).
Here, ais referred as x - co-ordinate or abscissa of P
and  bis referred as y-co-ordinate or ordinate of P.

In the above figure, co-ordinates of A are (a, 0),

co-ordinates of B are (0, b)

Example 1 : Plot the following points on the graph paper:
(i) AGB4)
(i)  B(4,-4)
(iii)) C(-3,4)
(iv) D(-4,-3)
(v)  E(5,0)
(vi) F(0,4)
(vii) G(-3,0)
(viii) H(0,-5)
Solution :  Let X'OX and YOY' be the co-ordinate axes.

Nt ||

|4b SN

(i) ForA(3,4) : On the x-axis, take 3 units to the right of y-axis and then on the y-axis

take 4 units above the x-axis.

(ii) ForB(4,-4) : Onthex-axis,take 4 unitstotheright of y-axisandthen onthe y-axis take

4 units below the x-axis.

(iii) ForC(-3,4) : Onthex-axis, take 3 units to the left of y-axis and then on the y-axis take

4 units above the x-axis.

(iv) ForD(-4,-3) : Onthe x-axis, take 4 units to the left of y-axis and then on the y-axis take

3 units below the x-axis.

(v) ForE(5,0) : Ontherightofy-axis,take5 units onx-axisand we get the point E(5,0).

(vi) ForF(0,4) : Take4 unitsony-axisabovethe x-axisandwe getF(0,4).
(vii) ForG(-3,0) : Take3unitsonthex-axisonthe left of y-axisand we get G(-3,0).

(viii) For H(0,-5) : Take 5 units on y-axis below the x-axis and we get H(0,-5).
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‘ Exercise m
1. Plot the following points on the graph paper:
(i) A(2,3) (i) B(3,-2) (iii) C(—4,2) (iv) D(-2,-1)
(v) E(3,0) (vi) F(0,6) (vii) G(=5,0) (viii) H(0,-4)
2. Identify the x-coordinate of each of the following points:
(i) A(=2,5) (i) B(3,2) (iii) C(-5,0) (iv) D(-8,0)
(v) E(0,9) (vi) F(=3,-4) (vii) G(2,-3) (viii) H(0,-7)
3. Identify the y-coordinate of each of the following points:
(i) A((-3,7) (i) B(7,8) (iii) C(=7,-9) (iv) D(6,-5)
(v) E(9,0) (vi) F(0,8) (vii) G(=3,0) (viii) H(0,-8)

4. What are the co-ordinates of origin ?
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Without actually plotting the points, state in which quadrant each of the following points lie:

(i) A(5)9) (ii) B(2,-4) (i) C(-7,-2) (iv) D(-5,4)

Plot the points A(0,0), B(4,0), C(4,4) and D(0,4) on the graph paper and show that they form a square.
Plot the points A(0,0), B(7,0), C(7,3) and D(0,3) on the graph paperand show that ABCD forms a rectangle.
Which of the following points:

A(5,0), B(0,0), C(-5,8), D(8-5), E(-3,0), F(0,-3)

(i) lie on x-axis ? (ii) lie on y-axis ?

Write down the coordinates of points A,B,C,D,E,F,G and H; located on the graph paper given below :

( PLOTTING POINTS FOR DIFFERENT KINDS OF SITUATIONS w

- 5 -

p*
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O Graph of Perimeter Vs Length of Squares

We know that, Perimeter of Square = 4 x Side of Square )

1. Let, P=4a
where , P is the perimeter of square and a is the side of square.

Draw a graph for the above relation.

2. From the above graph, find the value of P, when :
(i) a=2 (ii) a=6
Solution : Given function, P=4a

For different values of a, the corresponding values of P are given below:

a 0 1 2 3 4 5
P=4a 0 4 8 12 16 20

Now, plot the points O(0,0), A(1,4),
B(2,8), C(3,12), D(4,16) and E(5,20) on
the graph paper. Join them successively
to obtaintherequired graph.

erimeter

Scale :

Along x-axis, take
1cm=1unit
Along y-axis, take
1 cm = 2 units

‘ A Gateway to Mathematics-8
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Reading off from the graph
(i) On the x-axis, take the point L at a = 2. Draw LB * x-axis, meeting the graph at B.

Clearly, BL 8 units

P =20
(ii) On the x-axis, take the point M at a = 6. Draw MF ” x-axis, meeting the graph at F.
Clearly, MF =24 units

P =24

O Graph of Area As A Function of Side of A Square

We know that,

Area of Square = (Side)’ J

A

2

1. Let, A=x

where, A is the area of square
and x is the side of square.

Draw a graph for the above function.

2. From the above graph, find the value of A, when :
(i) x=5
Solution : Given function, A=x

For different values of x, the corresponding values of A are given below :

x
o
=
N
w
S

Now, plot the points 0(0,0), A(1,1), B(2,4), C(3,9) and D(4,16) on the graph paper. Join them successively to

obtain the required graph.
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Scale : Along x - axis, take 1cm = 1 unit
y - axis, take 1 cm = 2 units

A
J
J
I
J
I
1
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0
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[ |
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Reading off from the graph

(i) On the x-axis, take point L at x = 5. Draw LE ” x-axis, meeting the given graph at E.

25 units

Clearly, EL

A 25 units

In the above graph a linear graph ? We observe that this graph is not a straight line, but it is curved line. So, it is

not a linear graph.

O Graph of Multiples of Different Numbers

1. Draw a graph of the function, y = 3x

2. From the graph, find the value of y, when
(i) x=3 (ii) x=-4

Solution : Given function, y =3x

For different values of x, the corresponding values of y are given below:

y=3x -12 -9 -6 -3 0 3 6 9

12

Plot the points A(-4,-12), B(—3,-9), C(—2,-6), D(—1,-3), 0(0,0). E(1,3), F(2,6), G(3,9) and H(4,12) on the graph

paper. Join them successively to obtain the required graph.
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Reading off from the graph :
(i) On the x-axis, take the point L at x = 3. Draw LG ” x-axis , meeting the graph at G.
Clearly, GL=9
y=-9
(ii) On the x - axis, take the point M at x = —4. Draw MA A x-axis, meeting the graph at A.
Clearly, MA =-12

y=-12

O Graph of Simple Interest Vs Number of Years

Simple interest on a certain sum is * 20 per year.
Then, S=20xx

where, S is the simple interest and x is the number of years.

1. Draw a graph for the above function.
2. From the above graph, find the value of S, when x =5
Solution : Given function, S =20x

For different values x, the corresponding values of S are given below :

S =20x 20 40 60 80

Plotting the points A(1,20), B(2,40), C(3,60), D(4,80) on the graph paper. Join them successively to obtain the
required graph.
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Scale :

Along x-axis, take 1cm = 1unit

Along y-axis, take 1cm = 10 units

Reading off from the graph :
On the x-axis, take the pointLatx=5
Draw LE ~ x-axis, meeting the graph at E.

Clearly, EL = 100 units
$=100

A Gateway to Mathematics-8




O Reading of Distance Vs Time Graph

As we know, distance is directly proportional to time. So, as the distance increases, time also increases, or vice-

versa.

Let us suppose a car travels at a speed of 50 km/hr. Then the distance travelled be Din x hours be :

D=50xx

Taking D and x be two variables, we can draw graph representing the above relation between distance and time.

X 1 2 3 4
D = 50x 50 100 150 200
Scale:

Along x-axis, take 1cm = lunit

Along y-axis, take 1cm = 50units

istance

N

Read the above graph carefully, answer the following questions:
(i) Find the distance coveredin 5 hours.

(ii) Find the time taken for the distance of 300 km.

A Gateway to Mathematics-8
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Solution : Itis clear from the above graph :
(i) Distance covered in 5 hours = 250 km
(ii) Time taken for the distance of 300 km = 6 hours

‘ Exercise m

1. (i) Draw the graph for the function, P = 4x.
(ii) From the graph, find the value of P, when
(a) X=4 (b) X=5 (c) X=6
2. (i) Draw the graph for the function, A = x".
(i) From the graph, find the value of A, when
(a) x=3 (b) Xx=5 (c) X=6
3. (i) Draw the graph for the function, y = 2x.

(ii) From the graph, find the value of y, when

(a) x=4 (b) x=5 (c) X=6
4. Draw the graph for the following : [NCERT]
(i) Side of Square (in cm) 2 3 3.5 5 6
Perimeter (in cm) 8 12 14 20 24

Is it a linear graph ?

(i) Side of Square (in cm) 2 3 4 5 6

Area (in cm’) 4 9 16 25 36

Is it a linear graph ?

5. Draw the graph for the interest on deposits for a year : [NCERT]
Deposits (in 3) 1000 2000 3000 4000 5000
Simple Interest (in ) 80 160 240 320 400

(i) Does the graph pass through the origin ?
(ii) Use the graph to find the interest on I 2500 for a year.

(iii) To get an interest of T 280 per year, how much money should be deposited ?
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» Inrectangular coordinate system, the hofizontal line X’OX is called x-axis while the vertical line Y’OY is
called y-axis. The point of intersection of the lines XOX’ and YOY’ is called the origin.

» Theplaneis divided by the axes into four regions each being called quadrant.

A\

In first quadrant, xis ositive and yis positive.

In second quadrant,xisnegative and yis positive.
In third quadrant,xisnegative and yis negative.
In fourth quadrant, xis positive and yisnegative.

Graphicalrepresentation of data, being visualinput, is easy tounderstand.
The coordinate (X, y) means, we move x units along x-axis and then move y units along y-axis.
The Graphs of different data can be drawn with the help of the coordinates.

Graphshelpusinpredicting differentimportantresults.

YV V V V V

Therelationbetween dependentvariable andindependent variable canberepresented by agraph.
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Signs
Region Quadrant Signs of Co-ordinate
XOvY | (+,4)
YOX' I (=,+)
X'0Y' I (=,-)
Y'OX \Y (+,-)

Abscissa is the perpendicular distance of a point from y-axis.
Ordinate is the perpendicular distance of a point from x-axis.
Abscissa is positive on the right of y-axis.

Abscissa is negative on the left of y-axis.

Abscissa of any point on the y-axis is always zero.

Ordinate is positive above x-axis.

Ordinate is negative below x-axis.

Ordinate of any point on the x-axis is always zero.

Co-ordinates of origin are always (0, 0)

1.

MULTIPLE CHOICE QUESTIONS (MCQs) :
Tick (V) the correct options.

a.

In which of the following quadrants does the point P(4,5) lie?

(i) 1 i) )

In which of the following quadrants does the point P(—7,-8) lie?
(i) | G )

In which of the following quadrants does the point Q(-7,3) lie?

(i) | i) Gy

In which of the following quadrants does the point R(2,-5) lie?

(i) | ) ) (i)

-]

(v v _J

L (iv) v _

) (iv) IV »

(i) v N
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e. Co-ordinates of origin are :

(i) (0,0) (i) (0,1) (i) (1,0) | (iv) None of these |
f.  x-co ordinate is also called :

(i) Origin ~ | (ii) Abscissa | (iii) Ordinate | (iv) None of these |
g. y-coordinate is also called :

(i) Origin ~ | (i) Abscissa | (i) Ordinate | (iv) None of these |
h. The cartesian planehas ____ axes.

(i) One (i) Two | (i) Three | (iv) Four .
i.  The x-co ordinate of every point on the y-axis is :

(i) Zero | (i) One | (i) Two | (iv) Three .
j- The y-co ordinate of every point on the x-axis is :

(i) Zero | (i) One | (i) Two | (iv) Three .

2. Statethe quadrantsinwhich the points with the following coordinate lie:

(i) P(3,2) (i) Q(s5,-4) (iii) R(-5,-4) (iv) S(-5,4)
3. Plotthepoints(5,6)onagraphsheet.Isitthe sameasthe point(6,5)?
4. Write the coordinates of a point:

(i) lyingonx-axistothe left of origin at a distance of 6 units,

(i) lyingony-axisatadistance of 5 units below origin.

5. Plotthe points A(2, 1), B(—1, 3), C(5,—1) on a graph paper using the same coordinate axes. Join the points A, B,

C. Whatdo you observe?
6. Plotthefollowing points ongraph paper:

(i) A(3,4) (ii) B(-3,-4) (iii) C(-3,-4) (iv) D(3,-4)
7. Findthedistance of following points from x-axis:

(i) (3,4) (i) (-4,5) (iii)  (-5,5) (iv) (0,5)

8. Writedownthe coordinates of the points A, B, Cand Dinthe givenfigure:
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1
1

A sum of ¥ 5000 is deposited in bank at the rate of 10% simple interest. Plot a graph with interest and

H
C% number of years as variable.
S

[ [ J
ActIVlty Take some sheets of graph paper and try to draw different types of shapes. Also try to find out
the co-ordinates of vertex of these shapes.

OR
Make a powerpoint presentation on graphs.
L
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