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1. Number System

Learning Objective :

In this chapter we shall learn about :
*Natural numbers

*Whole numbers

*Rational numbers

*Irrational numbers and real numbers

Natural Numbers
Counting numbers 1,2, 3, ...... are known as natural numbers.
Thus 1,2, 3,4,5. 6,7, ...... are natural numbers. It is denoted by M. Hence, N={1,2,3,4, ... 1

Whole Numbers
Al natural numbers along with zero are ealled whole numbers, It is denoted by W,
Hence W=1{0,1,2,.3.4,...... H

Integers
All natural numbers, zero and negatives of natural numbers form the set integers,
Example: 0, 1,-1,2,-2,3,-3, elc,, are integers

- Natural numbers € Whole numbers & Integers

Rational Numbers
The numbers of the form -2 . where p, g are integers and g = 0 are known as rational numbers.
q

Example: A -_?- E etc., are rational numbers
SR LS T ' '

Example 7: Write 3 rational numbers equivalent to !—;

2
Solntion:  Webayy 2-09%2_6x3 _6x3 13- 30 18
5 w2 Ax§5 Ix3 da 75 15

Example 2: Represent 3% on real line,

2
Solution:  We have 3? =3+ _?

P

+ | : | ——fém-‘—'—-

0 i 2 3 4
Divide the portion between 3 and 4 to 7 equal parts and mark the second spot, ie, P,
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P will represent 3% onreal line.

Example 3: Insert five rational numbers between 6 and 8,

Solution: d=f—=e ——_=—

. Five rational pumbers between 6 and 8 are [6+%],[6 + %],[ﬁ +-3:~J,[6 +%],(6 + %]

[ ey o )

Example 4: Find four rational numbers between % and 1.

Solurion:  We have d= e .]_

4+1 10

3
-, Four rational numbers between 1 and 1 are []— i) [ + ,( : + = j [l +iJ
5 2 1012 m} \2 10 10

Example 5: Write nine rational numbers between 0 and 3.
Solmtion: Hered=-——=—
.. Mine ratiopal numbers between 0 and 3 are
(it o+5) {040 0438) o (0]

3 12 15 18 2 27
Required rational numbers are — NPl dn A8 _! gi aid —

107107107107107 10710710 10
Germinating Decimal
Every fraction f can be expressed as a decimal if the decimal terminates, i.e, comes to an end then
the decimal is said to be terminating.

1 [ 1
Example: — =0.125, —=0.25, — =0.5, et
P 3 i =

Repeating {Recurring Decimals)

A decimal in which a digit or a set of digits repeats periodically, is called a repeating or a recurring
decimal.

= 15 e 2
Example: (i) -%: 0.3333 - = 0.3 (i Ol 2.142857 (i) = (.6666 --un =0.6

wiww olympiads.org 2
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Terminating decimals have their denominators of the form 2 x 5" where, m and » are natural numbers
Or even #, # 1S (are) zero.
Example 6: Find which of the following rational numbers are terminating decimals, without actual

division,
5 12 11
(a) 30 (b) 125 ©) 205

Solution: (a) Given denominator=30=2x 5 x 3
+ denominator has an extra term than 2 and 5. Therefore, decimal is non-terminating,
(B)125=5%5x5=20%5°
- Decimal is terminating.
(€)500=2x5x5x2x5=22 555
*» Denominator has 2 and 5 as its factors,

< Decimal is terminating,
Example 7: Express each of the following decimals as a fraction in the simplest form :
(a) 0.36 (b} 0,54 (¢) 0.324 (d)0.123
Solution:  (a) Letx = 0.36 = 0.363636... weefi}
100 x = 363636 i)
Using eq. (i), and eq. (i)
9%9x = 36
— x= E = i
59 11
(b) Let x = 0.54444 i)
10x = 5.4444 ...{i)
100x = 54,4444 ...{iii)
Using eq .(iii) and eq. (ii)
90x = 44
49
= = E
(©) x=0.324324324 (i)
1000 x = 324.324324 - A1)
Using eq. (i) and eq. {ii)
990 x=324
324 36 12
T 999 111 37
(d) x=0.1232323 ' (D)
10x = 1.232323 (i)
100x = 123232323 - {1}
1000x = 123.232323 fiv)

www. clympiads arg 3
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Using eq. (iv) end eq. (ii)

9090x = 122
122 &l
= Xe —— = —
9990 4905

irrational Numbers
A number which can neither be expressed as a terminating decimal nor as a repeating decimal , is called
an irrational number.

Example: ﬁ,\f_’:ﬁ ﬁ etc.

Properties of Irrational Numbers
(a) Irrational numbers satisfy the commutative, associative and distributive laws for addition and
multiplication.
(b) Swmn of two irrationals can be or cannot be irrational.

Example: 3 ++/2 will be irrational, but
(2-¥2)+(2+/3) = 4, which is rational.
(¢} Multiplication of two irrationals need not be irrational. The division of two irrationals also

behaves same.
Example: J2 %3 =6 — Irational

ﬁxf:3 —» Rational

Bi_f3 :

—==_— — lrrational A
Jz N2
23 *
R

2 = Rational
V3 .
{d) Any operation between a rational and an irational number will always result in irrational number.

(e} The square root of all positive numbers is not always irrational, same is for the cube root of
positive und negative numbers. '

Example: I3 = U irrational
V2 = 1414 ............ irrational
N4 =2 ... rational
P8 =2 ............ rational

Real Numbers

A number whose square i3 non-negative zero or positive is called real number.
Or ;

The set of rational and irrational numbers together is called real numbers,

Completeness Property
On number line, each point corresponds to an unique real number,

wiww. alyrmpiads.org 4
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Density Property

Between any two real numbers, there exist infinitely many real numbers.
Properties of Real Numbers

(i) Closure property of addition and multiplication: The sum or the product of two real numbers
will result in a real number,
(i) Associativelaw: g+ (b+c)=(a+ b) +c, and albc) = (ab)e,
where a, b and o are real numbers,
(iify Commutative law: a + b= b+ a and ab = ba, where a, b are any real numbers.
(iv) Existence of additive and multiplicative identities:
Additive Identity = a+0=0+a=2g
Here 0 is additive identity.
Multiplicative Identity = a.1 = |. a = a for every real number g’
Here | is multiplicative identity.
{v) Existence of additive and multiplicative inverse:

{—a) is additive inverse of “a” and ) 15 multiplicative inverse of @
[

(vi) Distributive Iaws'iif'rﬁ-ultipliuatiun over addition:
' {a+ 8 e=ac+ be, and, alb + c) = ab + ac
where, «, & and ¢ are real numbers.

Example 1: Add (243 ++2) and (142 -43).

Solution:  We have (23 +2) + (142 -3) = 8/2+43
Example 2: Multiply (5+/6) and (5-/6).

Solution:  (5+6)(5-6)=(5) - (J??)zzzs—ﬁz 19

Example 3:  Simplify (3 +V5) .
Sotution:  (3+/5)(\3+5)
< B (B3} d5(5s )
=3+ 15 +4/15+5=8+ 2415

Rationalisation

The process of correcting an irrational denomination to a rational number by multiplying its numerator
and denominator by a suitable number is called rationalisation and the number used is called rationalis-

ing factor. s
i

Vx-p

, where x, y are integers.

To rationalise the denomination of -

J;lby

. we multiply it by

www olymiplads o &
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Example 4: Simplify % by rationalising the denominator.

Solution: —2——-2- ﬁ—-zﬁ
& B 5 B

Law of Radicals
If # and m are rational numbers and « is a positive real number then

i &".d=d"*" (i) d"+a"=d"""
(i) (@™)'=d™ (iv) & » b =(aby’

1
Example 5: Simplify m

Solution:  We have

1 2-43_ 2-48 .
2+-JF 248 283 [2}?_(,]37)2_2 e

1
i 1 ;
Example 6: Solve ——p=

| 4+415 ok
4-15 (4 -(J15) D

Soeluwtion:  We have

34-\."'2-

= a+ b2 , then find the value of *a” and '£°.

Example 7:

442 363 342
Solution:  We have = %
3‘-'\!& 3—\5 3-!-&

= _h(jhk&)? = 9+2+6v2 = 1—1+@#ﬂ+b\5
{3]1‘_(\5)’ 7 T 7

Example 8: Ifx= 2+~J"§ , then find the value of >+ —li- .
T x
Solution: Givenx=2+ /3

- {2+1ﬁ)z =4+ {\E} +43 =7+ 43
11 748 _ 7-4f8 _7-4B_. g

2 T+4B 148 “_{45)“ " 49-48

x1+l] =7+43 + T-43 =
X

www.alympiads.org ]
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MR IR Five dr o5 iog ~xthenx=1

1 3448
3__~||'§ {3]3_(1"5)2 H
]
=ﬁ+v'!g, :’—‘m='\f§+ﬁ

J‘ - =6 +5 J-.:n=~f§+2

Using all these and putting it in expression, we have

= 3+v‘§+xﬁ+£—{v’§+ﬁ) = (£+£)+(£+2]
=3+4/8 + ﬁ+v@-u"§—ﬁ—m"€—£+«.@+2

= (3+2)=5

Selution:

1
m

3
Example 70: If (16) = x then what is the value of ‘x'?
Solution: Here x = {lﬁ}z HU{; ]‘ ( 4]:::2 (4 =64

Example 11: Simplify (1 ES]T ]

Solution:  We have (125)7 = [%Ji » [[éﬂl - [%]3:’ = %
Example 12: Simplify {El]_?t,
s =) -[ () -(9-3

Example 13: Simolify (625)" x(625)"",

Saliian {ﬁgﬁ]ﬂ'”‘nm o {625}‘}'“ » I:{qu ]b.z:i

=(5)""" =(5)' =5

1
Example 14: 1fx=7+4+/3  thenx + - =?

L 7-43_ 7-443
x ?+4J_ - 4\."— [:-;} ( )

= (7+443)+(7-4453)=14

= P

Solution: Givenx=7+4 «.1"_

weow. clympiads.org
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Example 15: Evaluate [ (64)" [ .

6.

Sotution: ((64)7 ) = 64 = (o4 T =1
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Multiple Choice Questions

. Choose the comrect statement :

{a} Every whole number is a natural number.
{b) Every integer is a rational number.

(¢} Every integer is a whole number,

(d) Every rational number is an integer

. Which of the following number is irrational?

7 9 93 190

s by = y—
®) 8 ®) 125 ) 300 L 30
Which of the following decimal is
terminating?

3 11 11 15
aYy — BY — c) — d) —
(a) I (b) 5 {c) 6 (d) 5

x=0.57 Express “x’ in fractional form the
requires fraction will be

26 27 26 51
{a) T (b} T3 {c} a5 {d) ™

0.2 45 in the simplest form will be equal to ;

49 27 22 243
— b} — i d) ——
@% ®m 9% D
Which of the following number iz rational?
a i
n (b) 7
(c) VT +2 (d) 0.141141114...
1
If ﬁ =X +J-"dri, then x, ¥ have values
2-3
equal to
@35 (h)53 (@34 ()36

[ﬁ+¢§+ﬁ—ﬁ
V3-42 32
() 1000
{c) 500

] » 50 equals

(b) 200
(d) 1500

B

10.

1§ F

12

15

14,

15.

17.

18,

Ifx=2++3,thenx+ L] is equal to ;
%

(a) 243 (b) 4
(c) 14 (47
The value of the expression
16x2™ —4x2"
= 15
lﬁxznu —EKEMII
W2 ®2 @5 @

Find the value of x* — 2x* —Jx + 5, 4f

2-+3
(a) 1 (by0 (cy2 (d)3
P L T ST T g T
l‘f{x J {I ) Elt } =y then y is equal to
(o)

(2) 2™ (b} | () (2
IFs¥ 3322295 x=7

{a) 4 (b} 3 {e) 5 (d) 6
«!13-mi’i*ﬂr=uf3+¢'§7 then m =
{a) -2 (b)) =5 (c) =6 {d) -4

[2—3{2—3]’1']3 = x then the value of x =7

(@125 (B)-125 (925  (d)625
0% = 64, then the value of 107" is
{a) 8 {b) 6.4 ey 640 (d) 30

45— 4571 =24, then (2x)" is equal to

@5 ) 1255 (©) 25V5 () 55
gl = o 1 _

If = +x1 =83, then x -1-:‘:_

(2)756  (B)256  (c)729  (d)702

www.olympiads.org g



19.

20.

zl.

2%

24,

25,

24.

2%

If .r1+—!1— =98, then x4+ =9
x x

@10 ®12 (72 @D

| e d =1, thenx* —y° =
x

|

@-1  ®»ml (@ (d)0
2

Ifx=7+43 anday=1 then -—Iz-+i=?
ar
@64 IM (o) 11'16 (d) 134

]
If x =64, then £* 4 3

@2 ®»32 @2 @3
3 2
2 )?
{(23+2")’ 4-{140—]9}5} L8
(@324 (b)400 () 196  (d)289
The positive square root of 7 + 43 is
(a) 7++3 (b) 7+2+3
(c) 3++2 (d)2+43
If 2 = 1.4142, then V21 is equal 1
= L. . 1 1]
' et
{a) 2.4142 (b) 0.4142
fc) 5.8282 (d) 0.1718
lf‘gmﬁllxﬁﬁﬁlzft}amx
@3 ®L (@93 @-L
3 3
51+2 - 6 w 5-11 .s ] "
13x5" —2x 51 cmallo
3 5 3 5
{a) : (b) 3 {c 3 {d) =5

29,

30.

| 31

32.

33:

335,

a .. _il".l'.'.l"r.'.-".f.rl'.l'-"f(;.h'n'.n'l"
'1 lympiad

Foundation

]
. Ifx= l—v’rz_,thcn the vaIucut‘(;—i] is
X

e P

fa)4 (k)27 {c)a (d} -8

V-6 5oz *®

{a) 5 (b)-5 (c) 4 (dy—4
BB 5

Ifr= = and y = then

x ﬁ—ﬁ and ¥ -.,E+J§ €N X+

+xp=

{a) 5 ()7

(c)9 (d) 17

The square root of 5+ 245 is

(8) 3,42 (b) 3,42

(c) V5,46 (d) 5,6

e

] -2
The value of ‘m’ for which {('_IT] } =

‘}'H‘J ]'_S
g 1
=, 2 s L.}
{a)-3 (b) (c) 3 {d) n
I =1
£ 2% x—=L then L1(go)s {_1] }
2" 4 14 5
is equal to
] 1
= e e
(a)2 {b) 3 fc) (d} 3
. Ifx= /6 +/5 then .~c3-1-l2
x
(2) 2(\6 +1) ® 24542
(e)20 (dy 22
: _\E =a+m/3 then the respective values
2443
of g and & are

www . clympiads.org 9



3b.

L

(2) 13,7 (b) 13,7

(e)-13,7 (dy—13, -7

-2

o 9[3“] @y

3}!\1 . 2]

If # — n =1 then

=[-l-] thenx =
3

() 2 -2 (6)3 (dy 3

-

2 =1
=8 thenK= > +4/? thenkK=

33 257 31
{a) -y (b 1 {c) 16 (d) >

P
Olympiad

Foundation
15
10 ++4/20 + 40 -5 -0

has value equal to

(2) k(v2+1) (b) k(v2-1)
(o) k(-ﬁﬁ] () k(2+ﬁ)

40, If x = Ji;i, then the walue of

39, IfJS =k then

A + 2 —8x+7 i
(a) 0 Gy 10 (€5 (dy 15
41. If B3=1732 and J5=2236 then the

value of L i
J5-43

L]
38, (%E) = ¢, then the value of 1 will be
{a) 11.904 {b) 10.904
4 2 5 14
i ¢ S 4 (¢) 3.968 (d) 8.968
(a) 3 (b) 3 () > {d) Py
Answer Key

L) |20 3.0 |4@©@ |50

6.(0) [7.(0) [B.(0) |9-(0) 10 (c)

() |12.00) [13.(0) |14.(d) |15.()

6. (@) [17.(0 |18.() [19.(2) |20.(d)

21.(b) |224b) |23.(b) |24.(d) [25.(b)

26.(0) 1274 |28.(0) [29-@) |30.() |

3L(b) |32.(c) |33.(0) |34.(d) |35.2)

6.0 |37 |38 |39.(@) |40.()

41. (a)

Hints and Solutions

{(b) Zero is a whole pumber which is not a
natural number. Every integer is a rational
number. Every whole number is a integer but
converse is false,

(b) Since,

% = (.875 (Terminating decimal)

9 3 _
f_ = —_ (Irrational
125 54’5{ i

93 31 i ;
2= = =0.31 (Terminating decimnal
300 100 R 2 )
190

e 63 (Repeating decimal)
- Repeating and terminating decimals are
rational numbers.
3. {c) = All the fractions are in their simplest
form.
. The Fraction having the denominator in the
form 2™ x 5" will be terminating.

www. olympiads.org 10



. Just analysing the denominators, we have
11 6 and 7 cannot be exprc\'&cd in 2™ x 5"
form , but 16 =2% = 5%

. o will be a terminating decimal

4. (¢)Given  x=0.57 =0.5777 i)
then 10x = 5.777 ...(if)
and 100x = 57.777 .(i)

Subtracting equation (ii) from equation (iii),
we have
90 x =52

= x=—
45

5. (b) Given n = 0245 then r = 0.24545

I0x =2.4545 A1)
and 100x = 2454545
and 1000x = 245 454545 (111}
Subtracting eq (i) and eq (iii), we get
990x = 243

243 27
= X v

990 110

6. (b) x=3.14157..
(Non-repeating non-terminating decimal)

% = 3.14287]

22 . .
= 15 a rational mumber.

7. (b) Rationalising the denominator we have

J3+1 2_,_“,"_ (‘f‘+1J{ 3-4-2)
2- -Jr_ 2+.J— {2} "(J—)E
i i
T B2 Bz
=3+2+ 33 =5+3=x23

Sox=5y=3
B. (c) Here

Letx

G‘.h'."r.- .r.-m':r .r.'uf
'f(}lymplad
Foundation
£+\"r_ ‘u"r- "i'l'_
B2 B2
"‘7"‘3v'r- 3+2- 246
{J‘ (+3)* T o -y
=572.u|'r_+::- afe=

<. Required value = 10 x 50 = 500
9. (b) Given x =243 then
1 1 1

e . L2-3
x 243 2448 2-03
2-43 2- J_r‘z .

C@r-(B] 43
" r+%=(2+ﬁ)+(2—ﬁ} =

165 2" 42"
163 2n+2 i 2:r+2
- {2}4 % 3.”4-} _{‘2)12 th

{2}4 w (2]!”'2 — 2:‘2!]-!'2

10, (e} We have

1
LI Wekaveg=—" _ =il st
2-f

= x-2=.f3
Squaring both sides
(r-2)%=3
= P+d-dr=3
= Pl =0 (i)
S ka5
=x(F — a4 +1) + 2P —4x + 1) +3
=xx0+2%x0+3=0+3=3(using eq (i)}
{ e.H-."'.v-J?_ {tﬁi-r::li! (x c-l-ﬂl\]l'

[2. (b) Here y= N c}

wienw' olympiads, arg 11



a+b+bretet+asl
(x )

{xa+ b+r:}4-

x¢[n-l &-h:']l

_4[a+b+|::) =}

13. {chwen g3 gle-8_995- 52 32
x—3=2x-8=2
x=5

14. (4) Here 13— my/10 = V8 +4/5

Squanng both sides, we have

13-m10 = (B 5)
13- my10 = 8+ 5+2:/40

=

= —m-.frl_=2x a1
= ~-mJ1_=zszE
— m=-—4

15. (a) Here {‘24(2-3}1’ _ [1—3{-1}3]’

=[2+3] =(5) =125 =x

i

16. (d) - 10° =ﬁ4=:—{mf)% =(64)2 =8

% x x
102 =8=5102 =102.10=8.10=80
17. {c) We have 4 -4~ 1224
= Fld-1)=24
= F-l=g
= -4— =8
4
= 4 =32
= @ =2
5
= X= =
2

@or- (23] -

4 I

=(5)2-(5)2 = 2545

l?.l‘.' Irn' 7 Hfhr.' mrf
'1Dlym piad
Fowundation
18, (1) x4 — =83
-

i 1
[x——] =x'+—-2=(83-2)=8I
-, X

X

- [x_ﬂ .

= ¥ —L! —3_1:.1(1 —l] =729
; x

= x"—%=?29+27=?56
x

1 e
19. (a)Here| x+—| =x +—+2
x x

={98 +2) =100
= x+l:ﬁ =10

X

20. (d) We have 20 A
¥y X

= Py
= Py eap=0 D)
We kinow that,
2=y = (x=y)(xt + 37+ )= (e-)0)
[Using (i)]
=0
21. (b Herexy =1
! S 7-443
YE T4 1445 7-403

__1-4f3 =7‘:“E=L4J§

www. olympiads.org 12



22,

23

24

25

b
= (Hg ~2=(T+43+7-4/3)? -2

=(14Y —2=196-2=194
(b) - x % =64
— x! =8
1
= X=m=
8
-3 -
o X =1 — =
8) 2
i
L UL
R
(b) The given equation can be written as
b d
{{23 +4}§ +|[121}§}
2 112
= {{z?}a +{121}:}
=[(3}’+11}! ={9+11}*
= [20° = 400

(d) Let ?+4~ﬁ=(a+ bu@)!
=  T44f3 =4 +3b1+2ab(~.5]

= {a’ +3£r2:}=?.:1.'r=2

s & e
= \,I'?+4~;"§=2+J3-
J2-1_4f2-1 (N2

G
-y
(ﬂ -y
2+l—2v'r_
i S0

Let, 3-242 =a+ b2

= 3—2\&-—-&2 +b2-2+2ab-u"'§

27.

28,

29,

f,.f;,.,f'” .r.w.".ru o
'10lym piad
Foundation
:;-a1+2£=2=3,::b=-1
Solving these two equations, we have
a==1,b=+1
. The required value = 2 -1 = 1.4142 -1
=04142

© () x(81) x6561=7
= (3)" %(3) x81x81 =77
= (3)" =(3) x(3) =3’
= {3}.\9731-!:31
= Ix+16=7
:}I:ﬂ :—E 2—3

3 3

5"(5-6) 5™(- 1) _
d) H
@Hee S0y~ 50 3
- _:; 1++/2

142 1442

_ 1++2 _=I+~f§ o (1+1E}
{I}Z_(\E)z I—?.

=% x—lzfl-ﬁ}+1+-f2‘ =
X

a) Here 1 3+1"-
(et =
348
@ -8 e
1 XJE-EJ'E
BT BT BT
= VB4
Simi!arl}r
J_——-: 6+J-\il,_-ﬁ= 7+6

wwew olymplads.arg 13



J—_ —— =542

Rearranging all the terms in the required
pattern, we have

3+8)-(15 7))
+(«ﬁ+~,@)+(y‘r§+2]
= 3+ (VBB)+ (7 +7)
+(—\J’E+JE)+[—I+JS_)+2

=3+2=3

i, B
NN N

30. {c) Given x =

_ (*EH@)J _8+215
(B -(3) 2
(Jg-*ﬁ)z _8-2415

SCET
Bow x 4y xy

3+2~ﬁ‘5 L 8- zJ—

r'xzq’_\lfsﬂq'_\
oz U2 )

16 64-60
=—+

2 4
=§+1=9

31, (b) Let 45+ 276 =+Ja* +5° +2ab
= a2+b2=5.ab:n'%

Solving these two equations, we get

ﬂ='q|§-,b=‘\ﬁ

32,

el ewneiii i
'1Dlym piad

Foundation

o @]

= () W
~ (7 bl _ o5 g
= =
3
3. () 2Tx2m=27
= (@]
= m=1
Substituting the valoe of m in,
Ll f LY
E{{é‘ ) (5“] }
1L (1Y
=ﬁ{[4 +[§] }}
1 1
=E{2+5}=§
34. (d) Given x= /6 +45
S S o £
Cx e+5 Je-45
V6 /5
- =65
Now x’+xi2n[x+1;J2—2
( 6+«4'r_+v'r_ m"'_)
( }— =24-2=22
5-V3 _5-43 2-\3
35 (a) Here T o

)

g B)a-
)
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=10+3-7/3 =a+b
=13-73 =a+b-.E

=a=13 b=

9" x9x3"-27)" (1Y
60— "[3}
(27)°[9-1] _ (1]

— " %8 |3
(27)" =8 _[_1_)‘

3 (27)"x8 |3
W) -x

u (37" =(3)

= x=3¥m-ny=3
37. (a) Given r=8° = 64

3 T
K= 8 +4(64)

38, (d) Here [243]“ . [3] m[[g]‘] |
32 243 3

5x3

ﬁ[v@+ﬁ+xﬂ§—]—ﬁ)

- \rﬁx—\;‘rﬁ_x}
JE(JE~I—2+EJE—I—-4)

39, {a) We have

oy | lm Hr.'r'.l.r w.ﬁf
"O{ym piad

Foundaticn
= 35 = NE x-\l'rf+l
(3.,,5_.3) J2-1 Y241
N
=k(£+1)
i J_+I
:3+1+2J§_4+2£_‘2+J§
4 4 2
(Ji+1)5~ 1+3v3+3J3 (V5 +1)
and = =
& 8
_ 104643, _5+33
8 4

Yo+ 3x —8xa T
- (54348)(2443)- [*‘”‘]

=14+43-43-4=10

41. {E}Wchavc‘r 5 Iﬁ‘r :E:?
) (V5+3)6
2
:3(¢§+£)
= 32.236+1.732)

= 3(3.968)
= 11.904
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2. Polynomials

Learning Objective:

In this chapter we shall learn about:
* Polynomials and their types

* Factors of polynomials

Algebraic Expression

Expression separated by + or — operation are called the terms of algebraic expression.

Example: Gx +x 420 44 isan algebraic expression and 9x, %, % and 4x" are the terms of the
algebraic expression. :
Coefficients

In the polynomial 7% — 62> + Bx + 4, we say that coefficients of x, x* and x are 7, - 6 and 8
respectively and 4 is the constant term in it.

Polynomials
An algebraic expression in which the variables invelved have only non-negative integral powers is
called a polynomial.
Example: (i) 5¢° - 5x° + 6x — 3 is a polynomial in one variable x.
(i1} xly + yz;' + 6 '?y3 is a polynorial in 3 variables, i.e, x,pand =z

Important Terms

Constants
A symbol having a fixed numerical value is called a constant.

Example: 2, 3, m, —3% , — B ele, are constants,

Variables

A symbol which may be assigned different numerical values is known as a varjable,

Example: In C = 2w, C and r are variables.
Degree of a polynomial in one variable or more than one variable

In case of one variable, the highest power of the variable is called the degree of the polynomial

Example: (i) 2+ 5 isa polynomial in x of degree 1.

fit} X - 2x+6isa pelynemial in x of degree 2

In case of more than one variable, the sum of the powers of variables is faken into account, the highest
sum so obtained is treated as the degree of the polynomial.

Example: (i) T - iri_vl + 3xy + 6y + 8 is a polynomial in y and x of degree 4.

wwnw.olympiads.org 16
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Types of Polynomial
Zero Polynomial

The constant polynomial 0 is called the zero polynomial,
Linear polynomial

A polynomial of degree one is called a linear polynomial,
Quadratic polynomial

A polynomial of degree two is called a quadratic polynomal.
Cubic polynomial

A polynomizal of degree three is ca]i«_ad a cubic polynomial,

Number of Terms in a Polynomial
(i) Monomial: A polynomial containing one nonzero term is called a monomial,
{ii) Binomial: A polynomial containing two non zero terms is called a binomial,
Example: x — Sy, 5x* + 2zx
(iif} Trinomial: A polynomial containing three non- zero terms is called 2 trinomial.
Example: x° 4 5¢2 + 3), % + 35 + 9, xp 4+ yz + 2 ete,

Constant Polynomial and Zero Polynomial

A polynomial containing one term only, i.c, constant term only is called a constant polynomial
becomes equal to zero, the polynomial is said to be a zero polynomial,

Example 7: Which of the following expressions are poelynomials 7

() ¥ —5x+3 (b) 24 +5 ()-8 (@) 36 46

Solution:  (a) » The expression x> 5x + 3 has all the non- negative integral powers in x.
. expression is a polynomial,

b
(b) 24/x +5=2x7 45
¥ x has a non-integral powers in n
- Given expression is not a polynomial.
{e) -8 is a constant term.

. This is a constant polynomial,

2
(d) 3x% +6 has non— integral powers in x

. This is a not a polynomial.
Example 2: x*+5¢—2is polynomial of how many degrees and comment about number of terms in
it}
Solution: x> +5x—-2isa polynomial in x of degree 2 and it has 3 terms.
.. This polynomial is a binomial, '

Example 3: 3"+ 3% + 8x+ Oisa polynomial in x. Classify this polynomial on the basis of degree
and number of terms,

www, olympiads.org L
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Solution:  The highest power of x in the expression is 3,
. This polynomial 2+ + 3x% + 8x + 9 is a cubic polynomial.
- Number of terms in polynomial = 4.
.. This is conceded to be a 4 terms containing polynomial, L.e., quadronomial.

Factors of a Polynomial
Let p(x) is a polynomial. If p(a) = 0 then "2’ is said to be a zero and (x — a) i5 said to be a factor of
polynomial pr{x),
Example 4: T P(x)=x*+ 3x + 4, find P(=2), P(1).
Solution: P(-2)=(-2F +3(xr-2)+4=4-6+4=2
P()=(1+3x1+4

=1+3+4=8.
Exi 5: Find a zero of the polynomials
(a) 2x+9 (b) 4x -8
Solution:  (a) Let Plx)=2x+9
Mow Plx)=10

=2x+9=0 —= x=:;~

(b) Let P(x) = dx—8

&

NOW,P{X:I=G = ﬁx—E:ﬂ = x=.4=2

Example 6: Find the coefficient of 5x* +3x+ 9 in the expression 15x* +9x° +27x".
Solution: Coefficient of 5x* + 3x + 9 in the expression 15x* + 9¢® + 2727 = 3% (55 + 3%+ 9), Is 3%,

Factorization

Factorization is a process of representing the given polynomial as a product of its factors which are of
lower degree than the given polynomial.

Example: P —4= E+2)(x+2)

whanw olympiads.ong 18
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Example 7: Factorize: I(JC—J‘}E'*?’I’E}’{I—}"}.
Solution: ~ We have x{x- y]J +3xty(x—y)

=x(x-) (-3 +39)
=x(x=)) 1 +3 - 2oy + 3p)
=x[(x-2) (¢ +7 +0)]
=x(r' )%
Example 8: Factorize :
([ +3x+3+x (Yo +b-ab—a
Solution:  (i)x"+3x+3+x
=xfx+N+ U+ =(x+Nx+1)
(iDa® +b-ab-a=d®—ab+b-a
=afa-b-la-h)

={a—1){a-b)
Example 8: Factorize:
(i »* +L1+2-~2x—E (i) «° +-1T—2—3:c o
x x x x

2
Selution: (i) - [_:+l) =x'4 Lz.p 3
X ES

1
RPTR UPNRE A O
x x x x
= [x+lj[x+-l~- 2]
x X

x:
2
% x3+l1—2—-3x+E = [I—l) —3(I——1J
X x X X
= (x-lj(x—l—EJ
% X x
Example 70: Factorize:
(i) — (@ + ) x + ab (i - +ax+x—a-l
(i) (2x— 3% — 8x + 12 .
Solution: (i) x* — ax — bx + ab (i) (x~ D +x(a+ 1) =1a+ 1)
=x(x—a)=b(x—a) = x* x=1D+{a+x-1)
~a) (x—b) =(x-1)(F+a+l)

www ofympiads, org 18
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(iii) (2x—-3)* - Bx+ 12
=(2x-3)(2x—3) -4(2x-3)
=(2x-3)(2x—3-4)

= (25— (2x-T)
Example 77: Factorize :
(i) @ + 2ab + b* - 4c? () —p2+6p—9
(i) x* — 625 (iv) 3" - 48x
(V) (e + B —a—b (a+bY —a—b

(vi) 9 —&® + 2ab— b
Solution: (i) (a+ b)Y — 4c® = (a+ by — (2
={a+bh+2cHa+h-2c)
(i) 2% — (P — 6y + 9) =2 ( + 312
=(x—y—3){x+y+3)
(iii) =¥ - 625 = (%) - (25)°
= (x* - 25) (x* + 25)
= (x4 5) (x— 5) (Z +25)
(iv) 3x (x° — 16) = 3x (x + 4) (x —4)
{v}{a+b}3-a—b:{n+&}{{a+b}z-1}
=fat+&la+b+D{a+tb-1)
(vi) 9— a?+2ab — b2 = (3 — (" — 2ab + 1%
=(3F —(a— by
=@ +a-b)(3-a+b)
Example 712: Factorize :
1

(i) 2x* --gx+-1-j- (i) v/3x +11x+ 643

< N 2.
Sotution: (i 212X 710541 _ 2427 10r+]
12 12

_ 245" —6x-dx+1
12

1
= 5@ D(6x-1)

(ii} ax® + bx + ¢, can be factorized as, multiply @ and ¢, and express b as a sum of two
numbers whose multiplication {product is equal to “ag’

L A3x63=18

1lx=0x+2r also9x2=18

www alympiads.org 20
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J3? +11x+643 = V3 +9x 4 2x 4 63
=\Ex[x+3£)+'2(x+3ﬁJ
=(J§x+1](x.+ 3V3)

Example 13: Factorize |
()25 +57+ 82 -2y + 42)* —8xz (i) Evaluate : (97)2

Solution: (i) [—Jix}“ +(2) +( 2&;)’ +2 (2 + 2422 —dxz)= (—2x+ y+ zﬁz)’
(i) (97)F = (100 -3)? = (1002 +(3)* ~2 x 100 x 3
= 10000 + 9 — 600 = 9409
Example 14: Expand (3x +2)°, and factorize x° + 125.
Solution: (3x+2) =270 + 843 x 3r x 2(3x + 2)

=270 £ 8 +18x (3x+2) =270 + 8.+ 54x% 4 36x
24125 = (1 + (5 = (x+ 5) (2 + 25 -5x)

Example 75: Fvaluate : ::3+y3'+23-3xyz

Solution: ¥ +y +2°=3xz = (x)h{y)’.,.za B

N [{"])“'{}" T 43l y}]+ z(2’ _3;},)

Letx+y=u
=[xl +2(F-3g) =P+~ 3y (442)
=(4+2) [+ 2" ~dz- 3] = (4 +2) (2 +3% + 22—y = yz —zx)
=(x+y+x}{x2+yz+zi—:cy—yz—zr}

» 76: Factorize : s .
(i) (p—qV +(g—7) +(r—p)

{ii) If p+a=2 then what is the value of & + 6ap + p* ?
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{iif) Find the product: ;
(3x — Sy —4) (9" + 25V" + 152y + 12¢ — 20y + 16)
Solution: () v p-q+g-=r+r-p=10

s (p—gf +(g=r) 'I-{T‘-'P}s =3{p-q)lg-—nir-p)
() vpta=2

then @ +ay =2y

= p3+a'}+30p{a+p}={2}3

= P ra +6ap=(2y =8 {vatp=z}

(iii} (3x — 5y — 4) (957 + 2557 + 16 + 15xp + 12x — 20y)
(3, 5+ (AP -3 x-Sy x(-4)
=27x° - 125¢° - 64 — 180xy

Remainder Theorem

If p{x) is a polynomial of degree = 1 and let & be one non-zero real number, When p(x) 15 divided by

{x - &), then remainder is p{a). '

Factor Theorem

Let p(x) be a polynomial of degree = | and let “a’ be any real number

(i} if pla) =0 then (x — a) is a factor of p(x)

{ii) if (x —a) is a factor of p{x) then p(a)=10

Example 17; Find the remainder when a® + 2ab is divided by a+ 25,

Solution: @ +2ab=(a*+2ab + B) b = (a+ b)Y’ —

MNowlet{a+ b =x

Lpl)y=at+2ab= (a+bF — B =2 b*
a+2b={a+B)+b=x+8
p-b)=(-b)-b'=0

Example 18: Find the value of g, if x — a is a factor of

X —@xtr+ld

Sofution:  Ifx— aisa factor of p(x)

Then, pl{a) =0, i.e,

plx) =X —dxix+2

ta)=a —a +a+2=0

a+2=0

a=-2

by
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I2.

Multiple Choice Questions

1
. K x+==3 then & +L4 =

£ X
@79 43 (947 (d)8]
Hx+y=12andxy =135 then x* +)a2 =1
(@74 (b)64 ()B4 (d)80

Ifa=#h=cthen (a+ b+ c)* —xa® = 0, then
r=

(a) 2 (b} 6 (c) 3 (d)9
. What will be the value of 991 x 1009 ?

(a) 999918 (b) 999919

(c) 999999 (d) 990019

& + 5 4+ % —ab— be — cawill have;

(a) Always negative value

(b)Y Always positive value

(c) Always non-negative value

{d} Insufficient data griven

Number of terms in the expand form of
(x—y —z)* will be

(a) 6 (b} 9 ()12 (d)3
Square root of a® + 45° + 9¢ + Gac + dab
+ 12be will be

(a) a+2b+ 3¢ (bya+3b+2c
(¢)a+2b-3c (d)a—2b+3¢
fad+ b+t = 16 and ab + bo + oo = 10,
then the value of (a + b + ¢) will be :
(k7 ()8  (c)£d4 (D=6
The value of 9a” + 457 + 16¢% + 12ab — 24ac
=l6bcforb=1,c=—2 willbe
(a) O (b) 64 (e)256  (d)3z

If x* + }lT = 47 then the value of ¥’ + Il; =
{a) 18 (b) 27

1 1
Ifxrhr;z—a,thﬂﬂmﬁ‘{&}uﬂﬂfxa +x—;i5

{c) 25 {d) 16

{a)—54 (b)-9 fcy—27 (d)y-18
Cube root of =2—3—£5—-%+£ will be,
X xt iy

13.

14,

15

16.

17,

15,

1.

20.

21.

22,

3 2 i 2
(a) . (b} ¥ =

3 2z -3 2z

—g ol
) I X L X

I (x+ k) + (x — &) = 2% + 54x, then & will
be

@3-3 ()4
If H—I,l= 1084767 , then x— -

X

€ -4 (d)6-6

(a) 3++2 (b) 3+242
(c) 3-242 (d) 3+242

If3x + 2y = 13 and xy = 6, then 27" + S}:‘
will be equal to

(a) 1859 (0)729 (c)793  (d) %91
Ifx+y=4,xp=4, then 2" +y3 will be equal
to

@15 (17 ()16  (d)24
Ifa+ b=6 and ab = §, then value of
(a® + b* — ab) will be

(a) 6 (b) & ()12 (d) 16

The value of (x— 1) (* + 1 +x) (5427 + 1),
will be zqual to

(a) 2+ 1 (b) 2% +1

(c) x® (@x"=1
Ifa+b+ec=15and a®+ b* + ¢* = £3 then the
value of (@b + be + ca) will be equal to
@71 ®74 (@72 (d)116
Ifa+b+c=15 and a® + b% + ¢ = §3, then
the value of & + b+ ¢ — 3abe will be

(@105  (b}90 () 108  (d) 180
T AR .
¥ %
(a) -8 (b) 0
(€)1 : {d) -1
30° +20° - 50% =
(2) 11500 (b) — 50000
() 0 (d) 9000

www_olympiads.org 23



23,

24,

2

26.

27

28

29

30.

31.

fa+b+ec=6and 2’ +5 +¢' =6[3+-ﬂ—i—c]

then ab + be + ca will have the value equal to
{a) i6 by-11 () 11 (dy 12
The volume of a cubeid is 3x* — 27, iis
possible dimensions are

(a) 3. %, —27x (b)3,x=3,x+3

(c) 3, %, 27n (d)3,3,3

Ifa + b+ = ab + be + ca, then the value
of {a+ b+ ¢) will be

(@) v (b) 1 (-1 (d)2
Ifa?+ b+ et = ab+ bo + ca, then
(#la=b=¢ (Bra+b+e
(ya+b=c¢ (dyb+c=a

Ifa+ b+ c# 0, then the value ofd + b +¢°
—3abe will

{a)} Mever posses g zero value,

(b} Always posses a zero value

(c) Zero value possession ata=h+¢

(d) Posses a zero value, ifa=b=r,

If {a + b + ¢) has a positive value then the
sign of value of (&'+ b° + ¢ —3abc) will be
{a) Mon-negative,

{b) Positive,

() Mepative,

{d) Will be always zero,

The factors of | — 2ab — (a* + b°) will be,
(a1l +a+b){l-a+i

(b (1 —a+ B (l+a+h)

() (L+a+b)(1+a—b)
(dy(l+a+b)(l-a-58)

(x> — x + 1) is a factor of :

()2 +x+1 byx'-7+2

(c)x* + 2+ 1 (2?41

Factors of x° + 622+ 10 will be

() {x-l- ﬁﬁ},{x-r- -J"_]
() (x-5v2),{x-2)
(c) (xdﬁnl'ri),{x-!-uﬁ)

2
2

32

%% 8

34.

33

36

37

38.

39.

44).

. Serdvrnerliveal
lympiad

Founclation

(d) (x-5¢2),(x+3)

If a rectangle has its area as 2x° + 3/5x+ 5.

and length= x+ Js , what will be its breadth?
(a) 2x++/5 (b) 2x—+5

(c} .x+-f3: id) x—/5

The ex inrn{a—b}zr.h{!r-cf’
+ (¢~ a)” can be factorised as

(@) (a-TNk-c)c-a)

(b) ~3(a - bY (b —¢) (¢ — a)
(c)3a-b)(b~c)(c—a)

(d) (a+b+c) (@ + b+ — ab— be - ca)
e =32 43 = 7= (x + D(@® + bx + ),
thena+b—c=

(a) 8 iby—4 (e)=10 (dy4
ix—a) +(x -5+ (x—cf -3x—alz—b)
(x=c)=0.then T+b+ec=

(a) 0 (b) 3x {c) 2x {d) dx

The value of

(0.013)" +(0.007)’
(0.013)° ~(0.013x0.007)+(0.007)"

fa) L0091 (k) 0.00181

(cy .02 {d} 0.008
Ifx=2and x =0 are roots of f{x) = ax® + b,
then a and b are

() 0.0 {b}cannot be calculated
fey-2.-1 {dy =2

If the polynomials ax® + x> + 3x — 4 and x°—
dx + o equal to

(a)2 {b) -2

(c) ~1 (dy1

If (Bx-1) =ax"+ax*+ax’ . + ax +

agthen, a, +a, +ag .. +a;=

{a) 1 (b} 20

(c) 64 (d) 128

If ™ +2x™ + k is divisible by {x + 1) then
the value of k is

@1 =2 (&2  (d)-3
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41. If x~1iso factor of 45> 4 3x% — qe + k.then 44, The value of x, which is be added to the
k= expression 2"+ 28 — 222 & ¥ — | 1o make it
{2} 3 {by—2 {c) -3 (d) 1 completely (exaetly) divisible by P 3
2. a + b + x — b hasx + 2 as a facior .
and leaves 4 as remainder when divided by () + 2 {b)x—2
(x =2}, then {a, £} will be fcyr—4 (d)x+3
(@(2,0 B){0.2) ()(0,-2) (@) (2,00 45 e +x+1)isafacoror3c+ 8 G g3
43, Ifx~3isa factor of ax+ 18 = 0, then a = + 5k, then k=
3 = A 2 5 2 ;
W s B2 W @3 ®-3 @ (@
2 5
Answer Key
LE) | 2@ 3@ [40 [50 | 6@ | 1.0 | 8@ | %@ |0
H.(d) |[12.(a) |13.(a) |[14.(b) [15.(c) |16. (d) |17. () |18.(d) [19.(a) |20.(c)
2L0) |22(0) |23.(c) [24.0) |25.(a) [26.(2) [27.(c) [28.(a) |29.(d) |30.(c)
31.{a) |32.(2) |33.(c) [34.(d) |35.(b) |36.(c) |37.(b) 138.00) |39.(@) [40.@)
4l.(c) [42.00) |43.(c) |44.(a) |45.(0) o
Hints and Solutions
| e x=9
1. {&) Giiven x+—= =13
X 4. (b)Here 291 = 1009 = (1000 - %) = (1000 + 9}
1 g = (10007 - (9)
x +—,-[m~—1_j—2=rnl 2=0-2=7 = (100" - 81 = 999919
A ok g
_ " 5. {€) @'+ b +e¢' —ab— bo— cacan be written
I i ap
> -I--‘;J =X G——i2=49 Ha
. i x {a—b) +(b- {:}E-i-{c—ﬂf_
1 2
A T e =47
Sl i Wit . The numerator contains the terms having
- - BVEN POWErs.
2. (&) Ifx4y=12and xy=35 then ]
(e 92 = (122 ’ < The numerator will be always zero or
: '?_}' e positive, i.e.. non-negative,
Nowx™+ y = (x+y) = 2Zuy g . ' )
= Pai= 144 — 20 = 144 .- 2(35) . {.a] {1 =y 7} will contain 6 lerms in its
- 144 — 0= 74 simplied form.
3 Gy B b vt 7. {a) Given a*+ 4?1 + 9.::::- bae 4;—1(:.& + 12be
= V= )
{fatb+y={a+at+tay=3a o rida) + (e + _{31:_}{:1]
s larb+ef —xat=(3af -xet =0 N 2{“? {2b) + 2(3¢) (2B)
= x“2:9a2 ={ﬂ-‘-2b+3ﬂ}_



. Square root of the above expression will
be (o + 25 + 3c).

8. (d) Here (a+b+cf =(a"+ b +c%)
+ 2 {ah + be + ca)
= (a+b+c) =(16)+2(10)=16+20=36
= (a+b+c)= 36 =16

9. (¢) 9" + 4b* + 16¢° + 12ab — 24ac — 16bc
= (3af + (28)° + (—4e) + 2 (3a)(2B)
+ 2(3a)~4c) + 2(34) (— 4¢)
=(3a+2b- -‘ic_‘.l1
Putting a =2, b= 1, e =-2, we have required
CRPression as

B+ 21 -4 ()
=[6+2+ 8] =(16)*=1256

10. (a) »* +L¢ =47
X

2. AT e
= [x +—2] :(x +—4J+2
x it

= (47 +2)=49

2
[x-fl] =[x’-l--l—,J i,
X x
1Y 1
=5 [JH"*} =T+2=9 = [x-l-—] =3
x X
3
[I-F'I—J = (r" -I-L1J+3[x-+--]--]
X ¥ x
3
= I!-I-Lr:':. [x+l] -3[x+l]
T x &

=5 +x3i={3}3 ~3(3)=27-9=18

H, () s 6 =3

(x’ J-i]J = [x+lJ- —3[x+lj
=(-3P -3(-3)
==-27+9=-18

'y r, Walernnlicnal
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12. (a) We have 22 5. 3%, 38

a2 oa X

G-
e
{1
. Cube root will be (E S %] ,

X X

13. (a) (a+ b)Y +(a— by =24 + 6ab®
SR - =2+ 6 xxx kP

= =9
= T
3
14. (b) [x—i] = —li—a(xul]
x x , Y ¢

Let (I—l] = A, then,
X

= A4 IA=108 4762
n A=3+ 242

15, (e) Given3x+2y=13, 2y =6
3x42y=13
L Gx+2p) =013
=27 + 87 + 3 % 3x % 2y (3x +2)
= (169) x 13
= 275" + 87+ 18wy (3x + 29) = (169) x 13
=270+ 8 + 18 % 6 x (13) = (169) = 13
=27 + 8 =61 » [3=793
16, (dy Givenx+y=4, xy=4
= +p) = -3 + 4

= @Y=y +4x4
= (x-v=16-16=0
= x=y

R | ] x+p=4

= y=x=2

Hence 2¢° +3° =3 =3(2)° =24
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17.

5.9

19,

20.

21,

22,

23,

(c) Here a+b=6,ab=8
(a+8)" =(6)°
= a4 b+ 2ab=136
= a” + b’ = 36 - 2ab) =36 — (18) =20
c{d s b —ab)=20-8=12
(d) Wehave (x—1) (P +x+1) =1 - 1)
MNow,
Letx? = p, then x® = p?
(- B {xﬁ+x3+ 5
== )P +pl)=(@* - 1)
= (Y- 1
=x -1
(#) Here (a+b+c) =(15)
=5 (a® + b7+ ) = (151 ~2(ab + be +ca)
(83)—-225
ES i At

5 =—(ab+ be + ca)
= =Tl == {ab+ be +ca) w1}
= ab+betca="T1 ki)
(©) @ +5 + ¢ 3abe=(a+b+e)
(a2+bz+c‘z-—ezb —be —car)
= (15) (83 - 71) [see sol. 19 from eq (i)]
=15(12)
=180
{b) Given e =-]
Xy
x oyt =y
e x2~ry2 +ap=0 (1)
2=y = (-6 R+ 1)
={x-»{0)=0 [using (i}]
() Let a= 30, b =20 ¢ =50
i ath+te=0

&+ 5+ =3abe
= 3(30)(20) (=50)
=— 90,000
(c) Givena+b+c=6,and,
@ +5 + =18+ 3abe
= & + 5+ 3abe=18

24.

23,

26.

27,

28.

ag ntermtfional™ =
1Dlympiad
Foundation
= o’ + 5 + & “3abe = 18
=(a+b+e)a®+ 6 +c* - ab - be —ca)
=&+ 0+ —ab—be—ca=3 .{i)
Mow,
(a+b ey = + b+ ¢ + 2ab + be + ca)
= (6) =a®+ b*+ &+ 2ab+ be + ca) . (i)
Subtracting eq (i) from eq (i}, we get
(36 —3)=3(ab + be + ca)

= ab+bo+ea= 3—:_r."5-=11

(b) Here 3x* - 27 = 3(* - 9)
=3[(x)* - (3)°]
=3x+3x-3)

{a) - & +b e —3abe

=(a+b+c)(a*+ b+ — ab - be - ca)

Ifa#b+ec, then,

Fora® + 8 + ¢ = 3abe, (a + b + ¢) Must

posses zero value,

(a) Given a® + b2 + ¢ = ab — be —ca =0

=5 —[{a—b}z +{é—c:il +(e —a}z] =0

= (ﬂ—b}z-!-{b—r}g-f{c-ﬂa}z:ﬂ
For the resultant summation of 3 even power
braces to be zero, the numbers in each brace
should be equal to zeér

ahe o= b:c

(d) We have a” + b° + & — 3abe
={a+b+ec)a® + 5+ —ab - be—ca)

If (a+b+c)=0thena + b + ¢ —3abe will

posses 0 value, iff @ + B2 + ¢ — ab — e —ca

=0, and this will only happen,

when a=b=c {problem no 26}

(a) We know a° + b + ¢ — 3abe

- Havbre)[(a-b) +(b-c) +(e-af ]

The sign of (@® + b° + & — 3abe) will
only depend on the sign of (a + b + &), if
it is positive then the resulting sign will be
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positive , if a,b,c are not respectively equal
and the value willbe zero ifa=b=c.

», The expression will have a non— negative
value,

29, (d) Here 1 — 2ab—a* — b
= |- (@ + b* + 2ab)
= 1-(a+ b =(1PF —(a+ b}
=(l-a-0(l+a+b)
30, (e) {x"' +xt 4 1) has two factors,
i.e. {rl +x+4 1)and {xz—x+ 1)

31. (a) Here x* +6+/2x+10
= (1) +2x3¢Tx+(32) ~(342) +10
= (x+3v2) +10-18
= [.x—r—ﬂﬁ)z —{Zﬁ)z
= (x+3V2+242) (x+3V2-242)
= (x+5ﬁ}(x+1ﬁ)
32. (a) Here
2% + 35+ 5 =20 + 2455+ 52 + 5
=1:(.:+1'§}+J§[x+—\f§]
~(oes ) s-5)

i::h =(22+45)

breadth = "

33. (¢) Leta—b=4,b—c=8B, c~a=C
Then, A+ B+ C=la—b)+{b-cp{c-a)=0
s AR+ =34BC
= Ma— Bb—cXec—a)
34, (d) Given
32 +3-T=(x+ 1) (af + be+c)
Comparing coefficients
from RHS and LHS.
(iyr', l=a=a=1
{ii)x*, -3=a+b
=ag+b=-1=b=-3-1=—4
(iii} Constant term,
—T=¢
Latb—-c=1-4+T7=4

35.

36.

7.

38.

39,

s Sttt
Olympiad
Foundation
®) Let(x—a)=p, (- B) =g, (- ) =7,
Then
P Ag +r =3abe=0
OREgQ#Er
A prgtr=10
= (t—a)y+{-DbjHx-e)=0
= a+h+e=3x
(c) Let0.013 =0 0007 =5
a + b
a—ab+b "
cxpression,
(@+bya +b" —ab
a+bt—ab
. Reauired valus = 0.013 + 0.007
=(1.020
(b) Givenflx)= ax® + bx
=x{ax +b)
x =10, will be a factor or not
Mow,
Forx=2,f(2)=22a+ k) =0
So, ‘a" and *b* cannot be calculated as we
have 2 unknowns and only one equation,
{e) f(3) will be remained in both cases.
L a3y 43 +3(3) - 4=(3F —4(3) +a
= 2Ta+36+9-4=27-12+a

{given}

Then, is the reguired

=(a+b)

= 2ha=15-5-34
= 260=-26
= a=-—1
{d) Putting x= 1 in the expression, we have
(3x -1y’ = iy + g +s .o H )+ Ty
=(2}7 =aq+ ag + dg e T dtdy
=3 ;4 Qg G5 e T O O = 27 =128

(8) (x—(=1)) will be a factor of «'*? 4 219!

+ k, then _ F=1)=0
= (DM 2-111k=0
= 1-2+k=0
=3 k=1
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41, (¢) Ifx=1isa factor of /{x), then /{1} =0
=  =f)=41P+301) -4(1)+k=0
=4+3-4+k=0
= k=-3
42. (b) Here f(-2) =0
1 asx+ 2 is a factor of fix)}
5 al=2F + b (-2 +(=2)—6=0
=% ~Ba+4b-5=0
= 2a+b(-2)" +(-2)=0 i)
Remainder when Tx) is divided by x - 2, s
f2)
a2y + b(2)* +(-2)-6=4

=5 Ba+db=R (i1}
Adding eq (i) and eq (ii). we get
b=2a=10

2 (0, 2) will be the solution.
43. () a—(-3)is a factor of f{x)

= f=3)=0
= a(-3%+18=0
=% a==2
44. (b) Method (i)

P 42x—3=0
== 43 —x—3=0
- (x+3)x—13=0
= x==-3,1

To make the expression completely divisible

by (F + 2x —3), it should have factors —3

and 1

Condition (i) : Considering —3 as a factor
o -2 +x—l +x="fx)

= f=3)=0

= -3y + 23 2(=3)2 + (=3) -1 +x=0

= B1-54-18-4+x=0

= 27-2242=0

== xr=-5

Condition (i) : Considering 1 as a facfor
P2 -202 #1-1+x=F(1)=0
= 1+2=241-1+x=0
=5 xr=-1
Both the conditions of x satisfies the equation,
& (x = 2) will be the correct choice.
Method (i) ; Division Method
it +]
% +2x+3)x" +2: -2x* 4 x-1
© 2 -3
- - +
P+x —1
P4 26—3
- - +
"

v Remainderis (—x + 2} ie, (—x+2), (—x+
2) will be subtracted from
x'+2x" -2 +x—1 to make it completely
divisible by
o
v Added quantity = (x — 2)
45. (c)
Ix+5
2 at I)Bx:" +8x" +8x+3

I +37 +3x

5%+ 5543
5x2+5x~l—5

=2
If =2 is subtracted of 2 is added to the
dividend, then it will become exactly
divisible by (x* + x +1).
2. Added quantity = 5k=2
2
5

= k=
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Co-ordinate Geometry

Learning Objective:

In this chapter, we shall learn about:
*Cartesian Co-ordinate Axes
*Quadrants

*Cartesian Co-ordinates of a Point
*Convention of Signs

Cartesian Co-ordinate Axes

Let '0X and ¥OY be two mutually perpendicular lines through a point @ in the plane of a graph
paper. The line X"0X is called the x-axis and the line "0V is called the y-axis.

The point of intersection of A" OX and ¥'OY, 1.2, O is called the origin.’

4 ¥

The axes are together called coordinate axes,

The coordinate axes (XOX™ and YO} divide the plane into four parts called quadrants.

Quadrants
Ist quadrant — YOV
Iind quadrant — X"OF

Ird
IVih

gquadrant — "0V
quadrant = X0V

Cartesian Co-ordinates of a Point

For a given point P, the distance y is called ordinate and the distance x is called the abscissa.
The coordinates of M are (x, 0) and the coordinates of IV are (0, ¥).

The coordinates of origin are (0, 0),

o

e

wianw, olyrmpiads.org o
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Convention of Signs
Sign convention for ordinates for quadrants are -

1st Cuadrant — (+) Mnd Quadrant —» (=)

1rd Quadrant — (-) With  Quadrant — (+)
Sign convention for abscissa for quadrants are

lst Cuadrant — () lind Quadrant — (=}

1Ilrd Ouadrant — (-) IVth  Quadrant — (-}

Therefore, the combined sign convention is (+, +), (+—) { —, =) (+, =) for 1%, z““, 3 and 4™ quadrant
respectively.
Example 1: The point (- 3, —5) will lic in which quadrant 7
Solution:  Sign convention of point is (—, -)
. point will lie in 3" quadrant.
Example 2: The point (4, — 2) will liein ..., .
Selution:  Sign convention is (+, —)
= Point will lic in the 4™ quadrant.
Example 3: The abscissa of any point on y—axis is ........ .
Solution:  Zero
Example 4: The perpendicular distance of (=3, 4) from y-axis will be ......... units.
Solution:  Perpendicular distance from p-axis = |abscissa| = |~3 | = 3 units.
Example 5: The distance of (12,5) from origin i$ --—-- units.

Solution:  Distance of origin from (12, 5)= J12-0) +(5-0) =127 +5*
= 144+ 25 = /169 = 13 units,
Example 6: The arca of A formed by P(0, 1), 2(0,5) and R(3, 4) is ........ SCjUATE Units,

Solution:  Drop a perpendicular RX on p-axis intersecting WF
y-axis at x. 0.5)0
RX = |abscissa| = |3] = 3 units v
X
PO =(5-1)% = V4% =4 uniss.
| [ e
SoArea (APOR)= — »x POx RY < -
2 X o X
=%x4x3=65qum'eunits, Ty

Example 7: The perpendicular distance of point (7, — 5) from x —axis is ..., units.
Solution:  Distance from x-axis = |ordinate| = |-5| = 5 units.

www . olympiads. org 3



Example 8:
Solution:

Find the area of the triangle formed by 4(2, 0), B(6, 0} and C{4, 6).

CD = Perpendicular distance of C from x-axis

o SlEetionaf -
'ﬁ)lymplad

Foundation

= |ordinate| = 6 units

AB=J(6-2)% +0% =4 units,

SoArea= %xAEx{L‘De-% % 4 x 6 =12 sq units

4 ¥
4, 6)
I
L

- i
o ol 4 D B
{2, 00 ()
1

Multiple Choice Questions

. The coordinate axes (x and y-axis) divide the
plane, in how many quadrants?

@4 ()3 @8 ()16

. The point of intersection of both the axes iy
called:

if the coordinate of centre of circle is (2, 3),
then the point of tangency will have ordinate
equal to
(a) 2
(-3

(LAY
(d)—4

B.

A square is constructed parallel to the
coordinate axis. If the perimeter of square
is equal to 24 units and the coordinate of a
vertex is (3, 3) then the point on square which
is at a distance § units from the peint (5, 3)
can have ordinate ;

{a) Ordinate (k) Origin
(c) Quadrant (d) Abscissa @$9,-3,3 (b}3,9,3
. The ordinate of any point on x-axis will be 333 () 9,:3;-%
(a) 1 (b) 0 9. The perpendicular distance of point (—~11,—2)
(©-1 (d) unknown from y-axis will be ;
. If two points P and O have same abscissae (Ap1L )2
and different ordinates, then points P and 0 {e) 125 (d) -1
wllateeyieoy 10. Point P(4 - 3) will lie in :
ta) Line pareibcl 1. r-axie (a) I quadrant (b) 1 quadrant
Eb;' R {c) I guadrant {d) IV quadramt
¢} p-axis . . .
o . . 11. A point on line y = 3x + 2 has equal ordinate
(d) Line parallel to y-axis and abscissa, then the point will lie in
. If the abscissa of a point is negative, The (a) I quadrant (b) T quadrant
Ewllt wi'lll:{ e 13 t (c) HI gquadrant {d) IV quadrant
{;i IIU;‘ IIIq“uaa:ira: . 12. If two points M and N lie on y-axis, and have
S L ety 4 & 5 same absolute value of abscizsa but different
(€} Lor IV quadrant signs, If the abscissa of point M is X, then the
(d) In Tl or IV quadrant. distance between Mand N is equal to :
: Mmrlmum distance of point (4, &) from () 1x] (b) [2K|=2|K]|
x -axis will ba ‘
@4 M6 ©% (@ @ax @ 4}K]
. If a circle is such that x-axis is tangent to it, | 13. [fP, O and R are the vertices of'a triangle and

coordinates of points are (0.4) (0.0) and (3, )
respectively then the perimeter of APQR will
be :

{a) 12 units
(¢) 5 units

(b} 10 units
{(d) 13 units
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15,

16,

17

18.

20

21

22

24.

. Axea of APOR in problem 13 will be :

{a) 12 sq. units (b} & sq, units

(c) 5 sq. units id) & sq. units

A(Z,3). B(3, 0) and C(14, 13) are vertices of
triangle ABC. Then, the centroid of triangle
will lie in -

(a) Ist quadrant {b) lind quadrant

(&) TIT rd quadrant (d) [Vth quadrant
Point (-3, —2) will lie in :

fa) Ist (1) 2nd

(¢} 3rd (d) 4™ quadrant

The mirror image of point (4, 3) about r-axis
will be

(a) (4, -3) (b) (-4, -3)

(e} (—4,-3) (d) (5,-3)

The mirmror image of point (~4, —2) about
x-axis will lie in :
{a) Ist quadrant
{c) UIrd quadrant

(b) IEnd quadrant
(d) I'V th quadrant

. Apoint I on line 2x + 3y = 5, has equal value

of both ordinate and abscissa, then the mirror
image of point P about y-axiz will be :

(@ (l,~1) (b) (=1, 1)

(c) (-1, -1) (d) (=2, 1)

A point ‘4" in Ist quadrant has its coordinate
(3. 2) is reflected about x-axis, The image
of point A about x-axis iz point {2, and, then
the point 0 is reflected about p-axis The
coordinates of final point will be ;

(a) (-3,-2) (b) (-3,2)

() (3.-2) (d) (-2, -3)

The distance between (12, 5) and origin is
fa) 13 {b)12 (c) 3 {d) 17

The area of inangle formed by the points
A2, 00, B(6,0), C(4,6) is

{a) 10 sq. units {b) 6 sq. umits

{e) 12 sq. units (d) 24 sq. units

. Equation of y—axis will be

(a)y=0 (bly=x

(c)x=0 {d)x=35

A line which makes 60° with x-axis in
anticlockwise sense has equation :

25,

26,

por

28,

2%,

30.

3L

3=

: © e Swfrafiogal
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(@) y=Ax=0 ) yp+3x=0
{c) ﬁy+x=ﬂ (d) V3y—x=0

A line makes equal angle with x and y-axis
and pass through first quadrant has equation :
(@) x=2y (byx=yp

()x+y=0 (@ x+ 3y =0

The area of triangle formed by points
A(3,0), B(0,~4), C(0, 4) will be (in 5q. units)
(a) 6 {b) 12 (c) 24 (d) 10

A point P is first reflected and has coordinate
{3, 5) point P is first reflected about y-axis,
and the reflected point is 0. If O is the origin,
then the area of APOQ will be (in sq. units)
{a) 6 (b} 9 (ch12 {d) 15
Distance of point (- 24 ,10) from origin will
be

{a) 24 by 10 (c) 26 (d) 14
Distance between points (24, 10) and
{(—48, 10y will be

{a) 72 (b} 48 {c) 24 (d) 26

A reclangle PORS is constructed having
its sides parallel to coordinate axes, where,
F (3, 4), O{6, 4) R(6, 8), 5 (3, 8) Then the
length of diagonal PR will be

(a) 3 (b) 5 {c) 10 {d) 4

The difference between ordinates of point
13, =6)and O(— 6, 3) s

(2) 9 (b)-92 ()6 (d) -3
The point of intersection of lines having
equations x + v=6uandx — p=2, is
(a}(4,2) By 2,49

(e} (3, 3) (d) (1, 5)

Diirection {33 to 35):

33.

(a) Both the Assertion {A) and Reason (R)
are trnee and R is correct explanation of A.
or (b} Both A and R are true but R iz not a
correct explanation of A.
or (¢) A s mue R is false
or (d) A is falze, R is true
A:fazbthen(a b #(b,a)

R : P (3, 3) lies in 2™ quadrant
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34, A: Point (x, () is on p-axis 38 The area of eguilateral triangle whoss two
R : Point (0, 3} is on y-axis ve;:ice.s are {3, 0) and {4 ,0) will be {in sq,
35. A : Point (0, - 4) is on y-axis B - i
R : Every point on y-axis has coordinates of (@) N3 ib) .
the form (0, ). 4 2
36. A trapezium ABCD has its coordinates: (©) V3 (d) 23
_ 4(3,0), B{E_, 0), €(5,3), D(&, 3) 39. A circle has its centre (3, 5) has its point of
Its area (in sq units) will be tangency (3, 0). The area of circle will be (in
{a) 6 (b) 10 5(. unils)
(e} 12 {d) 9 (a)25% (%  (c)l6m () dm
37. A rhombus PORS has side length equal to | 40, The length of diagonal of a square whose two
5 units, where, (0, 0, 9(6, 0), R(3, 4) then vertices are P(0, =3 ) and O( 0, 4} is (units)
the coordinates of § will be @) 72 (b) 3 3 (©) 4 N () 5 NG
(a) (-3, ~4) (b (-3,4)
() (3,-4) (d) (5. 4)
Answer Key
1@ [ 2®) [0 [4@ [5o) [edm [ 70 [ 8@ [ %@ [10@
ey |12.(a) [13.{a) [14.(b) |15 (a) |16.(c) [17.(a) |18.(b) |1%.(t) |20.(a)
21.() |22.) [B.(0) [24.() [25.0) [26.(5) |27.(d) |28.(c) [29.(a) |30.(D) ;
3L.0) [32.) [33.9) [34.() [35.() [36.(d) [37.(0) [38.() |39.() [40.(2)

Hints and Solutions

L. {a) x-axis and y-sxis divide the plane in 4
quadrants.

2. (b) The point of intersection of both the axes
is called origin.

3. {b) Every point onx-axis is of the form (x, D)
.. ordinate of any point on x-axis =0

4. {d) If P and O have same abscissa but
different ordinates then P and (' have
coordinates, as  Pa,c), O (a, )
 r-coordinate is constant.
2. Pand 0 will lie on line parallel to yp-axis.

5. (B) Sign convention for Quadrants are
Ist quadrant  — (+, +),
IInd gquadrant  —(—, +)

waew olympiads.org

1 gquadrant — (—, =),

IVith quadrant  — (+, -}

- Required point will lie in 1, T guadrant.

(b) Minimum distance of point (a, b) from

X-3X18 =

Perpendicular distance between point and

x-gxis =

| y-coordinate {ordinate ) of the point|
=|6|="6

(b) 1is the centre of circle and A is the point

of tangency.

* Point of tangency lies on x-axis

. Ordinate of point =10

34
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(2.3
1
! =
A X
{2, 0
& (a) 5, 5(5,9) R{11, 9
]
x
PS QL3
=

Perimeter of square = da=24 = a=6
(5, 3) can be any of the vertices

- We will find the ordinates of other three
points assuming (5, 3) o be coordinates of

POR and S respectively.
¥4
S(=1.3)  E(GW
]
g
.
P g3, -5
f_! ) _6}

If, P {5, 3) Then O has ordinate = 3

S has coordinates (5,3 + 6) = {5, %

. i and § have ordinates = 9

If, O (5, 3) Then P has ordinate = 3

R has coordinates (5, 9)

oo R and 5 have ordinates =9

Similarly,

If Ror§is conceded as (5,3) then

P and O have ordinates =3 — 6= —3

- Possible ordinates are 9, =3 and 3.

9. (a) Perpendicular distance from y—axis
= | abscissa |=| -11|=11
10. (d) Point (4, 3) have (+, ) sign convention,

12.

13

14,

15,

16.

&y .f'.f.r.u"r'r?.rﬁf.lf:.l‘-'é.h" -
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that belongs to [Vth quadrant.

. (e} If abscissa = ordinate, i.e, x = y then

using this relation in equation of line, we
have
r=3+2 = x=~]
. Point has coordinates = (~1, 1)
Point has sign convection of (-, -)
. Point will lie in 3™ quadrant
(b) Let the coordinates of point M be (0, k)
{+ M is on p-axis)
=, Coordinates of point N = (0 - )
.. Distance between point M and ¥
=| K- (~K)]=2|K|
(a) v

P (0,4

0] R(.0) 2

()P =4 units [From the figure]
OF =3 units
ZPQR = 90°
5o In APOR
PO+ OR? = PR* {Pythagoras Theorem]
= 4 +37=pr

= PR= yd*+3" = /25 =5 uniis

=, Perimeter of A POR = PO+ OR + PR
=4+3+5
= 12 units

{b) Area of POR = % * PO = QR

=é % 4 % 3 = 6 (units)?

(a) = Centroid of any A lies within i, and all
the coordinates A, B and C are in Ist quadrant
{Positive)

- centroid will lic in Ist quadrant.

(¢) + (-3, -2) has (-, -) sign convention.
(=3, -2)/, Belongs to 31 guadrant,
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18,

19,

20

@
A{d, 3
"""""" i
I
1
O
o |—: Poox
I
------- E Edl _3}

Point 4 is 3 units above x-axis.
. Its mirror image will be 3 units below

x-axis, and the x-coordinate will remain
copstant

.. Coordinates of point B = (4, =3}
(b) ¥i

Point A is the reflected point,

Point 4 will have coordinates, as, abscissa
will not change and ordinate will change sign

*. Reflected point will lic in 2" quadrant,
(b) When ordinate = abscissa, then y = x

2x+3x=5
= =3
= =1
. x =y =1 will be point en line having
equal abscissa and ordinate
s Point P=(1,1)

.. Its image about y-axis will be (-1, 1).
{a) A has coordinate = (3, 2)
Point (2 has coordinate = (3, =2)

{ordinate will change sign}
MNow,
After reflection of point O about y-axis
the ordinate will not vary but abscissa will
change sign.
. Coordinates of final point = (-3, -2)

Mt evsntiont
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21. (a)
(0. 5) A(12,5)
T o etz
T ]
o |
- 1
Pl [
| B X
(12,0
In AAE
04% = OB* + AB*
=(12)° +(00)* = (12)* + (5)°
=169

= (Od=+/169 =13 units

22. (e} After plotting figure, it can be clearly
scen that 4BC is an isosceles triangle in
which, AB= (6~ 2)= 4 units

€O =(6--0) = 6 uniis

P|/Iﬂ<
|Aﬂﬂ§

(2, 0y (6. 0)

.0

o Ares of AdBC = % ®AB = CD
=-;-x4x-£=usq.uujts

23. () On every point of y-axis, abscissa=0
. x=0is the equation of y-axis
24. (a) Leta point B on the line
¥i

Ch——=#4

¥ ;
E./J./ A x
In ACIAE,
’ AB
tan 60° = == =
R V3
- oc _ A
o4
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- ac= 3 o4 Coordinates of point 0 ={-3, 5),
After plotting APOQ on graph, it can be
= y=13x clearly viewed that APOQ is isosceles.
23 (b) Let a point P on line -, Area of APOQ = L 3, OR % PO
2
b
1
& =2 ¥3x3--3)
l d
= 5—x5x6=15 8q. units
0, S
28. {c) In AOBC
S InAPOQ, P
%%
= = B{—24,10
pg =tan4s’=1 (___A__}__Lmrmj
— GQEO.R Cl:-24, 'D} o x
= x=y
26. (b) After plotting A4BC, graphically, it
clearly seen that AABC is isosceles A. BC + 0C*= 0B®
" = (04 +(0CP =08
ch(0,4) = (10 + 24y’ = og*
= OB = /676 =26 units
A " 29, (a) Distance between (=24, 10) and (48,10)
o 3,00 will be equal to the absolute value of
e difference between the abscissa of the points
2 ag, the points have same ordinate.
0.-4 . Distance = |48~ (~24)] = 72 units
30, In AFSI
. Atea of AMBC = Lx 40 x BC S
2 33, B) Ri6, 8)
i O
=5 *[3-0]x[4~ (~4)
= % %3 % 8=12 sq. units
27. (d) A
P 6
PG.5) (3.4 Q6,4
PO=(6—3)=13 units
PS= (8 - 4) = 4 units
PQ* + PS* = 50°
o [Pythagoras Theorem]
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31

32,

8

34,

35.

36,

(3)* + @) =80
— S0 = V25 =5 units

{b) Ordinates of points are -6 and 3
-~ Difference=—6-3=-9
{a) Let the coordinates
intersection be (x,,)

X +y=6

X —n=1
Solving these two equations, we get

=4 and,y =2

. point of intersection = (4, 2)

of point of

(b} Ais correct and R is also comrect because
the sign convention is (+, +).
(d) Any point on y—axis has coordinates of
the form (0, v}
oo Ads false.
{a) Both A and B are correct and R is the
correct explanation of A
(d) CD=(6—15)=1unit

AB=(8—3)=35 units

AC=(3-0)=3 units

¥
C(5,3) B3

1
I
I
I
I
r' "

A0 GOE x
{3, (8, 0

oo Area of trapezium = %x {AB+ CD) w AC
w2 {5+ 1)x3
2

=é—x6x3=.€lsq.maits

o __’}!,-,.f..-,.-,.,-r,-.",.',.,-,r;j"
Olympiad

Founctation
37. (©) N

©,4) |-

|
P/ o
@0 [\ G0
= |

Coordinates of point S are the teflection of
point §, about x-axis
. Coordinates of point 5= (3, -4)

38. (a) The side length of triangle

=(4-3)=1 unil
2 2
S Areas= V3a = 3 ) E 50 units,
4 4
39. (@) w4
z”r_ “\‘\
F 3, a1t
E 5 (3,5 :
. of
A0G,0) Y

Radius of the circle = {5 — () = 5 uniis
[+ abscissa of O and A are same]
o Areaof cirele=n |{.r}2
=n(sy
=157 sq. units,

40, (a) v P and { have same abscissa

.. Distance, PO =[4=(=3)]=7
.. Diagonal length of square = a2
= T+f2 Units
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4. Linear Equations in Two Variables

Learning Objective:

While solving the problems, in most cases first we have to frame an equation.
In this chapter we shall learn about:

*Linear equation

*How to solve linear equation

*Graph of Linear equation

Linear Equation
An equation in which the highest index of the unknown present 15 one is a linear equation, x + y = 10,
2x—y =3 are some linear equation.

Linear Equation in Two Variables

An equation of the form ax + by + ¢ =0, where a, b, ¢ are real numbers, a = 0, &% 0 and x, y are
variables is called a linear equation in two variables. The equation is said to be linear because the degree
of polynomial is one.

Example: x+ 3y =35, 2x+5 =6, '%'.L"‘i- »ﬁy =9 etc.
-

Write the equations in the form of (ax + by + ¢)
Example 1: x=3y
Solution: x—-35y+0=0
a=1hb==5¢=0
Example 2: 2y+3= -J'Ex
Solution:  ~3x + 2v +3=0
a=—£,b=2,c=3
Example 3: The cost of a notebook is thrice the cost of a pencil. Write a linear equation to represent
this statement.
Selution:  Let the cost of a pencil be x, and cost of a notehook be »
According to the guestion
y=3x
= —3x+ y =0 is the required equation.
Solution of a Linear Equation

Let ax + by + ¢ =0 is a equation in xand y, where a £ 0, b= 0 | Then, any pair of values of x and y,
satisfying the equation is called a solution of ax + by + ¢ = 0. A linear equalion in two variables has in-
finitely many solutions.
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Example 4:

Solution:

Example 6:

Solutian:

Giederneaiivnat
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If x =2k — 1 and y = & is a solution of the equation 3x + 2y = 5, then the value of k will
be:

3(2k-1)+2k=35
== ok—342k=35
= fk=8=k=1.

Find the value of @, if x=—aand y = % is a solution of the equation x + 4y =7 =0,
Givenx +4y=7

= ﬂa+4x_5£=? = —a+10=7

= -ag=T7-10=-3 = a=3

Hxr=6andy=1 satisﬁesﬂwequat:iunﬁy+az-ax={},thmﬁnd&mvaiueurfa.
The given equation is Ry +a =ax

= 8 +a = 6a

= & —6a+8=0

= @ —4a-2a+8=0

=3 (a=$(a=2)=0

= a=4or2

Graph of Linear Equation
To draw a graph of linear equation. write the equation as ax + by + ¢ = and, express,

- e [-c ;ax ) , then, give any two values of x and determine the corresponding values of y. Plot the

values of the pairs (x, ¥) and join the points to obtain the graph of linear equation.

A numher is 2? more lhan lhc tmmber E}bt‘ﬂml!d by rwersmg its chgns Ifuna of the d:gns
is 3, obtain the other digit,

Let the unils place digit be x, and then tenths place digit be 3.
;. Number = 10y + x, Number after revising digits = 10x + y.
- Difference = {10y +x) = {10 x +p)
=9y—x)=27
y—x=3
y=x+3
y=x+y=3+3=6

by

- Other digit=6.
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Example 8: Write 2 solutions of the equation x + 3y = -2
Solution:  y= {-_ET_J-J
Now, putting x =2, y= ? and, x=10, p= _?2
Example 9; Write the equation of line parallel to x-axis and passing through (-2, =3).
Solution:  Equation of line paralle] to x-axis
= y=-3,
= y+3=0
Example10: The area bounded by the graph of equation 5x + 12y = 60, and the axes.
Selution:
Coordinates of 4 = 5x; = 60, = x, = 12. =3 4 (12, 0) \ .0
Coordinates of B = 12y, = 60, = y, = 5. = B (0, 5) ) N
. Area of AOAB = é x 0A % OB
1
=—x12x5 (x, 0
’ 0 AN
= 30 sq. units.

Multiple Choice Questions

- Thecostofachairis halfof the cost of a dining
table. The linear equation representation of
the above will be :

(2)x=2y {b)3x=dy
(c)2x+3p—2=0  (dyx=4y

. Which of the following are the solutions of
the equation Zx + 3y = 137

(3} (4,2) (b) (2,3)

(e} (2,2) {d) (3, 3)

. The value of & if, (3, 2) is a solution of
equation dx + y =k is

(@16  (b)-14 (c)14  (d)12

- I 2x + 16y = 13 and x + y = p, have same
set of solution, then the possible value of p is
{are) :

(a) 1 (b) 0

{c)2 (d) All of the above
 Ifa’x+ gy =3, issatisfied by x = |, y =2,
then the value of a will be

(@}-1,3 (m)1,-3 (€)2,-3 (d)3,-2

. Ifx =k and ¥ = k are solutions of equation

x=Sy=—6thenk=
Eaj %3 [b} 31 =2 {L:] _3l 2 {d} _21 =3

. The equation x — y + 1= 0 is satisfied by

x=a indy=athena=
{a) Can't be determined
(b)2

{c) -1

{d)-2

. The solution of equation x — y + 8 = 0 is

x=k33ndy=ﬂ,thenk:
@2 ®2 ©3 @-1

- If the equation x + 3y + 4k = 6 is satisfied by

(2, 3) then the value of & is -

5 ] 3 3
(a) = (b} = {c) 5 (d) 3
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11.

12.

l6.

17.

18.

19.

. If the equation (x + 3y} — 3x + ¥) + (x =)

= (g — b), then which of the following is a
solution of the above equation 7

(a) (a, B) (b) (b, a}
(¢) (b, —a) (d) (b, —a)
If the equation k{x* - y°) = oF + yz + xy) and

1 ,
Y= JL' . then the value of x 15

] I ) 2
f&}ﬂ {b) 2% KG}E (d) i

If the equation, x — y + (J;c_hf;] = 10 and

the value of x is 9, then value of y will be,
{a) 4 {b)—4
(c) 9 () 16

F 2 !

. The cquation, {x + y) + {Ii — —(xy}i}

=12, then, w=17ifx=8

(a)2 ()1 ()-8  (d)27

. W {2k — 3k) is a solution of the equation 6x -+
Zy=f-35,then k=
(@-1 mM-2 (ol (d)2

. Armn and Kajol together contributed 100

rupees for the Prime Minister Relief fund. If
the money donated by Arun is ¥ 80 less than
twice the money donated by Kajol then the
money donated by Arun 15 :

(a)T40 (b)T60 (c)TBO (d)T20

A mumber is 27 more than the pumber
obtained by revising its digits. It one of the
digits is 3, then the other digit is

(a) 5 (b) & ()3 (d)9

If the point {4, 5) lies on the graph 3y = ar -+
3,thena=

fa)2 (b} 3 €©-3 (4

If the point 4 (3, 5) and B(1, 4) lie on the
graph of line ax + by — 7 =0, then (4. b) will
be:

@ (12) b){(1,-2) (e)(-1,2) (d)(-1.-2)

(F7-32) =5

IE = . where C denotes the

www, alympiads.org

20.

2L

22

23.

4,

e

26.

28,

temperature in Celsius and F denotes the
temperature in Fahrenheit, The temperamre
{in Celsiug) at which the numerical value on
the both scales is same will be

(a) -30°C (b} —20°C
{c) -40°C {d) -80°C
The area bounded by the graph of the equation

§+— = | the coordinate axes will be

{a) 20 g, unils
(¢} 5 5. units

b
5

(b) 10 sq. units
{d} 15 sq. units

The point of intersection of graphs of the
equations Jr+ 4y =12 and 6x + 8y =48 is
(a) (3. 4)

(b) (4, 3}

() (5,3)

(d) The graphs will not intersect

The point of mtersection of 3x + 4y = 15 and
x-axis will be

(a) (0, 5) () (3, 0)

(e} (=5, 0) (d) (0, 3)

The graph of the equation 15x + 36y = 108
will cut the y- axis at :

(2} (0,-3) (b) (0, 5)

(c) (0, 6) (d) (0. 3)

The distance between the graphs of the
equationsx=3and x=-3 is

OF (b) &

()6 (d)4

The equation 3x + 2y = § has ;

{a) Unique solution  (b) No solution

{c) Infinite solutions  (d} Two solutions

The equation of the parallel to x-axes and
passing though the point (3, —4) will be ;
(a)y=3 {(b)x=3

(c)x=-4 (d)y=-4

. The graph 4x + 3y = 12 cuts the coordinate
axes at 4 and B
(2)7 (b} 4
{c) 12 (d) 24

If (a*, 3a) lies on the graph of the equation
r—dy+32=0then, a=

a4z
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(ay2, 3 (b) 2,4 (a) 30 {b) 40
fch 4, 8 (dy4,12 {c)4s5 (d) 49

29. The equation 3x = 9 is pitied on graph paper, | 33. The graph of equation 4x + Iy=12, intersects
then which point les on the graph? the x-and y axes at A and # respectively. Il O
(a) (-3, -2) (b) (-3, 9) is origin then area of A is
(e} (-3,3) (3.9 {a) 12 (b) 24 {c)6 (d) g

30. The area of irizngle whose vertices are | 34. Ina AABC, AC=3, AB=HL4+ £B), then
A(0,3). B(D, 7) and C(4, 5) is £C=
(2) & sq. unit (b) 4 sq. unit {a) 50° (b} 60°
{c) 6 sq. unit (d) 9 sq. unit {c)1zge (d) 20°

31. The monthly incomes of 4 and B are in the | 35. Krishnaand Kansh walked on a straight rood.
ratio 8 : 7 and their expedites are in the ratio If Kansh took 3 hours more than Krishna to
19 : 16 If the savings of both 4 and B is 2 walk 30km, If Kansh doubles his speed, he
2500, then the month income of 4 is is ahead of Krishna by 3 less. The speed of
(a) T 10500 (b) % 5000 2
(c) ¥ 10000 (d) ¥ 12000 - walking of Krishna will be -

32. Aman's age is 3 times the sum of the ages of (2} 5 km/h (b) 7 kel
his 2 sons after 5 years, His age will be twice (£) 5.5 kmvh {d) 7.5 km/h
the sum of ages of his 2 sons. The age of man
(in years) will be :

Answer Key

LG 2.(b) ]'3.(‘;) L a(d | s @)

6.(2) | 7.() | 8. | 9. [10.(b)

IL{e) |12.(a) [13.(6) |14.(c) |15 (a)

16.(b) |17.(b) |18.(c) |19. (c) 24;]'. (bl

2L [2.0) [B.(@) [24.00) |25.0)

26.d) [27.(0) |28.(0) |29.() |30. ()

31.(d) [32.(0) |33} |34.00) 35.@)

Hints and Solutions

L{a} Let the cost of a chair be ¥ y and cost of
dining table be T x
According to the question

i
=3
= =2y

2. (b) The given linear equation is 2x +3y=13
Now substituting the values of x and y from
option in equation (1), we see
For(2)2 x4 +3x2=8+6=14+13
= (2) is not correct option.

3.

4,

Again2x 24+ 3x3=44+40=13=13

<. {b} is required answer.

(¢} Givendxr+y=4#

= (3, 2) is a solution of above equation

< {3, 2} will satisfy the above equation

LA xdl=124+2=14=F

(d) Given equations are

Ix+ l6y= lj.and,.r+y=p

These equations may have many set of
solutions commons for different values of .
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5. (b) Here (1,2) &’ + ap—3=0
then &’ (1)+af2)-3=0
= a+2a-3=0
= a +3a-a-3=0
= alg+3-la+3}=0
= (@a+3)(a—-1)=0
= a+3=0ora-1=0
g=—3,ora=1
6. (a) (k&) will satisfy x-Sy +6=10
- 5k+6=0
2 —3k—-2k+6=0
J(k=3) -2(k-3)=0
(k-3) (k—2)=0
k=2=0or, k-3=0
k=2or3
7. (a) (& ,a)is a solution of the equation
r—yp+1=0
= F—a+l=0

= The above equation has
determined.

=, value of a cannot be determined
8. (h) (k' ,0) satisfies the equation, x -y + 8 =
0

by uu il

negative

= K-(0)+8=0
= B =8

= k= (-8 ==2

9. (b} (2, 3) satisfies the equation x + 3y + 4k =
6, then ,

24+3(3)+ k=0
= 2+9+4dk=6

— 4l =-3

— k=_—5

4

10, () x+¥p-3x—-y+tx—y=a-b

= —-x+y=a+bh
= yp=x=a-6

& (x, ) 1s satisfied by (&, @)

1t.

13

Snieraalivont
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" Foundation
(c) .Hx3—y3}: i +_}r2+.1}'
" {x3+y“+1}*}
(x—p)x" +ap+ ")
P e |
R ! E TR R

@ 5= () -(b)

BB
=x-p+ (Vo) = (Ve
(Nr-y +1}
5] (=51

According to the guestion

(JI-WG) (JE—J}H) =10
o (BB =i
= (Vy+3)(3-p +1}=10

= (\y+3)(4-yfr)=10

Let [y =p

=5 fp+3(4-p)=10

= p=2
y=p'=

t 1y

{a) Herex+y= [x-‘J +[y3]
1 1 z 2 11

- [.!.'3 + 7 ][.’c:‘ + 3 "Ix‘}ﬁ]

= The equation will be reduced to,
11

1 i : oz 11y
[x3+y—‘+l][x’ +y? --x}yJJ =12

- 2 1
= [3+y3}[4+y1—1y3J=12

www, olympiads.org 44



2 2 | E

= 124p=2yT 4337 +4376)% =12

2 1

=5 y+ -2y =0
r !
=> yr=y' =2=10
Let,
L
Y=k
Bt+k-2=0
= k=1
14, (c) Here (2k— 3, k) satisfies the equation
6x+2y=k-5

6(2k -3V + 2k = k-3
= 12618 42k k+5=10
= 13k=13
= k=1
15 (a) Let the amount donated by Kajol be ¥ x

- Amount donated by Arun = T (2x-80)
According to the question

x4+ 2x— 80 =100
= 3x =180
= x =46l
-~ Money donated by Amn =7 (2 = 60 - 80)

=340
16. (b) Let the unit’s place digit be x,
and tens place digit be y,
S Number= 10y +x
The new number of ten reversing the digits
= llx+y
- Difference = (10y +x) ~(10x + )
=0y -Or=0{y—x)

According to the question

p—-x=27
= p=x=3
=5 y—3=3
— y=6

- I one of the digit is 3. then other is 6.
7. (b) Point (4,5) Les on the graph of the

18.

I9.

20.

2L

22,

‘ug L nterneliomi
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equation Iy =gax + 3
; IxS=4a+3
= da=12 = a=3
(e} A(3, 5)and B(1, 4) lie on graph of line
ax+by=7
Ja+5h=17
at+4b=7
- From equations (i) and (ii), we get
b=2.a=-1
e by (=1,2)
(e} Let the numerical value of temperature
be x

)
..{i)

_ (x=32)x5
9
= O =Sx—160
= dx = -160
== x=—40

- the temperature is equal in both the scales
at —40°C,

(b) The given curve intersect the x and y-axes
at A(4, 0) and B{0, 5) respectively then

J"”"
P
H 4,00
a AN x

Area of ACAR = %&DAB =] -% x4 x5
= [{} 5q. units
{d) Let the point of intersection of lines be
(a, /).
Ja+4bh=12, and
ba+ Bh =48
The above two equations have no solutions
for (e, b)
<. The graph will not intersect.
{b) .. The ordinate of every point on
xaxis =0
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23,

23

26.

27,

2. The line 3x + 4y = 15 and the x-axis will
intersect where value y of the line becomes
Zero

3x=15
== x=35
». The point of intersection is {5,0)
(d) At y — axis, ordinate # ) abscissa =0

x=0
= 36y =108
= y=3
-~ point of intersection = {0,3)
. (e} The distance berween the graphs
=3 ~{=3)=3+3 =06 units
(¢} The equation can be written as,

$-3x
2
-, For different values of x, different values
of y will exist,
.. The above equation has many solutions.

}J‘=

{d} Equation of lins parallel to x-axis, will
be of the form y = constant,
.. Desired equation of line
y=-4
{¢) The given curve is 4x + 3y =12 L)
}r.h

p

wl

o AN

For point 4,
Puty=01n (i}

4x=12
= x=3
For point B, putting x = (1 in (i)
=12
= p=3
SoA(3 0), B(O, 4) and OO0, 0) are the 3
vertices of ACAB.

Z8.

29

30.

31.

Sheleriserfionat
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AOAR is a right — angled triangle.
5 AB= /04" + OB® [Pythagoras theorem]
=¥ 44!
= /25 = 5 units
{c) Here (az, 3a) will satisfy the equation
x—=dy+32=0
a* - 4(3a)+32=10
A —12a+32=0
g —8a—4a+32=0
a{a-8)—4{a-8)=0
(a-d)a—8)=0
a=4or8

ba4o U4l

(d) Given 3x=9

== x=—==3

* Line is parallel to y-axis and passes
throughx =3
. Point (3, 9) will lie on 3x =9

{a) As per question

{(0.ME
(0, 530
(0,34

=

4, 0)

oo Area of AdBC = %X.J!B »CD
:E. wd w4
2

=8 5q. units
{d)} Income of 4 = 8x, Income of B="Tx
Expenditure of 4 = 19y
Expenditure of B = LGy
According to the guestion

Bx —19y =2500
= Tx =16y 2500
=+ From these two squations,

We have,
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x= 1500, y = 500
= Income of A=T 8 %1504
=% 12000
32. {c) Let the sum of ages of two sons be x, and
their father’s age = y yvears
According to the question

y=3x
and ¥4+5=2x +10)
Jx+5=2x+20
== x= 15 years
and ¥=45 years
33. (¢) Given -,f«% =1
e
(3.0 .
GF A~ x

o Area of AOAB = %x I=4

=1 5q. units

ag L Datieneational "
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3. () Wehave Zd+ 2B+ £C=15%0°
According to the question
LO0=3, £B=2(180°- £C)

= LO=360°-2-C
=t 3AC=3a60"
=% LC=120°

35. (d) Letthe speed of Krishna and Kansh be x
and y km/h respectively.
According to the question

2 =§R+3 and

* ¥
30 30 3

Zxy x 2

Let l:X,a[td‘l— =
X ¥

. On solving x=7.5 km/h.
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5. Introduction to Euclid's Geometry

Learning Objective:

In this chapter, we shall learn about:
*Axioms or postulates

*Euclid's geometry

*Important terms related to geometry

Statements
A sentence which can be judged to be true or false is called a statement.

Examples:
(i) The sum of all the angles of a triangle 15 180°.

(i} x-30=80, isa sentence, but not a statement,

Axioms or Postulates
The basic facts which are taken for pranted, without proof, are called axioms, These are obvious
universal fruths,
Examples: (5} Halves of equals are equal
{ii) The whols is grates than each of its pouts
(1ii) The sun rises in east.
{iv) A line containg infinitely many points.
(v) Two poinis determine a unigue line.

Theorems ;
There are statements which are proved, using definitions, axioms and previously proved statements,

Examples: (i) The sum of all angles of quadrilateral is 360°,
{ii} The sum of all angles around a point is 360°.

Corollary

A statemnent whose truth can easily be deduced from a theorem is called its corollary.

Euclid's five postulates
Postulate 1: A straight line may be drawn from any one point to any other point,
Postulate 2: A terminated line can be produced indefinitely.
Postulate 3: A circle can be drawn with any centre and any radius.
Postulate 4: All right angles are equal to one other.

Postulate 5: For every line L and for every point P not lying on I, there exists a unique line Af
passing through P and parallel to L.
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Terms Related to Geometry
Point
A point is a dimensionless thing and an exact location. Tt is represented by a dot,
« Point
Line segment
The straight path between two points A and B is called the line segment AB .
A + B

Ray
A line segment AB when extended indefinitely in one direction is the ray AB .

* '] =

A B

Two rays, i.e., AB and BA can be drawn from a given line segment A5,

Line
A line segment AB, when extended indefinitely in both the directions is called the line 45 .
Collinear points

Three or more than three points are said to be collinear if there is a line containing all the points,
Example: Points 4, B and C are collinear.

Intersecting lines
Twa lines having a common point are called intersecting lines.

Example: Lines PQ and 4B, have a common point . Therefore, 48 and PO are intersecting
lines.
B

Parallel lines
If two lines, are indefinitely extended and have no point in common, then the line are said to be parallel.

Plane
A plane is a surface such that every point of the line Joining any two points on the surface completely
e onir

Concurrent lines
Three or more lines which are intersected at the same common point are said to be concurrent.
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Incidence and Parallel Axioms on Lines

Incidence Axioms
{a) A line contains infinitely many points.
(b) Through a given point, infinitely many lines can be drawn.
{¢} One and only one line can pass through two given poinis.
Parallel Axioms on Lines
{a) Two distinct lines cannot have more than one point in common.
(b) One and only one line can be drawn parallel to a given line AR and passing through a unigue point £.
fc) [FAB || PO and PO I 1, then A8 || 1

Example 1: If lines AB, AC, AD and AE are parallel to line [ show that points 4, B, C. D) and E are
collimear.

Selution: Proof:

-+ AR, AC, AD and AE all are parallel to [, and pass through A. Therefore, one and only
one line pass through A, then, 4B, AC, AD and AE determine a single line.

.. Points 4, B. C, D and F are collinear.

Multiple Choice Questions

. Select the incorrect statement.

{a) An axiom is a statement that is taken for
granted without proof.

(b) A sentence which can be judged fo be true
or false is called statement.

{c) A statement whose truth can easily be
deduced from a theorem is called postulate

(d} A statemnent that requires a proofis called
theorem.

. Which of the following statement is axiom !

{a) Halves of equals are equal

{b} The sum of angles of a triangle is 180°

(c) The sum of angles of a quadrilateral is
360°

(d) The sun rises from the west.

. Which of the following statements is corvect?

(a} A line contains definite number of points

{b) Through a point 2 lines can be drawn only

(c) If there are 2 fixed points 4 and B then
there will be two lines 4B between them

{d)A terminated line can be produced
infinitely.

. Which of the following statement is wrong?

{a) A circle can be drawn with any centre and
any radios.

{b) All right angles are equal to one another.

{c) Things which are heifers of the same
thing are equal to one another.

{c) The part of a thing is greater than whole.

. Buclid divided his books in how many

chapters?
(2)11 {b) 12 {c) 13 (dy 10

. The number of planes passing through three

non-collinear points is ;

(a) 1 (b) 2 (c} 3 (d) 4

. Which of the following does not need a proof?

(b) Theorem
(d) Definition

{a) Axiom
(c) Statement

. How many lines can pass through 2 given

points 7
(a) 1 (b)2
c)3 {d) Infinite

. How many parallel lines can be drawn

parallcl to a given line L and passing through
a fired point 7

(a) 0 (b} Infinite

{cy2 (dy I
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10,

il.

3

14,

15.

17.

I8,

19,

20.

If 4 lines pass through a point these are said
to be

(a) Unique lines {b) Parallel line

(c) Concurrent lines (d) Perpendicular.

AB has how many end points ?

(a) Alone (b)2 )3 (d} Infinite

- Two circles are said to be congruent, if and

enly if':

(2) They have cqual radius

{b) They are intersections,

(¢) They are having equal length of common
chord

(d) They are non-intersecting,

IEAB || CD and CD || PO then AB and P are

(2) Parallel to each other

(b} Perpendicnlars to each other

(¢} Intersecting but not perpendicular

(d) Collinear points {4, B, and 0)

Two lines can intersect in how many points

(maximum) ?

(a)2 (b) 3 (c)4 {d} 1

For determination of a plane, how many

unique line are required (minimum) 7

(o) 2 (b) 3 {c)4 {dj 1

. A point has

{a) 1 determination
{c) 3 determination

A surface has

(a) 2 determination
{c} 1 determination

A zurface has

{a) Definite end points
(b) Indefinite end points

{c) 1 end point

(d) 2 end points

If two planes intersect each other, then the
minimum point of intersection will be

(a)2 {b)3 {c) 1 (d) 0

If an angle is such that, its complementary
angle is 20°, the n angle is
(@) 50°  (®)70°  (cy20°

{b) 2 determination
{d} 0 determination

(b) 3 determination
(d) O determination

{d) 1607

21

23,

24

25,

26.

Z7.

28,

29,

30.
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- The measure of an angle if the five times
its complement is 12° less than twice its
supplement
(a)32° (b)36*  (c) 34° {d) 42°
Boundaries of surfaces and solids are -
{a) Curved, solids
{b) Curved, surfaces
{c) Linear, point
(d) Dimensionless curved respectively
Ifline AB | CD and CD | PQ, then 4B and
PO are
{a) Perpendicular
{¢) Intersecting
{d} Skew ifthe points 4, B, C, D. P and {J are
in same plane,
The numbers of lines that can be drawn
through 4 distinct points in 2 plane if none
three points are collinear
@iz (e (c) 8 (d) 4
In problem — 24 number of lines that can be
drawn if 3 of the 4 points are collinear will be

(a) 4 (b) 6
{c) 8 (d) 12
Aray has :

(2} 1 end point
(c) 3 end point

(b) Parallel

{b) 2 end point
{d) no end point

Every line segment has:
{a} 1 b2
fc) 3 {d) infinite, mid points

Two triangles are congruent if
{a} All respective angles are same
(b) Respective sides are same

(c) Both (a) and (b)

{d) None of these

A pyramid has, definitely

() Trangular base  (b) Square base
(¢} Triangular Face  (d) Square Face

If a line segment has its midpoint as point P,
then point B, should lie

(a) Outside the line

(b) On the line

(¢) On the plane of line

{d) Not
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Answer Key
1@ | 2@ | 3@ | 4@ | 50 | 6@ | 7@ |&@ | %@ [10@
1L |12 |13.( [14.() |[15(@ |16 (d) [17.@ |18.(b) [19.(c) |20.(b)
21.(c) |22.(6) |23.(b) |24.(b) |25.(a) |26.(a) |27.(a) |28.(0) [29.(c) |30.(b)

10,
11.

12,

13.

14,

15.

Hints and Solutions

. (&) Statement (c) is incorrect, because it

basically a corollary from whose truth
can be easily deduced using a theorem,

(a) The first statement is an axiom and does
not require a proof.

. {dyA terminated Tine can be produced

infinitely.

(d) All the other statements ie (2} (b} and (¢}
are Euclid’s postulates .

{c) 13,

{a) Line arc formed using 3 non—coliinear
points.

= 3 non-collinear points will form 1 plane.

(a) Axiom does not require a proof,

{a) Through 2 given points, 1 and only one
line can be drawn.

{d) Oniy one line can be drawn parallel to
a given line and passing through a fixed

point,
(¢) Concurrent lines,
(2) AB is a line.
. Tt has no end point.

(a) Two circles are congruent, iif they have
equal radii.

(a) = AR || CD, and 4 [
col PG e o
Lo AR OF e .
(d) Two lines can intersect in one and only
one point.

(a) Minimum 2 lines are required for
determination of a plane.

www olympiads.org

16

17

18,

19.

20,

2L

22.

23

25

(d) Point is dimensionless, ie having no
dimension,

{a) A surface has 2-dimensions i.e., asurface
is 2D figure.

() A surface has curved boundary and curve
contains infinite points.

(e) Two planes can intersect cach other in
minimum 1 point.

{b) Let the measure of angle be x®

Then, its complementary angle will be

(90° —x*) =207

x="T0°

{¢) Let the measure of angle be x® then,

its complementary angle will be 907 — x°

supplement = 180°%—x"

5(90° —x")=2{180° - x*) - 12¢
= ) x=734"
(b B:runﬂéry of surface is curved and
boundary of solid is surface.

=

Parallel. .
A o B
g & B
R
P i) o
{+ Sum of interior angles = 90° + 907 = 180°}
. {b) No. ufim5=fﬂ=4x3 =&
2 2
(a) No. of lines = A1) m(m-1)
2 2
52
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_#4-1) 33-1 e 28. (c) Both (a) and (b) are correct,
2 2 29. (e} A pyramid can have base of any shape
=6-3+1=4 but the face is triangular.

30. (b) A midpoint of a line should line on the

26. {(a) Aray has 1 end point. line

27. {a) Every line segment has an unique mid-
point.
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6. Lines and Angles

Learning Objective:

In this chapter, we will learn about:

*Angles, Types of Angles

*Properties of angles and lines

*Angles Made by a Transversal with Two Lines

Angle B
Two rays O4 and OF having a common end point @ form angle AOQB, written as
£ AOR | Basically, it is the inclination between two rays, at a point of intersection,

The rays which meet to form the angle are called arms of the angle and the point 8 angle
of intersection of rays, i.e., O 15 called vertex. ]

Interior of an angle

The interior of 2 AOB is set of all points in its plane which lie on the same side f;
of (4 as B and also on the same side of OF ag 4, &
Example: Point P iz interior of angle £ 40K, . p 1"1

Exterior of an angle

The exterior of an angle £ AOF is the set of all points, which do not lie on the
angle or its interior,

Measure of an angle
The exterior of tuming of the line 04 to OB is called the measure of Z408. An angle is measured in
degrees, radians, minutes and seconds,

Angle of 360°

If a ray starting from 1ts original position OA, rotates about O in the anficlockwise direction and afier
making a complete revolution it comes rotated through 360°,

The 360 part of an angle of 3607 is equal to 1%
1% = 6} minutes, written as 60/,
1* = 6f) seconds, writtan as 60",

Types of Angles

(a) Right Angle: An angle whose measure is 90° is called a right angle.

(b) Acute Angle: An angle whose measure is less than 90° is called an acute angle.

{c) Obtuse Angle: Anangle whose measure is more than 90° but less than 180° is called an obluse
angle. :

(d) Straight Angle: An angle whose measure i3 equal to 180° is called a straight angle.

{¢) Reflex Angle: An angle whose measure is greater than straight angle but less than a complete
angle, 1.e., 360° is called a reflex angle.
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B Right angle "
# Olbtuse angle
Aete angle
0 A L 4 @ A
Straight angle Reflex angle angle
5 S ®_+
B 4 0 A 9 4
8
r
In the adjoining figure, the measure of angle £40C is equal to the measure of o
angle £A40C is equal to the measure of angle #COB. Such pair of angles are called
equal angles, and the ray OC which divides the Z408 in two equal parts is called
angle of bisector, a *

Complementary angles
Two angles are said to be complementary, if the sum of their measures is 90°.
Two complementary angles are called the complement of each other.
Example: Angles measuring 32° and 58° are complementary angles.
Supplementary angles
Twao angles are said to be supplementary, if the sum of their measures is 180",
Two supplementary angles are called the supplement of each other.
Example: Angles measuring 135° and 45° are supplementary angles,

3
Exampie 7: Find the measure of the angles which are in the ratio 3:6 and their sum is equal to [z] th
of a straight angle.
Solution:  Sum of angles = % * 1807 =135°

Let the angles be 3x° and 6x° respectively.

G G 4+ 3= 1357

= Ox® =135°

= x=15

. Angles are 3x=15"x3 =45
and Gx=[5x 6 =90

Example 2: Find the measure of an angle, if seven times its complement is 10° less than three times
its supplement,

Solutipn:  Let the measure of angle be x degrees.
<. Its complement = (90 — x) degrees
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Its supplement = (180 - x) degrees didea
T(307 — x) =3 x (180° — x) -10°
=5 630° — Tx = 540° — Jx ~10°
=% 4r = 6307 - 530° = 100°
= =25
Example 3: Find the angle which is four times of its complement
Solution:  Let the measure of angle be x degrees.
.2 Its complement = (30 - x} degrees.
£ x=4x{90% - x}
=¥ x=360"—dx
=% Sx=3607
= x=72°
Adjacent angles
Two angles are called adjacent if they have common vertex 0, they have a B
commeon arm and they have uncommon arms on either side of the common arm, e
Example: Z40C and ZBOC have common vertex, and they have common
arm OC.
S AOC and £ BOC are adjacent angles. o ¥
Linear Pair of Angles
Two adjacent angles are said lo form a linear pair of angles, if o
their non—common arms are opposite rays.
Example: Z£A0C and £BOC form a linear pair when a linear
pair is formed, then .
Sum of adjacent angles is equal to 180°, = & F
s LAOC +£B0OC = 180°
=> The sum of all the angles round a point is equal to 360°,
Example 4: Lines PO and 48 intersect at X, If ZRXNQ =90 and o : b=2:3, find c.
Solution:  angles ZAXP  ZAXR, and
LRXQ form straight angle togsther
5 LA +/8+90°=180°
=% La+ Lh=90° 2 T N
Let the measures of Za and 25 be 2x° and 3x° respectively Q
= 2x° + 3x° = 90° ¢ B
= Sxt =907
x=18"
= £ a=36", Lh=54°
SoLe=180"— (547) = 126° [+ £e and £k form a linear pair |
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Example 5: If Z40C and #BOC form a linear pair, and a — 2b = 30° , then find a and b,
Solution:  According to question a + b = 180° 1) c
and a=2h=30° -.{i1)
Subtracting eq (ii) from eq (i), we have a4 A b
b - (<26) = 180° =30° = 3p = 150° 7 0 'Y
= b= 50° and Soa=180"— b= 180° - 50° = 130°

Vertically Opposite Angles
Two angles are called a point of verlically opposite angles, if their arms form two pairs of opposite
rays.
1f two lines intersect, then the vertically opposite angles are equal. c

Example: £COB and 240D are vertically opposite angles, and £40C
and £B0D are vertically opposite angles 0

D
. LCOB = ZA0D and ZAOC= 2BOD = 4
Example 6: Lines AB,CD and EF intersect at O, Find the measures of LAOC, £FOC, 2DOF and

B

#FOB.
Solution: & F
* A 40 fo) % B 2
E 0
LFOR = £AAOQE = 40° [vertically opposite £8]
LA0C = ZBOD =35 [vertically opposite £8]
LFOC = 1B0® — (L4GC + LFOB) :
= 180° - (35° + 40°)
=180~ 75°
= 103°
£DOE = /FOC = 105° [vertically opposite £5]
Transversal

A line which intersects two or more given lines at distinct points is called a transversal of the given
lines.
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Angles Made by a Transversal with Two Lines
Corresponding angles
Two angles on the same side of a transversal are called corresponding angles 1f both lie cither above
the two Tines or below the two lines.
In the above figure, the pair of corresponding angles are:
Zland 25, 24 and £8 .22 and £6 , 23 and 7.

Alternate Interior angles
The following pairs of angles are called the pairs of alternate interior angles
(1) £3and 25 (i) £2and Z8.

Parallel lines and transversal

If the lines AR and CD are considered as paralle] lines and EF is the
fransversal then,

(i) Each pair of corresponding angles are equal, i.e,,
Ll =s5 A= AR D= Lhand £3= LT
{ii) Each pair of consecutive interior angles are supplementary i.e.,
L2425, =43 4248 = 1807
Example 7: Inthe figure, A8 | C0, Determine x,

Solution:  Draw a line PO, such that PO [ A8 || CD, and PO passes
through 0.

x = 30° [ Alternate inlerfor£],
¥, = 45° [Alternate interior2].
x=360" = (x; + )
= 3607 —75° = 285°
Example 8: If OF || RS. Determine £POR.

e 100 130=

g

Solution:  Construct a line P x || OF | RS,
ZORS = £0¥X=130° [corresponding ], and
LOPO+ £YPO = 18P [Linear pair]
= SYPO = 180° — ZOPQ = 1807 -110° = 70°
o LPFO = 180° — £0¥X=180° - 130° =3(°

£0 = 180" — (70° 4- 507 = 60°
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Exampie 9: If AR | CD, find x.
E
4 B,
. p >
€ (we20) O
F
Solution:  ZBOD + £AOC = 180° {Linear pair]
= ZBOD +x=180°
= LBOD=180° —x
ZLBOD = ZDMF [corresponding <]
= 180° —x=x+20°
=5 . Zx=160"=>x=80"
Example 70: If AB || CD, find y.
- &
. P
1200
T o R D
Solution: ZRPB+ ZPRD = 1807 [interior s |

= LZRPE = IR0° -/ PRD = 180° —-120° =&0°

L AP+ y+ LRPR = 180°

- ¥ = 180° = (LRPB +2A4PQ)
= 180° - (60° + 50°) = 70°

Multiple Choice Questions

1. What is the measure of an angle which is
equal to 5 times its supplement?
(2) 150° (b) 120°
{c} 90° (d) 135°

2. Two complementary angles are such that two
times the measure of one is equal to three
times the measure of the other. The measure

of the larger angle is -
(a) 60° (b) 45°
(c) 54° (d) 36°

3. Two complementary angles are in the ratio
2:7. The measure of smaller angle is :
(a) 70° (b) 45°
(c) 202 () 407

4. In the figure O4 and OB arc opposite tays
£A0C +£BOD = 63°. The measure of angle
2000 s,

L5y
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{a) 63" (b) 127°
ey 1177 (d) 27

5, 0P bisects ZB0C and 30, £40C, Find the
measure of ZPO0.

c
W
- : -

() 85°  (b)45°  (c)90°  (d)135°
6. Determine the value of x from the given
figure;

B s

A 2 B
(a)45° (b} 225° () 25.3% {d)23"
7. fy—x=10° theny=

C
%
0 B

A
{a) 25° (B)20° (c)l15®  (d) 10°
B. b=a+20° thena=
i}
b
7 %
A
(a) 145 (b} 125" (c) 130" (d} 135°

9. POQ is a line. Ray OR is perpendicular to
line Q. OF is another ray lying between rays
OF and OR, then #POS is equal to :

R

il

il

:P Q9 o

(a) ZROS - 2005 (b} £O0S - 2£ROS
(c) £005 + 2LROS (d) 2LRO5 - £008

10,

11.

13.

14.
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The value of m is
(a)60°  (D)30°  (c)45°  (d)20°
£ L=5 L =3 thenr+p=
P r
R &
g
P !
P o 0
(a)80° (b)) 120° (c) 1607 (d) 100°
Find x from the fipure.
c i
= S0
&
i
i A 2 > ov 12 B
. i
@20°  ()25° (100 (d)15°

In the adjoining figure, Z400 (L40P =3 :
7, then measure of S5O0 is

{a) 75°  (0)105®  (c)60® (dy12o°

1]

x=3y= -z then, find the value of p.
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(a)36° (b)24° () 72°  (d)84°

15. In the adjoining figure, #40C + £BOFE =
T0° and SBOD = 40°, then measure of reflex
SBOE 15

\/
£
-1: p B

&

Fi]
(a) 320° (b) 330°
{c) 290° (d) 250°

16. Find x from the adjoining figure :

(@)30°  (6)20°  (c)40°  (d)80°
7. Find the value of x — y 4+ 2

(@)77°  (0)85° () 127° (d) 137°
18. In the figure, { || 2, Find k.

X,
105 p
\isf m
@21°  (b)15°  ()25°  (d)23°

.,_{I}n'a:.'-r.'?i'.rﬁ-"w'r'fl'ﬂ'.'
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13. In the adjoining figure, 48 | CD and,
PO 1 AR, find the measure of £ PCM,

() 120° (b} 60° {c) 30°  (d) 90
20. 4B CD,and #ROB =115°, and APRO=
30°, The measure of ZAPCis:

(2) 115° (0345  (c)85° () 30°
2]. PO trisects Z4PL, then the measure of
LLPO s

£ : 5
/;11: b
(a) (42%} &}[48%}“

2 o _l__ o
(c) [:ﬁﬂ (d) (193)

22, Ifx:y=2:3, then the value of y is equal to :

@72°  (b)36°  (c)108° (d)144°
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23, ABCD} EF and GH || KL. The measure of
SHEL is

(2)85°  (B)135° (c)215° (d) 145°
AB || CD and PQ || RS, then the measure of
ZAMB, is (Here . 4, M and B,M are the
bisectorsof £A44, B, and £ MB| 4, respectively)

P
i
Ay 1 R
= -
" L& & B 5
CUJ I
x
t

24,

{a) 70° (b} 85° {c) S0° {dy 12°

25, Find x from the given figure (CP || DO) :
P
g I
105° &
B 4

(ay 105°  (b)I30°  (cp25° (d)175°

26, ADNEF, Thenx =
F : D
TH°
£ W’B
A
(a) 25° (b)85"° {c)ds® (d)35°

wd Tnderaifiveet
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27. A8 1 CD and PO || RS, thenx—y=
-
A
t Ct .DJ 1
c ?E\ﬂ
0 &
{a) 30° (b 60~
{c)y 75° (d)y o0
28, Find x
(ay 75  (b)435° (c}55° (4 s0°
20, Find £DAE {fBC | DE and BP | CO .
A
B i o
lmu %
o
o r 2 E
(a) 60° (h}75° (c)90°  (d)100°
30. The valuc of y, ifAB || PO is
+ e 7 : -
(8)9°  (b)29°  (©27° (d)7°
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Answer Key
11.(aj _"é'.'{c'j 30 [4©@ [56@ [6m |70 | &0 | 90 0.0

.(2) |12 |13.0) |14.() |15.(6) | 16.(®) |17.(a) 18.(b) [19.(b) |20.(c)
21.(2) |22.(c) [23.(0) |24.() |25.(0) |26.(0) |27.¢9 |28.(0 |2, (c) |30.(b)

Hints and Solutions

I. (a) Let the measure of angle be x°. LA0C LBOC
X = 5(180° %) [“£C00 = S and S =4POC]
= ﬁx:jxlsun If = ZFDQ:%':
i F=haw 6. (b) LAOB = 180°
2. (e} Let the measure of angle be x. = LAOP+ ZPOE = 180°
< 18 complement = (90% ~x) = L4OP + LPOQ + £BOQ = 180°
" = Q
2x = 3(90° —x) = 90°+ 3x + x= 180°
= Sx=3 97 = 4 = 90"
= x=54° g
— e e o
and  (90° —x ) =36° i e 4 e

- # EL L&)
- Measure of larger angle = 54 7. (a) LAOC +2 BOC=180°

3. (c) Let the measure of angles be 2x° and Tx° = Tx + 3y = 180° _.{i), and
respeciively. y—x=10°
2% o 76" = 90° = x=y-10° -.ii)
= 9x = 90° Using (i) and (i) '
= x=10° Ty - 10°) + 3y = 180°
- Measure of smaller angle = 10p = 250°
=2 =2x10° = 20° = y=25°
4. (e} = OA and OB are opposite rays. 8. (b} ~ Sum of angles around a point = 360°
< LACE 15 a straight angle. ZAQB + £BOC = 360°
== LAGE = 180" = 90° +a+ b =36
= (£AOC+ £BOD) +£C0D = 180° = a+bh=270° (i) and
= 63° + L00D = 180° b=a+20° iy
= £COD=117° Using (ii} in (i)
5. (c) v AOB is a straight line a+(a+20%)=270°
- ZAOB = 180° = 2= 2P
ZA0C +/BOC = 180° = RS
LA40C ZBOC  180° < 9. () Let the measure of £ P@S be x°
2 T £ POQ = 180°

= ZPOS+/ROS+ Z00R = 180°
= £POS+/ROS+90° = 180°

= L0000 +£POC =90°
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10, (b) Zm= Lx

11.

12,

13,

4.

= LRO5=(90° - x).

L0085 =90+ (907 —x)= | B0° —x
LPOS=x= 2008 -27R0O8.
[Vertically opposite 5]
v AA408 = 180°
= BOF + S COF +£A00 = 180°
=LB0F + ADOE +740C = 1807

= x + 25" + 3x° = 18(F°

= ax" = 180°
= a=3r
m= 30"

(a) g=35p,r=3pand
w ZPOQ = 180°
=p+g+r = 180°
= p+ 5p+3p = 1807
= 9p=180° = p=20°
r=3p =3 x20°=60°
S or4p=60° 4+ 20° = B0°
(a} Here £C00 = £POD
[vertically opposite 5]
LAOE = 1807 (AOS is a straight line)
= LPOA + LPOD +£B0D = 180°
= 2x% +3x" + 20 432" = 180
= Bx = 160°
= x=20°
(b) = £ZPOQ = 180° [PQ is a straight line}
= ZAOQ +LAOQP = 180°

= Sk + Th= 1807
— 12k = 1807
= k=15
Lo LBOD = Z40P =7 % 157 = 105°
[vertically opposite 5]
I
21 7

{byx=3y,z2="—y= Fvd

x+y+z=180°
= 3y +% ¥ = 180°

7

= 4y +Ey= 1807
e 15_}' =180 x2

wwt, olympiads. org
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16.

17.

20.

- (b} LZANP +2FNO = 18(0°
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=5 p=24°
(b) LBOD = £40C = 40°
[vertically opposite 5]
v £808 is a straight angle
S LAOB = 1807

= £AQC +£C0F +2B0E = 180°
= LCOE = 1807 - {£40C + LBOC)
= 180" -7 = [ 10°
= LA0C+ £BOE =T0°
LAOQE =70° - 40° = 30°
o oreflex (£ B0C) = 360°— 30 = 330°
(b) £LACD = ZBCC [vertically opposite £5]
=5 y=60"+x i) and ,
LD0C = 1807
= 60 + x + 100° = 180°
= x=20°
(a) v £COD = 180°
= ZBOC + ABO0 +2D00 = 180°
= 55"+ 60° +z=180°
= z=H3"
Similarly £BOC=240D
= 2x+3°=55°
x=26"
and, -
LAOP = ZBOQ [vertically opposite £s]
Sy—10° = 60°
707
}.' -

e

=

— =147

S E=YAz =26 =14+ 657 =T7°

. (b) It is clear from the figure that,

105° + 5x = 1807
Sx="75°
x=15°

=
=
[Straight angle]
= SPNC=180"-120°=60°
S EPNO = £LPCM = 60° [eorresponding 28]
(c) Here ZROB + LZROP =180°

(" AB is a straight line})
= ZROP=130"-115°=65"

54



Now £PRO =30°
v £PRO, £ROP and ZAPQ are the 25 of A
o £PRO + £ZROP + ZAPO = 180°
= LAPQ = 180°- 65°- 30° = §5°
LAPC = ZAPQ [Vertically opposite £8]
5 LAPC =85
21. (a)v4BNCD
& ZDRM = ZBPR = 127°
{corresponding £8)
£BPR=/BPR =127°

[Vertically opposite £5]
2]

v 2Lpp= ZAPL_127° (5]
3 3 3

22 (®)r X:¥=2:3

. Let the angles x and y be 2k and 3k
respectively.
2k + 3k = 180°
[Sum of S in the interior of transversal]
= S5k=180" = k=136°
y=3k=3x36%= 108"
23. (d) Extending GH to M, we have ,

L
M:;‘E
L. PSR
‘ ot
- C ‘l'r -D i
607 H
i E F
/e

LZCHG = ZAPH = 60° [Corresponding 28]
LAPH = ZMPD = 60°

[Vertically opposite £8]
ZAPH = ZMPD, then,

24,

o,

26.

27.

o MHilirmativpm’
lympiad
Foundation
LMPD + ZLKP = 180° [Sum of interiorZS]
= ZLKP = 180° — 60° = 120, also
£ZKHD = ZPKH =25° (Alternate £S)
S LHEL = FLKP + 2 PKH
= 120° +25° = 145
(e) £PA\ By = ZRB A, = 180°
[Sum of interior #8]
Also,
LMA B = £MBA, = % =90
(M4 and MB, are angle bisectors )
L LA ME, = 1807 —90° =9p°

(b) Construct a line [ || A8,

Za=125"
=105
o LB =105 [Vertically opposite 28]
Lx=a+bh=25%4 105 = 130°
(¢}~ AD || EF
S LEFC = LFACE = 700
{Alternate opposite £5)

[ Alternate 28]

Afso,

LECA 4+ £BCA = 180°
= ABCA =180 - T0° = 110°
Now
In ABCA,

LBCA + £BAC + 2 ABC = 180°
= 1107 4 x4 25°=3580"
=% x=180°—135° = 45"
{) £DD\S= 2B D C, =2x
[Vertically opposite £5]

<B\D\Cy+ £4, B\D, = 180° [Interior £5]

= 2+ 2y =180
= X+ yp=9"° (1)
Alsg,
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ZAAC, + £A,B,D, [Corresponding 28]
£ 300 =2y
= y=15°
Using (it) in (i), we get
x=90° - y=90° - 15° = 75°
28. {¢) Construct a line PO || 48 || CD.

(i)

ZBAP+ ZAPQ, = 1807
[Sum of interior£ 5]
ZAPQ = 180° — 105° =75°
LAPC + LZAPD, + 0P,

= 130° = 75° + ZQPQ,
= LOPCL =355
Also

ZOPO, +£PCD = 180°
= LPCD=180°-55"= 125"
v SPCO is a straight angle.
% APCD +x = 1807
= Lx= 1807 - 125" =55°
29. (¢) LCQP+ZBCQ=180°
[Sum of interior 5]

ad Sndersational "
Olympiad
Founclation
= ZBC{D=180° -100" =80
= ZACE 18 a straight angle.
% LACE = 1807
= ZACB + £BCO + £0CE = 1807
=5 ZACE + 807 + 40° = 180°
£z . LACE =6l
Mow,
in £LABC,
LACE +£BAC + ZACB = 130°
= 30° + £DAE + 60° = 1807
=% LDAE = 1807 - 907 =90°
30. (b} From the figure,

{2y +y+y) + 35° = 180° (Interior £8)

b Sp=180"—=35%
= y=36° -7
=29
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7 Triangles

Learing Objective:

In this chapter, we will learn about:

“Triangles, Types of Triangles

*Conference of Triangles

*Rules of Conference

*Properties of Triangles and Inequalities in a Triange

Triangle

A plane figure bounded by three lines in a plane is called a trangle.

A triangle has three vertices, three sides and three angles.

Here, ABC is a triangle denoted as A4BC. Its sides are 4B, BC, CA, angles are
LA, £8, £C and vertices are 4, B and C.
Types of Triangles

On the basis of sides, triangles are classified as;

* Equilateral Triangle: A triangle whose all sides are equal to one another is called an equilateral
iriangle.

* Scalene Triangle: A triangle whose none of the side are equal to the other is called a scalene
triangle.

* Isosceles Triangle: A wriangle whose two sides equal in length is called an isosceles triangle.
On the basis of angles, triangles are classified as:
* Acute angled Triangle: A triangle whose all angles are acute triangle.

* Right Triangle: A triangle with one angle a right angle is called a right triangle or right angled
iriangle.

* Obtuse Triangle : A miangle with one angle an obtuse is known as an obtuse trinngle.
Theorems on Triangles
1. Angle sum property of a triangle: The sum of the three angles of a triangle is 180°, Le,
A

LA+ LBy 20 = 180°

B C
2. [f the bisectors of angles #ABC and £ A4CE of & triangle ABC meet at a pgint 2, then.

ZBOC=90° + %/_',4

whenw . olympiads.org G7
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3. Iftwo parallel lines are intersected by transversal, then bisectors of the two pairs of interior angles
enclose a rectangle. A
[fAB || CD, and EF is a transversal, then PORS is a rectangle, given, PO, PS,
8 and OR are angle bisectors.
4. Angles opposite to equal sides of a tnangle arc equal, i.e, if in AdBC, 4B =
AC, then £B = £C
5. For an equilateral A; Theorem (4) will result in c
30 =180
= B = 60", where,® denotes angle of an equilateral A,
Example 1: Ina A4BC, Z#4 =70°, 2 C= 60" Find the measure of £B.
Solution: Wehave, Z4+ £B +2C = 180F
= ZB=180° — (L4 + ZC) = 180° — (70° + 60°) = 50
Example 2: A, B, C are the three angles of a triangle. If
A-B=15",B—- £C=30°Find £C.

Solution:  Given Ld=£B+15° A1)
and ZB=ZC+30° (i) and,
We know LA+ LB +LC = 1807
— . (£B+15%)+ LB+ AC=180°
= {20+ 30° + 15"+ £C+30° + 20 = 180°
= 3LC+75°= 180"
= 320 =105°
= =35

Example 3: Atriangle ABC is right angled at 4 and AL | BC.
Prove that £BAL = Z4CH.

Solution:  In ABAL ;
LBAL + £BLA + £ZABL = 180° :
= ZBAL = 180° — ZABL - 90° |
= ZBAL =90° — ZABL iy B ; C
Tn ZALC,
= LALC + LACL + ZLAC = 180°
= 90° + LACB + ZLAC = 180°
= LACB =90° — LLAC (1)
Also, ZLLAC=90°~ ZBAL ...(iif)
Using (iii) in (i)
' ZACB = 90°~ (90°~ £ BAL)
= ZACB = ZBAL Proved.
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Example 4: TQ and TR are angle bisectors of £ and £R respectively. The measure of £ QTR will be
Solution:  Here #P+.Q +£R=180°

= T0* + L0+ 2 » 20° = 180°

= L0 =710

In £07R,

LOTR +2TOR +£0RT = 180°

= LOTR+ E2 4 28 = qg0e
RN

= LZOTR + % 4§a 180°

= ZOTR = 180° - 20° — 35° = 125°

Exterior Angles of a Triangle

Exterior Angles
If the side BC of a triangle ABC is produced to form ray B0, Then
ZLACD is called exterior angle of AABC and is denoted by ext. Z4CD etc,

LACD = ext. ZBCE [Vertically opposite 28]

Theorem 1: If a side of a triangle is profrude, the exterior angle so
formed is equal to the sum of two interior opposite angles. 1
Ld=L1+22,

Theorem 2: The sides A8 and AC of a A4BC are produced to P and
@ respectively. If the bisectors of #/PBC and £QCR
infersect at O, then

LBOC=90° - ELZA B 4

Example 5: Find x from the given figure -

Solution: In AABC, .
LA +x=112¢ (Vertical opposite angles ) .. (i}

LACE + x = 120° (Vertical opposite angles ) ...(ii) and
LA +LACR + x = 180° 1)
Adding eq (i) and (ii) and using (iii),
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LA +2ACE + 2 =232°
{24 +24CH + x) + x=232°
= 180° 4 x=232°
e x=7232° — 18()*
— x=1531%
Example 6: Findxandy, given 4B || DC and BD || FG
B F
4 N, 125
A CVE G o
D
Solution: Ly +LFGH = 180° {Linear pair)
= Ly = 1807 ~125°=55°
LFEG = ADEC {Vertically opposite £5)
¥V=LDCE= LFGE (Alternate £5)
LBAC= ADEC=3% {Alternate £8)
Also,
LBAC = LDEC=Y (Vertically opposite £8)
Lo In A4BC,
35%+ x4+ y=180°
= x+y=125°
= r= 125" —p=125"=55"=TF
Example 7: In the adjoining figure, BO and CO are angle bisectors g
of ext £ 8 and ext £C respectively. Find the measure of
LBOC,
Saolution: Let Z8 =xand 2£C =y then B o
00 + x +p= 180"
= x+y=120° w1
Coext xext y=(180° —x )+ (180°= ) P 0
= 360° — (x + ¥) = 360° — 120° = 240° o
S InABOC,
LBOC+ABCO +£B8C0 = 1807
i JBOC + [exf..x—;em!.y] = 1500
= zsoc+ 22 _ 1800 — zBOC= 60°
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Example 8: Find £50T from the given figure. B
Selution:  ZRTO =95 + 40° = 135° pors
= L8507 + £T50 =135 0
= /80T =135° —£T50 n T 75 7 5

=135 - 75 =60

Congruent Triangles
Two line segments are congruent, iff, their lengths are equal.
Two angles are congruent if their measures are equal,

Congruence of Triangles

Two triangles are congruent if and only if one of them can be made to superimpose on the other.

Two triangles are congruent if and only if one of there exists a correspondence between their verticeg
such the corresponding sides and the corresponding angles of the two triangles are congruent,

If A4BC is congruent to ADEF and the correspondence ABC « DEF makes the six pairs of
cerresponding parts of the two triangles then we write,

AABC = ADEF | if and only if A N
AB=DE ,EF=BCand AC = DF , and
Ld=2D ZB=LF ,and £C= 2 F
B e E F

Every triangle is congruent to itself.

Criteria for Congruence of Triangles

Side-Angle-Side (SAS) Congruence criterion
Two triangles are congruent if two sides and the included angle of one triangle are equal to two sides
and the included angle of the other triangle.

A F
K AB=PQ,
AC = QR and the included angle, i.e,
SABC = ZPOR, then
A4BC=DPOR [ By S5-A-S congruency] B e @ &
A

Theorem:
Angles opposite to equal sides are equal, i.e., il
AB=AC , then,
EB=2C

E c
Example 9: Line segments AR and CD intersect at ( in such a way that 40 = 0D and 08 = OC
Prove that 4C = 8D but AC may not be parallel to BD.
Selution:  In As AOC and BOC,

oC=0aD (Given)

LA40C= ZBOD  (Vertically opposite £5)

AAOC = ABOD (By 85 —A-S Congruency)

AC=EBD (C-P-C-T)

A i it
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Angle-Side-Angle (ASA) Congruence Criterion

A F
Two triangles are congruent if two angles and the
included side of one triangle are equal to the corresponding
two angles and the included side of the other triangle.
If AB =P, LABC = £POR, and
B 4 o R

LO0PR = £BAC
& AABC = APOR  (By A-5-A Congruency)
Example 10: If AB||DC and P is the mid-point of BD, prove that P is also the mid-point of AC.

Solution:  In ADCP and BAP n C
LDPC= £BPA {Vertically opposite £5)
and LZCDFP = ZPBA {Alternate £3) P
also DP=BP {Given)
ADCP = ABAP (By A-S-A congruency) A B
AP=CP {By corresponding parts of congruent triangles)

Angle-Angle-Side (AAS) Criterion of Congruence
If any two angles and a non—included side of one triangle are equal to the comresponding angles and
side of another triangle then the two triangles are congruent,

A D
A EAF

[f LABC = 2DEC,
LABC= £EDF, and ,
BC=EF,
LABC = LDEF {by AAS congruency)

Example 77: Tf AABC is an isosceles triangle with 4B = AC. Prove that the perpendiculars from the
vertices B and C to their opposite sides are equal.

Salution: In As ARD and ACE, it
AB=AC (given)
LSBRAD = ZCHE {common) E b
LE=/D=90° (Given)
AABD = AACE (CPCT) & i
CE=BD Proved.

Side-Side-Side (S5S) Congruence Criterion
Two triangles are congruent if the three sides of one triangle are equal to the comresponding three sides

of the other triangle.

wiww. olympiads.org T



ag Sufvenatioeal
o lympiad

P P Foundation
B H c o f o
If, AB=PQ , BC=OR , and AC = PR then
AABC = APOR (By 5-5-8 Congruency)

Example 12: If the adjoining figure, AB =4AC, D is the point in the interior of AABC such that ADBC =
ADCB. Prove that AD bisects #BAC of AABC,

Solution: AB=AC A
S LABC = ZACE (Sides opposite to equal angles are equal )
Similarly
£DBC=/DCE
& BD=DC A1) i &
< In As ABD and ACD
AB=4dC {Given)
AD=AD (Common)
80 =DC (From (i})
LABD = £4ACD
£BAD = £CAD (CRC.T)

Right Angle : Hypotenuse-Side (RHS) Congruence Criterion

Two right angles are congruent if the hypotenuse and one side of the triangle are respectively equal to
the hypotenuse and one side of the other triangle.

C R
A 8 P i o
If,
BU=0R (hypotenuse )
AC=PO (Side)
LCAB = ZRPQ = 907 (Right angle)
AACE = APOR {By B—H-5 congruency)
Example 73: In the adjoining figure, AD L CD and CB L CD.1f AQ=BP and DP = CQ prove that
£DAQ = ZCBP.
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Selution:  In AS ADQ and BCP
SAD0 = ZBCP =90°

DP=C0

= DP+PO=0C0+ PO

= DO =CPand AQ = BP
AADC = ABCP
ZDAQ= ZCBP

Inequalities in a Triangle
For any A4BC,
1, The angle opposite to larger side is greater
if AC > AR, then,
LABC= £ACH

The converse is also true.

2. The sum of any two sides of a triangle is greater than the third side

AB + AC = BC, AB + BC>AC and AC + BC > AB.

T |"r-r'r.-'rr|".l'.';_r.rg'.n"
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(given)
(By R-H-5 congurency)
(CRCT) Proved

A

3. The absolute difference between any two sides of a triangle is less than the third side.

| AB - BC|<AC,| AC-BC| < AB,| AB - AC| < BC.

4. Ofthe all line segments that can be drawn to a given line, from a point, not lying on it the perpen-

dicular line segment is the shortest.

" Example14: Show that the sum of the three altitudes of a trizngle is less than the sum of three sides of

the triangle.

Selution:  We know that of all the line segments drawn from a given

line the perpendicular length will be the shortest one.

L AD+ BC
= AB = AD and AC = AD
== AB+AC = 24D ki)

Similarly
AB + BC>2RC , and
AC+BC> ACF
Adding (i),(11)and (iii), we get
2{4B+ BC+CA)>2{AD + BE+ CF)
= AB+BC+ CA=AD+BE +CF

www, olympiads.ong
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Multiple Choice Questions

I. Ifone angle of the triangle is equal to the sum
of the other two angles then the triangle is
(2) Acute angled triangle
(b) Isosceles/ equilateral triangle
(c) Obtuse angled triangle
{d) Right angled triangle

2. Anexterior angle of a triangle is [00° and the
mterior opposite angles arc in ratio | : 4. The
measure of the smallest angle of the triangle
is

(@ 70°  (B)BO°  (c)20°  (d)30°
3. Find x in the given figure
A
25°
x
559 ?D'q
B o
(a) 120° (b) 135°
(c) 150° (d) 110°

4. AN is the bisector of 24 and AM | BC Then
measure of < MAN i

{a) 35° {c)20° (d)25°

3. If the bisectors of the acute angles of a right
triangle meet at O, then the angle between the
two bisectors at O is equal w:
(a)45°  (B)90°  (c)135° (d) 95°

6. The sum of all the exterior angles of a triangle
is
(a) 180®  (b) 360°

(b} 30°

(c) 540°  (d) 270°

7.

1D,

il

Find x if BO and CO are the bisected of
exterior angles at B and C respectively,

(a)115°
{c) 65°

{b) 125°
{d) 55°

- In an isosceles triangle 4B = AC. Side 4B is

extended to P such that £C4P = 1087, The
measure of £ABC is -

(a) 30° (b} 125¢
{c) 108° {d) 54°
- The value of x from the adjoining figure will
be
(a) 1167 {b) 126°
{c) 108° {d) 132°

Side OR of a triangle POR is produced both
ways and the measures of exterior angles
formed are 86° and 124° The measure of
LPis:

(a) 30° fh) 40°

{c) 60° {d) 80°

AB and CD are parallel lines and transversal
EF interseets them at P and € respectively. If
£LAPR=25° ZROC =30 and £ COF = 65°
then
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(a)p=355°g=40° (b)p=30° g=45°
() p=35°g=60° (d)p=060°g=35°
12. The value of x in the adjoining figure will be:

(a) 120°
(c) 65°

(b) 50°
(d) 80°

13, The value of x from the adjoining figure will
be:

A

WA
B C n
(a) 41° (b) 45°
(c) 42° (d) 48°

14. ABC is an isosceles such that AB = AC and
AD is the median to base BC. Then, £BAD =
A

a0°
B D c
(a)40° ()50° (c)60°  (d) 100°
I5. ABC is a triangle in which £B =2/C. D is

6.

17.

18,

20

2L
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a point on BC such that AD bisects £BAC
and 4B = CD BE is the bisector of £B. The
measure of £BAC is

A

B o c
{a) 74° {b) 73%
(c) 72° (d} 95°

O is any point in the interior of AABC, then
(a) 4B + AC= OB +OC
(D AB+AC<OB+0OC
(VAB+AC= 0B+ 0OC
() 4B+ BC+AC< 04+ 0B +0C
ABCD is a quadrilateral having AC as a
diagonal, then
{4) CD + DC+ AB + BC <= 24C
(b) CD + DA+ AB+ BC=24C
(c) CD + DC+ AB + BC=24C
(d) €D+ D4 +AB <BC
In APOR, S is any point on the side OR. Then
(a) PO+ QR+ OQP=2F5
{b) PO+ OR + RP<2F§
{c) PO+ QR+ RP=2F5
() PO+ OR+RP<P5
In AABC, AC =AR and AD is the bisector of
A, Then
(a) £ADC < 2.4DB
{(b) £4DC < £ADB
{c) £ADC = £LADB
{d) £ADC = ZADB
Ina A4BC, 24 = 50° ,£B=60°, The longest

side of the triangle will be
(a) 4B (b) BC
{c) CA (¢} Mone of these

If OTLPR, ZTOR = 40° and £SPR = 30°.
The value of x + yi5 :
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232,

23.

24,

25

26.

(a) 120°
{cr 1107
It a right angled triangle, ons acute angle is
double the other. If the length of hypotenuse
of the triangle be x, then the length of the
smallest side is :

@ 5

(b) 130°
(d) 100°

x
{b}"z'

X 2x
(e) 1 (d) 3
If two isosceles triangles have a common
base, then the line joining their veriices will
{a) Bisect them at acute angle
(b) Bisect them at obtuse angle
(c) Bisect them at right angle
(d) NOT
If the length of three of the altitudes of a
triangle are equal, then the triangle must be
alan
(a) Isosceles friangle (b) Equilateral triangle

{c) Scalene triangle  {d) Right triangle

F

£

®

3 am H‘f’o
507

B Sem & o Scm R
The value of x will be ;
(2) 20° (b} 40°
{c) 30° (d) 60°
PORS is a square and SRT is an equilateral
triangle, The measure of ZTOR is:

27.

28,

29.

sy Silmenativeal

Olympiad

T Foundation
3 R
F o
(a) 25° (b) 55°
(cy15° (d) 35°
A P
e 3x+5 5c—9
Jom
G
B € p —— R

The value of x will be
fa) 8 (b7 (c) 6 {d) 5
In AABC, AB = AC, and the bisect are of
angles B and C intersect al point O, then the
ray AQ
{a) will biseet 24
(b} will not bisect 24
() A0 = CO
(d) 40 = BO
P is a point equidistant from two lines [ and m
intersecting at point A, then
(2) £BAP = ZAPC (b)) £CAP = £BPA
(c) £CAP = £BAP (d) Mone of there
In the adjoining figure AB = BC. If ZBAC =
60°, then, the measure of £48C will be :

A

a
C
(a) 30° (b) 45°
(c) 60° {d) 90
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Answer Key
L@ |20 | 3.0 | 40 | 50 60 | 726 [ 8@ [ 9.0 [10.@ |
L(a) [12.() [13.(c) [14.00) [15.(c) [16.(c) |17.(c} |18. (@) |19.(c) |20.(a)
2L.(6) [22.(b) |23.(c) [24.06) [25.(0) |26.(c) |27.(6) |28.(@) |29.(c) |30.(0)
Hints and Solutions
I. {d) Let the angles of triangle be x, y and ZBAC  T0° i
180° — (x + ). .éBAJ'\f:ZNAC':_Z__._?_gs

180° = (x +7) = (x + )
= 2(x+)=180°
= X+ y=90°
- (180°= {x + y)) = 180° — 90° = 90°
-+ The triangle will be right angled triangle

b

. (€) Let the measure of intedor oppesite
angles be x and 4x respectively.
oA,
x+dx=100°
= Sx= 100" = x=20°
- The measure of the smallest angle
=x=20°
3 (c)

Constructing a line PO || BC,
AP = LABC = 55°
+ ZAQL is an exterior angle for AAPQ
LAPO+ 25 =q
=254 55" = 80°

=
p=70"  (Alternate oppositess )
Lx=o+ =700+ 80° = 150°
4. {c) Here ZBAC = 180° —(75° +35%) = 70°

www.olympiads. org

{* AN is angle bisector of Z4)

Now, in A4NC,
LZANC + ZCAN + £NAC = 180°

LANC +35° 4+ 35° = 180°

LANC = 110°

W ZANC s an exterior angle for Ad AN
LANC + ZMAN = 110°
ELMAN = 110°- LZAMN

=110° —90° = 20"

==
=

=

3. () Aﬂ!DC=9ﬂ°+%£B

A
=" + —}- ® op®
2
=007 4 45°
= 135" o
L] [
6. (b) In A4BC
-II
A4
£ ¥ c 0
LABC+ ZACB +/BAC = 180°
Mow,
using exterior angle theorem
LACE + ZABC = £BAP i)
LABC + £BAC = Z4CQ i)

[



LACE + £BAC = ZABR
Adding Eqns (i), (i) and (iii), we get
2 (LABC+ ZBAC +£4BC)

= ZBAP + LACQ + ZABR

. (i)

= Sum of all exterior angle = 2x180° = 360°

7. () x=90°— %AA

=9{}"—l = T0°
2

=920 -35"=55°

8. (d) P

AB=AC
LABC= LACR
“ZCAP is an exterior angle for A4BC,

LCAP = ZABC + £ ACB
H18° =2/4BC

o
= JABC= }{;—B = 54°

—
9. (b) x=90°+ %a

=90°+lx?2“
2

=90° + 36°
=126

[using (i)]

10. (a) £POX and ZPRY are exterior angles for

APOR
P

25" 124=

-+

¥ o R ¥
£P+ ZPRY = 86°

i)

11.

13.

14,

- ,_'./l‘r.l -'.l':-;.rr.r.l’;im.lr;'f.' ’
'_10[ym piad
Foundation
LP 4 £POX = 124° (i)
Adding (1) and (ii)
2LP+LPRX + ZPOX =210°
=LP+{LP+ZPRX + £ POX)y=210°

= 2P+ 180 =210
= LZP=30°
(a) ZAPR + £CQF = 65°
(corresponding £)
LAPR + Z0P0 = 65°
= 237+ g =465
b Q=40

= Z00F is on exterior angle for DPOQ
; g+ AFPOQ = 657 + 30°
P+g=65
P =95° — 40° = 55°
(a) - ZDEC is exterior angle for #0488
S ZADB + £DABR= £DRC
= ADBC=25%4+55 =8
“£x is an exterior angle for ZEBC
LEBC+ZECR =x
= BO® - 40° = x
= x=120°
(€) LABC+ £A = ZACD
= LACD = Z4BC -+ B4®
LACD _ Z4BC

= - 4 427
2 2

=  ZECD=£EBC+42° i)
*ZECD is an exterior angle for #EBC
LECD=ZFRC =x

Comparing (i} and (if}, we get
x=42°
(b) In As ABD and ACD,
AB=AC
AD=AD
BD=CD
AABD = AACD
[By 5-5-3 congruence criterion]
180° =B - 2C
2

=
=

i)

{Given)
(Common)
{+AC iz median)

LBAD =
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B 1807 —40° — 40° B
2

-

15, () In As ABC and DCE

50

£ABE = /DCE = %

AB=CD {miven)
£B

BE=CE (% ZABE=ZDCE=—~)

L AABE = ADCE [ By 8-5-5 congruence]

)

108
ABAC:[ ]x2:36“x2=?2°

3

AB+AC>BC o)
OB +0C>EBC .11}
Using (i} and (ii)
AB+ AC= 0B+ 0C
17. () In A4BC
AR+ BC> AC ()
InAADC,
AD + DC> AC ..(if)
Using (i) and (ii)
Ch+ AD + AB + BC > 24C
18. (a) E

16, (g}

1) s R

In APQS,

PO+ 5= P8 L)
In APSE,

PR+RS=PS i}
Using (i) and (ii)

PO+ PR+ (O5+R5) = 2FPS
= PP+PR+{QR+QR})=2P§
19. (¢)In A4BC, A

ad adernifiond
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AC= 4B
i LABC = LACE
= — LABC <—ZACE
= 180° - £Z4BC < 180° - £ACB
= 180° — ZABC —x < 180° - Z4ACH —x
= LADE < £4DC.
20. (a) £A=30°, £B = 60°
£C=180° — (LA + £B)
=180° - 110#
=70°
= £C is the largest angle of A4BC
.. AB is the largest side of A4BC,
21. (b)ln AQTR
ZOTR+£0+/R=180°
= 90° + 40° 4 x = 1807
= x =50
w £PSQ is an exterior angle for £PRS
LPRE+£8SPR =y
=5 y=50" 4+30° = 80"
x4+ y="50%+80°=130°
22. (b) * ZBAC is the smallest angie
. BC will be the smallest side

A
,/
*
P B c
Now,
Connecting A4PB in such a way that
PB=BC

In As APR and ACB
ZABC = £LARP =90
PB=BC
AABC = A4BP

(Comrmon})
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{by S-A-S congruence criterion)

P =AC (CPCT)
LPAB = £BAC=y (say)
Now
In AdPC
7 Ld=2C
PC=Pd
=4 2BC=AC
= Btk
22
23, (¢} A

Given : A4BC and ABCP are isosceles AS

with commeon baze BC,
In AS ABP and ACP
AB=AC (given)
BP=pPC (given)
AP=AP {common)
AABP = A4CP (S-5-5 criterion)
BO=0C - and

£AOB = £40C = 180°
=5 225400 = 180°
= £AOB = 90°

24.. (b} In As BEC and CFF

";'H.lrr'.l el iemnl
'f[} Eympmd
Foundation
ZBEC = ZCFR = 9°
ABEC = #CFB =90
{By R-H-5 congruence criterion)

LB=2C (C-P-C-T)
: AB=AC w1
“itmﬂaﬂy inAs ADC and C+ A
=5 L=
: AB=BC (i)

Usmg {1} and (if)
AB =BC=AC (A should be aquﬂﬂtcralj
25. (b) In As ABC and POR
AB=PQ=73cm
BC= k= 5m
LABC = £ZPOR = 50°
LABC = £POR (By 5-A-§ criterion)

LBAC=S0QFR (C.PC.T)
= 2 +10%=x+50°
= x =40

26. (c) In AS PTS and OTR
(TR=T5=8SR=F0=0R=F5)

TR=TR {given)
Py=0R {given)}
£PST = ZORT

=90° + 60° = 150°
(Square) (equilateral 4)

APTS = AQTR
{By R-H-5 congruence criterion)
TP=TQO (C.RCT)
£TPS= 2TOR (C.RC.T)
MNow,
In ATOR
TR=RQ

ZRTQ = ZROT, and
ZRTO+ ZROT +2R =130°
= Z2LROT+90° + 607 = 130°

L= =]
180°~150 —15°
2

= ZLROT=
(b) In As BCA and ORP
LA=LP =a0°
AB=0R=3cm
LABC = APOR =90°
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MBC = ARQOP 29, (c) In As ABFP and ACP
(By R-H-5 congmence criterion)
AC=RF (CPCT)
=5 3x+5=5x-9
= Ix=14
=5 gy
28. (a) A
FC=PE {Given)
LACP = ZABP =90°
AP =4pP (common)
" b AABP = AACP
LB=2C (By R-H-5 congruence criterion)
o £B=A£ = LOBC= ZOCB =4 LBAP = £CAP {C.RC.T)
2 30. (¢) » AB=AC
= OB=0C li) LBAP = ACAP
{sides opposite to equal angles are equal) (Angles opposite to equal sides are equal)
Now, Now, in AABC
In As ABO and 400 LABC = A4CE s 24 = 180°
A0=40 (commen) - 3LACB + 60° = 180°
o e (given) = 2LACB = 120°
OB =0 (From (i)} z
AMBO = AACO == A=l
{By R-H-S conpruence criterion)
LBAD = £ CAO = —éﬁ (C.PCT)
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8. Quadrilaterals

Learning Objective:

In this chapter, we will learn about:
*Quadrilateral

*Types of Quadrilaterals
*Properties of Quadrilateral

Quadrilateral

The word *quad’ means four and the word * lethal’ means sides 5o, a plane figure bounded by four
lines is called a quadrilateral. A quadrilateral has four sides, four an gles and four vertices.
Angle Sum Property of a Quadrilateral

The sum of four angles of a quadrilateral is 360°.

Example 7: The angles of a quadrilateral are rcslucchvely 90%,90°,110°, The measure of the 4™ angle
will be

Solution:  Let the measure of angle be x
- Applying angle sum property;
90°% + 907 +110° + x = 360°
= x=T70°
Example 2: Ina quadn]ataml.afBCD .CO and DO are the bisectors of #C and 2D respectively. Prove

that ZDOC = E (Ad + ZB).

Solution: = ABCD is a quadrilateral _
VLA +LB L0+ 2D = (1807 2 = 360°

1 20 2B
= 5 (LA+LB) = 180° - | =+ ==

2 2 =

In AGDC,
LODC +£0CD = 180° - 2DOC

= £D0C=180° - (£0DC + 20CD)

s .r.’_’D]

=180° - | ==+==
3

2 A}

Using (i) and (i1)

£DOC = 21 (LA + 2B) Hence Proved
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Types of Quadrilaterals
Trapezium

A quadrilateral having one pair of parallel sides and one pair of non-parallel sides is called a trapezium.
When the length of non-paralle] sides are equal, then, the trapezium is said to be an isosceles trapezium.
Parallelogram

A quadrilateral is 2 parallelogram if its both pair of sides are parallel.

/)

In parallelogram the opposite pair of sides are parallel

Hence AB=CDand, 4D=BC
Rhombus

A parallelogram having all sides equal is called a rhombus.
Rectangle

A parallelogram whose each angle measures 90°, is called a rectangle .
Square

A square is a rectangle whose all sides are equal
Kite

A quadrilateral is a kite if it has row pairs of equal adjacent sides and opposite sides are unequal and
non-parallel.

Properties of a Parallelogram
1. A diagonal of a parallelogram divides it into two congruent AS.

Ay s B
-
E:
T
5
P
P
/ ) /
:
#
5
3
.
5
;
D* el

- In [lgm ABCD

AABC = ACDB
{(a) AB=CD and AD = BC [Opposite sides of |jgm are equal]
(b) £DAB = ZBCD [Opposite sides of flgm are equal]
{c) £ABD = ZRDC [Alternate angles are equal]

[ .. Opposite sides of | gm are paraliel]
2. The length of diagonals of a [jgm may be equator unequal either,
AC=EBD [Square, rectangle ctc]
O, AC=BD [rhombus, trapezium, etc]

3. The diagonals of a ||gm bisect each other.
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Prove that the angle bisectors of a [|gm form a rectangle.

Tao Prove : PORS is a rectangle.
Proof : In A4BR and ADPC

ZABR +£BAR + 2R = 180° and -1}
SOPC+2DCE + 2P = 180° A1)
From (i)

LABR +/BAR +£R = 1R80°

ZB+ 74
= [ 2 ] +£R = 180"
1
= [—EEE) + 2R = 180"
= LR =90°
Similarly
P =490

* Opposite angles are equal and their measure are also equal 90°.
~ PORS is a rectangle,

Main Theorems
Theorem: A quadrilateral is a parallelogram if its opposite sides are equal,
Theorem: A quadrilateral is a parallelogram if its opposite angles are equal.
Theorem: A quadrilateral is a parallelogram if the diagonals bisect equal other.
Theorem: A quadrilateral is a parallelogram if its all pair of sides are parallel and equal,

Example 4:

Solution:

Proved

If the diagonals of a quadrilateral are equal and bisect each other at right angles prove that

the quadrilateral must be a square.

A B
Tn A4BO
AO=BO (+ AC=BD) e
A04B= Z20Rg = LBE 0B EULEQGB = 9;.@ =450 (i) o ;
Similarly, D =
£0AD = ZODA = £0DC = 20CD = /OBC = ZOCB ...(ii)
Now
A= L£0AD + ZOAR
ZB=/0BA+ LOBC, £C=/OCB+ £LOCD, £D =20CR + 20DC
LA=£B=£C= /D= 45° + 45° = 90° (&)
Alse

Zd=/B=D=24=180°
AEB || CD and BC | AD
AB = CDand AD = BC

www. alympiads.org
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In As 40D and AOR

LAOD = £LAGE =590° {given)
AQ=A0 (Common)
Do =08 (Griven)
LAOD = £ 40R (By 5-A-8 criterion}
AD = AR -(iv)

-~ Using (1), (ii), (iif), (iv) and (a)
LA=B=,C=D=90" and AB = BC=CD=Dd
- ABCD is a square, Proved
Example 5: If ABCD is a quadrilateral in which AB | CD and

AD = BC prove that 24 = £8.
Solution;  Construction, draw AF L DC and BF L DC,

Now
v AE and BF are perpendiculars between the same
parallels
& AE =BF (i) ¢
In AS AED and BFC
AE=BF [From (i}]
AD=RC [Given]
LAED = £BFC =90
AAED = ABFC (By 5 -A-S criterion)
ZDARE = £ACBF [CEC.T] ..{iD)
Mow
Ld = LDAE + £EAB = LDAE + NP
£B=2CBA + ZFBA = ZCBF + 90°
LA=/B (Fromf(ii))
Proved.
Example § ABCD is a parallelogram and X and ¥ are points on the diagonal BD such that DX = BY,
Prove that AXCY is a parallelogram.

Selution:  According to theorem If the diagonals of a quadrilateral
bisect each other then , then it will be a [[F™

w ABCD is parallelogram

AC=0C fi)and 5l
BO=0D
DX=RB¥

Subtracting (ii) and (iii)
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OX=0Y Aiv)
AXCY is a [F™ {From (i) and (iv))

Properties of a Rectangle, Rhombus and Square

1. Since, rectangle, rhombus and square are parallelograms. So all the theorems of I*™ are valid for
quadrilaterals. If any one of the angles of a |[E™ = 90° then ™ may be rectangle or square.

2. Each of the four angles of a rectangle and square measure 90° but in thombus none of the angles
will be a right angle.

3. Arhombus and a square have all of their sides equal, i.e, If ABCD is a thombus or square then
A

E

D i
AB=BC=CD=D4

4. A rectangle or square have equal length of the both diagrams but a rhombus has always nnequal
length of the diagonals, '

5. The diagonals of a thombus or a square intersect at 90°, but in a rectangle the dizgrams will not
intersect at right angles.

Example 7:

Solution:

ABCD s a square. K, F, G and If are points on A4, B, C, D respectively such that
AE=BF = CG = DH. Prove that EFGIY is a square.

To prove: £EF =FG=GH=FH and
LE=AF=3=H=00°
Proof:
+ ABCD is a square,
AB=BC=CD=D4 and AE=BF=CG=DH
AB - AE=BC-BF=CD—- CG=DA—-DH
= EB=CF=DG=AH
AAHE = ABEF = ACFG = AHDG

[By SAS congruence criterion |
. £FGH is a parallelogram (opposite sides are equal)

In the figure,
2=Adands] = 23 fc.p.c.t)
Ll 4+ £2 =3+ L4 =00
= L1+ 22+ 23+ £4=2 = 90° = ]80°
= 2(£1+ £3) =180
= L1+ 23 =907 -{1)

LHEF+ £1 + £3=90°x 2 = 180°
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= ZHEF = 90° [Using (i}]
+ EFGH is a |[*" having all the sides equal and one of the angles = 90°
.. EFGH must be a square Hence Proved.

Example 8: ABCD is a |[F™ AD is produced to E so that DE = DC and EC produced meets AB
produced in F. Prove that BC = BF.

Sefution: Let ZDCE=x"
For ADEC, £4DC iz an exterior angle

LADC =3° 4 x° = Ix"
£DAB=180°-2x* [+ AB | BC]

Mow, in DEAF,
L4 +ZE+2F =180°
= £F = 180°-x° — {180° ~ Zx®) = x*
LE=LF
= AE=AF
= AD+DE = A8+ BF 1)
DE=DC=A48 and 4D = BC ;
BC=BF {Using (i)} Proved
Facts about Triangle
Mid-Point Theorem: The line segment joining the mid-points of any two sides of a triangle is
paraltel to the third side and equal to half of it and vice versa. A

Example: In £4BC, D and E are the mid-points of A8 and AC respectively.
DE || BC and DE = .—; BC

B o2

Example 9: Prove that the quadrilateral formed by joining the mid-points of any quadrilateral is
a JI¥".

Solution:  E, F, G, H are the mid-points of 4B, BC, CD, D4 respectively
Now, A
in Ad4DE

+ E and H are mid-points of 48 and 4/ respectively, then using
mid-point theorem,

EH= 15 BD and EH || BD

Similarly, in A4DB

GF = 'Ii BD and GF || BD
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& OF =EH and GF || EH

n EFGH iga ||5™ {One pair of sides iz parallel and equal)

Example10: Inthe adjoining figure, AD is any line from A to BC intersectin g BEin H. P, O and R are
the mid points of 4D, AB and BC respectively. Prove that ZPOR = 90°.

Selution: In AABH

A
O and P are midpoints of 4B and 4H respectively
5 OF | BH or QP || BE vl
Similarhy o
In AdBC
QrRIAC w11
OF || BE and BE L AC B
OR1BEor OR L OP
LPOR = 90° Proved
Multiple Choice Questions
1. In a quadrilateral, the angles are in the ratio ¥ &
1:2:3 :4. What is the value of largest angle?
{a) 108° (k) 1447
fe) 136° {d) 124*
2. Two opposite angles of a parallelogram are
(3x — 2)° and (50 — x)®. Find the smallest i B
ﬁngiﬂ- {a) 40° (b) 45°
{a)37°® {b] 43° {c) 50° (dy 30°
o a
n () 57 6. The diagonals of a rectangle PORS meet at
3. The perimeter of a parallelogram is 24 cm. If 0. If Z50R = 64° then Find L0400
the longer side measures 8 cm. Then what is 5 R
the measure of shroter side?
{a) 4 cm {b) 6cm 4
{c) 2em {d} Mone of There o
4. If'an angle of a parallelogram is one third of
its adjacent angle then what is the measure of £ o
smallest anglc'.’ (a) 60° {b:} 580 (c) 62° I:d:l 4o
(a) 135° (b) 45° 7. The figure formed by joining the mid-points
(c} 60° (d) 115° of consecutive sides of a quadrilateral is a
3. ABCD i3 a square. What is the value of (2) Parallelogram (b} Trapezium
LACD? {¢) Rectangle (d) None of these

www alympiads.org a5



10,

11.

2

13.

14

15,

6.

The angles of a quadsilateral are 98°, 92°,70°
respectively. What is the measure of 4t
angle?

{a) 927 (b} 98°

(c) 100° {d) None of these

. The angles of a quadrilateral are in the ratio

2:4:5:7. What is the difference between
largest and smallest angle?

() B0® (b)) 100° (cho0®  (d)50°

If the length of each side of rhombus is
15 cm and one of its diagonals is 24 em what
1s length of other diagonal?

(g)16cm (b) 14em () 18 em (d) 12 em
If an angle of & parallelogram is two third
of its adjacent angle what is the measure of
smallest angle of parallelogram?

(a)}81° (b)72°  (c)54°  (d) 108°

In which of the following figures are the
diagonals equal?

{a) Rectangle (b} Parallelogram

{c) Rhombus (d) Trapezivm

If £F, 20, 2R 28 of a quadrilateral PORS
takenin orderare intheratio3: 7:6: 4, then
FPORS 152

{a) Kire ib) Trapezium

{¢) Rhombus (d) Parallelogram

The angles of a quadrilateral are in the ratio
3:5:9: 13, What is the sum of largest and
smallest angle of quadrilateral?

(=) 168° {b) 192°

(c) 1447 idy None of these

The figure formed by joining the mid-points
of the adjacent sides of a square is

(a) Parallelogram (b} Rectangle

{c) Rhombus (d) Square

ABCD is a parallelogram in which #, X, ¥, Z
are mid — points of sides 4B, BC, CD and D4
respectively, AC is the diagonal, then which

of the following is correct?
(a) YZ=AC (b) }2=%
(c) YZ= *; {d) None of these

17.

18.

19.

21.

22

Snleraaii ;.f.f{:-"
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D iz the mid-point of side AF of a

parallelogram ABCD. A line through B
parailel to PD meets OC at & and AL produced
at R, then which of the following is correct?

(4) AR = BC (b) AR = %BC’

(c) AR =2BC (d) AR =3BC

If consecutive sides of a parallelogram are
equal then it is a (none of the angle = 907}

{a) Kite (b) Rectangle

() Rhombus {d) Square

K ABCD is a square then what is the measure
of ZDCAT B c

(a) 457

(b) 90°

(c) 55°

{d) Mone of these A B

. The diagonals of a rectangle PORS meet at

0. If £Q0R = 44° Then what is the measure
of LZOPS?
& ¥4

Mﬂ

£ g
(a)22°  (b)68° (c)44®  (d)64°
ABCD is & thombus with Z4BC = 567 What
is the measure of £4CH?
(a)42°  (b)&2*  (c)52*  (d)43°
In AABC, AD is the median through A and £
is the mid-point of AD, BE produced meets
AC in F. then which of the following is
correct?

A

B : e c
2
(a) AF = %.-IC (v) AF = S AC
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i 1207 if the bisectors of £ 4 and ZB meet at
(c) AF = 3 A (d) None of these P, then
‘ (a) DC=AD (b) DC = 24D
23. The resulting figure obtained by joining the (c) BC= AP (d) PB = AB
consecutive midpoint of sides of a rhombus

28. ABCDisa " and X, ¥ are the mid - points
of sides AB and CD respectively, then
{a) AXCY is rectangle

will be a :
(a) Parallelogram having unequal diagonals,

ol (b} AXCY is square
(¢} Rectangle v =
() rthombus (e} AXCY is parallelogram

{d) AXCY is rhombus.

29. ABC is an isosceles triangle in which 4B =
CP || 4B and AP is the bisector or exterior

24. The resulting fisure obtained from joining
the consecutive mid points of side of a square
is

LCAD of AdBC then
() Rectangle (b} Square (a) LPAC= £B
(¢) Trapezium (£ Bhosslig {b) ABCP is a parallelogram
25. Select the correct staterment {c) ABCP is a rhombus
(a) Every rectangle is a square (d} £LPAC= 2D
(b) Every square is‘a thombus 30. The line segment joining the mid —points of
() Every rhombus is & parallelogram the diagonals of a trapezium is
(d) Every parallelogram is a rhombus (a) Parallel to the non-paralle! sides
26. Select the incorrect statement (b) Parallel to the parallel sides and equal ti
(a) Every square is a rectangle the sum of the paralle] sides .
(b) Every rectangle is a parallelogram (¢} Parallel to the parallel sides and equal to
(¢) The opposite angles of thombus are equal the difference of the parallel sides ,
{d} Every kite is parallelogram (d) Parallel to the parallel sides, and, equal to
27. ABCD is a parallelogram in which 2D = half'of the difference of the parallel sides.

Answer Key

Lo [ 2@ | 3.@ '_ 4®m [5m [60) | 7@ 8 @ | 9. 0.9 _'
@) |12.a) [13.06) [14.0) [15.(4) [16.(®) |17.() |18.() |19.() |20.()
Er.{h; [22.) [23.(0) |24.(8) |25.<0 |26. @ [27.(6) |28.(c) |29.(0) |30. @ |

Hints and Selutions

1. (b) Let the angles of the quadrilateral be x° , 2. (a) + The opposite angles of a parallelogram
2x°, 3x® and 4x°. are equal.
 Sum of the angles of quadrilateral = 360° (3e-2Y = (50 —x)°
= x4+ 2r+ Ix + 4v = 3607 = 4x = 53°
= 10x = 360° = x=13°
= x=36" {dx—2y=37°
~ Measure of largest angle (50 —x)® = 37°
=4 xx=1=4x36"=144>
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3. (a) Perimeter of |¥" = 2{a + b) =24 cm

= at+b=12cm
Given ¢ =8 cm

then S+b=12cm
= b=4dcm

4. ({b) Let the angle be x°
. Adjacent angle = (180 — x)°

1
= =E{1F§{}—x}"‘
= 4x=180"°
= x=45"

5. (b) + ABCD i3 a square
A ZD=90" and AD = DC=AB = BC
In A4DC
AD=DC
o LCAD = £ACD, and
LD+ ZACD + £CAD = 180°

= 9P +2 £ACD = 18D°
= L4CD = E—}:fiﬁ“

6. (b) ~ Diagonals of a rectangle bisect each
other and are also equal in length.

- In APOS,
OF =08

= LOPS = £085P

{angles opposite to equal sides ars equal}
Alsa,

LPOS+ £0SP+ £0PS=180°
=  2L0PS=180F-2POS
= 180" — 47 [+ LPOS + ZO0R)
{vertically oppositess}

116"

= Z0OPS = = 55"

7. (a) The figure formed by joining the mid-
points of consecutive side of a quadrilateral
is & parallelogram.

8. (¢} Let the measure of 4™ anple be x°
oo 98O $92° LT0P 4 x® = 1807 »« 2 = 360"
= x=100°

9. {b) Let the angles be 2x, 4x5x and Tx
respectively.

& .ﬂf-r:.!'e'a-.l.l.f.'."fr:amf-
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Foundation
;. Difference between largest and smallest
angle = T7x - 2x = 5x
«» Sum of all angles of a quadrilateral = 360°
=5 x4 dx + 5x + T = 360°
— 18x = 3607
= x=20°
. Required difference
=Tx—-2x=5x
=5x20%= 100°

10. {¢) ~ Diagonals of a rhombus hisect each

other at 90°
In A4OD
AD=15cm, AC=12 cm,

_12x2

o4 12 cm

2

A
ﬁ/g\|]>ﬂ
[

JAD — O4°

1,|'(15)?—;_12}F =0cm

o BD=20D
=2x9=18cm
11. () Let the angle be x°
. Its adjacent angle = (180 — x)°

SO0 =

AIQ,
X = = (180°
A )
= 3x° = 360° — 2°
= Sx=360°
= x=72°

12. (a) Rectangle has equal length of diagonals
13. (b) £P+ 20+ £R + £5=360°

= Ix4+Tx+ 6+ 4x=360°

= 20x = 3607

=5 x=1%°
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. Angles are 54° 126,108° 72°
P s

¢, R
v AP+ A= LRy £5= 1800
~. PORS is a trapezium, because
LR4 20 = 180°
{only one pair of sides are equal}
14, (b) Let the angles be 3x,5x 9x and 13x
- Bum of largest and smallest angle
=3x+ 13x= 16x
A/Q,
3+ 5x+ 9+ 13x=360°
=3 30x=360° = x=12
Iox=16x 12°=192°
15. (d) £ @, R and § are the mid-points of BA,
BC, CD and D4 respectively.
£
A

o

A B

L

e W ¥
% I .

i I C
. AP=AS= PB=B0=0C
~CR=DR=DS= "’Z—B
- In AAPS
AP = AS

2@ _ oo
=> 245P = £4ps= L0 _ 450

Similarly
LASP = Z4APS =/BP0 = ZBOP= ZCOR
= CRO = £DSR = /DRE = 45°
Now £P + ZASP + ZAPS = 180°
= LP=90°%
Similarly,
LP=L0=/R=r/5=9"
2. PORS is a parallelogram having each of its

16,

17.

18,

SenFerealivat

40 lympiad
Foundaticn
angles = 90°
MNow

using midpoint theorem in A4BC and AACD

1 .
SR=P0= EAC, and in AS ABD and BDC

SR=PQ= %BD= %AC‘ [+ BD = AC]
. SP=PQ=QR=RS
s PORS is a square
(b) In AACD

ZYI| AC and ¥Z = —;-

[Using mid-point theorem]
(¢) In A4BR

DP || BR, and £ is the mid-point of side 45
7. Using mid-point theorem (converse)

Point P is the mid — point of A8 and is parallel
to BR.

DP= % BR, and

D will be the mid —point of side AR
AD=DR=BC= —; AR

= AR=2BC

(¢} Rhombus is a parallelogram having
consecutive sides equal and none of the
angles equal a right angle.
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19, {a) £DAC=2DCA = = = 45°

180°—44"  136° _

20. (b) LOPS= > -6y
21. (b) LABC = 56°
i
B
Fal
Lo
C
180° - 56°
o 24CD=180=36" _g50 _ago_gg0

[ Adjacent angles sum = 180° and diagonal
bisect the angle 4]
22, {e) v AD is the median of A4BC
ED=DC
Through D, draw DR | BF
A

MNow, in ABFC,
DR[| BF and D 15 the mid-point of BC

- & should be the mid-point of FC (according
to converse of mid-point theorem)

: FR=RC (i)
Similarly, in A4DR
£ is the mid-point of 4D and EF | DR

= F should be the mid-point of 4R
4 FR=AF (i}
Using (i) and (ii)
FR=RC=AF
= AC=34F
1
= AF= 3 AC

23. (¢} F, O, R and & are the midpoints of A8, BC,

26.
27,

& .'ra":.'fa';'-Jf.;ff'J'r'_frrrlr
'?( lympiad
" Foundation
€D and D respectively.

Using midpoint theorem in A4DE and ADBEC
SP=RO= %IJB and SP || RO || BD

Similarly in AS ADC and A4RC,
PO=5R= fzi and PO I| SR || AC

S AC L BD and SP || BD

i LS=50°,

Also,

AC=BD,or, PQ = P5

< PORS 15 a parallelogram having one angle

equal to 90° and unequal adjacent sides

“ PORS 15 a rectangle,

. (b) The resulting figure will be a square
25,

(c) Every rhombus is a || becavse its
opposite sides are equal and paralle].

{d) A Kite is not a ||F™.
(b) In AdDP

LADP + £DPA + £ PAD = 1807

— 120° + ZDPA + % = 180°

=N £DP4 =30°
- . AD=DP
Similarly,
In AADP

ZCPB = 60°
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= PC=PB=CB
AD=1pe
2

28. (&) = AX=C¥= %AB = %m

And also,
AR || CDor AX )| CF
AX=CYand AX|| CY
- AXCYisa[E™
(~ one pair of sides are equal and parallel)
29. (M) Let LB =x°

ag Tuferiafional
Olympiad
Foundation
AB=AC
) LBk S ="
w ZCAD is an exterior angle for A4BC
LCAD = AB+ £ =2x"

LPC= ——=-"_ ="
2 2
ZFAC= ZACR
(Alternate opposite £5)
AP BC

{~Alternate 25 are equal)
AP BCand AB || PC
- ABCPisa ||F™",

30. (d) P and @ are the mid-points of BD and AC
respectively.

Applying mid-point theorem
PO AB || DC, and

PO = % (DC—AB)
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9. Areas of Parallelograms and Triangles

Learning Objective:

In this chapter, we learn about:
*Polygomal Regions

*Area Axioms

*Important Formulae
*Important Facts

Polygonal Regions
Triangular Region

The union of a triangle and its interior is called a trangular region. Basically, it is area enclosed by a
iriangle.

Polygonal Region
The part of plane enclosed by a polygon is called polygonal region,

Area Axioms
(a) Every polygonal region R has an area, measured in square units and denoted by ar (R).

(b} For polygonal regions £, and R,

() R, =R, = ar(R,) = ar(Ry)
(i) R, <R, = ar(R;) < ar(Ry)
(iii} ar(R, U R,) = anRy) + ar(R,)
(iv) ar(R; N Ry) =& lar(R,) — ar{R,)|

(¢} Forarectangular region PORS with,
P = p units and OR = g units, we have,
ar(rect. PERSY = pg square units.
{d} If a triangle and a parallelogram lie on the same base and between the same parallels, then,
' Area of parallelogram = 2 x (ar (triangle)).

Important Formulae
(i) Area of parallelogram = base » corresponding height.

{ii) Area of triangle = % # base » corresponding height.

{iii) Area of rhombus = % % product of the diagonals

{iv) Area of trapezium = % x# (sum of parallel sides) x (distance between them)

{v) Area of square = (side)”® = -é— {diagnnai}z
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Important Facts

(i} A diagonal of a parallelogram divides it into two triangles of equal arca.

(i1) Parallelograms on the same base and between the same parallels are equal in area,
(i) A parallelogram and a rectangle on the same base and between the same parallels are equal in

area,

(iv) Triangles between same parallels and on the same base are equal in area.

(v) If a riangle and a parallelogram are on the same base, and be-
tween the same parallels, then the area of the triangle is equal
to half of the area of the parallelogram.

(vi) The diagonals of a lgm divide it into 4 triangles of equal area,

(vii) The median of a triangle divides it into 2 triangles of equal
area.

(viil} 4D, BE and CF are medians of A4BC. The medians intersect
at & point, G, which is known as centroid of A4BC. G divides *
the A4BC in 3 equal parts.

& ar(A4BG) = a(AAGC) = ar(ABGC)
Example 1: ABCD is a trapezium in which AR | DC, and its diagonals AC and BD intersect at .
Prove that ar(A40D) = ar{(ABOC).

Proof:

~ AABD and AABC lie on the same base, e, A8 and
between the same parallels i.e.,

AB and CD, then, ar{A4BD) = ar{AABC)Y .. .(§)
Subtracting ar{A40B) from both sides of equation (i}. D c
ar(AABD) — ar(A4OB) = ar(A4BC) - ar(A4OB)
= ar{AAOD) = ar(ABOC) Proved,

Example 2: D is the midpoint of side 4B of AABC and Pis any point on 8C. I CO || PD meets AR in
. prove that, 3

A B

2ar(ABPO) = ar (A4BC).
Froof:
Join €I and PO
+ CD iz a median of A4BC.

arfABCE) = ar(AdDC) = % ar{AARC).

= at{ABPD) + aflADPC) = — ar(AARC) <)

| =

ADCP and ADPQ are on the same base, i.e., DP and between the same parallels DP
and OC. .

arfADPC) = ar(ADPO) ...(if)
Using (i} and (i), then,
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ar(ABPD) + ar(ADPQ) = % ar(AABC)
= 2ar(ABP) = arlAABC) Proved.
Example 3: If area (| ABCD) = 36::1:12, then find the arca of A4OR. r
Solution:  ar(AAOR) = % ar(lgm ABCD) = % 4« 36 cm® =9 cr? Y

c D

Example 4: 1f BD = l4cm, AP = 8cm and CQ = 6em, then find the area of quadrilateral ABCD.
D %

A
Solution:  ar(quad. ABCD) = ar(A4DB) + ar(ABDC)

=—;-xAPxED+%xCQKBﬂ

= L. »x BD = (AP + CCH

b2

=%-xl4xl4=93cm2

Example 5: The vertex 4 of A4BC is joined to a point D on BC. IfE is the midpoint of AD, then
at(ABEC) = x ar{AABC). Find x.

Solurion:  Let the length of altitade from A to BC be p cm, then, A
ar{AABC) = % xBCxp

arf(ABEC)= — x BC -‘;i

b | =

b | =

- ar(ABC)= 2 ar(AABC)

I

b | b=

k4
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Example 6:

Solution:

Example 7:

Solution:

Exampie 8:

Solution:
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ABCD is a thombus in which £C = 60°, find AC : BD.
+ Dingonals of a rhombus intersect each other at 90°. D C

2D0C=90° g

Mow, in ADOC, v
LD+ £C+ ZDOC = 1800

= <D= 180"= 00" — s0° = 30° A

* AADC is isosceles triangle, and one angle is 60°. A
< A4ADC is an equilateral triangle, having,

AD = DC = AC = afsay), and,
0D is the altitude of equilateral A4DC.
0D = %-,nﬂﬂ:h OD=f3a.
A€ g
=] fA
BD a4 ’ A

AABC and BDE are two equilateral triangles such that £ is the
midpoint of BC. Then, arf{ABDE) is how much if a

ar(A4BC) = 48cm* 7 -

arf(AABC) = ﬁi}:- =48 cm’

[ =]

@

2
E] _ﬁaz _ ar{A4BC)
4 4x4 4

48 3

— em® = 12 em®
4

ar(ABDE) = 3 [

1]

Two parallel sides of a trapezium are 7 cm and 13 cm respectively and non-parallel sides
measure 5 cm each then the area of trapezium = ..., 5q. CImL
B

» Trapezium is symmetric. A Tem

o I3=7
.',DL=M(,=—2—=3mn. Sem B

In A4DE,

|
)

4
AD? = 417 4 DI wE T )

= AL=AD*~DI* = \[(5Y~(3} =4cm.

ar[Trap,AECD}=—;- 2 d % (13 47)=2 %20 = 40 cm?
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Example 8: AD= 2«4‘% cm, and radius of guadrant of circle is 10 em.
Find the area of rectangle ABCD.
Sofution:  In AADC, AC =10 cm, AD = 245 em.

Then, DC = AC? ~ AD* = \100-80 = /80 = 45 em.
- ar (ABCD) = 245 emx 45 em =40 cm®
Example 10: ABCD is a figm, in which, A8 = 16cm, DEF = 8cm, and if AD = 10cm, then CN=....cm.

B
C
Solution:  ar (lgm ABCD) = 4B « DM=DC x DM = 4D =« CN.
= 16x8=10xCN
16x8 128
=5 CN = =— cm=12.8 cm
[ EE R 1]

Multiple Choice Questions

1. Tick the incorrect statement : (d) ar (Rectangle) > ar (Parallelogram}
(a) If two triangles are congruent, they have 4. ABCD is a parallelogram
equal areas. Ay + B
{b) If AC is a diagonal of ligm ABCD, then
AC divides ABCD in two equal arcas.
(c) Parallelograms on the same base and T
I;:::.fam the same parallels are equal in . Tl ks
(d) Parallelograms on  equal bases and AM=Tcm, CN=8emand AR =CD = 10 cm,
between the same parallels are unequal Find AD.
in area. {a) 6.75 em (b) 6.25 cm
2. [If a triangle and a parallelogram are on the {c) 8.75 em (d) 7.25 cm
same base and between the same parallcls, | 5 pojnt 0 js the point of intersection of AC
and area of triangle is 4, then area of fgm is ; and BD of parallelogram ABCD and, also,
A PO || AD, then,
= 24 34 d)j 44 d
(a) 5 (b) (€} (d) i - &
~ T "
3. A parallelogram and a rectangle are “-1‘ E -
constructed on same base and between the '_‘x._\u_’;-’
same parallels, they have ﬁx‘?xﬁ
(a) Equal area i E M
{b) Unequal arca -7 ! a
(c) ar(Parallelogram) > ar (Rectangle) b 2 ¢
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{a) ar{ABCD) =2 = (ar(PODAY) 4
(b} ar (PODA) = ar(4BCD)
{c) ar(POB) = ar(40D)
(d) ar(PQDA) = ar(AOB) R o
. P, O, R and § are the midpoints of DC, BC, 4B
and AD respectively. area of parallelogram
PORS i3 b
D .n': C

P o

{a) % ar(A4BC) ib) i ar(AABC)

L e (c) % ar(A4BC) () é ar(A4BC)

4t = 45 10. ar{trapezium ROBC) =

| 3
(a) "IE ar (ABCD) (b} 2 ar (ABCD) (@) 3 ar(A4BC)  (b) 7 ax(A4BC)

1 1

(© % ar (ABCD)  (d) % ar (ABCD) Gig nant) s uEo)

. P and Q are the points o AB and BC 11, If P, O, R and S are midpoints of AB, BC,

respectively of llgm ABCD, then CD and DA of parallelogram ABCD and
ar(ABCD) = 26 m?, then ar(PORS) =
() 13 m*

(b) 6.5 m*
(c) 6.75 m?
(d) 19.5 m*

12. 1f 4D is median of A4BC and P is a point on
AC such that ar{AADP) : ar(A4BIDY =2 3,
then ar (APDC) : ar (AABC) is
(a)1:5 (b)1:6

(b) ar{APDC) = ar (A4QD) fe)5:1 ()35

13. ABC is a right angled A at 4, BCED, ACFG
and ABMN are squares on sides ABC, AC, AB
respectively. AX | DE meets BC at ¥ then,

N G

(a) ar (APDC) = % ar (A40D)

= .;_ ar (parallelogram ABCD)

{¢) ar(APDC) = ar (A4QD)
= — ar{parallelogram 4BCD)

£

2
(d) ar (APDC) = 5 ax(A4QD) -

. The median of a triangle divides is inio two: P
(a) Similar As (b} Congruoent As
(c) Isosceles As {d) As with same areas

. In AARC, P, 0, R are the midpoints of sides
BC, CA, AB respectively, then ar(APOR) = D

s T op——
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{a) ar (BCED) = ar (ABMN) + ar (ACFG)
(b) ar (CYXE) = 2ar (A4BC)

(c) ar (BCED) = ar{ABMN) + ar(ABC)
(d) ar(AABC) = ar{BCDE)

14. ABCD is a trapezitzm in which A8 || €D and
CD = 40 em, and A8 = 60 cm. If X and ¥ are,
respectively, the mid points of 40 and BC,
then XT =
(2} 45 cm {b) 50 cm
{c} 60 cm {d) 55 em

15. ar(trap. DCYX) = K ar(X¥BA), then K =

9 [{H] 1 3
i i fiok d) —
(a) T (b) T (c) 7 ( }11

16, area of trapezium, PORS in the given figure

15 :
P 40 cm v
il cm
-
i N 60 cm b
(a) 500 cm® {b) 250 em®
(¢) 125 cm® (d) 375 em®
17. ABCD is a trapezium in which AR || DC, then
A B
o
2l C

(2} ar (A4OB) = ar (ADOC)
(b} ar (A4OB) = i- ar (ADOC)

() ar (AAOD) = ar (ABOC)
{d) ar (A40D) = ar (ABOC)
18. Find the area of quadrilateral ABCD,

|
D Tem c

% cm
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19.

20.

21

22,

23

24.
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(a) 114 om® (b) 112 em®
(c) 102 cm® (d) 97 em®
ABCD s a rectangle with O as any point in ity
interior. If ar (A40D) = 3 om’, and ar(ABOC)
= 6em’, then ar(4BCD) =
(a) 9 cm” (b) 27 em”
{c) 18 cm® (d) 6 em®
ABCD is a parallelogram in which BC
is preduced to £ such that CF = BC, 4F
intersects CD at F. Tf area ADFB = 3 cm?,

area of parallelogram ABCD is:
(a) 6 om” (b) 12 om?
(c) 18 em® (d) 9 em®
The arca of trapezium is :
A 7 cm B
Sem 4 gm 4em Jem
Il ul
ol E 7 cm F C
= m *
(a) 40 m* (b) 20 m?
(c) 30 m? (d)35m*

ABCD and FECG are parallelograms
equal in area. If ar(AAQE) = 12cm”, then

ar(parallelogram FGBQ) =
F G
g
4 = B
fa) E oy
(a) 12 cm® (b) 24 cm’
(c) 36 cm” (d) 20 cm?

PORS is a rectangle inscribed in a quadrant
of a circle of radivs 13 cm. 4 is any point on
PO, If F§ = 5cm, then find ar{ A4RS).

(a) 15 cm” (b} 20 cm”

(c) 25 cm? (d) 30 em’

ABCD is a parallelogram. P is the midpoint

102



of AB. BD and CP intersect at (J such that OC
1 0P =3 1. Ifthe ar(APBQ) = 10 em®, then
area of parallelogram ABCD is

(a) 80 cm? (b) 40 cm?
(¢ 160 cm® (d) 120 cm*

25. A rhombus has length of diagonals as 8em
and 6¢m. the ratio of area of rhombus and its
side length is:

(@)6:12 (b)24:5 (c)5:6 (d)3:5

26. M is a point on base OR of APOR, and N
is the midpoint of GR. NX is drawn gm&lls:l
to MP at X If arflAPOR) = 12em”, then
ar(AXMR) =
(a) 6 cm” (h) 12 em’

(¢) 9 em® (d) 18 cm®
27. The diagonals of parallelogram intersect at

0. through O, a line XY is drawn to intersect
AD at X and BC at ¥, then,

(a) ar(AXYB) = ar(X¥CD)

o ileewelivaat
Olympiad
Foundation

3 r
CF @ 3

29. ABC and BDE are equilateral triangles, such
that I is midpoint of BC. AE intersects BC in
£, then ar{ABFE) = x ar(AEFD), then x =

() 2

® 3 (@3

LAOB =90°, AC=BC, 04 = 12 cm and OC
= 6.5 cm. the area (in cm® )of AdOB is;

1
(a} 5

30,

(b) ar(4ABCD) = ar(X¥YCD) A
() ar(ABCD) = ar(4XYB)
{d) None of these
28. ABCD is a parallelogram, P and Q are the <
mid - points of BC and CD respectively, then,
ar {AAPQ) = K (ar (ABCDV), K =
oF ®) ¢ ? 8
@10 (B)15  (©20 (430
Answer Key
L@ |20 [30) [40@ |50 | 6@ | 20 [5@ |56 (100
(@ [12.0) |13.® |14.06) |15 () 16.(2) [17.() |18.(a) |19 (o) 20, (b)
|21. (@ [22.(0) |23.(d) [24.(c) |25.(0) |26.(a) |27, (@ [28.(c) |29 () |30. (@)
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Hints and Solutions

1. (d) Parallelograms on equal bases and
between the same parallels must be
equal in area.

2. (b) ArcaofA= % xbxf=4

Area of parallelogram = bt = 24,
3. (a) Base = b, distance between parallels=#
Then, Area of rectangle
= area of parallelogram = bh

4. (¢} Area of parallelogram
=AM = CD=AD = CN
= Tx10=4D =8

0 35
=% AD= —=— =875 cm.
8 4

5. {(a} =~ O lies in mid of the parallelogram.
5 PO divides parallelogram in two parts of
equal areas.
ar (PODA) = % ar (ABCD)
6. (a) Joining 05, it can be clearly seen that,
QS| DCH AB,
. ar (POS) = % ar(DCOS)
[Area between {8 and DO
ar (SRO) = % ar {AS0EB)

[Area between 05 and 48]
Adding both,
ar (POS) + ar (SRQ) = % [ar (DCOS)
+ar (AS08)]

ar (PORS) = % ar (ABCLN

7. (b}~ ABCD and APDC lic on same base, i.e.,
D and between the same parallels, ie, 48
and CD.

ar (APDC) = % at{ABCD)

Similarly,
ar (AAQD) = ;— ar(ABCD)}
= ar (APDC) = ar (A4QD)
= -é- ar (quad. ABCD)

8. (d) In AABC, AD is the median.
A

; BD=CD,
Let AE L BC, then,

arfA4BD) = & »x AR » RD,

8

ar(ﬁADC’}:%xAExDC=%xAExED

o arfAABDY = ar(A4DC)
9. (b) Using midpoint theorem,
BC=20R,AB=2P0,AC=2 PR,
et the area of APOR be A, then, ABC is a

A resufted by doubling the length of every
side of APOR.

~. ar (AABC) =4 ar (APQR)
[using Heron's formula]
10. (b) Area of trapezium ROBC = ar (ARBF)
+ar (APOR) + ar (AQPC)
=3 xar (APQR)

-3- ar (AABC)

11. (a) ar (paralielogram POAS)
I ar (parallelogram ABCIY)

= — %x26=13m?

2
1
2
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12,

13.

14.

(b) - AD median of A4BC
A

=

B fi] LA

Coar (ABD) = ar(ADC) = % arfAABC) L .(1)

ar{ﬂADP}_z

ar{MﬂC}_Z‘r

ar{ﬁPDC} 1 Ear{ﬂﬂm'} 1
e R e — I (s S S
ar(AADCY 3 ar(A4BC) 3
ired tatio = =115
Required ratio T3 i

{(a) Let AB = x, AC =y, then,

BC= ¥ +y" (Pythagoras’ theorem)
Area (ABMN) =
Area (ACFG) = y*

ar(BCED) = ( ¥+ ;f)! =2y
S ar BCED) = ar(ABMN) + ar(ACFG)

(b} D 44 eim ey
............ ¥
60 cm B
XY AR DC
[Let the length of X¥ be x cin)

: ar (DCYX) + ar (X¥BA) = ar (ABCD)

wiww. olympiads. org
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Foumdation
] |
5 x (40 + x) = DV + 3 A {60+ x) = NA

= (40 + 60) = DM v}
Dy

]

b ] =

Y DN=NM=

.. The equation (1) reduces to
(40 +3) x % £ (60 +x) x % ~ 100

= 100 + 2x = 200

= 2x=100
= x=50cm.

15. (a) According to question
% ® (40 +x) = o

=K%x[50+x}x DM

=¥ (40 + 50) = K (60 + 50)
9

=0 Ke —
11

16. (a) Required area
ar (PORS) = % % (40 + 60) » 10

=é-x 100 x 10 = 500 e¢m*

17. (€) + AADC and ABDC lic on same base DC
and between the same parallels, i.e., A8 and
nc,

ar (A4DC) = ar (ABDC)
ar(AOD) + ar(DOC) = ar(BOC) + ar( 30

= ar{A0D) = ar{ BOC),
18. (a) In A4DB,
DB = JAD® + AR
= V¥ +12° =15

ar(AADE) = % x 12 3% 9= 54 em?

ar(ADBC) = -‘2- 15 % 8§ = 60 e’

- Total area = 54 + 60 = 114 cm*
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19, (¢) Draw XY | AD || BC and PO | AR | DC

A Jlf B
L
]
:

Fh——a—. ------------ [
7
I
I

b ¥ ¢

Now ar{A40F) = ,li ar{ABPC)

ar(ADOC) = % ar(DCOP)

= ar{A4OB) + ar(ADOC) = - x ar(ABCD)

= ar{AAOD) + ar(ABOC) = — x ar(ABCD)

b3 f= b2

= ar(ABCD)=2 % (3 + 6) = 18 cm”
20. (b) 4 B

ar{ALFE) = é ar {parallelogram ABCD)

{areas between same parallels and same base}
=% ar (parallelogram ABCT) = 2 = ar(A4FEB)

=2 x ar{ADCE) i)
In As ADF and ECF.
LAFD = AEFC
{vertically opposite angles}
ZACF = ZADF alternate angles)
BC=CE=A4D
S AADF = AECF  [by AAS congruency}
DF =CF

g . elernietionet
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ar(parallelogram ABCD) = 2 x ar(ADCB)
=2 %2 x (arllADFR))
=2x2%x3

=12 cm®

21. (a) Here DE = JAD* - AE’
= #53_41

=3 cm
L DE=FC=3m, and, EF=7m.

ar{ABCﬂ}:%x4x{T+?+3+3]

1}

1

— wd = (20
7 5 {20)
=40 m*

22, (b} ar(AAQE) = %&r {parallelogram 40FD)

=

(ar{parallelogram ABCD))

b | e
b | ==

g i % (ar(parallelogram FECG))

12 em” = % » ar{parallelogram FECG)

-, ar{FECG) = 48 em?

= aFGOB) = % ar(FECG) = %:i =24 cm?
23. (d) P Ty
; e
1 %,
Py, ;
e P
'y o \
Sem Jr: ,-’{\ |
LaerBoa™y |4
- Cd W
5 R
ar(AARS) = ;—ar(PQRS} o)
= Q.?z= ps? +J|‘="q,{;}1
= PQ=\Jos* - PS’

= J{13Y =(5)" =12¢em.

wwnw. olympiads.ong 106



- ar(AARS) = % x 12 % 5 = 30 cm?
24 (e A

P B
. o
'\“ ! ‘.f_,
T T
770N,
S = N
. %
D o
ar(APQB) + ax(ADQC)
= % ar(parallelogram 4BCD)
= ar (parallelogram ABCD)
= 2 [ar{APOB) + ar(ADQC)]
=2 [10 em® + sr{ADQC)]

afADQC) = (3 + 3 + 1) x ar (APOR)
=7 % 10="70 cm®
. ar{parallelogram ABCD) = 2 x 80
= 160 cm®

25. (b) ar{thombus) = — x 8 x 6 = 24 em?

] 2
Length of side = E] + B
2 2

= J(4)' +(3)" =5

/. Ratio=24 : 5

[ SR

26. (a) -; ar{AXMR) = % ar(APOR)

P

8 " w% % &

28,

- ar{AYMR) = % % 12em® = 6 cm®

wf nlernaliviel "
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27, {a) P }f’ B
‘-"-.\ L _',a"‘
fot i L
St Ml g
L P
Ay
;’,- VT
B ¥

Area AXBY is between AY and BY.
Area XDCY is between XD and YO,

Let AXY = x, and BY = y, and length of
perpendicular between AD and BC = il

coarfdXBY) = -én— *(x+pyx P
AD=AD—x, YC=AD—-y=BC—yp.
s ar(ADCT) = % Xxpx P

& ar(XDCY) = ar(AXYB)

28, (¢)LetAB=CD =x, and BC=AD =y,

1 1, x hx
ar (A4 == AMxDO=_} = = 2=
(84DQ) = xDQ= % =%

! DC 1, ¥

ar(AAFPB)= — xBNw — = _§, =

R g BN =oh g
_ By A
4 4

h

ar{ﬁPQC}=%xQ{‘Jx "'M:%

ar (parallelogram ABCD) = AM = DC
=BN =% AD = hjx =gy

hx hx fx
< ar(AAQC) = hyx— | T e 8
= Jhx 3 ABCD)
=73 g™
() Length of altitude from 4 to BC = pem.
Length of altitude from E to BC = g cm.

ar(ABFE) = % x BF x g, at(AEFD)

www.olympiads.org
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i 30. (d) OC=6.5cm,
=5 il AC=BC=65
[By similarly of As AOC and BOC]
ar(ABFE) BF 2FD _, W AB=AC+BC=24C=2%65=13cm.

Od=JAB —04 = V13 -12° =Scm.
[+ BF =2FD]

1
. ar (MOB) = = x 5% 12 =30 cm®
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10. Circles

Learning Objective:

[n this chapter, we will learn about:
*Circle

“Terms Related to Circle

*Central Angle

*Important Theorems

Circle
It is the locus of a point such that its distance from a fixed point is always constant,

Terms Related to Circle

Centre
The fixed point is called centre of the circle,
Radius 4
The constant distance is called radius of the circle.
In the above fig, O is the centre and 04 is the radius of the circle.
Central Angle
IF €O, r) be any circle, then any angle whose vertex is () is called its central
angle.
£AORB is a central angle, .
Chord i
A line segment joining two points on a circle is called chord of a circle, ) A
Diameter
A chord passing throngh the centre of a circle is called its diameter
Concentric Circle
The circles having same centres and having different radii are called concentric
circles.
Arc of a Circle 5

z
A continuous piece of a circle is called an arc of the circle. )
In above fig, P\ P, PoP;, P3P, etc. are arcs of the circle. _
s
s
Fy
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Semi-circle
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A diameter of a circle divides it into two equal parts. Each of these parts is called a semi - vircle,

Congruent Circle
Two circles are said to be congruent if and only if either of them can be superposed on the other so as
to cover it exactly.

Some Theorems
Theorem 1; If two arcs of a circle are congruent then their corresponding chords are equal.
Theorem 2: If two chords of a circle are equal then their corresponding arcs are congruent,
Theorem 3: The perpendicular from the centre of a circle to a chord bisects the chord.
Theorem 4: The line joining the centre of a circle to the mid - point of a chord is perpendicular to

the chord.

Theorem 5: There is one and ooly one circle passing through three non - collinear points.
Theorem 6: If two circles intersect in two peints then the line through the centre is the perpendicular

Example 1:

Solutivn:

Example 2:

Solution:

hisector of the commmon chord.

Two concentric circles with centre @ have P, @, R, S as the points of intersection with the
line as shown in fig, If PS = 12 ¢m, OF = 8cm, what is the length of PR and OS 7

Here OM 1 OR
1
R=— x8=4¢m.
and OM 1L PS " P@'g >
= FM=M=%PS:%X12=GCHL

Now, FR=PQ+ QR
PO=PM-(OM=6-4=2¢cm,
PR=2+8=10cm.

OM= MR =

pa =

and 05 =0OR + RS ”
RE=MS~MR=6-4=2cm.
=5 QS=8+2=10cm.

Two circles of radii 5 cm and 3 cm intersect at two points and distance between their
centres is 4 cm. Find the length of the common chord.

P = 5em P
O,F = 3cm
0y = dem
5=424+3°

= 0P = 0,0, + 0P
Hence £0,0,P = 90° - 2
.. 0 is the mid - point of PO.
then PO=2x3=60cm.
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Important Theorems
Theorem 1: Equal chords of a circle are equidistant from the centre.
Theorem 2: Chords of circle which are equidistant from the centre are equal.
Theorem 3: Equal chords of 2 congruent circles are equidistant from the corresponding centres.
Theorem 4: Chords of congruent circles which are equidistant from the corresponding centres are
equal,
Theorem 5: I the angles subtended by two chords of a circle at the centre are equal then chords are
equal.
Theorem 6: Equal chords of congruent circles subtend equal angles at the centre.
Theorem 7: Of any two chords of a circle, the one which is larger is nearer to the centre.
Theorem 8: The angle subtened by an arc of a circle at the centre is double the angle subtended by
it at any point on the remaining part of the circle.
Theorem 9: The angle in a semi - circle is 2 right angle.
Theorem 10: Angles in the same segment of a circle are equal.
Theorem 11: I a line segment joining two points subtends equal angles of two other points lying on
the same side of the line segment then the four points are concylic,
Theorem 12: The sum of either pair of the opposite angles of a cyelic quadrilateral is 180°,
Theorem 13; If a pair of opposite angles of a quadrilzteral is supplementary then the quadrilateral is

eyclic.
Theorem 14: If one side of a cyclic quadrilateral is produced then the exterior angle is equal to the
interior opposite angle. . i
Example 3: O is the centre of the circle, Z40C = 110° A8 is produced to
D Find £CBD.

Solution:  Here LAEC = % ¥ Z2A40C

1
= — % 110° = 55°
2 A

LCBD = LAEC =55
Example 4: Find the values of x and .

Solution:  Here 24 =(2x +4)°
LB ={x+10)°

£C={4y-4)°
£D = (5y + 5)°
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Example 5:

Solution:

Example &:

Selution:
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Opposite angles of a cyclic quadrilateral are supplementary.
ZA+ £C=180°
= 2x+4 44y - 4=180°
= 2x+ 4y =180° R 1 1
and LB+ LD =180
= x4+ 10+ 5p+5=180
= x4+ 3y =165 RERC .4
From (1) & (2)
2x -+ 4y =180
2x+ 10y =330
— Gy =150
=5 y=125"
Now from (2) x+3y= 165
x=165-5%25
= 165 - 125 =40
In the given figure equilateral A4B(C is inscribed in a circle and -
ABCD is a quadrilateral. What is the angle £BDC?
c
£BAC=6F P
In cyclic quadrilateral ABCD, -
LBAC + £BDC = 180°
ZBOC = 180% - ZBAC
= 180° - 60% = 120°
In the given fig. AOB is a diameter of a circle with cen- /—\
tre ( such that A8 = 34 ¢m and CD 13 a chord of length C = o
30 cm. What is the distance of CD from AB? /
A 0 B

OC = radius = Ezi =17 ¢m

CL=%CD= » 3 =15 cm

b |

b4

ort=o0ct-cr?=17%- 15
=289 —-225=04
o= OL = /64 =8 em
Distance of CD from AB =8 cm
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Example 7: Inthis fig. AB is a chord of circle with centre O, BOC is diameter, EOD L AB such that

D = 6 cm, what is the length of AC. /f\
Solution:  Here OD | AR o B

Sa, 02 is mid-point of 45

O is mid point of BC.

Hence o= % AC (8

== 2x8=4C=AC=12 cm.

i . D
Example 8: In the given fig, AOB is dismeter. CD || AB. p
ZBAD = 30° then find 24D,
A o o

Solution:  Given €D || AR,

LADC = £BAD =30°

LADE =90°

N

(angle in a semi circle)
ZCOB =30F + 90° = 120°

ABCD is cyclic quadrilateral.

LBAC + ZCDB = 180°

LBAD + £CAD + £CDB = 180°

=
= 30° + LCAD + 120° = 180°
== LCAD = [80° — 150° = 30°

Multiple Choice Questions

I. The largest chord of a circle is called s
{2) Segment (b) Chord
(c) Diameter (d} Radius

2. The radius of a circle is 26 cm and length
of the perpendicular from the centre to the
chord AR is equal to 10 em. The length of 4B
is:
(a) 24 cm {b) 20 cm
{c) 44 cm {d) 48 cm

3. AB and CD are two parallel chords of a circle
such that 48 = 8 em, and CD = Gem, If the
chords are on the opposite sides of the centre
and the distance between them is 7em, then
the diameter of the circle is:
(@5em (b)10cm (c)Bem (d)12cm

4. The radius of circumcircle of an equilateral
triangle having length of each side equal to

‘a'is ;
2a
(a) 3a ® 7
V3a SH
(c) 5 {d) NG

3. Twao circles of radii 13cm and 15¢m intersect
and the length of common chord is 24 em,
then the distance between their centres is:
(2} 15 em {b} 14 cm
{€) 16 cm {d}y 17 cm

6. AR = 4C and O is the centre of the circle,
then,
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11,

(a) BM= MC (b) BM = MC
{c) OMis not perpendicular to BC
{d) None of these

. Bisector AD of ZBAC of AABC passes

through the centre of the circumncircle of
AABC, then,
(a) AB # AC
() BC=4C

(b) AB=AC
(d) BC=4B

. A8 and AC are two equal chords of a circle

whose centre is 0. IfAF 1L ODand OF L AC,
then.,

(a) A4BE is an isosceles triangle

(b) AADE is an equilateral triangle

{c) AADC is an isosceles iriangle

{d} A4DIE 12 an isosceles triangle

. Find the measure of ZABC,

(2) 85° (b)70° (e} 75" (d)65°
. Any cyclic parallelogram s a;

{a) rhombus {b) rectangie
(c) square {d) trapezium
The measure of #BOC is

A

4

B C

fa) 20  (b}75% {c)60°  (dy120°

www.olympiads org
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In the adjoining fipure, AR = 4C and Z4ACH
=40°, then ZBDC= 1

(a) 40°
{c} 90°

P is the centre of the circle, and £XPZ=120°,
£XZY =35°, then the measure of £ YXZ is :

(b) 80°
(d) 100°

¥

7
X
o
(a) 50° (b) 25°
(c) 35° (d) 607

Chords AD and BC intersects each other at
right angles at point P. If ZDAB = 44°, then
LADC =17

(a) 44°
{c) 46°
PORS is a cyclic quadrilateral such that PR
is a diameter of circle. If ZOPR = 64° and
Z8PR. =31°, then, £ZR= 7

{a) 95° {b) 64°

{c) 83" (dy31°

(b) 88°
(d) 54°
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16. Ifthelength ofan arc ofa circle is proportional
to angle subtended by it at the centre, Then,
the ratio of ABC : circumference = 7

P

@1:3 MmM2:3 (©1:2 {(d)3:4

17. I A, B, C are three poinis on a circle with
centre O such that £4O8 =90° and ZBOC =
120°, then S 4BC = 7

(a)60°  (B)90°  (c)135° (d)75°
18, The chord of a circle is equal to its radius.

The angle subtended by this chord at the mid
arc of the circle is

(a) 60° (b} 120 (c) 150° (d) 75°
19. O isthe centre of circle, with AC = 30 ¢m and

DA = 105 cm, then the measure of DC is
i) A

(a) H}\E cm
(c) 20v/5 cm

20, In the adjoining fgure, € is the circumeentre
of A4BC, then the value of £ OBC + £BAC
ig

() 20 cm
(d) 25 em

B
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{a) 60° {b) 90°
(c) 120° (d) 150°
Find the value of {x 4 ¥).
() 230° (b) 240° .
{c) 235° {d) 250° r

In the adjoining figure, 48 = AC, and ~4CH
= 64°, then ZREC = 7

A
o
B [
E

{a) 130° (h) 128°

(c) 122° (d) 120°

The sum of the angles in the 4 ssgments
exterior to a cyclic quadrilateral

(a) 360° {b) 450°

(c) 340° (d) 720°

AB || CD, and £B = 65" and £ DAC = 30°
The measure of ZC4B =7

Do T

)

| 3
(o) 25° (b) 30°
{c) 40° (d) 35°

In figure (a), £4 =60°, £ABC = 80, then the
meagure of LBOC s
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(@)40°  (B)25° (c)30°  (d)20°
26. In acyclic quadrilateral, AB || CD, then

A I
nY 1
D {104
(a) AD = BC (b) AB = CD
(c) AB = AD (d) AD =DC

27. The measure of Z4ACH is

() 70° (b)) 110°  (c) 135°
28. Find x (O is the centre of circle) ;

(d) 125°

29.

30.

3L
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(a) 120° {b) 115°

fc) 125 (d) 145°

The measures of AB and CD are equal, and
the measure of ZLOM = 160°. The measure
of ZOLMis:

i3
(£
Ve
A
D
(a) 12° () 10°
() 15° (d) 20°

If the two diameters of a cirele intersect at
90°. The figure formed by joining the end
point of the diameters will b a

(a) thombnus (b) square

(¢} rectangle {d) trapezium

A is the centre of circle. ABCD is =
paralielogram and CDE is a straight line. the
ratio LDER ; ZBCD is :

{a)2:1
(€)1: 2
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Answer Key
L@ [2@ [3®m | 4@ [5®m | 6@ |7 ®) | 8 @ 9.(d) |10.(b)
@ |12.(d) |13.() |14.() [150) [16.() [17.() |18.() |19.(c) |20.(h)
2L.@) [2.() |23.() [24.(d) |25.(d) |26.(2) |27.(d) |28.(c) |29.(b) |20.(5)

Hints and Solutions

L. {c) Diameter is the longest chord of a circle. In ACCO,
2. (d) According to question, 00" + CQ* =/
= (71— + (3P =2
[“O00=PO-0P=7—x]
= (7-22=r~_9 ...(il)
Subtracting (if) from (i), we get
) /4 X —(7- F=—7
e = @-T+x)x+T-x)=-7
Od =r=26cm, = 2x-7y (N =-7
OB =10 cm = =Ty =1
REIY o S
. =x using (i
(Using ]:}rtltaguras theorem) =Y +16=25
= 1}'{25]2 “{Iﬂjz = r=3cm
d=10cm,
=576 =24 om. 4. (d) For an equilateral triangle 4BC. O lies
AR =2 % AB =2 » 24 cm =48 cm. on the perpendicular from any vertex to the
3. (b) Let the radius of the circle be r, and the opposite side.
length OF be x.
S In AOPRB,
OP 4 PB* = OB* = /2
2 3 o AB
= Fr@r=r [+ PB=""]
2_2 : AQ 2. .
oy =t _15 D = TR (using componendo-dividendn)
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.
B, 3
2
— A{j:_xﬁa:i
2 3
5. (b) In AOPA,
A

[
OF = JOA* — AP"

o]

- [13}1[%)1 = /25 =5em.

Similarly,
In AQ'PA,
OP=O' A — AP®
= J(15) - (12)°
= 9cm.

SO0 =0P+0P=5+9=14 cin.
6. (a) In AS ABM and ACM

AB=AC (given)

AM=4AM {commaon)

OM L BC {given)
AABM = AACM

BM=CM

7. (k) +AD is the bisector of £BAC
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o AD isthe | bisector of BC.
=- 0 is the circumeentre of A4BC.
: AB=AC [+ ZABD = ZACB)

(By using A4BD = AJCDY
8. (d) ln AQDE,
B
A
o
0D =0F
LODE=20ED el

Now,
£00d = Z0DE = 90°
Subtracting eq.(i) from (ii), we get
L0004 — 20DE = ZA0EA — Z0ED
LADE = ZAED
o AD = AE = AdDE iz an isosceles triangle.

9. (d) Reflex £40C = 360° - (110° + 1207}

i)

=130°
S LABC= L";}C = EEE_ =63

10, (b) + ABCD is a parallelopram,

A &
D C
ndd=ACand £ZB= 2D
Also,
ABCD i3 a cyclic quadnilateral,

LA+ ZC=180%and ZB + 2D = 130°
= A4 =LB=L0C=2D=90
oo ABCD 15 a rectangle.

11 (¢} £BOC =2 = ZBAC [Angle subtended
at centre is double the angle subtended the
circle]

=2 = 30" =60
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12, (d)} In A4BC,
AE= AC,
= LABC = ZACR =40°
Also,

ZABC + ZBAC + £ACB = 180°
= SBAC=180°-40°x 2
=100
L LBAC= £BDC = 1P
(angles in the same segment are equal).

13,

ZXPY=2/X0P,
LXOP = LX7F
(angles in the same segment)
h LZXPY =2 /X7Y {3}
Similarly,
LYPZ =2 SYXZ v}

Using (1) and (ii}

LXPE=2 (£ XVZ + £ ¥XT)

LXPZ -24XYZ  120°-2x35°
2

=YX =

=2 =25°
2
14. (b) = ZAPC is an exterior angle for A4BP,
LABP 4 ZPAB = 90°
=  Z£ABP=90°-44° = 46°

LADC = £ 4RP
i Angles in the same segment)
LABP = 46°
15.(0) o
\‘\\\ G
',
I|I|I|I\
\\
\"\
b R

o Dnteramiiomn® =
Olympiad
Foundation
£P=Z0PR + #8PR
=64 °+31°
=95"
v £ and £§ are angles of the semicircle.
L LD =L85=90°
v PORS is a cyelic quadrilateral.
L £P+ ZR= 180"
= £R=180°—-95"=85"
16. {a) i

< ABCP i a cyclic quadrilateral.

o £ZB4 £P=18F

= AP =180 - 120° =607

LAOC =12 £F =2 x 60° = 120°
ABC  _120°

circumference  360°

=13

17. {d)

Reflex £A0C =360° — (90° + 120°) = 150°
reflexZAOC 150°
2

& LABC = e

18, () £
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: AB=r
And, O4=08=r
oo In ACAS,
AB=04=08=r
o AAR is an equilateral A
S L04B = £08BA = £FAOB = 60°
LAPE = LA 30®
Z
+ ACBP is a cyclic quadrilateral,
L ZLC+ LP=180°
= L0=180°7-30°
= 150°
19. {e) In AACD,
LADC =" [+ £ACD is angle in semicircle]
AC = DA + DC?

= (30’ = (1043} +DC?

= DC? =900 - 500
= DC= 400 =20 cm.

20. (b) In AOAR,
0d = 08
ZOAR = Z0BA 1)
v LO0BC+ L0BA = £4BC
= LOBC+ ZBAC = £ABC
= L0BC + £LBAC =90°
[+ £ARC is the angle in semicircle]
21, (d) '+ ABCD is a cyclic quadrilateral.

L LA+ £C=180°
= 70° 4y = 180°
= y=110°
Mow, in AAR,

04 =08

ZOABR = ZOBA =T
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< £BOD is an exterior angle for AOAB.
S LOAB+ £OBA =x
= =70+ T0°
= 140
x+y=1404 110
=250°
(b) v AB=8C
& LABC = £4CE = 64°
S LBAC= | B0° - 64° « 2 =507
& ABCD iz a eyclic quadrilateral.
ZA+ £E=180°
= £E= 1807 --52°
=12§°
{e) The sum of the angles in the 4 segments
of a cyelic quadrilateral = 6 x 90° = 540°
(d} Let #CAB=1x,
it ZACD =x
In A4CD,
L0 =180 = {30° + x)
= 150° —x
w ABCD is a cyclic quadrilateral.
20+ ZB=180°
= 150° —x -+ 65° = 180°
= x=35"
(dy 24+ 2C = 180°
= L0 =180 - 60" = 120°
LCBA = 2B~ ACBA
= [80F - 80 = 100°
v ZDCR is an exterior angle for ABCQ
S LBOC ACBO= 20
= £BOC = 120° - ZCBQ
= 1207 — 100° = 20°
(&) v ABCD is a cyclic quadrilateral.
v LA LC= LB+ 2D = 180° 1)
Also,
LA+ £D= LB+ £C=180° ...{ii)
& £B=£C [using (i) and (i1)]
» ABCI is a trapezium having £C = £D
. ABCD should be an isosceles trapezium.
= AD=BC

(Alternate £5)
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27. (d)

= ACEPF is a cyclic quadrilateral.
& LACB+ £LAPB = 180°
= LACB = 180° —55°
=125°
28. (¢) In ACBA,

LA+ L0+ LB = 1807

== LI = 180" —35° .. gpe
[*£C=90°1e, angle ina semicircle]

= LB =557
w ABCD iz a eyelic quadrilateral
SolB 4 LD = 1R0°
= x=180°-55°
=125°
29, by~ AB=CD

. OL = OM, as the distance of equal chords
from the centre of the circle should be equal.

= LOLM= £0ML.
- T (=]
> ow- AR,

| 'Olympiad
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30. (b} v Diagonals of the quadrilateral ABCD
intersect at right angles and are also of equal
length i.e., 2.

ZOPE = 5_3;2 (angle subtended

at the centre is double the angle at the
circumference)

= LBAD =22DPR
v ABCIY is a parallelogram,
LBAD = #BCD
= ZBCD =22DPR
£DEB = ZBPD (angles in the same segment)
£DEB  /DPB

1
—=1:2
LBCD  2/DPR 2
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11. Heron's Formula

Learning Objective:

In this chapter, we will learn about:
*Area

*Heron's Formula

Square
[f‘p® is the length of each side of square, then,

Length of diagonal = 2 P
Area of square = ;;2 = %x (Di slgulnnzld]l2 )
Area of perimeter=p x 4 =4p
Rectangle
If'] is the length and b is the breadth of rectangle, then,

Length of diagonal = 417 + &
Area=Ih
Perimeter=2 ({+ &)

Right Angled Triangle A
Let ABC be a right angled triangle, right angled at B, then,
(1) Perimeter = A8 + BC + CA

(i} AC= 4B + BC"

{iil) area = ]EKAEXEC = %xBDde

Equilateral Triangle
Let the side length of equilateral triangle be "2 then,
{a) Perimeter = 3a

~
(b} Altitude = E-;E-

B B oy
4

(c) Area = —‘E{sidc}L
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Isoceles Triangle - A
Let the lengths of equal sides be a and length of remaining side be *4”, then,

b!
(2) AD = altitude = |Ja 4 & a

(b} Perimeter=a4a+ b=2a+ b

II :
(c) area = %3{ a' —lﬁsz = -i-xdtiraz —-b xb 8

Parallelogram

Let ABCD be 2 parallelogram such that 4B = CD = Jand BC= AD = b, then,

(a) Perimeter =2 (7 + &)

(b} Area = Base x Height
=lxx=xl

3 e
51

=yxb=yb

Rhombus
i d| and o, are the lengths of diagonals of the rhombus and a is the length of side of thombus, then,

O Pt tae [T - 2

(c)area = %x Froduct of diagonals = é—xd} xd, = %aﬁﬂ'

2

Heron's Formula

The formula given by Heron about the area of a triangle, is also known as Heron’s Formula.
Let a, b, ¢ denote the lengths of the sides of a triangle ABC. Then,

Area= ,J's{s—a}{s—b]l{s —¢) where,

at+bh+e
&=

» 15 the semi-perimeter of AABC,
This formula is valid for any type of triangle.

Example 1: Find the area of triangle whose sides are I3, 14, 15 em.

1
Solution:  Hers S=M=£= 2lcm

Area= J:r{.s'—a}{.s“.b}l:s —¢)
= J21{21-13)(21-14){21=15)

= J2Ix8x7x6 =84 cm?

www.olympiads.org 123



Example 2:

Solntion:

Example 3:

Solution:

Example 4:
Solution:

Example 5:
Selution:

Example 6:

Selution:

wg o Fndvieinmt
Olympiad

Foundation

The lengths of sides of a right - angled triangle are Scm, 12cm and 13cm. Find the length
of shortest altitude.

Here, area of triangle = %xﬁx 2= %Xs!a’gx{shoﬂe.ﬂ altitude)

&l
— m = shortest altitude.

Altitude is shortest when, side length is largest,

. length of shortest altitude = %cm

Find the percentage increase in area of triangle if its each side is triple.
Ha+b+e
5, =New 5= ETE;JFHC - (2 Z ) =3

ay =3a1b|=3ch]=3c

Ap=area= \f]‘S'L (8 —a }{53 "”z}('!': _"'3-}-

by

= J3sx3(s—a)x3(s—~b)x3{s~b) =94
Change in area = 94 — 4 = 84.
Increase % = %x]ﬂﬂ = B00%

Perimeter of an equilateral triangle is 45cm, then area is --— cm’,

Perimeter = 3o =45
= a=13
V=15 2253
= = cm
4 4
Find the area of rectangle having length 24cm and length of diagonal 26cm.
Length = 24em,

Breadth = J[diagunal}z —{k:ngth}i = J[Eﬁ}] _’{2413
= /676576 = 10cm.

. Area of rectangle = length x breadth
=24 x 10 =240cm?

The adjacent sides of parallelogram are 34cm and 20cm and length of diagonal is 42cm.
Find the area of parallelogram.

We know area of parallelogram = 2 {Area of A between the parallels)
=2 Js{s—a]{s—b}(.’i‘—ﬂ}

o 3412044296
2 2

o Area

=48
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- Area of paralielogram = 2x,[48x(48-34)(48 - 20)x(48-42)
=2 x 336 em® = 672 cm” g
Example 7: Find the area of the blades of the magnetic compass.
Scm

[Take y11=332]

Solution: In AMOB, OB= +AB* — 0B A = | em c

J 2 (1Y 1 oo 3 Sem 5om
= 5 = — = B o |, |
®) [2] 47y ke

BD=2x 0B = 3J11 em

.. area (ABCD) = %x ACxBD

" %anﬁ ol "332 =4.98%cm”

Example 8: Find the arca of quadrilateral ABCD, in which 4B = 42 cm, BC = 21 cm, CD = 2%m,
04 = 34 em and diagonal BD = 20 ¢m,

Sofution: 4 B
20
(o
D
ar (quad. ABCDY = ar (A4BD) + ar (ARDC)
For, AARD,
AB+BD+ 4D 42+ 20+ 34
= 5 = 5 —— =48 cm.

-, ar (A4BD) = ,[48x (48— 42)x(48—20)x(48—34) =336 cm®

35cm

For ABDC, §= 2220

c.ar (ABDC) = \[35%(35-21)x(35—29)x(35-20)

= VISXIX6XIS 7.9 x5x3

=210 cm2
. ar (quad. ABCD) =336 cm® + 210 cm?
= 546 oo’
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Example 3: Find the arca.

13 ¢m

g

o e i e

g

18 cm

Solution:  Area= %x[]ﬁﬂi]xu =13 % 12 = 156 em”

Example 10: Find the area of square having length of diagonal 5v2 em.

(5(} =—><su = 25em?

Solution:  Area of square = -%[:a:iiagmm}]1 = %

Multiple Choice Questions

1. The area of a triangle, whose two sides are triangle is 23 cm. The length of its side

8 cm and 1lem and the perimeter is 32 cm,
will be:

(a) 630 cm? (b} 8430 cm?
(¢} 10530 cm (d) 9430 cm?

. The area of an isosceles trangles whose
equal sides are [2cm and the other side is
Gem long, will be :

(a) 315 em? (b) 615 em?
(c) 9415 e’ (d) 1215 em®

. If the length of each side of a triangle is
itltiplied by 3, then the % increase in area
will be:

(&) 400% (b) BOO%,

{c) 700% (d) 900%;

. The sides ol a triangle are 50 cm, 78 cm and
112 cm. the smallest altitude is:

{a) 50 cm (b} 40 cm

{c) 30 cm (d) 25 cm

‘5, The sides of a triangle are 1lom, 15cm and

16 cm. The altitude to the largest side is:

151,r

fa) 30 cm

151'_

(c) (d) 20:/7 em

. The 1ength of median of an equilateral

are
{a) 3 cm (b) 6 cm
(c) dem (d) 443 cm

. The length of median of an equilateral

triangle is /3 em. The area of triangle is.
{a) 243 cm? (b) 443 em?®
(¢) 3 em? (d) 33 em?

. The base and hypotenuse of a right triangle

are 5cm, 13cm long. The length of altinde
from the vertex containing right angle to the
hypotenuse will be:

{a Ecm }Ecm
) 13 & 13

GO 120
{c = {d) -Ecm

. In the figure, PO : QR =13 : 2. If the area of

APRT = 40 cm?, then area of ATOR is:

T
P ) R
(a) 15¢m® (b) 16cm”
(c) 35em® (d) 30cm’

wirw alyrmpiads.org 126



10

11.

L2

13

14.

L3,

Find the arca of the given fipurs ;
1404 c
a)
100
100
A L4 &
() 4800 cm® (b) 5600 cm”
{c) 9600 cm” (d) 8800 cm”

Find the length B0, from the previous
guestion:

(2} 120 cm (b} 60 cm

{c) 80 cm (d} 160 cm

If & square and rhombus have same perimeter,
and area of square is 5 and area of rhombus is
R, then

(2} §=> R (b)R=S

(cYR=5 {d} data msufficient

If a square and equilateral triangle bave
same perimeter and, square has area A, and
equilateral triangle has area 4,, then.

{E}Al:/iz {b}‘di}‘dl

2
(© 43> 4, (@ Ay =54
The area of kite in the adicining figure is :
(AC=BD =32 cm)
Vi

(a) 512 em® {b) 529.84 cm”

(c) 512.84 cm® (d) 517.84 cm”

Two parallel sides of a trapezium are 60cm
and 77cm and other sides are 25cm and
26cm. The area of the trapezium is

www. alympiads. org
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18.

19,

20.

i mg bt -

Olympiad
Foundation
(a) 622 em” (b) 822 em”
(c) 1244 cm? (d) 1644 om®
Area of parallelogram, in the adjoining figure
will be :

34 em

(a) 336 cm” (b) 672 em®

(¢} 1008 cm? (d) 1080 cm®

The area of rhombus whose perimeter is 80
and one of the diagonal is 24m.

{a) 284m’ (b} 384m° {c) 192m* (d) 374m’
Find the area of the shaded region,

B- 48 em o
(a) 278 cm® (b) 384 cm”
(c) 384 cm® (d) 284 em?®
Area of the figure i

D 2 ocm

S em %

A

40 m

(b} 316 m*

(d) 206 m*

A square and an equilateral tiangle have
equal perimeters, If the diagonal of the square
is 12+/2 cm, the area of the triangle is :

(a) 216 m°
(c) 306 m”

(b) 48,3 cm”
(d) 64+/3 em’

{a) 242 cm’
(e) 2443 em®
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22,

3

25,

26.

. The length of sides of a triangle are in the

Find the cost of fencing a triangular park
having area = 2072 1, And two of its sides
as 11m and 6 m. (Cost of fencing = T 10/m).
{a) T 280 by T 400

{c) % 320 (d) T 270

The third side of triangle whose two sides are
26 and 28 cm and area is 336 c:mz, is

{a) 29 em {b) 27 cm

{€) 30 em (d) 32 cm

The area of a frapezium whose paralle] sides
are 25 cm and 13 cm and other sides are
15 em, 15 o, is ;

(2) 56420 cm® (b) 56+21 cm?
(c) 57+/21 em® (d) 61421 em®

ratio 3 : 4 : 5 and its perimeter is 144 cm,
then, the height corresponding to the length
side is:

(a) 27.8 e (b) 26.8 cm

{c)28.8 cm (d) 30.8 cm

The diagonal of a parallelogram divide it in 2
paris, the area of the two parts:

{a) will be equal

() will be unequal

(c) cannot be compared

2
(d) 3 of the area of parallelogram

ABCD is a parallelogram, where,

AL=8em, CM=10em, 4D =6 cm, find AB.
(a) 6.5 cm

(b) 6 cm
(c) 7 cm
(d)7.5em

waww clympiads.ong
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28.

29

30.
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Find the areq of the umbrella.

(a) 20046 cm® (b) 100046 cm’
(c) 30046 em® (1) 40046 cm?

The area of the adjoining figure will be :

&
(2) 915 em® (b) 911 o
(e} 9417 em? (d) 1146 em®

The area of the trapezium in the adjoining
figure will be equal to :

10 'm
13m 14 m
25 m
() 98 m? (b) 196 m*
(c) 392 m* (d) 49 m*

If each side of A is doubled, then the area will
become how many times?

i(a) 2 times (b} 3 times

{c) 4 times (d) 8 times
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Answer Key
[1® [20@ [3.00 | 40 |50 |60 | 7.0 | 8.0 | 3. m [10@) |
. [12.& [13.() [14.0) |15.() [16.®) |17.() | 18.(@) |19, ) |20. (@
21.(0) |22.0) [23.(0) [24.() |25.(a) |26.(d) |27.(b) |28.(a) |29.®) |30. (c)

Hints and Solutions

1. (b) Here perimeter = 25 = 32 cm

= 8= 3—2 = 16 cm,
2

MNow, sides of A are 8 em, 11 emand (32— (11
+ 8 cm, Le, 13 em
8cm, llem and 13cm.

*. Area of triangle = \fs(s~a)(s—b)(s-c)

= y16x(16-8){16—11)(16-13)

= 16%8x5%3
= Sm cm?
2. (¢} In A4BD,

6 em
AR + BD? = AD?
AD? = 4B — BD?

=

= {197~ EJ =144-9=135

= AD= 135 = 315 em.
= —xﬁxh"ﬁ
= 9./15 em®

3, (b) Let the sides be a, b, ¢.

2. area (A4BC)

wiww, olympiads.org
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- New zides = 3a. 35, 3c.
B =3
Mew area = \'II?‘S (3s—3a)(3s— 3b}(35-3¢)

= QJs(s-a][s—b}{s—.—?}

=94
. Imcrease in area = 9A — A = 8A

2. % Increase in area = 1%’"xl 00 = B00%,

30478+112 120¢em.

{c} Here § =

SoArea
= J120(120-50){120-78)(120-112)

= V120 T0x 428

=J2x2x3><2xjx‘fx2xﬁx?x3

WIMIxINZ

=2xInTRTrInSe]
=240 % 7 cm” = 1680 cm?

Area= % x base x altitude = 1680 cm”

2x 1680
base
21680
Rl
=30em
H+15416
2

= Altitude = cm
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= |J21(21-11){21-15)(21-16)

= 4/21%10%6x5
=5x2x W7
= JUJ‘F cm®

—Izr « Alfitude to the largest side x largest side
= 3047 om?
=» Altitude to the largest side

6047 15
= ———=—uf7 ;
TR T

. {c) Length of median of equilateral

triangle = -—JS-E =23 em.

- —
5 cm = 4 ¢m.
. {€) Length of median of equilateral iriangle
_Wa_ g
2
= a=2¢m.
-, Area of friangle
Ax(2)*
=fa=f4{} 5 e

L {e) BC= AC? - AF®

= (13 =(5)" =12¢m.

Amufﬁ:%dexBﬂ:%xABx AC

S ACx BD=AB x 4C
= 13=x8D=5x12

at Siferaitional
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= BD= @- cm

13
9. (b) r

i

I

u|

ot I o R

1
A?‘{EPRT} —;-KTI}KPR

- Ar(APOT) 3 3
40 342 5
== ar[ﬂPQIj:’z.flnmz
soarea (ATOR) = ar (APRT) — ar (APQT)
=40 - 24 = l6em”

10. (¢) In ADOC,
oD* + 0C% = bt
160

100 &

= D= +DC*-0C?
= J(100) ~(80)" =60 cm.
5 DB=2x0D=2x%60=120cm.

Areaofthombus = %x dixd, = %xlﬁﬂxlm
= 9600 cm”
1. (a) BD=2x0D=2x60=120cm
12. (a)

Atea of square = a

Area of thombus = a” sin B
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sin@=<1
a* > a* sin B
ar {square) > ar {rhombus)
= S=>R
13. {b) Perimeter of square

= Perimeter of equilateral A =x.

. length of side of square = JT:

Length of side of equilateral A =

il

3 £
4:{-52 A}-:iau:ﬁxz
4 J 4 36
Clearly, 4, > 4,

14. (b) Area of square 4BCD = é x AC % BD
1
= — %x32x32
2
=16 % 32 cm”
=512 em?
Hee 5 56+8_20
2 2
-, Area (ADEF)
= J[ﬁ+§+3](lﬂ—ﬁ}[1ﬂ— 6)(10-8)
= f10%4x4x2

= SJE r.:m2=1?'.34 e
-, Total area = 512 + 17,84 = 529.84 cm?
15. {d) D &Ml em P

25 em

]
I
I
1
1
1
1)
]
I—i
A x E 77 cm F
AE=x, FB={17-x)cm,
From A4ED, and ACFB
CF* = DE*
= (267~ (17-xP =257 - ()

Olympiad
Foundation
= (26)> - (25)% = (17 = x)° — (x)*
=(26-25) (26 +25)=(17-x+1x)

(17 =x—x)
= S1=17(17-2x)
= 17-2x=3
= =14 = x=Tcm.

= CF=DE= \J(25) =(7) =24cm.

Soarea = -_% x (60 + 77) % 24 cm®

=137 % 12 cm® = 1644 cm>
16, (b) Area of AACD = area of A{CE

1
i {Arca of llgm ABCD)

= area of AACD = \u"-i'{-?“‘ﬂ]{-’_b}{x'“}

42
{s': %—-'_22{}-;: 48 cm}

= |J48x(48—34)x(48—20)x (48 -42)
= J48x14%28% 6

=dxonTn2
=4 x84 =336 cm”
s area of |lgm = 2 = ar(AACD)
=2 %336 em?
=672 cm®

I7. (b) Side of thombus = %rg = 20cm.
~. Length of other diagonal
2
= 2% /{zuj’ -{2—;)

= 2%~/400—144
=2x16=32¢cm.
S Ared = % =32 =24
=16 % 24 cm® = 384 em?®
18. (b) In AAOB,
AB = OB + O4°
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= |J(16) +(12)’

=20 cm,
L af{AAOB) = — % 12 % 16 = 96 em®
For A4BC,

52+48+20
2

- ar(ABC) = [s(s—a)(s—b)(s—c)
= 60 (60~ 52)(60 —48)(60 - 20)
= Je0x8x12x40

=480 cm®

. Area of shaded region
=480 - 96
=384 cm®

19. (¢) BD= VAD? + 4B?

= J(9)" +(40)" =41 em

Se 60 cm

2 For ADBC,

_ 28+15+41 _

5 42 em

~arf{ADBC) = \[s(s—a)(s—b){s—¢)

= J42x(42-28)x(42—41)x(42-15)

= 42 1dx%1x 2T

=14=3x3
= 126 cm”

AT(AABDN = %HEX‘H}

= 180 em?
2. Total area = (126 + 180) em’
=306 cm”

20. (d) Length of equilateral triangle = % em

Length of side of square = — cm.

x
4

s Eaferuniionn
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Length of side of square
_ length of diagonal
R V2

=12 cm.

- area of A= ifi[ﬁ]z = ﬁx[ﬁ j

3 4 3

- %xlﬁxm: 6443 em?

21. (e} Let the length of the third side be x.
H+b+x I7+x

, and,
2 2

Jiye

Area

= I'.F_+£ ]'F+,t_” I'?+.a:_'5l T+x
2 | 2 2 S
2043 = 1742 x-5Y x+5 ¥ 17-x
2 2 2 2

=  800= % (x* - 25) (289 — x%)

= 800 x 16 = (x* - 25) (289 —x%)
== x=15m. )
. costof fencing = (11 +6 + 15) = 10
=T 320
22. {c) Let the length of third side be x,
_ M4x
2

X

5 27+

Arga

x x X
ey | ) S Rl Rl
27 2][ i 2 26)[2? > 23)

(73]
(>3

=336 cm?
=sx =30 cm.
. Third side = 30 ¢m,
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23. (e) In AMED, g 50450420
EE =60 cm.
DE = Jap*— AE® = (157 ~(6)’
= 189 om s
3 em = J60x(60—50)x(60—50)x(60-20)
1% cm ¢ = /60101040
; = 20076 cm®
F N m Area of umbrella= 5 x ar (A4BC)
i
5 = 2
E 13 om F Bom g lﬂﬂﬂﬁ s
1
area = —  (sum of | sides) x DE 28, (a) Here § = ——12+122+ﬁ=15m
= L (13425 % WA SR ey
2 T = J15%({15-12)%(15-12)x(15-6)
=19x% 321 = 57421 em?
= 415 3x3IxT
24. (c) Lengths of sides of triangle = 915 om?
_4f 144 144 ), (_144 )
3+4+5 [13+4+5 ) | 3+445 29, (b) BE=4AF
=36, 48, 60 WH'ACE:(H{E;} 2
~ Area i
1
= J12x(72-36)%(72 - 48)x (72— 60) fgud | s
1
= /72x36x24x12 '
= l2wld xR nd |_:
= 144 % 6 cm® D3FE Bm pB-rp
.. Height corresponding to the longest side - In AAFD and ABEC
2x144 %6 BE = AF®
== =288 mm = (14)* - (15— = (13 - (0)*
| = (14)" - (13 = (15— - ("
25. (a) The two parts of ||gm are congruent. = (14-13) (14 + 13) = (I5-x
. they have equal area. +xH{15-x-x)
26, {d) Area of lgm=4L =« DC = CM = 4D —. 27=(15) (15 - 2x)
= 8xDC=10x6 —27
= = x—15=—
= DC= = =7.5 om=dB. s
—2
= 2= —?HE
27. (b) In A4BC, 15
AB=AC=50¢cm, =
- ayo 1522199 _66
§ & 8
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5 Area = lx{lﬂ-i- ZS}KEE
2 5

=35><% =x=xT=

196 m2
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30. (e) If the sides of A are @, b and c.
o, Mew sides are 2a, 25, 2¢.

e 2[a+b+c)
& = 2

=25,

= MNew area= ‘\IJSI (S, _'a:}{sl "br}{'gl =5 }

= \25{2s—2a)(25-2b)(2s—2c)
= 4J5{s-a]{s—b}{x—c} =4A
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12. Surface Areas and Volumes

Learing Objective:

In this chapter,we shall learn about:
“Volumes

*Surface Area

*Cuboid and Cube

“Right Circular Cylinder

*Sphere

Cuboid and Cube
A cuboid is a solid bounded by six rectangular faces,

Faces
The adjoining figure is made of six rectangular faces, namely, 4BCD, EFGH, AEHD, CGFB, AEFB
and CDHG.

D a

H

Edges
Any two adjacent faces of a cuboid meet in a line segiment, which is called an edge of the cuboid. In the
above figure, the cuboid has 12 edges, namely, 4B, AD, AE, HD, HE, HG, GE, GC, FE, FB, EF and CD.

Vertex

For any two edges that meet at an end point, there is a third edge, that also meets them at end poinis.
The point of intersection of three edges of a cuboid is called a vertex of the cuboid. A cuboid has 8
vertices.
Base and Lateral Faces

Any face of the cuboid can be considered as base of the cuboid. The four faces meeting the base will
be considered as the lateral faces of the cuboid.
Surface area of a cuboid .

Surface area of cuboid having length, breadth and height as, /, b, and 4 respectively = 2 (Ib + bk + 1)
Lateral surface area of a cuboid

Lateral surface area of a cuboid = perimeter of base « height =2 ({+ b) x &
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Formulae for Cuboid and Cube
(1) Total surface area of cuboid = 2 (Ib + bk + i),
(ii} Lateral surface area of cuboid = 2 (I + bh)
(iif) Diagonal of cuboid = +/I* +5° + K’
(iv) Perimeter of cuboid =4 (1 + b+ k)
() Volume of cuboid = /bh
For a cube, / = b=k = a, and rest of the properties of cube and cuboid are same. Therefore,

(v) Total surface area of cube = 6a*
(vi) Lateral surface area of cube = 4a’

{vii) Diagonal of cube = Vot +a* +a* - \3a

{viii} Perimeter of cube=4 (a+a+a)=
(ix) Volume of cube =&’
Example 1; The dimensions of a cuboid are in the ratio of 1 : 2 : 3 and its total surface area is 88 m”.
Find the lateral surface area and volume of the cuboid.

Solution:  Let the dimensions of cuboid be x, 2x, 3x.
Total surface area = 2 ({b -+ bk + Ih)

=2 (2% + 6 + 368 = 2247
= 22¢* =88 {According to question)
= =4
=h 5=2

. Dimensions of cuboid are 2 m, 4 m and 6 m.
. Lateral surface area=2 (2 + 4) x 6=2x6x6=T2 m"
Volume = [bh=2 % 4 x 6 =48 m’

Example 2: Find the number of cubes of side 3em that can be cut from a cuboid of dimensions
rem = 9 cm o 6 cm.

Selution:  Volume of cuboid = 10 x 9 x 6 cm®
=2x5x3xIx3IxZem’

Volume of cube = 3 x 3 % 3 en
Let the number of cubes be n,

Volume of cuboid = Total volume of cubes,
= Ix5x3x3x3Ix2=nxIx3Ixi

= n=20
Example 3: If the sum of all the edges of a cube i3 36¢m, then the volume of cube and the length of
diagonal of cube will be equal to .
Solution: 121=36
= {=3cm

. Volume of enbe = (3}3 =27 e’
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Example 4:

Solution:

Example 5:

Solution:
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Length of diagonal of cube = +/3 %3 =33 cm.

If the sum of length, breadth and depth of a cubeid is 9cm and length of its diagonal is
/29 em, then, its surface area will be ...
Given
{+b+h=%cm il B)

and, Pab®+ it =29 cm® (i)
Squaring equation (i) and using equation, (ii) we have,

b+ B =9 =P+ b+ B2+ 2 (Ib + bh + 10
=% Bl =204 2 (Ib+ Bh+ 1)
=> Surface area of cuboid = 2 (1b + bk + Ih) = 81 — 29 = 52 om?

The cost of preparing the point for four walls of a room at ¥ 2 per square metre is ¥ 252,
The height of the room is 4.5m. Find the length and breadth of the room if they are in the
ratio 4 : 3.

Let the length and breadth of room be 4x, 3x m.

Area ol 4 walls =2 {1+ ) % &

=2{4x+3x}xh=-%

252

= Fagwas — 1

— r=72
“ Length of the oom =4 % 2 = 8m
Breadth of the room =3 » 2= fm

Right Circular Cylinder

A solid bounded by a curved lateral surface and two parallel plane circular ends, is called a right
circular cylinder. It is basically generated by the revolution of a rectangle about one of its sides, or, by
arranging number of circles one over another, such that each circle overlaps the other.

Axis

The line segment joining the centres of two bases is called the axis of the cylinder. 4
Here, OO iz the axis of the cylinder,

Height

The Jength of the axis of the cylinder is called the height of the cylinder.

7

A

B o

Lateral Surface :
‘The curved surface joining the two bases of a right circular cylinder is called its lateral surface.
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Surface area of a right circular cylinder
(i} Surface area (lateral} of a right circular cylinder = 2mrd sq. units

I
i
(i) Total surface area of a right circular e
E
]
i

Example 6:

Selution:

Example 7:

Selution:

Exampfe 8:

Solution:
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TN
T

cylinder = (2nrk + Em-zjr 8q. onits,
= 2nr (r + ) 5q. units,

e

[

s P

The curved (lateral) surface area of a right circular cylinder of height 14 cm is 58 e,

Find the diameter of the base of eylinder. Also find the total surface area of the cylinder.
Zmrh = BR

=» EX%?—M'XH:BE

- 2 = BT S
22x14

= d=2cm.

and r=1cm

.. Total surface area = 2mr (v + A) 59. cm

¥
=2x%xlx{1+1¢]

4415 660 4
= =——Cm
7 T

A rectangular sheet of paper 44cm x 18cm is rolled along its length and 2 cylinder is

generated. Find the radius of the resulting cylinder.

v Rectangle is rolled along its length. i

.. Length of rectangle will become the circumference of the

base of the resulting cylinder. b8 cm
2oy =44
= 2 x-%z-—x r=44
7
= r="Tem

Find the area covered by a roller in 5 revolutions of it covers a distance 4.4m on the
ground and it is 2m long. Also find the volume of the roller.

Distance covered in one revolution = 2ar = 4.4m
Area covered in one revolofion =2mh =44 « 2=88 m?

- Area covered in 5 revolutions = 8.8m” x 5 = 44 m’
Volume of cylinder {ratler) = - h

s %xﬂ.‘?xﬂ.?xz = 3.08m°
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Hollow Cylinder
Let r and R be inner and outer radii of the bases of the hollow ¢ ylinder, and
h be the height of the cylinder.

(i) Area of base =« (R* — ) 5q. units.
(i1} Curved (lateral) surface area
= External surface area + internal surface area
= 2nlhk + 2nrk
= 2mh (R + r) 5q. units.
(iif) Total surface area = 2nRh + 2k + 21 (R - /%)
=21 (R*— % 4 rh+ Rh)
=2n{(r+RY(R-r)+h({r+ R)}
=2n(-7+ R+ k) (R + r) sq. units,

(iv) Volume = R - nrih
= 1wh (R* - r*) cubic units.
Example 9: A well with |0m inside diameter is dug 14m deep. Earth {soil) taken out of it is spread

all around to a width of 5m to form an embankment. Find the height of the embankment,
Also find total surface area of the embankment.

Sefution:  Volume of the earth dug out = w2 m°

= 2?—2&5 x5x14 m’

Area of the embankment = 7 (R - rz}
=n {(5+ 5 —5%

=n(15)(5)
= 75 m*
volume 1100
.. Height of the embankment = =-—— =4 Hbm
IR Area T5n
Now,

Total surface area of the embankment = 2% R+ (R—r+8)
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= zx%—x{s +10)(10-5+4.66)

= EK%EXISXE!.EG

= 909972 m*

Example 70: Water flows out through a circular pipe of internal radius Tem, at the rate of 6 m/s into a
cylindrical tank, the radius of whose base is 60cm. Find the rise in the level of water in 1

hioar.

Solution:  Volume flow rate of water = 1 {(speed)

= %xixlxﬁﬁl} cm /s

i : 2
= Wolume (inlet) in 1 hour = 2? %1313 600 % 3600 cm®

22 600%3600 cm®

. Rise of height = ?22 =6l cm=6m
= % 60 % 60 cm?

Right Circular Cone

A right circalar cone is a selid generated by revolving a line segment which passes through a fixed
point and which makes a constant angle with a fixed line.

Vertex
The fixed point, here A, is called the vertex of the cone,
Axis
The fixed line A is the axis of the cone.
Base £
The right circular cone has a plane end, which is circular in shape.
Height
The length of axis is called the height of the cone.

Slant height
The length of line segment joining the vertex, to any point on the circular base of the cone, is called
the slant height of the cone. It is denoted by /.

1= b+

Formulae Related to Right Circular Cone

(i) Surface area of a right circular cone = s + e
=ar (I + ) 5q. units.

A

(1) Curved surface avea of right circular cone = ! sq. units

wherw, olympiads. org 140



£ SR '.,_?‘.j’.:"h".:':lwr.'ﬁ.fmnf'
'_fUlympiad

Foundation

{iii} Volume of cone = %m-lfr [ TRTI RS

Example 11: The radius and height of a cone are in the ratio 3 : 4. Ifits volume is 301.44 cm3, what is
the radius and total surface area of the cona?
Solution:  Let the radivs and height of the cone be 3x and 4x cm respectively.
Volume = 301 .44 e’

l 1 22

= ~mrlh = —x =% 3ex3xxdy =301.44
3 3 7
=5 s _ 301.44x7 -8
Ind4x22
= x=2
Radius = #=3xr=~6 cm, height =4x =8 cm
< Total surface area = rr (I + )

. m-(u'rz + i +r)
= %xﬁx[dﬁ%&’ +6]

= —?—xﬁx{l%ﬁ}

= %%x 6x16 cm>

=301 4dem®

Example 12: A cone of radius Sem is filled with water, If water is poured in a eylinder of radius 10cm,
the height of the water rises 2em, find the height of the cone.

Selution:  Volume of cylinder = Volume of cone

= ARH = %n‘r"h
— SRIH =2
= I (0P x2= (52 %k
_ 3x100x2
25
= h=6Bx4d
=24 cm,

www alympiads.org 141



< ug Mnleturlioal '
'1 lympiad
Foundation
Sphere
The set of all peints in space which are equidistant from a fixed point, is
called a sphere.
Diameter

A line segment through the centre of a sphere, and with end-points on the
sphere is called a diameter of the sphere,

Hemisphere

A plane through the centre of a sphere divides the sphere into two equal parts, which is called a
hemisphere.
Spherical shell

The difference of two solid concentric spheres is called a spherical shell.

Formulae Related to Surface Areas and Volumes of Hemisphere, Sphere
and Spherical Shell
(i} Surface area of sphere of radius '»’ is given by:
8= 4r7* sq. units = curved surface area of sphere.
(ii} Curved surface area of a hemisphere of radius *+ is:
S=2m sq. units.
(it} Total surface area of a hemisphere of Tadius ‘7" is:
§=2m + wr = 3nr” sq. units.
{iv) If R and »are owter and inner radii of a spherical shell, then,
Outer surface area = 4xR” 5q. units,

Volume = %H(R’ —r} cubic units.
{v) Volume of a sphere of radius R is
V= imif cubic units.
{vi} Volume of a henﬂsph:arc of radius R is:
y= %ﬂ* cubic units.

Example 13: A toy is in the form of a cone surmounted on a hemisphere. The diameter of the base of
cone 15 6 cm and its height is 4 em. Find the total surface area and the volume of the toy.

Solution:  Tolal surface area of the toy
= Surface area (lateral) of the cone + Curved surface area of the hemisphere.

w4 21 =g (1 + 2r)

%xg{m+ﬁ) em®

%xjxll cmﬂ

= liﬁcmi =103.7lem”
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four walls including doors is 108 m”, what is

its volume?

() 216 m’ (b) 264 m’®

(©)232m’ (d) 218 m’

. A small indoor greenhouse is made entirely
of glass panes including basc held together

with tape. How much of tape is needed for all

the 12 edges?

(a) 440 cm (b} 320 cm

{c} 324 cm {d} 360 cm

. The paint in a certain container is sufficient to

paint an ares of 8375 m*, How many bricks

of dimension 22,5 em = 10 em » 7.5.cm can

be painted oul of this container?

{a} 80 (b) 100 (¢) 120 (d) 150

. How many 3 metre cubes can be cut ffom a

cuboid measuring 1B mx 12mx 9m?

(s} 72 (b) 70 {c) 76 (d) 92

. A sohid cube is cut into two cuboids of equal

volumes. Find the ratio of total surface area

of given cube and that of one cuboid.

(gy3:2 (b2:3 (c)3:1 (d1:3

. A rectangular reservoir is 120m long and

75m wide, At what speed per hour must

water flow into it through a square pipe of

20 cm wide so that the water rises by 24 m

in 13 howrs?

www.alympiads. org

10.

i1,

Olympiad
Foundation
1 2 2 G} 1 s
Volume of the toy = Em- h+§m' EE" (h+2r)
= %xz—_f-xfix:i{zi—wx}} em”
= lx-z—%xﬁix}ﬂ cm3
3 7
_ 220x9
21
= 10.47 x Yem®
= 0428 em”
Multiple Choice Questions
. The length of a cold storage is double its {a) 40 km/hour (b} 30 km‘hour
breadth. Its height is 3 meters. If the area of (c) 45 ka/hour (d) 60 km/hour

The diameter of roller 1.5 m long is 84 cm. if
it takes 100 revolutions to level a playground,
what is the cost of leveling the playground at
the rate of 30 paise per square meter?

(2) T 198 (b} T 168

(¢) ¥ 192 (d) ¥ 208

. The thickness of a hollow wooden cylinder

is 2em. It is 35cm long and its inner radius
is 12cm. What is the volume of the wood
required to make the cylinder if it is open at
either end?

(a) 5120 cm’ (b} 5720 cm”

(c) 5820 cm’ (d) 5620 cm’

The volume of a cylinder is 448 = em® and
height 7 cm. What is the lateral surface area
of the cylinder?

(a) 352 em? (b) 356 cm”

(c) 342 cm® (d) 362 em”

A solid cylinder has total surface area of 462
m?. Its curved surface area is one - third of
total surface arca. What is the volume of the
cylinder?

(a) 569 cm® (b) 539 em®

(c) 529 cm’ (d) 549 cm®

At a mela, a stall keeper in one of the food
stalis has large cylindrical vessel of base
radius 15¢m filled up to a height of 32 cm
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17.

with fruit juice. The juice is flled in small
cylindrical glasses of radius 3cm upto height
of 8cm. how many glasses will be filled by
selling the juice completely?

(a) 100 (b) 125

(c) 150 (d) 200

. The height of a right circular cylinder is

10.5 m Three times the sum of the areas of
its two circular faces is twice the area of the

curved surface. What is the volume of the
cylinder? _

{2) 1617 m° (b) 1651 m*

(c) 1631 m’ (d) 1637 m°

How many metres of cloth of 5 m width will
be required to make a conical tent. The radius
of whose base is 7 m and heights is 24 m 7.
(a)120m (b) 110m (c)}125m (d) 130 m
The diameter of a sphere is Gem. it is melted
and drawn into a wire of diameter 1.2 cm.

What is the length of the wire?
{a) 18 m (b} 26 m
{c) 36 m (d) 30 m

. The diameter of the moon i3 approximately

i
Eth of the diameter of the earth. What

fraction of the volume of earth is the volume

of moon?
1 =
(a) 16 {b) 3
1
(c) @ {d} None of these

How many planks each of which is 2m long,
2.5cm broad and dem thick can be cut off
from a wooden block 6m long, 15cm, broad
and 40cm thick?

(2) 100 (b) 180 {c} 140  (d)200
Water flows in a tank 150 m x 100 m at the
base through a pipe whose cross-section is
2dm by 1.5 dm at the speed of 15 km per

hour. In what time will the water be 3 meters
deep?

(=) 100 hours (b} 120 hours

() 80 hours {d) 150 hours

18.

19.

20.

21

22,

23,

24,

25:

26,

27.
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What is the length of diagonal of a cube sach
of whose cdpe measures 20cm?

(a) 32.64 cm (b3 I7.32 cm

() 2828 cm {d) Mone of these

In a shower, S5cm of rain falls, What is the
volume of water that falls on 2 hectares of

ground?
(a) 2000 m° (b) 1200 m®
(c) 1000 m’ (d) Nene of these

Total surface area of a cube is 486cm”, What
ig its lateral surface area?

(a) 324em” (b) 364 em”

(c) 332cm? (d) 348 cm”

The curved surface area and the volume of
a pillar are 264m” and 396m°. What is the
height of the pillar?

(@12m (b)14m ()6m (d)Em
Find the number of coing 1.5¢m in diameter
and 0.2 cm thick to be melted to form a right
circular cylinder of height 5cm and diameter
4.5 cm.

(@225 (B)175 ()215 (d)275
The volume of a cone is 1232 cm® and
diameter of its base is 1d4em, What is its slant
height?

{a) 2d cm (b) 25 em (¢} 26 cm (d) 27 cm
What is the length of longest rod that can
placed in a room of dimension 10m » 10 m
Sm? _

{a) 16 m B 15m

{c) 12 m (d) 105 m

The radins of a wire 15 decreased to one third.
If volume remains the same, the length will
become how many times?

{a) 2 times (b) 3 times

{c) 6 times (d} 9 times

How many spherical bullets can be made out
of a solid cube of lead whose edge measures
44 cm, each bullet being 4cm in dismeter?
(a) 1541 (b) 2541 () 2041 (d) 2341
The volume of a cube is 512 em”, What is its
surface area?

(a) 256 em® (b) 384 cm?

(c) 512 em’ (d) 264 cm?®
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; 5 32. How many lead shots each 0.3 cm in diameter
. If the le 1 of 3
e © length of diagonal of a cube is 33 can be made from a cubpid of dimension
cm. What is its surface area? 18¢m = 22¢m x Gom?
3
(2) 192 em? (b) 512 cmi’ (a) 84000 (b) 168000
(d) 384 cm (d) 768 cm (c) 160000 (d) None of these
29. A SUIi'i_l metallic cylinder of base radius 3em | 33 The diameter of a roller 1m long is 84 cm. If
and height Sem is melted to make a solid cone it takes 200 complete revolutions to level a
of height lem and base radius lmm. What is ground,what is the area of the ground?
the number Ufﬂ'ﬂﬂﬂﬁ? {a} 1320 m2 {b} G628 mI
{a) 1350 (b) 4500 (c) 13500 (d)450 (¢) 528 m? (d) 264 m*
30. A metallic sphere of radius 10.5cm is melted | 34 What is the length of longest rod that can fit
and then recast into small cones each of in 2 cubical vessel of side 20cm?
radius 3.5cem and length 3em. what is the
number of such cones? (=) 1043 ®) 20,2
(@126 (B)63  (c)130  (d) 123 (c) 2043 (d) None of these
31. A cone and a hemisphere have equal bases | 35. The curved surfice area of a cylindrical pillar
and equal volumes. What is the ratio of their is 264 m® and its volume is 924 m>. What is
heights? the height of the pillar?
(@l1:2 b)y2:1 {a)ém (B)8m (c)d4m (d)9m
(c) 2 : 1 (d4:1
Answer Key
La | 20) | 3.06) | 4 | 5@ |60 | 7. | 8. | 9() [10(0)
IL(a) [12.(2) |13.(a) |14.(c) [15.(c) [16.(6) |17.() |18.(d) |19.(a) |20.(a)
21.(6) |22.(2) [23.(b) |24.(b) |25.(d) [26.() |27.(b) |28.¢c) |29.(c) |30.(a)
3.(b) |32.(6) [33.(c) |34.(c) |35.(a) :
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Hints and Solutions

l. {a}Let!=25=3m
Area of four walls = 108
2({+b) =108
= 2(Zh+5H)3=108
108

b= — =18
i
= b=ﬁ=ﬁ
3

L I=2E=2%6=12
.~ Yolume of cold storage
=Ibh=12x6x3=216m’
2. (b) Lengthofthetape =4 (I + b+ R)
=4 {30+ 25 +25)

=4 x 80=320 cm.
9.375x 100100
3 o, icks & —————
{b) No. of bricks 23 5% 10%7 5 100

4. (a) Numberof cubes = volume of the cuboid

volume of each cube

B 18x12x9 B
T o3x3x3

3

5. (a) Volume of cuboid = "? = Ibh

. Burface area of each cuboid
=2 {lb+ bh+ 1R

i a
=|—xa+axat+—xa |2
2 2

=22 =44
Total surface area of cube = 6a®
. Required ratio = 6a” : 4a° =3 : 2
6. {b) Volume of the water accumulated the
reservoir 18 hours = (120 = 75 x 2.4) m’
Let speed of water = v km/hous,
20 1 -

The Width Df—[‘.ubl}iﬁ Col, B p——
o0 5

; 20 1
Height=h = 100 =E m
Length of water cuboid formed in 18 hours
=18 vkm=18x 1000 v m
= 18H0 vm
Volume of the water accumulated in reservoir
in 18 hours

_ mtmux%xé =720 v’

= T20v=120x 75 x 2.4

1202 75% 24
v= W =30 km'hour

. (a) Curved surface area of the roller = 2ark

- ExE-%xEExE&}
Frk
=44 x |50 % &
Area covered by roller in 100 revolutions
_ 44x150x6x100 m?

100100
Cost of leveling the playground
= %x% =1l achixd
=% |98 .
. (b) Let r be the inner radius of the cylinder.
r=12cm
Outer radius =K = 124+ 2 = 14om
h=35cm

Volume of wood =nt {RI - rzj h

2 .
=g 122y 35

22
:Tx2x26x35

—44 % 130 = 5720 cm®

. {a) Volume of the cylinder = 448x

=5 ek = 4487
= 2 h= 448
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12.

= :I= = =64

= r=8cm
Lateral surface area = 2750k

= IKEXEX?
7

=22 % 16 =352 cm®
(b} Curved surface area

= ;- « total surface area

=§x462=]54

= 2orh =154 wl)
Total surface area = 462
2nrh + 2m” = 462
154 + 2mr” =462
2mr* =308
J0ExT _ 49
2x22
Futting this value in (i), we get
2ok =154
_ 154x7
 2%22%7

LU U

=

4

=)
2

2. Volume of eylinder = nrh = %E % 7% % 7

2
=11 x 49 =539 ¢’

(a) Let the number of glasses be n.
- Total volume in the vessel
=voelume of juice in glasses

=% TR = i x itk
= R*H = nr*h
= (157 x32=nx(32x8§
= n=5x5x4=100
(a) i=10.5m,
Let the area of each circular face be 4 m*
S According to question,
3 (A +4) =2 x 2k
=5 3% 2m =4 wh

www.clympiads.org
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6]’92 =4 wrh
Jr=2h

byl

r=

ff=§xlﬂ,5m=?m

| ma

2. Volume of the cylinder = mh
= %-2- xTx7%105m’

=154 % 10.5m" = 1617 m®
(B) I=+/r+1 =7 +24 =494 576
=~+625=25m

Curved surface = el = % %7 %x25=550m"

Length of canvas used
Area 550

=——="— =110

Width 5

() Radius of sphere = 3 cm.

Volume of sphere = gm"

=252 s
37

_ B8x9
7

Radius of cylindrical wire = % ={.lem

Volume of wire = nr2h

= %x{ﬂ.l]ixh

_ BBnOx10x=10
3 22

= I = 3600cm

=5 h="—— =3am

(¢) Let the diameter of the earth be x m.

- Diameter of moon = % m

147
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volume of moon _ 13.-;; N [_I_)3 _ 1
volume of earth :MS 4 f4

volume of wooden block
volume of each plank

| 600X15x40
200x2.5x4

16, (B)No.ofplanks=

186

17. (a) Volume of water in the tank
= 150 x 100 x 3 = 45000 m°
Area of cross — section of the pipe
=2dm x 1.5dm
2. 15 3 .,
= E * "i-{; - ﬁ m
Let the time taken be ¢ hours,
Volume of water that flows in tank in ¢ hours,

3
= —%15 km/hixt m’
100 =

= --3—3-:15>< 1000 m’
100
=450 rm’
=% 4501 = 45000
= w = 100 hours
450
18, (d) Length of diagonal of a cubs
= ﬁ ( Edge)
& "E = 20cm
= 1.732 = 20cm
= 34.64 cin

19. () Volume of water

5 3
= 2x10000x — = 1000 m
" an

20 (a) Total surface area of a cube = 486

= ba® = 486
- a =81
= a=%m

. ..ﬁ:afg':'.r:r:fir::;;ef
10[ymp1 ad

T Foundation

Lateral surface area of cube = 44°

=4 = Rl
=324 cm®
21. (b} Curved surface area of pillar = 264
= 2k =264
Volume of pillar = 396
= nroh =396
w'h _396
Inrh 264
_ 2Ix396 3
r= %a m
2nrh = 264
264
Wow = —
2mr
_264x7 -
T R
1.5

22. (a) Radius of coin= 5 =075 cm

Thickness of coin= 0.2 cm
Volume of each coin = mh

=075 x0 75202

Height of new cylinder = 5 cm
Volume of new cylinder = x {2.25)2 ® 3
volume of new cylinder
volume of each coin

Mo. of coins =

_ mK225%225K5
wx0.75%0,75x0.2

_ 225x225%5%10
T 75%75%2
=3x3x5x%x5
=275

23, (b} Volume of the cone = 1232

— %J‘b’zﬁ =1232
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3 7 2
123237
== e —
22 Tx7T
=2 cm

Slant height = |

e '\I'I.k: & ?_:| =576+ 49 ='\|"525

[=15m

24. (b) Length of longest rod = length of diagonal
B
= J(10) +(10) +(s)’
= +/225=15m

25, (d) Let radius be r and height be 4.

New radius be g and height H.

i = n{-;l j "

i
=% P‘Qﬁz r-d
9
—- H=9k
Length will become 9 times.
26. {b) Volume of each bullet = —:~
= inxz’
3
_ dx8xm
3
Volume of cobe = 44 » 44 x 44
dedw A4d s 44
No. of bullets = T
3
. 4 xddxddxTu3 it
i ax8x22 N

27. (b} Volume of the cube = 512

B~ Snlermiticmal -~
Olympiad
Foundation
= a=512=8
= a=8
- Total surface area = 6a° = 6 x §°
=6 x 64 = 384cm”

28. () Length of diagonal of a cube = 83
. Ba=3s5
= a=8cm

Surface area = 6 = 6 x 8
=6 x 04 =384 cm;

volume of cylinder
volume of one cone

7k

s
—7r'h
3

MEInIx3

29, (c) Mumber of cones =

-I--xﬁ:u:ix—l—xf
3 10 10

=3 x3IxIxSx10x10
=135% 100

= 1350}

volome of sphere
volumne of one cone

30. {a} MNo. of cones

4 s P A L
B | (e, O, ¥ e

=3 34 1 3
7

1 7
- M X — -3
3 22
4x2]x21x21x2£
IH2x 2T T3
=3x21 x2=126
31. (b) Cone and hemisphere have equal base
means equal radii, of § cm,
Height of the cone be H cm.
Height of hemisphere = 8 em.
Volume of cone = volume of hemisphere

= —l-nR’H=EnR’
3 3
Fi
% R H=2
s
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32, (b) No. of lead shots
lExZZxﬁx?xﬁ_

4
ixﬂxﬂ..’lxﬂjxﬁj

 IBx42x8x3x1000
4x27

= 168000

33. (o) Radivs of roller = ?:JE =42cm

B = 100cm
Area covered by the roller in 200
Revolutions = 200 = 2arh
 200%2%22x42x100
T 100x100x7

=4x22x6
=88 % 6="528m’

a Shnderaaftonaf

710lympiad
Foundation
34. (c) Length of longest rod
= length of the diagonal
=3a=3 x20
=20+/3 cm.

35. (a) Here 2nrh = 264 m*
and nrth = 924 m3
wh 924
2neh 264
» i 2x924 i
264
S Patting r=7
2arh = 264
_264x7
S 2x22xT

them
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13. Statistics
Learning Objective:
In this chapter, we will learn about:
“Data

“Frequency Distribution

*Exclusive Method

*Cumulative Frequency Distribution
*Graphical Representation of Data
*Measures of Central Tendency
*Important Formulae

The word *statistics” is derived from the Latin word status which means political state. Political state had
to collect information about its citizens to facilitate Governance and plan for their development,

Data

The word data means information in the form of numerical figures or a set of given facts.

Primary data
When an investigator collects data himself with a definite plan in his (her) mind, it is called primary
data.

Secondary data
Data which are not originally collected rather obtained from published or unpublished sources are
known as secondary data,

Array
The raw data when put in ascending or descending order of magnitude is called an array or arrayed
data.

Frequency Distribution

It is a method to represent raw data in the form from which one can easily understand the information

contained in the raw data.

Frequency distributions are of two types:

Dnscrete frequeney distribution, and Continuous or grouped frequency distribution.

(a) The process of preparing this type of distribution is very simple. The construction of a discrete
frequency distribution is done by the use of the method of tally marks.

{b) The method of condensing the raw data is convenient only where the values in the raw data are
largely repeating and the difference between the greatest and the smallest observations is not very
large.

Example 7: The number of childran in 20 familics are,
ls- 1!2‘5 3! 4! 3:’ 2:' ]:l 1,4, 51 21‘ 41 21 2:- ]:37 l4r 2.! 3‘
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Represent this raw data in discrete frequency distribution.

JH|

Sl

1]

il
|

Example 2: The marks obtained by 30 students in a class is :

25,39,5,33,19,21, 12,48, 13,21, 9, 1,8, 10, 17, 19, 12, 17,40, 41, 12, 46, 37, 17, 30,
27,12, 6,23, 19. Represent this raw data in continuous frequency distribution.

Selution:

W e b R

Solution:

Jil

HHT 11 11
1K1 <
Hi A
i 4

Exclusive Method of Dividing Class Intervals

When the class intervals are fixed so that the upper limit of one class is the lower limit of the next class
it is known as the exclusive method of dividing class intervals.

Inclusive method: In this method the classes are so formed that the upper limit of a class is meluded
in that class. The following example represent this method.

51—60
61-T0
71-80
&1 -90 23

91100 24

In class 31 — 60 we inclode the students having marks betwean 51 and 60. If the marks obtained by a
student is exactly 61, he (she) is included in the next class.
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Example 3: Convert this inclusive form intg exclusive form of classification,

1000 — 109

100 - 1199 150

1200 - 1299 200

1300 — 1299 250

1400 - 1499 175

1500 — 1599 L0
Solution: h= i]{}{};l(}ﬂ‘; =-;—

“ In exclusive method, the representation, would be,

1099.5 -1199.5
1199.5-1290.5
1299.5 - 1399.5
1399.5 - j499.5 175
1499.5- 1599 5 106

Cumulative Frequency Distribution

Less than 600
Less than 700

The above cumulative frequency distribution is known as less than cumulative frequency distribution.
For greater than cumulative frequency distribution ‘Greater than’ is ysed instead of ‘Less than and in
that case, the cumulative frequency colurmm will be changed,

Example 4: ‘The age of 20 students (in years) are as follows -
14,15, 16,17, 14, 18, 16, 15, 16, 17, 14. 18, 16. 17, 18,17, 16, 15, 18, 16.
Prepare frequency and cumulative frequency tables.
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Less than 16
Less than 17
Less than 18
Less than 19

Cireater than 14 17
Grester than 15 14
Greater than 16 8
Cireater than 17 4
Ex. & (Given below the marks obtained by 10 simdents during a class test

20,22,20,21,20,22, 27,24, 23, 21,

Find range and number of class intervals if the magnitude of class interval is 2,

Solution:  Range = upper limit — lower limit
all-20=7

THILEE

Class intervals number =

magnitude of class interval

Example 8: Given below the marks obtained by 6 students in a weekly test. Find the upper and fower

limits of the first class,
30, 55, 60, 65, 70, 75.

Sefution:  h=difference between two consecutive marks.

=65-60=35

- Upper limit=a + % =50+ % =52.5

Lower limit = a— g =50 = % =47.5

www.alympiads.org
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Example 7: The mid value of a class interval is 42, If the class size is 20, find the upper limit of the
clazss.

Selution:  Upper limit=a + -2— =42 + ? =42 4 10=52

Graphical Representation of Statistical Data

Bar Graph
A bar graph is a pictorial representation of the numerical data by a number of bars (rectangles) of

uniform width erected horizontally or vertically with equal spacing between them.
Bar graphs may be either horizontal or vertical.
Example 8: The following bar graph represents the heights of 50 students of class I of a particufar
school find :
(a) What percentage of the total number of students have their hei ghts more than 149 cm?
(b} In the range of maximum height, there are how many students?
(c) Find the number of students in the range 160 — 164 cm.
Solutien: () Number of students having their height more than 149m = 20 + 5 = 25

.. Required percentage = —:-;-XIDEI = 50%

¥ ,l,

E _______
E 20f~~-===
=)
£ | e ot e tomncs
o B

o =

| 10F-- E;%f

E

E P E
ol [ g

: e

MO 144 143 149 150 154 155 159
Heights {in cm) —
{b) 155 — 159 indicate the range of maximum height.
-~ Mumber of students = 5
(c) In the range 160 — 164 cm, there are no students is zero.

Histogram

A histogram is graphical representation of a frequency distribution in the form of rectangles with class
intervals as bases and height proportional to corresponding frequencies such that there is no gap between
any two successive rectangles.

The class intervals may be equal or unequal.

3034 35-30 40— 44 45 - 49 5054
15 25 20 10 7
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292
2

Solution: h

Frequency

245 295 34% 395 445 49035 45
Class-intervil —

Frequency Polygon

Frequency polygon is another method of representing frequency distributions graphically. The
frequency polygon can be easily obtained by joining the mid — points of the upper horizontal side of
each rectangle in histogram, or by making the class intervals exclusive, and then oblaining class mark

and plotting class mark versus frequency on x — and y — axis respectively.

Ogives

It is another method of representing frequency distributions graphically. Ogive are of two types,
namely, ‘more than” type and ‘less than' type. In *more than' type, cumulative frequency is plotted
against the lower limit of the ¢lass interval and vice — versa.

Measures of Central Tendency

Methods providing medium values, are called measures of location or central tendency,

The commonly used measures of central tendency (or averages) are: (i) Arithmetic mean (i)} Geometric
mean (iif) Harmonic mean (1v) Median (v) Mode
Arithmetic mean

Xy, X0 X5 e . x, are i values of a variable Y] then the arithmetic mean or simply the mean of these
values is denoted by X and is defined as,

— EHx+Eo.FX 1<
¥=2 1 3 v :_[E%J
[

" sl

For a variate X, which takes values x,, x,, &y, ...., x, with corresponding frequencies £, 5. 5 oo S
respectively, then,
i N
Efi-xf E 1i%;
F=1 isl

Buttl ulel
)3

=]

Example 10: 1f a # 0, and the mean of n observations is X, and each number is divided by a, then the
new mean will be how mich?
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Solfution:  We have,

nA =X+ +X 0t

,_‘;-;:.H‘fPf'f:ﬂlrFr;HHl"-'
Olympiad

Foundation

= dividing both sides by a,
£=£+i+-ﬂ+........+x—"
[ * i i o a
b N
Newmesn=— =24 4 24
a n
Example 117: If the mean of 5 observations X% x+2,x+4,x+6is 11. Find the mean of 2 apg 3%
observations.
+{x+2 +4 V]
Solution:  Here « {t+ }+[I 5}+(I+ﬁ] {“—3} =
=% Sx+20=55
= =35
— x=T
(x+2)+(x+4) 2x+6

=x+3=7+3=10

.+ Required mean =
2 2

2 4 & 10 p+35

Solution:  Mean =6

z-ﬂx:'

i=]

——=6
5

ie=]

2x3+4X2+6x3+10x1+2x(p+5)

6

3+2+34142
= 6+8+18+10+10+2p=66
= 2p=14
= =7

Median

Median of a distribution is the value of the variable which divides the distribution into two equal paris,

For i observations,
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Median = value of (HTH] th observation, if » is odd, and,

value of gth observalion + value of (HTH) th observation

Median =
2

Example 13; Find the median of the following data :
12,17, 13, 12, 14, 16, 18, 20, 21, 23, 20

Solution:  Mumber of observations = 11,

; +1 . .
. median = value of [n—] th observation, after arranging the values in ascending order.

Ascending order = 12,12, 13, 14, 16, 17, 18, 20, 20, 21, 23,

, 1141 i
- Median = value of T th term = value of 6™ term = 17.

Mode

1t is the value which oceurs most frequently in a set of observations and around which the other items

of the set cluster densely.
.~ The observation having maximum frequency is selected as model class of the set, and the value of
observation is the mode.

Example 74: Find the mode from the following set of observation :

Marks 20 25 26 29 30 32
Mo. of Stadents 17 19 14 18 12 .16

Solution:  Frequency of students is maximum in the class marks 29, i, 18.
S Mode =29

Important Formulae

> i

=l

(i) Mean=

n

z_fx

=]
(i1) If mean, median are given, then, mode can be caleulated by, using the relation,
Mode = 3 median - 2mean.

Mode+ 2 Mean

(iti) Median= :
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Multiple Choice Questions

1. The range of the following ungrouped data
will be :

30, 32, 45, 54, 74, 78, 108, 112, 66, 76, 86,
41, 14, 15, 35,112,
(@9 ()9 ()97  (d)98

2. The no. of class intervals, if the magnitude of
class interval is 4 will be ;
Data ; 31, 23, 19, 29, 20, 16, 22, 10, 13, 34,
33, 38,36, 24,18, 15,12, 30, 27, 23, 20
{a) 6 (b) 5 ©7 {d) 8

3. The marks of 40 stedents in final exam
obtained by students of class % is given
below :
8.18,12, 6,8, 16,12, 5,23, 2, 16, 23, 2, 10,
20,12,9,7,.6,5,3,5,13, 21, 13, 15, 20, 24,
1,7.21.16, 13, 18,23, 7,3, 18, 17, 15.
The number of sindents in the class interval
5—10are:
(a6 ()8 (€10 (d)12

4. The class marks of a distribution are ;
32,47, 57,67,62, 72 82 87, 97,92 102
the lower and upper limils of first class
interval will be :
(a) 44, 49 (k) 44.5, 495
(c) 45, 50 (d) 46, 51

5. The class marks distribution are;
25,26, 27,31, 36, 41, 46, 51, 57, 59
The lower limit of first class interval will be;

(a) 40 (b a2 fc)23.5  (d)24.5
6. Tallys are usually marked in a bunch of ;
(2) 3 (b) 3 (c) 4 (d) 6

7. Let *I" be the lower limit of a class interval in
& frequency distribution and ‘m’ be the mid-
pomnt of the class. Then the upper limit of the
class is:

(a) m—2/ {b) 2m—1

www. olympiads.ong
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3+ e 2+
(d)
2 2

The mid - value and upper limit of a class
interval are 41 and 47 respectively. The class
size will be :

(a) 6 (b) 12

(c)

@10 (d)18

. The mid value of a class interval is 14 and the

class size 15 2. The lower limit of the class is ¢

fa) 15 (b) 13
() 17 {(d} I8

. The x-and y-axes in the histogram represent :

(2} Class interval and frequency

(b) Class interval and cumulative frequency
{¢) Frequency and class interval

{d) Comulative frequency and class interval
A frequency polygon is constructed by
plotting frequency of the class interval and
the

(&) Upper limit of the class

(k) Lower limit of the class

() Mid value of the class

{d) Any values of the class

. In the "more — than’ type of ogive the

cumulative frequency is plotted against :

{a} The lower limit of the concerned class
interval

(b) The mid value of the concerned class
mterval

{c) The upper limit of the concerned class
interval

{d) Any value of the concerned class interval

Ogives are the graphical representation of
(2) Cumulative frequency

(b) Frequency
() Raw data
(d) Relative frequency
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15,

17,

18.

19,

20,

— b
e o

Mumber of Students

L]

The frequency of students is highest in the
class interval :

{a)0—10 (b) 20 - 30

(c) 30— 40 (d) 40 - 50

Total number of students (prob - 14) are

()66 (B)T6 ()56  (d)54
. The mean of xy, X3, ....... ) X, 18 X , then the
value of:
(3 —x)+ (=, —E)+(.>:, ~x)+(x, -]
.....+{xﬁ -—;):
(&) n (byn—1 (c)zero (d)!
If the mean of x, %5, % -....... X, is X and 5

is added to each number, the new mean will
be :

(8) X +5n (b} X - 5n

(c) X +5 (d) ¥ —5

If each number in (Prob - 17) is multiplied by
k, the new mean will be :

(a) kX b)Y

@ F % @

The mean of 10 numbers iz 16, If two
consecutive numbers are excluded, the new
mean is 18, The sum of the exchided numbers
1%

@15 ®16 ()18 ()21
Ifx;, x5, o....o. x, are 1 values of variable x,
such that,

Y(x-2)=110 and ¥ (x~5)=20 then
ey il

www. alymplads.org

21

22,

23,

24.

23

26.
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value of the mean is :
14 17 20
(a) 3 (b)5 (c) 3 (d} T

The sum of deviations of a set of » values x,
Xgy -ooeno X, measured from 50 'is — 10 and the
sum of deviations of the values from 46 is 70,
The value of n is :

{a) 21 (b) 20

(c) 23 (d) 25

The mean of marks scored by 10 students was
found to be 43. Later on it was discovered
that a score of 30 was misread as 40, The new
mean will be (correct),

{a) 41 (b) 44 (c)43 (d) 42

The mean of the following distribution is:

x 10 30 S0 70 89
ki 7 8 1] 15 10
{a) 54 {b) 50 {c) 55 (dy 57

The value of p, if the mean of the following
distribution 1z 20,

x 15|17 ]| 204p | 23
Fla1aflsa 5p 6
(a) 1 (b)2 ()3 (d) 4

x 10 30 70 a0 ag
il 17 A % 32 19

Total = 120
Mean = 50

Jﬁrﬁ =

{a) 24, 28 {b) 28, 24
{c) 26,28 {d) 26, 24

Which of the following i not a measure of
central tendency?

(a) Frequency (b) Mean

{c) Mode {d) Median

The new median, of the following data, iF 37
is replaced by 5.

7.9, 16, 25, 31, 36, 37, 39, 40, 42, 43

(a) 39 (k) 36

(e} 31 (d) 43
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28. If the median of the following data is 63, {a) 29 (b 41
find x. (e) 44 (d) 42
29,3248, 50, x, x+ 2,72, 78, 84, 95 30. If mean of a grouped data is 23 and mode is
(a) 60 (b) 64 equal to 14, then the median is equal to
(c) 62 (d) 63 (a} 19 (b) 21
28, The mode of the following data is : (e} 22 (d) 20
29, 40, 41, 46, 45, 44, 43, 29, 40, 41, 46, 44,
44,47 49, 53, 29, 57,44, 43, 41, 28, 16, 26.
Answer Key
[ L@ | 2() | 3.0 |40 [ S@ | 66 | 7.6 | 80 9. [10.)
[1L(e) [12.(a) |13.() |14.(c) [15.(2) |16.(c) |17.(a) |18.(a) |19.(b) |20.(c)
Lzl. ®) 2. |2.@ |24.@) [25.0) |26.) [27.00) |28.() |29.(9) |30.(d)
Hints and Solutions
L. (d) Range = uppermost value — lowest val fze
(@) Range = upp AR 8. (b} Upper limit = mid value + Sisahany
=112- 14
=98 e class size
2. (¢)Range=38-10=28 =
. number of class intérvals = =5 =7 o Class size = (47 - 41) x 2
=12
3 " IHi = v I
L @s5-10 WK =10 9. (b) Lower limit = mid-value - “'“S;’Z“
. Ir 5
4, Upper imit= a+—=47+= =495
(B) Uppe 2 2 ==
2
e fi 3
Lower limit = a- 2 SR 10. (a) X-axis represents class interval,
_ 445 Y-axis represents frequency,
[h = diffetence between any two marks 11. () Mid-value is always considered for
=52-47=5] frequency polygon construction.
s 1 12, (a) The lower Limit of the concerned class
5. (d) Lower limit = G_E =25 e 245 interval is used for ‘more than’ type of ogive.
. 13. (a) Ogives represent cumulative frequency.
6. () Tallys are usually marked in a bunch of 4. 14. (¢) * the class interval, 30 — 40, has highest
7. (&) Upper limit= 154y o 3+ pesk,
2 - it has highest frequency.
15. {(a) Total number of students

WA,
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=4 104+ 164204+ 16
=i

> oo o B i A o R B S|
16, [':] | z 3 & "= ¥

=xpdrdntr oty =aX
=X X e T,

17. () Given B AP

=% if' 5 is added to every number, then,
(5 +5)+{x, +5)+{x, +5)cccet(x, +5)
"

_ %ty B, o N el o] X i

H

18. (a) Given XAx+x xiuaatx -7
"
for, +ho, + e, k4 ke
H
_ k{x, Xt k) i
R
19. (b) XX F Xy o _ 16
10
= x|+x2...._.+x‘u=]'6 ....... (’IJ
Let x; und x4 are removed, then,
x -t-JE,.....,.-i-xm —18
8
= Xttt rg=144 L (i)

Mow, Eq. (i) - eq {ii)
X+ =160 144 = 16

i n
20. () D5—~23 1= x;~2m=110 ..{)

=l i i=1

ix,——ﬁilzix,——ﬁnziﬂ « (i}

i=l i=l i=1

"
=

. SEnderneatiomat
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Subiracting eq (ii) from eq (i), we have,
In=90 = n=30
"
Z x4

i=1 =lfﬂ+2n_11ﬂ+ﬁ£_l?

Jomean= 1l
n n 30 3
21, (b) ‘i[:guso]z—m = ixl.—ﬂﬂn=—l{}
| i)
Y (x;—46)=70 = ¥ x ~46n=70
i=1
(i)

Subtracting eq, (1), from eq. (i),
46n — (=50 1y =70 — (=10}

=% dn = B0
— =20
22, {d) Sum of marks of 10 students = 10 x 43
=430

Correct summation of marks

= {430 - 40) + 30

=420
~ correct mean = ﬂ =42

10
5

E fix;

23, (¢) Mean= {1
."i

X4

i=1
10T 308+ 50x104+ 7015+ 8910
’ T+8+10415+10

70+240+500+1050+890
30

¥ fix;
2/
15%2+17%3+19x 4+ 5p(20+ p)
+23%6
2+3+4+5p+6

55

24. (a) Mean =

= 20=
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25,

26.

27

= 20(15+5p)=30+51+76+ 100p

+5p% + 138
= 300 -+ 100p = 295 + 100p + 5p°
= 5p1=5
= r=1
B fy +f5+17+32419=120
— fl+f;=52 {1}
Mean
10x17+307 + 70, + 5032+ 90%19
- 120
= 50 % 120 =170 + 1600+ 1710
+30f, + 70f,
= 304, + 70f; = 2520
= 37, + 7 =1252 e i)
From eq (1) and eq (if).
fi=28,£,=24

(a) Frequency is not a measure of ceniral
tendency,

() IF 37 — 5, then, the new data will be.
3,79, 16, 25, 31, 36, 39, 40, 42, 43

¥ No, of numbers = 11

1141
—|n = gh
(7 =

median,

number will be the

www, olympiads . org
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29,

30.
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S Median = 31
() = No. of number = 10
. 5™ and 6% number will be eonsidered
from median,

Sih term+ 6th term
2

x¥Fx+2 "
2

s, median =

63

== x+1=63

=% x =62

(€} ~ 44 is repeated 4 times, i.e., maximum
no. of times,

5 Mode = 44

(d) Mode = 3 = Median — 2 = Mean

SR Motlc+;zx Mean

_ 14+23x2
S o
_ 14+46
I

0

3

=20

oh

183

s Palermfim ™=
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14. Probabiliy

Learing Objective:

In this chapter, we will learn about:
*Experiment

*Compound Evenl

*Empirical Probability

The uncertainty of *probably” ete. can be measured numerically by means of probability in many cases.

Experiment
An operation which can produce some well-defined outcomes; is called an experiment.
Each ouicome 15 called an event,
Random experiment
An experiment in which all possible outcomes are known and the exact outcome cannot be predicted
earlier, is called a random experiment.
Trial
The pracess of perferming a random experiment is called a trial.

Compound Event
Acollection of two or more possible outcomes of a trial of a random experiment is called a compound event,

Empirical Probability
Empirical probability, P(4), i.e., probability of occurrence of an event 4 can be mathematically,
. expressed as,
m _ number of trials in which the event happens

Pld)= —=
) " total number of trials

DsPd)=1
Frobability, P{4) =0, when the event is impossible to happen and P(A) = 1, for sure event,

70 25 i5

The probability of getting 5i5 .......

25
Solwtion:  Plgeting 5) = v =§

Example 2: Probability of getting a prime mumber (in problem 1} is ....
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Solution:

Example 3:

Solwiton:

Example 4:

Solntion:

Example 5:

Selwtion:

Exa &:

Solution:
Example 7:

Selution:

Example 8:

Solution:

Example 9:

Solution:

ad Nnterpabicnnl”
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. 0+20+25 75 3
P {getti number) = ————— - = . =2
(esting & priuie ) 200 200 8
A coin is tossed 3 times. The probability of getting 2 heads is ...
The outcomes of the trial are:

HHH, HHT, HTH, THH, THT, TTT, TTH, HTT,
For two heads, there are 3 favourable conditions.

3
. P2 heads) = ¢

A coin is tossed 100 times and tail comes up 25 times. The probability of getting a head
11—

Plgetting head) = ———— =—" ="

A card is chosen from a well shuffled deck of 52 cards.
The probability of getting a king of red suit is ...
- 2 L
P (gettinga k ired suit)=s — = —-
(getting a king o ) - 5

A card is drawn at random from a pack of 52 cards. Find the probability of getting 2 dia-
mmond.

. . 13 _1
P (getting a diamond) = o = 1
There are 50 cards numbered from 1 to 50. One card is drawn at random. Find the prob-
ability that the number is divisible neither by 5 nor by 3.
Numbers divisible by 5 are 5, 10, 15, ....., 50, ie, 10
Mumbers divisible by 3are 3, 6, 9, 12, 15, ...... .18, Le., 16,
Numbers divisible by 15 are 15, 30, 45, ie. 3.
-, Total numbers, i.¢., neither divisible by 5 nor 3
=50-(10+16-3)
=50-(23}=27

=
- Required probability = i_ﬂ

A bag contains 2 dozen eggs out of which 2 are defective. One epg is selected at random,
Find the probability of the egg to be non — defective,

. oo 24-2 22 11
P {getfing a non — defective egg) = ——= =252
i - 24 24 12

A bag contains 7 red, 5 white and 3 black balls. A ball is drawn at random from the bag,
Find the probability that the drawn ball is neither white nor black,

IF the ball drawn is neither white nor black, then it should be red.
w Mumber of red balls = 7
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7 _1
T+5+3 15

.. Required probability =

Example 10: Two dice are thrown simultaneously. The probability of getting 7 asa sum is ...

Selution: 7 can be obtained as a sum, either by getting (6, 1), or (1, 6), i.e., 2 ways, and by (4, 3),
(3. 4). (3, 2), (2, 3), e, total 6 ways.
Total outcomes =6 = 6 =36
6 |
.. Reguired probability = —=—
equired probabihty T

Multiple Choice Questions

L. The probability of an impossible event is 4. 4 coins are tossed simultaneously. The
(a) 1 (b) Zero probability of getting all tails is;
{c) Less than 1 {d)—1 I 1 3
1 = = (@
2. The probability of a certain event is: @ ®) 16 © 3 (d) B
(a) 0 (b) 1 5. Im a class, 20 students failed in a certain
(d) Less than ! (dy-1 examination. If the no. of passed students is
3. Two coins are tossed simultaneounsly. The 80 and 1 student is selected at random, then
probability of getting at least one head is: the probability that the student has passed in
1 3 I the exam is :
@z ®7 @5 @ (@08 (06 ()02 (d)04
6. Adice is rolled 600 times and the cccurrence of the oulcomes are given below
Cutcomes 1 2 3 4 5 v B
Frequency 200 30 120 100 50 100
The probability of getting a composite number is
2 1 11 71
N = b Sl i
{a) 3 (b) 3 {c) 60 (d) 175
7. A dice is rolled twice, and the outcomes are noted down, The probability of getting even no. as a
sum i§ :
19 17 1 5
—— b —— - -
@ 3 ® 3 © 5 @3
8. The unit place digit of 200 people’s mobile number is observed, and the following table is plotted :
Unit place digit ] 1 2 3 4 5 & 7 8 9
Frequency 23 26 23 20 19 11 14 30 14 20

A number is chosen at random. The probability that its unit place has prime number is:
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10,

13,

14.

15.

16:

17.

I8,

. The probability of getting edd number as a

(a) 0.42 (b) 0.43 11.

(c) 0.84 (d) 0.48

unit place digit 15

103 107 121

97
® 20 ® 55 © 500 D550 12.

A dice is rolled twice. Find the probability of
getting prime number as a sum,

by nferniadivial -
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Acoin is tossed 1000 times, if the probability
of getting a tail, % how many times head is
obtained?
(R}325 (b)525 {&)625  (d) 725

A coin is tossed 1000 times and the following
frequencies are observed:

Head: 453, tail : 545.
The probability for getting tail is;

5 I 7 17
@ —= (b)) )= (4 — 109 o1 9 108
12 2 36 36 S i g B 248
@30 Mo @3 @5
The distribution of marks of 90 students are as follows
0-20 20-30 F0-40) 40-50 S0-60
7 1] 10 23 20

The probability that a student obtained 40 or more marks is :

47 43
@ 55 ® 5 © 55

Two coins are tossed simultaneously. The
probability of getting at least 2 tail is:

3 | 1
(a) 5 (b) 7 fe) 3 {d) 19,

One card is drawn from a well shuffled deck
of 52. What is the probability of drawing a
red card?

(] I p 4
Eu}ﬁ {h}i Eﬂ}ﬁ (dlﬁ

One card is drawn from a well — shuffied
deck of 52 cards. What is the probability of
getting a king?

3 1 2 5
@3 OF ©F @3

There are 36 students in a class of whom 20
are boys and remaining are girls. What is the
probability that a student chosen is a girl?

5 4 2 1
(a) 3 (b} 3 {c) 3 (d) 3

Three coins are tossed simultancously. The
prebability of getting exactly 2 heads is:

20.

21.

22.

@
) i

2 3 L 5
@y ®F ©F @3
Two dice are thrown simultansously. What is
the probability of getting a doublet?

3 1 | i
(a) 36 (b) 9 (c) : (d) %

A bag contains numbers 1, 2, 3, 4 ..., 35.
What is the probability of getting a multiple
of 87

£ e 3 L
@y OF O3 @

A bag contains 6 red balls, 8 white balls,
5 green balls and 3 black balls. One ball
is drawn at random from the bag. The
probability that the bhall is neither white nor
black is:

1 17
{a) 3 (b) 2
1 9
{c) 5 (d) 53

From a pack of 52 playing cards, jacks,
queens, kings and aces of red colour are
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removed. A card is drawn at random. The | 27. The sum of probabilities of all the outcomes
probability of drawing a black king is: of an experiment is:
1 ] | 1 (a) Zero {b) Less than zero
&) — b} ~— o dy —
(®) 24 (b) o) (© 76 (d) a4 (c} 1 {d} Less than 1
23. A bag contains 5 red and some black balls. 28. A bag coniaing ecards marked with numbers
If the probability of drawing a black ball is 51, 52, ..., 100. A pumber is selected at
thrice that of a red ball, the number of black Tandon. Wiwtas e probabiliy of getng
balls n fhis bag 3s: number which is not a multiple of 57
1 2 3 4
{a) 5 {b) 10 {c) 15 {dy 20 (a) = (b) E (c) g (d) ;"
24, Two men were born in the same year, ie., ‘)
1987. What is the probability that their | 29. One card is drawn from a well — shuffled
birthday will fall on different days? deck of 52 cards. The probability of drawing
364 364 a red face card is:
(&) 7— )= '
366 365 3 3
@ ¢ ® 3
| 1 364
i 3. ———
© 36 @ ( 365] oy 2. i) -
. 52 13
25. Abox contains 200 balls out of which 20 are
defiective. A bulb is drawn at random. Whatis | 30, Two dice are rolled simultaneously. Find the
the probability of drawing a non - defective probability of getting their product as a odd
bulk? nurrber.
1 9 7 4 l 1
—_ s — — {a) = (b)
@5 O Onp @F 2 3
26. The probability of getting 53 Fridays in a e @ L
leap year is; 36 4
1 3 2 3
@3 ®F ©F @
Answer Key

L) | 2000 | 3.00) | 4 ® | 5@

1) |12.(2) [13.(c) |14.(a) |15.(b)

6.) | 7.(c) | & (a) Iy © |[10. ()
16.(0) [17.(6) |18.(6) |19.(c) |20.(c)

21.(c) |22.0) [23.(c) |24.0) |25.(0)

26.(c) [27.(c) |28.() |29.(2) |30.(d) i
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og Eiferinfionatt-

Olympiad

Foundation

Hints and Solutions

. (b) The probability of an impossible event is

ZEFO.

« (b) The probability of 4 certain event is 1.

3. {b) Outcomes of the event are,

10.

HH, TT, TH, HT
No. of favourable cases = 3

+ required probability = %

{b) The probability of getting all tails
e}
2 16
{2) P(student passed in the examination)
80

T 20480
=0.8
{b) F (composite number)
100+100 200 1
T 600 600 3

{+ composite numbers are 4 and 6}

{¢) P (drawing sum as even number)
o
T 36 2

(#) Prime numbers arc 2, 3, 5, 7.

- 5um of frequencies = 23 + 20 + 11 + 30

=84
r o g4 42
~. Required probability = — =—"_ — .42
SAHTEa probadIity = 200 ~ 100

{e) 1,3, 5, 7 and 9 are odd numbers.
-. Required probability

_ 26420+11+30+20 107

B 200 200

(a) Prime numbers which can be get as a sum
of the numbers on diceare 2, 3, 5, 7, 11.
1+2+44+6+2

.. Required probability = 36

wiw, olympiads. org

12,

13.

14.

19.

20

2]

|L.l'|

Il

ted | =
&G
et
k=3

. {¢) Tail iz obtained [g—xlﬂ-ﬂﬂJ times = 375

times.
.- Head is obtained (1000 - 375) = 625 times.
545 109

P (petting taily = 270 . 109
I F (etinetal) = T s

{c) P (student getting 40 or more marks)
_23+20 43
90 20
. {a) Outcomes are HH, TT, TH, HT

P (getting at least 1 tail) = %

(b) Outcomes are HHH, HHT, HTH, HTT,
THT, TTH, TTT, THH.

F (petting exactly 2 heads) = %

() (1,1),(2.2),(3,3),(4,4), (5, 5), (6, 6) are
the doublats.

I

. P{getting a doublet) = % ==

- (¢} Multiples of 8 are 8, 16, 24 and 32.

2 P (getting a multiple of 8) = %

- (€} P (neither white nor black ball)
= P(red or green ball)
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22,

23,

24,

5.

26,

6+5 11 _1

T 6+8+5+3 22 2

(b} Remaining cards =52 - 2 x 4
=52-8=44

X

22

{c) Let the number of black balls in the bag

be x.
S+x S5+x

=3 x=15

y 2
~ P {drawing a black king) = ¥ i

{b) 1987 is non-leap year.

. Number of days = 365

o P (birthday will fall on different days)
= 1 — P{birthday on same day)

I _ 364

(b) P (getting a non ~ defective bulb)
200-20
200
1809

200 10

{¢) Leap vear has 366 days, Le.,

# = 52 weeks and 2 days,

The 2 days can either be MT, TW, WTh, Th,
F, F&. 58, SM.

wwew clympiads.org
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28,

29,

30.
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«+ Thursday, Friday and Friday, Saturday are
2 favourable cutcomes.

. — 2
.. Required probability = 3

(¢) P (occurrence of a event) + P (non-

oceurrence of event) = total probability = 1

100-50
3

10 1 4

2 Required hability = l=—=]==—==—
equ probabality 50 e

(d) Number of multiples of 5= 10

{a) Eing, queen and jack are known as face
cards.

Mumber of red face cards =2 = 3=6

; o 6 3
. Required probability = 526
{d) The outcomes are;
(1,1) (1,2) (1,3) {1,4) {1.5) (1,6)
(2, 1) (2,2) (2,3) (2,4} (2,5) {2.6)
(3,1) 3,2) 3.3 3,49 (3,5) (3.6)
(4.1) (4,2) (4,3) (4. 4) (5, 5) (5,6)
(5. 1) (5,2) (53) 5,4 (5,5) (5,6)
(6,1) (6,2) (6,3) (6,4) (6,5 (6,0)
Even x odd = even and odd x odd = odd.

. For product to be odd, botli numbers
should be odd.

o AT |
.. Required probability = 4
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ACHIEVERS SECTION

Multiple Choice Questions

) 1
if x +__.|.._] =1 then find the value of 4, If x=—— then what is the value %’ —L,
x

-3 i
: 1 of 7
(x+1Y + £
{x-+1) {a) 24 (b) 25
(a)1 (b) 2 (c) 26 (d) 1
(c) 3 {d) None of these
In the given figure, what is the value of x? 5. If y13-aJ10 =8 + /5. What is the val-
ue of a?
(a)4 {b)-2
(c)—4 {(d)2

6. Difference between the semi perimeter and
the sides of a AABC are 8 cm, 7Temand Sem
respectively. What is the area of triangle?

(a) 20 cm? (b) 1420 cm?
(£) 2014 cm? (d} 1210 em?

o -3

2
7. IMa =t and b =‘£;T3 #—b=0then what
{&} i fb} 1067 :iS the value of"x?
(c) 90° (d) 130° (a)-2 (b} 1
In the given figure, D is a point between BC {c)-1 (d)2
in AABC such that BD : DC =3 : 2. Ifthe 5:
area of AABC is 40 cm?®. What is the area of 8 If —=— then what is the value of
shaded region? P2
i+ 2 Ty
] 5 y+x
(a)3 (b)2
fe) 1 {d) =1

[
9. If;u::*+i3=11ﬂL what is the value of I+I‘P
X i

B - boC (a) 5 (b) 6

(a) 12 cm?® (b} 16 cm? ©)7 (@9
fc) 18 em? (d) 20 cm?
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10. Inthe figure, AR || CD. What is the value of
x

A B
1320
P 1482
C \K D
(a) 115° (b} 100°
(c) 95° {d) 105°

11, What is the value of K for which (x~ 1) is a
factor of 42 + 37 —dx + K7
()-3 -2
(c) 4 (d)3

12, In AABC, £B = 2£C. D is a point on BC

such that AD bisects, £BAC. It is given that
AR =CD. BE is the bisector of £B, What is

the measure of ZBACY
A
E
B D o
{a) 72° {b) 73
{c) 95° {dy 75°

13. What is the perpendicular distance of point
A4, 3) from Y — axis?
(2) 6 (b} 5
(c) 4 (d)3

14. If each side of a niangle is doubled, then
what is the percentage increase in its area?

() 200% (b} 250%
(c) 300% (d) 400%

wd Sedienafiomal
Olympiad
Founclation
15. In the given figure BD = DC and £DBC =
25% What is the measure of ZBAC?

A
25°
B \/ C
o
{a) 70° ib) 507
{c) o0 (d) 130°

16, A wood log is cut first in the form of a
cuboid of length 2.3 m, Width 0.75 m and
of a gertain thickness #ts volume is 1.104
m’. How many rectangular Planks of size
23 m» 0.75 m = 0.04 m can be cut from
the cuboid?

(a) 12 {b) 14
(e} 16 (d) 24
2
17. If [a+l) =hthen what is the wvalue

7}

a +—1,-?
&

(a) ¥ (by b
'I:ll.".'} b!H _3bhrz {d} b.\.-z_l_Bbuz

18. The radius of the internal and external sur-
face of a hollow spherical shell are 3 cm
and 5 cm respectively. If it is melled and

recast in to a solid cylinder of height 3 cim.
What is the diameter of cylinder?
(a) 7 cm (b) 10.5 cm

{c) 14 cm {d) 21 cm

19, If the diagonal of a cuboid is /251 cm. Its
breadth is 9 cm and height is 7 cm, What is

its length?
(a) Bem (h) 10 cm
{c) 11 em (d) 12 cm

wiww. olympiads. org 172



20. In the above fipure O is the centre and PQ is
diameter. If ZR0S = 40°. What is the mea-
sure of ZRTS?

F/R :
<

Q
(a) 40° (b) 50°
(<) 60° (d) 70°

21. If O 15 the centre of the circle £AQC =
100%. What is the measure of £ZABC?

{a) 30°
{c) 120° (d) 130°

22. Arhombus shaped field has green grass for
18 cows to graze. If each side of the thom-
bus is 30 m and its longer diagonal is 48 m.
How much aren of grass field will each cow
be grazing?
(z) 24 m* (b) 36 m?
(c) 48 m? (d) 96 m?

23. I f{x)=x"-2x* + 35 —ax + b is a polyno-
mial such that when it is divided by (x = 1)
and (x + 1}, the remainders are 5 and 19 re-

spectively, What is the remainder when £{x)
is divided by (x — 2)?

i(b) 100"

24

i

26,

27

s ntealionad
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(a) 8 (b) 10
(©) 12 (d) 14
If 3—1“'; = a+ b7 then what is the differ-
G between a and b7
(@)3 (®)5
(c)8 ()11

Ifx*—1 is a factor of ax® + b + ax? + dx +
& then which of the following is correct?

(aat+tete=hbtd
(Bib+te+d=g+e
(chatdb+e=d+e
(a+b+te=c+d

I[f2:A =3sB = 640, What is the differ-
ence between 2B and £C7?

() 20° (b) 30°
{c) 40° (d) 60°

What is the area of the shaded region?

28,

29.

(a) 404 cm? (b) 392 cm?

(c) 388 cm? (d) 384 co?

If 9% = 240 + 9" then what is the value of x?
(a) 0.1 (6) 0.2

(c) 0.4 (d) 0.5

Ifa+b+c=9and 2+ b+ & =35 what is
the value of &° + 5 + & — 3ahc?

(&) 92 {b) 98

{c) 108 fd) 112
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- i one-third of total surface area. What is the
30, If ¥ +—-=102 then what is the value of volume of cylinder?
o
| {a) 529 cm® (b} 539 cm®
i {c) 549 cm® (d) 559 cm®
(a) 8 (b) 10 36. The mean of 16 numbers is 8. If 2 is added
© 12 @ 14 to every number, then what will be the new
mean?
31, 1f 248 o1 Whatis the value of 2 — 577 (a)9 (b) 10
b a (©) 12 (d) 14
(a) 0 (b} | 37. A cone and a hemisphers have equal bas-
1 es and equal volumes. What is the ratio of
(3 (d) -1 their heights?
32, ifa+ b+ ¢ =0 then what is the value of (a)1:2 (by2:1
(b+c)’  (c+a)’  (a+b), (€)1:3 (d) 3
3be Yac 3ab 38. The sorface area of a sphere is 5544 cm?®,
fay {by ! What is the volume of the sphere?
fe)—1 fd)3 (a) 38208 cm’ (1) 38208 cm?
33, I 2 + x = 5 then what is the value of () 38608 cm’ (d) 38818 cm’®
- 9 39, Five cubes cach of side 5 cm are joined end
be+3) {(x+3y to end. What is the surface area of the re-
fa) 110 (b) 120 sulting cuboid?
{c) 130 (d) 105 (2) 475 cm? (b) 450 cm®
34, What is the remainder when x*' + 51 is di- {¢) 550 eop® (d) 575 em’
vided by x + 17 ,j'_ J_
+
(a) 50 {b) 51 40. J_ 1,.'(_ a++/15 b. What is the value
; (c)-51 fd) 52 of b7
35. A solid cylinder has total surface area of (a) 0 () 1
462 square cm, Its curved surface area is (©)2 (d) 3
Answer Key
{ L (b) 2 {d} 3. {h] 4. (b) 5. (c) 6. (c) 7.(c) 5. (e 9. (a) 1 10 (b)
11. (@) j12. {aj 13.(c) |14.(c) |15.(b) |16.(c) |17.(c) |18.(c) |19.(c) |20.(d)
2L(dy |22.(c) |23.(b) |24.(b) |25.(a) |26.(b) [27.(d) |28.(d) [29.{(c) |30.(b)
31.(a) [32.(b) |33 {a} 34 {a} 35.(b) [36.(b) 137.(b) |38.{(2) |39.(c) |[40.(b}
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Hints and Solutions

= 141

== 2

. {d}

=40+ 30° + 60°
x= 130"

- {b)

Let BD : DT =3x: 2x
Area of AABC

=%x (3x+2x)x h=40 e’
=5xxh =80

80

e
Sx

]
I

16

X

h

Area of AABD
it 3x =24 cm’
P

Area of ADC = (40 - 24) cm? = 16 em?

4. (b)

1

—_—
Xx—5

= (,r —1] = (57
X

— % +L1~—2=25_
X

::axl+—1-z-=23
x

z
[.‘H-l] =x1+—r1?+2
4 £

. (e}

VI3—a /10 =8 +5
=(Vi3-aVi0) =(VB+5)
= 13—am= 13+2\|"§'li
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= —a10 = 240

= —ay/10 = 24/4 410
= —af10 = 2x 2410
= —a10 =410

=-—a=4

= g=—4

(1 +(2)+3)
IS-(a+b+cy=20cm
35-28=20cm
S=20cm

Area =+/S(5-a)(5-b)(5-¢)
=nf 2[’){8){?25
= 102 xdx2x5

=+f5%2%x2xdx2xTx5
=5x2x2w’ﬁ

= 2014 cm®

. {e)

A=k
a= 2 o 2{;4] = {¥=3)

2:—\1

— 2'-]
S 2:—]

a=2'\:1:4]

b =2{-::|—ix-r|!

b - 2—'1.:—:—I
a=2

1:? = 2—2.1—]
1_2—1:—1 =0
[ a—b=0]

10.

o nlernalionat
'1 lympiad

" Foundation

By comparing, we have

x+l=5
&

(b)
AB[IPQ

Z1=180"-132"
£1=48°
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£1=148— 48° = 100"
ZPCD = 180°-100° = 80°
x=180°-80=100°

11, (a)
fi1)=0
41y +3(1F-4(1)+K=0
4+3—-4+K=0=2K=-3
12. (a)

5.

In LABC

ZB=2:C

LB =2y

Let LBAD = 2CAD=x
AABE = ADCE
LABE =£DCE=vy
AB=CD
LCDE=2r=and 2ADE=sDAE=x
x+2x=3y+x

ey

In ABC;

o Fdermatiant
'ﬁ}lym piad
Foundation
LA+ B+ 2C=180°
2x+2y+y=180°
2x+2x+x=180°
x =36
LBAC=2x=2» 36° = 77°
13, (o)
Perpendicular distance from Y- axis of the
¥
A

F4,3)

point (4, 3)=4
14, (c)
A =¢'S{5-a} (5-b) (S—¢)

_2a+b+e)
2

A'= 28 (25=2a) (25— 2k) (25-20)

5! =g+h+c=28

=\2x2x2x2 S(S-a)(5—b) (5-¢) =44

Sl =x100 = 300%

15.
In £BCD,
BD=DC
£LBCD =25
£DCB + DEC + BDC = 180°
25° +25°+ £BDC=180°
£BDC = 1307
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ABCD is a cyclic quadrilateral

£BAC = 1807 - 130° = 507
A

252

16, (c)
Number of rectangular planks
Volume of Cuboid
= Volume of a Plank

B 1.104 "
T 2.3x20.75%0.040

17. ()

a’+L,+3[a+i]=b“*
a &t

ﬂ'3 _I_lj = b.ua _3\{5‘:&‘”1 _3!.'1”1

i

18. (e} Let r be the radius of the eylinder. Volume
of spherical shell = volume of the cylinder

4
-3:?5{5’—3’}=w2>cg

125—27 =24

ad Salermtivea
'fﬂlympi ad

Foundation

Ef-zrzz:rrﬂ'{:m

Diameter = 2x7 =14 cm
19. (&)

Diagonal of the cuboid = +/I* + b + 4

V251 =P+ 47 !
251= 1 +81+ 49

I* =251-130=121

F=1r=1=1l

ZROS = %z.}u::s
” %x 40° = 20°
In ARQT,
ZQRT + £ROS + £RTQ = 180°
90° + 20° + ZRTQ = 180°
110° + ZRTQ = 180°
ZRTQ = 180° ~ 110°
ZRTQ = 70°
21. (d)

LADC = -%XLADC

= 100° = 50°

Ll K
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£LABC= -é (360° — 1009

L
2

*260° = 130°

4] 30 m C

m

A Hm B
AABC = ADC
Area AABC = area AADC
For AABC,
_AB+30+30

S=————=54
2

Area AABC=
V/54(54 —48) (54 -30) (54— 30) =432 m°

Area of thombus ABCD =2 % 432 = 864

Ares of grass ficld for each cow = B

18
=48 m’
23. (b)
)= -2 + 3 —ax + b

www . olymplads.ong
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f=f1y 1P+ 31V —all)+ =5
f{l)=1-2+3-ag+h=5
2-ag+hbh=75
i S P (1)

1) = (1Y = 2(=1P + 3(-1P -a(-1)+ b=19
1+243+a+b =19
EAEIE s
From (1) & (2)
2b=l6=b=8

a=J
fix)=x'-2%+ 322 - 5x+ 8
H2) =20 2(2P + 3(2P - 5(2) + §
=16-16+12-10+8=10
(b)

3447 3447
S—? BT T

T+2
E::%mﬁ_:ﬁbﬁ

]ﬁ-r-ﬁxf?_
2

8437 =a+b3

=ag=8 H=13
Difference of a & b=8-3=35
(d) '
9™ =240 +9

§° 9% = 240 4 9%

b3

x

=a+bf3

81x9* —9' =240
9 (81-1) = 240 = 9* = 210 _ 4

80
(3)'=3 =3 =3

2x=1= J:-=—1-'
2

. {c)

at+bte=9
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P+ =135
F+E+3E-3abe="1
([e+b+ef=ad+8+c+ 2ab + be + ca)
0= 35 + 2{ah + be +ca)
81-35 46
&

(ab + be +ca)= =23
@+ B+ - 3abe
=(a+b+e)[a+ B+t~ {ab+ be + ca)]

=9x%[35-23]=9x12=108

30. (b)
=102
a
{ ¥
a—lil =01+L!—2=1{}2—2
2) a
a—lzdlﬂﬂ=lﬂ
o
31, (a)
a b a +b
Sy oy =1
a al

—b =(a—-b) (@* +b* +ab)

={a-byx0=0
32, (b)
atb+e=0
ri 2 L b2
(B+e) " {c+a) . (a+b)
3bc Jac 3ab
(-a) (=) (=<
+ +
3bo 3ab
_ & +F et . 3a£:r;_1
Jabe Jabe

fa+th+c=0then & +b +¢& =3abc]

33. (a)

i
Prr=is e 2xax—+|=| —|=| =5
2 Z 2

34,

35.

Setderectiivmd
'fﬂ lympi ad

Foundation

J (V21 +5 +3%/21 %5 (V21 +5
8

=55+ 12421
I

=55 - 12421
(z+3)°
x+3) +
e (x+3)°

= 55 + 12421 + 5*-;2(

= 110
(a)
Letgix)=x +1=0=x=-1
fix)=x"*4+351
fi-1y=(-1"+5l=-1+51=50
(b)
Curved surface area of cylinder

]

}:H total surface area of cylinder

Z@rh= %x%z

Farh=154 .. (1)
Total surface area = 462
2wrh+ 2o+ = 462
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36,

154 + 2w =462 = 2m° = 462 - 154

J08=T
Pz ¥
r=T¢m
1547 7
2mrh=154 == m=‘z“
Volume of cylinder = w#?h
=Ex'}"xz

=11x49 = 539 em’

(b)
R R tis _g
16
X+ K+ X = 1648 = 128
New Mean =
(5 +2)+(x, + 2+ o4 (2, +2)
16
_ X F i ) E 2X16
16
_128+32 =lﬂ_ﬂ=]ﬂ
16 16
- (b)

Let » be the radius of the base of the cone and
h be the height.
# = radius of hemisphere
Volume of cone = volume of hemisphere
1

Z
-t =2
3'n:r Em'

h=2r

.}

.&:r:z—r=2:l
¥

wwrw, olympiads. org
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38, (a)

40,
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Surface arca of sphere = 5544
AR B  pw SERET ey
42322
r=121

Volume of the sphere = %rﬂv"L

*2Ex21x2]

=88x44] = 38808 e’

- 5 2001

Length of cuboid =5 % 5 =25 cm

Breadth = 5 em; height =5 em

Surface area of cuboid = 2(ib + bk + Ih)
=2(25% 5+5% 25 % 5)=2 (125+25 + 125)
=2 x2T53=550 em?

(b)

V543 _ (S544B) 5+
BB~ BBy BB

_5+3+2/15 _8+2Vi5

5-3 2
=4+-\E=a+yﬁ‘ﬁ_b

So,a=4,bh=1
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Model Test Paper - 2

1.In the given question, which number will 5. Find the figure which contains the figure (X)

replace the question mark? as its embedded part
7 3 9
9 @ 81 @ 715 @ 6 2&
5 & ]
(a) 3 (b) 4 (X

{c) 5 {dy 6

2. In the given matrix the value of 4 , B, O @ m © g@

respectively are

9 A 12
(5] o[&
B 10 7

g | ¢ | m 6. 1F8" ! =64 then what is the value of 3 * 19
(a) 1 (b)3 (©9  (d)27
(a)d=13,B=14,C=6 T
(bYyd=14,B=18,C=16 7. If =+— = —1 then what is the value of
() A=16,B=13,C=15 R ¢
(d)d=14,B=16,C=18 @ - b7
1
3. Which number will replace the question (@) 0 (b) 3 (-1 (!
mark?
% Ij:ktl'u:,g;i'l.-rf:nL"1gm'«3'tt"£=5=mdE = 4 then
4 8 5 x x
what is the value of x7
}.ﬂ‘
9 _ 10 ? . x? E i
= e . = @120 (®)15° (@& (@18
() i? {:} }i % The abscissa of a point is positive in the
© Wyl (&) First & fourth quadrant
4, A flatoxin is related to food poisoning in the (b) First & mcan.d quadmart

same way as histamine is related to 9 {c) Sﬁff“ﬂd & Third guadrant
(2) Head ache (b} Inhabited : (d) Third & fourth quadrant
{c) Anthrax {d) Allerpy
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10. Diagonals of a quadrilateral ABCD bisect
ciach other if £4 = 45 what is the value of
£B? .
(a) 135" (b} 120° (c)115° (d)125°

11.ABCD is rectangle with O as any point in
its interior. If area(A4OD ) = 3 em”, area

12. In the given figure what is the #POR 7

D

(a) 10°  (b}20°  (c)30° (d)&0°
13.[f the mean of @, b, e, &, ¢ is 28 the mean of b
and d is 34, then what is the mean of &, ¢ and
e?
{a) 22 (b 24 {c) 32 (d) 28
14.1n a football match, a player makes 4 goals
from 10 penalty kicks. The probability of
converting a penalty kick in to a goal by
player is
1 2 3 4
@3 ®F ©@F @z
15. The ratio of the volume of a right circular

cylinder and a right circular cone of the same
height and base is

(@1:3 (13:4 ()1:2 (@3:1
16.If @ + & + ¢ = 0 then what is the value of

2 x I

q_.q.b__F_ﬂ_'?

bo ca ed

@2 (b)3 (c)4 (d) 5
17. An angle is 14° more than its complementing

angle, then what is its measure?
(ap48° (b)) 38" (e) 58  (d)28°
18. The surface area of sphere of radiys 5 em is
five times the area of the curved surface of a
18- cone of radius 4 cm. What is the height of the
cone?
(a)3em (B)4em

(c}2em  (d) Sem

ni nleenational”
Otympiad
Foundation
19. The sides of a triangle are 11 am, 60 cm and
61 e, What is the length of altitude to the
smallest side?
{a)} 66 cm (b} 60 cm
(¢} llem (d) 50 cm
2076 210 4 21! + R is divisible by x + 1, then
what is the value of k7
{a)2 (b)3
{c) 1 (d) 4
2LIE{a® + B* + ab—a + b + 1) is the one factor
of a@® — b + 1 + 3ab, then what is the other
factor ?

(a)a-b+1 (bra+b-1
(C)b—a—1 {d} None of these
220 x* + _12.= 23 then what is the value of

X
X+ l?
X

(a) 4 (b) 5 (c) 6 (d) 3

23.In AABC, AB = AC and £ 4CD = 120° what is
the value of 24 7

A
[2g®
B c P
(a) 90° (L) 607
{c) 70° (d) 50
24, Probability of an event can be

11
{a) — -7

9 (b}
{c) 1.001 {d} 0.6

25.The perimeter of & circle is equal to the
perimeter of a square. Then what is the ratio
of their areas respectively 15
(a)d4:1 (by22:7
{e) 11:7 (dy 14 : 11
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26

27.

28.

A sroup of students decided to collect as
many paisa from each member of the group
as the nmumber of members. If the total

collection amounts to 59.29 what is the
number of members in the group?

(a)77  (b) 87
()67  (d)5T.

In how many years will a sum of T 800 at
10% per anmum compounded half yearly
becomes T 926.107

l 1
{E} IE {b} 15

1 1
25 =
{c) 3 (d) 22

What is the remainder when 9x° —34° 4 x— 5
is divided by x - -32- ?

(2)3 (b) 2 ©-3 (@2

29.If 4% + 4™ + 4% 4.4 =47, then what is the

value of x 7
(a) 45 (b) 44
(c)172 (dy 11

wharw, olympiads.ong
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Model Test Paper - 2

1. Pride is related to Humility in the same way

as Desire is related to ?
(a) Hate {b) Wish
fc) Baperness (d}) Indifference

2. 12 years old Manoj is three times as old as
his brother Saroj. How old will Manoj be
when he is twice as old as Saroj 7
(a) 20 vears (b) 18 years
(c) 16 years (d) 14 years

3.Fill in the blanks by proper pumber
13,32,24,43 .35 54 46--—T————
fa) 65 {b) 63
{c) 62 (d) 64

IfDELHI 15 coded as 73541 and CALCUTTA
as 82589662, How can CALICUT be coded ?

(a) 8251896 {b) 8543691
(c) 5978213 (d) 5279431
4. Find the missing number,
L 3(30)7 1L B(51)9
I 12¢n 17 IV 15(99) 18
(a) 57 (b) 87
(c) 78 (d) 93

5. AB & CD are two equal chords of @ circle
with centre € such that £40B = 80°, Find
200D,

{a) BO®

(b) 120°

{c) 60°  (d) 100°

mm.uiympiadé?nrg

6. An equilateral triangle of side 2 om is
inscribed in a circle. What is the radius of the
circle?

(2) 32 em (b} 33 em
fc} 443 cm (d) V3 em

7. The height of a cylinder is 14 cm and its
curved surface area is 264 cm>. What is the
volume of the cylinder?

(a) 396 cm® (b) 496 em””
(c) 1848 cm® (d) 1232 cm’

8. The mean of the following data is 8, then find

the valus of P,

X 3 5 7 g 11 13
b i & 8 15 B g

{(a) 23 (b) 24 (c) 25 {(d) 21

8. In a group of 60 persons 35 like coffee. Out of
this group if one person is chosen at random.
‘What is the probability that he or she does not
like coffee?

7 5 3
@ W @

5
(d) 7

100 The angles of a quadrilateral are in the
ratio 1:3:5:6. What is the different between
smiallest and largest angle?

{a) 90°  (b) 110° (c) 120° (d) 100°

1111 the point 4 (3, 5) and B (1, 4) lie on the
graph of the line gx + by =7, then what is the
sum of @ and b7

(a) 0 (b) 1 (c)2 (d)3
12. Inn the given figure, find the value of x.

D
X
250
550 40°
g Ges
(@) 65° (9)80°  (c)120° (d) 100°
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3. If (x + @) is the factor of x° + ax®~2x-+a+4 | 2p_ In the given figure BO & CO are the bisectors
then what is the value of a? ofangles £8 & £ respectively. If £4 = 50°,
i 3 4 | then what is the value of £BOC?
(a) B (b) n (€) -3 (d) T3

14. When x° — ax® + x is divided by i — a, then
what is the remainder 7

(2) 0 (b)2a  (c)a (d) 3a

15. What is the remainder when »°' + 31 is
divided by x+ 17

() 1007 (b) 120°
@0 (1 (€)30  (d)31 & 1y i
16. ﬁ = 2,646 then what is the value of e 7 21, In AdBC, 24 =40°, 2B = 607, then which is
V7 the longest side of A4BC ?
(2) 0.375 (b) 0.441 (2) AB :
(c) 0.378 (d) 0.384 (b) AC
() BC
17, In the given figure POQ is a straight line. If {d) Cannot be determined
LPOR=3x+ 10, £00R = 4x — 26 then what
is the value of ZPOR? 22. If O is any point in the interior of AABC,

then which of the following option is correct?
(a) (04 + OB+ OC) = (AB + BC + CA)

(b) (04 + OB + 0C) > % (4B + BC+ CA)

R

(3x + 107) {4x — 26)

(€) (04 + OB + OC) < %umgm CA)

+P 5 )
(a} 94 (b)86°  (c) 84  (d) 76"
8. An angle is one fifth of its supplement. What
ig the value of that angle?

{d} None of these

23.  Which of the following points does not lie on
the line y =3y + 47

@ (L7 (B)(2,10) (c) (-1, 1) (d) (4, 12)

(a) 15° (b) 30°

(c) 150° (d) 75° 24. The perpendicular distance of the point (4, 3)
19.1f344=4/B=6/Cthen what is the A : B : ftom the y-axie Js

P {a) units {b) 4 units

(@)6:4:3 (b)2:3:4 {15 mmits (d) 7 units

(c)d:3:2 (D)3:4:6 25, The difference between the semi— perimeter

and the sides of A4BC are § cm, 7 cm and 5
cm respectively. What is the area of triangle?

(2) 207 (b) 20:/4 cm®
(c) 10714 cm? {d) None of these

26. The probability of guessing the correct

answer o a certain test question is 5 if the

probability of not guessing the correct answer
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2
o9, tothis question is 3 what s the value of p?
@2 ®m2 @i @3
3 3

B+l2 B2

Eglfxnﬁ_ﬁ,yumthLﬂﬁﬂdlhE
value of x* + 379
(a) 88 (b) 68
(c) 32 (d) 40

29. A library has an average of 510 visitors on
Sundays and 240 on other days. The best
estimate average number of visitors per
day in a month of 30 days beginning with a

Sunday is
(a) 280 (b) 285
(c) 276 (d) 270

30. If the radius of a circle is decreased by 50,
what is percentage decrease in its area?

(1) 70% (b) 75%

(c) 80% (d) 60%

I£5%7 4 555 4555 1555 6% _arpp.n o
(a) 54 (b) 55

(c) 56 (d) 176

www. alympiads.arg 187



ANSWER KEY TEST 1

L{b} 2.4b) 3ic) 4.4dy S.(d) f.0d)
7.(a) A.(d) 9.(a} 10.(a) ILic) 12{a)
13.(b) 14.(b) 15.(a) 16.(h) 17.(b) | IB.{a)
19.(b) 20.(c) 21wy | 22.(b) 23.(by | 24.0d)
25.(d) 26.(a) 27.(b) | 28.{c) 29 (a)

www, Dlympiads.org
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ANSWER KEY TEST 2
L{a} 2.10¢c) 3.(a) 4.(a} Sk f.a)
7.ib) B.(a) 9.ic) 10.(h) 1Lic) 12{b)
13.40c) 14.4¢) 1S.4¢) 16.0¢) [7.4¢) 18.(a)
19.0¢) 204 21.{c} 22.4a) 23.6) | 24.44)
25.(d) 26.0 27.(a) 28.4b) 29,4k} 304k)
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