{4}

MATRIX
OLYMP/AD

The Most Innovative Talent Recognition Exam

A 2+ T3 T

MATHEMATICS

{YMATRIX

Campus : Piprali Road, Sikar, Rajasthan 332001
Phone : 01572-241911, 01572-243911
Website: www.matrixedu.in




Few words for the Readers

Dear Reader,

"Matrix Olympiad is established to encourage school students to go a step further
than their regular studies, and get a chance and exposure to competition on a wide
scale. It also helps students enhance their learning of basic cognitive skills and
deeper knowledge of subjects like Science, Mathematics, English, Mental Ability,
Social Studies. “Matrix Olympiad helps students nurture their minds for higher
targets of tomorrow and enables them to study School for JEE, NEET, CLAT,
NDA, Olympiads , NSEJS, NTSE , STSE etc."

The above thought has been our guiding principle while designing and collating the
study material for Matrix Olympiad . And hence, we hope that this particular

material will be helpful towards your preparation for Matrix Olympiad.

Our team at MATRIX has put in their best efforts for making this particular mod-
ule interesting and relevant for you. Additional efforts have been made to ensure
that the content is easy to understand and error free to the extent possible. How-
ever, there might remain some inadvertent errors in answer keys and theoretical
portion and we would welcome your valuable feedback regarding the same.

If there are any suggestions for corrections, please write to us at

smd@matrixacademy.co.in and we would be highly grateful.

Finally, we would like to end this message by a famous quote by Ernest Hemingway
- "There is no friend as loyal as a book." So, please give your study material the
time and attention it deserves, and it will surely help you reach newer heights in

your fight with competition examinations.

With love and best wishes !

Team MATRIX
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INTRODUCTION

In earlier classes, we have learnt about natural numbers, whole numbers and integers. As we have learnt that the counting

numbers 1,2, 3, ............ etc. are called natural numbers and all the natural numbers together with zero are called whole
numbers. In this chapter, we shall introduce the system of rational numbers and we shall also extend our study on

real numbers, their decimal representation, representation on the number line and operations on real numbers.

BN TYPES OF NUMBERS

(i) Natural Numbers : Counting numbers are called natural numbers.
N={1,2,3,4,........ } is a set of all natural numbers.
(ii) Whole Numbers : All counting numbers together with zero form a set of all whole numbers.
W={0,1,2,3,4,....... } is a set of all whole numbers.
(iii) Integers : All natural numbers, 0 and negative of natural number form set of integers.
—4,-3,-2,-1,0,1,2,3, ... } is a set of all integers.

Focus Point

All integers can be represented on the number line.
Number line :

X'« | | | | | | | | | | | | |
L | | | | | | | | | | | |

-6 5 4 3 2-1 0 1 2 3 4 5 6
Positive Integers : On the right hand side of 0, the points at distances of 1 unit, 2 units, 3 units etc. from
0 denote respectively the integers 1, 2, 3 etc.

Negative Integers : On the left side of 0, the points at distances of 1 unit, 2 units, 3 units etc. from 0
denote respectively the integers —1, -2, -3, ..... etc.

Note : “0”isneither positive, nor negative.

RATIONAL NUMBERS

A number which can be expressed in the form P where p, q are integers, and q # 0 is called a rational number.

. . : . q . m . p .
Each integer is a rational number, an integer m can be written as T to put in the form ~~ where p, q are integers

and q = 0.

2
Equivalent Rational Numbers : Rational numbers do not have a unique representation. For instance, 3 can
be represented by one of the following

4 6 10 —44
679715 -66
All such numbers are called equivalent rational numbers.
Number System Matrix : www.matrixedu.in |i|
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Focus Point

If a, b, ¢ are three rational numbers, then

(1) Commutative property of addition:a+b=b+a

(i1) Associative property of addition : (a+b)+c=a+ (b +c¢)

(ii1) Inverse property of addition : a+ (—a) = 0, where 0 is the identity element and —a is called the inverse of a.
(iv) Commutative property of multiplication:a-b=b-a

(v) Associative property of multiplication: (a-b)-c=a-(b-c¢)

1
(vi) Multiplicative inverse property : a- — = 1, where 1 is called the multiplicative identity and 1 iscalled the
a a

multiplicative inverse of a or reciprocal of a.

(vii) Distributive property of multiplication over addition:a-(b+c)=a-b+a-c

INSERTING RATIONAL NUMBERS BETWEEN TWO GIVEN RATIONAL NUMBERS

Between any two distinct rational numbers x and y, there exists infinitely many rational numbers.
(i) First Method : To insert two rational numbers between r and s, we first insert the number %z (r + s) = t(say) and

then repeat the procedure with+and t or with t and s.

Pl t -
| |
r V2 (r+s) S
r Ya(r+1) Ya(r+s)=t S

(ii) Second Method : If we wish to insert 'n' rational numbers between r and s. We write r and s as equivalent
fractions, whose denominators are one more than n, the number of rational numbers to be inserted. That is, we
write

I'=——and s=——
n+l1 n+1

Chapter-1 Number System Matrix : www.matrixedu.in [ 6|



3 MATRIX

Class—9 [Mathematics| NN

r'+1 r'+2 r'+3 r'+n

Then the desired n rational numbers are : s s s
n+l n+1 n+1

Example
Insert 5 rational numbers between 2 and 3.
Solution :
HWe write 2 and 3 as fractions whose denominator is 6.
=2><6=£ ' 3:3x6=§

6 6 6 6

2

) ) 13 14 15 16 17
Then the desired 5 rational numbersare : —,—,—,—,—

Example

2
Write 2 equivalent rational numbers of [y

Solution :
2 2x2 4 2 2x4 8
7 Ix2 14° 7 Tx4 28

DECIMAL REPRESENTATION OF RATIONAL NUMBERS

FINITE TERMINATING DECIMAL

11
Every fraction ‘%9? can be expressed as a decimal, if the decimal expression of

p terminates, i.e. comes to an end,

q

then the decimal so obtained is called a terminating decimal.

1 5 3 13

i) —= i) — = 0.625 iij) 2==—=2.6
e.g., () 2 0.25 (i1) n (1i1) 5™ s
2 : . .
Thus, each of the numbers 13 and 2 3 can be expressed in the form of a terminating decimal.
Number System Matrix : www.matrixedu.in [ 7]
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Focus Point

P
A fraction a is a terminating decimal only, when prime factors of q are 2 and 5 only.

W

71

20

e.g. Each one of the fractions

3
1 is a terminating decimal, since the denominator of each has no

[\

5

wn | =

prime factor other then 2 and

REPEATING (RECURRING) DECIMALS

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

In arecurring decimal, we place a bar over the first block of the repeating part and omit the other repeating blocks.

e.g (i) %: 0.666.......coerernenn =0.6
15 4 =
(i) = = 2.142857142857.....coouc...... = 2142857

LAB TIME J-IS

Special Characteristics of Rational Numbers :
(1)  Everyrational number is expressible either as a terminating decimal or as a repeating decimal.

(i)  Everyterminating decimal is a rational number.

@ii) Every repeating decimal is a rational number.

Example

2
Express 1 in decimal form.

Solution :

By actual division, we have: 1) 20 (0.1818....

Chapter-1 Number System Matrix : www.matrixedu.in [ 3|
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P
Express 15.75 inthe form a

Solution :

1575 157525 63
100~ 100+25 4

We have, 15.75 =

CONVERSION OF DECIMAL NUMBERS INTO RATIONAL NUMBERS OF THE FORM P/Q

CONVERSION OF TERMINATING DECIMAL TO THE FORM P/Q

Step 1 : Count the number of numerals to the right of the decimal point. Let it be m.
Step 2 : Drop the decimal point and in the denominator write 1 followed by m zeros.

Step 3: Simplify the fraction.

Example

Convert 8.675 to the form B.
q

Solution :

Step 1 : Number of numerals to the right of decimal is 3 i.e. m=3.

Step 2 : Write 8.675 = 860

1000

. .. NN . 347
Step 3 : Simplify (divide the numerator and denominator by 25) = 8.675 = 20

CONVERSION OF PURE RECURRING DECIMAL TO THE FORM P/Q

Step 1 : Obtain the repeating decimal and put it equal to x.

Step 2 : Write the number in decimal form by removing bar from the top of repeating digits and listing repeating

digits at least twice.

e.g write x =0.8 as x =0.888.......

Chapter-1 Number System Matrix : www.matrixedu.in [ 9]
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Step 3 : Determine the no. of digits having bar on their heads.

Step 4 : If the repeating decimal has 1 place repetition, multiply by 10, a two place repetition, multiply by 100, a

three place repetition, multiply by 1000 and so on.
Step S: Subtract the number in step 2 from the numbers obtained in step 4.
Step 6 : Divide both sides of the equation by the coefficient of x.

Step 7: Write the rational number in its simplest form.

Example n

Express (.585 in the form b

Solution : !

Let x =0.585

— x=0.585585585 . Q)

Here, we have 3 repeating digits after the decimal point. So, multiply bothsides of (i) by 10° = 1000 to get
= 1000 x =585.585585 ...........
Subtracting (i) from (ii), we get

= 1000 X —x = (585.585585 .......... )—(0.585585...)
999 x = 585 = x =02
= X = = 999

CONVERSION OF A MIXED RECURRING DECIMAL TO THE FORM P/Q

Step 1: Obtain the mixedfecurring decimal and write it equal to x.

Step 2: Determine the number of digits after the decimal point which do not have bar on them. Let there be n digits

without bar just after the decimal point.

Step 3: Multiply both sides of x by 10", so that only the repeating decimal is on the right side of the decimal point.

P
Step 4: Use the method of converting pure recurring decimal to the form E and obtain the value of x.

Example

Express 0.123 in the form 2.
Solution : !
Letx=0.123 ... @)

The no of digits after the decimal point which do not have bar on them is 2.
Multiply both sides of x by 10°.
Number System Matrix : www.matrixedu.in [10]
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= 100x=123 (ii)

Subtracting (ii) from (iii)
= 1000 x —100 x=(123.33 .....)— (12.33 ....... )

— 900x =111
(ot 37
= 7900 ~ 300

A [RRATIONAL NUMBERS

Anumber is a irrational number, if it has a non terminating and non-repeating decimal representation. A number that

p
cannot be put in the form a where, p, q are integers and q # 0 is called irrational number.

eg J2.\3.J11, n-

) .1 | Focus Point

Real Numbers :
¢ The collection of real numbers consists of all the rational and irrational numbers and is denoted by R.

¢  Every real number corresponds to a point on the line and conversely, every point on the number line

represents a real number.

REPRESENTING THE SQUARE ROOT OF A POSITIVE NUMBER ON THE NUMBER LINE

Let x be a positive real number. Wewillnow locate /x on the number line.

Step 1 : Mark —x on the number line. Let this point be represented by A. Mark 1 unit on the number line. Let this
be represented by B.

Step 2 : Locate the midpoint M of AB.

Step 3 : With M as the centre and MA or MB as radius draw a semicircle. Since diameter AB = (x + 1) units,
MA =MB =" (x+1) units.

Step 4 : Draw OD perpendicular to AB meeting the semicircle in D. Join MD. Note the A DMO is a right triangle
with MD =72 (x + 1) units and MO = [/2 (x + 1) — 1] units =[%2 (x — 1)] units.

D

..

A

A(x) M O B CHx)
Chapter-1 Number System Matrix : www.matrixedu.in 11 |
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Step 5 : Using the Pythagorean theorem, we obtain :
OD? = MD? — MO?
=Vax+1yY-Ya(x—-1)
=Y (4x)
=X
= 0D =+/x

With O as the centre and OD as the radius, draw an arc to meet the number line at C. The point C represents /x .

Example n

Locate /2 on the number line.
Solution :
Step 1 : Draw the number line with O representing the number 0 and A representing the number 1.

Step 2 : Construct a square OABC with each side equal to 1 unit.
C B

d P B
V T 1 >
-2 -1 0 1 2 2
By the Pythagorean theorem :
OB?=0A’ + AB?
— 12 + 12
=1+1=2

OB=.2

Step 3 : With O as centre an OB as radius, draw an arc to meet the number line at point P.

Since OP =0B = /2 , the point P represents /2 on the number line.
REPRESENTING REAL NUMBERS ON THE NUMBER LINE

The decimal representation of a real number is quite useful to find its location on the number line.
Example n

Visualise 2.437 on the number line.

Solution :

Observe that 2.437 lies between 2 and 3.

Step 1 : Locate 2 on the number line.

Step 2 : Locate 2.4 on the number line as follows.
Chapter-1 Number System Matrix : www.matrixedu.in 12 |
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Divide the segment between 2 and 3 into ten equal parts and mark each point of the division. The first mark is 2.1,
the second 2.2, and so on. The fourth mark represents point 2.4.

Step 3 : Locate 2.43 on the number line as follows : Divide the segment 2.4 to 2.5 into equal parts. Mark the first
part 2.41, the next as 2.42 and so on. The third mark repersents the number 2.43.
Step 4 : Locate 2.437 on the number line by dividing the segment 2.43 to 2.44 into 10 equal parts. Mark each part
and take the 7" part.
2305
0 Lx
S1 2425 %
2 '.,:“':,' “ 3
54142 43 )
2.4 FAA S 2.5
:.'. .::. . .::. ."u.,
243 2437 244
LAB TIME J_lg
Operations on Real Numbers
(1)  The sum, difference, or product of two rational numbers is again a rational number.
(i)  Forall rational numbers a and b, the quotient % , where b # 0, is a rational number.
@ii) The sum or difference of arational and an irrational number is always an irrational number.
(iv)  The product or quotient of a non zero rational number and an irrational number is an irrational
number.
(v)  The sum, difference, product and quotient of two irrational numbers may be rational or irrational.
Number System Matrix : www.matrixedu.in [13 ]
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Example
Classify the following numbers as rational or irrational.

(i) 247
(ii) 3++/29-+29)
(iii) B+/5)3-+/5)

Solution :

Class—9 [Mathematics| NN

(@) 2./7 isirrational.

Assume on the contrary that 2./7 isarational number, say, r. Then :

27 =t

T
7=L
= 2

r
As both r and 2 are rational numbers, 5 is arational number /7 isarational number, which is a contradiction.

Thus, 2ﬁ must be irrational.
() (3++/29)-+/29 =3, whichisarational number.

(iit) (3+\/§)(3—\/§) =32_ (./5)% = 9—5 =4, which is a rational number.
(V5)

SURDS OR RADICALS

# An expression written under a radical sign is called a radical expression. The radicand is the number under the

radical.

¢ Asurd is the simplest type of irrational number, one whose radicand is a rational number.
*eg JE ,3\/7 and % are surds whereas 34/5 — \/5 and \/5 are not surds.
3

¢ The order of a surd is indicated by its index.

¢ The order of aradical is the denominator of its fractional exponent.

1
¢ Order > 1/ =a" ; order=n

Chapter-1 Number System Matrix : www.matrixedu.in [ 14 |
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TYPES OF SURDS

(i) Puresurd: Asurd in which the whole of the rational number is under the radical sign. & makes the radicand,

is called pure surd.

Fore.g \/ﬁ, %/5_0, /6 etc.

(ii) Mixed surd : A surd which has arational factor other than unity, the other factor being irrational, is called a

mixed surd.

Fore.g. 243, 5312, 24/5 are mixed surds.

LAB TIME J_lg

¢  Every surd is an irrational number but every irrational number is not a surd.
¢ A surd consisting of one term only is called a monomial surd.

¢ Anexpression consisting of the sum or difference of two monomial surds or the sum or difference of

amonomial surd and a rational number is called binomial surd. e.g. /2 ++/5,/3 +2.+/2 —+/3 etc.

¢  The binomial surds which differ only in sign (+ or —) between the terms connecting them, are called

conjugate surds e.g. /3 ++/2 and \/3 /2 or 24+./5 and 2 —./5 are conjugate surds.

LAWS OF RADICALS

Ifa, b are positive rational numbers and m, n, p are positive integers, then :
(i) (Va) =a (ii) Ya" =a=(¥a)

Va _ [a
nb b

(itj) (¥/a)¥/b) =¥/ab (iv)

(V) 3fa? ="%fam

Example

Simplify the following :

. - [125 s
(i) 41875 (i) \ "3 (iii) 337

Chapter-1 Number System Matrix : www.matrixedu.in | 15 |
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Solution :

(i) We have 1875 =5 %3

41875 = Y5*x3 =543

.. /125 /125 /52><5 5 [5x7 5
11 = = = — :_,/35
L 63 32x7 3¥x7 3\V7x7 21

(i) 337 =33x7=3243x7 =31701

Example

Simplify the following.

(i) V45-3420+45 (ii) Jﬁ—%wﬁ—s\g
o ] V12

(iii) \/gx \/g @iv) —(ﬁ)(i/i)

Solution :

(i) We first transform the radicals :
V45 =9x5 =345
V20 =/4x5 =245

We have,
V452320 +44/5 =345 -3@2\5) + 45
—(3-6+4)5=15
(i) 252 =+/22x3 x7 =2x3T =657
J294 =\2x3x7* =76
Thus, V252 536 #2983, =67 538+ 76 -2 6 =637+ 5+7-1 VG =67+ 25

(iii) We have LCM of 3 and 4 is 12. Now,
1 1
P=3=(3")2 =%B1
1 il
5=5¢=(5")2 =%¥125
Thus, (3/5)x (4/5) = (¥81)x (¥/125) = ¥81x125 = ¥/10125

Chapter-1 Number System Matrix : www.matrixedu.in | 16 |
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(iv) We first multiply (\/5 ) and ({/5 )
The LCMof2and3is6:

Thus, \/3 _3 = (3% =427
and, 32 =2% = (22)° = {4
)xR2)=827 x4 =27x4

iz 2 12
Now, "2~ ¢27xa  \27x4

Lo L

RATIONALISATION OF REAL NUMBERS

. ! NS S
O arbdx ) x+Jy

a 1 1
We can simplify the expression involving real numbers of the types T, At bix Jxa \/7 and aJx +b \/;
X X VX 44y

where a, b are non-zero integers and X, y are positive real numbers.

To make the denominators in such cases free from square roots such as Jx and \/§ , we multiply the numera-
tor and denominator by a suitable factor. This factor is called the rationalising factor. The process is known as

simplification by rationalising the denominator.

For example :

N 3x4/5 35
NN

1x3-v5) _3-45 3-4f5

(11)3+\/§=(3+\/§)><(3—\/§)_ 9-5 4

2x(V5+43)  2x(5+3)
(“‘)f NN TN T T R

Thus, we observe that \/5,3—+/5 and /5 +./3 are respectively, the rationalising factors for the numbers
SN SR S
V573445 T 5437

Chapter-1 Number System Matrix : www.matrixedu.in 17 |
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LAB TIME J-&

¢ F the rationalising factor is av'x — b\/§ .

1
Ora X+b\/§,

1
¢ For , the rationalising factor is a + by/x .
a—bvx

1
¢ For m , the rationalising factor is av/x +by/y .

Example

Rationalise the denominator of

5
NN
Solution :

5 5 B35 5GBS (5 5,
Rty Ly e ) (O

Example

1
Rationalise the denominator of .
+ 3B

Solution :

1 1 (7—3&]_7—3&_7—3\5

= X =\ =
7+332 7+3V2 (7=3J2 ) .49-18 31
Example

v

) ) > a
Rationalise the denominator of T -
Ja’+b” +b

Solution :

a’ Nai4b'-b_a’(Jal+b'-b) a'(Vai+b'-b) s
Va’+b'+b Wa'+b’-b (Va'+b')’—(b)} @ +b b’

[} LAWS OF EXPONENTS FOR REAL NUMBERS

Positive integral power : For any real number a and a positive integer 'n', we define a”as a"=a x a x a X
............. x a(n times). a" is called the n™ power of a. The real number 'a' is called the base 'n' is called the exponent

of the n" power of a.

Chapter-1 Number System Matrix : www.matrixedu.in | 18 |
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RATIONAL EXPONENTS OF REAL NUMBERS

Ifaisa positive real number and 'n' is a positive integer, then the principal n root of a is the unique positive real

number x such that x"=a.

1
The principal n root of a positive real number 'a' is denoted by a» or 2/ .

o . P
For Rational Powers : For any positive real number 'a' and a rational number E , where q > 0, we define

P 1
al =(a")-

p
i.e., a% isthe principal q" root of aP.

FOR INTEGER OR RATIONAL EXPONENTS

First law : For any non-zero real number 'a', we define a’= 1

Second law : a™ x g" = g™,

m

Thirdlaw: — =a
a

m-n

Casel: Whenm>n,a"+a'=a ™= —

a
Casell: Whenm=n,a"+a"=a’=1

1
Case Il : Whenm <n, a™+ a"=g m = —

Fourth law : (a™)"=a™=(a")™
. .o a ! an
Fifth law : (i) (ab)"=a"b" (ii) (Ej = b—n;b #0

m 1 1

Sixthlaw : a» =(@")" = (a")" i.e, an =4/a" = (&a)"
Seventh law : g® — ™1 times

Here a, b are positive real numbers and m, n are rational numbers.

Chapter-1 Number System Matrix : www.matrixedu.in | 19 |
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Example

/ 2+m?—im m m?+n%-mn 0 n2+1%-nl
. . X X X
Simplify : | — X x| —
—-m -n -1
X X X

Solution :

i -m Pl
We have, (Xéj {gj {_’ij P gt - 16)

X X

l+m )ﬂz +m? —Im) m+n )(m2 +n? —mn) n+l )(n2 +2 -nl)

= (x x(x x (X

Then
}((Hm)(l2 ~Im+m?) « }((m+n)(m2 —mn+n?) « }((n+l)(n2 —n]+12)

P o 3.
=X m XXm " XXn _ X2(13+m3+n3)

Example

2a a+b 2b b+c 2° c+a
Simplify : | —| .| —| .|—

Solution :

23 a+b 2b b+c 20 c+a
We have, — J= 1 =
2 2°¢ 2°
— (2a—b)a+b . (2b—c)b+c . (2c—a)c+a
— 2az—b2 4 2b2—c2 . 202—a2
— 2a2—b2+b2—cz+ -a?
= 20

=1

Chapter-1 Number System Matrix : www.matrixedu.in
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SN 1

Ans.

Represent the real numbers given by —2 <x <3 on
the number line.
Since all the real numbers given by —2 <x <3, i.e.
lying between —2 and 3 can be represented on the

number line by the dark portion as follows:

P -2<x<3 Q
T TTT T 0 T
4 3 -2-1 0 1 2 3 4

SION 2

Find the value of /4.3 geometrically.

SE.H

Ans.

Express the following in the form p

q
@) 5.2
(i) 15.712
(i) Let x=5.2
= x=52222...

=
Subtracting (i) from (ii), we get :
=(Cl0x-x=(52.222....)-(5.22 .....)
= 9x=47

47
X=—

= 9

(ii) Letx=15.712 then,
Multiplying both side by 10.

= 10x=157.12

= 157.121212 ...... (i)
Multiplying both sides of (i) by 100, we get :
= 1000x=15712.1212 ...  ..(i)

Subtracting (i) from (ii), we get

= 1000 x — 10x = (15712.1212 ......)
(157.121212)

= 990 x = 15555

15555

990

5185

= XxX=—-—
330

Ans. (i) Drawaline segment AB=4.3 units and extend it
to C. such that BC =1 unit.
(i) Find the midpoint O of AC.
(@iii) With O as centre and OA as radius, draw a
semicircle.
(iv) Now, draw BD 1 AC, intersecting the semi-
circle at D.
Then, BD = /4.3 units.
With B as centre and BD as radius, draw an arc,
meeting AC produced at E. Then BE= BD = /4.3
units.
m
A OB CE
K————
V4.3
Number System

Matrix : www.matrixedu.in
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SO 4 |

Express 3/4 asasurd of order 12.

sE.d
24345

Simplify by rationalising the denominator. 235

Ans. Multiplying and dividing by the relationalising factor

of the denominator, we have

_ 235 2V2-343
22433 242-33

_ @V3-5)2v2-343)
(22 +3v3)(2v2 -3V2)

_2\Bx22-23x33 -5 x 242 +3V543
(2v2) -(345)

_43x2 - 633x3 = 25%2 +3/5x3
4%x2-9x%x3

46 -6x3-210+3415

8-27

46 -18-2410 +3415

-19

_18+2J10-46-3V15

19
SE.d
mplify: V2 4B 23
B Y S A
32 43 23

Ans.

Vo o2 vz ThTLEW

Ans.  Now, 3[4 =¥/4*
[ We are to convert order 3 into 12]
= RAx4x4x4
= K256
SE.
Show that :
1 1 1
b-a c—a a-b c-b + b—c a-c :1
I+x7" +x 1+x"7 +x I1+x7°+x
Ans. Wehave,
B 1 1 N 1
T+x"7+x7° 1+x"P+x"° 1+x"°+x*°
B x* x°
- Xa + Xb—a+a + Xc—a+a + Xb + Xa—b+b + Xc—b+b +
XC
Xc +Xb—c+c + Xa—c+c
[Multiplying numerator and denominator of three
terms by x?, x® and x° respectivetly]
x* x" x°©
= a b c + b a c + c b a
XT+xT+Xx X +x"+x° X +x7+X
a b c
XX+ ;
x* +x° +x°
Chapter-1 Number System
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__ W2 V6443
Vo3 Je+3

_3V2(J6 +3)

6-3
=26 +4/3)
=2J3+6

4 B
RN NN

_4/18+46

6-2

_ 432 +46)

4
=%E+J€

23 X\/E—z
J6+2 J6-2

_23(J6-2)

6-(2)°

=3J2-23

Given expression=T —T, +T;

= 23+/6-3V2-J6+342-23

=0

Tl

T

T, =

Chapter-1 Number System

sE.&

Solve the equation : 22x*2 =231,
Ans. 22x+2:23x—1

Equating the powers, as the bases are same,
2x+2=3x-1
= 2x-3x=-1-2

= —x=-3 or x=3

SION 9 |

Ifx

_VJa+2b++a-2b
Ja+2b—+a-2b
+b=0.

, then show that bx? —ax

e \/a+2b +\/a—2bxx/a+2b+\/a—2b
Jas2biJa-2b Ja+2b++a-2b

Ans.

(x/a+2b+\/a—2b)2
(a+2b)—(a—2b)

. _a+2b+a-2b+2,/(at+2b)(a-2b)
- 4b

e 2(a++/(a*—4b%)

2x2b
= 2bx=a++/(a’—4b?)

= 2bx-a=4/(a’°—4b’)

On squaring both sides, we get :

= 4b’? + a’ — 4abx = a’ — 4b’

= 4b’x?—4abx +4b*=0

Dividing by 4b, we get, bx? —ax +b=0

Hence the result.

Matrix : www.matrixedu.in
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-I— EXERCISE -1 _]-

_ xP o [(x" ) [ xPea,
1. 0.123 canbe expressed in rational form as 8. Thevalueof(;] X(;] X(FJ isequal to
(A ) (B) oy
ann 1
111 900 (A) x5+ q+; (B)0
123 121
125 el C) xPatar+m D)1
© 75 D) 550 © (D) 1 1
[T — 0. The rational number between — and = is
2. IfX > O, then X X\/; = 2 3
4 2 1
(A) xvx B) x¥x Ok ®) 5
©) ¥x D) ¥x7 X )
. W3 25 32 ©53 D)5
T W10+3) (Je+5) (VI5+3V2) )
10 If(a+lj =9, then a3+Le uals
(A1 (B)2 . . ) e q
1
© 5 (D)3 10\/_
2 EVERN (B) 343
4, The rationalising factor of J/ab’c* is
©) 18 (D) 747
(A) Ja’v’e (B) Ya'b’c 11. If both ‘a’ and ‘b’ are rational numbers, then ‘a’
(©) Ja’ve D) Jfa'b’c 3.5
and ‘b’ from =aJ5-b ,respectively are
5 I, N 34245
. — = =_ isnot equal to
(V3-+2) a RERE 5199
\2 ( )11 11 ( )11 11
(A)\/§+\/§ B) (\/3_2) c 2 8 b 10 21
( )11 11 ( )11 11
(3-12) 5 J3 N
© (5-26) ( )(9—\/8) 12. Lequals
h d der of the surds 3/2 . ¢/3.3/4 V2443445
6. The ascending order of the surds /2, $/3,3/4 is
W V2+3-5 B4\
(A) Y4.43,32 (B) ¥/4,32,43 :
© BGHE OB (© V2 #3165 (D) 5(V2+5-43)
7. Rational number between /2 and +/3 is 13.  If25¢1=5%-1_100, then the value of x is
A)3 B)2
ﬁ+f ﬁxf (
(A) (B) ©)4 D)1
O 1.5 (D)1.8

Chapter-1 Number System Matrix : www.matrixedu.in [ 24|
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14.

15.

16.

17.

18.

19.

QQ QQ
Chapter-1 Number System Matrix : www.matrixedu.in

Which of the following numbers has the terminating

decimal representation ?
A~ B) L
(A) 5 ®) 3
)3 o
© 5 (D) 3
m+n p l
If ;_m =16, i—nzgl and a=21, then
a'2m+n—p
W:
A)2 B l
(A) ®) 3
1
©9 D) g
a+b\2 b+c\2 c+a\2
Find the value of X)) (x - ) (4X )
(x*x’x°
(A1 (B) 4
©-1 (D)2

For an integer n, a student states the following.
I. Ifnisodd,(n+1)%iseven.

II. Ifniseven, (n—1)*isodd.

III. Ifniseven, \/m isirrational.

Which of the above statements would be true ?
(A)BothIand Il (B)Both I and Il
(C)AIlL T and II (D) Both IT'and IIT

If \/5 =2.236 and /10 = 3.162, then the value of

15
V10 +20 + /40 —/5 - /80
(A)5.398 (B)4.398
(C)3.398 (D) 6.398
The value of ! + ! + ! +ot ! is
1x2 2x3 3x4 99%x100

99
(B) Equalto ——

A) Less than
(A) Less than 100

100

100
(D) Equal to

100
(C) Greater than

20.

21.

22.

23.

24.

25.

Simplify : 5[X44 <3 3/X2\/;

(A) o B) o
©) x¢ (D) xi2

Which of the following statements is true ?

(A) Product of two irrational numbers is always
irrational

(B) Product of rational and an irrational number is
always irrational

(C) Sum of two irrational numbers can never be
irrational

(D) Sum of an integer and a rational number can

never be an integer
-3 2
Find the value of 3 X6 x \/% -
5% x 3/215 x(15)3 x33
(A) 282 (B)28
(C) 283 (D) None of these
2+1 _
If a :—\/—+ and b :—ﬁ ! , then value of
V2-1 V2 +1
(a>+ab +b?)is
(A)70 (B)35
(C) 40 (D) 34
2.6—0.82 isequal to
A) 599 B) 55
82
©) 99 (D) None of these

Ifx= 3\/§+2\/§ and y = 3\/3—2\/§,thenvalue
of (x2—y?)is
(A)240

(C) 5760

(B) 140
(D) 5300

[
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PARAGRAPH TYPE MATCH THE COLUMNTYPE

In this section each question has two matchin
Passage — I : (Vx +./y)> =x+y+2y/xy and Jxily a 8
lists. Choices for the correct combination of

= /Xy , where x and y are positive real numbers. elements from Column-T and Column-Tl are given

26. Ifx=2vJ5++3andy= 25 -3 ,thenx*+y*= as options (A), (B), (C) and (D) out of which one
(A) 1538 (B) 1200 is correct.
(C) 1048 (D) 149 1 Match the followi
. tch t .
27.  If x=+3+3v2 and y=\/§—3\/§,then Hen e ToTowIne
x4+ yt— 8x%y? = Column-1I Column - II
(A)3914 (B) 3010
(C)-486 (D)—856 . (ﬂj_zx (éj_i*(éj_s 3
28.  Ifa=1++2++/3 and b=1++2—+/3, then ®16 9 2 D %0
a?+b*—-2a-2b=
A)11 (B)8 3 Y =
(©)152 (D) 15 © 0125 ><\/(O.OOO32)2 i) 394+ 8430
5/ -3 g 21
Passage —1II : For __ , the rationalising factor (O™ <27
avx + b\/§
o 1
is avx — by . ®) 1) (i) 5
1 1
29. IfX—3_2\/§ and y——3+2\/§,thenvalueof © 2J6 ++5 .
xy? +x%y is 3V5-246
(A)4 B) 12 (A) (P) = (i), (Q) = (i), (R) = (iv) (8) > (i)
(©)6 D)9 .. . :
(B) (P) = (ii1), (Q) = (i1), (R) = (1), (S) = (iv)
30, If x= S+ hen value of . ~
' X T R0 a8 a5 _Jo7 - emvalue o (©) (P) = (i), (Q) = (i), (R) = (iv). () > (D)
4x2+3x +5is (D) (P) > (iv), (Q) = (i), (R) — (iii), (S) — (i1)
(A) 15 (B)2
©)12 D)5
31 If x= 3 - 2 - 25 then
' VIO+3 V154342 J6++5°
value of x* +x2is
(A)2 (B) 1
©)0 (D) 12

Chapter-1 Number System Matrix : www.matrixedu.in | 26 |
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33.  Matchthe following if 2 =1.414,/3=1.732, | _____ Space for Notes :
J5=2236 and m=3.141. | oo
Column-1 [ @01Y 110110+ e
2 R R
® 57 (1)4.357 | =mmmmmm e m e
n 3 cey A, ]l e e e e e e e e omm e o e e Em e Em o Ee e Em E e e e Ee e Ee e e Em =
Q3+ (ii) 3.968
1 P By = ki i  Fa
(R) 2\/3_3\/5 2oz
1 ________________________________
(S) n+$ @iv)3.848 |

(A) (P) > (i), (Q) > (iii), (R) > (i), (8) > (iv)
(B) (P) > (i), (Q) > (ii), (R) > (i), () >Gv) | o
() (P) > (i¥), (Q) > (i), (R) > (i), (8) = (i) | o ooooo oo
(D) (P) > (iii), (Q) = () (R) > (i), () > (V) [ === =7=======m=mmommomooomooo o

Chapter-1 Number System Matrix : www.matrixedu.in [ 27 |
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I |

VERY SHORT ANSWER TYPE

\/§+\j2 \/g—\/2
1. fX=—F="F == findx>+y2.
BN and Y NP ,—2,then dx*+y

2. If Jx ++/x —/1—x =1, then show that X=§.

1 2
If x=3+3%+33, then show that x> — 9x> +

18x - 12=0.

(O8]

1 1
4. If x=(4++/15)° +(4—+/15)?, then show that
x*-3x-8=0.
5. If\/;—\/EI\/Z—\/;,thenﬁndX.
2 3

1
- + =0
6 Showthat B BB 2
7. If 15— x+/14 = /8 —/7. then find the value of

X.

5
8. Solve:9+2x —2x = .
ove 491 2x

9. Find the value of \/ N

10.  Is5.25 arational number? Canyou write it in the

form a > where p and q are integers andq = 0.

SHORT ANSWER TYPE

4.

Simplify the following expressions :

(i) (V3 +5) (i) (V5 -2)
Simplify :

() (9)2 (i) (9) 2

(i) (25)? (iv) (36)2

(v) (49) ? (vi) (0.0001) *

LONGANSWERTYPE

1.

Express the following recurring decimal

. . P
expansions in the form a» where p and q are

integers and q #0.

(i) 0.7 (i) 0.257
Show that iax’ +by* +cz® = a + /b +3c, if
1 1
ax*=by’=cz’and —+—+—=1.
X y z
! + ! + ! +
Prove that 142 2+ Bida
+ L __
...... N
J3++2 J3-42

If a=———= and b=—F=—~=, then find the
B-2 J+2
value of 3(a? —b?).

7445
2

If x , find the value of

(x3+%)—7(x2 +L2)+(X+lj'
X X X

1 1
1. Ifx=— \/g+— , then show that

(%)

x’ -1 _a-l1
x—x’ -1 2
) ) 1 4

2. Find 10 rational numbers between —5 and 5
3. Convert ﬁ into decimal form.
Number System

Matrix : www.matrixedu.in
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TRUE /FALSE TYPE

1.

D

(9]

o

N

A terminating or non-terminating decimal

expansion can be expressed as rational number.

There is one rational number lying between any

two rational numbers.

An irrational number can be expressed in the form

P

q
Square root of a positive real number always

exists.

The difference of a rational number and an

irrational number is an irrational number.

FILL IN THE BLANKS

3.
4.
3.

Rationalizing factorof 3./5 is .

R rational mambors lie between two whole
numbers .

Orderofsurd {13 is .

Multiplicative inverse of 2 —./3

Every repeating deciaml is a number .

ANALYTICAL PROBLEMS & BRAIN TEASER

1.

Chapter-1

Which of the following statements is incorrect ?

(A) There can be a real number which is both
rational and irrational

(B) The sum of any two irrational numbers is not
always irrational

(C) For any positive integers x and y, x <y
= x? <y’

(D) Every integer is a rational number

1

. 0
95—3x50—[i} ’
81

2. Find the value of 3 .
( 64 j‘? | [\/E j
+ + Voa
125 256 64

(2

15
Vs (B)0
16 48
() D) -5

3. If a=2+\/§+\/§ and b=3+\/§—\/§, then
a’+b?>—4a—6b—3 is equal to.

(A)2 (B) -1
(O1 (D)0
4. Find the values of the integers a and b respectively,

for which the solution of the equation

x\24 = x+/3 +/6 is a+\/g'

7
(A)4,2 B)2.6
(©)3,2 (D)9, 5

5. If \/2_" =1024 then 32(%_4] =
(A)3 (B)9
(C)27 (D) 81

NUMERICAL PROBLEMS

1. Ifx= 9+4\/§ and xy = 1, then find the value of
1 1
1 1

1
+ +
2. The value of \/Z+\/§ \/§+\/€ \/€+\/7

1 1
+ + ~
J7+V8 8+ B

Number System

Matrix : www.matrixedu.in

[



3 MATRIX

Class—9 [Mathematics| NN

Space for Notes :

3. IfN=

N + 2 equals
4. Find the value of 9x, if 5¥3-32x-8=1225,

5. 19 x3xB )77 _ 1 thenfindm-n. | === --ccmmmmmmme oo oo e
3 %2 27

\/\/§+?/_+\/\/§_2 —\3-2J2 ,then | 7T TTTTTTTTTTTTTTTTTTT
R A N B i

Chapter-1 Number System Matrix : www.matrixedu.in
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EXERCISE-I

6 / 8 9 10 11 12 13 14 15
A A D A C A A B C A
16 17 18 19 | 20 | 21 22 | 23 ] 24 | 25 | 26 | 27 | 28 | 29 | 30
B A B B C A C B C C

31 32 33
A D A
EXERCISE 11
VERY SHORT ANSWERTYPE
21
1. 98 2. 16 3.0 4.0 5 4423 6.0 7.4 8 8 9. — 10. Yes, —
25 2 4
SHORT ANSWERTYPE
4. () g+2415 (i) 7-2410
: Lol . 1 .
5. (1) 27 (i1) 27 (i11) 125 (iv) 216 (v) 313 (vi) 1000
LONG ANSWERTYPE
d T ol
1. (i) 5 (ii) Bs 4. 1206 5.0
TRUE/FALSE TYPE
1. F 2. F 21 E 4. T 5. T
FILL IN THE BLANKS
1.\/5 2. Infinate g7 4.2+3 5. Reational

ANALYTICAL PROBLEMS & BRAIN TEASER
1. A 2. D 3. D 4. A 5. B

NUMERICAL PROBLEMS
1. 322 2. 1 3. 3 4. 45 5. 1

Chapter-1 Number System Matrix : www.matrixedu.in [31]
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : NUMBER SYSTEM)

CONTENT STATUS DATE OF COMPLETION SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:
1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.

Chapter-1 Number System Matrix : www.matrixedu.in | 32 |
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POLYNOMIAL -

Concepts
Introduction
Polynomials
2. Degree of a Polynomial in One Variable

2.1 Degree of a polynomial in one variable
2.2 Degree of a Polynomial in Two or More Variables
3. Types of Polynomials
3.1  On the basis of degree
3.2  On the basis of Number of terms
4. Zeroes and value of a Polynomial
4.1  Value of a Polynomial
4.2  Zero of a Polynomial
5. Remainder Theorem
Factor Theorem
7. Factorization of Polynomials
7.1  Methods of Factorization
7.2  Factorizing of Quadratic Trinomials

7.3  Algebraic Identities

Solved Examples
Exercise - I (Competitive Exam Pattern)
Exercise - Il (Board Pattern Type)

Answer Key
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INTRODUCTION

In our previous classes, we have learnt about algebraic expressions and various operations on them. In this chapter,

we shall review these concepts and extend them to particular types of expressions, known as polynomials.
We shall come across two types of symbols, namely, constants and variables, defined below :

Constants : A symbol having a fixed numerical value is called a constant.
5
eg 8,—06, 7 7 etc are all constants.

Variables : A symbol which may be assigned different numerical values is known as a variable.

e.g. circumference of a circle is given by ¢ =2nr

Here, 2 and 7 are constants, while ¢ and r are variables.

Algebraic Expressions : A combination of constants and variables, connected by operations +, —, x and + is
known as an algebraic expressions.

3 3
e.g 4+9x—5x%y+ XY is an algebric expression containing four terms, namely, 4, 9x, — 5x%y and -,5§Xy.

POLYNOMIALS

A function p(x) of the form p(x) =a x"+a_x"'+...+ax+a

wherea,a , a,,....a areconstants and a_# 0 and n is anon zero negative integer (i.e. whole number) is called a

polynomial.
OR
An algebric expression in which the variables involved have only non negative integral powers is called a
polynomial.
Example

x?—al, ax? + bx + ¢/ + 3x2+3x + 1,y — 7y + 6 etc.

Focus Point

. Ifthe power of X or y be in either increasing or decreasing order, the polynomial in x ory is said
to be in standard form.

eg —2y'—y’+y*+3y+ 14 or 14 + 3y + y> —y* - 2y*

DEGREE OF A POLYNOMIAL IN ONE VARIABLE

DEGREE OF A POLYNOMIAL IN ONE VARIABLE

Chapter-2 Polynomial Matrix : www.matrixedu.in | 35 |
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In case of a polynomial in one variable, the highest power of the variable is called the degree of the polynomial.

DEGREE OF A POLYNOMIAL IN TWO OR MORE VARIABLES

In case of polynomials in more than one variable, the sum of the powers of the variables in each term is taken up

and the highest sum so obtained is called the degree of the polynomial.

Example

Write the degree of each of the following polynomials.

(1) 5x* +4x? + 7x (ii) 7x3 - 5x%y? + 3xy + 6y + 8
Solution :

(i) In the given polynomial 5x* +4x? + 7x, the highest degree of variable x is 3. Therefore, degree of polynomial
5x3+4x?+ 7x is 3.
(ii) The given polynomial is in 2 variables x and y. The highest sum of the powers of the x and y in all terms is

4. Therefore, degree of polynomial is 4.

TYPES OF POLYNOMIALS

Polynomials can be classified on the basis of number of terms and on the basis of degree.,

ON THE BASIS OF DEGREE

(i) Constant polynomial : A polynomial of degree zero is called as constant polynomial.

e.g 2,-5,7. Every real number is a constant polynomial.

(ii) Linear polynomial : A polynomial of degree 1 is called as linear polynomial.

e.g 3x+ 5isalinear polynomial in'x.

and x +y + 8 is also a linear polynomialin x and y.

(iii) Quadratic polynomial : A polynomial of degree 2 is called a quadratic polynomial.
e.g. 3y?— 8y + 5 isaquadratic polynomialin y.

and 2xy + 5x + 3y + 4 is also a quadratic polynomial in x and y.

(iv) Cubic polynomial : A polynomial of degree 3 is called a cubic polynomial.

e.g 4x®—3x?+7x + 1 is acubic polynomial in x

and 4x%y + 5xy + 8 is also a cubic polynomial inx and y.

(v) Biquadratic polynomial : A polynomial of degree 4 is called a biquadratic polynomial.
e.g. 7'+ 62>+ 102> + 6z + 1 is biquadratic in z.

and 3x%yz + 4xy’ + 5xyz is also a biquadratic in, x, y and z.

ON THE BASIS OF NUMBER OF TERMS

(i) Zero polynomial : A polynomial consisting of one term namely zero only is called as zero polynomial.

Chapter-2 Polynomial Matrix : www.matrixedu.in | 36 |
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(ii) Monomial : A polynomial containing one non zero term is called as monomial. e.g. 5,3x, % Xy
(iii) Binomial : A polynomial containing two non zero terms is called as binomial. e.g. (5x*y +2yz), (x — 5y)
(iv) Trinomial : A polynomial containing three non-zero terms is called as trinomial.

e.g. (Xy +yz+zx), 3y — 5xy + 7xy?)

Focus Point

¢ Apolynomial having four or more than four terms does not have any particular name. They are simply
called polynomials.
¢ A polynomial whose all the coefficients are zero is called a zero polynomial, degree of a zero

polynomial is not defined.

Example

Write the degree of each of the following polynomials.

(1) 5x% +4x? + 7x

(i) 4-y?

(iii) 5t- /7

(iv)3

Solution :

(i) In the given polynomial 5x* + 4x* + 7x, the highest degree of variable x is 3.
(ii) In the given polynomial 4 < y?, the highest degree of variable y is 2.

(iiii) In the given polynomial 5t- /7 , the highest degree of variable tis 1.

(iv) In the given constant polynomial 3 i.€. 3x°, the highest degree of any variable like x is 0 (zero).

Example
Classify the following as linear, quadratic and cubic polynomials.

) x*+x (i) x—x3
(i) y+y*+4 (iv)1+x
(v)3t (vi)r?
(vii) 7%

Solution :

(i) x> + x, it is quadratic polynomial as the highest degree of variable x is 2.

(ii) x —x?%, it is cubic polynomial as the highest degree of variable x is 3.

(iii) y + y* + 4, it is a quadratic polynomial as the highest degree of variable y is 2.
(iv) 1 +x, itis alinear polynomial as the highest degree of x is 1.

Chapter-2 Polynomial Matrix : www.matrixedu.in | 37 |
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(v) 3t, itis alinear polynomial as the highest degree of tis 1.
(vi) r%, it is a quadratic polynomial as the highest degree of ris 2.
(vii) 7x3, it is a cubic polynomial as the highest degree of x is 3.

ZEROES AND VALUE OF A POLYNOMIAL

VALUE OF A POLYNOMIAL

The value of a polynomial f(x) at x = o is obtained by substituting X = o in the given polynomial and is denoted
by f(a).
Consider the polynomial f(x) =x*—5x>+2x —4,
If we replace x by — 1 everywhere in f(x), we get
f-1)=(-1y-5=1) +2(-1)-4
f-1)=—1-5-2-4
f(-1)=—12=0.

So, we can say that value of f(x) atx=—11s —12.

ZERO OF A POLYNOMIAL

The real number o is a zero of a polynomial f(x), if f(c) =0.
Consider the polynomial f(x) =x*—3x>+3x—1.
If we replace x by 1 everywhere in f(x), we get
f(h)=(1)y-3(1)+3(1)-1
=1-3+3-1=0

Hence, x =1 is a zeto-of {(X).

Example

Find the value of the polynomial p(x) = 5x — 4x> + 3 at
(1)x=0

(i)x=-1

(i) x=2

(i) p(0) =5(0)— 4(0)*+3 =3

(i) p-1)=51)—-4(-1y+3=-6

(iii) p(2) =5(2) - 4(2)*+3=-3

Example n

Verify whether x is a zero of the following polynomials.
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: 2 . 1
(1)p(x)=3x+2,x=—§ (11)p(x)=3x+1,x=§
Solution :

2 2
(i) p(—gj:3(—§)+2:—2+2:0

o= 3 is a zero of p(x) =3x + 2.

(ii) p(%]=3(%]+1=1+1=2¢0

1.
" 3 is not a zero of p(x) =3x +1.

Example
Find the zero of the polynomial in each of the following cases

() p(x)=x+7

(i) p(x)=ax,a=0

Solution :
Hpx)=0=x+7=0=>x=-7

0
) px)=0=ax=0=x= o =x=0

REMAINDER THEOREM

Let f(x) be a polynomial of degree n(n> 1) and let a be any real number. When f(x) is divided by (x—a), then the

remainder s f(a).

Example n

Find the remainder when p(x)<4x> =3x2 + 2x — 4 is divided by (x — 1).
Solution :

By remainder theorem, we know that when p(x) is divided by x — 1, then remainder is p(1).
Now, p(1)=4(1> -=3(1)2+2(1) 4=4-3+2-4=—-1
Hence, the required remainderis— 1.

Example n

Find the remainder when the polynomial f(x) = x3 — 3x% + 4x + 50 is divided by (x + 3).
Solution :

By the remainder theorem, we know that when f(x) is divided by (x + 3), the remainder is f(—3).
Now, f(-3) = [(-3)? =3 x (-3)*+4 x (-3) + 50] = [-27 27 -12+ 50] =16

Hence, the required remainder is —16.
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A FACTOR THEOREM

Let f(x) be a polynomial of degree n > 1 and let a be any real number.
(1) If f(a) =0, then (x —a) is a factor of f(x).
(i) If (x — a) is a factor of f(x) then f(a) = 0.

Example

Show that (x — 3) is a factor of the polynomial f(x) = x3 + xZ — 17x + 15.
Solution :

By the factor theorem, (x — 3) will be a factor of f(x) if f(3) =0

Now, f(x)=x3+x2-17x + 15
f3)=(3*+32-17x3+15=Q27+9-51+15)=0

Hence (x—3) is a factor of the given polynomial f(x).

Example
Find the value of a for which (x + a) is a factor of the polynomial f(x) = x3 + ax? —2x + a + 6.

Solution :

(x+a)isafactorof f(x)=x3>+ax2—2x+a+6

= f(-a)=0 [(- x+a=0;x=-a]

= (-a) +a(-a)>-2(-a)+a+6=0 =3a=-6
—a=-2 Hence, the required value ofa is —2.

FACTORIZATION OF POLYNOMIALS

Factors : A polynomial g(x) is'called a factor of the polynomial p(x) if g(x) divides p(x) exactly.

Example

(i) (x — 2) is a factor of (x* +3%x=10)

Factorization : To express a given polynemial as the product of polynomials, each of degree less than that of the

given polynomial such that no such a factor has a factor of lower degree, is called factorization.

Example
(x2-16)= (x — 4) (x + 4);
(x2-3x+2)=(x-2)(x—-1)

METHODS OF FACTORIZATION

(I) By taking out the common factor : When each term of an expression has a common factor, we divide each

term by this factor and take it out as a multiple.
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Example

Factorize :

(i) 5x2-20xy

(i) 6 (2a+ 3b)> — 8 (2a+3b)

Solution :

(i) 5x% —20xy = 5x (x — 4y)

(ii) 6 (2a + 3b)> — 8 (2a+ 3b) =2 (2a + 3b) [3 (2a +3b) — 4] =2 (2a +3b) [6a + 9b — 4]

(I By Grouping : Sometimes in a given expression it is not possible to take out a common factor directly.

However, the terms of the given expression are grouped in such a manner that we may have a common factor.

Example

Factorize :

(i) 9x%— 16y2

(i) x> —x

Solution :

(i) (3%)* = (4y)* = (3x +4y) (3x - 4y)

() x(xZ-D=xx+1)(x-1)

FACTORIZING OF QUADRATIC TRINOMIALS

For polynomials of the form ax? + bx + ¢, we find integers p and q such that p + q =b and pq = ac.

Then,ax2+bx+c=ax2+(p+q)x+%

=a’x? +apx +aqx + pq=ax (ax +p) + q (ax + p) = (ax + p) (ax +q)

Hence, (ax2 + bx + ¢) = (ax +p) (ax + q).

Example

Factorize : 6x% + 7x — 3

Solution :

The given expression is 6x2 + 7x — 3. Here 6 x (-3)=—18

So, we try to split 7 into two parts whose sum is 7 and product —18.

Clearly, 9+ (-2)=7and 9 x (-2)=-18

62+ TX—3=6x2+9x—2x-3=3x(2x+3)-(2x+3)=(2x+3) (3x - 1)
Hence, 6x2+7x—3=(2x+3)(3x—1)

Example
5x 1

ize s 2x> -+ —
Factorize : s 12
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Solution :

(24x°-10x+1)
ave,
12

We h

1 2
=—(24x"-10x+1
12( )
1 2
=—(24x" -6x—-4x+1)
12
= L[6 x(4x-1)—(4x-1)]
12
= i(4 x-1)(6x-1)
12

Hence, 2x° —5—X+l=i(4x— D(6x-1).
6 2 12

ALGEBRAIC IDENTITIES

() (x+y)?=x%+y?+2xy

(i) (x —y)?=x2+y>—2xy

(iii) (x +y + 2)2 =x2 + y2 + 22 +2xy + 2yz + 27X

(V) (x +y)P =x3+y3 +3xy (x +y)

(V) (x—y)* =x —y? - 3xy (x )

(VD) (x? —y?) = (x +y) (x—Y)

(vi) X3 +y3 = (x+y) (x2—xy +y?)

(viii) x3 =y = (x —y) (x2 +xy+ y?)

(ix) (X3 +y + 23 = 3xyz) = (x ty + 2) (x2 + y2 + 22 — Xy — yz—7X)
(x) Conditional Identity : (x+y +z)=0,then x3 +y3 + 73 = 3xyz
Example

(i) Expand : (2a + 3b + 4c)?

(ii) Factorize : 2x2 +y2 + 82222 xy + 42 yz—8xz

(iii) Evaluate : (997)?

Solution :

(i) (2a+3b + 4¢)? = (2a)2 + (3b)2 + (4¢)? + 2(2a) (3b) + 2(3b) (4¢) + 2(4c¢) (2a)

=4a2 + 9b% + 16¢2 + 12ab + 24bc + 16¢ca

(i) 2x2 + y2 + 822 2~/2 xy + 42 yz—8xz

= (V2% +y  +(2V22)> + 2(—2 X)(¥) + 2 Y(2v2 2) + 2(2v2 2)(—V2 X) = (—V2 x+ y+2+/2 2)°
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(ii1) (997)* =(1000—3)?
=(1000)2 +32 -2 x 1000 x 3
= (1000000 + 9 — 2 x 6000) = 994009

Example
Factorize : 27x3 + 125y3

Solution :

Using the identity (x3 +y3) = (x +y) (x2—xy + y2), we have

(27 %3 +125y%) = (3x)* + (5y)* = (3x + 5y) [3%)? = (3%) (5y) + (5¥)°]
=(3x + 5y) (9x2 -15xy + 25 y?)

Example

Factorize: a3 —b*—a+b

Solution :

= (a®-b)—(a-b)

= (a—Db) (a2 +ab + b?) — (a—Db) [Since, a3 — b3 = (a—b) (a2 + ab + b2)]
= (a—b)(@%+ab+b2-1)

Hence, (a—b>—a+b)=(a—b) (a2 +ab+b%—-1)

Example

Factorize : a3 — 8b® + 64 ¢3 + 24abc

Solution :

We have, a3 + (—2b)? + (4¢)> < 3 x a x (-2b) x (4¢)

x3 +y3 + 73~ 3xyz, wheré a=Xx, (+2b) =y and 4c = z

— [a+ (-2b) + 4c] [a2 + (2D + (A2 =a(—2b) — (—2b) (4c) —a (40)]

= (a—2b + 4c) (a2 + 4b2 + 16c2 + 2ab + 8bc —4ac)

Example

Factorize : (p—q)3 +(q—1)°> +(r—p)’

Solution :

Putting (p—q) =x, (q—1) =y and (r—p) = z, we get (p—q)* + (q—1)* + (r— p)*
=x3+y3+ 2%, where (x +y+2) = (p—q) +(q—1)+ (r—p) =0

=3xyz [since, (x +y+2) = 0= (x> +y° + 2) = 3xyz] =3 (p— @) (q—1) (r—p)
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Z

S " BUILD THE CONCEPT

Some useful relations :
) a’+b?=(a+Db)>—2ab, if a+band ab are given.
(i) a’+b?=(a—b)’ + 2ab, if a—b and ab are given.

(iii) a+b=./(a—b)’ +4ab,if a—band ab are given.
(ivy  a-b=,/(a+b)’—4ab.if a+bandab are given.

, 1 1Y .. 1. .
v) a*+—=|a+—| —2,ifa+— isgiven.
a a a

2
i) a2+%=(a—lj +2,ifa—lisgiven.
a a a
(vi) a*+b’=(a+b)’+3ab(a+b),if(a+b)andab are given.

(vii) a’—b*=(a—b)*—3ab(a—Db), if (a—b) and ab are given.

. 3, 1Y N1
(ix) a+—=|a+—| -3 a+g ,if a +— is given.

a a a
;1 ( 1J3 ( 1) 1L
a’——=|a——| +3|a—— -
(x) I . g )r &= isgiven.

xi)  a*—b*=(a+b?) (a®-b?) =[(a+b)’>—2ab](a+Db)(a—b).

Example
Factorize : x3 — 23x2 + 142x =120.

Solution :

Let p(x) =x3 —23x2 + 142x — 120

Factors for constant terms are :

+1,£2,£3,+4,£5,+£6,£10,+ 12, + 15, + 30, £ 40, £ 60

Check : p(1)=1-23+142-120=143-143=0= (x—1) is a factor

Check : p(10) =103 —23 x 102 + 142 x 10 — 120 = 2420 — 2420 = 0 = (x — 10) is a factor

Check : p(12)=123-23 x 122+ 142 x 12 -120=1728 — 3312 + 1704 = 0 = (x — 12) is a factor
Since the coefficient of X3 is 1, so p(x) can be factorized into (x —a)(x —b)(x—c)

Then, we have p(x)=(x—a) (x—b) (x—¢c)=(x—-1) (x-10) (x—12)
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sE.l

Ans.

SE.H

Which of the following expressions are
polynomials in one variable and which are not ?
State reasons for your answer.

(i)4x>—3x+7

(i) y*+ 2

(i) 3 + 12

. 2
=
(iv)y y

(V) x"+y* + 0

(i) 4x*> —3x + 7 is a polynomial over one variable
‘x’. Degree : 2

(ii) y> + /2 is a polynomial over one variable
‘y’. Degree : 2

(iii) 34/t + t+/2 isnotapolynomial as variable ‘t’

1
has 5 (a fraction) as exponent (degree).
2
@iv) ¥ "‘; is not a polynomial over ‘y’ as the

second term ; has degree (— 1) as exponent.
(v) x'* + y3 + t*% is a polynomial over integral
powers of x (10), y (3)and t(50).

Hence it is a polynomial having thiee variables x,

yand t.

Find the value of a if x — a is a factor of the
polynomial

x%—ax’+ x* —ax’* + 3x? 3ax+a—"7.

SE.K}

Ans.

SE.f

Ans.

Prove that :
(a+by+(b+c)y+(c+ta)y-3(a+b)(b+c)
(c +a)=2(a*+b*+ ¢* - 3abc).
LHS=(a+b)})+(b+c)+(cta)y-3@+b)
(btec)(cta)
=(a+b+b+tctc+ta)[(a+tb)+(b+c)+
(cta)y-(at+tb)(btc)=(b+ec)(cta)-
(c+a)(atb)]
=2(a+b+c)(a’+b>+b’+c?+2ab+2bc + ¢?
+a’+2ac—ab—ac—b*~bc—ab—c*—ca—ca
—bc —a’—ab)
=2(a+b+c¢)(a®+b*+c’—ab—bc—ac)
=Q2(al+ b’ + ¢ — 3abc) = RHS

Hence the result.

Factorize :

(i) 7x% - 24/14x +2
(i) 2x? +3x +42
() 7x% - 24/14x +2

= (V7x) ~2v72x+ (V2)

Using identity : (x — y)? = x> —2xy +y?
- () ~2() (B ()
~(V7x-2)
=(ﬁx—ﬁ)(ﬁx—ﬁ)

(i1) We take two integers / and m such that

I+m=3and/m= px\2=2
Letstry/=1,m=2
Then,

\/§X2+3X+\/§=\/§X2 +X+2X+\/§

Ans. x—aisafactor of a polynomial p(x) if and only if
=pa)=0
= a’-a(a’) +a*-a(a’) +3(a)*-3a(a) +a-7=0
—a'-a*+a'—-a'+3a2-3a’+a-7=0
=>a-7=0
=>a=7

Polynomial
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=\/§X2+X+\/§<\/§X+l)

= x(V2 x+ 1) +V2 (2 x+1)
= (x+2)(V2x +1)
sE.H
Find the values of a and b so that the polynomial
x?+10x? + ax + b is exactly divisble by x — 1 as
well as x — 2.
Ans. Let p(x) = x* + 10x?> + ax + b be the given
polynomial. If p(x) is exactly divisble by (x — 1)
and (x —2), then (x — 1) and (x — 2) are factors of
p(x).
S p()and p(2)=0
=>PP+10x1’+ax1+b=0and 2>+ 10 x 22
+ax2+b=0
=1+10+a+b=0 (i)
and 8 +40+2a+b=0 (11)
—a+b=-11and2a+b=-48
Subtracting second equation from first, we get
(atb)—(QRa+b)==11—-(—48)
=at+b-2a-b=-11+48
= —-a=37
=>a=-37
Puttinga=-37ina+b=—11, we get
=-37+b=-11=b=26
Hence, a=—37 and b = 26.

sE.ld

={x+1-x+1} {(x>+2x+ 1)+ (x>-1)
+(x?2-2x+1)}
=2(x*+2x+1+x2-1+x2-2x+1)
=2(3x>+1)

(ii) We have x° —y°

=) -

= (X =y) {) + Xy + ()}

=(x-y) (X +xy+y’) (X +xy +y%)

SE.|d

Simplify :

@-b")’ +(b’-¢’) +(c’~a’)’
(a=b)’ +(b-c)’ +(c-a)’

We have

(a2 =b) +(b>—c?) + (c?—a?) =0

(@2 B+ (bP— )P + (P - a?)?

=3(a’-b?) (b>= ¢?) (c*—a?)

=3(a—-b)(a+b)y(b—-c)(b+c)(c—2a)(c+a)

Similarly, we have

(a—b)+(b—c)+(c—a)=0

=((a-by}+((b-c)P+(c-a)

=3(a—-b)(b—c)(c—a)

Ans.

@ -b)H)+ (b’ =c’)+(c’-a’)
" (a=b) +(b-c)’ +(c—a)’

_ 3(a—b)(a+b)(b—c)(b+c)(c—a)(c+a)
- 3(a—b)(b—c)(c—a)

= (atb) (btc) (cta)

Factorize :
) x+1y - (x-1)°
(i) X’ -y’
Ans. (i) We have (x +1)*—(x— 1)
= {(x D)= (x= DY L D24 (x+ 1) (x— 1)
+(x=1)%
Polynomial
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SE.B]

Ans.

SION 9

Ans.

Let R, and R, are the remainders when the
polynomials x* +2x?— 5ax —7 and x* + ax?— 12x
+ 6 are divided by x + 1 and x — 2 respectively.
If2R, + R, =6, find the value of a.

Let p(x) =x*+2x>—5ax — 7 and q(x) = x> + ax?
—12x + 6 be the given polynomials.

Now,

R, =remainder when p(x) is divided by x +1
R,=p(-1)

R, =(1)+2(-1)*-5a x (-1) -7

[Since p(x) = x>+ 2x? — 5ax — 7]

R =-1+2+5a-7

R, =5a-6

and,

R, =remainder when q(x) is divided by x — 2
R,=q(2)

R,=(2y+ax(2)-12x2+6

R,=4a-10

Substituting the values of R and R, in 2R +R,
=6, we get2(5a—6)+ (4a—10)=6

= 10a—12+4a-10=6

= 14a-22=6
= 14a =28
=a=2

Factorize : x* + 2x%y — 2xy® — y*.
=(x'-y)+2xy (x*~y?)
=[(x*+y?) (x*—y})] + 2xy [x*—y’]
=(x*-y) [x*+y* +2xy]

=(xty) x-y)(xty)
=xty)x+ty) x+y)(x-y)

SN 10

Factorize : (x> —5x +6)>— (x> - 6x + 8)%.
Ans. (x?—=5x+6)*—(x?—-6x +8)°

=[(x-2) x=3)P]-[x-2) (x-4)]?

=(x=2) [(x=3)—(x—4)’]

=x-2)P[x-3+x-4)(x-3-x+4)]

=(x-2)[2x-7)(1)]

=x-2)2x-17)
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ONLY ONE CORRECT TYPE

8.

10.

11.

12.

13.

14.

The zeroes of the poynomial p(x) =x*>+x—6

are.
(A)2,3 (B)-2,3
(C)2, -3 (D) -2, -3

If 8x* — 8x%+ 7 is divided by 2x + 1, the
remainder is

11 13
()5 B) 5

15 17
©) 5 (D) 5

The value of (x + 2y +2z)? + (x — 2y —2z)*is
(A) 2x* + 8y? + 8272

(B) 2x2 + 8y? + 8z + 8xyz

(C)2x%3+ 8y + 8z>— 8yz

(D) 2x2 + 8y? + 82>+ 16yz

If (x?+3x#95) (x*-3x+5)=m?—n? thenm
is

(A) x>—-3x (B) 3x

(C)x*+5 D) x*+2x+1
When x!!' + 1 is divided by x + 1, then the
remainder is

(A)O (B)2

O)1 (D)-1

The value of m, if 2y° + my*> + 11y + m+ 3 is
exactly divisible by 2y — 1 is

(A)7 (B)-7

(©)6 (D)-6

If the polynomials 4x° + ax?—2x + 7 and 2x* +
x? + x —a leave the same remainder when
divided by x — 3, then the value of a is
(A)x-3 (B) 4x* +ax?-2x +7

43 -3
©) 0 (D) IE)

1. Which one of the following algebraic
expressions is a polynomial in variable x ?
(A %+ ®) ¥+

) X3/2

(C)x + N (D) None of these

2. Which of the following algebraic expressions is
not a polynomial ?

17 ,

(A) 5 +Xx -3 (B) J7x* +3x* -8
©)3 (D)0

3. Which of'the following is a quadratic
polynomial in one variable ?
(A) 2x° +5 (B) 2x? +2x?
©x? (D) 2x> +y?

4. Degree of the polynomial p(x) = 3x* + 6x + 7 is
(A4 (B)5
©)3 (D)1

5. The coefficient of X? in (3x> — 5) (4 +4x?) is.
(A) 12 (B)8
©)-8 (D)5

6. If a polynomial is given by f(x) =/5x*=3x* +

f(1)+ (=1
2x?—1, then the value of W is
4 4

(A) 3 B) 57
(©) % (D) None of these

7. If p(x) = x* + 3x? — 2x + 4, then find the value
of [p(2) + p(=2) — p(0)].
(A)28 (B) 14
(C) 12 (D) 16

Polynomial
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22.

23.

24.

25.

1 1
IfX+;=5,thenﬁndthevalue of X* +;.

(A) 26
(C) 30

(B) 23
(D) 22

2 4
If3X+—=7’then (9)(2 ——2j:
X X

(A) 25 (B) 35

(C) 49 (D) 30

Ifx2—5x +1=0 (x #0), then the value of

x* +% is:

(A) 125 (B) 110

(C) 150 (D) 140

If p=2 — a, then what is the value of'a* + 6ap
+pi=82

(A)0 (B)— 1

Q) 1 (D)2

PARAGRAPHTYPE

PASSAGE -1:

26.

27.

28.

For a polynomial p(x) of degree > 1, p(a) =0,
where a is a real number, then (x —a) is a factor
of the polynomial p(x).

p(x) =x3—3x%>+4x — 12, then p(3) is

(A0 B)1

) -1 (D)2

For what value ofk, the polynomial 2x* + 3x? +
2kx?+ 3x + 6 is exactly divisible by (x +2) ?
(A0 B)-1

O)1 (D)2

Find the value of k ifx — 1 is a factor of 4x3 +
3x2—4x + k.
(A0
(©)-3

(B) 1
(D)2

[

15. What must be added to x* + 2x* - 2x?> +x -1
so that the resulting polynomial is divisible by x?
+2x-37?

(A)—x+2 B)x-2
(C)2x-1 D)2x+1

16. If bothx-2and X —% are factors of px* + 5x

+1,thenp=
3

(A) 7 (B) 2
r

©) 3 (D)t

17.  Which of'the following is true if (x + 1) and
(x +2)are factors of p (x) = x> + 3x> - 2ax + 3 ?
(A)2a+3p=2 (B)20-3p=-2
C)a-7p=5 D)Toa-p=2

18, Thevaluc of 7.83%x7.83-1.17x1.17 o

6.66
(A)9 (B) 6.66
(C) 1.176 (D) 18

19. Ifx*+y’+ 7 =3xyz, then which one of the

following is true ?

A)x+tyt+tz=1

B)x-y+z=0

(C) Eitherx+y+z=0o0orx=y 7z
(D) Neitherx +y+z=0norx=y=z

20. Ifa'?+b'?—c!2 =0, then the value of (a + b
—c¢)%is
(A) 2ab (B) 2bc
(C) 4ab (D) 4ac

21. Ifa+b+c¢=10anda’>+b>+c?>=80, find the
value of a* + b* + ¢? — 3abc.

(A) 700 (B)710
(C) 1280 (D) 950
Polynomial

Matrix : www.matrixedu.in

[



EE {3 MATRIX I  Class—9 [Mathematics | I
PASSAGE -1I: (A) (P) = (i1), (Q) = (iv), (R) = (), (S) — (iii)
! gsxgivznaj‘(iv(“;ei 1;‘}’3}203“23_154‘:’?;:; ax’ (B) (P) = (i), (Q) = (i), (R) = (iii), (8) = (iv)
divided by x — 1, the remainders obtained in © )= (), (Q) = @). R) > (1), (5) > (i)
each case are equal (D) (P) > (ii). (Q) — (D). (R) = (iv). (S) > (ii)
29.  What s the value of ‘a’ for polynomial p(x) 33. Column-1I Column - I1
(A) 12 (113)) - 12 (P) If x - 2 is factor of (i) 16
30. i?\c;l)la‘? should be subtrac(tec)l ?rom polynomial Sxaxt6thena=
p(x) so as to make remainder zero (QIfatb=5andab=6 (i)l
(A)8 (B)-8 then a’+ b’ =
©)o (D)-6 (R)Ifa+b+c=7and (iii)— 8
31.  Ifpolynomial p(x)+ q(x)is divided by x — 1, 2+ b2+ ¢2= 17, then
the remainder obtained is
(A)6 (B)7 ab/tbe+ca=
(C)—12 (D) 4 (S) (0:36)2+ (0.64)> +0.72 x 0.64 = (iv) 13
(A) (P) —(i11), (Q) — (iv), (R) = (1), (S) — (ii)
(B) (P) > (i), (Q) > (i), (R) > (). () - (i)
In this section each question has two matching (C) (P) = (iv), (Q) = (D), (R) = (i), (S) — (iii)
lists. Choices for the correct combination of (D) (P) = (iv). (Q) — (iid), (R) = (1), (S) — (i1)
elements from Column — [ and Column — II are
given as options (A), (B), (C) and (D) out of which
one is correct.
32. Column-I Column - 11
(P) Degrec of x* +3x—21is (i)2
(Q) The coefficientof x*in  (ii) 4
the expansion of (3x — 5)* is
(R) Remainder when x'° + 1 (iii)—3
isdivided by x + 1 is
(S) Zero of polynomial (iv) 27
f(x)=2x+61s
Polynomial Matrix : www.matrixedu.in [ 50 |



EXERCISE - 11

I |

VERY SHORT ANSWER TYPE

|i

D

» bt

(9]

12

~

*

o

Chapter-2

Which of the following expressions are

polynomials or not ?

@) % + % +% (ii) %(X— D(x-2)

2 x+1)(x+1 , 1
(i) & gﬂzgx L yx =

Write the coefficient of x? in each of the following :

(1) 6 —2x%+ 3x* +x*
(i) 3 — 4

Rewrite the following polynomials in the standard

(i) x> —x +2

form:

(1) x—7+ 8x*+ 9x3 (i) — 5x2+ 6 — 3x3 + 4x
Without actual division, find the remainder when :
(i) x¢—3x°+2x2 + 8 is divided by x — 3.

(ii) x2 + 5x + 4 is divided by x + 2.

Simplify :

0.76 x 0.76 + 2 x 0.76 x 0.24 + 0.24 x 0.24
Simplify :

(1) (x+y—2z)—x>—y*—37> + 4xy

() (x*—x+1P-(x>+x+1)

Find zeroes of the polynomial given below :
(i)3x+m (1) ly+ m; 70
Given possible expressions for the length and

breadth of the rectangle whose area is given as

5
16a> —32a + 15 square units; a > 1
The polynomials ax® + 3x>—3 and 2x* - 5x +a
when divided by (x —4) leaves the ramainder R
and R, respectively. Find the value of aif R, +R,

=0.

. Show that (3a+2b—c+d)*—12a(2b—c +d)

is a perfect square.

SHORT ANSWER TYPE

1.

Factorize :
O x*+x2+1
(ii) x* —x*y*

a1 1
(i) X"+ 35X+ 33

(iv) 242x% +16+2y° +2° —12xyz
Factorize :
(i) (x° +y’ +2x* = 2y%) (ii) (x* +4)

, 1
(i) (x + ¥~ (x =y (i) (X +X—z—3j
(V)2 =55 b

If the perimeter of a rectangle is 24 units and the
length exceeds the breadth by 4 units, then find the
area of a rectangle.

Without actually calculating the cubes, evaluate the
expression (30) + (- 18)° + (— 12)°.

If x =/7 =5,y =5 —3,2=+/3-/7 , then find

the value of x* + y° + 7° — 2xyz.

LONGANSWERTYPE

1.

In each of the following questions divide the
polynomial p(x) by g(x) and find the remainder. Find
in which cases g(x) is a factor of p(x).

(1) p(x)=x*—14x>+37x - 60; g(x) =x -2

(i) p)=t+o6t>+11t—6; g(t)=t>—5t+6

Find the values of m and n in the polynomial 2x3 +
mx? +nx — 14 such that (x — 1) and (x + 2) are its
factors.

Given p(x) =2x°+ 3x>—3x -2 and q(x) =x — 1.
Find by actual division, whether q(x) is a factor of
p(x). Verify your answer by factor theorem.

Find the product of : (a'® + a8) (a'® — a™'’®)

(a1/4 + a—1/4) (a1/2 + a—1/2)

Polynomial
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5.

Given that px? + gx + 6 leaves the remainder as 1 on
division by 2x + 1 and 2qx? + 6x + p leaves the

remainder as 2 on division by 3x — 1. Find p and q.

TRUE /FALSE TYPE

5.

Zero of a polynomial is always 0.

The degree of the sum of two polynomials each
of degree 5 is always 5.

<% +x” +1 isnotapolynomial.

(x+ 1) is a factor of x" + 1, if n is odd natural
number.

A binomial may have degree 5.

FILL IN THE BLANKS

1.

For a polynomial p(x) of degree > 1, x-kis a

factor of the polynomial p(x) if and only if p(k) is

The number of zeroes of a polynomial is the
of that polynomial .

Zero of the polynomial 2y+m is .

If p(x) =2x°-22x?+141x-120 , then p(1) is

If p(x) =(x+2)* +3x-7,-then degree of p(x)

1S

ANALYTICAL PROBLEMS & BRAIN TEASER

1. Consider the following polynomials, f(x) = x* —
22x% —2x + 62 and g(x) = 2x* - 3x* + 9x — 25 L
when f(x) is divided by (X +2 ) , then we get 2.
remainder R . Also, when g(x) is divided by (2x - 5), 3.
we get remainder R,. Find the value of (R, + R, — | 4.
R R).

Polynomial Matrix :

(A) 10-182 (B) 10+18v2
(C) 10+8v2 (D) 10-8v2
Ifx2—3x+1=0(x #0), then the value of

X —? is
(A) 243 (B) 445
(€) 43 (D) 85

3 Ix2x442x4x8+.....+100x200x 400

T 1x3x9+2x6x18+.....+100x300 x 900

and (x — 3Kk) is a factor of the polynomial p(x) = x>+
ax — 4, then the value of a is :

Ifk

2

()0 B) 5
8

(©) 5 D)1

Let a, b, c and k be real numbers and p(x) be the
polynomial (x —a) (x —b) (x —c¢) + x. If p(k) =k,
then the sum of all possible values ofk is :

(A)0 B)a+tb+c
©-@+bre 0

Let a=</6+\/2+i/6+\/2+\3/6+\/2+ ..... Afp(x)

is a polynomial of degree 6 such that p(a) =0, then

p(2) equals
(A0 (B)2
©)3 (D)4

NUMERICAL PROBLEMS

p(x) = /2 isapolynomial of degree.

Ifp(x)= x* —2+/2x +1, then p(2v2) =

Find the constant term in the expansion of (x + 3)°.
Find the remainder when the polynomial p(x) = x'®

—x7+x%isdivided by x + 1.

www.matrixedu.in
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3 3,3 Down
a’+b’ +c¢’ —3abc

5. Value of >, whena=-35, 1

ab+bc+ca—a’—b’—c

=—6,c=101is

CROSS WORD PUZZLE

Complete the following word puzzle with the

help of clues given below :

HEEE
HEEE

[ [ [T ][]

10.
12.

14.

5x is one term, this is also referred toasa .
Numbers you multiply together, to get another
number.

When looking at 5x, x is a

When in a polynomial, the terms are re-put into
order from the highest degree to the lowest
degree.

A has no variables in its term.
St—2=3t+4isa

3x +4 has two terms, this is also referred to as a

5x —2f + 4y has three terms, this is also referred

toasa

1] 5]
Lo l [ | -
B EEEEEEEE
| s| | [ ]
Lof [ fro
HEIE [ [ [ T[] [
| | B
|| ENEEEE [ [14
GITTTITTT] [ E
||
Across
6. 5x, 6x are
7. 3x, 5y, 9h are
8. Can be a number or a variable or even the product
of numbers.
9. The of 6xy is 2.
11. A phrase that contains numbers and variables, and
is connected by operators.
13.  When looking at 7x, the number 7 is a
15. A is an algebraic expression that is made
up with adding or subtracting terms.
Polynomial
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EXERCISE-I

6 / 8 9 10 11 12 13 14 15
B A C A D C A B C B
21 22 23 24 25 | 26 27 28 29 30
A B B B A A B C B D

=
C
16 17 18 19 | 20
C

31 32 33
C A A
EXERCISE 11
VERY SHORT ANSWERTYPE
1. (i) Yes, (ii) No, (iii) Yes, (iv) No 2. (i)~ 2, (ii) 7, (iii) 0
3.() 9 +8x2 +x—7, (i) =3 =52 +4x+6 4. ()R=26,([{)R=-2 5.1
. .. . T m
6. (1) 2> + 6xy —4yz—4zx, (i1)) —4x(x* + 1) 7.(0)x=— 3 (i) y== 7
—-153

8. Length =4a -3, breadth=4a -5 9, o5

SHORT ANSWER TYPE
LOE+x+DE=-x+1)  ()x'(1-y)(1+y) A+, (i) % (Tx +1) (5x+ 1)

(lV) (\/EX R 2\/§y -+ Z)(2X2 + 8y2 Az — 4xy — 2\/5}72 - \/Exz)
2. (i) (x +y) (X +y2 =xy £2x =2y), (i) (x> + 2x + 2) (x> — 2x +2), (iii) 2y (3x* +¥?)

(iv) (1—%+1)(x—é—1),(v) (a—\/gb)<a2 +\/§ab+5b2)

3. 32 sq. units 4. 19440 5. 45 +23+247

LONG ANSWERTYPE

1. (i) R=—-34, R # 0 gis not factor of P, (ii)) R =60t — 72

2.m=9,n=3 3.Q=2x"+2x*+2x2+5x+2,R=0 4.(a—a') S.p=-2,9q=9
TRUE/FALSE TYPE

1. F 2. T 3. T 4. T 5. T

FILL IN THE BLANKS

1. 0 2. DEGRE 3.-I1/2 4. 1 5. 3
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ANALYTICAL PROBLEMS AND BRAIN TEASER
1. A 2. D 3. A 4. B 5. A
NUMERICAL PROBLEMS
1. 0 2. 1 3. 27 4. 1 5. 1
CROSS WORD PUZZLE
1. Monomial 2. Factor 3. Variable 4. Standard form
5. Constant 6. Like terms 7. Unlike terms 8. Term
9. Degree 10. Equation 11. Expression 12. Binomial
13. Coefficient 14. Trinomial 15. Polynomial

Chapter-2 Polynomial Matrix : www.matrixedu.in | 55 |
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : POLYNOMIAL)

CONTENT STATUS DATE OF COMPLETION SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:
1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.
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COORDINATE GEOMETRY

Concepts
Introduction
1. Cartesian system

1.1  Number line

1.2  Cartesian plane

1.3  Plotting of points in the cartesian plane
1.4  Distance between two points

1.5 Application of distance formula

1.6  Division of a line-segment in a given ratio

Solved Examples
Exercise - I (Competitive Exam Pattern)
Exercise - Il (Board Pattern Type)

Answer Key



INTRODUCTION

Coordinate Geometry is the branch of Mathematics which deals with the unification of algebra and geometry in

3 MATRIX I Class—9 [Mathematics | NN

which algebra is used in the study of geometrical relation and geometrical figures are represented by means of

equations. The most popular coordinate system is the rectangular cartesian system.

CARTESIAN SYSTEM

NUMBER LINE

Any number can be represented geometrically on the number line. Positive numbers are represented on right side
of zero and negative numbers on the left side of zero.

For example : To represent 5 on number line. Distance of each point from the previous is 1 unit. In the above
example, the point 5 is located at the distance of 5 units on the right side from origin. Similarly, — 5 is located at the

distance of 5 units from origin but on the left side of origin. Thus, sign decides the position of a point with reference

to origin.
S5 4-3-2-1012 3 456
—

—

uni

3

&

Negative Numbers  Positive Numbers

>
»

CARTESIAN PLANE

To locate the position of an objectin a plane (Two-dimensions), two number lines are used. These two number

lines are perpendicular lines, one of them is horizontal and the other is vertical.

(i) Rectangular coordinate axes : Let X'OX and Y'OY be two mutually perpendicular lines through any point O
in the plane of the paper. This point O, s called origin. Now choose a convenient unit of length and starting from the
origin as zero, mark off a number scale on the horizontal line X'OX, positive to the right of the origin O and negative
to the left of origin O.Also, mark off the same scale on the vertical line Y'OY, positive upwards and negative

downwards of the origin O.

Chapter-3 Coordinate Geometry Matrix : www.matrixedu.in [ 59|
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Y
A
5--
4__
3__
2__
1T 12345
X' ——————=—+—+—+++—>X
543219
1)
13
1.4
1.5
v
YI

Note : (i) The line X'OX is called the x-axis or axis of x.
(i1) The line Y'OY is known as the y-axis or axis of y.
(ii1) The x-axis and y-axis taken together are called the co-ordinate axis or the axes of coordinates.
Example
Fill in the blanks :
(1) The point in the positive direction at a distance of “4’ units from origin lies on

(i1) The point at a distance of “x’ units above the origin lies on

Solution :
(1) positive x-axis, (ii) positive y-axis
(ii) Cartesian coordinates of a point : Let X'OX and Y'OY be the coordinate axes, and let P be any point in the

plane. Draw perpendiculars PMand PN from P on x and y axis respectively.

A Y
Point P
Ordinate N |
of P N\ P(x.y)
X' A — »X
o XM
Origin T i )
Abscissa of P
vY'
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Abscissa : The coordinate representing the position of a point along a line perpendicular to the y-axis in plane
Cartesian coordinate system or we can say that x-coordinate of any point is called abscissa. In the given figure PN
is the abscissa of the point P.

Ordinate : The coordinate representing the position of a point along a line perpendicular to the x-axis in plane
Cartesian coordinate system or we can say that y-coordinate of any point is called ordinate. In the given figure, PM

is the ordinate of the point P.

Focus Point

(1) The position of the point P in the plane with respect to the coordinate axes is represented by the ordered
pair (X, y). The ordered pair (X, y) is called the coordinates of point P.

(i1) A pair of numbers a and b listed in a specific order with a at the first place and b at the second place is
called an ordered pair (a, b). Note that (a, b) # (b, a).

Example
See figure & complete the following statements :

N
A
4 =
3 e A
2 L H
C L -+
la | ] i 1 l1 % 3 4" » X
4 3219 |
De 2
T-3
B T/ I B
Yl
(i) The abscissa and the ordinate of the pointAare  and _ , respectively. Hence, the coordinate of A are
. )
(i1) The abscissa and the ordinate of the point Bare ~ and _, respectively. Hence the coordinates of B are
._ )

(ii1) The distance of point C form x axisis(__ ).
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(iv) Point D is at a perpendicular distance of  from y axis.

Solution :

(1)4,3,(4,3) (i) 3,-4,(3,—4) (iii) 1 (iv)3

(iii) Quadrants : The x-axis and y-axis divide the cartesian plane into four regions, called the quadrants. Let
X'0OX and Y'OY be the coordinate axes, which divide the plane in four quadrants. Thus, quadrant is 1/4 part of

plane divided by coordinate axes.

Y
II I
Quadrant Quadrant
(-1 (+,+)
X'« 0 > X
111 1\Y
Quadrant Quadrant
('9 ') (+9 ')
Yl
(1) XOY plane is I* quadrant.
(ii) X'OY plane is II"! quadrant.
(iii) X'OY’ plane is I1I" quadrant.
(iv) XOY’ plane is IV*" quadrant.
Sign convention of Coordinates :
Quadrant x coordinate | ycoordinate | Point
Frist Quadrant + + (+,+)
Second Quadrant — + (—+)
Third Quadrant - - (—-)
Fourth Quadrant + - (+,-)

Focus Point

(1) The coordinates of the origin are (0, 0).
(i1) The coordinates of any point on x axis are of the form (x, 0).

(iii) The coordinates of any point on y axis are of the form (0, y).
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Example

In which quadrant or on which axis are the points (-2, 4), (3, —1), (-1, 0) and (-3, —5) lie ?
Solution :

(1) -.» x coordinate <0,y coordiante > 0, point (-2, 4) lies in the Il quadrant.

(ii) - x coordinate > 0, y coordinate <0, point (3, —1) lies in the IV quadrant.

(iii) -+ x coordinate <0, y coordinate = 0, point (-1, 0) lies on x axis.

(iv) - x coordinate <0, y coordinate <0, point (-3, —5) lies in the III quadrant.

Example

Write the coordinates of a point lying on x-axis to the left of origin at a distance of 2 units.
Solution :

(=2,0)

Example

Write the coordinate of a point lying on y-axis at a distance of S:units above origin.
Solution :

0,5)

PLOTTING OF POINTS IN THE CARTESIAN PLANE

In order to plot the points in a plane, we use the following algorithm :

(1) Draw two mutually perpendicular lines on the graph paper, one horizontal and other vertical.

(i1) Mark their intersection point as O (origin). The horizontal line as X'OX and the vertical line as Y'OY. The X'OX
is the x-axis and the line Y'OY'is the y-axis.

(iii) Choose a suitable scale on x-axis.and y-axis and mark the points on both the axes.

(iv) Obtain the coordinates of the point which is to be plotted. Let the point be P(a, b). To plot this point, start from
the origin and move |a| units along OXorOX' according as ‘a’ is positive or negative. Suppose we arrive at point
M. From point M move vertically upward or downward through |b| units according as ‘b’ is positive or negative.
The point where we arrive finally is the required point P(a, b).

Example n

Mark the points P(4, 5), Q(2, — 1), R(— 3, 2) and S(— 3, — 4) on the Cartesian plane.
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Solution :

Y
LY E— eP(4,5)
44
R(-3,2) 37
[ 2 4
I1t12345
X' +——t+——+—+—+—+—+—+++—X
5-4-3-2-1 7=1-0Q(2,-1)
T -2
T-3
[ Y 4 _4
S (-3, -4) I s
Yl
Example
In the given figure, find the co—ordinates of the vertices of an equilateral triangle of side 2a.
Y
4
B
: a
X475 T ACa0) DX
v
Y/

Solution :

Since OAB is an equilateral triangle of side 2a. Therefore OA=AB=0B =2a
Let BL be the perpendicular from B on OA. Then

OL=LA=a

In AOLB,

OB?+ OL*+LB?

= (2a)*=a’>+ LB?

=LB=3a

-, coordinates of O are (0, 0), A(2a, 0) and B (a, \/3 a).
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Focus Point

We may take x-axis or y-axis as the mirror. Then, the image of different points are given below.

Point | Mirror-image in x-axis | Mirror-image in y-axis
(X, y) (X, -y) (X, y)
('X’ Y) ('X’ 'Y) (X’ Y)
(X, -y) (X, y) (X, -y)
(Xa 'Y) (X’ Y) ('X’ 'Y)

DISTANCE BETWEEN TWO POINTS
Theorem : Distance between two points P(x, y,) and Q(x,, y,) in a rectangular coordinate system is given by
PQ= \/(Xz_ X1)2 +(y,— 3’1)2

Proof: Let P(x,,y,) and Q(x,, y,) be any two points in the plane. Let us assume that both the points P and Q are

in the 1* quadrant.

Y
Q (X, ¥»)
.y, "
P R \B
‘—Xz'Xl'—’
YII
e N ui »X

O L M

Xl

From P and Q, draw PL and QM perpendiculars to x-axis. From P, draw PR perpendicular to QM and join PQ.
Then, OL=x,0M=x,PL=y,QM=y,

S PR=LM=0OM-OL=x,-x,and QR=QM-RM=QM-PL =y, -y,

Since, APRQ is a right triangle, therefore by Pythagoras theorem, (PQ)>=(PR)* + (QR)?

- PQ=/(PR)* +(QR)’ [-- PQis always positive]

= \/(Xz_x1)2 +(Y2_Y1)2
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. The distance PQ between the points P(x,, y,) and Q(x,, y,) is given by \/ X,=X,) +(¥,~y,)

or \/ (difference of x— coordinates)’ + (difference of y — coordinates)’

Focus Point

Corollary 1 : The above formula is true for all positions of the points (i.e., points can lie in any
quadrant) keeping in mind, the proper signs of their coordinates.

Corollary 2 : The distance of the point P(x, y) from the origin O(0, 0) is given by
OP = \/(x—0) +(y-0)> = /(x> +y>)

Corollary 3 : The distance formula can also be used as \/ X, =X, +(y,~¥,)’

Corollary 4: (i) If PQ is parallel to x-axis, theny, =y, and so PQ = {/(x,—x,)’ = |X2 — X1|

(i) If PQ is parallel to y-axis, then x, =x, and so PQy/(y,~y,)” =|y, =¥

Example n

Find the distance between the two points P(—5, 7) and Q(-1, 3).
Solution :

PQ=\(-1-(=5)’ +(B=7)" =\(=1+57 +(-4 =4’ +(—4)> =16+16 =32
. The distance between two points P and Q is /32 units.

Example n

Find the area of the triangle formed by O(0, 0), A(4, 1) and B(— 2, — 5) such that the length of the

3
perpendicular from origin to AB is E units.

Solution :

AB=/(-2-4)> +(=5-1) =/36+36 =62 units

Areaof riangle = — x base < height= — x AB op—lx—3,—x6V2 9 i
==X X =— X X == =
rea of triangle > ase < height > NG square units.
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APPLICATION OF DISTANCE FORMULA

Parallelogram : A quadrilateral with each pair of opposite sides parallel.
Properties : (i) Opposite sides are equal.
(i1) Opposite angles are equal.
(iii) Diagonals bisect each other.
Rhombus : A parallelogram with all sides of equal length.
Properties : (i) All the properties of parallelogram.
(i1) Diagonals are perpendicular to each other.
Rectangle : A parallelogram having one angle 90°.
Properties : (i) All the properties of parallelogram.
(i1) Each of the angles is 90°.
(iii) Diagonals are equal.
Square : Arectangle with all sides of equal length.
Properties : All the properties of parallelogram, rhombus and rectangle.
Example
Ifthe points A(0, 0), B(1, 0), C(1, 1) and D(0, 1) are the vertices of a quadrilateral, then find out which special type
of quadrilateral is it ?

Solution : Y

>
>

Using distance formula,

D (0, 1) C(1, 1)
AB =,/(1=0)? + 0% =1unit

BC =/(1-1)* +(0—1)* =Tunit

CD = /(1 0)* +(1=1)* = 1unit A(0,0) B(l,0)

DA =,/0° +(1-0)" =1unit N

Since, AB=BC=CD=DA =1 unit.

Also, ZDAB =90°. [Since, D lies on y-axis, B lies on x-axis and A lies on the origin and both the
axes are perpendicular]

.. ABCD isasquare.

Example

Prove that the points A(0, 0), B(1, 3), C(4, 2) and D(3, — 1) are the vertices of a square. Also, find its

area.

Chapter-3 Coordinate Geometry Matrix : www.matrixedu.in [ 67 |



3 MATRIX I  Class—9 [Mathematics | NN

Solution :

Here,

AB =/(1-0)* +(3-0)*> =+/1+9 =10 units
BC =/(4-1)> +(2-3)> =/1+9 =10 units
CD =/(4-3)* +(2+1)* =/1+9 =10 units

AD =J(3-0) +(~1-0)> =+/10 units
.. AB=BC=CD=AD =10 units
Also, AC= /16 +4 =+/20 units
BD=/4+16 =+/20 units

T-5
Since, diagonals are also equal. .. ABCD is a square.
2 '
Area of square = (side)> = (AB)* = (\/ﬁ ) =10 square units. Y
a’
LA

BUILD THE CONCEPT

Condition for Collinearity : LetA(x,,y,), B(x,.y,) and C(x,, y,) are given points, then by using distance

formula, if sum of lengths of any two line segment is equal to the length of third line $eg-
ment, then we can say points are collinear.
Note : (i) [FAB + BC =AC, then the points A, B and C are collinear.

L 4 @ ®

A B C
(i1) IfAC + CB = AB, then the points A, C and B are collinear.

P ®- o

A C B
(ii1) If BA + AC = BC, then the points B, A and C are collinear.

L 4 @ ®

B A C
(iv) Ifthe points are collinear, then area of triangle formed by using these three points is 0, since triangle
cannot be formed with three collinear points.

Example
Show that the points A(2, 3), B(3, 4) and C(4, 5) are collinear.

Solution :

Given,A=(2,3),B=(3,4)and C=(4, 5)

AB =/(3-2)> +(4-3)* =~/2 units

Chapter-3 Coordinate Geometry Matrix : www.matrixedu.in [ 68 ]



3 MATRIX I Class—9 [Mathematics | NN

BC =/(4-3)? +(5-4)> =~/2 units
AC = \J(4-2)* +(5-3)° =4+4 =+/8 =2/2 units

Now,AB+BC= 2 +\/2=2/2=AC
Thatis, AB+BC=AC.

Hence, the points A, B and C are collinear.

DIVISION OF A LINE-SEGMENT IN A GIVEN RATIO

Internal Division

IfA(x,,y,) and B(x,, y,) are two points and point P(x, y) divides the line segment AB in the ratiom, : m, internally,

then (x,y) =

mXx, +m,Xx, my,+m,y,
b
m; +m, m; +m,

B(x,, y2)

A(xl’ Y1) ............... I: H

v

Proof : The given points are A(X,,\y,) and B(x,, y,). Let us assume that points Aand B are both in I quadrant. Since

P(x,y) divides AB internally inratiom, :m,i.e. AP:PB=m_ :m,.

Now,

Chapter-3

Draw AL, BM and PN perpendiculars to x—axis.
Draw, AH L PN and PJ.L. BM, then

OL =x,,ON=x, OM =x,
AL=y,PN=y,BM=y,

S AH=LN=ON-OL=x-x,
PJ]=NM=OM-ON=x,-x
PH=PN-HN=PN-AL=y-y,
BI=BM-JM=BM-PN=y —y

clearly, AAHP and APJB are similar.

_AH_PH_AP
" P] BJ PB
Coordinate Geometry Matrix : www.matrixedu.in
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X=Xy y—-y, m
or - -
X, =X ¥,—Yy m,
X—X, m,

Now, = >mx—-mx, =mX, —mxX
X,—X m, 2 21 12 1

m,X, +mlx,

= (m, + m)X=mx, +mx, =>X= m, +m,
Y=Y, _my B _ Iy, +my,
and v,y m, = (m, +m,)y=m)y, +m,y, =>y= m, +m,
Example

Find the coordinates of the point which divides the line segment joining the points (4, —3) and (8, 5) in the
ratio 3 : 1 internally.
Solution :

Let P(x, y) be the required point. Using the section formula, we get

m1=3 X1=4 x2=8

m,=1 y;=-3 Yo =35

. 3(8)+1(4) “7.y= 3(5)+1(-3) 3
3+1 ’ 3+1

Therefore, (7, 3) is the required point.

pes

& = Focus Point

m,
Note (i) : The ratio m, : m, can also be written as m lork:1wherek=m, :m,.So, coordinates
2

of point P(x, y) dividing line segment joining points A(X,, y,) B(X,, y,)

. kx, +x, ky, +y,

isgiven (X,y) = [ K+l k+1 ]

(ii) Mid — point of a line segment : Let A (x, y,) and B(x,, y,) be the end—points of AB, if P divides the

X, +X +
line segment AB intheratio1:1 ... P(x,y)= [ : 5 -, - b y2]

(iii) The coordinate of the Centroid of a triangle whose vertices are (X, y,), (X,,¥,)

(X +X,+X, Y, Y, Y,
and (x,, y,) is 3 > 3

(iv) The coordinate of the Incentre of a triangle ABC whose vertices are A(x,, y,), B(x,, y,)

ax, +bx, +cx; ay, +by, +cy, )

andC(X3,y3)1s( a+b+c ~  a+b+c
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Example
Find the coordinates of a point A, where AB is the diameter of a circle whose centre is (2, — 3) and B is
(1, 4).
Solution :

Here, centre of the circle is O(2, —3).

Let the end points of the diameter be A(x, y) and B(1, 4).

The centre of a circle bisects the diameter. m
A(X,y) B(1,4)
X+1
.'.2=T:>X+1=4orx=3 '

And —3:yT+4:y+4=—6ory:—10

Hence the coordinates of A are (3,—10).

Example

In what ratio does the point (4, 6) divide the line segment joining the points A(—6, 10) and B(3, —8) ?
Solution :

Let (-4, 6) divide AB internally in the ratio m : n. Using the section formula, we get

3m—-6n —-8m+10n

(—4.6)= ; We know if (X, y) = (a,b),thenx =aandy=b
m+n ~ m+n

So, —4= 3m —6n and 6 = —8m+10n
m+n m+n

Now,

—4(m+n)=3m-—6n

= 4m-4n=3m-6n
= -4m-3m=-6n+4n
=-Tm=-2n

=7m=2n
m_2
= n 7

>m:n=2:7
Therefore, the point (—4, 6) divides the line segment joining points A(—6, 10) and B(3,—8) in the ratio 2 : 7.
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SN 1 SE.H

Plot the points (3, -3), (0, 4), (-2, 4) and Plot the given points on a graph, A(0, 0),
(-3, =3) in the cartesian plane. Use the scale B (0, 3), C (1.5, 0), D(1, 1), E(2, -1).
1 cm = 1 unit on the co ordinate axes . Is there a line passing through more than two
N points? If so which are those points?
5 ——
(‘2, 4), .......... 4 —t— (O, 4) Ans. v

I T N [ I R
X — T T T T o —T— 1T 1 >X
5 4 3 2 1 1 2 3 4 5
-1 ==
D =+
5 31 . e 1 ] | |
(-3,-3) (-3,3) ] T 1 X
/s = 4 5 6
e

SE.H} JY
Write the coordinates of points A, B, C, D, E

and F on the Cartesian plane By inspection, we can see that a line passes

X through more than two pointsi.e., point B, D, C
44 oB and E. But A is not lying on that line.
3 SE.
" T On which axes and on which side of origin do the
* T given point lie?
A B B L 0 (i) (9. 0) (ii) (0, -3)
1T (iii) (0, 6) (iv) (-5, 0)
be 2T Ans. (i) In (9, 0), we have the ordinate = 0.
SToeC Since , the abscissa is positive.
T . (9, 0) lies on the x—axis and right of origin.
\\;’ . (9, 0) lies on the positive x —axis.
Ans. A =(2,1),B=@3,4),C=(,-3),D-= (i1) In (0, —3) we have the abscissa = 0.
(-4,-2),E=(0,3),F=(4,0) Since, the ordinate is negative.

.. (0,-3) lies on the y — axis, below to the origin.

.. (0,-3) lies on the negative y — axis.
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(iii) In (0, 6) have the abscissa = 0.

Since, the ordiante is positive.

.. (0, 6) lies on the y — axis and above the origin.

. (0, 6) lies on the positive y — axis.

(iv) In (-5, 0) we have the ordinate = 0.
Since, the abscissa is negative.

. (=5, 0) lies on the x—axis, left of origin.
. (-5, 0) lies on negative x—axis.

sE.H

Find the distance between A(2, —5) and

B(-4,2).

Ans. AB= \/(X1 —X2>2 +(y, _Y2>2

—J2+4) + > =6 +(=7) =85.

SE.d

Find the mid—point of line segment AB, if A is

(2,-7)and Bis (4, -3).

b

X\ +X, Yit+Y,
2 2

Ans. Mid points of AB = [

244 73
=[ 27 2 ]=(3’_5)

SE.d

Prove that the points (2, —2), (8, 4), (5, 7) and

(-1, 1) are the angular points of a rectangle.

Ans. Here A(2,-2),B(8,4), C(5,7)and D(-1, 1) are

angular points.

AB=[(8—2) +(~4—2)' =36+36 =612

units.

BC=(5—8)" +(7—4)’ =0+9 =372 units.

CDh= \/(1+5)2 —1—(1—7)2 — 642 units.

AD = \/(1 +2>2 +<_1_2)2 — 342 units.
AB=CD and BC=AD.

SoJ ABCD may be parallelogram or rectangle

AC = \J(2—5) +(-2=7) =J9+81 =

units.
BD=/(—1-8)" +(1—4) =BI+9 =90
units.

AC =BD Diagonals are equal.
So ABCD must be rectangle.

SE.H
Determine if the points (1, 5), (2, 3) and
(=2,—11) are collinear.

Ans. Letthe points be A(1,5), B(2, 3) and C(-2,-11),
A, B and C are collinear, if
AB+BC=AC,AC+CB=AB,BA+AC=BC

" AB=2—17+(3-5)

=P+ (2 =1+4=15

BC=/(—2—2)* +(-11-3)’

= J(=4)’ +(=14)> =16 +196 =212 = 2/53

AC = (=217 +(~11-5)’

= J(=3)* +(=16)* =/9+256 = /265
ButAB+BC = AC,AC+CB = AB,BA+AC
= BC

.. A, Band C are not collinear.
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I |

ONLY ONE CORRECT TYPE

7.

10.

11.

12.

13.

Signs of the coordinates of a point in the III quadrant

arc
(A) (+, 1) B) (=)
(€ (+.-) (D) (=-)

If perpendicular distance of a point P from the
x—axis be 3 units along the negative direction of the
y—axis, then the point P has

(A) x—coordinate =—3

(B) y—coordinate =3

(C) y—coordinate =3

(D) None of these

If the coordinates of the point P are (3, —5), then the
perpendicular distance of P from the y—axis

(A)4 B)5

(©)3 (D)2

If a> 0 and b'<.0, then the point P(a, b) lies in
(A) IV quadrant (B) I quadrant

(C) IIT quadrant (D) I quadrant
Reflections of D(-2, —3) in x—axis and y—axis
respectively are

(A) (-2,3)and (-2, -3)

(B) (-2,-3) and (-2, 3)

(©)(2,3)and (-2, 3)

(D) None of these

If the coordinates of two points A and B are (10, 5)
and (-7, —4) respectively. Then the value of
(x—coordinate of A) — (y — coordinate of B) is
(A)-14 (B) 14

(C)-10 (D)-12

If (x+3,5)=(2, 2 —y) then the value of the x and
y are
(A)x=5,y=3
C)x=0,y=-3

B)x=-1,y=-3
D)x=1,y=3

1. IfP (a, b) lies in II quadrant then which of the
following is true about g and b ?
(A)a>0,b>0 B)a>0,b<0
(C)a<0,b>0 (D)a<0,b<0
2. Apoint lies on negative side of x—axis. Its distance
from origin is 10 units. The coordinates of the point
are
(A) (10,0) (B) (<10, 0)
(©) (0, 10) (D) (0,-10)
3. Point (0, 3) lies
(A) on x—axis (B) on y—axis
(C) in I quadrant (D) at origin
4. The point for which the abscissa and ordinate have
same signs will lie in
(A) Iand IT quadrants
(B) I and IIT quadrants
(C)Iand IV quadrants
(D) I and I'V quadrants
5. The diagram shows two points, M and N on a
Cartesian plane.
- 1
M
S
The abscissa of M and ordinate of N are
(A)3,2 B)s5,1
O 1,1 (D)3,5
6. Inwhich quadrant abscissa is negative and ordinate
is positive ?
(Al (B) 1T
O)1 D)1V
Coordinate geomety
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14.

15.

16.

17.

18.

19.

20.

21.

The point is at a distance of 5 units from x—axis and
7 units from y—axis. Then, the coordinates of point
could be

(A)(5.7) B)(7.5)

(©)(0,7) (D) (7, 0)

P is the point (-5, 3) and Q is the point (-5, m). If
sum of abscissas and ordinates of both points is equal
then the possible value of m is

(A)-5 (B)-13

(C)-10 (D)3

Which of the following statements is true ?

(A) The point P(6, O)lies in the quadrant I.

(B) The perpendicular distance of the point
A(5,5) from x—axis is 5 units.

(C) The mirror image of the point A(4, 5) in the
x—axisisA’(—4, 5).

(D) The mirror image of the point A(4, 5) in the
y—axisisA’(4,-5)

Find the perimeter of the figure obtained by plotting
points M(4, 3), N(4, 0), O(0, 0), P(0, 3).

(A) 14 units (B) 12 units

(C) 7 units (D) 24 units

Plot the point P(—6, 3) on a graph paper. Draw PL
1 x—axis and PM L y—axis. Then coordinates of

points L and M respectively are

(A) (0,6),(3,0) (B) (=6, 0):(0, 3)

(C) (0,-6), (0,3) (D) (-6, 0),(3:0)

The distance of the point P(4, —3) from the origin is
(A) 1 unit (B) 3 units

(C) 5 units (D) 7 units

The distance between the points A (2,—3) and B(2, 2)
is

(A) 4 units (B) 5 units

(C) 3 units (D)2 units

If the distance between the points A(2,—2) and B(—1,
X)is 5,thenx =

(A)-3,4 (B)3,4

(C)-6,2 (D)6,-2

22. Apoint P divides the line segment joining points A(5,—
2)and B(9, 6) in the ratio 3 : 1. The coordinates of P

arc

(A)4.7) B)(@&.4
11

(©) (12, 8) (D) (5’5)

23. The point which divides the line segment joining the point
A(7,—6)and B(3.,4) intheratio 1 : 2 lies in
(A) I quadrant (B) Il quadrant
(C) I quadrant (D) 1V quadrant

24. IfP(-1, 1) is the mid point of the line segment joining
A(-3,b)and B(1,b+4),thenb="?
(A1 (B)-1
©)2 D)0

25. IfA (-1, 0), B(5, -2) and C(8, 2) are the vertices of
AABC, then its centroid is
(A) (12:0) (B)(4,15)
(C) 4. =19) (D) (4,0

PARAGRAPHTYPE

PASSAGE -1 : The distance between two points
P(x,,y,) and Q (x,,y,) is given by
PQ= \/(XI_X2)2 +(y,— Y2)2 .
Three points P, Q and R are said to be collinear if
they lie on the same line. We can find condition of

collinearity of three points by using distance
formula. Based on the above passage, answer the

following questions.
26. Iftwo points A(a,, a,) and B(b,, b,) are given, then

the distance between them is :

(A) \/(a1 +2,)” +(b, +b,)’

(B) /(a, —a,)* + (b, ~b,)’

©) \/(a1 _bl)z +(a, _bz)z

(D) /a,a, +b,b,
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27. Iftwo points A(5, 3) and B(— 6, — 3) are given then

the distance between them is :

(A) 1 unit (B) /79 units
(C) {139 units (D) \/157 units

28. Inthe below figure, distance AC is given by
YD) (Xy) (XYs)
A B C

(A) Jx, =%, +(y,— v, )

(B) \/(XI_X2)2 +(Y1_Y2)2 +(X2_X3)2 +(Y2_Y3)2

(©) Jixi=%.) +(= 920" +y(xa=X) + (2=
(D) Both (A) and (C)
PASSAGE-II : If one end point of a line segment is the

origin and other end point is (X, y). Then distance

between end points of the line segment = /x> + y* .

29. Which of the following points is not 10 units from

the origin ?
(A) (6, 8) (B) (8,-6)
(C) (-6,-8) (D) (6, 4)
30. Which of the following points is the nearest to the
origin ?
(A) (0,-6) (B) (-8..0)
© 3.4 (D) (7.0)
31. What is the distance between (0, 0) and (=5,-2) ?
(A) 29 units (B) /52 units
(C) \/29 units (D) 52 units

MATCH THE COLUMN TYPE

In this section each question has two matching lists.
Choices for the correct combination of elements from
Column—I and Column—II are given as options (A),
(B), (C) and (D) out of which one is correct.

32.

33.

Match the following :

Column -1 Column — 11
(P) coordinates of any (1) (0,0)
point on Xx—axis

(Q) coordinates of any 2)(x,y)
point on y—axis

(R) ordered pair of x 3)(x,0)
andy

(S) coordiantes of origin (4)(0,y)
(A) P-3, Q—4,R-2, S—-1
(B) P-4, Q-3,R-1,S-2
(C) P4, Q-1,R-3,S-2
(D) P-3, Q—4,R-1,S-2

Match the following :

Column =1 Column — 11

(P) The distance (1) 10 square units
between (3,—9)

and (-2, 3)is

(Q) Points (2, 0), (2) 13 units
(5,0)and (7, 0) are

(R) In a rectangle (3) Collinear

ABCD, the area of

31
AABC is > S units.

The area of rectangle
ABCD isequal to

(S) The area of the (4) 31 square units

triangle enclosed between
the coordinate axes with
the vertices (4, 0) and

(0, 5) is

(A)P-1,Q-2,R-3,S-4
(B) P-1, Q-3, R-2, S—4
(C) P-2, Q-3, R4, S—1
(D) P-3, Q-2, R—1, S—4
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I |

|i

VERY SHORT ANSWER TYPE

D

(9]

o

(9]

12

~

>

he

Chapter-3

Find out the quadrants in which the following
points lie.

(i) PointA(3,—4) (ii) Point B(-3, 4)

(iii) Point C(-3,—4) (iv) Point D(3, 4)

On which axis, do the following points lie ?

1) P(5,0) (i) Q(0,-2)

(iii) R(—4, 0) (iv) S(0, 5)

Draw arectangle PQRS in which vertices P, Q, R
and S are (1, 4), (-5, 4), (-5,-3) and (1, -3)
respectively.

Determine whether the given points lie on a same

5
straight line or not : (0, 5), [5: O] and (5,-5).

Plot the points A(2, 0), B(2, 2), C(0, 2) and draw
the line segments OA, AB, BC and CO. What figure
do you obtain ?

Find the distance between the points A(— 1, 2) and
B(3,4).

Find the area of the triangle formed by joining the
poitns (0, 6), (8, 0) and (0,.0).

Prove that A(2, 0), B(5, 0) and €(3, 0)are collinear
points.

Coordinates of the point P(x, y), where x,y > 0. If
line segment OP is making angle of 45° with positive
x-axis, then by what angle should OP be rotated so

as to make x and y both negative ?

. Find the area of the figure formed by joining the

points (1, 0), (0, 1), (~ 1, 0) and (0, — 1).

SHORT ANSWER TYPE
1.

Rl

Plot the points A(4, 4) and B(—4, 4) and join the
lines OA, OB and BA. What figure, do you obtain ?
Draw a quadrilateral whose vertices are the points
having coordinates as : (-3, 3), (3, 3), (3, -3) and
(-3, -3). What is the special name of the
quadrilateral so obtained ?

Find the value of x and y, if (x + 4, 3y -2) = (9, 6).
Find the value of'y for which the distance between
the points P(2, 3) and O(10, y) is 10 units.

Find the points where the graph of the equation

X
> + % =1 cuts the Y-axis and the X-axis.

LONGANSWERTYPE

1.

Find the area of‘the triangle whose sides are
represented by the graphs of the equations x =0,

y =0 and 4x + 5y = 20.

Prove that the points (3, 0), (4, 5), (- 1, 4) and

(= 2,—1) taken in order form a rhombus. Also, find
its area.

Prove that the points (2a, 4a), (2a, 6a) and
(2a+\/§a,5a> are the vertices of an equilateral
triangle.

Ifthe point C(— 1, 2) divide internally the line segment
joining A(2, 5) and B in ratio 3 : 4, find the
coordinates of B.

Find the point of intersection of the diagonals of the

rectangle whose vertices are (0, 8), (0, 0), (6, 0),
(6, 8).

Coordinate geomety

Matrix :

www.matrixedu.in

7]



3 MATRIX I Class—9 [Mathematics | NN

TRUE /FALSE TYPE

I. Ifxzy, (X, y)=(y,x)and (x,y)=(y,x)ifx=y.

2. They co-ordinate is also called as the abscissa.

3. The coordinate axes divides the plane into five parts
called quadrants.

4. Point(1,—1)and (-1, 1) lies in the same
quadrant.

5. The mirror image of (3, 9) on x-axis is (3,—9).

FILL IN THE BLANKS

1. Every point on the X-axis has zero distance from the

The point (-31,0) lies on .
The point (3,-7) lies in
Distance of point (5,-12) from the origin .

quadrant

Al O

Distance of the point (-5,-7) from X-axis
1. Show that the points (a, a), (—a, —a) and
(—\/5 a3 a) are the vertices of an equilateral

triangle. Also, find its area.

2. Ifthe point P(x, y) is equidistant from the points A(5,
1) and B(1, 5), then prove thatx —y = 0.
3. Find the distance between the points.

(i) R(a+b,a—b)and S(a—b, —a+b)
(ii) A(at?, 2at,) and B(at %, 2at,), if t,t, = =1
4. If opposite vertices of a square are (— 1, 1) and
(1,—1), then find the coordinates of the other vertices.
5. IfP(6,—1),Q(1,3)and R(x, 5) are such that PR
= QR, then the values(s) of x is/are
(A)3 (B)-5
(C) 6.7 (D) All of these

NUMERICAL PROBLEMS

1.  What is the perpendicular distance of the point
A(15,19) from the y—axis ?

2. Ifthe coordinates of two points are A(3, 4) and B(—

2,-1), then find 4(abscissa of A) —3 (ordinate of B).
3.  Whatis the distance of point A(16, 20) from x—axis
4.  What is the ordinate of any point on x—axis ?

5. What is the abscissa of any point on y—axis ?

CROSS WORD PUZZLE

Complete the following word puzzle with the

help of clues given below :

[ 1]2

1 B 4

Across
1. The coordinate axes divide the Cartesian plane into
quadrants. [4]
5. The Cartesian plane consistsof  axes. [3]
6. Point of intersection of x-axis and y-axis is called
. [6]
8. The x-coordinate is also called . [8]
9. The y-coordinate of every point on Xx-axis is
. [4]
10. Distance formulaisvalid for  quadrants. [3]
Down
2. The y-coordinate is also called
3. The
quadrants. [10]
4. Three points A, B and C are such that AB + BC =
.[9]

7. Parallelogram is a quadrilateral in which each pair

8]

axes divide the plane into four

AC, then these points are

of opposite sides are . [8]

Chapter-3

Coordinate geomety
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EXERCISE-I

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B B B C A D B C A D B B B B
16 17 18 19 20 21 22 23 24 25 26 2 28 29 30
B A B C B C B D B D C D D D C
31 | 32 | 33
C A C
VERY SHORT ANSWERTYPE
1. (i) Fourth quadrant (i1) Second quadrant (iii) Third quadrant (iv) First quadrant
2. (1) x-axis (ii) y-axis (1ii) x-axis (1v) y=axis
4. Yes 5.Square 6. 2./5 units 7.24 sq. units
9.135°CW/ACW 10. 2 sq. units
SHORTANSWER TYPE
1. Isosceles right triangle 2. Square 3.x=5andy= g
4.9,-3 5.(0,3),(2,0)
LONG ANSWERTYPE
1. 10 sq. units 2. 24 sq. units 3. 24 sq. units 4.(-5,-2)5.(3,4)
TRUE /FALSE
1. T 2. F 3. F 4. F 5. T
FILL IN THE BLANKS
1. x-axis 2. X-axis 3.iv. 4.13 5.7
ANALYTICAL PROBLEMS & BRAIN TEASER
1. 2./3a2 square units 2.x-y=0 3.(1) zm units, (ii) a(t, —t,)* units
4. (1, 1)and(-1,-1) 5. C
NUMERICAL PROBLEMS
1. 15 2. 15 3. 20 4. 0 5. 0
CROSSWORD PUZZLE
1. Four 2. Ordinate 3. Coordinate 4. Collinear 5. Two
6.  Origin 7. Parallel 8. Abscissa 9. Zero 10. Al

Chapter-3 Coordinate Geometry Matrix : www.matrixedu.in [79]
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : COORDINATE GEOMETRY)

CONTENT STATUS DATE OF COMPLETION SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:
1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.
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Solved Examples
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INTRODUCTION

In earlier classes, you have studied linear equations in one variable. Can you write down a linear equation in one

variable ? Youmay say thatx +1=0,x+ /o =0and /2 y+ /3 =0 are examples of linear equations in one

variable. You also know that such equations have a unique (i.e., one and only one) solution. You may also remember
how to represent the solution on a number line. In this chapter, the knowledge of linear equations in one variable
shall be recalled and extended to that of two variables.

LINEAR EQUATION IN TWO VARIABLES

Let us now consider the following situation :
In a One-day International Cricket match between India and Sri Lanka played in Nagpur, two Indian batsmen
together scored 176 runs. Express this information in the form of an equation.
Here, you can see that the score of neither of them is known, i.e., there are two unknown quantities. Let us use x
and y to denote them. So, the number of runs scored by one of the batsmen is X, and the number of runs scored by
the other is y. We know that

X +y=176,
which is the required equation.
This is an example of a linear equation in two variables. It is customary to denote the variables in such equations by
x and y, but other letters may also be used. Some examples of linear equations in two variables are :
1.2s+3t=5,p+4q=7,mu+5v=9and 3= /o x—7y.
So, any equation which can be put in the form ax + by + ¢ =0, where a, b and ¢ are real numbers, and a
and b are not both zero, is called a linear equation in two variables. This means that you can think of

many many such equations.

Example

Write each of the following equations in the form ax + by + ¢ = 0 and indicate the values of a, b and ¢
in each case :

(i) 2x +3y=4.37 (i)x—4=.3y (i) 2x =y

Solution :

(1) 2x + 3y =4.37 can be written as 2x + 3y —4.37=0. Herea=2,b=3 and ¢ =—4.37.

(ii) The equation x —4 = /3 y can be written as x — /3 y—4=0.Herea=1,b=~ /3 andc=-4.

(iii) The equation 2x =y can be writtenas 2x —y+0=0. Herea=2,b=-1 and ¢ =0.

Example
Write each of the following as an equation in two variables :
(i)x=-=-5 (i)y=2 (iii) 2x=3

Chapter-4 R BTV EIUEU R R0 R £ s 10 GOl Matrix : www.matrixedu.in [ 83]
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Solution :

(i) x=—15can be writtenas 1.x + 0.y=-5,0or 1.x + 0.y + 5=0.
(i) y=2canbe writtenas 0.x + 1.y=2,0r 0.x + 1.y -2 =0.
(iii) 2x =3 can be written as 2x + 0.y —3 =0.

SOLUTION OF A LINEAR EQUATION

A solution means a pair of values, one for x and one for y which satisfy the given equation.
Let us consider the equation 2x + 3y = 12. Here, x =3 and y = 2 is a solution because when you substitute x =3
and y =2 in the equation above, you find that

2x+3y=2x3)+(3x2)=12
This solution is written as an ordered pair (3, 2), first writing the value for x and then the value fory. Similarly, (0, 4)
is also a solution for the equation above.
On the other hand, 41, 4) is not a solution of 2x + 3y = 12, because on putting x = 1 and y =4 we get 2x +3y =14,

7

whichisnot 12. N | 0,4)is a solution but not (4, 0).

Focus Point

(1) Solution of linear equation in two variables can be represented as an ordered pair in a cartesian plane.
(i1) Conversely, if any ordered pair (o, ) is a solution of any linear equation ax + by + ¢ =0,
then aot + bp + ¢ =0.

(iii) A linear equation in two variables has infinitely many solutions. We usually find some of them.

Example
Check whether x = 4 and y/= 0 is a solution of 4x + 3y = 16 or not.
Solution :
4x+3y=16
Atx=4,y=0LH.S.=4x4+3x0=16=R.H.S.
L.H.S.=R.H.S.

Hence, x =4, y =0 is the solution of the equation.

Example
Find the value of k if x =2, y =3 is a solution of (k + I)x — 2k +3)y -1 =0.
Solution :
Ifx =2, y=3isasolution of given equation is true.
LHS. (atx=2,y=3)
=k+1)x2—-2k+3)x3-1
=2k+2-6k-9-1=—-4k-8
and R.H.S.=0
Linear equations in two variables  [[UEGV EREIANETTP LI | 84 |
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Since L.H.S.=R.H.S.
= —-4k-8=0 = 4k=-8
k=2

GRAPH OF A LINEAR EQUATION IN TWO VARIABLES

A degree one, polynomial equation ax + by + ¢ = 0 in its geometrical representation or graphical presentation is a

straight line. Let us take a linear equation x + 2y = 6. The solution of given equation can be expressed in the form

of'table as follows :
x|[0]l2]4]6
Y|3[]2(1]0

= By plotting the points (0, 3) (2, 2), (4, 1) and (6, 0) on a graph paper we obtained the given graph which is

called the geometrical representation of linear equation in two variables.

Example
Write three solutions ofx.— 7y +~ 2 = 0.

Solution :
We have,x—7y—-2=0
Forx=0,0-7y-2=0 = y=—%
Forx=1,1-7y-2=0 = -Ty=1

1
= y=—7
Forx=9,9-7y-2=0 = 7-7y=0 =>y=1

Solution table is 2 1

Chapter-4 R BTV EIUEU R R0 R £ s 10 GOl Matrix : www.matrixedu.in [ 85 |
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Example n

Find solution table of 2x +y = 4.

Solution :
We have, 2x +y =4
Forx=0,y=4

x=-1,y=4+2=6
x=1y=4-2=2

The solution table is.
X0 ]-1]1
Y1462

Example

If (3, 5) lies on the graph of ax + 5y = 15. Find the value of a.
Solution :
If (3, 5) lies on the graph, so (3, 5) is the solution of ax + S5y =15
= ax3+5x5=15
= 3a=15-25=-10
10
3

a=

EQUATION OF LINES PARALLEL TO X-AXIS AND Y-AXIS

¢ Alinearequation x = a in ofe variable can be represented geometrically by plotting x =a on number line. The

linear equation x =ai.e., 1- x +y- 0 =acan also be represented geometrically in two variables by a line

through (a, 0) and parallel to y=axis in cartesian plane.

¢ The linear equation y =b in one variable can be represented geometrically by plotting y =b on number line.

The linear equationy=bi.e.,x +0+¥-'1 =b can also be represented geometrically in two variables by a line

through (0, b) and parallel to x-axis in cartesian plane.

Example n

Represent x = 3 in one variable and two variables.

Solution :
In one variablex =3 is

- XT3
T 32-101234

»
»

In two variablesx =3 is

Chapter-4 [ BT G UL ER RA R E 19 t10) COR Matrix : www.matrixedu.in
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' 3,0
X' ¢——— O: 4 ( :):X
-3 -2-1 1 2 34

v v
Y!
Given equation X = 3 can be represented geometrically by a line through (3, 0) which is parallel to y-axis.

Example n

Draw the graph of the following linear equation in cartesian plane.
2x +4=3x+1

Solution :

We have, 2x +4=3x+1

= 3x-2x=4-1 = x=3

Clearly, it does not containy. So, its graph is a line parallel to y-axis passing through the point (3, 0) as shown in

figure.
Y A
A
3 Xx=3
2
o leo
X' ——— —_ —» X
=32 —1 . 1 2 34
Sl
34 1
v VN
Yl
Example

Represent 2y + 3 = 0 graphically in two variables.

Solution :

2y +3=0 = 2y=-3 = =-

Chapter-4 R BTV EIUEU R R0 R £ s 10 GOl Matrix : www.matrixedu.in [87]
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Focus Point

¢ Anequation of the type y = mx represents a line passing through the origin.

¢ A linear equation in two variables is represented geometrically by a line whose points make the collection
of solutions of the equation.

¢ [Ifalinear equation is of type ax + by =0 (i.e. constant = 0) then its graph will be a straight line passing
through origin because x =0, y = 0 will always satisfy the equation.

BUILD THE CONCEPT

Two linear equatinsa x +b;y+¢,=0andax +b)y+c,=0are

N . ..a b
(i) intersecting, if —- = —
2 2

el =
aZ 9 02

al b] Cl

(iii) coincident, if g — E = z

In fact, the converse is also true for any pair of lines.

Chapter-4 R BTV EIUEU R R0 R £ s 10 GOl Matrix : www.matrixedu.in [88]



3 MATRIX

Example

b
By comparing the ratios i,—landc—1 , find out whether the lines representing the following pairs of linear
a, b ¢,
equations intersect at a point, are parallel or coincident :
(1) S5x—-y+7=0;10x2y+15=0
(1)3x+y—-14=0;2x+5y-5=0

Class—9 [Mathematics| NN

Solution :
(1) We have 5x — y+7=0 10x—2y+15=0
Here a =35, b ,¢, =17,
a, —10 b,=-2,¢,= 15
i_i R
Now. 2 710 2°b, -1 2°¢, 15
a, b ¢

i —_
We see that 7 a, b2 c,

Hence, the lines are parallel.
(i1)) Wehave 3x +y—14=0,2x+5y—-5=0
Here a =3,b =1,¢c =-14,
a,=2,b,=5,¢,=-5
a, 3b 1¢ —14 15
NOW’Z_E’E_?Z_—_S 5
b, ¢

We see that # b_ “ %
2

az ¢,

Hence, the lines intersect at a point.

Example

Find the value of p for which the pair of linear equations 2px + 3y = 7, 2x +y = 6 has exactly one solution.
Solution :
The given equations are 2px + 3y =7 and 2x +y = 6 has exactly one solution i.e., they are intersecting lines.
We write these equations in standard form:
2px+3y—-7=0
2x+y—-6=0
a,=2p,b, =3,¢,=-7
=2,b,=1l,c,=-6
a _2p b 3
e 2 P T
Since the lines are intersecting therefore
B p#3.
a, b,
Hence, there will be a solution for all real values of p except 3.
Linear equations in two variables  [[UEGV EREIANETTP LI [ 89|
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SION 2

Ans.

SE.H

Ans.

Chapter-4

Write each of the following as an equation in two
variables i.e., in the form ax + by + ¢ =0.

(i) x=-5 (i) y=2

(i) 2x=3 (iv) Sy =2

(i) x=—15 can be written as
I'x+0-y=-50rl-x+0-y+5=0.

(ii) y=2 can be written as
0-x+1-y=20r0-x+1-y=-2=0.

(iii) 2x =3 can be writtenas2x+0-y—3=0.
(iv) Sy=2canbe writtenas 0 - x+ 5y —2=0.

Which of the following equations are linear
equations ?

(1) 3x+6=4x—-5+15y

(i) Sy+3=25-4y-2x

(ili)u+4=uv>-4

(iv)x?+2=x+1

(i) 3x+6=4x—-5+ 15y

= 1l1=4x-3x+5y = x+5y=11
Itisalinear equationinx and y.

(ii) Sy+3=25—-4y—-2x = 2x+9y=22

Itis alinear equation in X andy.

(iii) u+4=u’>—4. Since degree of theequation is
2. Hence, itis not a linear equation.

(iv) x> +2=x+ 1. Degree of this equationis 2, so
itis not a linear equation.

Given the point (5, 6), find the equation of a line on
which it lies. How many such equations are there ?
Here (5, 6) is a solution of a required linear equation
we are looking for. So, we have to find any line
passing through the point (5, 6). In fact, there are
infinitely many linear equations which are satisfied
by the coordinates of the point (5, 6) because through

a given point infinite lines can be drawn.

SE.
Solve the equation 3x +2 =x + 8 and represent the
solution(s) on
(1) the number line (i1) the cartesian plane
We have, 3x +2=x+8
= 3x-x=8-2=6
ie,2x=6 = x=3

Ans.

(i) The representation of the solution on the number

line is shown in figure, where x = 3 is treated as an

equation in one variable.
x73
d 1 L L 1 1 & 1 1 é L .
S5 43 -2-1 01 2 3 4 5

(ii) We know that x =3 can be writtenasx+ 0 -y
=3 whichdsa linear equation in two variables
x and y. This is represented by a line. Now
all the values of y are permissible because 0 -
y is always 0. However, x must satisy the
equation x = 3. Hence two solution of the given
equationarex =3, y=0andx=3,y=1.

AB represents graph of x =3 as itis a line parallel
to the y-axis and at a distance of 3 units to the right
ofit.

Y
A “A
6+
5..
41 3 units x=3
3l
24
1-- (351)
'::::O::(3’Q)>
-3-2-1 1 2 34
1t
~2--
31
44+
_5.. B
v v
Y|

Linear equations in two variables
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sE.H

Ans.

Chapter-4

Draw the graph of the equation y = 3x. From your
graph, find the value of x wheny =-3.

Given equation is y = 3x
Whenx=1,theny=3x1=3
Whenx=2,theny=3x2 =6
Whenx=0,theny=3x0 =0

Thus, we have the following table :

x| 112160
Y13 [[6]0

Now, plotting the points A(1, 3), B(2, 6), O(0, 0)
on a graph paper and joining them, we get line AB.

Line AB is the required graph of'y = 3x.

Given : y =— 3. Take a point P on the y-axis such

that OP =-3.

Draw PM, parallel to the x-axis meeting the graph

line at M, giving PM =—1.
Wheny=-3,thenx=—1.

B(2,6)

{AG3)

X' <

ISR T Ty B RRN =C

ot
_4..
A

o/ -5t
I
>~/ -6t

&
<

IO 6 |

How will you express the following situation as a

linear equation in two variables ? “Age of father is

10 years more than 3 times the age of the son.”
Ans.  Let the age of father = x years and age of son =y
years

According to the equation, x =3y + 10.

SE.d

For what value of k, x =1, y = 0 is a solution of

(k+2Jx_(3x—2jy_3:0?
k-1 k+2

Since (x =1, y=0) is the solution of given equation,

Ans.
So, x =1, y =0 must satisfy the equation.

K2 3x—2
N\ «0—3=0
= (k—lj (k+2}

k+2
= E—3:0 = k+2=3(k-1)
= k+2=3k-3 = 2+3=3k-k
5
=

5=2k = k==
2

For k =%,x= 1 and y = 0 is the solution of

given equation.

SE.B]

Write the equation of following lines.

(1) passing through (7, 0) and parallel to y-axis.

(i1) passing through (0, 3) and parallel to x-axis.
Ans. (i) Since a line parallel to y-axis has its ordinate
zero and when it passes through (7, 0) its equation
isx=7.
(ii) Since line parallel to x-axis has its abscissa
zero and when it passes through (0, 3) its equation

isy=3.

Linear equations in two variables
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sE.g&

Check which one of the following are solutions of
the equation 2x —y =4 and which are not :
1»(0,2) (i) (2, 0) (iii) (4, 4)

In the equation , we have

LH.S.=2x—-yand RH.S.=4

(i) Putting x =0and y =2 in the given equation,

Ans.

we get
LHS.=2x-y=2x0-2=-2#RH.S.
So, (0,2)is not a solution of 2x —y =4

(ii) Putting x =2 and y = 0 in the given equation
we get
LHS.=2x-y=2x2-0=4=R.H.S.

So, (2,0)is asolution of 2x —y =4

(iii) Putting x =4 and y =4 in the given equation
we get
LHS.=2x-y=2x4-4=4=RH.S.

So, (4, 4)is asolution of 2x —y=4.

SE.

Find the value of t, if x =2, y=3 is a solution of the
equation 3x —2y =t.

Ans. x=2andy=3isasolution of 3x — 2y =t.

So, x =2 and y = 3 satify the equation 3x — 2y =t

= 3x2-2x3=t_= 6=6=t = t=0

YN 11 |

Ifx=5,y=11sasolution of thecequation
ax + a’y = 6, then find the value of a.
Ans. x=5andy =1 is the solution of equation

ax + a’y = 6

aa+6)—1(a+6)=0
(a+6)a—1)=0
a+6=0ora-1=0

a=—6ora=1

SE.|[H]

Draw the graph of the equationy +x = 5.
Ans.  Givenequationisy+x=35
Whenx =0, theny=5
Whenx =1, theny=4

Whenx =35, theny=0

- \CEG.0)
Ol1 2 3 4 Ne

Thus, we have following table

X| 0|15
Y|15(4]0

Plotting the points A(0, 5), B(1, 4) and C(5, 0)
on the graph paper, we get the graph of the line

y+x=3.

SE. K]
Draw graphs of the equations :
2x —3y=6andx+2y—-2=0.
We have, 2x —3y =6
Whenx =0, theny=-2
Whenx =3 theny=0

Hence, we get the following table

Ans.

x|101]3
Y1210

By plotting the points (0, —2) and (3, 0) on the graph
paper, we get the graph of 2x — 3y =6
Now, forx +2y—-2=0

Chapter-4

Linear equations in two variables
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Whenx =0, theny=1
Whenx =2, theny=0

So, we have the following table.

x [0 2
y| 110
By plotting the points (0, 1) and (2, 0) on the graph
paper, we get the graph of x + 2y — 2 =0.

YN 14 |

Ans.

Chapter-4

Ifthe points A(3, 5) and B(1, 4) lie on the graph of
the line ax + by =7, find the values of a and b.
It is given that the points A(3,$) and B(1, 4) lie on
the graph of'the line ax + by=7. Therefore, x =3,
y=>5and x =1, y=4 are solutions of the equation
ax +by=7.

3a+5n=7anda+4b=7
Multiplying (i) by 3, we get

3a+ 12b=21
Subtracting (iii) from (i), we get

-7b=-14 = b=2
Putting b=2 in (i), we get

3a+5x2=7 = 3a=-3 = a=-1

SE.

Ans.

The taxi fare in a city is as follows. For the first
kilometre, the fare is Rs. 20, for the subsequent
distance it is Rs. 10 per km. Taking the distance
covered as x km and total fare as Rs. y, write a
linear equation for this information .
Total fare=Rs.y
Total distance =x km
According to question,

y=20+10(x—-1)
= y=20+10x-10 = y=10x+10

Which is the required linear equation.

Linear equations in two variables
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Chapter-4

2 =—y can be expressed in the form
ax+by+c=0as

A)y+2=0 B)y+0x+3=0
C©)0x+1y-2=0 (D)Ox+1y+2=0
Age of a father is 7 years more than 3 times the
present age of his son. The above statement can be
expressed in a linear equation as
(A)x-3y-7=0 B)x+3y+7=0
OC)x+3y-7=0 D)x-3y+7=0

The number of solutions, the equation

3x +5y+15=0 can have

(A) One only (B) Exactly two

(C) Zero (D) Infinite

If (20, —a) lies on / whose graph is given, then the
value ofais

ST
« —i X
O 10 20 30 401
(A)-5 B)5
(C)-10 (D) 10

Which could be the graph of y=x?

Y Y
(A) X7’4’ 0 X (B) X7%/—’ 0 X
Y’ Y

)

Y
X5 ; 0

©) (D) X¥—71 X
v v

6.

10.

I1.

12.

13.

14.

Which of the following equation has graph parallel

to y-axis ?
(A)y=-2 B)x=1
C)x—-y=2 D)yx+y=2

The distance between M(— 1, 5) and N(x, 5) is 8
units. The value of x is

(A)—9o0r9 (B)—7o0r9
(C)—9or7 (D)—70r-9
Graph of x =2 and y =1 intersect at
A)(-1.2) B)(2.-1)
©) (1.,2) D)2, 1)

The linear equation 3x = 2y when expressed in the
form ax + by + ¢ =0, then a, b, c are respectively
(A)3,2,0 B)3,2,1

(€)3,-2,0 (D)3,-2,1

An ordered pair that satisfy an equation in two
variables.s called its

(A) Zero (B) Root

(C) Solution (D) Both (B) and (C)
Richa had10chocolates, let her brother borrowed
y chocolates from her and then Richa had 4
chocolates. Which equation models this solution ?
(A)10-y=4 B)10+y=4
(C)10y=4 (D)4y=4

ax + by + ¢ =0 does not represent equation of line,
if:

(A)a=c=0,b#x0 B)c=0,a#0,b=0
(CO)b=c=0,a#0 (D)a=b=0

Sonia distributed notebooks in an orphanage. On
her birthday, she gave 5 notebooks to each child
and 20 notebooks to adults. Taking number of
children as x and total notebooks distributed as y
then the linear equation representing above situation
is:

(A)y=5x+20 (B)y=>5x
(C)y=5x-20 (D)x+5y=20

Find the values of p and q for whichx=1,y=1 are
solutions of the equations, 9px + 12py = 63 and
S5x +2qy = 3q.
(A)3,5
(€©)9,2

(B)5,3
(D) None of these

Linear equations in two variables
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15. Points A and B are 90 km apart from each other on | 20. The point (2, 3) lies on the graph of the linear equation
a highway. A car starts from A with speed x km/h 3x—(a—1)y=2a-—1.Ifthe same point also lies on
and another from B with speed y km/h at same time. the graph of the linear equation
Ifthey go in the same direction they meet in 9 hours 5x + (1 —2a)y =3b, then find the value of b.
then linear equation representing the above situation 1 1
is (A) 3 B) 3
(A)yx+y=10 B)2x+y=9
C)x—y=10 D) 3x + 4y =20 1 2
X
16.  If(2,1)and (1, 0) lie on the graph of ;+%=1,
then the viaues of a and b are 21. The number of ways of writing the number 15 n
(A)a=1,b=-1 (B)a=-1,b=1 a b
(C)a=2,b=1 (D)a=1,b=2 the form E_E (a, bare real numbers and a, b = 0)
17.  The graphofy=-9isaline )
(A) Parallel to the x-axis at a distance 9 units above 3
the origin (A0 B)1
(B) Parallel to the x-axis at a distance 9 units below (C)Finitely many i (D) Infinitely many
the origin 22.  Thegraphofthe equation 2x +3y=61s:
(C) Parallel to the y-axis at a distance 9 units to left
of the origin
(D) Parallel to the y-axis at a distance 9 units to the
right of the origin
18.  OABC is asquare whose equations of sides are :
A
ST i
41€ B I
3+ i
2 T "\
X‘A--'-'ln--'A-~x '
5432-19 12347 (A)1 (B)II
(C) 111 D)1V
il 23.  Thepoint of intersection of lines x +y—1=0 and
Y Xx—y+1=0is:
(A)X=49y=4ax=_4ay=_4 (A)(Oal) (B)(I,O)
(B)X:4’y:43X:09y:0 (C)(lal) (D)(—I,O)
CO)x=-4,y=4.x=0,y=0
(D)X:49y:4aX:_49y:0
19.  Ifthe graph of the equation 4x + 3y = 12 cuts the

Chapter-4

coordinate axes at A and B, then hypotenuse of right

triangle AOB is of length
(A) 4 units (B) 3 units
(C) 5 units (D) None of these

Linear equations in two variables
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24.  Intherectangular coordinate system givenbelow, | 57 [ripe point P(2a— 1, a— 2) lies on the graph of
the shaded region is bounded by straight lines. Which |
of the following is not an equation of one of the the equation x —y = — 1 then the value of a is
boundary lines ? 2’
Y A) — 1 B) — 3
A 4 (A) 2 (B) 2
~ 2 7
NS (©) =3 (D) =3
X'« ol 1 2\> X 28.  The definite solution of the equation ax —by =0
is
y (A) (0,0) (B) (a,b)
©)(0,-1) (D) (=1.0)
(A)x=0 (B)x=1 PASSAGE-II :
CO)yx-y=0 D)yx+2y=2 . . .
25.  Rakesh hasx dollars more than the amount Mohan The system of linear equations is given as

has and together they have a total of 'y dollars. Which

of the following represents the number of dollars that
Mohan has ?

y—X X

(&) =~ B)y-7
y

(€ 5-x (D)2y—x

PARAGRAPH TYPE

PASSAGE-1:

26.

Chapter-4

The graph of the linear equation ax + by +¢ =10
is a straight line. If the equation dees not contain
the constant term, then the graph of equation will
pass through origin. If (x , y,) is a solution of the
equation ax + by + ¢ = 0, then it will also lie on
the graph of the equation and vice-versa.

Based on the above passage, answer the following
questions.

Graph of the equation 3x — 7y =0

(A) Passes through the origin

(B) Does not pass through the origin

(C) Is a straight line parallel to x-axis

(D) Is a straight line parallel to y-axis

29.

30.

31.

4x =3k +2)y =20

(1Tk=3)x— 10y = 40, where k # 0.

Based on the above equations, answer the follow-
ing questions.

Ifthe given system of linear equations has infinitely

many solutions, then the value ofk is

(A0 B)1

(©)-1 (D)2

Ifk =4, then the set of linear equations has
(A)No solution (B) Unique solution

(B) Infinite solution (D) Datainsufficient

Ifk =0, then the given system of linear equations
has

(A)No solution (B) Unique solution

(B) Infinite solution (D) Datainsufficient

Linear equations in two variables
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MATCH THE COLUMN TYPE | B b: pgge_fgr_ Zthgs_: ___________

32.  Matchthefollowing: e e e e e e e oo - -
Column -1 Column-1I | __ oo ---
(P) The value of k for which (i) 4
(2, 1)isasolution of the
equation 3x + 2y =k is
(Q) Equation of a straight line (ii) 8
at an angle of 45° with the

positive x-axis is

(R)If(a,—2)isasolutionof (ii)y-axis [~~~ -~~~ """ """T""TTT-°TTTToTooooo
x +y =2, then the value ofais [ -=====-=-=---------"--"---"--—------
(S) The graph of the equation (Iv)y=X = [==--cccmmmm i e e e e e e

x=4isparallelto | L e --o-
(A)P—(i1),Q—-(v),R—(1), S—(11) | o e .
(B) P—(iv), Q—(ii), R— (1), S —(ii1)
(C)P—(ii), Q—(iii), R—(iv), S— (1)
(D)P—-(1), Q—(iv), R —(i1), S—(ii1)

33.  InEuropean countries temperature is measured

in Fahrenheit, whereas in Asian countries, it is

measured in Celsius. The linear equation that

converts Fahrenheitto Celsiusis =~ = [-=-====-=-=="=-="="=--="—-"-"-"-"-"--—-"—---"—-~-~----

1
C=g (F-32)x5.

Match the temperatures given in-List — I with
temperatures given in List — II.

Column -1 Column - 11

P) 26°CinF= @104~ | TTTTTTTTTTTTTTTTTTm T T T o T s
(Q) 64°FinC= (11)8.9° | e e e e e e e e
(R) 48°FinC= ()788 |
S) 40°CinF= (iv) 17.8°

(A)P—(iv),Q—-({),R-(ii),S-Giy |t TTTTTmTTTT T T
(B)P—(iii), Q—(iv),R—(ii)),S-(1) [~ T T TTTTTTTTTTTTTTTTTTTTToT TS
(CO)P-(iv),Q—(ii),R—({),S—-(@Gi)) [~~~ "=""""=m-mmmmm-mmm-—m---—---
(D)P—-(i1),Q—(1), R—(iii)),S—(iv) @ | ===== === m s e e e e e e m e m e ——— - - -
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I | FXERCISE-1I

I |

VERY SHORT ANSWER TYPE

1.

(9]

10.

Find the value of k if (3, 4) is a solution of the
equation 5x — 2y = k. Find one more solution of
the equation.

Represent the following situation by a linear
equation : Age of father is 8 less than 5 times age
of his son.

Find the value of k for which the system of
equations, X +y—4=0and 2x + ky—3 =0 has
no solution.

Write the value of k for which the system of
equations, 2x —y = 5 and 6x + ky — 15 has
infinitely many solutions.

The runs scored by two batsmen in a cricket match
is 105. Write a linear equation in two variables X
and y for the same.

If x =2s and y = s is a solution of the equation
3x — 5y —7=0, then find the value of s.

Write the value of k for which the system of
equations x + ky = 0, 2x —y = 0 has unique
solution.

The cost of a plate is four times the cost of a cup.
Write a linear equation in‘two variables to
represent the statement.

In an ordered pair, which coordinate-is always
listed first ?

What is the standard form of a linearequation ?

SHORT ANSWER TYPE

1.

Chapter-4

Plot the following pairs of number (x, y) as points
in the cartesian plane. Use the scale 1 cm = 1 unit

on the axes.

x|[-3]0|-1{4]5
2 (3|-1|4

2.

Write the linear equations in two variables in the
form ax + by + ¢ = 0 by using the given values of
a, b, c.

(i)a=0,b=-3andc=0

1 -1 1
ii)a=—,b=—andc=—
Wa=3"=3 6

Express y in terms of X, given that 2y —4x =7.
Check whether (— 1, — 1) is a solution of the line.
Draw the graph of the linear equation

4x — 3y + 12 =0 in two variables.

The cost of milk in a city is Rs. 40 per litre. Write
an equation with y representing the number of litres
and x representing the total cost (in rupees).
Also, draw its graph.

LONGANSWERTYPE

1.

Solve the following equations graphically :
2x + 3y =12, x—-y=1

Shade the region between the two lines and
X-axis.

Draw the graph of each of the following equations
in a single cartesian plane.

(i)x=0 (i)y=0
(i) x=4 (iv)y=3
V)y+4=0 (vi)x+2=0

Sum of two numbers is 100. Write a linear
equation to represent this statement and draw its
graph. If one number is 50, using graph, find the
other.

Present age of a father is four times the age of his
son. Write a linear equation in two variables to
represent this situation and draw the graph.

A library take charge of Rs. 5 for issuing a book
for one day and Rs. 1 per day thereafter. If Ritu
had taken a book for x days and y be the total
amount needs to be paid, write the linear equation
in two variables for this situation. Plot its graph
and find the amount to be paid for 5 days.

Linear equations in two variables
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TRUE /FALSE TYPE

1.

ax + by + ¢ =0, where a, b and ¢ are real numbers
and a, b # 0 is a linear equation in two variables.
A linear equation 2x + 3y = 5 has a unique
solution.

All the points (2, 0), (-3, 0), (4, 2) and (0, 5)
don’t lie on the x-axis.

The graph of the equation y = mx + ¢ passes
through the origin.

The point (0, 3) lies on the graph of the linear
equation 3x + 4y =12.

FILL IN THE BLANKS

1.

The standard form of a linear equation with two
variables is .

The linear equation 3x—11y =10 has
solutions.
3x+10=0 will has
If x=1,y=2 is a solution of the equation

solution.

2x+3y =k, the value of =
Two linear equations @ +by+¢ =0 and

a,x+b,y+c, =0 are intersecting if

ANALYTICAL PROBLEMS

1.

Chapter-4

Draw a quadrilateral whose sides are represented
by graphs of the equation x =0, y =0, 2y— 3x —
1 =0 and 5x —y — 10 = 0. Determine the
coordinates of the vertices of the quadrilateral.
Draw the graphs of y=—9 and x —2 =y and find
the point of intersection, if any.

The coordinates of the point A are (X, y), where x
<0 andy > 0. If the line segment OA (O is the
origin) makes an angle of 150° with the positive
x-axis, then by what angle (anticlockwise) should
OA be retated so as to make x positive and y

negative ?

4.

The graph of the equationy=x,x=aandy=b
intersect each other at point P as shown in the
figure. Find the value of ZSPO.

Y
St M

L Y=bR| /] vV
u P

5 v R
q a2 <
Il
L] Ty

YI

If p and q are whole numbers, then find the number
of ordered pairs (p, q) which satisfy the equation
2p+3q = 25.

NUMERICAL PROBLEMS

1.

Ifthe distance'between the graphs of the equations
y=—1and y=3 is k units, find the value of 36k.
If the graph of the equation 4x + 3y = 12 cut the
x-axis and y-axis at A and B respectively, then
find the sum of abscissa of A and ordinate of B.
If the system of equations 2x + 3y =5, 4x + ky =
10 has infinitely many solutions, then find k.

If the system of equations 4x + 6y =7, 4ax + 2
(a+b)y =28 has infinitely many solutions, then
b =ka. Find value of k.

If 3a—4, 0) and (5, 0) are same points, then

what is the value ofa ?

Linear equations in two variables
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EXERCISE-I

6 / 8 9 10 11 12 13 14 15
B C D C C A D A A C
16 17 18 19 | 20 21 22 23 24 25 | 26 27 28 29 30
D D A C A A B A B B

31 | 32 | 33
B A B
EXERCISE 11
VERY SHORTANSWERTYPE
1.k=7,(1,-1) 2.x=5y-8 3.k=2 4. k=-3 5.x+y=105
-1
6.7 7. k?&? 8.x—4y=0 9. x-coordinate 10.ax+by+c=0
SHORT ANSWER TYPE
. - 7 +4x 5 . .
6.(1)0x-3y+0=0 (i) 3x—2y+1=0 7.y= 5 , point(—1,— 1) is not a solution
10.x—-40y=0
LONG ANSWERTYPE
3.x+y=100 4. x =4y 5.y=x+4,Rs.9
TRUE /FALSE
1. Te 2 False | 3. True 4. False 5. True
FILL IN THE BLANKS
1. Ax+By=C 2 Infinite many 3. Unique
4. b
4. 8 5. @ b,
ANALYTICAL PROBLEMS
1
1. (O,Ej,(O,O),(LO),(&S) 2.(-7,-9) 3.Between120°and210° 4. 135° 5.4
NUMERICAL PROBLEMS
1. 144 2. 7 3. 6 4. 2 5. 3
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : LINEAR EQUATIONS IN TWO VARIABLES)

CONTENT STATUS DATE OF COMPLETION SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:
1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.
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LINES AND ANGLES -

Concepts
Introduction
1. Basic terms and definitions
1.1 Line segment
1.2  Ray
1.3 Line

1.4  Collinear points

1.5 Non-collinear points

1.6 Angle
2. Types of angles
Intersecting lines and non-intersecting lines
4. Pairs of angles

4.1 Complementary angles

w

4.2  Supplementary angles
4.3  Adjacent angles
4.4  Linear pair
4.5  Vertically opposite angles

5. Transversal
5.1 Angles formed by a transversal

6. Results when a Transversal intersects two parallel lines
6.1 Corresponding angles Axiom and its converse
6.2  Alternate interior angles theorem and its converse
6.3  Co-interior Angles Theorem and its Converse
6.4  Co-exterior Angles Theorem and its Converse

7. Properties of Triangles
7.1  Angle Sum Property of a Triangle
7.1  Exterior Angle Property of a Triangle

Solved Examples

Exercise - I (Competitive Exam Pattern)
Exercise - Il (Board Pattern Type)
Answer Key



“}MATRIX e Class—9 [Mathematics]| [N

INTRODUCTION

In previous class we have studied that minimum two points are required to draw a line. A line having one end point

is called aray. Now if two rays originate from a point, an angle is formed. If two lines intersect each other, different

angles are formed. Here we will study different properties related to lines and angles.

BASIC TERMS AND DEFINITIONS

LINE SEGMENT

A part of line with two end points is called line segment and is denoted as AB . A B

RAY

A part of a line with one end point is called aray and is denoted as AR .

=
p 0

v

It can be extended further from point B.

LINE

It can be extended from both sides (left and right) and is denoted as ‘AR - A B >

COLLINEAR POINTS

Three or more points are said to be collinear if a single straight line passes A B C

through them. Here A, B, C are collinear.

NON-COLLINEAR POINTS

Three or more points notlying on a single straight line are called non-collinear A B

Aev

points. A, B, C are not collinear.

ANGLE

When two rays originates from the same end point they form an angle.

Rays (arms of angle)

End point (Vertex) { Angle

The ray are called arms of an angle and end point is called vertex.
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¥ MATRIX

TYPES OF ANGLES

Measure 0°<x<90° x =90° 90° <x < 180° 180° 180° <x <360° 360°

Acute Right Obtuse Straight Reflex Complete
angle angle angle angle angle angle

b P P 270" L
11 ti /‘ 0
ustration 450 90° 120° P Q (Og—é—lo)—>
> > 4—0—@—0—} -

0 Q | O Q 0 Q PO Q

Name

INTERSECTING LINES AND NON-INTERSECTING LINES

A B
———>)
C D

< o »
< >

) L. (i1) Non-intersecting
(i) Intersecting lines lines (Parallel Lines)

In figure (i) AB and CD are intersecting lines.
In figure (ii) AB and CD are non-intersecting lines (parallel lines).
In parallel lines the lengths of the common perpendiculars at different points are equal. This equal length is called the

distance between two parallel lines.

PAIRS OF ANGLES

COMPLEMENTARY ANGLES

If the sum of measure of two angles is 90°, they are known as complementary angles.
For example : ZPOQ + ZABC =70°+20°=90°
ZPOQ and ZABC are called complementary angles and ZPOQ is called complement of ZABC and

vice-versa
P
A
700 2 00
®) Q 0) C
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5t MATRIX

SUPPLEMENTARY ANGLES

If the sum of measure of two angles is 180°, they are called supplementary angles.
For example : ZXOY and ZPQR are supplementary as £XOY + ZPQR =70°+110°=180° and £XOY is

called supplement of Z/PQR and vice-versa.
X
70° 110°
0) Y Q R

ADJACENT ANGLES

Two angles are said to be adjacent angles or adjacent to each other if A
(1)  They have common arm. e
(i) They have common vertex.
B 5

(i) Non-common arms lying on the different sides of the common arm.
In the figure, ZABC and ZCBD are adjacent angles.

They have common vertex B, common arm BC and non-common arms AB and BD lying on the different sides of
BC.

LINEAR PAIR

Two adjacent angles whose sum is 180° are said to form linear pair or in other words,

C
supplementary adjacent angles are called linear pair. )_'
Here, ZBOC + ZCOA =180%, so they form linear pair.

A O B

BUILD THE CONCEPT

e Axiom-1 :- Ifaray stands on a line, then the sum of two adjacent angles so formed is 180°.

Ray OP stands on line AB, then ZAOP and /POB are adjacent angles. i P
= /AOP + ZPOB = 180°
A 0] B

e Axiom-2 :-
Ifthe sum of two adjacent angles is 180°, then the non-common arms of the

angles form a straight line. Suppose ZAOB and ZBOC are two adjacent B
angles, with common arm OB, non common arms OA and OC.
A O C

If ZAOB + ZBOC = 180°, then AOC would be a straight line.
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VERTICALLY OPPOSITE ANGLES

If two lines AB and CD intersects each other at point O, then four angles are
formed.

ZAOD is vertically opposite to ZBOC. Similarly ZAOC is vertically opposite
to ZDOB.

These are called pairs of vertically opposite angles.

Theorem - 1
Statement : If two lines intersect each other, then the vertically opposite angles are equal.

Given : AB and CD are two lines intersecting each other at point O. ZAOC is vertically opposite to #DOB and
ZAOD is vertically opposite to ZCOB.
To Prove : ZAOC = ZDOB

ZAOD = £ZCOB
Proof: /AOC+ ZAOD=180° ... (1) [Linear pair]
ZAOD+«ZDOB=180° ... (2) [Linear pair]

From (1) and (2), we get ZAOC + LZAOD = ZAOD + Z/DOB
= ZAOC=«DOB
Similarly, ZAOD = ZCOB

Example

ACB isaline such that /DCA =5x and Z/DCB =4x.

Find the value of x and hence find Z/DCA and #DCB. D
. >X 4x

Solution : X C bt

Since ACBisaline,
. ZACD and ZDCB form alinearpair
ZACD + ZDCB = 180°
Sx +4x=180°
9x =180°
x =20°
ZACD =5x=5 x20°=100°
ZDCB =4x =4 x20°=80°

Uy 4y

Example
If the supplement of an angle is two-third of itself. Determine the angle and its supplement.

Solution :

Let the angle be x
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2 2
Its supplement = 3 of x = EX

= X+§X=180°

L1803 e

The angle is 108° and its supplement

2
= 3 108° =2 x 36°=172°

Example
Lines AB, CD and EF intersect at O. Find the measures of &
ZAO0C, ZCOF and ZBOF

v

ae

Solution : A A0 03

AB and EF intersect at point O. D
ZAOE = ZFOB [Vertically opposite angles]
ZFOB =40°

Similarly, ZAOC=/ZDOB [Vertically opposite angles]

= ZAOC =35°

Also, ZAOE + ZAOC + ZCOF = 180° [Straight angle]
ZCOF =180°—75°=105°

Example
Lines /, and /, intersects at point-O forming angles a, b, ¢, d. If a=45°, find b, ¢, d,a + b, b + ¢ and
verify thata + d =b + c.

Solution :

a=45°=c=45° [ Vertically opposite angles]

a+d=180° [Linear pair]

= d=180°-a=180°—-45°=135°

d=b [ Vertically opposite angles]
= b=135°
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Now, a+d =45°+ 135° = 180°
b+c=135°+45°=180°

=at+d=b+c

TRANSVERSAL

A line which intersects two or more lines at distinct points is called a transversal.
/ A
< g <Z
% > "
q m Vvq
(qis a transversal of / and m)  (q is a transversal of / and m)

ANGLES FORMED BY A TRANSVERSAL

Suppose [ and m are two parallel lines intersected by a transversal n.

e Interior Angles :- £1, £4, /5 and £6 p

e Exterior Angles :- /3, /2, /7 and £8 < 3/5 >/
e Corresponding Angles :- £1 and £8, £2 and £6, Z/3 and £5, /4 and L7 jjl

[Note that pairs of angles lie either above or below the lines. ] < LA >m
e Alternate Interior Angles :- /4 and £6, Z1 and £5 2(/8

e Alternate Exterior Angles :~ /3 and /8, /2 and £7
¢ Co-Interior Angles :- (Also called consecutive interior angles or allied angles) £4 and /5, Z1 and £6.

e Co-Exterior Angles :- £2 and £8, /3 and /7.

m RESULTS WHEN A TRANSVERSAL INTERSECTS TWO PARALLEL LINES

CORRESPONDING ANGLES AXIOM AND ITS CONVERSE

(1) If a transversal intersects two parallel lines, then each pair of corresponding angles are equal.

(i) If a transversal intersects two lines such that a pair of corresponding angles are equal, then the two lines are

parallel to each other.

ALTERNATE INTERIOR ANGLES THEOREM AND ITS CONVERSE

(1) If a transversal intersects two parallel lines, then each pair of alternate interior angles are equal.
(i1) If a transversal intersects two lines such that a pair of alternate interior angles are equal, then the two lines are
parallel.
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CO-INTERIOR ANGLES THEOREM AND ITS CONVERSE

(1) If a transversal intersects two parallel lines, then each pair of interior angles on the same side of the transversal
is supplementary. In other words, co—interior angles are supplementary.
(i1) If a transversal intersects two lines such that a pair of co—interior angles are supplementary, then the two lines

are parallel.

CO-EXTERIOR ANGLES THEOREM AND ITS CONVERSE

(i) If a transversal intersects two parallel lines then each pair of co—exterior angles are supplementary.
(i1) If a transversal intersects two lines such that a pair of co—exterior angles are supplementary, then two lines are
parallel.

) .1 B Focus Point

¢ Lines which are parallel to the same line are parallel to each other.

Thismeansif/||nandm ||n=1||m.

>/
> m

> 7

ANA ﬂ\

Example

In the given figure if / | | m and t is a transversal, determine x.

/Zsz+16°)\l
/‘5000
I||m

= 2x+16°+ 100° = 180° [Co—exterior angles]
=2x=180°-116°= 2x = 64° = x = 32°

Example n

AB || CD and EF || DQ.
Determine ZPDQ, ZAED and ZDEF.

N

N

Solution :
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>3

E B
Solution :

AB || CD and transversal DE intersects them at E and D respectively.

. ZAED = ZCDP [Corresponding angles]
= ZAED =34° ..(i)

Now ray EF standson AB at E

- ZAEF + ZBEF = 180° [Linear pair]

— /AEP + /PEF + /BEF = 180°
[ZAEF = ZAEP + £/PEF]

= 34°+ PEF + 78°=180° [From (i)]

= /PEF =180°-112°

= /PEF = 68° ..(i1)

Now EF || DQ and transversal DE intersects them at E and D respectively..

. ZFED = ZPDQ [Corresponding angles]
= /PDQ = 68° [From (ii)]

= /PDQ = ZDEF = 68° and ZAED = 34°

Example
If /|| m | nand £PQ || £RS, find ZQRS.

N
>
>
B
e
\‘ m
‘\
A Y
v
~

A
[\
S \—
[0
(OS]
=
Y

A
‘
Y\
S
D N
\G
le)
\
y \
3

Solution :

Extend QP to point A and SR to point B.

[||m= £1=25° [Alternate interior angles]
and £2="70° [Corresponding angles]

Chapter-5 Lines and Angles Matrix : www.matrixedu.in 111



“}MATRIX e Class—9 [Mathematics]| [N

Also, £L3=/2 [AP || SB, corresponding angles]
= /£3=170°
Now, £3 + Z4 =180° [Linear pair]

= 70°+ £4 =180° = £4 = 110°
S ZQRS =21+ £4 =25°+110°=135°

Example n

In figure, if AB || CD, ZBEG = 65° and ZEFC = 80°, then find x and y.

pd A h
Solution :
ZBEF = ZEFC [Alternate interior angles]
=65°+x=80°=x=80°-65"=x=15°
Now, L/FGE = ZBEG [ Alternate interior angles]
=y=065°
PROPERTIES OF TRIANGLES
ANGLE SUM PROPERTY OF A TRIANGLE
Theorem - 2 Y
Statement : The sum of the three anglés-of atriangle is 180°. -7
ie, 1+ 42+ /3=180°
Proof': Draw a line XY through point A parallel to BC.
L3=/4 [Alternate interior angles]
L5=12 [Alternate interior angles] ¢

Also £5+ £1+ £4=180° [Straight angle]
Replacing /5 and £4 by /2 and /3 respectively, we get
L2+ 21+ 2£3=180°= L1+ L2+ £3=180°

.. Sum of all angles of a triangle is 180°
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EXTERIOR ANGLE PROPERTY OF A TRIANGLE

Theorem -3

B cC DO

Statement : If a side of a triangle is produced, then the exterior angle so formed is equal to the sum of the two
interior oposite angles.

Given : In AABC, side BC is extended to point D. ZACD is an exterior angle.

To Prove : ZABC+ ZCAB + ZBCA=180°

Proof: ZABC + ZCAB + Z/BCA =180° ...(1)  [Angle sum property of triangle]

Also, /ZBCA + ZACD=180° ...(2) [Linear pair]

From (1) and (2), we get ZABC + ZCAB + ZBCA = ZBCA+ ZACD = LZACD=ZABC+ ZCAB

Example n

If one angle of a triangle is 72° and the difference of the other two angles is 12°, find the other two angles.
Solution :
One angle of the triangle = 72°
Let other two angles be x and 12° +x
[~ The difference between the two angles is 12°]
So, x +12°+x + 72°=180°
[Angle sum property of triangle]
= 2x + 84°=180° = 2x=180° —84° = 96°
= x =962 =48°
.. The other angles is 48° + 12° = 60°

Example

In the given figure show that / || m.

L [ .

B 31°

C
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Solution :
ZCBD + «BDC + ZBCD = 180°
[Angle sum property of triangle]
= ZCBD +31°+42°=180°
= ZCBD = 180°—73°
= ZCBD =107°
Z1+ ZCBD =180° [Linear pair]
Z1=180°-107°=173°
Since, £1=73%°and LA =73° So, L1 =/ZA

= [ || m [As corresponding angles are equal]

Example

The sides BC, CA and AB of AABC, are produced in order, forming exterior angles ZACD, ZBAE and
CBF. Prove that ZACD + ZBAE + ZCBF = 360°.

Solution :

From exterior angle property of triangle,

ZFBC = /1 + /3 ()
ZBAE=/2+ /3 (i)
ZACD=/1+ 22 ..(iii)

Adding (1), (i1) and (iii), we get
ZFBC+ ZBAE + ZACD

=1+ 43+ 2+3+L1+ 22
=2(L1+ L2+ /3)=2%x180°

v

T 4

[By angle sum property of triangle]
ZFBC + ZBAE + £ CD =360°
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sE.l

Ans.

Prove that the sum of all angles formed on the same

side ofa line at a given point on the line is 180°.
Given : AOB is a straight line and rays OC, OD and
OE stands on it, forming ZAOC, ZCOD, ZDOE
and ZEOB

To Prove :

ZAOC + ZCOD + £DOE + ZEOB = 180°.
Proof: Ray OC stands on line AB.

- ZAOC + ZCOB = 180°  [Linear pair]

= ZAOC + (£LCOD + «DOE + ZEOB) = 180°
= Z/AOC + ZCOD + ZDOE + ZEOB = 180°
Hence, the sum of all the angles formed on the same
side of line AB at a point O onitis 180°

SE.H

Ans.

Chapter-5

Prove that the bisectors of the angles of a linear pair
are at right angle.
Given : ZAOC and ZBOC form a linear pair of
angles. OD and OE are the bisectorsof ZAOC and
ZBOC respectively.

To prove : ZDOE =90°
Proof : ZAOC + ZBOC = 180° [Linear pair]

1 1
=3 ZAOC + 5 ZBOC =90°

= £/DOC + ZCOE =90°
[ OD and OE are the bisectors of ZAOC and
ZB0OC]

= Z/DOE =90°
Hence, the bisectors of the angles of a linear pair
are at right angle.

SE.H

Prove that the bisectors of a pair of vertically opposite
angles are in the same straight line.
Ans.  Given : Two lines AB and CD intersecting each other
atapoint O. Also, OF and OF are the bisectors of

ZAOC and ZBOD respectively.

C
E O F
A D

To Prove : EOF s a straight line.

Proof': Since, the sum of all angles around a point is
360°,

- ZAOC + ZBOC + ZBOD + ZAOD = 360°
= 2/EOC + 2/BOC + 2/BOF = 360°

[ £LBOC = ZAOD (Vertically opposite angles).
OE is bisector of ZAOC, OF is bisector of ZBOD]

= ZEOC+ £ZBOC + £ZBOF = 180° = ZEOF =
180°

Hence, EOF is a straight line.
SE.
In the figure, lines AB and CD intersect at O. If ZAOC
+ ZBOE = 80° and ZBOD = 30°, find ZBOE and

reflex ZAOD.
&C’\ /]__—‘:W
D~ | O |B r d
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Ans. ZAOC + ZBOE = 80° ...(1))[Given]
ZBOD =30° ..(i)[Given]
Lines AB and CD intersect at O.

. ZAOC = ZBOD [ Vertically opposite angles]
= ZAOC = 30° [From (ii)]
Now, putting the value of ZAOC in (i), we have
30° + ZBOE = 80°

= ZBOE = 80° —30° = 50°.

Also, ZBOD + ZAOD = 180°[Linear pair]
ZAOD =180°—-30°=150°

and reflex ZAOD =360°—-150°=210°.

sE.H

In the figure, lines XY and MN intersect at O. If ZPOY
=90°and a=Db, find c.

Ans. Givena=b

Leta=xthenb=x ZXOM +«£POM + ZPOY =
180° [Angles'on a straight line]
= x+x+90°=180°
= 2x +90° =180° = 2x = 90° = x=90°/2 =
45°
5. ZXOM =b =45° and ZPOM = a =45°
Now, ZXON =c¢ = ZMOY
[ Vertically opposite angles]
= /POM + ZPOY =45°+90°
Hence, c=135°
sE.d
In the figure, if AB || CD,CD||[EFandy:z=2:3,
findx.

/.*\G B

Y
E S F
L ]\I
Lety=2aand z=3a

ZDHI+ ZFIH=180° [CD || EF, Co-interior angles]
=y+z =180°=2a+3a=180°

= 5a=180° = a=180°5=36°
Sy=2a=2x36°=72°andz=3a=3 x36°=
108°

Also, AB || CD and Gl is a transversal

.. £BGI= ZDHI [Corresponding angles]

DX Y= x=72°

SE.d

IfAB || DE, then find the value of x.
B A

N
T

{2C 120

110°
D i’ E
Construct a line / through C parallel to AB.
= [||AB|| DE and x = £1 + £2 Since, AB || /

= Z1=120° [Alternate interior angles]
Also, !|| DE

N
A\ 4

N

+0
<
e

1o

v

N
\4

Ans.

Ans.

= /2 =110° [Alternate interior angles]
Now, x = £1 + £2 = x=120°+ 110°=230°

SE.B]

The side BC of a AABC is produced such that D is
onray BC. The bisector of ZA meets BC in L. Prove
that ZABC + ZACD =2ZALC.

Chapter-5
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Ans. In AABC, we have ZACD=/B+ ZA
[Exterior angle property of a triangle]
= LZACD=/B+2/1 (1)
[~ AL is the bisector of LA, .. LZA=2/1]
In AABL, we have ZALC = /B + ZBAL
[Exterior angle property of a triangle]

A

112

v

B L C D
= ZALC=4ZB+ /1
=2ZALC=2/B+2/1
Subtracting (i) from (ii), we get
2ZALC - ZACD = /B
= /ACD+ /B =2/ALC
= /ACD+ ZABC =2/ALC.

SE.Hl

In the figure, AE bisects ZCAD and £B = ZC, prove
that AE || BC.

gl ¢
L~

B Y

In AABC, we have ZCAD = /B + £C

[Exterior angle property of a triangle]
= /ZCAD=2£C [Given /B = ZC]
=2/CAE=2/C [ LCADis bisected by AE]
= Z/CAE=/C = ZCAE=ZACB
= AE || BC [As alternate interior angles are equal]

SE.

In figure, lines PQ and RS intersect each other at point
O, ray OA and ray OB bisect ZPOR and ZPOS
respectively. If ZPOA : ZPOB =2 : 7, then find
ZS0Q and ZBOQ.

Ans.

Ans. /POR + ZPOS =180° [Linear pair]
We are given that, ray OA and ray OB bisect /POR
and ZPOS respectively.

Therefore,

1 1
ZPOA =3 Z/POR and ZPOB =5 ZPOS.

1
= ZPOA + ZPOB =5 (£POR + £POS)

1
=5 x180° =90°
Now, if LPOA : ZPOB=2:7, then, we have

2
ZPOA = 9 x90° = 20° and

7
ZPOB iy x 90° =70°.

ZPOR =2 x /POA =2 x 20°=40°
ZS0Q= ZPOR [ Vertically opposite angles]

- Z850Q =40°

ZBOQ = ZBOS + ZS0Q = ZPOB + ZS0Q

{LBOS =/POB = %LPOS}

=70°+40°=110°
- ZBOQ=110°
SE.
In figure, ray OE bisects ZAOB and OF is the ray
opposite OE. Show that /3 = £4.

Ans. Ray OF and OF are opposite. So, FOE is a

straight line.

Chapter-5 Lines and Angles
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o L3+ Z£1=180° (Linear pair)
and £4 + 22 =180° (Linear pair) .....(ii)
From (i) and (ii), we have /3 + L1 =/4+ /2
= A3+ /L1=44+ /1
(- OE bisect ZAOB = £1=22)= 3 =+/4

SE.[¥)

Inthe figure, line / and m intersect at O, forming angles

as shown in the figure.

(1) Ifx= T’5°, what is z?
(1) Ifu =125°, whatis y?
(i) z=x=45°
(i)y=u=125°
S0 13 |

In the given figure, AB || CD and EF || GH. Find the

values of x,y,zand t.

Ans. (Vertically opposite angles)

(Vertically opposite angles)

R X
AR
50°
E G
EF || GH and RQ is a transversal
=y =50° (Corresponding angles)
- EF and RQ intersect at R.
= x=50° (Vertically opposite angles)
Now, EF || GH and PQ is a transversal
= 100°+z=180° (Co-exterior angles)
=z=180°-100°=z=80°...()
-~ AB||CD and QS is a transversal
=>t=z
=t=280°

Ans.

(Alternate interior angles)

SJON 14 |

In the figure, AB | DC. If x = %yandy=§zﬁndthe
8

values of x, yand z.

B
X C

A D
AB | DC and BC is a transversal
= (x+y)+z=180° (co-interiorangles)

Ans.

4 8
—y+y+=-y=180°
:>3y y 3y

( 4 3 8 j
v x=—y and y=—7z = z=-y

3 8 3

ISV _180°x3 e
4 4

Now, X=3Y = X=3 xX36° = x=48°
8

and,ZZEy = z= §><36° = z=96°

SION 15 |

In the figure, prove that TP || QU.
T
U

85° 2 R

Q/1 37
482

S
In AQRS

£2=48°+37°
(Exterior angle property of a traingle)
= £2=85°= LUQR = 85°
So, ZTPR = ZUQR
TP ||UQ

Ans.

(As corresponding angles are equal)

Lines and Angles

Chapter-5
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EXERCISE-1 | |
(C) Both of the angles forming a linear pair can be
1. Anangle is 18° less than its complementary angle. obtuse angles.
The measure of this angle is (D) Bisectors of the adjacent angles forming a
(A)36° (B) 487 linear pair form aright angle.
(C)83° (D) 81°
2. Supplement of an angle is one fourth of itself. The 7 Caleulate the value of x.
measure of the angle is :
(A)18° (B) 36° 25°
(C) 144° (D) 72° 104°
3. Line AB and CD intersect at O. If ZAOC = (3x—
10°) and ZBOD = (20° —2x), then the value of x is (A) 141° (B) 70°
(C) 105° (D) 45°
8. If two interior angles on the same side of a transver-
salintersecting two parallel lines are in the ratio 5 :
4, then the greater of the two angles is
(A)6° (B)12° (A)54° (B) 100°
(C)36° (D) 30° (C) 120° (D) 136°
4. IfAB || CD, what is the value of x ? 9. IfAOB is a straight line, then x is
B D
X r):[»x 5x R
A I~ B
(A) 187 (B)15° (A) 60° (B) 30°
(©)20° (D)25° (C) 90° (D) 40°
5. Iftwo parallel lines are intersected by atransversal, 10.  Infigure,ifAB||CD. If ZABR =45°and ZROD
then each pair of corresponding angles so formed is —105°, then find ZODC.
(A)Equal (B) Complementary
(C) Supplementry (D) None of these A 5 B
6. Which one of the following statements is not false? 0
(A) If two angles form a linear pair, then each of R« 105°
these angles is of measure 90°.
(B) Angles forming a linear pair can both be acute - C D
angles. (A) 105° (B) 45°
(C)30° (D) 65°
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I1.

12.

13.

14.

Chapter-5

Iftwo supplementary angles are in the ratio 4 : 5, 15.  In figure, PQ || RS, ZPAB = 70° and LACS =
then find the angles. 100°. Determine ZCAQ.
(A) 80°,100° (B)40°, 50° < A >
(C)36°,108° (D) 108°, 36° P 70° Q
In figure, if ZBOC = 7x + 20° and ZCOA = 3x,
the magnitude of x which makes AOB a straight line 100°
i “R B C S
(A) 80° (B) 70°
(C)30° (D) 100°
16.  Ifangles with measure x and y form a complemen-
tary pair, then angles with which of the following
-— measures will form a supplementary pair ?
0 A (A) (x +47°), (y +43°)
(A)16° (B) 45° (B) (x—23%), (y +23°)
(C)32° (D) 49° (C)(x—43°),(y—47°)
In given figure, /, m and n are parallel lines inter- (D)Nesuch pair is possible
sected by a transversal by a transversal p at X, Y 17.  Ifoneangleofatriangle is equal to the sum of the
and Z respectively. Values of /2 and £3 are other two angles, then triangle is a/an
p (A)Acute angled triangle
! X (B) Obtuse angled triangle
m Y4 (C) Right angled triangle
:n }7/;{ : (D) None of these
) //2 - 18.  Infigure, lines XY and MN intersect at O. If ZPOY
=70°andx :y=3:2, find z.
(A) 130°,130° (B) 130°,65°
(C)65°,130° (D) None of these M P
In the given figure, if AB || CF and CD || FE, then
find the value of x. X
< Y >
X > Y
N
. . (A)70° (B)9se
(A)105 (B)60 (C) 136° (D) 120°
(C)40° (D) 75°
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19.  Inthegiven figure, p || q, find the value of x. 22.  Inthe given figure, if PQ L PS, PQ|| SR, ZSQR =
R 35° and ZQRT = 70°. Find the value of
X+y+z
30° P Q
— X
120°( )M xHT 359
Y V4 70° :
P q S R T
(A) 120° (B) 90° (A)37° (B)28°
(C) 30° (D) 150° (C) 65° (D)200°
20.  Inthe given figure, POQisa line. Ray OR is 23.  Inthe given figure, two straight lines PQ and RS
between rays OP and OR. Then ZROS = find the values of a, b and ¢ respectively.
N R
3 5 Q b
1
(A) 5 (£QOS + £POS)
1
(B) ) (£QOS — £POS)
(C) £QOS — ZPOS (A) 80°,40°,33.3°  (B)84°,48°,21°
(D) £QOS + £POS (C) 22°, 44°, 84° (D) 48°,24°,22°
21.  Infigure,if/||mand £1=(2x+y)% L4=(x+ 24.  Infigure, AOBisastraight line, if ZCOA=ZDOB,
2y)°and £6 =3y +20)°. The value of 27 and then find the value of x.
Z4 respectively are
n
1 ﬂ<2
) 473 >/ >
(A) 100°, 80° (B)20°, 80° 20 70
(C) 60°, 40° (D) 80°, 100° © 3 (D) 3
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25. Infigure AB||CD and £F =30°. Find ZECD.

F G
A E H B
C D
(A) 150° (B) 60°
(C) 120° (D) 140°

PARAGRAPHTYPE

PASSAGE -1 : Ifatransversal intersects any two
parallel lines, then
(1) Each pair of corresponding angles are equal
(i1) Each pair of alternate interior angles are equal
(iii) Each pair of co-interior angles are
supplementary.

26. Inthe given figure, AB || PQ. The values of x and y
respectively are

A
v

A
v

(A) 50°, 70° (B) 70°, 50°
(C) 75°, 45° (D) 20°, 75°
27. Inthe figure, AB || CD. Then the value of p+q—r

1S E

& >
< »

A D B
a>F

4 r »
C G D

(A) 80° (B) 180°
(C) 100° (D) 360°

28. Inthe given figure, PQ || RS and ZQXN =105°,
ZRYN =45°, find ZXNY.

P X Q.
105°
N
R a5 S,
< > >
(A)45° (B) 30°
(C) 60° (D) 120°
PASSAGE — 11 : In the given figure, /|| mand p || q.
285°
{
m

29. Whatis the product of digits of angle ¢ ?

(A) 10 (B) 30
(C) 20 (D) 40
30. What is the sum of digits of angle d ?
(A)1 (B)2
(©)3 (D)4
31. Calculate 50 -
(A)4 (B) 5
(©3 (D)2

Lines and Angles

Chapter-5
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MATCH THE COLUMN TYPE Space for Notes :

32. Match the following :
Column -1 Column - 11
(P) When two lines intersect, (i) 180°
then the pair of opposite

angles so formed is called

(Q) Complementary angles (i1) An acute angle

have sumequalto | T T oo T o T T T mm T nnmnn e
(R) Angle that measures ()9 [ "7 TTTTTTTTTTTTTOTTmTmmT O TTETTT
between 0°and90°is | TTTTTTTTTTTTmoommmmo oo mmmmmm s
called | mmmmmmmm s s o s m i mmmmmm— - m - -
(S) Supplementary angles (iv) Vertically = | = === == - s e e e e e m - - -
have sum equal to oppositeangles | - - o o o o o o oD oD e oo - -
(A)P > (1v),(Q) = (1), R) > (1), (S) > (111) | _ o o /e o o o o o e o o o e
(B)P — (iv), (Q) — (iii), (R) > (i1), () > (1) | _ o e C C C oo

(CO) P — (iD), (Q) = (1), (R) — (iii), (S) — (iv)
(D) P — (iv), (Q) — (iii), (R) = (1), (S) — (ii)
33. Match the following :

Column -1 Column - 11

(P) Sum of all three interior (i)Theopposite |~~~ T ToTTTTTT oo

angles of atriangle isequalto ~ exterior angle

(Q) Sum of the two interior ()Equal | TTT T T T T T T T T T T T T s s s e

angles of atriangleisequalte. \ \ = [ "7 - - - -----------m o oo mmmmmm -
(R) Largest angle of a right (1) 180°. [ mmm e e e e -
triangleis [ ]| e e e e e e e e m e mmm e m oo
(S) When two parallel lines (v)90> " | oo

are cut by transversal, then

co-interior angles formed are

(T) Alternate angles formed (v) Supplementary

when two parallel lines are cut
byatransversalare | T T o T Tn
(A) P=(D), (Q—=>(v), (R)=>(1v), (S)—>(iii), (T)—(ii)
(B) Po(v), (Q)—(iii), R)—>(ii), (S)—>(@), (D)—>Gv) |~~~ "~~~ 777 e
(C) P(iid). (Q (1), (RIm(IW). (S) (W, (D)>({) | =777 7777 === mmmmmmmmmsoooooe

(D) P> (iv), (Q)(0), (R)=(¥), (S) (i), (T) (i) | == === === ===mm=mmmmoomooooo oo

Chapter-5 Lines and Angles Matrix : www.matrixedu.in 123




I | FXERCISE-1I

I |

1.

VERY SHORT ANSWER TYPE 5. Find the supplement of each of the following angles.
Convert each DMS form to decimal degree form. (i) 63° (i) 138°
: 0 ' " 5 o ' " 3
(i) 126°12'27 (i1) 118°45'20 (i) < ofrightangle  (iv) 75°36
(i) 35°12' 7" (iv) 34°42' 54"
(v) 124°20'40" (vi) 108°48'32"
C rt each decimal d form to DMS f .
onvertcach decimal degree form o orm 6. In the diagram, FG | GH . Find the value of x.
(1) 57.24° (i1) 38.427°
(iii) 24.263° (iv) 48.3625° 20° \
Solve : F
(x-25)° .
(i 63°17'34" ) 23°38' 55" H lG
+43°52"28" +174°42" 4"
7. In the given figure AB || CD find the value of x ?
A B
3x
vee . 4X
(i) 24°13' 41" (@Gv) 73°25'28"
6° 0" 58" —12° 12' 34" Sx
+ (8] ' "
32°45' 46 C - D
8. The ratio of two complementary angles is 2 : 3.
Find the angles.
) 74°16' 5" (Vi) 54° 37" 9. Find the angle whose complement is one-third of its
—26°48'25" —29932' 48" supplement.
10.  In the given figure, AB || CD and EF is a
transversal. If Z1 =120°, then find £2.
Find the complement of each of the following angles. E
(i) 58° (ii) 16° \\1
A< »B
2 M
(iii) 3 ofrightangle  (iv)46°30'
2AN
(v) 52°4320" (vi) 68°35'45" Ce \ »D
F
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SHORT ANSWER TYPE

1. x and y are two supplementary angles. If
supplementary angle of x is equal to halfthe

complementary of y then find x : y ?

2. As shown in the diagram, a skateboarder tilts
one end of a skateboard. Find mZZWX in
degrees.

V4
(2x +5)° (9x +1)°
T X w Y
3. Classify the angle pair as corresponding, alternate

interior, alternate exterior, or consecutive interior

angles.

(1) £L5and £1 (i1) £11 and £13
(i) £6 and £13 (iv) £10 and £15
(v) £2 and £11 (vi) £8 and £4
4. In the given figure, POQ is a straight line and

the angles are as shown in the figure.

Find :

(1) Value of x

(ii1) ZQOS
5. In the given figure, PQ || RS, ZPAB =50° and

ZACS =120° Find x and y.

(i) ZPOS

P« A »Q
50° 7%
120°
« y R
R« B c S
LONGANSWERTYPE
1. Find the values of x and y.

2. In the given figure, POQ is a straight line. QA

and QR are the bisectors of ZPOR and ZQOR
respectively. Show that ZAOB is aright angle.

P 0 Q

3. In the figure, AB || CD and CD || EF. Also,
EA L AB and ZBEF =45°. Find the values of

p and q as shown in the figure.
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P Q R
A A A
Al < q E

45°
D
Bpp
v v v
G H F

4. In the given figure, AB || CD || EF. If ZBCE =25°
and ZCEF = 145°, then find the measure of ZABC.

5. If four times an angle is 12° more than twice the
difference between its supplement and its
complement, then find the angle, its complement

and its supplement.

TRUE FALSE TYPE

1. Angle is a figure formed by two rays having same
end point.

2. Two adjacent angles whose sum is 180° are said
to form of linear pair.

3. Iftwo lines intersect each other, thenthe vertically

opposite angles are not equal.

4. If the sum of measure of two angles is 180°, is
called supplementary angles.

5. A line which intersects two or more lines at distinct

points is called parallel line.

FILL IN THE BLANKS

1. Three or more points lying on the same line are
points.
2. Three or more lines passing through a common
point are known as lines.
3. When the sum of two angles is then

the two angles are called supplementary angles.

4. Angle measuring less than 90° and more than 0°

Vertically opposite anglesare

ANALYTICAL PROBLEMS & BRAIN TEASER

1. AB || FG, CD and FD are angle bisector as
shown in figure. Find ZBAC

A
D
<< () 120°
(A)20° (B)25°
(C) 30° (D)35°
2. In the given figure (not drawn to scale), find the

value of x, y and z respectively.

ll
™

D
(A)90°,50°,110° (B) 90°, 40°, 110°

(C) 40°,90°, 110° (D) 110°,40°, 90°

Lines and Angles
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3. Six congruent squares are assembled as shown
figure. find ZABC.

A

(9

(A)30°
(C) 45°

(B)25°
(D) 60°
4. In the given figure (not drawn to scale), LMNO is

aparallelogram and OPQR is a thombus. Find
ZNMH given that LMH is a straight line.

R
/7%\ N
o Q

450
P
L M >H
(A) 80° (B) 60°
(C) 70° (D) 50°

5. In given figure. AD || CE,ZBAC =~<CAD. Find
ZACB

(A)90°
(C) 100°

(B)95°
(D) 105°

NUMERICAL PROBLEMS

1. Inthe given figure, AB || CD. Find the value of

X
25°°

2. Ifanangle x is supplement of itself. Then value of

X—60°
o, s

0
3. Inthe shown figure OE || BD, find the value 2 ?

AS

4. Iftwo interior angles on the same side of a transversal
intersecting two parallel lines are in the ratio of 1 : 4.
Then what will be the result if difference of the angles
is divided by smaller angle ?

5. If LAisrightangle and /B is straight angle, then what

2/B-3ZA 0

is the value of 150
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EXERCISE-1I

1 2 3 4 6 / 8 9 10 11 12 13 14 15

A C A C A D A B D C A A A D A

16 17 18 19 | 20 21 22 | 23 24 | 2> | 26 | 2] | 28 29 | 30
A

9]

C B D A A C B B D C C
31 92 | 33
A B C
EXERCISE 11
VERY SHORT ANSWER TYPE

1. (i) 126.2075°, (ii) 118.7556°, (iii) 35.20194°, (iv) 34.715°

2. (1) 57° 14' 24", (ii) 38° 25' 37", (iii) 24° 15' 46", (iv) 48° 21' 45"

3.(1) 107° 10" 02", (ii) 198°20' 59", (iii) 63° 25", (iv) 61° 12' 54 (V) 47° 27' 40", (vi) 24° 27" 49"
4. (1) 32°, (ii) 74°, (iii) 30°, (iv) 43° 30",(v) 37° 16' 40", (vi) 21° 24' 15"

5. (i) 117°, (ii) 42°, (iii) 126°, (iv) 104° 24", (v) 55° 39' 20", (vi) 71° 11' 28"

6. 95° 7.10° 8.36°,54°  9.45° 10. 60°
SHORT ANSWERTYPE
1.5:1 2.37°

3. (1) Corresponding angles, (ii) Consecutive interior angles, (iii) Consecutive interior angles
(iv) Alternate exterior angles, (v) Alternate interior angles, (vi) Corresponding angles
4. (1) 15°, (ii) 75°, (iii) 105° 570°,°50°

LONG ANSWERTYPE

1.x=65,y=10 3.p=135° q=45° 4. 60° 5.48°,42°,132°
TRUE FALSE TYPE

1. T 2. T 3. F 4. T 5. F

FILL IN THE BLANKS

1. Collinear 2. Concurrent 3. 180° 4. Acute 5. Equal
ANALYTICAL PROBLEMS

1. A 2. B 3. C 4. A 5. B
NUMERICAL PROBLEMS

1. 2 2. 5 3. 7 4. 3 S. 6
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SELF PROGRESS ASSESSMENT FRAMEWORK

(CHAPTER : LINES AND ANGLES)

CONTENT

STATUS

DATE OF COMPLETION

SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES :

1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.
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INTRODUCTION
A plane figure bounded by three line segments is called a triangle. Consider AABC. It has

A

B C
(1) three verticesi.e. A, Band C (ii) three sidesi. e. AB, BC and CA
(iii) three angles i. e. LA, /B and £C.

CONGRUENCE OF TRIANGLES

Now let us consider two triangles ABC and PQR.

We observe that AB=PQ=5cm, AC=PR=6 cm, BC=QR=5.5cm.

i.e., sides of APQR fall on corresponding sides of AABC. PQ covers AB, QR covers BC and RP covers CA, £P
covers ZA, ZQ covers /B and ZR covers £C. Also there is:a one-one correspondence between vertices
P A, Qe B, R« C.ie., APQR is congruent to AABC i.e., APQR = AABC.

oo}

5.5cm
Note : In congruent triangles corresponding parts are equal and we write in short ‘C.P.C.T". for Corresponding
Parts of congruent Triangles.

CRITERIA FOR CONGRUENCE OF TRIANGLES

SAS CONGRUENCE RULE

Statement : Two triangles are said to be congruent if two sides and the included angle of one triangle are equal to

the corresponding sides and the included angle of the other triangle.

A D
B//“\CE//“\F

Given : AABC and ADEF in which AB =DE, BC=EF and /B = ZE.
To Prove: AABC = ADEF.
Proof: Place AABC over ADEF such that A falls on D and AB falls along DE.

Chapter-6 Triangles Matrix : www.matrixedu.in 132



“tMATRIX Im . Class—9 [Mathematics] [N

Since AB =DE, so B falls on E. Since /B = ZE, so BC will fall along EF.
Since, BC=EEF, so C will fall on F. Therefore, BC will coincide with EF. And, thus, AC will coincide with DF.
= AABC coincides with ADEF. Hence, AABC = ADEF.

Note : The medians of an equilateral triangle are equal.

Theorem - 1

Statement : The angles opposite to two equal sides of a triangle are equal. A

Given : AABC in whichAB=AC.

To Prove : /B = ~/C.

Construction : Draw AD, the bisector of ZA, to meet BC at D. B D C

Proof: In AABD and AACD, we have

AB=AC [Given]
ZBAD=ZCAD [By construction]
AD=AD [Common]

. AABD = AACD [By SAS congruency]
Hence, /B=£C [by C.P.C.T]

BUILD THE CONCEPT

¢ Corollary : Each angle of an equilateral triangle is of measure 60°. A
e Proof: ABC is an equilateral triangle.
= AB=AC=BC.

Now, AB=AC gives that, /B=~ZC (1)

[Angles opposite to equal sides of a triangle are equal | B \ C
Similarly, BA=BC gives that Z/A= £C ..(2)

From (1) and (2), ZA=4£/B=2£C ..(3)

Also, we have ZA+ /B + £ZC=180° ...(4) [Angle sum property of a triangle]

1
From (3) and (4), we have ZA= /B = ZC = 3 x180° = 60°.
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Example

Prove that AABD = AACD given that BD = CD = 5 cm and ZADB = ZADC.
Solution :

Given : AABC in whichBD=CD =5 cm and ZADB=ZADC

A

7 c

5cm D S5cm

To Prove : AABD = AACD
Proof: In AABD and AACD,

we have
BD=CD=5cm [Given]
ZADB=ZADC [Given]
AD=AD [Common side]
.. AABD = AACD [By SAS congruency]
Example
In figure , O is the mid-point of AB and CD. Prove the AC = BD and AC || BD.
A D
0

c B
Solution :
In AAOC and ABOD, we have
AO=BO [O is the mid-point of AB]
ZAOC = £BOD [ Vertically opposite angles]
CO =DO [O is the mid-point of CD]
AAOC = ABOD [ By SAS Congruency]
= AC=BD [By C.P.C.T]
and ZCAO = ZDBO [By C.P.C.T]
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Now, AC and BD are two lines intersected by a transversal AB such the ZCAO = ZDBO i.¢. alternate angles are
equal.
Therefore, AC| BD

ASA CONGRUENCE RULE

Statement : Two triangles are congruent if two angles and the included side of one triangle are equal to two angles
and the included side of the other triangle.

Given : Two triangles ABC and DEF such that /B = ZE, ZC = £ZF and BC =EF.

To Prove : AABC = ADEF.

Proof : Let us consider, two possible situations as below:

Case 1 : Let AB =DE as shown in figure.

A D

Now, we have AB =DE [Supposed]
/ZB=/E [Given]

BC =EF [Given]

Thus, we have AABC = ADEF [By SAS congruency]

Case 2 : Letif possible AB # DE, in particular AB > DE.

In figure we take a point H on AB such that HB =DE.
In AHBC and ADEF, we have

HB=DE [By Construction]
/ZB=/E [Given]

BC=EF [Given]

So, AHBC = ADEF [By SAS Congruency]
= Z/HCB = 4DFE (1) [By C.P.C.T.]

Also, ZACB = ZDFE ..(2) [Given]
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From (1) and (2), we have

ZHCB=ZACB

It can only be possible if H coincides with A. In other words, AB = DE.

So, AABC = ADEF [By SAS Congruency]

Case 3 : If AB <DE, we can choose a point M on DE such that ME = AB and repeating the arguments as given
in case (2), we can conclude that AB = DE and So, AABC = ADEF

AAS CONGRUENCE OF TRIANGLES

Statement : Two triangles are congruent if any two pairs of angles and one pair of corresponding sides are equal.

Proof : The AAS congruence rule can be derived with the help of ASA theorem as below

A D
B/\C E/O\F

In the above figure, two triangles, ABC and DEF have one pair of sides equal i.e., BC =EF and also,
ZA=/Dand Z/B=ZE.

=LA+ /B=/D+ ZE.

= 180° — (LA + £B)=180° — (£D + LE). [Angle sum property of triangle]

= £C=ZF.

In case, we are given that , BC =EF, we write /B = ZE, BC=EF and £LC = ZF.

Therefore, by ASA congruence rule, we have AABC = ADEF.

Example
In the figure AB || CD, AD and BC-intersect at O and O is mid-point of AD. Show that

(i) AAOB = ADOC and (ii) OB = OC.

C D
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Solution :

In AAOB and ADOC, we have

ZAOB = £ZD0OC [Vertically opposite angles]

OA=0D [O is mid-Point of AD]

Z0AB = £Z0DC [Alternate angles, as AB || CD]

.. AAOB = ADOC [By ASA congruency]

Also, OB=0C [By C.P.C.T.]

Example

In quadrilateral ABCD, AB || CD and BC || AD. A D
Show that

(i) AABD = ACDB and (ii)) AB=CD; AD =CB.

Solution : B C
AB||CD and AD || BC [Given]

= Z/ABD=ZCDB and ZADB = ZCBD [Alternate angles}

In AABD and ACDB, we have

ZABD=ZCDB [Proved]

BD=DB [Common side]
ZADB=ZCBD [Proved]

Thereforre, AABD = ACDB [By ASA congruency]|

and AB=CD;AD=CB [By C.P.C.T]

Example

In figure, AB = CD, P

ZAPC = /BQD and LPAC = ZQBD,

Prove that AAPC = ABQD.

Solution : A B ¢ 4
AB=CD

=AB+BC=BC+CD

= AC=BD ?
In AAPC and ABQD, we have

AC=BD [Proved]

ZAPC=/ZBQD [Given]

and ZPAC=ZQBD [Given]

.. AAPC = ABQD [ByAAS Cong,ruency]
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Example n
In figure, ZABD = ZACD, AD is bisector of ZBAC and AD meets BC at D. Prove that, D is mid-Point
of BC.
A

n = C
Solution :
In AABD and AACD, we have
ZABD=/ZACD [Given]
ZBAD=ZCAD [AD is bisector of LA}
AD=AD [Common side]
Therefore, AABD = AACD [By AAS congruency]
=BD=CD [By C.P.C.T.]

Therefore, D is mid-point of BC.

Theorem -2

Statement : The sides opposite to equal angles of a triangle are equal.
Given : In AABC, ZB= £€

To Prove : AB=AC

Construction : We construct AD L BC, AD meets BC at D.

Proof : In AABD and AACD, we have

ZABD=ZACD [Given]
ZADB=ZADC [Each 90°]

AD=AD [Common side]
Therefore, AABD = AACD [By AAS congruency]
So, AB=AC. [By C.P.C.T]
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BUILD THE CONCEPT

¢ In AABC, the bisector AD of £A is perpendicular to side BC (see figure) than AABC is isosceles.
A
B D C
In AABD and AACD,
ZBAD=ZCAD [Given]
AD=AD [Common]
ZADB = ZADC =90° [Given]
.. AADB = AADC [By ASA congruency|
So,AB=AC [By C.P.C.T]
or, AABC is isosceles.

Example
In an Isosceles triangle ABC with AB = AC, D and E are points on BC such that BE = CD (see figure).
Show that AD = AE.

A

B D E C
Solution :
BE=CD [Given]
So, BE-DE =CD—-DE
= BD=CE
In AABD and AACE, we have
AB=AC [Given]
ZB=/C [Angles opposite to equal sides]
BD=CE [Proved above]
So, AABD = AACE [By SAS congruency]
=AD=AE [By C.P.C.T]
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$SS CONGRUENCE RULE

Statement : If the three sides of one triangle are equal to the corresponding three sides of another triangle then the

two triangles are congruent.
Given : AABC and ADEF in which AB =DE, AC =DF and BC =EF.
To Prove : AABC = ADEF.

Construction : Suppose BC is the longest side of AABC. Draw EG and FG such that /FEG = ZCBA and
ZEFG=ZBCA. Join DG

Proof : In AABC and AGEF, we have

BC =EF [Given]
ZCBA=ZFEG [By construction]
/BCA=ZEFG [By construction]
.. AABC = AGEF [By ASA congruency]
A D
E f F
B m C \)/
G
So, ZBAC = ZEGF, AB = GE and AC = GF [By C.P.CT]
= /BAC = ZEGF, DE =GE and DF = GF [AB =DE and AC = DF]
Now, in AEGD, DE = GE = ZEGD=«EDG ... (1)
And, in AFGD, DF = GF = «/FGD=2FDG ... )
Adding eq. (1) and (2), we get ZEGF = ZEDF
= LA = ZEDF
[~ ZEGF = ZA]
= ZA=4D
Now, in AABC and ADEF, we have
AB=DE,AC =DF and LZA=/D.
.. ZABC = ZDEF [By SAS congruency].
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RHS CONGRUENCE RULE

Statement : Two right —angled triangles are congruent if one side and the hypotenuse of the one is respectively

equal to the corresponding side and the hypotenuse of the other.

Given : Two right — angled triangles AABC and ADEF in which /B = ZE =90°, BC =EF and AC = DF.
To Prove : AABC = ADEF

Construction : Produce DE to G such that GE = AB. Join GF.

Proof : in AABC and AGEF, we have

A I D
AB=GE [Construction]
BC =EF [Given]
/ZB=ZFEG=90° [Given]
- AABC = AGEF [By SAS congruency] ~ BH C E p— F

S LA=ZGand AC=GF [ByC.PCT]

Now, AC = GF and AC =DF

= GF =DF

=/£G=4D

= ZA=4D [~ £G=ZA]

Now, ZA=/D, /B=/E

Thus, in AABC and ADEF, we have

BC =EF, AC=DF and £C = ZF [By SAS Congruency]
. AABC = ADEF

INEQUALITIES IN A TRIANGLE

e The angle opposite to longer side of a triangle is larger.

¢ The side opposite to the larger angle of a triangle is longer.

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

o The difference of any two sides of a triangle is always less than the third side.

Note : Atriangle is isosceles if and only if any two altitude are equal.

Example n

AABC and APBC are two isosceles triangles on the same base BC and vertices A and P are on the same
side of BC. A and P are joined, show that (i) AABP = AACP and (ii) £AP bisects A of AABC.
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Solution :
(1) We are given that AABC and APBC are isoscelzs.
B C
=AB=AC (1)
and PB=PC L (i)
Now, in AABP and AACP, we have
AB=AC [By (1)]
PB=PC [By (2)]
and AP=AP [Common side]
.. AABP = AACP [By SSS congruency]
(i) Now, AABP = AACP
= /BAP=ZCAP [By C.P.C.T]

= AP bisects /BAC i.e., AP bisects LA.

Example n

In figure, P is a point equidistant from the lines / and m intersecting at point A. Show that the line » (along

AP) bisects the angle between / and m.

Solution :

Let us consider APAB and APAC (as shown in figure).

Here, we have PB = PC [Given]

Z/PBA =/PCA [Each 90°]

PA=PA [Common]

.. APAB = APAC [By RHS congruency]|
So, ZBAP= ZCAP. [By C.P.C.T.]

Therefore, the line AP i.e., the line n is the bisector of the angle between / and m.
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SE.
Prove that AABC is isosceles if median AD is
perpendicular to BC.
A
Ans.
B L '_D'9' AP
Given : AAABC in whichmedian AD | BC.
To Prove : AABC is isosceles.
Proof: In AABD and AACD
BD=CD [~ AD is median|
ZADB=ZADC [Each 90°]
AD=AD [Common side]
.. AABD=AACD  [By SAS congruency|
= AB=AC [By C.P.C.T.]
.. AABCisisosceles.
SE.
In figure, / || m and M is the mid—point of the line
segment AB. Prove that Miisalso the mid—point of
line segemnt CD.
< & < >/
M
< 5 B »m
Ans. In AAMC and ABMD
/ZMAC=/4MBD [Alternate interior anlges]
ZAMC=/ZBMD  [Vertically opposite angles]
AM=BM [Given]
.. AAMC = ABMD  [ByASA congruency]|
= CM =DM [By C.P.C.T.]

Hence, M is the mid—point of CD.

SE.H

In figure it is given that BC=CE and £1 = £2.
Prove that AGCB = ADCE.

Ans.  We have, Z/1 + ZGBC = 180° [Linear pair|
and, 22 + ZDEC = 180°
L1+ ZGBC = £2 + ZDEC
= «£GBC = ZDEC ....(1) [ £1=22(Given)]
Now, in AGCB and ADCE, we have
ZGBC=«DEC [From (1)]
BC=EC [Given]
£ GCB=ZDCE [ Vertically opposite angles]
. AGCB =z ADCE
SE.
In the figure it is given that AB=CD and AD = BC.
Prove that AABC = ACDA.

[Linear pair]

[By ASA congruency].

D B

C A

Ans. In AABC and ACDA, we have
AB=CD
BC=DA
AC=CA

. AABC = ACDA

[Given]
[Given]
[Common side]

[By SSS congruency]|

Triangles
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sE.H

Ans.

ABCD is a parallelogram, if the two diagonals are

equal, find the measure of ZABC.
D C

A B

Since ABCD is a parallelogram, therefore

AB=CDand AD=BC (1)

[Opposite sides of a parallelogram are equal |

Now, in AABD and ABAC, we have

AD=BC [From (1)]

BD=AC [Given]

AB=BA [Common]

.. AABD = ABAC  [By SSS congruency]

= /BAD=ZABC ..(2) [ByC.P.C.T]

Now, AD || BC and transversal AB intersects them

at A and B respectively.

Therefore, /BAD + ZABC = 180°.
[Co—interior angles]

= ZABC + ZABC =180° [From (2)]

= 2/ABC=180°= ZABC =90°

Hence, the measure of ZABC is 90°

SE.d

Ans.

Chapter-6

AD, BE and CF, the altitude of AABC are equal.
Prove that ABC is an equilateral triangle.

A

In right triangles BCE and CBF,

BC=CB [Common hypotenuse]
BE=CF [Given]

/BEC = ZCFB [Each 90°]

.. ABCE =z ACBF [By R.H.S. congruency]
= /BCE=ZCBF [ByC.P.C.T]

= /ZC=/B

= AB=AC (1)

[Sides opposite to equal angles of a A are equal]
Similarly, AABD = ABAE
= 4ZB=ZA [By C.P.C.T.]
= AC=BC -(2)
[Sides. opposite to equal angles of a A are equal]
From (1)and (2), we get AB=BC=AC.
Hence, ABCis an equilateral triangle.
SE.
In the figure AB = AC, BE and CF are respectively
the bisectors of Z/B and ZC. Prove that
AEBC = AFCB.

B C

Ans. In AABC,AB=AC [Given]
= ZACB=ZABC = ZECB = ZFBC

Also, ZACB=ZABC

(D)

1 1
=5 ZACB = ) ZABC

= /FCB = ZEBC ..(2)
[CF and BE are bisectors of ZACB and ZABC

Triangles
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respectively]

In AEBC and AFCB, we have

ZECB = ZFBC [From 1]

BC=CB [Common]

ZEBC= ZFCB [From 2]

.. AEBC = AFCB [By ASA congruency|

sE.B

In the given figure, ABC is a triangle and D is any
point in its interior. ,SAhOW that BD + DC <AB +AC.

E

B C
Produce BD.
Sum of two sides is greater than the third
In AABE,AB + AE > BE
= AB+AE>BD +DE
In ACDE, DE + EC >DC
Adding (i) and (ii), we get
AB +AE + DE + EC>BD + DE + DC
= AB+(AE+EC)>BD +DC
= AB+AC>BD +DC.
Hence, BD + DC <AB + AC.

Ans.

SE.El

In the given figure, AP L QR, PR > PQ and
PS =PQ. Show that AR > AQ.

A

Q P S R

Ans. In AAPQ and AAPS, we have

PQ=PS [Given]

AP=AP [Common]

ZAPQ = LAPS [Each 90°]

S AAPQ = AAPS [By SAS congruency]
S ZAQP = ZASP [By C.P.C.T.]

or ZAQS=ZASQ ..(1)

But, ZASQ> ZARS

S ZAQS>ZARS  [From (1)]

= ZAQR > ZARQ

AR >AQ.

[Side opposite to greater angle is longer]
SE. [
In the figure AD is a median and BL, CM are
perpendiculars drawn from B and C respectively
on AD and'AD is produced to M. Prove that BL
= CM.

Ans. In ABDL and ACDM, we have
ZBLD=«ZCMD [Each 90°]
/ZBDL=/CDM [Vertically opp. angles]
BD=CD [D is the mid—point of BC]
ABDL = ACDM [By AAS congruency]
= BL=CM [By C.P.C.T.]

SE.

Suppose line segments AB and CD intersect at O in
such a way that AO = OD and OB = OC. Prove that
AC =BD but AC may not be parallel to BD.

Chapter-6

Triangles
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Ans. In AsAOC and DOB, we have

AO=0D
ZAOC = £ZDOB
and, OC = OB
AAOC = ADOB
= Z0OAC=«Z0DB
and, ZOCA=~Z0BD [By C.P.C.T\]
Clearly, AC will be parallel to BD only when
Z0AC = Z0OBD.
But ZOAC may not be equal to ZOBD. So, AC
may not be parallel to BD.
SE.
A point O is taken inside an equilateral four sided figure
ABCD
angular points D and B are equal. Show that AOC is
astratight line.

[Given]

[ Vertically opposite angles]
[Given]

[By SAS congruency]

such that its distances from the

Ans.  Given : Point O is taken-inside equilateral quad.

ABCD such that BO=0D.

To prove : AOC is a straighe line.
D C

3
29
1

A B

Proof: In AAOD and AAOB, we have
AD=AB [Given]

AO=AO0 [Common side]

OD =0B [Given]
.. AAOD = AAOB  (By SSS congruency)
L Ll=22 [By C.P.C.T]
Similarly, ADOC = ABOC
s L3=44
But L1+ 42+ 43+ £4=360°

[+ Sum of £s at a point =360°]
or2/2+2/3=360° (- L1 =/2and L3 = /4)
S L2+ /£3=180°

Hence, AOC isa straight line. [Axiom of linear pair]

SE.

In figure, prove that

[AM + BM+CM + DM)> (AO +BO + CO + DO]

A C
X S(M
D B

Ans. In AAMB, we have AM + BM > AB

[Sum of any two sides of a A is greater than the

third side]
Now, AB =A0 +BO
S~ AM+BM>AO0+BO ..(1)
In ACMD, we have CM + DM > CD
CD=CO+DO
. CM+DM>CO+DO ..(2)
Adding (1) and (2), we get

AM+BM+CM+DM>A0O+BO+CO+DO

Chapter-6
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SE.

Ans.

In figure, prove that
M N
O
P
(i) MN + NO + OP + PM > 2MO
(i) MN + NO + OP > PM.
(1) In AMON, we have
MN + NO > MO (1)

[ Sum of any two sides of a A is

greater than the third side]

Also in AMOP, OP + PM > MO. .(2)
Hence from (1) and (2), we get

MN + NO + OP + PM > 2MO.

(ii) In AMON, MN + NO > MO (1)

Again in AMOP, MO + OP>PM -(2)
Adding (1) and (2), we have

MN + NO + MO + OP > MO +PM

.. MN +NO + OP >PM

Chapter-6 Triangles

SE.

In figure, it is given that AE = AD and BD = CE.
Prove that AAEB = AADC.

A

C B

Ans.  Wehave, AE =AD and CE=BD
= AE+CE=AD+BD =AC=AB ...>i)
Now, in AAEB and AADC, we have

AE=AD [Given]
ZEAB=X£DAC [Common]
AB=AC [From (1)]

- AAEB = AADC. [BySAS Congruency]|
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ONLY ONE CORRECT TYPE 5. Can we draw a triangle ABC with AB =3 cm,
= = ?
1. Ina AABC, AB = 5 cm, AC = 5 cm and BC=3.5cmand CA=6.5 em”
ZA=50° then /B = (A) Yes
(A)35° (B) 65° (B) No
(C) 80° (D) 40° .
. . . (C) Can’t be determined
2. Iftwo sides of a triangle are unequal then opposite
angle of larger side is : (D) None of these
(A) Greater (B) Less 6. Which of the following is not a criterion for
(C) Equal (D) Half congruence of triangles ?
3. In the given figure PQ = QR, LQPR = 48°, (A) SSA (B) SAS
ZSRP =18°, then ZPQR = (C) ASA (D) SSS
7. In the given figure AB | BEand EF | BE.Also
BC=DEand AB =EF. Then :
A F
M
(A) 48° (B) 84° B C DE
(€)30° (D) 36° (A) AABD = AFEC  (B) AABD = AEFC
4. In the given figure, PQR is an'equilateral triangle (C) AABD=ACMD (D) AABD = ACEF
and QRST is a square."Then /PSR = 8. In quadrilateral ABCD, BM and DN are drawn
perpendicular to AC such that BM = DN. If
P BR =8 cm, then BD is :
Q7 T\ IR
|
T ' S A B
(A) 3()° (B) 15° (A) 4 cm (B) 2 cm
(C) 9(° (D) 60° (C) 12 cm (D) 16 cm
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9.

10.

11.

Chapter-6

In the figure, ABC is an isosceles triangle in which
AB=AC and LM is parallel to BC. If ZA=50°,
find ZLMC.

(A) 60°
(C) 115°

(B) 100°
(D) None of these

In the given figure, PS is the median, bisecting
angle P, then ZQPSis:

P
R
Q S

(A) 110°
(C) 45°

(B) 70°
(D) 55°

In the given figure, x and y-are :

A

X
B C
D

D

(A)x=70°y=37° (B)x=37°y=70°

12.  Forthe given triangles, write the correspondence,

if they are congruent.

B 1 cm C E 3 cm F

(B) AABC = AEDF
(D) Not congruent

(A) AABC = ADEF
(C) AABC = AFDE
13. In AABC, if ZB < £A, then :
(A)BC>CA (B)BC <CA
() BC>AB+CA (D)AB<CA
14. In AABC,ifAB=AC and BD =DC (see figure),
then ZADE =

(A) 60° (B) 45°
(C)120° (D) 90°
15.  Which of'the following is a correct statement :

(A) Two triangles having same shape are

congruent

(B) If two sides of a triangle are equal to the
corresponding sides of another triangle, then the
two triangles are congruent.

(C) If the hypotenuse and one side of one right
triangle are equal to the hypotenuse and one side

of the other triangle, then the triangles are not

OC)x+y=117° (D)x—-y=100° congruent.
g
(D) None of these
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16.  ABisaline segmentand P isitsmid-point. Dand | 20.  In AABC, side AB is produced to D so that
E are points on the same side of AB such that BD =BC.If ZB =60° and ZA = 70°, then
ZBAD = ZABE and ZEPA = ZDPB (see figure). (A)AD > CD (B) ZADC = 90°

. o o
Which of the following is true ? (C)AD <CD (D) LZCAD = 30°
D 21.  In the given figure, AB = AC, LA = 42° and
ZACD=14°. ZBCDisequal to:
, , A
A P B O
p/42°
(A) AAPD = ABPE  (B) ZAPE = /DPE
(C)AP=BE (D) None of these )
17.  Infigure, /B < ZA and ZC < ZD then N\
B C
B D
0 (A)SSS (B) 69°
(C) 45° (D) 50°
Al v 22.  Inthe given figure, find the measure of ZACD.
(A)AD <BC (B) OD > OC A
(C) OB <0OA (D) None of these %
18.  Which of the following is a correct statement ?
(A) In an isosceles triangle, the angle opposite to 30° D
equal sides are equal B M C >
(B) If the hypotenuse and an-acute angle of the
. 4 (A) 150° (B) 120°
right-angled triangle are not/equal to the
hypotenuse and the corresponding acute angle of (C) 140° (D) 160°
another triangle, then the triangles are congruent | 23.  If Sis any point on the side QR of a APQR, then
(C) The bisector of the vertical angle of an (A) PQ + QR + RP > 2PS
isosceles triangle bisects the base at acute angles (B) PQ + QR + RP < 2PS
(D) All of these o) p R 4 RP — 3PS
+ +RP =

19.  IntrianglesABC and RQP,if AB=AC, ZC=£P ©PQ+Q
and /B = ZQ, then two triangles are : (D) None of these
(A) Isosceles but not necessarily congruent
(B) Isosceles and congruent
(C) Congruent but not isosceles
(D) Neither congruent nor isosceles
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24.

25.

26.

27.

Chapter-6

In the given figure, AB = BC, AD = CD. Then, | 28. Ina AABC, if AB=AC and £B =70°, find ZA.
which of the following is true ? (A) 40° (B) 70°
(C) 60° (D) 90°
E 29.  Inthe given figure, ABCD and BPQ are straight
lines. If BP = BC and DQ is parallel to CP. Find
ZBDQ.
Q
A D
P
B
X
(A) ZADE=90°  (B)AE=EC ) 4x 48
(C) Both (A) and (B) (D)AE =BC A B C D
ABC is a triangle in which /B=2/C. D is a (A)48° (B)45°
point on BC such that AD bisects ZBAC and (C)90° (D) 96°
AB=CD, then /BAC = 30.  Thewverticalangle of an isosceles triangle is 100°.
(A) 144° (B) 36° Find its-base angles.
A) 100° B) 40°
' ' . ' . (C) 80° (D) 90°
Which of the followiiEgbEEEgRigpriang] g 31.  ABCD is a square and ABE is an equilateral
()
congruent : triangle outside the square then :
(A) AABC : AC=2cm, BC=3cm and £C=72°, 1
ADEF : DE=2¢m, DF=3¢m and £D=72° (A) ZACE=7 ZABE
(B) AABC : AB=4cm, AC=8cm and £A=90°, (B) ZACE = ZABE
APQR : PQ=4cm, QR=8cm and £Q=90° (C) LACE=2ZABE
(C) AABC and ADEF in which BC=EF, ZA=90°, (D) None of these
32.  Ingiven figure, ZA= ZC and AB = BC. Then
/B=/E =50°and £F = 40° . ..
which of following is correct ?
(D) None of these
B
In a quadrilateral ABCD, AC bisects ZC and
BC =CD, then which of the following statement
. E D
is false ?
(¢}
(A)AB=AD
A C
(B) AC is the perpendicular bisector of BD
(C) ADCO = ABCO (A) ZOEB=Z0DB (B) AABD = ACBE
(C) LAEO = £CDO (D) All of these
(D) None of these
Triangles Matrix : www.matrixedu.in 151



“}MATRIX e Class—9 [Mathematics]| [N

33.

34.

35.

36.

Chapter-6

In given figures, the measure of ZB'A'C'is: 37.  Inthe given figure, BD | AC, the measure of
ZABCis:
A
D
(A)50° (B) 60° B C
(C)70° (D) 80° (A) 60° (B) 30°
Ina AABC, if2£ZA =3/B = 6£C, the measure (C)45° (D) 90°
of ZA, ZB, ZC, respectively are : 38. In figure, AB = AC, LACM = 125° and
/PAB=x. Find the value of x.
(A) 90°, 60°, 30° (B) 45°, 60°, 85°
(C) 30°, 60°, 90° (D) 35°,55°,90° P
A
Ifin AABC, AB =AC (see figure) ; BP and CQ X
are the altitudes from the vertices to their opposite
sides, then
125°
A B C M
(A) 130° (B) 110°
Q P (C) 100° (D) 120°
39. Ingiven figure, PS =QR and ZSPQ = ZRQP. If
QS =8 cm, then PR =
B C
S
(A)BP=CQ (B)AP=AQ P
(C) ZABC = LZACB (D) All of these
The sum of altitudes of a triangle is than
the perimeter of the triangle. Q
R
(A) Greater (B) Equal
) Half DL (A)8m (B)4m
(©)Ha (D) Less (C)16m (D) None of these
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40.  In AABC,if AB is the greatest side, then 4y 3z
43.  In figure, if AB | | DC. If X=? and y=?
N then values of ZBCD and ZBAD respectively are
B (S
N C
C B
A AN
(A) ZC > 60° (B) /B> 60° L
(C) LA > 60° (D) £C < 60° (A) 96°, 96° (B) 48°, 96°
41.  Ifatriangle ABC is anisosceles triangle, then which (C) 96°, 48° (D) None of these
of the following conditions hold ? 44.  Infigure,if QT | PR, ZTQR=40°and
(A) Altitude AD bisects /BAC <SPR = 30THind valueoty,— .
(B) Bisector of ZBAC is perpendicular to the base
BC.
(C) Both (A) and (B)
(D) None of these
42.  Infigure, AB=AC,CH=CBand HK | | BC. If
ZCAX =137°, then find LCHK.
(A) 80° (B) 50°
(C) 30° (D) 130°
45.  Inthe given figure, X is a point in the interior of
square ABCD. AXYZ is also asquare. f DY =3
cmand AZ =2 cm, then BY =
4 A B
V4
Y X
(A) 68.5° (B)43°
(C) 137° (D) 68.5°
D C
(A)5Scm (B)6 cm
(C)7cm (D)8 cm
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PARAGRAPHTYPE

PASSAGE —1: In any triangle, the side opposite to the

greater angle is longer.

46. In AABC, AB > AC, PB and PC are internal
bisectors of /B and ZC respectively :
A
B C
(A)PC<PB (B)PC>PB
(C)PC=PB (D) None of these
47. In AABCif ZC > £B, then:
(A)BC>AC (B)AB>AC
(C)AB <AC (D) BC<AC
48. InaAABC,if LZA=45° ZB=70°. The largest
side of a triangle is :
(A)BC (B)AB
(C)AC (D) None of these

PASSAGE —11 : If in two right triangles, the hypotenuse
and one side of one triangle are equal to the
hypotenuse and one side of the other triangle, then

the two triangles are congruent.

49.  Ifthe altitude from two vertices of a triangle to

the opposite sides are equal, then the triangle is
(A) Isosceles

(B) Scalene

(C) Right-angled

(D) Equilateral

50. In the figure, it is given that LM = MN,
QM =MR, ML 1 PQ and MN L PR. Then

P
L N
Q1 R
(A)PQ <PR (B) PQ>PR
(C) PQ=PR (D) None of these

5T1. PL is an altitude from P of APQR on QR such
that QL = LR. Then,
(A) £ZQ < ZR (B)£Q=Z«ZR
(C)zQ>ZR (D) £P=Z«ZR

MATCH THE COLUMN TYPE

In this section each question has two matching
lists. Choices“for the correct combination of
elements from Column — I and Column —II are
given as options (A), (B), (C) and (D) out of which
one is correct.

52.  Match the following :

Column -1

A
& C
P) N ? (i) SAS Rule
B M C

AAMB = AAMCby

Ap qP

g (@)
Q) e )

B

Q

=

Q
AAOB = APOQby

Column -11

(i) RHS Rule

Triangles
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53.

A P
O
(R) (ii1) SSS Rule
Q B
AAOP = ABOQby
A
(S) (iv) AAS Rule
B— M —C

AAMB = AAMC by
(A) (P) = (iD), (Q) = (iv), (R) = (1), (S) — (iii)
(B) (P) = (iv), (Q) — (i1), (R) — (1), (S) — (iii)
(©) (P) > (1), (Q) — (i), (R) = (iv). (S) — (iii)
(D) (P) = (i1), (Q) = (1), (R) — (iii), (S) = (iv)

A Q

AABC = AQRP. Match the following

Column -1 Column — 11
(P)AB (1) £Q

(Q BC (i) QP
(R)AC (1i1) QR

(S) £ZA (iv)RP

(A)(P) = (). (Q) = (i), (R) — (iii), (S) > (iv)
B) (P) = (iii), (Q) = (i), (R) = (iv), (S) = (i)
(©) (P) = (iii), (Q) = (iv), (R) = (i1), (S) = (1)
(D) (P) = (i), (Q) = (iid), (R) = (iv). (S) = (1)

Space for Notes :
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VERY SHORT ANSWER TYPE

|i

1.

™

(O8]

o

Chapter-6

In the figure, given that AB = CF, EF = BD and
ZAFE = ZDBC. Prove that AAFE = ACBD.

>

>
|
@)

In the figure, X and Y are two points on equal sides
AB and AC of a AABC such that AX =AY. Prove
that XC=YB.

In the figure, diagonal AC of'a quadrilateral ABCD
bisects the angles A and C. Prove that AB = AD
and CB = CD.

In AABC, if AD is the bisector of LA, show that
AB>BD and AC > DC.

5.

In the figure, AD = BC and BD = CA. Prove that
ZADB = /BCA and ZDAB = ZCBA.

A B

D C
Ina AABC, if ZA =40° and £B = 60° then which

side of the triangle is longest and which side is
shortest?

In the given figure, O is centre of circle and AB is a
diameter. If AC is any other chord of the circle, then
show that AB>AC.

D s apoint on side BC of AABC such that AD=AC
(see figure). Show that AB > AD.

A

B D C

In quadrilateral ABCD, AB = AD and BC = CD.
Show that ZABC = ZADC.

Triangles
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SHORT ANSWER TYPE

1.

Chapter-6

Ifthe bisector of the vertical angle of a tirangle bisects
the base, prove that the triangle is isosceles.

In the given figure, AY 1. ZY and BY L XY such that
AY =7Y and BY = XY. Prove that AB = ZX.

In the figure, O is centre of circle and AB is a

diameter. If AC is a chord, then show that

1
LA = 5 ZCOB.

AB is aline segment, AX and BY-are two equal line
segments drawn on opposite sides of line AB such
that AX || BY. If AB and XY intersecteach other at
P, prove that

(i) AAPX = ABPY

(i1) AB and XY bisect each other.

In the given figure, QT L PR and QS = PS. If
ZTQR =40° and ZRPS =20° then find value of x.

7.

In the figure, ZQPR = ZPQR and M and N are
respectively on sides QR and PR of APQR such that
QM = PN. Prove that OP = OQ, where O is the
point intersection of PM and QN.

In the figure, AB = AC, ZACM = 140° and
/PAB = x. Find the value of x.

P
<OA
140°
B C M~
In the figure, show that

2(AC+BD)>AB +BC + CD + DA.

D C

A B

In a right angled triangle, one acute angle is double
the other. Prove that the hypotenuse is double the

smallest side.

Triangles
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10. Infigure, itis giventhat RT=TS, £1=2/2 and £4
=2/3. Prove that ARBT = ASAT.

R

LONGANSWERTYPE

1. Inthe figure, BL 1 AC,MC L LN, AL=CN and
BL = CM. Prove that AABC = ANML.

M

B
2. Iftwoisosceles triangles have a common base, prove
that the line segment joining their vertices bisects the
common base at right angles.
3. The image of an object placed at a point A before a
plane mirror LM is seen at the point B by-anobserver
at D as shown in figure. Prove that the image is as

far behind the mirror as the object is in front of the

In figure, ZACB is aright angle and AC = CD and
CDEF is a parallelogram. If ZFEC = 10°, then
calculate ZBDE.

A C F

In shown figure, T is a point on side QR of A
PQR and S is a point such that RT = ST. Prove
that PQ + PR > QS.

Q

TRUE /FALSE TYPE

1.

If two triangles are constructed which have all
corresponding angles equal but have unequal
corresponding sides, then two triangles cannot be

congruent to each other.

In AABC and APQR, AB = PQ, AC = PR and
ZABC = /PQR . AABC = APQR.

Two triangles are congruent if two sides and the
included angle of one trianlge is equal to the
corresponding two sides and included angle of the

other.

If two angles and included side of a triangle are
equal to the corresponding angles and side of the
other triangle then the triangles are congruent by

ASA congruence criteria.

mirror.
B
C M
LT D
N
A
Triangles
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5.

In a triangle, angles opposite to equal sides are

unequal.

ANALYTICAL PROBLEMS & BRAIN TEASER

1.

Chapter-6

If AABC is an obtuse angled triangle in which
ZC=110°, then which one of the following is true ?
(A)AB=AC (B)AB <AC
(CO)AB>AC (D)AB <BC

In the given figure, if ED = EC and ZADF = ZBCG,
then AABE is a/an.

F
D ¢C/G

A B

(A) Equilateral triangle

(B) Isosceles triangle

(C) Scalene triangle

(D) Non-isosceles right angled triangle

In the given figure, O is the centre of circle. If
ZBAO=35°and ZBCO = 45°then the value of x
will be

4.

In the given figure, ZL =62°, ZLMN = 54°, If MO
and NO are bisectors of ZLMN and ZLNM
respectively of ALMN, find ZONM and ZMON.

L

M N

(A)27°,121° (B) 64°, 32°

(C) 64°,121° (D) 32°,121°

In a AABC, the bisectors of ZB and ZC intersect
each other at a point O then ZBOC =

LA
(A) 902 (B) 90° -
LA
(C)90° + — (D) None of these

2
If AABC is an isosceles triangle where AB = AC,
D and E are points on BC, such that BE = CD.
Then which of the following relation is true ?
(A)AD=AB (B)AE=DE
(C)AD =DE (D)AD=AE
Ina AABC, P, Q and R are the mid-points of sides
BC, CAand AB respectively. fAC =21 cm,BC=
29 cm and AB = 30 cm. The perimeter of the
quadrilateral ARPQ is

A
R Q
B P C
(A)91 cm (B) 60 cm
(C)51cem (D) 70 cm

(A) 160 (B) 170
(©) 80 (D) 140
Triangles
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8.

10.

Chapter-6

In the given figure, the value of Z/PXR is

S~
P 7 Q
NN
(A) 85° (B) 100°
(C)95° (D) 120°
In the given figure, if O is centre of circle, then
ZPQR =

(A) 60°
(C) 100°

(B) 80°

(D) 120°

In the given figure, it is given that

(i) AB L BF and EF L BF

(ii)) AC=BC

(ii1) KD is perpendicular to BC and DE.

A

D
plB5° |23

Find the measure of x.
(A)75°
(C) 60°

(B) 30°
(D) 45°

NUMERICAL PROBLEMS

1.

10.

The vertical angle of an isosceles triangle is 110°.
What is value of product of the digits in the measure
of one of the equal angles.

How many criterion of congruency of triangles are
there ?

Sum of'the angles of a triangle is equal to how many
right angles ?

Two angles of a triangle are 65° and 85°. What is
the value of third angle when multiplied by 2 degrees?
The angles of a triangle are in ratio 7 : 6 : 2. What is
unit place digit of the smallest angle ?

Of thethree angles of a triangle, one is twice the
smallest and another is three times the smallest. Sum
ofthe digitsofthe smallest angle is

Ina AABC, if ZA=45°and ZB =70°. Determine
the sum of the digits of ZC.

The angles of a triangle are (x —40°), (x —20°) and

(% X — 10°j . Find the product of the digits of x.

An exterior angle of a triangle is 110°, and one of
the interior opposite angle is 30°. Then the other
interior angle is K x 40°. Find K.
In figure, if lines PQ and RS intersect at a point T such
that Z/PRT = 40°, ZRPT = 95° and £TSQ = 75°,
ZSQT =K x 60°. Find the value of K.
P
95°

40° T

75°

Triangles
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CROSS WORD PUZZLE

Complete the following word puzzle with the help

of clues given below :
NN EEP
Z -
| oLafsp ] [ | _
0]
7] | 8 |
L L L] 10
] [ 12l | | |
sl [ [ [ | I N I I R I
tal | [ | [ 1]
ost 11 || NN
Across o
1. The altitudes of a triangle are .[10]
4. Two geometrical figures having exactly same shape
and size are known as figure. [9]
7. A triangle in which all the angles are acute is called
a/an angled triangle. [5]
9. A triangle whose all sides are of different lengths
is called as triangle. [7]
11.  Circumcentre is the point of intersection of all the
three bisectors of sides of the triangle. [13]
13.  The point of intersection of the bisectors of the
interior angles of a triangle is called the . 8]
14. A triangle having two sides equal is called a/an
triangle. [9]
15.  The point of intersection of all the three altitudes

Chapter-6

of atriangle is called the

1]

Down

2.

10.

12.

Sum of all the
degrees. [5]

interior of a triangle is 180

In a triangle, ~~ angle has longer side

opposite to it. [7]

A triangle in which one angle is obtuse is called a/
an___ angled triangle. [6]

Ifa side of a triangle is produced, then the exterior
angle so formed is equal to the sum of two
opposite  angles. [8]

Line segment joining the mid-point of the side of
the triangle with the opposite vertex is called a
. [6]

Angles opposite to the two equal sides of a triangle
151

The sumofthe lengths of the sides of a triangle is
called 9]

arc

Triangles
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EXERCISE-1

Chapter-6

1 2 3 4 5 6 7 8 9 10 | 11 12 13 141 15
B A B B B A A D C C B B A D D
16 | 17 | 18 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 2/ 28 | 29 | 30
A A A A A A A A C C C D A D B
31 ] 32 | 33 ] 3 | 35 | 36 | 37 | 38 | 39 | 40 | 41 42 43 ]| M1 | 45
A B B A D D D B A A B A C C
46 | 47 | 48 | 49 | 50 | 51 | 52 | 33

A B C A C B A C

EXERCISE 11

VERY SHORT ANSWER TYPE

6. BC is the shortest side and AB is longest
SHORT ANSWERTYPE

5.15° 7. 80°

LONG ANSWERTYPE

4. 50°

TRUE/FALSE TYPE

4. True 5. False

1. True 2. True 3. True

NUMERICAL PROBLEMS
1. 15 2. 5 3. 2 4. 60 5. 4 6. 3 7. 11
8. 0 9. 2 10. 1

ANALYTICAL PROBLEMS AND BRAIN TEASER

1. C 2. B 3. A 4. D 5. C 6. D 7. C

8. C 9. B 10. C

Triangles Matrix : www.matrixedu.in
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : TRIANGLES)

CONTENT

STATUS

DATE OF COMPLETION

SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES :

1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.
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INTRODUCTION

A collection of all the points in a plane which are at a fixed distance from a fixed point in the plane is called a circle.

¢ The fixed point is called the centre of the circle and the fixed distance is called the radius
of'the circle. Here O is the centre and length OX =r is the radius of the circle.
¢ A circle is the locus of the point which moves in a plane in such a way that its distance

from a fixed point in the plane is always constant.

Focus Point

e POSITION OFAPOINT WITH RESPECT TO A CIRCLE

2

A :

() (i) (iii)
# A point P is said to lie inside, outside or on the circle according as

OP <1, OP>r or OP =r, where O is the centre of the circle.

¢ In the given figure, all points lying inside the circle are called its interior

points and those points which lie outside it are called its exterior point. B
Xterior

¢ The circle and its interior make up the circular region or circular disc i.e.,

the region consisting of all points which are either on the circle or lie

inside the circle.

Circle

TERMS RELATED TO A CIRCLE

RADIUS

A line segment joining the centre and a point on the circle is called its radius.

CIRCUMFERENCE

The perimeter of a circle is called its circumference.

Circumference = 2nr; Where r is the radius of circle

Chapter-7 Circles Matrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in
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CHORD

A chord of a circle is a line segment joining any two points on the circle. P ‘

In the given figure, PQ, LM and AB are chords of the circle. y § 9

DIAMETER

A diameter is a chord of a circle passing through the centre of the circle. Thus, LOM is the diameter of circle with

centre O. Diameter =2 x Radius

Focus Point

e Ofany two chords of a circle, the one which is longer is nearer to the center.
e Ofany two chords of a circle, the one which is nearer to the centre is longer

e The diameter is the longest chord of circle.

SECANT

A line which intersects a circle at two distinct points is called a secant of the circle

drawn from the external points

O.

In the given figure, the line / cuts the circle at the points P and Q. So, /is the secant

of the circle. TTT<_—0
ARC OF THE CIRCLE

A continuous piece of a circle between two points is called an arc of the circle.
Let Pand Q be two points on the cirele:We denote the arc from P to Q in anti-

clockwise direction by P and the arc from Q to P in clockwise direction by Qp.

LENGTH OF AN ARC

The length of an arc by pQ is the length of the fine thread which just covers the

arc completely.
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¢ We denote the length of arc Qg by; (PQ)

PQ

¢ The longer one is called the major arc PQ denote as pr() and the shorter one R
is called the minor arc PQ denote as pQ. Major arc PQ
¢ When P and Q are ends of a diameter, then both arcs are equal and each is P Q
called a semi circle. P\_/Q
Minor arc PQ

SEGMENT OF A CIRCLE

The part of the circular region between a chord and either of its arcs is called
segment of a circle. The segment containing the minor arc is called the minor

segment. In the given figure, PAQP is the minor segment of the circle.

# The segment containing the major arc is called the major segment of the circle.
segmen

In the given figure, PBQP is the major segment of the circle. A

Note : The minor and major segments of a circle are called the alternate segments of each other.

SECTOR OF A CIRCLE

The region between an arc and itstwo bounding radii is called a sector of the
circle. The minor arc corresponds.to the minor sector and the major arc

corresponds to the major sector. In the given figure, the region OAB is the minor

sector and the remaining part of the circular region is called the major sector.

CONGRUENT CIRCLES

Two circles are said to be congruent if and only if either of them can be superimposed on the other so as to cover

it exactly. Two circles are said to be congruent if and only if their radii are equal.
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ANGLE SUBTENDED BY A CHORD

From figure, ZAOB is the angle subtended by the chord AB at centre.
Theorem - 1

Statement : Equal chords of a circle subtend equal angles at the centre.
Given : A circle with centre O in which chord AB = chord CD.

To Prove : ZAOB = ZCOD.

[

Proof : In AAOB and ACOD, we have A \

OA=0C [Radii of circle] “ B

OB =0D [Radii of circle] '

AB=CD [Given] ¢ ﬁ
AAOB = ACOD [By SSS congruence criteria] D

Hence, ZAOB = ~ZCOD [C.P.C.T]

Theorem -2

(Converse of Theorem 1)
Ifthe angles subtended by two chords at the centre of a circle are equal then the chords are equal.
Given : A circle with centre O in which AB and CD are the chords such that /AOB = ZCOD.
To Prove : AB=CD

Prove : In AAOB and ACOD, we have

OA=0C [Radii of circle] B

OB=0D [Radii of circle]

Z/AOB = /COD [Given] C $
AAOB = ACOD [By SAS congruence criteria] D

Hence, AB=CD [C.P.C.T]

PERPENDICULAR FROM THE CENTRE TO A CHORD

Let AB be the chord of the circle with centre O then OM is the perpendicular from the
centre to the chord AB.

Theorem - 3

Statement : The perpendicular from the centre of a circle to a chord bisects the chord.
Given : Achord AB of a circle with centre O and OL 1. AB.

To Prove : LA=LB

Construction : Join OA and OB

Proof : In the right triangles OLA and OLB, we have

OA=0B [Radii of circle]
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OL=0L [Common]
Z0OLA=/Z0LB [Equal to 90°]

AOLA = AOLB [By RHS congruence criteria]
Hence, LA=LB [C.P.C.T]

Theorem - 4
Statement (converse of theorem - 3) : The line drawn through the centre of a circle to bisect a chord is
perpendicular to the chord.

Given : M is the midpoint of the chord AB of a circle with centre O.

To Prove : OM L AB

Construction : Join OA and OB.
Proof : In AOMA and AOMB, we have

A B
Radii of circle] W

OA=0B [

OM = OM [Common]

MA=MB [Given]
AOMA = OMB [By SSS congruence criterial
Z0OMA =/Z0MB [C.P.C.T]

Now, ZOMA + ZOMB = 180° [Linear pair]

= 2 ZOMA =180° [By (1)]

= Z0OMA =90°
Hence, OM 1. AB

CIRCLE THROUGH THREE POINTS

Theorem -5

Statement : There is one and only one citele passing through three non-collinear points.
Given : Three non-collinear points P;Q and R.

To Prove : There is one and only one circle passing through P, Q and R.

Construction : Join PQ and QR. Draw perpendicular bisectors AL and BM of PQ and RQ respectively. Since P,
Q, R are not collinear. Therefore, the prependicular bisectors AL and BM are not parallel. Let AL and BM
intersect at O. Join OP, OQ and OR.

Proof : Since O lies on the perpendicular bisector of PQ. Therefore,
OP =0Q

Again, O lies on the perpendicular bisector of QR. Therefore,
0Q=0R

Thus, OP = 0Q = OR =1 (say)
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Taking O as the centre, draw a circle of radius r. Clearly, the circle passes throught P, Q and R. This proves that
there is a circle passing through the points P, Q and R.

EQUAL CHORDS AND THEIR DISTANCES FROM THE CENTRE

Theorem - 6

Statement : Equal chords of a circle are equidistant from the centre.

Given : A circle with centre O in which chord AB = chord CD, OL 1. AB and OM L CD.

To Prove : OL=0OM

Construction : Join OA and OC

Proof : We know that the perpendicular from the centre of a circle to a chord bisects the chord.

AL=%AB and CM=%CD. Am

L1
Since, AB=CD (Given) o
1o CK—w /D
= EAB=§CD = AL=CM ... (1) \_/
Now, in AOLA and AOMC, we have
AL=CM [By equation (1)]
OA=0C [Radii of circle]
Z0OLA = Z0MC [Each equal to 90°]
AOLA = AOMC [By RHS congruence criteria
So, OL = OM [C.P.C.T]
Hence, AB and CD are equidistant from O.
Theorem -7
Statement : Chords equidistant from the centre of a circle are equal in length.
Given : Circle with centre O, OL L AB,OM L CD, OL =0OM
To Prove : AB=CD
Proof:
A
e Case-1 AB||CD A B
In fig. (1), AB || CD. Join OA and OC ’#\
In AOAL and AOCM, we have C 'Q\
OA=0C [Radii of circle] ¢ b B % 7
OL=0M [Given] Fig. (1) Fig. (2)
Z0LA =/Z0MC [Each 90°]
= AOAL = AOCM [By RHS congruency]
= AL=CM (cecry L (1)
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Since perpendicular from centre bisects the chord

2AL =AB
and2CM =CD

From equations (1) and (2), we get
AB=CD
e Case-II : AB and CD are intersecting at E.
Join OA and OD
AOAL = AODM [Same as case []
= AL=DM [By C.P.C.T.] ...(3)
Since perpendicular from centre bisects the chord
2AL =AB
and 2DM = CD}
(3)and (4), we get
AB=CD
From both cases, we get
AB=CD

(B

Example
Find the length of the chord which is at a distance of 5 cm from the centre a circle of radius 13 cm.
Solution :

Let AB the be chord of a circle with centre O and radius 13 cm. Draw OL | AB.
Join OA. Clearly, OL=5 cmand OA=13 cm

In the right triangle OLA, we have

OA2=0L?+AL? [Pythagoras theorem]|

= 132=5+AL?

= AL’=144

= AL=12cm

Since the perpendicular from the centre to a chord bisects the chord.

Therefore, AB=2AL=(2 % 12) cm =24 cm.

Example
In the given figrure, O is the centre of the circle of radius 5 cm.
OP L AB,0Q_LCD,AB| CD, 5 N
AB=6cmand CD =8 cm.
Determine PQ.
C D
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Solution :
Join OA and OC.
Since the perpendicular from centre of the circle to a chord bisects the chord. Therefore, P and Q are midpoint of

AB and CD respectively.
Now, AP=PB = %AB =3cm

and CQ=QD =%CD =4cm

In right triangles OAP and OCQ, we have
OA? = 0P? + AP? and OC? = OQ* + CQ?
= 52=0P?+3%and 5°=0Q* + 4°
OP?=5>—3%and OQ*=5>— 4
OP?2=16 and OQ*=9
OP=4cmand OQ=3cm
PQ=0P+0Q=(4+3)cm=7cm

Y

Example
In the given figure, OD is perpendicular to the chord AB of a circle whose centre is O.
If BC is a diameter, show that CA=20D.
Solution :
Since OD L AB and the perpendicular drawn from the centre to
a chord bisects the chord.
D is the midpoint of AB
Also, O being the centre, isthe mid-point of BC.
Thus, in AABC, D and O are the midpoints of AB and BC respectively.

OD ||AC and, OD = %CA

[By midpoint theorem i.e., segment joining the mid-point of two sides of a triangle is half of the third side]
= CA=20D

Example

An equilateral triangle of side 9 cm is inscribed in a circle. Find the radius of the circle.
Solution :

Let ABC be an equilateral triangle of side 9 cm and let AD be one of its medians. Let G be the centroid of
AABC. Then, AG:GD=2:1.
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We know that in an equilateral triangle centroid coincides with the circumcentre. Therefore, G is the centre of the

circumcircle with circumradius GA.

Also, G is the centre and GD 1 BC.

Therefore,

BD=CD=4.5cm A

In right triangle ADB, we have

AB?=AD? + DB? G

= 92=AD?+ (4.57 B& » /¢

81 93

AD=, [81-— =——cm
= 4 2

Radius AG = %AD =3/3cm

Example

If two intesecting chords of a circle make equal angles with the diaméter passing through their point of
intersection, prove that the chords are equal.

Solution :

Given that AB and CD are two chords of a circle, with centre O, intersecting at a point E. PQ is a diameter
through E, such that ZAEQ = ZDEQ. We have to prove that AB = CD. Draw perpendicular OL and OM

on chords AB and CD respectively.

In triangles OLE and OME,

ZLEO = ZMEO [Given]

Z0OLE = ZOME [Each 90°]

EO=EO [Common]

Therefore, AOLE=AOME  [ByAAStule]
OL=0M [C.P.C.T]

So, AB=CD

[Chords equidistant from centre are equal]

E ANGLE SUBTENDED BY AN ARC OF A CIRCLE

Theorem - 8
Statement : If two arcs of a circles are congruent, then their corresponding chords are equal.

Given : A circle with centre O in which 175 =RS.
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To Prove : Chord PQ = Chord RS

Proof:

Case-1: When }3-(3 and RS are minor arcs.
Join OP, OQ, OR and OS.

In APOQ and AROS, we have

OP=0R [Radii of circle]

0Q =0S [Radii of circle]

/POQ = /ROS [PQ = RS = m(PQ) = m(RS)]
APOQ = AROS [By SAS congruence criteria]

So, PQ =RS [C.P.C.T)]

Case-II : When I?Q and RS are major arcs. In this case, @ and SR are minor arcs.
PO=RS = QP=SR

= QP=SR (Casel) = PQ=RS

Hence, in both the cases, we get PQ =RS.

Theorem -9

Statement (Converse of Theorem 8) : If two chords of a circle are equal, then their corresponding arcs (semi-

circular, minor or major) are congruent.
Given : A circle with centre O in which chord PQ =chord RS
To Prove : 156 = RS, where both I;Q and RS are either semicircular, minor or major arcs.

Proof:

Case-I : When PQ and RS are diameters,

In this case, }3-(\) and RS are semicircles with the same radii.
So, PQ = RS. Thus, PQ=RS = PQ = RS,

Case-II : When chord PQ = chord RS, where I?Q and RS are minor arcs. Join OP, 0Q, OR, OS.
In APOQ and AROS, we have

PQ=RS [Given]
OP=0OR [Radii of circle]
0Q =0S [Radii of circle]
APOQ = AROS [By SSS congruence criteria]
So, ZPOQ = ZROS [C.P.C.T]
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= m(PQ)=m(RS) = PG=R3
Case-III : When chord PQ = chord RS, where IT(\) and RS are major arcs.
In this case, QT) and SR are minor arcs.
PQ=RS = QP=SR
= QP=SR = m(QP)=m(SR) = m(PQ)=m(RS) = PQ=RS
Hence, in all the cases, PQ=RS = 135 =RS
Theorem - 10

Statement : The angle subtended 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.

Given : Anarc PQ of a circle with centre O and radius r and a point R on the remaining part of the circle i.e., arc QP.
To Prove : /POQ =2/PRQ

Construction : Join RO and produce it to a point M outside the circle.

Proof : We shall consider the following three different cases.

P :o Q
P Q
*tM M
\4 Vv
(1) (i) (ii1)

Case-I: When 155 is aminor arc{(see given figure)
We know that an exterior angle of a triangle/is equal to the sum of the interior opposite angles.
In APOR, ZPOM is the exterior angle.

Z/POM = ZOPR + ZORP
= /POM = ZORP + ZORP [OP=0R=r= ZOPR = ZORP]
= ZPOM=220RP . (1)
In ZQOR, ZQOM is the exterior angle.

ZQOM = ZOQR + ZORQ
= ZQOM = ZORQ + ZORQ [OQ=0R=r = ZORQ = ZOQR]
= ZQOM=2/Z0RQ )
Adding equations (1) and (2), we get
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ZPOM + ZQOM =2/Z0RP + 2Z0RQ

= ZPOM+ ZQOM =2(£LORP + LORQ)

= /POQ=2/PRQ.....(3)

Case-I1 : When PQ is a diameter (Proof is same as case I)
Case-III : PQ is amajor arc so, equation (3) is replaced by
Reflex Z/POQ=2/PRQ.

Theorem - 11

Statement : Angles in the same segment of a circle are equal.

Given : A circle with centre O, an arc PQ and two angles Z/PRQ and ZPSQ in the same segment of the circle.
To Prove : /PRQ = £ZPSQ.

Construction : Join OP and OQ.

Proof : We know that the angle subtended by an arc at the centre is double the angle subtended by the arc at any
point in the remaining part of the circle. So in the figure (i), we have

/ZPOQ =2/PRQ and LPOQ =2/PSQ

= 2/PRQ=2/PSQ S

— /PRQ = /PSQ R ’ ﬁ\
In the figure (i /' Q
e figure (ii), we have

Reflex ZPOQ =2/PRQ and Reflex Z/POQ=2/£PSQ P

= 2/PRQ=2/PSQ Q

= /PRQ=/PSQ (1) (ii)
Thus, in both the cases, we have Z/PRQ = ZPSQ

Theorem - 12

Statement : The angle ina semi-circle is a right angle.

Given : PQ is a diameter of a circle with.centre O and ZPRQ is an angle in semi-circle.

To Prove : Z/PRQ =90°

Proof : We know that the angle subtended by an arc of a circle at its centre is twice the

angle formed by same arc at a point on the circle. So, we have P O Q
ZPOQ =2/PRQ

= 180°=2/PRQ [POQ is a straight line]

= Z/PRQ=90°

Theorem - 13

Statement : If a line segment joining two points subtends equal angles at two other points lying on the same side
of'the line containing the segment then the four points are concyclic, i.e., lie on the same circle.

Given : AB is a line segment and C, D are two points lying on the same side of AB such that Z/ACB = ZADB.
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To Prove : A, B, C, D lie on the same circle.

Construction : Draw the circle through three non-collinear points A, B and C.

Proof : If D lies on the circle passing through A, B and C then clearly the result follows.
If possible, suppose D does not lie on this circle.

Then, this circle will intersect AD [Fig. (1)] or AD produced in D’ [Fig. (ii)].

JoinD'B.

Now, Z/ACB=~/ADB [Given]

and Z/ACB=~ZAD'B [Angles in the same segment]
ZADB=/AD'B

But, an exterior angle of a triangle can never be equal to its
interior opposite angle.

So, ZADB = ZAD'B is true only when D’ coincides with D.

Thus, D lies on the circle passing through A, B and C.
Hence, the points A, B, C, D are concylic.

Example n

In the given figure, O is the centre of circle. Find the value of ZADB DC

Solution : A m

B
ZBPC = (180° - 110°) = 70°
ZACB = /PCB = 180° — (70° + 25°) = 85°

ZADB=2ZACB = 85° [Angles in the same segment]
Example

In the given figure, O is the centre of the circle. Find ZACB.
Solution :

ZBAD =90° [Angle in semicircle|

ZADB =180°—(90° + 35°) = 55°
= ZACB=/ZADB=55° [Anglesinsame segment]

Example n

In the given figure, chords AC and BD of a circle with centre O, intersect at right angles at E.
If ZOAB =25°, find ZEBC.

Solution :
Join OB, Now, OA=0B [Radii of circle]
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= ZOBA=Z0OAB=25°

Z0AB + ZOBA + ZAOB = 180°
= ZAOB=130°

1

ZACB = ) ZAOB = 65°

ZECB = 65°
Now, ZEBC + ZBEC + ZECB = 180°
= ZEBC+90°+65°=180° = ZLEBC=25°

Example n

In the given figure, O is the centre of the circle. Find (i) £ZBOC (ii) LAOC
Solution :
OB=0C = ZOBC = Z0CB = 55°
ZBOC =180° - (£LOCB + ZOBC) = [180° — (55° + 559}=70°
OA=0B = ZOBA=Z0OAB=20°
= ZAOB=180°-(£LOAB+ £ZOBA)
= ZAOB=180°—(20°+ 20°) = 140°
ZAOC = ZAOB — ZBOC = (140° - 70°) = 70°

Example

In the given figure, ZBAC = 30°. Show that BC is equal to the radius of the

circumcircle of AABC whose eentre is O.
Solution :
Join OB and OC.
ZBOC =2/BAC =2 x 30°= 609
OB=0C = ZOBC = Z0CB =x(5ay)
In AOBC, we have ZBOC + ZOBC + ZOCB = 180°
= 60°+2x=180°
= x=60°
Thus, each angle of ABOC is 60°.

ABOC is an equilateral triangle.

OB =0C =BC.

Hence, BC is the radius of the circumcircle
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EAl cyCLIC QUADRILATERALS

The quadrilateral obtained by joining any four points on the circle is called cyclic quadrilateral.
Theorem - 14
Statement : The sum of either pair of the opposite angles of a cyclic quadrilateral is 180°.
or
The opposite angles of a cyclic quadrilateral are supplementary.
Given : A cyclic quadrilateral ABCD.
To Prove : LA+ ZC=180°and /B + £C =180°
Construction : Join AC and BD.

Proof : We have
ZACB=/ADB ...(1)  [Angles in the same segment]
ZBAC=/BDC ...(2) [Anglesin the same segment]

Adding eqautions (1) and (2), we get

ZACB+ £ZBAC=ZADB + £ZBDC

= J/ACB+/ZBAC=/ZADC

= JZACB+ /ZBAC+ ZABC=ZADC + ZABC [Adding ZABC on both sides]

= JZADC+ ZABC=180°

= /ZB+/D=180° ..(3)

Now, LA+ ZB + ZC + £D = 360° [Sum of the angles of a quadrilateral is 360°]
= LA+ ZC=360°-(£B+ £D)=(360°-180°) =180° [Usingeqaution (3)]

Hence, ZA + ZC=180°and B + ZD = 180°

Theorem - 15

Statement (Converse of Theorem 14) : If a pair of opposite angles of quadrilateral is supplementary then the
quadrilateral is cyclic.

Given : A quadrilateral ABCD in which ZB + /D =180°.

To Prove : ABCD is acyclic quadrilateral.

Construction : If possible, let ABCD be not a cyclic quadrilateral. Draw a circle, passing through three non-
collinear ponts A, B, C. Let this circle intersect CD (Fig. (i)) or CD produced in D’ (Fig (ii)). Join D" A.

b D c D
AN__B

Fig. (i) Fig. (ii)
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Proof : ZABC + ZADC =180° [Given]
ZABC + ZAD'C =180° [Opposite angles ofa cyclic quadrilateral ]
ZABC+ ZADC = ZABC + ZAD'C
= JZADC=ZAD'C
This is not possible, since an exterior angle of a triangle can never be equal to its interior opposite angle.
So, ZADC = ZAD'C is possible only when D’ coincides with D.
Hence, the circle passing through A, B, C must pass through D also.
Hence, ABCD is a cyclic quadrilateral.

Example

In the given figure, AB is the diameter of the circle, CD is the chord equal to the radius of
the circle. AC and BD when extended intersect at a point E. Prove that ZAEB = 60°.
Solution :
Join OC, OD and BC
Now, OC = OD =CD
. AODC is equilateral
= ZCOD =60°
Angle subtended by an arc at centre is double the angle subtended by it

at any point on remaining part of the circle.
1
ZCBD = 3 Z£COD = 30°

Again, ZACB=90° [Angle in semi-circle]
So, ZBCE =180°— ZACB =90°

In ACBE, ZCEB = 180°— (90°+30°) = 60°
i.e. ZAEB=060°

Example

In the given figure, AABC is equilateral triangle. Find ZBEC.

A
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Solution :

Since AABC is equilateral
LA=/B=/ZC=60°

Now, ABEC is a cyclic quadrilateral.
ZA+ ZE=180°

= ZE=120°

= ZBEC=120° [ LA =60°]

Example
In the given figure, ABCD is a cyclic quadrilateral. Find £ZADB.

Solution :
We have, ZA+ ZC=180°
= LA=80° [ £C=100°]

In AADB, we have
ZA =80° ZABD =170°
ZADB =180°—(80°+ 70°) = 30°
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BUILD THE CONCEPT

¢ The quadrilateral formed (if possible) by the internal angle bisectors of any quadrilateral cyclic

is a quadrilateral.

A D

In the given figure, ABCD is a quadrilateral in which the angle bisectors AH, BF, CF and DH of internal
angles A, B, C and D respectively form a quadrilateral EFGH.
Now, /FEH = ZAEB =180°- ZEAB — ZEBA

= 180°—% (LA + £B)

and ZFGH = ZCGD =180°—- ZGCD - £GDC
= 180°—% (£C + «£D)

Therefore, /FEH + ZFGH

= 180°—% (LA+ /B)+ 180°—% (LC+ /D)
1
=360° = (LA +£B+£C+£D)

=360° —% x360°

Hence, EFGH is a cyclic quadrilateral.
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SE.
Find the length of a chord which is at a distance of 8
cm from the centre of the circle of radius 17 cm.
Let AB be the chord of circle with centre O and
radius 17 cm.
Draw OL 1L AB. Join OA. Then, OL = 8 cm and
OA=17cm
From AOLA, we have

0A2=OL’ + AL? g
= AL?=(0A’-0L?) A 'v B

~[(177 - 8)] =225
= AL=+225cm=15cm

Since, the perpendicular from the centre of a circle

Ans.

to a chord bisects the chord, we have
AB=2xAL=(2%15)cm=30 cm.
SE.
Iftwo sides of a cyclic quadrilateral are parallel, prove
that the remaining two sides are equal and the diagonals
are also equal.

D, C

A B

Ans. Given : Acyclic quadrilateral ABCDin which AB ||
DC.
To Prove : (i) AD =BC (ii)) AC =BD
Proof : In order to prove the desired resultes, it is
sufficient to show that AADC = ABCD. Since ABCD
isa cyclic quadrilateral and sum of opposite pairs of
anlges in a cyclic quadrilateral is 180°.

ZB+ £ZD=180° ()
Since AB || DC and BC is a transversal and sum of
the interior angles on the same side of a transversal

is 180°

ZABC+ «BCD=180° ... (i)
= /B+/ZC=180°
From (i) and (ii), we get
/ZB+/D=/B+ £C
= ZC=4D ..(1i1)
In AADC and ABCD, we have
ZADC=2/BCD [From (iii)]
DC=DC [Common]
and /DAC=ZCBD [Anglesinsame segment]

So, by AAS-criterion of congruence, we have
AADC = ABCD
= AD=BCand AC=BD

SE.H

If a diameter of a circle bisects each of the two chords
of acircle, prove that the chords are parallel.
Let ABand €D be two chords of the circle whose
centre is O and let PQ be the diameter bisecting
chords AB and CD at L. and M respectively. Since
PQ is the diameter. So, it passes through the centre
O ofthe circle.

Ans.

Now, Lis the midpoint of AB

= OLLAB

[The line joining the centre of a circle to the mid-

point of a chord is perpendicular to the chord]

= ZALO=90°

Similarly, Z/CMO=90° = ZDMO =90°
ZALO = 2ZDMO

But, these are alternate interior angles.

So, AB || CD
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SO 4 |

Ans.

Prove that the line joining the midpoints of two

parallel chords of a circle passes through the centre.
Let AB and CD be two parallel chords having P and
Q as their mid-points respectively. Let O be the
centre of the circle. Join OP and OQ and draw
OX||AB or CD. Now, P is the midpoint of AB.

= OPLAB = ZBPO=90°
But, OX||AB .. ZPOX + ZBPO = 180°
[Sum of interior angles on the same side of
transversal |
= ZPOX=90°
Similarly, Q is the midpoint of CD.
= O0QLCD
= «£DQO =90°
But, OX || CD
£ZX0Q + £DQO = 180°
[Sum of interior angles on the same side of
transversal |
= Z£X0Q =90°
= ZPOX + £XO0Q =90°+ 90°= 180°
= POQisastraight line.
Hence, PQ isa straight line passing through the centre
of'the circle.

sE.H

Ans.

Prove that the perpendicular bisector of the chords of
a circle always passes throught its centre.
Let DE be the perpendicular bisector of the given
chords AB of a circle with center O
Then, AD=DB and ZADE=90°.  ...(1)
Now, we have to show that DE passes through O.

If possible, suppose DE does not pass through O.
Join OD.

We know that the line joining the centre of a circle
to the midpoint of a chord is always perpendicular
to the chord.

OD 1 AB
= ZADO=90° w(2)
From (1) and (2), we get ZADE = ZADO.
Thisis-a contradiction, since ZADO is a part of
ZADE.
The contradiction arises by assuming that DE does
not pass through O.
Hence, perpendicular bisector of the chord of a

circle always passes through its centre.

SE.ld

Ans.

Prove that the right bisector of a chord of a circle

bisects the corresponding minor arc of'the circle.
Let AB be the chord of circle with centre O. Let PQ
be the perpendicular bisector of the chord AB, in-
tersecting itat L and the circle at P and Q. Since the
right bisector of a chord always passes through the
centre of the circle, PQ must pass through O.

Join OA and OB.
In AOLA and AOLB, we have
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OA=0B [Radii of circle]
Z0OLA=/Z0LB [Each equal to 90°]
OL=0L [Common]

. AOLA = AOLB [By RHS congruence criteria]
ZAOL=/BOL [C.P.C.T]

ZAOP = /ZBOP

AP=BP = m(AP)=m(BP)

AP = BP

Hence, the right bisector PQ of'a chord of a circle

=
=
=
=

bisects the minor arc AB.
S O 7 |
In the given figure, OPQR is square. A circle drawn
with centre O cuts the square at X and Y. Prove that

QX = QY.

Ans. In AOXP and AOYR, we have
OP=0R [Sides of square]
0X=0Y [Radii of circle]

and ZOPX = ZORY =90°
= AOXP=AOYR [By RHC congtuence criteria]

— PX=RY [C.PC.T]

= PQ-QX=QR-QY

= PQ-QX=PQ-QY [+ PQ=QR]
= —QX=-QY = QX =QY

SE.B]

Two circles whose centres are O and O’ intersect at
P. Through P, a line / parallel to OO’ intesecting the
circles at C and D is drawn. Prove that CD=200'.

Ans. DrawOA 1 /and OB L /.

c/” A NP _D/!
< =~

A

O o’

Now, OA L/
= OALCP
= CA=AP
= CP=2AP
and O'B 1/
O'B LDP
BP=BD
PD =2PB
CD=CP+PD
CD=2AP +2PB
[Using equations (i) and (ii)]
= CD=2(AP +PB)=2AB =200’

[ ABO'Oisarectangle]

=
=
=

=

SE.&

In the given figure, O is the centre of a circle. Prove
that /x + Ly= Zz.

Ans.  In AACEF, side CF is produced to B.
LY =41+ 23 (1)

[Exterior angle is sum of interior opposite angles]
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In AAED, side ED is produced to B.
L1+ /x=/4

Adding (1) and (2), we get

L+ Lx+ Ly=/L1+/3+/4

= UIX+Ly=4L3+L4=2/3

[£4 = /3 as angles in the same segment are equal |

= Ixt”Ly=/z [+ ZAOB=2/ACB]

SE.

In the given figure, O is the centre of the circle. Chord
CD is parallel to diameter AB. If ZABC = 25°,
calculate ZCED.

E

NEANY

Ans. Join CO and DO.
ZBCD = ZABC =25° [Alternate Interior angles]

Also, ZBOD =2/BCD = 50°

[Arc BD makes ZBOD at the centre and ZBCD at
apoint on the circle]

Similarly, ZAOC =2/ABC = 50°

Now, ZAOC + ZCOD + ZBOD = 180°

1
= ZCED=— ZCOD=40°

= ZCOD=80° >

SJON 11

In the given figure, AB and CD are straight lines
through the centre O of the circle. Find
(i) £DCE (ii) ZABC

Ans.

SOOX
A—4 B
W

D

ZCED=90° [Angle in a semi-circle]
ZDCE = 180° — (40° + 90°) = 50°
ZBOC = (180°-80°) =100
Z0BC =180°—(£LOCB + £BOC)
=180°—(100°+50°)=30°= LABC

SE.[H

Ans.

The bisector of /B ofan isosceles triangle ABC with
AB =AC meets the circumcircle of AABC at P as
shown in the figure. If AP and BC are produced to
meet at Q, provethat CQ = CA.

A

Q C

In AAQC, we have
ZACB=ZAQC + ZQAC

[Exterior angle is equal to the sum of interior

opposite angles]
= ZABC=ZAQC + ZQAC

[AB=AC .. ZACB=ZABC]
= 2/PBC=ZAQC + £PBC
[BP is the bisector of /B .. ZABC=2/PBC]
= /PBC = ZAQC = ZPAC = ZAQC
[£PBC = £ZPAC (Angles in the same segment)]
= ZQAC=ZAQC = CQ=CA
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SE.

Inthe given figure, O and O’ are centres of two circles
intersecting at B and C. IfACD is a straight line, find

Ans. Wehave, ZACB = % ZAO'B=65°

[Central angle property]
Now, «DCB + ZACB = 180°
= ZDCB=180°-65°=115°
Also, reflex /ZBOD=2./BCD
= 360°—x=2x115° = x=130°
SE.
In the given figure, O is the centre of circle and PQ is
the diameter. If /ROS =40°, find ZRTS.

P—R T

0 s

PQ is diameter
= ZPRQ=90° [Angle in semi circle]
= ZTRQ=90° [Linear pair]

1
We have, ZRQS = 5 ZROS =20°

In right triangle TRQ, we have
ZQRT + ZRQS + ZRTQ = 180°
= 90°+20°+ ZRTQ = 180°

= ZRTQ=70° = ZRTS=70°

IOl 15

In the given figure, AOB is the diameter of circle with
centre O. Find the numerical value of ZACD + ZDEB.

Ans. JoinBC.

Then, ZACB=90° ....(1)

Now, DCBE is a cyclic quadrilateral.
ZBCD+ ZDEB=180° ....(ii)

[Opposite angles of cyclic quadrilateral are

[Angle in semicircle]

supplementary]

Adding equetions (1) and (i), we get

ZACB +%BCD + ZDEB =90° + 180°

= ZACD+ ZDEB=270°

[ ZACB + ZBCD = ZACD]

.". The numerical value of (Z/ACD + ZDEB) is 270°

SsE.[

In the given figure,O is the cenre of circle. Find the

value of x and y.
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Ans. Reflex ZBOD = (360°—-150°) =210°

X= % reflex ZBOD =105°
Now, x +y = 180°
[ABCD isacyclic quadrilateral|
= y=75°
SE. [
Two chords AB and AC of a circle are equal. Prove

that the centre of the circle lies on the angle bisector
of ZBAC.

B

{
C

Join BC, meeting AD at M.
In ABAM and ACAM, we have

Ans.

AB=AC [Given]
ZBAM=/ZCAM [AM is bisector of ZBAC]
AM =AM [Common]

.. ABAM = ACAM  [By SAScongruencecriteria]
= BM=CMand ZBMA =ZCMA [C.P.C.T]
= BM=CMand ZBMA =Z4CMA =90°
[£BMA + ZCMA =180° and ZBMA=ZCMA]
= ZBMA=ZCMA=90°

= AMisthe perpendicular bisector of chord BC.
= ADisthe prependicular bisector of the chord
BC.

B

A
C
As, the perpendicular bisector of a chord always

passes through the centre of the circle.

AD passes through the centre O of the circle
i.e. Olieson AD.

SN 18

AB and CD are diameters of the circle with centre O.
Find ZAOC.

Ans.  Clearly, arc AD subtends ZABD = 50° at B and
ZAOD at the centre.
ZAOD=2/ABD =100°

Since, CD is a straight line

" AOC = 80°
SN 19

ABCD isacyclic quadrilateral whose diagonals AC
and BD intersect at P. If AB = DC, then show that
APAB = APDC

Ans. Intriangles PAB and PDC, we have

ZABD = ZACD [Angles in the same segment]
ZABP = «ZDCP

ZBAP = ZCDP

[ £LBAC = ZBDC, Angle in the same segment]

and AB=CD [Given]

.. APAB=APDC [ByASA congruence criteria]

SE.

In the given figure, A and B are the centres of two
circles having radii 5 cm and 3 cm respectively and
intersecting at points P and Q. If PQ =4 c¢m, then find
the length of AB.
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Ans.

P
Q
We know that the line joining the centres of two

intersecting circles is the perpendicular bisector of
the common chord. Join AP and BP.

Then, AP=5cm,BP=3 cmand PQ=4

And, PC =% PQ =% x4=2cm
In right triangle APAC, we have
AP?=PC? + AC?
= $2=22+AC =S AC=25-4=21
= AC=+21cm
P
1)
\V/
Q
Now, in right triangle APBC, we have
PB? =PC? + BC?
= 3?=22+BC? =BC=9+4=5
= BC=+/5cm

AB=AC +BC= (V21++/5)cm

Space for Notes :
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EXERCISE - 10.1
NS.

Fill in the blanks :
(i) The centre ofa circle lies in of'the circle.
(exterior/interior)

(i) A point, whose distance from the centre of a

circle is greater than its radius lies in of the
circle. (exterior/interior)
(iii) The longest chord of acircleisa  of'the

circle

(iv) Anarcisa __ whenits ends are the ends of a
diameter

(v) Segment of a circle is the region between an arc
and  ofthecircle.

(vi) A circle divides the plane, on which it lies,

in__ parts.
Ans. (i) interior (i) exterior
(iii) diameter (@iv) semicircle
(v) the chord (vi) three

NS.

Write True or False. Give reasons for your answers.

(i) Line segment joining the centre to any point on
the circle is aradius of the circle.

(ii) A circle has only finite number of equal chords.

(i) Ifacircle is divides into three equal arcs, each is
amajor arc.

(iv) A chord of a circle, which is twice as long as its
radius, is a diameter or the circle.

(v) Sector is the region between the chord and its
corresponding arc.

(vi) A circleisaplane figure

Ans. (1) True [All points on the circle are equidistant
from the centre]
(i) False [A circle canhave aninfinite number of
equal chords]
(i) False [Each part will be less than a semicircle]

NS.

Ans.

Ans.

(v) True  [Diameter =2 x Radius]

(v) False [The region between the chord and its
corresponding arc is a segment |

(vi) True  [A circle is drawn on a plane]

EXERCISE -10.2

Recall that two circles are congruent if they have the
same radii. Prove that equal chords of congru-
ent circles subtend equal angles at their centres.

Given : Two congruent circles with centres O and

O’ and radii r which have chords AB and CD

respectively such that AB = CD.

To Prove : ZAOB = £ZCO'D

Proof: In AAOB and ACO'D, we have

AB=CD [Given]
OA=0C [Each equal to r]
OB=0'B [Each equal to r]

. AAOB = ACO’D [By SSS congruence criteria]
= ZAOB=«ZCO'D [C.P.C.T]

O O
"“ ‘
B Cob

Prove that if chords of congruent circles subtend equal
angles at their centres, then the chords are equal.
Given : Two congruent circles with centres O & O’
and radii r which have chords AB and CD
respectively such that ZAOB = ZCO'D.
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To Prove : AB=CD
Proof : In AAOB and ACO'D, we have

OA=0C [Each equal tor]
OB=0D [Each equal tor]

ZAOB = £ZCO'D [Given]

. AAOB = ACO’'[D [By SAS congruence criterion]
Hence, AB=CD [C.P.C.T]

EXERCISE - 10.3
NS.

Draw different pairs of circles. How many points
does each pair have in common ? What is the

maximum number of common points.

Ans. Let us draw different pairs of circles as shown
below.
@) (i) (iif)
We have
In figure | Maximum number of common points

(i) nil
(ii) one
(iii) two

Thus, two circles can have at the mosttwo points in

Commeon.

NS.
Suppose you are given a circle. Give a construction

to find its centre.

Ans.

NS.

Ans.

Steps of construction :

I.  Take any three points on the given circle. Let
these points be A, B and C.

Join AB and BC.

Draw the perpendicular bisector PQ of AB.
Draw the perpendicular bisector RS of BC such
that it intersects PQ at O.

Thus, ‘O’ is the required centre of the given

II.
II.
IV.

circle.

Iftwo circles intersect at two points, prove that their
centres lie on the perpendicular bisector of the
common chord.

We have two circles with centres O and O’, inter-

secting atA and B.

AB is the common chord of two circles and
OQ' is the line segment joining their centres. Let OO’
and AB intersect each other at M.

To prove that OO’ is the perpendicular
bisector of AB, we join OA, OB, O'Aand O’B.
Now, in AOAO’ and AOBO’, we have

OA=0B [Radii of the same circle]
O’'A=0'B  [Radii ofthe same circle]
00" =00" [Common]

.. AOAO' = AOBO' [By SSS congruence criteria]
= Z1=22 [CPC.T]
Now, in AAOM and ABOM, we have

OA=0B [Radii of the same circle]
OM = OM [Common]
L1=/2 [Proved above]
AAOM = ABOM [SAS criterion]
= Z3=/4 [C.P.C.T]

Circles
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NS.

Ans.

But £3 + £4=180° [Linear pair]
£3=/4=90° = AMLOO
Also AM=BM [C.P.C.T]

= Misthe midpoint of the AB.
Thus, OO’ is the perpendicular bisecrtor of AB.

EXERCISE -10.4

Two circles of radi 5 cm and 3 cm intersect at two
points and the distance between their centres is
4 cm. Find the length of the common chord.
We have two intersecting circles with centres at O
and O’ respectively. Let PQ be the common chord.
In two intersecting circles, the line joining their
centres is perpendicular bisector of the common
chord.

Z0OLP = Z0LQ =90° and PL =LQ
Now, in right AOLP, we have
PL?+OL*=0P? = PL?+ (4 =x)>=5?
= PL?=52-(4-x)
= PL?=25-16—-x>+8x

= PL’=9-x>+8x (1)
Again, in AO'LP,
PL2=PO”?-LO?=3>-x?=9-x> ... 2)

From equations (1) and (2), we have
9-x>+8x=9—x?

= 8x=0= x=0
= Land O’ coincide.

PQ isa diameter of the smaller circle.
= PL=3cm

ButPL=LQ .. LQ=3cm

NS.

Ans.

PQ=PL+LQ=3cm+3cm=6cm

Length of the common chord = 6 cm.

Iftwo equal chords of a circle intersect within the
circle, prove that the segments of one chord are equal
to corresponding segments of the other chords.
Given : A circle with centre O. Equal chords AB
and CD intersect at E.
To Prove : AE =DE and CE =BE,
Construction : Draw OM | AB and ON L CD.
Join OE
Proof : Since AB=CD [Given]

OM =ON [Equal chords are equidistant from

the centre]
Now, ih AOME and AONE, we have
ZOME = £ZONE [Each equal to 90°]
OM = ON [Proved above]
OE =OE [Common]
AOME = AONE [ByRHS congruence criteria]
= ME=NE [C.P.C.T]

Adding AM both sides, we get
AM +ME =AM +NE
= AE=DN+NE=DE

[AB=CD:>%AB=%DC — AM=DN]

C B
— AE=DE (D)
— AB-BE=CD-CE

— BE=CE [AB=CD] ...Q2)

From equations (1) and (2), we have
AE=DE and CE=BE
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NS.

Ans.

NS.

Ans.

Chapter-7

If two equal chords of a circle intersect within the
circle, prove that the line joining the point of
intersecting to the centre makes equal angles with
the chords.

Given : A circle with centre O and equal chords

AB and CD are intersecting at E.

To Prove : Z/OEA=Z0ED

Construction : Draw OM L AB and ON L CD.

Proof : In right AOME and right AONE, OM =ON

[Equal chords are equidistant from the centre]

OE =0E [Common]

Z0OME = ZONE [Each equal to 90°]
AOME = AONE [By RHS congruence]
Z0EM = ZOEN [C.P.C.T.]

= ZOEA=ZOED

Ifaline intersects two concentric circles (circles with
the same centre) with centre O at/A,;/B, € and D,
prove that AB=CD (see figure).

Given : Two circles with the common centre O. A
line ‘[’ intersects the outer circle at Aand D and the
inner circle at Band C.

To Prove : AB=CD.

Construction : Draw OM /.

NS.

Ans.

Proof : For the outer circl, OM 1/

AM =MD (1)
[Perpendicular from the centre to the chord bisects
the chord]

For the inner circle, OM L /
BM =MC

[Perpendicular from the centre to the chord bisects

the chord]

Subtracting equation (2) from equation (1), we have

AM=BM =MD — MC

= AB=CD

Three girls Reshma, Salma and Mandip are playing
a game by standing on a circle of radius 5 m drawn
in a park. Reshma throws a ball to Salma, Salma to
Mandip, Mandip to Reshma. If the distance between
Reshma and Salma and between Salma and Mandip
is 6 m each, what is the distance between Reshma
and Mandip.

Let the three girls Reshma, Salma and Mandip be
positioned at R, S and M respectively on the circle
ofradius 5 cm.

RS=SM=6m [Given]

R

AN

M

Circles
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Equal chords of a circle subtend equal angles .. RM=2RP=2x48m=9.6m
at the centre Thus, distance between Reshma and Mandip is
L1=22 (1) 9.60 m.
In APOR and APOM, we have NS.
OP = 0P [Common] Acircular park of radius 20 m is situated in a colony.
OR=0OM [Radii of the same circle] Three boys Ankur, Syed and David are sitting at
L1=22 [By (D] equal distance on its boundary each having a toy
- APOR = APOM, [BySAS congruencecriterial telephone in his hands to talk each other. Find the
PR =PMand ZOPR = ZOPM [C.P.C.T] length of the string of each phone.
ZOPR + ZOPM =180° [Linear pair] Ans.  Let Ankur Syed and David are sitting at A, S and D
- £OPR=2Z0PM=90° respectively such that AS=SD=AD
= OPLRM i.e. AASD is an equilateral triangle.
Now, in ARSP and AMSP, we have Let the length of each side of the equilateral triangle
RS =MS [6 m cach] be 2x metres.
SP=5P [Common} Draw AM 4 SD.
PR =PM [Proved above] ) > )
ARSP = AMSP  [By SSScongruencecriterial Since AASDjs equilateral,
— /RPS=/MPS [CPCT] AM passesthrough O.
But ZRPS + /MPS = 180° _ SM=1sp=1ly
= /RPS=/MPS =90° 22
SP passes through O. = SM=x
LetOP=xm .. SP=(5-x)m Now, in right AASM, we have
Now, in right AOPR, we have AM? + SM? = AS?
x*+RP?=52 = RP?=5=x2 \ .. () = AM?=AS?—SM?=(2x)*—x?=4x? —x? = 3x*
Inright ASPR, we have =  AM =3x
(5—x)' +RP* =6 Now, OM =AM — OA = (/3% - 20)m
= RP*=6’-(5-x L 3)

Again, in right AOSM, we have
SO? = SM? + OM?

From (1) and (2), we have
52-x2=6—(5-x)

= 25-x*=36-[25-10x +x7] 202 =x2+ (+/3x —20)
= " = =1 = 400 =x2+3x - 4043x + 400
— x=%=1.4 = 4x2=403x = 4x= 403
Now, RP2=52—x2 = RP2=25—(1.4) = x=10{3m
= RP?=25-1.96=23.04m Now, SD =2x =2 x 10/3m = 2043 m
RP =123.04 =4.8m Thus, the length of the string of each phone = 2043 m
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EXERCISE - 10.5
NS.

In the given figure, A, B and C are three points on a
circle with centre O such that ZBOC = 30° and
ZAOB=60°IfD is apoint on the circle other than
the arc ABC, find ZADC.

Ans. Wehave a circle with centre O, such that ZAOB =
60° and ZBOC = 30°

ZAOB + ZBOC = ZAOC

ZAOC = 60° +30°=90°
The angle subtended by an arc at the centre is double
the angle subtended by it at any point on the

remaining part of the circle.

ZADC = %(LAOC) = %(900) = 45°

NS.

A chord of a circle is equal to-the radius of the circle.

Find the angle subtended by the chord ata point on

the minor arc and also at a point on the major arc.
Ans.  We have acircle having a chord AB-equal to radius

of the circle.

= AAOBisan equilateral triangle.
Since, each angle of an equilateral triangle is 60°.
= ZAOB=60°

Since, the arc ACB makes relfex
ZAOB = 360° — 60° = 300° at the centre of the
circle and ZACB at a point on the minor arc of the

circle.
ZACB = % [reflex ZAOB] = % [300°]=150°

Hence, the angle subtended by the chord on the

minor arc = 150°.
Similarly, ZADB = % [£AOB]= % x 60°=30°

Hence, the angle subtended by the chord on the
major arc = 30°

NS.
In the-given figure, ZPQR = 100°, where P, Q and
R are points on a circle with centre O. Find ZOPR.

Ans. The angle subtended by an arc of a circle at its
centre is twice the angle subtended by the same arc
at a point on the circumference.

reflex Z/POR =2/PQR
But ZPQR =100°

reflex Z/POR =2 x 100°=200°
Since, ZPOR +reflex Z/POR =360°
= ZPOR=1360°-200° = ZPOR=160°
Since, OP =0OR [Radii of the same circle]
In APOR, ZOPR = ZORP
[Angles opposite to equal sides of a triangle are
equal]
Also, ZOPR + ZORP + ZPOR = 180°
[Sum of the angles of a triangle is 180°]
= ZOPR+ ZORP + 160°=180°

Circles
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= 2/Z0PR=180°-160°=20°[£LOPR=ZORP]

o

=10°

20
= ZOPR = >

NS.
In the given figure, ZABC = 69°, Z/ACB = 31°,
find #/BDC.

Ans. In AABC, ZABC + ZACB + ZBAC = 180°

= 69°+31°+ ZBAC = 180°

= ZBAC=180°-100°=80°

Since, anlges in the same segment are equal
/BDC=/BAC = «£BDC =80°

NS.

In the figure, A, B, C and D are four points on a
circle.AC and BD intersect at a point E such that
ZBEC =130°and ZECD = 20°. Find ZBAC.

A D
FR
<
ZBEC=ZEDC+ ZECD

Ans.
[Sum of interior opposite angles is equal to exterior
angle]
130°= ZEDC + 20°
= ZEDC=130°-20°=110° = ZBDC=110°
Since, angles in the same segment are equal.

ZBAC=/BDC = ZBAC=110°

Ns.3

ABCD is a cyclic quadrilateral whose diagonals
intersect at a point E. If ZDBC = 70°, ZBAC =
30°, find ZBCD. Further, if AB =BC, find ZECD.
Ans. Since angles in the same segment of a circle are

equal.

Z/BAC=«BDC
= «BDC=30°
Alse, XxDBC=70°
In ABED;

ZBCD+ ZDBC + ZCDB = 180°
= ZBCD+70°+30°=180°
= «BCD =180°-100°=80°
Now, in AABC,AB=BC

Z/BCA=Z/BAC
[Angles opposite to equal sides of a triangle are
equal]
= ZBCA=30° [~ ZBAC =30°]
Now, ZBCA + ZECD = ZBCD
= 30°+ £ZECD =80°
= ZECD =80°-30°=50°

NS.
If diagonals of a cyclic quadrilateral are diameters
of the circle through the vertices of the quadrilateral,
prove that it is rectangle.

[Given]

Ans. since AC and D are diamteres.

= AC=BD (1)
[All diameters of a circle are equal]
Also, ZBAD=90°

[Angle formed in a semicircle is 90°]
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Similarly, ZABC =90°, Z/BCD =90°and ZCDA
=90°

AT B

Now, in right AABC and right
ABAD, we have

AC=BD [From (1)]

AB=BA [Common]
ZABC=/BAD  [Eachequalto 90°]

. AABC =z ABAD [ByRHS congruence criteria]
= BC=AD [C.P.C.T]

Similarly, AB=DC
Thus, the cyclic quadrilateral ABCD is such that its
opposite sides are equal and each of its angle is right
angle.
.. ABCDisarectangle.

Ns.B

If the non-parallel sides of a trapezium are equal,
prove that itis cyclic.

We have a trapezium ABCD such that

AB || CD and AD = BC.

Let us draw BE || AD such that ABED is a

parallelogram

Ans.

- The opposite angles of a parallelogram are equal

B
D E C
/BAD=/BED (D)
and AD =BE w(2)

[Opposite sides of a parallelogram]

ButAD=BC [Given] ...(3)
From (2) and (3), we have
BE=BC = ZBEC=Z4BCE ...(4)

[Angle opposite to equal sides of a triangle are equal]
Now, ZBED + ZBEC = 180° [Linear pair]
= Z/BAD+ ZBCE=180° [Using(1)and(4)]
i.e. A pair of opposite angles of quadrilateral ABCD
is 180°

= Trapezium ABCD s cyclic.

ns. B

Two circles intersect at two points B and C. Through
B, two line segements ABD and PBQ are drawn to
intersect the circles at A, D and P, Q respectively
(see the figure). Prove that ZACP = ZQCD.

P
D

C
Since angles in the same segment of a circle are equal
ZACP=ZABP (1)
Similarly, ZQCD=ZQBD ...(2)
Since, ZABP = ZQBD [ Vertically opposite

Ans.

angle|
From (1) and (2), we have
ZACP=£QCD

NN 10 |

If circles are drawn taking two sides of a tirangle as
diameters, prove that the point of intersection of these
circles lie on the third side.

We have AABC, and two circles described with
diameter as AB and AC respectively. They intersect

Ans.

atapoint D, other than A.
LetusjoinAand D.
- ABisadiameter and ZADB is an angle formed

in asemicircle.

Chapter-7 Circles Matrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in | 199



¥ MATRIX

Class—9 [Mathematics] [N

= ZADB=90° (1)
Similarly, ZADC=90° (2)
Adding (1) and (2), we have

ZADB + ZADC =90° + 90° = 180°
i.e., B,Dand C are collinear points.

= BCisastraight line. Thus, D lies on BC.

NS.

Ans.

ABC and ADC are two right triangles with common
hypotenuse AC. Porve that Z/CAD = ZCBD.

We have AABC and AADC such that they are

having AC as their common hypotenuse.
= ACisahypotenuse and ZADC =90°= LZABC
Both the triangles are in semi-cirlce

Case-1 : If both the triangles are in the same semi-

Vi
N

D

circle

= A, B,CandD are concylic.
Join BD.
Now, DC is a chord and ZCAD and ZCBD are

formed in the same segment.
= ZCAD=«CBD

Case-2 : If both the triangles are not in same semi-

circle.

A

AR

B \D

C

= A, B,CandD are concyclic.
JoinBD
Now, DC is a chord and ZCAD and ZCBD are

formed in the same segment.

= ZCAD=ZCBD

NS.

Ans.

Prove that a cyclic parallelogram is a rectangle.
We have a eyclic parallelogram ABCD.
Since, ABED isa cyclic quadrilateral.

Sum of its opposite angles is 180°

ZA+ ZC=180° (1)
But /A= «C ()
[Opposite angles of a parallelogram are equal]
From (1) and (2), we have
LA=2/C=90°
Similarly, ZB=2ZD=90°
= Eachangle of the parallelogram ABCD is 90°.
Thus, ABCD is arectangle

V2
C

B
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EXERCISE -10.6

NS.

Ans.

Prove that the line of centres of two intersecting circles

subtends equal angles at the two points of intersection.

Given : Two circles with centres O and O’
respectively such that they intersect each other at P

and Q.

To Prove : ZOPO’ = Z20Q0’.
Construction : Join OP, O’P,0Q, O’Q and OO’.

Proof : In AOPO’ and AOQO’, we have

OP =0Q [Radii of the same cirlce]
O’P=0Q [Radii of the same circle]
00’ =00’ [Common]

AOPO’ = AOQO’ [By SSScongruence criteria]

= ZOPO’ =~Z£0Q0’ [C.P.C.T.]

NS.

Ans.

Two chords AB and CD of lengths 5 cmand 11 cm
respectively of a circle are parallel to each other and
are on opposite sides of its centre. If the distance
between AB and CD is 6 cm, find the radius of the
circle.
We have a circle with centre O. AB || CD and the
perpendicular distance between AB and CD is 6
cmand AB=5cm, CD =11 cm. Let ‘r’ be the

radius of'the circle.

Let us draw OP 1. AB and OQ L CD.
Join OA and OC.
LetOQ=xcm
OP=(6—-x)cm
The perpendicular from the centre of a circle

to chord bisects the chord.

AP=1AB=15=§cm,
2 T

conlenetxii=Lem
2 2 2

In ACQO;-we have CO? = CQ? + 0Q?
1Y 121
= —| +x° r’=—+x’
= ( > ) = 4 (1)
In AAPO, we have AO? = AP? + OP?

- =GJ +(6-x)

- 1 =27f5+[36—12x+xz] ..2)

From (1) and (2), we have

§+36—12X+X2 =E+x2
4 4

121 25
—12x=—-—-36
= 4 4
= 12x=12 = x=1

Substituting the value of x in (1), we get

, 121 . 125 55
= =

r 1 +1=T r:Tcm

55
Thus, the radius of the circle is - cm
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NS.

Ans.

The lengths of two parallel chords of a circle are 6 cm
and 8 cm. If the smaller chord is at distance 4 cm
from the centre, what is the distance of the other chord
from the centre.

We have a circle with centre O. Parallel chords AB

and CD are such that the smaller chord is 4 cm away

from the centre.
A P N\GRB
/1o &t \
Cl=s = D
( ..." O )

Draw OP 1 AB and join OA and OC.
Now, P is the mid-point of AB.

1

= AP =§AB=%(6cm)=3cm

Similarly, CQ = —CD = —(8 cm)=4cm

Now, in AOPA, we have OA? = OP? + AP?
=> rr=4>+3
= rr=16+9=25

r=+25=5cm
[r#—5, because distance cannot be negative]
Again, in ACQO, we have OC? = OQ’ + CQ?
= r=0Q°+4 = 0Q°=r'-4
= 0Q*=5*-4’=25-16=6 [~
= 0Q=+9=3cm
The distance of the other chord (CD) from the
centre is 3 cm.

r=5cm]

Note : In case we take the two parallel chords on

either side of the centre, then

In APOA, OA? = OP? + PA?
= rP=4+32=5
= r=5cm

.
“er
»
e

_g
4cm

‘

s,

0

0

s

0

0

s

0

0

3

s

O
s,
.,
s

In AOQC, OC? = CQ?* + OQ?
= rP=42+0Q’
= 0Q=5-4=9

= 0Q=3cm

NS.

Ans.

Let the vertex of an angle ABC be located outside a
circle and let the sides of the angle intersect equal
chords AD and' CE with the circle. Prove that ZABC
is equal to halfthe difference of the angles subtended
by the chords AC and DE at the centre.

Given : ZABC such that when we produce arms
BA and BC, they make two equal chords AD and
CE.JoinAC,DE and AE

Proof : An exterior angle of a triangle is equal to the

sum of interior opposite angles.
In ABAE, we have
/DAE=/ABC+ZAEC ..(1)

The chord DE subtends ZDOE at the centre and

ZDAE in the remaining part of the circle.

ZDAE = %LDOE (2)
1
Similarly, ZAEC =2 ZA0C ..(3)
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From (1), (2) and (3), we have

%LDOE =/ZABC+ %LAOC

— /ABC= %ADOE - %LAOC

= ZABC= %[LDOE - ZAO0C]

1
= ZABC= 5 [(Angle subtended by the chord

DE at the centre) — (Angle subtended by the chord
AC at the centre)]

1
= LABC:E [Difference of the angles

subtended by the chords DE and AC at the centre]
NS.
Prove that the circle drawn with any side of a
rhombus as a diameter, passes through the point of
intersection of its diagonals,
Let ABCD be arhombus whose diagonals AC and
BD intersect at E. Let O be centre ofthe circle with
diameter AB. We know that the diagonals of a

Ans.

rhombus intersect each other at a right angle.

= ZAEB=90°

= Circle with AB as diameter passes through E

i.e., the point of intersection of its diagonals.

Ns.@3

ABCD is a parallelogram. The circle through A, B
and C intersect CD (produced if necessary) at E. Prove
that AE=AD.

Given : Acircle passing through A, B and C is drawn

such that it intersects CD at E.

To prove : AE=AD

Proof : ABCE is a cyclic quadrilateral

ZAEC + ZB=180° (1)

[Opposite angles of a cyclic quadrilateral are

Ans.

supplementary]
ButABCD is aparallelogram. [Given]
£LD= /B -(2)

[Opposite angles of a parallelogram are equal]

E—~.C
e

D

From (1) and (2), we have
ZAEC + £ZD =180°

But ZAEC + ZAED = 180°
From (3) and (4), we have
£ZD=/ZAED

i.e., The base angles of AADE are equal.

.3
(4

Opposite sides must be equal.
= AD=AE
NS.
AC and BD are chords of a circle which bisect each
other. Prove that
(1) AC and BD are diameters,
(i) ABCD is arectangle

Circles
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Ans.  Given : A circle with centre at O. Two chords AC
and BD are such that they bisect each other. Let
their point of intersection be O.

To Prove : (i) AC and BD are diameters

(i) ABCD is arectangle

Construction : Join AB, BC, CD and DA.

Proof : (i) In AAOB and ACOD, we have

AO=CO [O is the mid-point of AC]
BO=DO [O is the mid-point of BD]
ZAOB = ZCOD [Vertically opposite angles]

Using the SAS criterion of congruence,

~
-
N >
' .
. v
Sy .
»
v, Je

AAOB = ACOD

= AB=CD [C.P.C.T]
= arcAB=arc CD (1)
Similarly, arc AD = arc BC ..(2)

[+ Iftwo chords are qual, then'corresponding arcs
are equal (congruent)]

Adding (1) and (2), we get

arc AB +arc AD = arc CD + arc BC

= BAD=BCD

= BD divides the circle into two equal parts
BDisadiameter

Similarly, AC is a diameter

(i) We know that AAOB = ACOD

= ZOAB=£0CD [C.P.C.T]

= ZCAB=ZACD = AB| DC

Similarly, AD || BC
ABCD is aparallelogram

Since, opposite angles of a parallelogram are equal

Z/DAB=~/ZDCB
But Z/DAB + ZDCB = 180°
[Sum of'the opposite angles of a cyclic quadrilateral
is 180°]
= «ZDAB=90°=/ZDCB
Thus, ABCD is arectangle.

Ns. B

Bisectors of angles A, B and C of a triangle ABC

intersect its circumcircle D, E and F respectively. Prove

that the angles of the triangle DEF are 90°— % ZA,

1
90° — 1 ZB,90°- = «C.
2 2

Given : Atriangle ABC inscribed in a circle, such

that bisectors of ZA, /B and ZC intersect the
circumeircleat D, E and F respectively.

Ans.

Construction : Join DE, EF and FD.

Proof : Since, angles in the same segment are equal.
ZFDA = ZFCA (1)

ZEDA = ZEBA .(2)

Adding (1) and (2), we have

ZFDA + ZEDA = ZFCA + ZEBA

= /FDE+ ZFCA=ZEBA

“Locil g-Liscqsm
2 2 2

~Liigoo—sa]- (90°—§j
2 2

Similarly, Z/FED = (900—%]3)
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and ZEFD = (90"—%(:)

Thus, the angles of ADEF are

LA /B
(90"——),(90"——) and [ 900 2<
2 2 2

Ns.H

Ans.

Two congruent circles intersect each other at points
Aand B. Through A any line segment PAQ is drawn
so that P, Q lie on the two circles. Prove that BP =
BQ.
We have two congruent circles such that they
intersect each other at A and B. A line passing through
A, meets the circles at P and Q. Let us draw the

common chord AB.
A
P, 9 Q
B

Since angles subtended by equal chords in the
congruent circles are equal.

= JZAPB=/AQB

Now, in APBQ, we have

ZAPB=/AQB

So, their opposite sides must be equal.

= PB=BQ.

NS.

Ans.

In any triangle ABC, if the angle bisector of £ A and
perpendicular bisector of BC intersect, prove that
they intersect on the circumcircle of the triangle ABC.
Given : AABC with O as centre of its circumcircle.
The perpendicular bisector of BC passes through

O. Suppose it cut circumcircle at P.

Proof : In order to prove that the perpendicular
bisector of BC and bisector of angle A of AABC
intersect at P, it is sufficient to show that AP is

bisector of ZA of AABC.

Arc BC makes angle 0 on the circumference
ZBOC =26

[Angle at centre is double the angle made by an arc

at circumference]

Also,in ABOC, OB =0OC and OP is perpendicular

bisectorof BC:

So, ZBOP = 42COP =0

0
Arc CP makes angle 0 at O, so it will make angle 5

at circumference.
0
So, ZCAP = 5

Hence, AP is angle bisector of ZA of AABC.
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ONLY ONE CORRECT TYPE

1.

Chapter-7 Circles

In the given figure, O is the centre of the circle
and chords AB = AC =6 cm. The length of BC,

ifradiusis 5 cm, is:

(A)9.6cm (B)4.8cm
(C)19.2cm (D) 8.0cm
In the given figure, O is the centre of the circle
and OE L CD, OF L AB, AB||CD,AB=48 cm,
CD =20 cm, radius OA =26 cm. The length of

EFis:
C/%)
)AL [ B
D
Q))

(A) 6 cm (B)8cm

(C)14cm (D)16cm

In the given pentagon ABCDE, AB=BC=CD
=DE =AE. The value of xis:

B~—1C

(A) 36° (B) 54°

(C) 72° (D) 108°

A cresecent formed of two circular arcs ACB,
ADB of equal radius with respective, centres E
and F as shown in the given figure. The
perpendicular bisector of AB cuts the crescent at
C and D, where CD =12 cm, AB =16 cm. The

radius of arc ACB is :

A

B
(A)18 cm (B)16 cm
(C)12cm (D)10cm
In the given figure, E is any point in the interior of
the circle with centre O. Chord AB = AC. If
Z0BE =20°, the value of x is :

(A) 40° (B) 45°

(C) 50° (D) 70°

In the given figure, O is the centre of circle.
Z0PQ =27° and ZORQ =21°. The values of
ZPOR and ZPQR respectively are :
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Chapter-7

(A) 84°, 42° (B) 96°, 48°

(C) 54°, 42° (D) 108°, 54°

ABCD is a cyclic quadrilateral with centre O in
the given figure. Chord AB is produced to E where
ZCBE =130°, the value of x is equal to :

(A) 130°
(C) 140°

(B)260°
(D) 280°
In the given figure, PQRS is a cyclic quadrilateral
in which PS =RS and ZPQS = 60°. The value of

9.

10.

11.

In the given figure, AB is diameter, ZAOC =40°.

The value of x is :

(A) 50° (B) 60°
(C) 70° (D) 80°
In the given figure, ABCD is a cyclic quadrilateral.
BA is produced to E and DC || AB. If y : x is

equalto 4 : 5, then value of z is :

D/t\C
.-
y
Fe_ 0
X
et -
E A\_/B
(A) 15° (B) 20°
(C) 25° (D) 30°

In the given figure, AEDF is a cyclic quadrilateral.
If we extend the lines AF & ED to meet at B and
lines FD & AE to meet at C. The values of x and

y respectively are :

L A

B 35° X 54°
D
y E

C
(A)79°,47° (B) 89°,37°
(C) 89°, 47° (D) 79°,37°

X1is:
Q
P 60°T X R
S
(A) 30° (B) 60°
(C)75° (D) 80°
Circles
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12.

13.

14.

15.

16.

In the given figure, O is the centre of the circle
and ZAOB = 90° and ZABC = 30°. Then,
ZCAOQOis:

D
C \ A
.k
A—8
(A) 30° (B) 45°
(C) 60° (D) 90°

In a cyclic quadrilateral, the difference between
two opposite angles is 58°, the measures of
opposite angles are :

(A) 158°,22° (B) 129°, 51°

(C) 109°, 71° (D) 119°, 61°

Which of the following statements is true for a
regular pentagon ?

(A) All vertices are concyclic

(B) All vertices are not concyclic

(C) Only four vertices are concyclic

(D) Cannot say anything about regular-pentagon
In a cyclic quadrilateral ABCD, iftwo sides are
parallel, which of the following statements is
definitely false ?

(A) Remaining two sides are equal

(B) Diagonals are not equal

(C) Diagonals intersect at the centre of circle
(D) Both (A) and (C)

In the given figure, ABCD is a cyclic quadrilateral,
O is the centre of the circleanda: b=2:5. The

value of x is :

17.

18.

(A) 20° (B) 25°
(C) 30° (D) 35°
In the given figure, chord RS = chord NS. How

RS is related with NS ?

(A) RS is smaller than NS
(B) Both are equal

(©) RS is greater than NS

(D) None of these

In the given figure, O is the centre of the circle.
For what values of x and y, if chord BC
passes through the centre of circle where points
A, B and C are on the circle ?

A

X

Qe

(A)x=90°y=60° (B)x=75°%y=30°
(C)x=65°y=90° (D)x=90°y=65°
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19.

20.

21.

In the given figure, chord BC passes through the
centre of a circle where points A, B and C are
concylic and ZB is 44° more than ZC. The values

of x and y respectively are :

A
BC
(A)x=4;y=3 B)x=3;y=5
O)x=Ty=2 D)x=5y=2

In the given figure, MNQS is a cyclic quadrilateral
inwhich ZQNR=61°andx:yis2:1.IfSQ &
MN are extended to meet at R and SM & QN
are extended they meet at P. Then the values of x

and y respectively are :

o 30 o o

1 2
18—,37— 38—,19—
(A) 4 4 B) 3 3

1° .,2° 1° L 1°
21—.33>- 19—,38—
© =573 DYy

Equal chords of a circle subtend equal angles at
(A) Centre

(B) Circumference

(C) Both (A) and (B)

(D) None of these

22.

23.

24.

25.

The line joining the centre of a circle to the
midpoint of a chord is always

(A) Parallel to the chord

(B) Perpendicular to the chord

(C) Equal to the chord

(D) Tangent to the chord

There is one and only one circle passing through
three given points
(A) collinear
(C) far-off

Which of the following statements is true for the

(B) non-collinear

(D) nearest

longest chord of a circle ?

(A)Itis equal to radius

(B)Itis two times of radius

(C) It isneverequal to diameter

(D) It is two times of diameter

When two chords of a circle bisect each other,
then which of the following statemetns is true ?
(A) Both chords are perpendicular to each other
(B) Both chords are parallel to each other

(C) Both chords are unequal

(D) Both are diameters of the circle

PARAGRAPH TYPE

Passage — I : The perpendicular from the centre of a

26.

circle to a chord bisects the chord.

The radius of a circle is 13 cm and length of one
of'its chord is 10 cm. The distance of the chord
from the centre is :
(A)11cm
(C)13cm

(B)12cm
(D) 14 cm
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27.

28.

LM and NP are two parallel chords of a circle
such that LM = 10 cm and NP = 24 cm. If the
chords are on the opposite sides of the centre and

the distance between them is 17 cm, the radius of

the circle is :
(A)1lcm (B)12cm
(C)13cm (D) 14 cm

The radius of a circle is 10 cm and the distance of
the chord from the centre is 6 cm. Then the length
of'the chord is :
(A)12cm
(C)14cm

(B)13cm
(D) 16 cm

Passage — II : Two equal chords AB and CD ofacircle

29.

30.

31.

C(O, r) intersect at a point P within a circle then :

C
AP=
(A) DP (B) OL
(C) CP (D)AB
DP=
(A) BP (B) MP
(C)PL (D) OP
ZOPL=
(A) ZOMP (B) ZOMC
(C) ZOLP (D) ZOPM

MATCH THE COLUMNTYPE

32.

In this section, each question has two matching
lists. Choices for the correct combination of
elements from Column I and Column IT are given
as options (A), (B), (C) and (D) out of which one

1s correct.

Match the following :
Column -1 Column - 11
(P) The radius of acircleis (i) 23 cm

8 cm and the length of one

of'its chords is 12 cm. The
distance of the chord from

the centre is

(Q)Two parallel chords of

length 30 emand 16 cm are

(1) 5.196 cm

drawn onthe opposite sides
of the centre of a circle of
radius 17 cm. The distance
between the chords is

(R) The length of a chord

which is at a distance of 4 cm

(1i1) 5.291 cm

from the centre of the circle
ofradius 6 cm is

(S) An equilateral triangle (iv) 8.94 cm
of'side 9 cm is incribed in

acircle. The radius of the

circleis

(A) (P) — (iii), (Q) = (1), (R) = (iv), (S) — (i1)
(B) (P) = (ii1), (Q) = (iv), (R) = (1), (S) — (iD)
(C) (P) > (1), (Q) — (i), (R) — (iii), (S) — (iv)
(D) (P) = (1), (Q) — (iii), (R) — (i1), (S) — (iv)
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33.  Match the following :
Column -1
(P) Cis apoint on the minor
arc AB of the circle with
centre O. If ZACB =x
calculate x, if ACBOisa
parallelogram
(Q) Chord ED is parallel
to the diameter AC of the
circle. If ZCBE =55°, then
ZDEC s

B

A\
A c
E D

(R) In the given figure, O is

)

(

the centre of the circle. If
ZACB =60°, find ZOAB.

C

A

A B

(3

(S) In the given figure, O is
the centre of a circle, ZAOB
=40° and ZBDC = 100°.
Find ZOBC.

Chapter-7 Circles

(A) (P) — (ii), (Q) = (iv), (R) — (iid), (S) — (1)
Column - IT (B) (P) - (ii), (Q) — (iii), (R) = (iv), (S) = (i)

(1) 60° (©) (P) > (D), (Q) — (i), (R) — (iid), (S) = (iv)
(D) (P) = (1), (Q) — (i), (R) = (ii), (S) = (iv)

(ii) 120°

(iif) 35°

(iv) 30°
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VERY SHORT ANSWER TYPE

1. Two chords AB and CD of a circle are parallel

and a line / is the perpendicular bisector of AB.

Show that / bisects CD.
2. In given figure, if ZBAC =60° and Z/BCA =20°,
find ZADC.
A
B
@ D
S
@\
C
3. In the given figure, O is the centre of the circle.

The angle subtended by the arc BCD at the centre
is 140°. BC is produced to P. Determine Z/BAD.

A

D

L/
140° / ,

4. In given figure, find mZPQB where © is the centre

5.

In a cyclic quadrilateral ABCD, if ZA=3ZC.
Find ZA.

>
w,
vs}
(@)

In the given figure, DE is a chord parallel to
diameter AC of the circle with centre O. If ZCBD
= 60°, then find ZCDE.

Prove that the perpendicular bisectors of the sides
of a cyclic quadrilateral are concurrent.

In the given figure, AB and CD are two parallel
chords of a circle. If BDE and ACE are straight
lines, intersecting at E, prove that AAEB is

isosceles.
B
D
F E
C
A

of the circle.
P
O 4279
A e
Q
Circles
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9.

10.

1

In the given figure, find the length of AB, if OA =
5cmand OC =3 cm.

@
©
50
A\\S?B

In the given figure, O is the centre of the circle.
ZCAB=40°, ZCBA=110°, then find value of

X.

C

SHORT ANSWER TYPE

If O is the circumcentre of a AABC and OD 1 BC,
prove that /ZBOD = £A.

In the given figure, AB = CD. Prove that BE=DE
and AE = CE, where E is the pointof intersection
of AD and BC.

A

In the given figure, AB and CD are two parallel
chords of a circle with centre O and radius 13
cm such that AB =10 cm and CD =24 cm. If
OP L AB and OQ L CD, find the length of PQ.

In the given figure, AB is a diameter of the circle
with centre O. [f AC and BD are perpendicular
on a line PQ, and BD meets the circle at E, prove
that AC =ED.

¢

A

C D Q
| L "

A E

r

B
In the given figure, P and Q are centres of two
circles, intersecting at B and C, and ACD is a
straight line. If ZAPB =150° and ZBQD =x°,

find the value of x.
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LONGANSWERTYPE

1.

The bisectors of opposite angles /P and /R of a
cyclic quadrilateral PQRS intersect the
corresponding circle at A and B respectively.
Prove that AB is a diameter of the circle.

D and E are points on equal sides AB and AC of
an isosceles triangle ABC such that AD = AE.
Prove that B, C, D, E are concyclic.

AB and CD are two chords of a circle such that
AB =6 cm, CD =12 cm and AB || CD. If the
distance between AB and CD is 3 ¢m, find the
radius of the circle.

D and E are the points on equal sides AB and AC
respectively on an isosceles, AABC such that
B, C, E and D are concyclic. If O is the point of
intersection of CD and BE, prove that AO is the
bisector of line segment DE.

In the given figure, O is the centre of the given
circle and chords AB and CD intersect at a point
E inside the circle.

Prove that ZAOC + ZBOD =2/ AEC.

TRUE/FALSE

1.

The circumference of a circle is 7 times the
diameter.

More than one circle exists through three non
collinear points.

At a point on a circle, only one tangent can be

drawn.

4. From any point inside a circle two tangent can be

drawn to the circle.

5. Two circle may touch each other internally.
FILL IN THE BLANKS

1. The opposite angles of a cyclic quadrilateral are
2. The perimeter of the circle is

3. Two equal chords of a circle are from

the centre of the circle.

4. The angles in the same segment of a circle are

5. The longest chord of a circle is times of
radius:

NUMERICAL PROBLEMS

1. In the givenifigure, find out the value of (x —y)

when ZA = (2x + 4)°, /B = (x + 10)°, ZC =
(4y — 4)° and ZD = (5y + 5)°

2. In the given figure, A, B, C are three points on a
circle such that the angles subtended by the chords
AB and AC at the centre O are 80° and 120°
respectively. If ZBAC is k°, then value of kis:

A
B
C
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3. In the given figure, O is the centre of the circle
and the measure of ZABC is 130°. The value of

(LAOC- ZADC) .
250 is:

D

Ac

B

4. In the given figure, AOB is a diameter of a circle
with centre O, such that AB=34 cmand CD isa
chord of length 30 cm. Then the distance (in cm)

of CD from AB is :
C D
A
B
5. In the given figure, CD is thediameter of a circle

with centre O and CD is‘perpendicular to chord
AB.IfAB =12 cm and CE =3.¢m; thenradius

of the circle is r cm. The value of ‘2t s ;

D

ANALYTICAL PROBLEMS & BRAIN TEASER

1.

In the given figure O is the centre of circle. If
ZBAO =35°and ZBCO = 45°, then the value

of x will be :

(A) 160° (B)170°

(C) 80° (D) 140°

ABCD.is a cyclic quadrilateral, if ZBAC =60°,
ZBCA =20° then find the value of ZADC.

(A) 15° (B) 50°

(C) 80° (D) 40°

Angles A, B, C and D of a cyclic quadrilateral
ABCD are in the ratio 3 : 3 : 2 : 2 respectively. If
AB=5cm, BC=3.5cmand CD = 8 cm, then

the length of AD is :
(A)5Scm (B)3.5cm
(C)8cm (D)4 cm

In the given figure, O is the centre of the circle.
The distance between P and Q is 4 cm. Find the
ZROQ.

R
7\
P Q
(A) 50° (B) 60°
(C) 70° (D) 35°
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5. Inthe given figure, what would be ZCOB, if the Space for Notes :
ratio of arc AB and BC is 3 : 2 and ZAOB =
96° ?

B

(A) 96° B)32° | .
(C) 64° My16° | .
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EXERCISE-I

6 / 8 9 10 11 12 13 14 15
B A B C C B C D A B
16 17 18 19 | 20 21 22 23 24 25 | 26 27 28 29 30
C B B B D B C D C A

31 | 32 | 33
D A B
VERY SHORT ANSWERTYPE
2. 80° 3. 70° 4. 48° S, 135° 6. 30 9. 8cm 10. 60°
SHORT ANSWERTYPE
3. 7cm 8. 150°
LONG ANSWERTYPE
3. 6.7cm
TRUE FALSE
1. T 2. F 5 T 4. F 5 T
FILL IN THE BLANKS
1. supplementary o 2ar s, equidistant 4. equal 5. two
ANALYTICAL PROBLEMS & BRAIN TEASER
1. A 2 C 3. B 4. C 5. C
NUMERICAL PROBLEMS
1. 15 2. 80 3. 2 4. 8 5. 15
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : CIRCLES)

CONTENT STATUS DATE OF COMPLETION SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

NCERT Exercises

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:
1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.
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4. Midpoint Theorem
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NCERT Solutions

Exercise - I (Competitive Exam Pattern)
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Answer Key
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INTRODUCTION
A closed figure formed by four intersecting lines is called a quadrilateral. It has four sides, four angles and four
vertices. In quadrilateral ABCD; AB, BC, CD and DA are the four sides; A, B, C and D are the four vertices and

ZA, /B, ZC and £D are the four angles formed at the vertices. The part of the plane enclosed by a simple closed
figure is called a planar region corresponding to that figure.

D

A B
ANGLE SUM PROPERTY OF A QUADRILATERAL

The sum of the four angles of a quadrilateral is 360°.

Given : We have a quadrilateral ABCD. AC is one of its diagonals.
Proof : In AABC, we have

L1+ /23+4B=180° L. (1) [Angle sum property of a triangle]
In AADC, we have
L2+/4+D=180° L 2) [Angle sum property of a triangle]

Adding (1) and (2), we have, (L1 + £2)+ (L3 + £4)+ £B + £ZD =180° + 180°
= /BAD + /BCD + LB+ ZD =360° = LA + ZC + LB+ £ZD =360°

.. Sum of the angles of a quadrilateral is 360°.

TYPES OF QUADRILATERALS

We shall define various types of quadrilaterals :
TRAPEZIUM

A quadrilateral having exactly one pair of parallel sides, is called a trapezium. In the given figure, ABCD isa
trapezium in which AB || DC.
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D C

A B
ISOSCELES TRAPEZIUM

A trapezium is said to be a an isosceles trapezium, if its non-parallel sides are equal. In the given figure, quadrilateral
ABCD is anisosceles trapezium, in which AB || DC and AD =BC.

A B

PARALLELOGRAM

A quadrilateral is a parallelogram if its both pairs of opposite sides are parallel. In the given figure, quadrilateral
ABCD is a parallelogram, in which AB || DC and AD || BC.

D C

RHOMBUS

Aparallelogram having all sides equal is called arhombus. In the given figure, a parallelogram ABCD is arhombus,
ifAB=BC=CD=AD. In other words, a quadrilateral ABCD is arhombus, if AB || DC, AD || BCand AB=BC

=CD=DA.
D C
A B
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RECTANGLE

A parallelogram whose each angle is aright angle, is called a rectangle. In the given figure, ABCD is a rectangle in
which AB || DC,AD || BC and ZA= /B =ZC=4ZD=90°.

D C
| L]
\

\ N\
[ [
A B

SQUARE

A parallelogram having all sides equal and each angle equal to aright angle, is called a square. In the given figure,
ABCD is a square in which AB || DC,AD || BC,AB=BC=CD=DAand ZA=ZB=ZC=ZD =90°.

D C
] ]
N\ /
N\

_I -

A B

KITE

A quadrilateral is a kite if it has two pairs of equal adjacent sides and unequal opposite sides. In the given figure,

a quadrilateral ABCD is a kite, if AB=AD, BC =DC but AD = BC and AB = DC.
C

A
It follows from the above definitions that :

(1) Square, rectangle and rhombus are parallelograms.
(i1) A parallelogram is a trapezium but a trapezium is not a parallelogram.
(ii1) A rectangle or a rhombus is not necessarily a square.

(iv) Akite is not a parallelogram.
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Focus Point

e In aparallelogram, bisectors of any two consecutive angles intersect at right angle.

EN PROPERTIES OF PARALLELOGRAM

Theorem -1
Statement : A diagonal of a parallelogram divides it into two congruent triangles.

Given : AC is a diagonal of the parallelogram ABCD as shown in the figure.

D <

To Prove : AABC = ACDA

Proof: AB | DC [Pair of opposite sides of parallelogram ABCD]
=>/Z1=Z3 .. (1) [Pair of alternate angles with transversal AC]
Now, BC || AD [Pair of opposite sides of parallelogram ABCD]
=>/02=/4 ... (2) [Pair of alternate angles with transversal AC]

In AABC and ACDA, we have

L1=/3 [By equation (1)]

L2=/4 [By equation (2)]

AC=CA [Common side]

.. AABC = ACDA [By ASA congruency]

Theorem -2

Statement : In a parallelogram, opposite sides are equal.

Given : ABCD is a parallelogram.
To Prove : AB=CD and DA=BC.
Construction : Join AC.
Proof: By Theorem 1, we have proved that AABC = ACDA. A
= AD=CBand DC=BA [By C.P.C.T.]
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Theorem -3
Statement (Converse of Theorem 2) : A quadrilateral is a parallelogram if its opposite sides are equal.
Given : A quadrilateral ABCD in which AB = CD and BC=DA. D C

To Prove : ABCD is a parallelogram.

Construction : Join AC.
Proof : In AACB and ACAD,

AC=CA [Common side]

CB=AD,AB=CD [Given]

.. AACB = ACAD [By SSS congruency]

= ZCAB=ZACDand ZACB=ZCAD [ByC.PCT] ... (1)

Now, line AC intersects AB and DC at A and C respectively, such that Z/CAB= ZACD [From (1)]
i.e., alternate interior angles are equal. .. AB|DC ... (2)

Similarly, line AC intersects BC and AD at C and A respectively;such that ZACB=ZCAD  [From (1)]
i.e., alternate interior angles are equal. .. BC||[AD 0 .. 3)

From (2) and (3), we have AB || DC and BC || AD.
Hence, ABCD is a parallelogram.

Theorem -4 D C
Statement : The opposite angles of a parallelogram are equal.

Given : ABCD is a parallelogram.

To Prove : ZA=~/Cand /B = ZD

Proof : Since, ABCD is a parallelogram.

.. AB| DC and AD | BC. A B

“* AB || DC and transversal AD intersects them at A and D respectively.

LA+ ZD =180 L (1) [Co-interior angles]

-~ AD || BC and transversal DC intersects them at D and C respectively.

s LD+zC=180° 0 Ll 2) [Co-interior angles]

From (1) and (2), we get ZA + /D =/D+ /C = LA = ZC.

Similarly, ZB = ZD. Hence, /A= ZC and £ZB = £ZD.

Theorem -5

Statement (Converse of Theorem 4) : A quadrilateral is a parallelogram if its opposite angles are equal.
Given : A quadrilateral ABCD in which /A= ZC and ZB= /D.

To Prove : ABCD is a parallelogram.

Proof : In quadrilateral ABCD, we have

Chapter-8 Quadrilaterals Matrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in | 225|




“}MATRIX e Class—9 [Mathematics]| [N

LA=«C L (1) [Given]

/B=«D ... 2) [Given] D C
" Sum of the angles of a quadrilateral is 360°

L LA+ B+ ZC+4£D =360 L 3)

= (LA+ 4B)+ (LA + £B)=360° [Using equations (1) and (2)]

= 2(LA+ £B)=360°= LA + /B =180° A B
=>/A+/B=4ZC+«£D=180° ... 4

Transversal AB intersects AD and BC at A and B respectively, such that

ZA+ /B =180°, which forms co-interior angles.

~ADIBC L (5)

LA+ /B=180°

= ZC+ £ZB =180° [By equations (1) and (2)]

Now, transversal BC intersects AB and DC at B and C respectiyely, such that

ZB+ 2ZC=180°, which forms co-interior angles.

-~ AB|DC L (6)

From (5) and (6), we get AD || BC and AB || DC. Hence, ABCD is a parallelogram.

Theorem -6

Statement : The diagonals of a parallelogram bisect each other. D C

Given : A parallelogram ABCD such that its diagonals AC and BD intersects at O.
To Prove : OA = OC and OB = OD.

Proof : Since, ABCD is a parallelogram. Therefore, O
AB ||DC and AD || BC:

AsAB ||DC and AC is a transversal line. A B
. ZBAC=«ZDCA [ Alternate interior angles are equal]

= /BAO=«DCO . (1)

Again, AB || DC and BD is atransversal line.

.. ZABD = ZCDB [ Alternate interior angles are equal]

= /ZABO=«CDO .. )

In AAOB and ACOD, we have

ZBAO = «ZDCO [From equation =(1)]

AB=CD [Opposite sides of a parallelogram]

and, ZABO = ZCDO [From (2)]

.. AAOB = ACOD [By ASA congruency]

Chapter-8 Quadrilaterals Matrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in | 226|



“}MATRIX e Class—9 [Mathematics]| [N

= OA=0C and OB =0D [By C.P.C.T\]
Hence, OA = OC and OB = OD.
Theorem -7

Statement (Converse of Theorem 6) : If the diagonals of a quadrilateral bisects each other, then the quadrilateral

isaparallelogram.

Given : A quadrilateral ABCD in which the diagonals AC and BD intersect at O such that AO =OC and BO=OD.
To Prove : Quadrilateral ABCD is a parallelogram. D C

Proof : In AAOD and ACOB, we have

OA=0C,0OD=0B [Given] Y

ZAOD = ZCOB [ Vertically opposite angles]
.. AAOD = ACOB  [By SAS congruency|

= Z0AD=/Z0CB ... (1) [By C.P.C.T\]
Now, line AC intersects AD and BC at A and C respectively, such that Z/OAD = ZOCB [From (1)]

A B

i.e., alternate interior angles are equal. .. AD || BC

Similarly, AB || DC

Hence, ABCD is a parallelogram.

Theorem -8

Statement : A quadrilateral is a parallelogram, ifits one pair of opposite sides is equal and parallel.

Given : A quadrilateral ABCD, in which AB=DC and AB || DC. D C

To Prove : ABCD is a parallelogram.
Construction : Join AC.

Proof : In AABC and ACDA, wehave

AB=CD [Given]

AC=CA [Common side] A

ZBAC=«ZDCA [AsAB | DC .. alternate interior angles are equal |
.. AABC = ACDA [By SAS congruency]

= /BCA = «DAC [By C.P.C.T.]

Thus, line AC intersects AD and BC at A and C respectively such that /DAC = ZBCA.
i.e., alternate interior angles are equal.

-~ ADYBC L. (1)

-~ AB| DC|[Given] ... 2)

Hence, by equations (1) and (2), quadrilateral ABCD is a parallelogram.
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Example

In a parallelogram ABCD, prove that sum of any two consecutive angles is 180°.

Solution :

Since, ABCD is a parallelogram,

= AD || BC.
D C
A B
Now, AD || BC and AB is a transversal line.
S LA+ ZB=180° [Co-interior angles]

Similarly, /B + £ZC=180°, LC+ £ZD=180° and £D + LA 51802,

.. The sum of any two consecutive angles is 180°.

Example

ABCD is a parallelogram. L and M are the points on the sides AB and DC respectively and AL = CM.
Prove that LM and BD bisect each other.

Solution :
AL=CM [Given]
=»BL=DM 7 . (1) [ABCD is a parallelogram = AB=DC]
D M C
4 2
O
1 3
A L B
Now, AB || DC and transversal BD and LM intersect them.
L L3=ZLdand L1=22 Ll (2) [ Alternate angles are equal |
In AOBL and AODM, we have
L1=/2 [From equation (2)]
BL=MD [From equation (1)]
L3=/4 [From equation (2)]
.. AOBL = AODM [By ASA congruency]
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A
Chapter-8 Quadrilaterals M.

= OB =0D and OL = OM [By C.P.C.T]

= BD and LM bisect each other.

Example

If ABCD is a quadrilateral in which AB || DC and AD = BC, prove that ZA = ZB.

Solution :
Produce AB to E and draw CE || DA.

A B ......... E

D C
~+ AB || DC [Given]
= AE || DC and DA | CE [By construction]
= AECD is a parallelogram.
= DA=CE [Opposite sides of a parallelogram]
=CB=CE . (1) [AD =BC (given)]
.. In ABCE, CB=CE [From equation(1)]
= /ZCEB=«ZCBE ... 2) [Angles opposite to equal sides of a A are equal |
Now, ZCBE + ZABC=180° ... 3) [Linear pair]
and ZBAD + ZCEB =180° [Co-interior angles]
= /BAD+ «ZCBE=180° \ \ ... (4) [From equation (2)]
.. ZCBE + ZABC = /BAD + ZCBE [From equations (3) and (4)]
= ZABC=Z/BAD = /B = ZA!
Example

ABCD is a parallelogram. AB is produced to E, so that BE = AB. Prove that ED bisects BC.
Solution :

Since, ABCD is a parallelogram.

= AB| DC.

f B - E
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= AE || DC and transversal BC intersects them,

.. L1 = /2 [alternate interior angles are equal].....(1)

Also,AB=BE [Given]

and AB=DC [Opposite sides of a parallelogram]

-~ BE=DC . 2)
In ABOE and ACOD, we have

L1=/2 [From equation (1)]

£3=/4 [ Vertically opposite angles]
BE=CD [From equation (2)]

.. ABOE = ACOD [By AAS congruency]|

= BO=CO [By C.P.C.T.]

= O is the mid point of BC = ED bisects BC.

MIDPOINT THEOREM

Theorem -9

Statement : The line segment joining the midpoint of any two sides of atriangle, is parallel to the third side and

equal to half of it.
Given : Inatriangle ABC, D is the midpoint of side AB and E is the midpoint of side AC. Join DE.

1
To Prove : (i) DE || BC (i) DE= 5 BC.

Construction : Produce line segment DE to F such that DE =EF. Join FC.
Proof : In AAED and ACEF, we have

AE=EC [ E is the midpoint of AC]
ZAED = ZCEF [ Vertically opposite angles] D . E , F

DE=EF [By construction] / \ ,-"'::
AAED = ACEF [By SAS congruency] ;

Hence, AD=CF ... (1)

and ZADE=ZCFE ... (2) [By C.P.C.T]
Also,DB=FC ... (3) [AsAD =CF and AD =BD]
.+ ZADE = ZCFE (By (2)) and DF is a transveral line.
~AD|FC=DB|FC ... “4)

From (3) and (4), BCFD is a parallelogram.

Chapter-8 Quadrilaterals Matrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in | 230|




“}MATRIX e Class—9 [Mathematics]| [N

Hence DF||BCand DF=BC ... (5) [Opposite sides of parallelogram |
But DE =EF [By construction]

1 1 .
= DE= 5 DF = DE = ) BC [By equation (5)].

1
Hence, DE || BC and DE = ) BC.

Theorem -10
Statement (Converse of Midpoint Theorem) : The line drawn through the midpoint of one side of a triangle,

parallel to another side, intersects the third side at its midpoint.

Given : A AABC in which D is the midpoint of AB and DE || BC. n

To Prove : E is the midpoint of AC. F
Proof: Let, if possible E is not the midpoint of AC. D E
Draw a line DF from a point D intersecting AC at F such that,

F is the midpoint of AC.

In AABC, D is the midpoint of AB. [Given] B C
and F is the midpoint of AC. Therefore, by mid point theorem,

bpryBC . (1)

Also,DE|/BC .. (2) [Given]

From (1) and (2), two intersecting lines DE and DF are both parallel to the line BC. This contradicts the parallel line
axiom. So, our supposition is wrong.

Hence, E is the midpoint of AC.

Example

If D, E and F are respectively the:midpoint of the sides BC, CA and AB of an equilateral triangle ABC,
prove that ADEEF is also an equilateral triangle.

Solution :

Since, D and E are the midpoint of sides BC and CA respectively, we have

1 A
DE= 5 AB [By midpoint theorem|
o 1 1
Similarly, FE = 5 BCand DF = 5 CA. F E
Also,AB=BC=CA [ABCisanequilateral A]
= DE=EF=FD
B D C

So, ADEF is an equilateral triangle.
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Example n

Let ABC be a triangle right-angled at B and D be the midpoint of AC. Show that DA = DB = DC.

Solution :

Through D, draw DE || BC, meeting AB at E.

Now, ZAED = ZABC =90° [Corresponding angles of parallel sides DE and BC]
- ZBED = ZAED =90° [~ ZAED + ZBED = 180°]

Now, in AABC, it is given that D is the midpoint of AC and DE || BC [By construction]

.. E must be the midpoint of AB. [By converse of mid point theorem]|

S~ AE=BE . (1)

Now, in AAED and ABED, we have

AE=BE [From (1)], S I D

ED=DE [Common side]

Z/AED = /BED [Each 90°] B C

.. AAED = ABED [By SAS congruency]

=DA=DB.....(2) [By C.P.C.T.]

Given, DA=DC.....(3) [As D is the midpoint of AC].

Hence, DA =DB =DC. [From equations (2)and (3) ]

Example
ABCD is a parallelogram in which'P and Q are midpoint of opposite sides AB and CD respectively. If AQ
intersects DP at S and BQ intersects CP at R, show that :

D Q C
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(1)) APCQis a parallelogram.
(i1) DPBQ is a parallelogram.

(iii)) PSQR is a parallelogram.

Solution :

(1) In quadrilateral APCQ,

AP|QC L. (1) [Since AB || CD]

= AP= % ABand CQ = % CD [Since Pand Q are the midpoint of the sides AB and CD]
Given,AB=CD [Opposite sides of a parallelogram]

So,AP=CQ L. )

= APCQ is aparallelogram [From equations{l)and (2)]

(i1) Similarly, quadrilateral DPBQ is a parallelogram, as DQ || PB and DQ = PB.
(iii) In quadrilateral PSQR, SP || QR (SP is a part of DP and QR is a part of"QB)
Similarly, SQ|| PR.

So, PSQR is a parallelogram.
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SN 1

In a quadrilateral ABCD, bisectors of /B and ZD
meets CD and AB produced at P and Q respectively.

1
Prove that /P + £ZQ = 5 (£LABC+ ZADC).

Ans. In APBC, we have /P + £4+ ZC=180°

[Angle sum property of a triangle]
1
= /P+ 54B+4C=180° ..... (1)

In AQAD, we have ZA + ZQ + £1=180°

[Angle sum property of a triangle]

1
:>4Q+4A+54D=180° ..... 2)
Adding equations (1) and (2), we get

1 1
LP+LQ+ LA+ LC+ 5 ZBY = ZD=360°

But, ZA+ ZB+ £C + £D =360°

[Angle sum property of a quadrilateral ABCD |

1
5 LPHLQ+ LA+ LCH < (LB+ LD)

=LA+ B+ £ZC+ 4D

1
= £P+£Q=7 (£LB+ D)

1
5 LP+2Q= 7 (ZABC+ ZADO)

SE.H

PQRS is a parallelogram. If PO and QO are,
respectively, the angle bisectors of /P and £Q and
line LOM is drawn parallel to PQ inside PQRS. Then,
prove that :

(i) PL=QM (i) LO=OM

Ans.  Since PQRS is a parallelogram.

- PS|IQR = PL || QM
Thus, wehave
PL || QM and EM || PQ

= PQML is a parallelogram

= PL=QM [ Opposite sides of a ||E" are equal ]
This proves (1).

Now, OP is the bisector of ZP

L =220 (1)
Now, PQ || LM and transversal OP intersects them
L =243 (i)

From equations (i) and (ii), we get £2= /3
Thus, in AOPL, we have £2= /3

. OL=PL.....(iii) [ Opposite sides of equal angles
in atriangle are equal]

Since OQ is the bisector of ZQ

S LA=L5 (1)

Also, PQ || LM and tranversal OQ intersects them

From (iv) and (v), we get £5= 26
= OM = QM [ Opposite sides of equal angles
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are equal |
But, PL=QM [PLMQ s a ||&"]
From (iii), (vi) and (vii), we get OL. = OM
SE.
Given AABC, lines are drawn through A, B and C
parallel to the sides BC, CA and AB respectively,

1
forming APQR. Show that BC = ) QR.

Ans.  We have, AQ || CB and AC || QB
= AQBC s aparallelogram.
=BC=AQ . (D)
[Opposite sides of a parallelogram]
R C P
A B
Q
Again, AR || BCand AB||RC
= ARCBiis a parallelogram.
=BC=AR .. )

[Oppsite sides of a parallelogram|
From equations (1) and (2), we getAQ=RA

1 1
=AQ=RA= 7 QR=BC=7 QR

SE.
ABCD is a parallelogram in which ZDAB =60°. If
the bisectors AP and BP of angles A and B respectively,
meet at P on CD, prove that P is the midpoint of CD.
Z/DAB=60° [Given]
Since, ZA + /B =180° [Co-interior angles]
5 60°+ /B =180°= ZB=120°

Now, AB || DC and transversal AP intersects them.

Ans.

- ZPAB=ZAPD
= ZAPD =30° [ LPAB =30°]

D P C

309 60°
30° 60°

A B
In AAPD, ZPAD = ZAPD [Each equal to 30°]
= AD=PD . (1)

[Sides opposite to equal angles of atriangle |
Since, BP is the bisector of ZB.
- ZABP = /PBC = 60°
Now, AB || DC and transversal BP intersects them.
- LCPB=/ZABP = ZCPB=60° [£ABP=60°]
In ACBP, #CBP = ZCPB [Each equal to 60°]
= CP=BC
[Sides opposite to equal angles of atriangle ]
Also,AD=BC["- ABCDis aparallelogram]
= AD=CP .. (3) [From equatoins (2)]
From equations (1) and (3), we get PD =CP
= P is the midpoint of CD.
SE.
The diagonals of a parallelogram ABCD intersects at
O. Aline through O intersects AB at X and DC at Y.
Prove that OX = OY.
Since, ABCD is a parallelogram
= AB || DC.

Also, AC is atransversal line.

Ans.

A X B
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s Z1=2/2 [ Alternate angles are equal] ...(1)

Since, the diagonals of a parallelogram bisect each

other.

.. OA=0C 2)
Also, Z3=/4 .. 3)

[ Vertically opposite angles are equal |
Thus, in AOAX and AOCY, we have
L1=/2 [From equations (1)]
OA =0C [From equations (2)]
£3=/4 [From equations (3)]
.. AOAX = AOCY  [ByASA congruency]
= 0X=0Y [By C.P.C.T.]

SE.d

The diagonals of a quadrilateral ABCD are
perpendicular. Show that the quadrilateral, formed by
joining the midpoints of its sides, is a rectangle.
Ans.  Given : A quadrilateral whose diagonals AC and
BD are perpendicular to each other. P, Q,R and S
are the midpoints of sides AB, BC, CD and DA

respectively. Join PQ, QR, RS and SP.

D
R
S ":::." Q
A P B

To Prove : PQRS is arectangle.
Proof : In AABC, Pand Q are the midpoint of AB

and BC respectively.

1
-~ PQ||AC and PQ = 5 AC L. (1)
[By midpoint theorem]
In AADC, R and S are the midpoints of CD and
AD respectively.

1
~ RS ACand RS = 7 AC

[By midpoint theorem]
PQ || RS and PQ = RS [From equations (1) and
(2)] Thus, in quadrilateral PQRS, a pair of opposite
sides are equal and parallel. So, PQRS is a paral-
lelogram.
Suppose the diagonals AC and BD of quadrilateral
ABCD intersect at O. Now in AABD, P is the
midpoint of AB and S is the midpoint of AD.
- PS||BD = PN || MO
Also, from equations (1), PQ || AC = PM || NO
Thus;.in quadrilateral PMON, PN || MO and
PM}|NO. = PMON is a parallelogram.
= L/MPN=£MON
[Opposite angles of a parallelogram]
= /MPN = ZBOA
= ZMPN =90° [AC L BD .. ZBOA =90°]
= ZQPS =90° [ ZMPN = ZQPS]
Thus, PQRS is a parallelogram whose one angle
ZQPS =90°. Hence, PQRS is a rectangle.
SE.
Show that the quadrilateral formed by joining the
midpoints of the sides of a square is also a square.
Given : ABCD is a square. P, Q, R and S are the
midpoint of the sides DC, CB, BA and AD
respectively. Join PQ, QR, RS and SP.

Ans.
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To Prove : PQRS is a square.
Construction : Join AC and BD.
Proof : Since in a AABC, R and Q are the mid A B

points of the sides AB and BC.
1 \
- RQ|ACand RQ = 5 AC L. (1) E F
G
1
Similarly SP||AC and SP= ) AC ... 2) N

1
EF = 5 (AB+DO).

[By midpoint theorem] D C
. RQ=SPand RQ || SP [By (1) and (2)] Ans.  Given : Atrapezium ABCD in whichAB || DC, E is
. PQRS is a parallelogram. the midpoint of AD and F is a point on BC such that

AsRQ ||AC = RE || HO EF || DC.

1
and SR || BD = HR [| OF ToProve : EF = — (AB+DC)

= OERH is a parallelogram.
Now, /HRE = /HOE Proof: In AADC, E is the midpoint of AD and EG
[Opposite angles of a parallelogram] IDC [Given]
= ZHRE =90° .. Gis the midpoint of AC
[£HOE = 90° as diagonals of a square are [By converse of mid point theorem]|
perpendicular to each other] 1
— Z/SRQ=90° [ ZSRQ = Z/HRE] =EG=5DC .. (D
So, quadrilateral PQRS is arectangle. ..... 3) ABCD is a trapezium in which AB || DC. Also,
1 1
AsAC=BD,RQ=§AC=5BD EF || DC.
1 .. EF || AB = GF || AB.
and PQ= — BD | AB= GE
~RQ=PQ .. @) In AABC, G is the midpoint of AC and GF || AB.
. RQ=QP =RS=SP [By equations (3) and (4)] - Fis themidpoint of BC.
So, quadrilateral PQRS is a square. [By converse of mid point theorem]|
SE.B] 1
=GF=-AB . 2
In the given figure, ABCD is a trapezium in which side 2 2)
AB is parallel to side DC and E is the midpoint of side From equations (1) and (2), we have
AD. If F is a point on the side BC such that the . .
segment EF is parallel to side DC. prove that EG+GF = ) DC + ) AB
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1
=EF =5 (AB+DO)

SN 9

Prove that the line segment joining the midpoint of the
diagonals of a trapezium are parallel to each of the
parallel sides and is equal to half the difference of these
sides.
Given : A trapezium ABCD in which AB || DC and
P, Q are the midpoints of its diagonals AC, BD

Ans.

respectively.

To Prove : (i) PQ || AB or DC

(ii) PQ = % (AB-DC)

Construction : Join DP and produce DP to meet

ABatR.

Proof : Since, AB || DC.and AC is a transversal
line.

S L1L=2/2 [+ Alternate angles areequal] | ...(1)
In AAPR and ACPD,

L1=/2 [From equation (1)]
AP=CP [ P is the midpoint of AC]
£3=/4 [Vertically opposite angles]
.. AAPR = ACPD [By ASA congruency]

= AR=CDand PR=PD....(2) [By C.P.C.T]
In ADRB, P and Q are the midpoints of sides DR
and DB respectively.

.. PQJ|RB [By mid point theorem]

= PQ||AB [ RBisapart of AB]

= PQ[ABorDC [AB|DC]

This proves (i).

Again, P and Q are the midpoints of sides DR and
DB respectively in ADRB.

S PQ= % RB [By midpoint theorem]

—PQ= % (AB —AR)

1
=PQ= 5 (AB—DC) [From equation (2), AR =

DC]
This proves (ii).
SE.
ABCDrisasquare. E, F, G and H are the points on
the sides AB; BC, CD and DA respectively, such that
AE =BF = CG=DH. Prove that EFGH is a square.
We have, AE = BF = CG = DH =x (say)
.. BE=CF=DG=AH =y (say)

Ans.

D—Ye—G—Xe—C

In AAEH and ABFE, we have
AE =BF [Given]
ZA= /B[ eachangleis 90°]
1 1
AH=BE[AD=BC= 5 AD= 5 BC]
.. AAEH = ABFE [By SAS congruency]
Also, HE=FEF, L1=/2and £3=/4 [ByC.P.C.T)]
But, Z1+ /3 + 22+ 24 =90° +90°
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= L1+ 4+ 21+ £4=180°
= 2(L1 +£4)=180°= L1 + £4=90°
= ZHEF =90°

Similarly, we have

ZEFG = ZHGF = ZGHE = 90° and HE = EF =
FG=GH= 1/xz+y2

Hence, EFGH is a square.

IOl 11

ABCD is arhombus, EABF is a straight line such that
EA = AB = BF. Prove that ED and FC when
produced meet at right angle.

Ans.  We know that the diagonals of a rhombus are

perpendicular bisector of each other.

-~ OA=0C,0B=0D .. (1)
and ZAOB = ZCOB =90° = ZAOD = ZCOD
..... )
In ABDE, A and O are midpoints of BE and BD
respectively.
G
1.:;::1 ...... F
.. OA||DE
= OC || DG [By equation (1)]

In ACFA, B and O are midpoints of AF and AC

respectively.

.. OB||CF = OD| GC [By equation (1)]

Thus, in quadrilateral DOCG, we have OC || DG
and OD || GC.

= DOCG is aparallelogram. [Opposite angles
of a parallelogram]
- ZDGC = £ZDOC =90° [By (2)]

SE.

Ans.

The diagonals of a rectangle PQRS intersect at O. If
ZROQ =60°, then find ZOSP.
ZROQ = ZSOP = 60°

[ Vertically opposite angles]

S R

60°

p Q
Also, PR =SQ = PO =S0O
[Diagonals of a rectangle are equal]
= ZOPS = ZOSP

[~ Inatriangle, angles opposite to equal sides are
equal]

In APOS, we have

Z0SP + Z0OPS + ZSOP = 180°

[Angle sum property of a A]
= 2/0SP = 180° — 60° [Using (1) and (2)]

= ZOSP = 60°
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EXERCISE -8.1

NS.

Ans.

The angles of a quadrilateral are inthe ratio3 : 5: 9 :
13. Find all the angles of a quadrilateral.
Let the angles of a quadrilateral be 3x, 5x, 9x and
13x.
So3x+5x+9x + 13x=360°
[Angle sum property of a quadrilateral |

o

30
S 3x=3x%x12°=36°
5x=5x12°=60°
9x =9 x 12°=108°
13x =13 x 12°=156°
= The required angles of a quadrilateral are 36°,
60°, 108° and 156°.

= 30x=360° = x= =12°

NS.

Ans.

If the diagonals of a parallelogram are equal, then
show that it is a rectangle.

ABCD is a parallelogram suchthat AC =BD.

In AABC and ADCB,

AC=DB [Given]
AB=DC [Opposite sides of a parallelogram]
BC=CB [Common]
D C
A B
.. AABC = ADCB [By SSS congruency]
= LZABC=«ZDCB [By C.P.C.T.] ..(1)

Now, AB || DC and BC is a transversal.

[ ABCD isaparallelogram]

- ZABC + ZDCB = 180°
[Co-interior angles]

From (1) and (2), we have ZABC = ZDCB =90°

i.e., ABCD is a parallelogram having an angle equal

to 90°.

.. ABCD isarectangle.

NS.

Ans.

Show that if the diagonals of a quadrilateral bisect
each other at right angles, then it is a rhombus.
We have a quadrilateral ABCD such that the
diagonals AC and BD bisect each other at right

angles at O.
D
C
S
A
B
.. In AAOB and AAOD, we have
AO=0A [Common]
OB =0D [O is the midpoint of BD]
ZAOB=ZA0D [Each 90°]
.. AAOB = AAOD  [By SAS congruency]
.. AB=AD [ByC.PC.T] ... (1)
Similarly, AB=BC ... 2)
BC=CcD . 3)
¢cb=pA . “)

. From (1), (2), (3) and (4),

we have AB=BC=CD=DA

Thus, a quadrilateral ABCD is arhombus.
Alternatively : ABCD can be proved first a
parallelogram then proving one pair of adjacent sides
equal will result in thombus.
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NS.

Ans.

Show that the diagonals of a square are equal and
bisect each other at right angles.
We have a square ABCD such that its diagonals AC
and BD intersect at O.

D C

2 3
0

1 4

A B

(1) To prove that the diagonals are equal, i.e.,

AC=BD.In AABC and ABAD, we have

AB=BA [Common]

BC=AD [Sides of asquare ABCD]

ZABC=/BAD [ eachangleis 90°]

.. AABC = ABAD [By SAS congruency]

= AC=BD [ByC.P.C.T]

(i1) ~- AD||BC and AC is a transversal.
[ Asquareis aparallelogram]|

S LL=43

[Alternate interior anglesare equal]

Similarly, £2 = /4

Now, in AOAD and AOCB, we have

AD=CB [Sides of a square ABCD]
L1=/3 [Proved]

£L2=/4 [Proved]

.. AOAD = AOCB  [ByASA congruency]

= OA=0Cand OD = OB [By C.P.C.T.]
i.e., the diagonals AC and BD bisect each other at

o. L. )
(ii1) In AOBA and AODA, we have
OB =0D [Proved]

BA=DA [Sides of a square]
OA=A0O [Common]

.. AOBA =AODA  [By SSS congruency]
= /ZA0OB=£ZA0OD .. 3)
[By C.P.C.T.]

.~ ZAOB and ZAOD form a linear pair.
.. ZAOB + ZAOD = 180°
- ZAOB = ZAOD =90°
= AC_LBD

From (1), (2) and (4), we get AC and BD are equal

and bisect each other at right angles.

[By (3)]

NS.

Ans.

Showrthat if the diagonals of a quadrilateral are equal

and bisect each other at right angles, then it is a square.
We have a quadrilateral ABCD such that O is the
midpoint of ACand BD.

D C
2
90°. $
90°
1

A B
Also, AC L BD.
Now, in AAOD and AAOB, we have
ZAOD=/ZA0B [Each 90°]
AO=0A [Common]
OD =0B [ Oisthe midpoint of BD]
.. AAOD = AAOB  [By SAS congruency]
= AD=AB [ByC.PC.T] ... (1)
Similarly, we have AB=BC ... 2)
BC=CcD . 3)
¢cb=pDA . “)

From (1), (2), (3) and (4), we have
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AB=BC=CD=DA
.. Quadrilateral ABCD have all sides equal.
In AAOD and ACOB, we have

AO=CO [Given]

OD=O0B [Given]

ZAOD = «ZCOB [ Vertically opposite angles]
So, AAOD = ACOB [By SAS congruency]

s L1L=22 [By C.P.C.T.]

But, they form a pair of alternate interior angles.

. AD| BC

Similarly, AB | DC

.. ABCD is aparallelogram

.. Parallelogram having all its sides equal is a
rhombus.

. ABCD is arhombus.

Now, in AABC and ABAD, we have

AC=BD [Given]

BC=AD [Proved]

AB=BA [Common]

.. AABC=ABAD  [By SSScongruency]

.. ZABC=4ZBAD [ByC.PCT] .... (5)
Since, AD || BC and AB4s a transversal.

o ZABC+ «ZBAD=180° /& .. (6)
[Adjacent angles are supplementary]

= ZABC=4ZBAD=90° [By(5)and(6)]
So, rhombus ABCD is having one angle equal to

90°.
Thus, ABCD is a square.
Ns.4
Diagonal AC of a parallelogram ABCD bisects ZA.
Show that :
(1) it bisects £C also.
(i) ABCD is arhombus.

A B
We have a parallelogram ABCD in which diagonal

AC bisects LA = ZDAC=£ZBAC
(1) Since, ABCD is a parallelogram.
.. AB||DC and AC is a transversal.
L L1=/3
Also, BC||AD and AC is a transversal.

L L2= /4 [Alternate interior angles]....(2)
Also, £L1=/2 [+ AC bisects LA] ...(3)
From (1), (2)and (3), we have /3 = £4

= AC, bisects. ZC.
(ii) In AABC, we have
Ll1=/4

= BC=AB

Ans.

[Alternate interior angles]....(1)

[From (2) and (3)]

[+ Sides opposite to equal angles of a A are equal |

Similarly, AD=DC ... (5)
But, ABCD is a parallelogram [Given]
-~ AB=DC . (6)

From (4), (5) and (6), we have
AB=BC=CD=DA
Thus, ABCD is arhombus.
NS.
ABCD is arhombus. Show that diagonal AC bisects
ZA as well as ZC and diagonal BD bisects /B as
well as ZD.
Since ABCD is athombus
= AB=BC=CD=DA
Also,AB || CDand AD || BC

Ans.
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Now,AD=CD = ZL1=/2
[+ angles opposite to equal sides of a triangle are
equal]

Also, AD || BC and AC is the transversal.

[+ every thombusis a parallelogram]|

L1=23 L (2)
[ Alternate interior angles are equal]

From (1) and (2), we have

£2=23 L (3)
Since, AB || DC and AC is transversal.
LL2=24 L 4)

[Alternate interior angles are equal |
From (1) and (4), we have
L1=2/4

= AC bisects ZC as well as LA.

Similarly, we can prove that BD bisects /B as well
as ZD.

Ns.H

ABCD is arectangle in which diagonal AC bisects
ZA aswell as ZC. Show that :
(1) ABCD is a square.
(i1) Diagonal BD bisects /B as well as ZD.
We have a rectangle ABCD such that AC bisects
ZAaswell as ZC.
ie.,Zl=/4and £2= /3

Ans.

D C
2
3
1
4

A B
(1) Since, every rectangle is a parallelogram.
.. ABCD is aparallelogram.
= AB|| CD and AC is a transversal.
. /£2=/4  [Alternate interior angles] ....(2)
From (1) and (2), we have
£L3=/4
In AABC, £3 = /4
= AB=BC

[+ sides opposite to equal angles of a A are equal |
= ABCD1is arectangle having adjacent sides equal.
= ABCD is a square.
(i1) Since, ABCD is a square and diagonals of a
square bisect the opposite angles.
So, BD bisects /B as well as ZD.
ns. B
In a parallelogram ABCD, two points P and Q are
taken on diagonal BD such that DP =BQ. Show that:

(i) AAPD=zACQB  (ii))AP=CQ
(i) AAQB=ACPD (iv)AQ=CP
(v) APCQ is a parallelogram
A D
Q
B C
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Ans.  We have parallelogram ABCD, BD is the diagonal

and points P and Q are such that
[Given]
(1) Since, AD || BC and BD is a transversal.

PD=QB

.. ZADB=ZCBD

[ Alternate interior angles are equal]

= LZADP = ZCBQ

Now, in AAPD and ACQB, we have

AD =CB [Opposite sides of a parallelogram ABCD

are equal |

PD=QB [Given]
ZADP=/ZCBQ [Proved]

.. AAPD = ACQB  [By SAS congruency]
(i) Since, AAPD = ACQB [Proved]

= AP=CQ [By C.P.C.T]

(iii) Since, AB || CD and BD is a transversal.
.. ZABD=«ZCDB

= ZABQ = «£CDP

Now, in ZAQB and ZCPD, we have

QB=PD [Given]
ZABQ=«ZCDP [Proved]
AB=CD [ Opposite sides of a

parallelogram ABCD are equal]
. AAQB = ACPD [By SAS congruency]

(iv) Since, AAQB=ACPD  [Proved]

= AQ=CP [By C.P.C.T.]
(v) " Inaquadrilateral APCQ

Opposite sides are equal. [Proved]

. APCQisaparallelogram.

Ns.

ABCD is a parallelogram and AP and CQ are
perpendicular from vertices A and C on diagonal BD.

Show that :
(i) AAPB = ACQD
(i) AP=CQ
D C
i P |
; )
A B
Ans. (i) In AAPB and ACQD, we have
ZAPB=/CQD [Each90°]
AB =CD [ Opposite sides of a
parallelogram ABCD are equal |
ZABP=/CDQ [ Alternate angles are equal as
AB | CD and BD is atransversal|
S AAPB = ACQD  [ByAAS congruency]|
(i) Since,
AAPB = ACQD [Proved]
= AP=CQ [By C.P.C.T.]
Ns. i

In AABC and ADEF, AB =DE, AB || DE, BC=EF
and BC || EF. Vertices A, B and C are joined to
vertices D, E and F respectively. Show that :

(1) quadrilateral ABED is a parallelogarm.
(i1) quadrilateral BEFC is a parallelogram.
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Ans.

(iii)) AD || CF and AD = CF.
(iv) quadrilateral ACFD is a parallelogram.

(v)AC=DF

(vi) AABC = ADEF

(1) We have

AB=DE [Given]
AB| DE [Given]

i.e., ABED is a quadrilateral in which a pair of

opposite sides (AB and DE) are parallel and of equal

length.

.. ABED is a parallelogram.
(1)) BC=EF [Given]
and BC || EF [Given]

i.e., BEFC is a quadrilateral in which a pair of
opposite sides (BC and EF) are parallel and of equal
length.

.. BEFC is a parallelogram.
(iii)) ABED is a parallelogram
.. AD||BE and AD =BE

of a parallelogram are equal and parallel] .....(1)

[Proved]
[ Opposite sides

Also, BEFC is a parallelogram: [Proved]
.. BE || CF and BE = CF
of a parallelogram are equal and parallel}.....(2)
From (1) and (2), we have

AD || CF and AD = CF

(iv) Since, AD || CF and AD = CF [Proved]
i.e., In quadrilateral ACFD, one pair of opposite
sides (AD and CF) are parallel and equal in length.
.. Quadrilateral ACFD is a parallelogram.
[Proved]

[~ opposite sides of a

[ Opposite sides

(v) Since, ACFD is a parallelogram.
So, AC =DF

parallelogram are equal]
(vi) In AABC and ADEF, we have

AB=DE [ opposite sides of a
parallelogram ABED are equal |

BC=EF [ opposite sides of a
parallelogram BEFC are equal

AC=DF [Proved in (v)]

.. AABC = ADEF [By SSS congruency]|

Ns. ¥

Ans.

ABCD is a trapezium in which AB || CD and AD
= BC. Show that :

(1) LA=2B

(i) LC=4D

(iii)) AABC = ABAD

(iv)Piagonal AC = Diagonal BD

D C
Hint : Extend AB and draw a line through C parallel

to DA intersecting AB produced at E.
(1) Produce AB to E and draw CE || AD.
 AB||DC = AE || DC

Also AD || CE [By construction]

.. AECD is a parallelogram.

=AD=CE .. (1)

[ opposite sides of the parallelogram AECD are
equal]

ButAD=BC .. (2) [Given]

By (1) and (2), we have, BC=CE
Now, in ABCE, we have BC=CE
= ZCEB = ZCBE
[ angles opposite to equal sides of a triangle are
equal]

Chapter-8 Quadrilaterals Matrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in | 245|



“}MATRIX e Class—9 [Mathematics]| [N

Also, ZABC + ZCBE =180° .....(2) [Linear pair]
and ZA+ZCEB=180° ... 3)

[co-interior angles of a parallelogram ADCE] (i) PQ=SR
From (2) and (3), we get
ZABC+ ZCBE=/ZA+ ZCEB

1
(i) SR AC and SR = 7 AC

(iii)) PQRS is a parallelogram
Ans. (1) In AACD, we have

= /ZABC=ZA [From (1)]

— JB=,A @ S is the midpoint of AD and R is the midpoint of
(i1) AB || CD and AD is a transversal. cb.

LA+ ZD=180° L. ) .. SR= % ACand SR|AC ... (1)
[Co-interior angles of a parallelogram]| [By mid-point theorem]
Similarly, /ZB+2ZC=180° ... (6)

From (5) and (6), we get (i) In AABC,

JA+/D=/B+/C P is the midpoint of AB and Q is the midpoint of
= /C=/D [From (4)] BC.

(iii) In AABC and ABAD, we have L Q- % ACandPQ[AC .. )
AB=BA [Common]

BC=AD [Given] [By mid-point theorem]
ZABC=/BAD [Proved] From (1) and (2), we get

.. AABC=ABAD  [By SAS congruency]

1
o PQ=—= AC=SRand PQ|AC| SR
(iv) Since, AABC= ABAD  [Proved] 2

= AC=BD [By C.P.C.T\] = PQ=SRand PQ | SR
(iii) In a quadrilateral PQRS.
NS. PQ = SR and PQ|| SR [Proved]
ABCD is a quadrilateral in which P, Q,R'and S are . PQRS is a parallelogram.

midpoints of the sides AB, BC,CD and DA.ACisa
NS.

diagonal. Show that : )
ABCD is a rhombus and P, Q, R, and S are the

midpoint of the sides AB, BC, CD and DA
respectively. Show that the quadrilateral PQRS is a
rectangle.

Ans. Join AC. In AABC, P and Q are the midpoints of

AB and BC respectively.

P B

A
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C
1:2
R,/ A2\ \ Q
£/
D B
S F P
A
1
S PQ= 5 ACand PQ|AC ... (1)
[By mid-point theorem]
In AADC, R and S are the midpoints of CD and
DA respectively.
1
. SR = 5 ACand SR|AC ... 2)
[By mid-point theorem]
From (1) and (2), we get
1
PQ= 5 AC=SRand PQ || AC || SR
= PQ=SR and PQ || SR
.. PQRSisaparallelogram. < \ ... 3)
Now, in AERC and AEQC,
L1=2/2 [+ The diagonalsofarhombus

bisects the opposite.angles)

CR=C [ Y E}

= Q 5 ) = >
CE=EC [Common]

.. AERC = AEQC [By SAS congruency]
=>/A3=24 .. (4) [By C.P.C.T.]
But £3+ £4=180° ... (5) [Linear pair]

From (4) and (5), we get
= L3=/24=90°
Now, ZRQP =180° — £5

[ Co-interior angles for

PQ | AC and EQ is transversal]
But £5=/3 [~ Vertically opposite angles
are equal |
s Z5=90°
So, ZRQP =180° — £5=90°
.. One angle of parallelogram PQRS is 90°.
Thus, PQRS is a rectangle.

NS.

Ans.

ABCD isarectangle and P, Q, R and S are midpoints
of'the sides AB, BC, CD and DA respectively. Show
that the quadrilateral PQRS is a rhombus.

Now, in AABC, we have

1

PQ= 5 ACand PQ |AC ... (1)
[By mid-point theorem]

Similarly, in AADC, we have

1
SR = 5 ACand SR ||JAC ... )
From (1) and (2), we get
PQ=SR and PQ || SR
.. PQRS is a parallelogram.
Now, in APAS and APBQ, we have
ZA=/B [Each 90°]
AP=BP [~ Pisthe midpoint of AB]

= { 1 AD= 1 BC}

AS=BQ "3 5
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.. APAS = APBQ [By SAS congruency]
= PS=PQ [By C.P.C.T.]
Also, PS=QR and PQ = SR.
[~ opposite sides of parallelogram PQRS are equal
So, PQ=QR=RS=SP
i.e., PQRS is a parallelogram having all of'its sides
equal.
Hence, PQRS is arhombus.
NS.
ABCD is a trapezium in which AB || DC, BD is a
diagonal and E is the midpoint of AD. A line is drawn
through E parallel to AB intersecting BC at F. Show
that F is the mid point of BC.

Ans. In ADAB, we know that E is the midpoint of AD
and EG | AB [+ EF || AB]
.". Using the converse of midpoint theorem, we get,
G is the midpoint of BD.
Again in ABDC, we have
G is the midpoint of BD and GF || DC.
[- AB||DC and EF || AB and GF is a part of EF]
Using the converse of the midpoint theorem, we get,
F is the midpoint of BC.
NS.
In aparallelogram ABCD, E and F are the midpoint
of sides AB and CD respectively. Show that the line

segment AF and EC trisect the diagonal BD.

D F C
P
A E B
Ans.  Since, the opposite sides of a parallelogram are

parallel and equal.
L AB||DC=AE|FC .. (1)
and AB=DC

1 1
:EABZEDC2AE=FC ..... 2)

From(1) and (2), we have

AEJECand AE =FC

.. AECFisaparallelogram.

Now, in ADQC, we have

F is the midpoint of DC and FP || CQ [ AF | CE]

= DP=PQ
[By converse of midpoint theorem]

Similarly, in ABAP, E is the midpoint of

AB and EQ || AP [ AF || CE]

=BQ=PQ .. 4)
[By converse of midpoint theorem]

.. From (3) and (4), we have

DP=PQ=BQ

So, the line segment AF and EC trisect the diagonal
BD.

VRN 6 |

Show that the line segments joining the midpoints of
the opposite sides of a quadrilateral bisect each other.
Join PQ, QR, RS and SP. Let us also join PR and

SQ.

Ans.
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M is the midpoint of AB. [Given]

MD || BC [Given]

.. Using the converse of mid-point theorem, D is
the midpoint of AC.

(i1) Since, MD || BC and AC is a transversal.
Now, in AABC, we have P and Q are the midpoints . /MDA = /BCA

of'its sides AB and BC respectively. [+ Corresponding angles are equal]

1
- PQ||AC and PQ = > AC (1)
[By mid-point theorem]

1
Similarly, RS [ACandRS =~ AC .. )

- By (1)and (2), we get S C

PQ | RS, PQ=RS As ZBCA=90° [Given]

.. PQRS is a parallelogram. - ZMDA =90°

And the diagonals of a parallelogram bisect each =MD L AC.

other, i.e., PR and SQ bisect each other. (ii1) In AADM and ACDM, we have

Thus, the line segments joining the mid-point of ZADM=Z/CDM  [Eachequal to 90°]

opposite sides of a quadrilateral ABCD bisect each MD =DM [Common]

other. AD=CD [ Dis the midpoint of AC]

NS. .. AADM = ACDM  [By SAS congruency]

ABC is atriangle right angled at C. A line through the = MA=MC [ByC.P.C.T.] ... (1)
midpoint M of hypotenuse AB and parallel to BC -+ Mis the midpoint of AB [Given]
intersects AC at D. Show that : :

(i) D is mid point o MA= > AB L. )

(i)MD L AC From (1) and (2), we have

(i) CM=MA= % AB CM=MA= % AB.

Ans. (1) In AACB, we have
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ONLY ONE CORRECT TYPE

1.

A quadrilateral having only one pair opposite sides

parallel is called a
(A) Square (B) Rhombus
(C) Trapezium (D) Parallelogram

The angles of a quadrilateral are in the ratio

1:2:3:4. The largest angle is :

(A)36° (B) 72°
(C)108° (D) 144°
In the given figure AB || CD, then measure of ZC
is: D C
65° 659

A B
(A) 65° (B) 115°
(C)135° (D) 125°

A quadrilateral has three acute angles each
measuring 70°. The measure of fourth angle is :
(A) 140° (B) 150°

(C) 105° (D) 120°

In a parallelogram ABCD, LA = 115°. The
measure of ZD is equalto.:

(A) 115° (B) 65°

(C) 135° (D) 165°

In the given figure, ABCD is a rectangle. The

measure of Z/DBC is equal to:

D C
48°
A B
(A) 48° (B) 38°
(C) 42° (D) 52°

7.

10.

11.

If in a quadrialteral, two adjacent sides are equal

and the opposite sides are unequal, then it is

called a
(A) Parallelogram (B) Square
(C) Rectangle (D) Kite

The angles of a quadrilateral are x°, (x — 10)°,
(x +30)° and (2x)°, the smallest angle is equal to
(A) 68° (B) 52°

(C) 58° (D) 47°

Which of the following statements is true ?

(A) In a parallelogram, the diagonals are equal.
(B) In a parallelogram, the diagonals bisect each
other:

(C)Ina parallelogram, the diagonals intersect each
other atright angles.

(D) In any quadrilateral, if a pair of opposite sides
are equal, it is parallelogram.

In the given figure, the measure of ZC is equal to

A B
3a
2a 58
D C
(A)90° (B) 80°
(C)75° (D) 95°
In the given figure, if ABCD is a square, the value
ofxis:
D C
105°
X
0 X
A B
(A)45° (B) 60°
(C) 70° (D) 36°
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12.

13.

14.

15.

In the following figure, ABCD and AEFG are two
parallelograms. If Z/C =55°, find £F.

D C
G F
A E B
(A) 65° (B) 75°
(C) 85° (D) 55°

In the given figure, ABCD is a rectangle whose
diagonals AC and BD intersect at O. If Z/OAB =
28°, then ZOBC is equal to

D C
0
28°
A B
(A) 72° (B) 50°
(C) 62° (D) 75°

In the given figure, ABCD is a thombus. If LZA=
70°, then ZCDB is equal to

D C
N
[
A B
(A) 65° (B) 55°
(C) 75° (D) 80°

Which is not correct about rectangle EFGH ?
(A) LE=LF=4£G=£ZH=90°
(B)EG=FH

(C) EF = GH and HE = FG

(D) EG and FH are L bisectors

16.

17.

18.

19.

20.

21.

22.

In a parallelogram ABCD, if ZA=80° then ZB

is equal to
(A) 80°
(C) 100°

(B) 180°

(D) 120°

Two adjacent angles of parallelogram are in the
ratio 2 : 3. The angle are

(A)90°, 180° (B) 36°, 144°

(C) 72°,108° (D) 52°, 104°

PQRS is a square, PR and SQ intersect at O.

The measure of ZPOQis:
(A) 45° (B) 90°
(C)180° (D) None of these

In a guadrilateral ABCD, LA+ ZC =180°, then
ZB+ ZD'isiequal to

(A)360° (B) 100°

(C) 180° (D) 80°

In a parallelogram ABCD, diagonals AC and BD
intersect at O and AC = 12.8 cm and BD = 7.6

cm. The measure of OC and OD respectively are
(A)6.4cm,3.8cm  (B)2.4cm,3.8cm
(C)45cm,6.4cm (D)3.8cm, 6.4cm

Two adjacent angles of a parallelogram are
(2x +25)° and (3x —5)°. The value of x is :

(A)28° (B)32°
(C)36° (D) 42°
The length and breadth of a rectangle are in the
ratio 4 : 3. If the diagonal measures 25 cm, then

the perimeter of the rectangle is :
(A)58 cm (B) 60 cm
(C)70 cm (D) 80 cm
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23. Inasquare ABCD,AB=(2x+3)cmand BC=

(3x—5) cm. Then, the value of x is :

(A)S (B)7
(C)8 (D) 10
24.  Two parallel lines / and m are intersected by a

transversal p. The quadrilateral formed by the

bisectors of interior angles is a

fp
>/

A
v

A

/ »

(A) Trapezium (B) Kite
(C) Parallelogram (D) Square
25.  Infigure, PQRS is an isosceles trapezium. Find
X.
S R
3x
2x
p Q
(A) 30° (B) 40°
(C)36° (D) 35°

PARAGRAPH TYPE

Passage — I : The sum of the four angles of a quadrilateral
is 360°.

26.  The angles of a quadrilateral are 100°, 98°, 92°
respectively. Find the fourth angle.

217. In a quadrilateral ABCD, the angles A, B, C and
D areintheratio1:2:4:5, then the measure of

each angle of a quadrilateral is :
(A) 36°,60°,108°, 156°
(B) 30°, 60°, 120°, 150°
(C) 42°, 54°,110°, 154°
(D) 72°, 108°, 36°, 144°

28.  Three angles of a quadrilateral are respectively

equal to 110°, 50° and 40°. Find its fourth angle.
(A) 160° (B) 120°
(C) 80° (D) 140°

Passage —II: Ina parallelogram ABCD, the sum of any
two consecutive angles is 180° and opposite

angles are equal.

29.  Inaparallelogram ABCD, £D =115°, determine
the measure of ZA and ZB.

(A) ZA=85°, /B =115°
(B) ZA=65°, /B = 65°

(C) LA=65° /B =115°
(D) LA =75°, £B=105°

30.  Inthe given figure, find £A in the parallelogram

ABCD.
A D
5a
4da 9a/
B C
(A) 90° (B) 60°
(C) 30° (D) 110°

(A)70° (B) 80°
(C)40° (D) 90°
Quadrilaterals
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31.

Find the value of ZQ and ZP, if /P = 10a and
ZR =50°1n a parallelogram PQRS.

(A) £Q =50°, ZP =130°
(B) £Q =130°, ZP = 50°
(C) £Q =100°, £P = 120°

(D) £Q = 50°, ZP = 100°

MATCH THE COLUMN TYPE

32.

In this section, each question has two matching
lists. Choices for the correct combination of
elements from Column I and Column II are given
as options (A), (B), (C) and (D) out of which one

is correct.

Match the following :

Column -1 Column - IT

(P) Trapezium (1) Each angle is 90°.

(Q) Rectangle (i1) Equal adjacent sides
but unequal opposite
sides.

(R) Rhombus (iit) Unequal sides.

(S) Kite (iv)All sides are equal.

(A) (P) = (1), (Q) = (iD), (R) = (iii). (S) > (iv)
(B) (P) = (i), (Q) = (iii), (R) = (iv), (S) = (i)
(©) (P) = (iv), (Q) — (iih), (R) — (iD). (S) > (D)
(D) (P) = (iii). (Q) = (D), (R) = (iv). (S) — (ii)

33.

By using a given figure of quadrilateral ABCD,

match Column — [ with Column —1I1.

D C
O
w
A . B
Column -1 Column - II
(P)IfABCD is a parallelo- (i) 25°
gram, then sum of the angles
X, yandzis
(Q) IFABCD is arhombus,  (ii) 180°
where Z/D=130°, then the
value of x is
(R)IfABCD is arhombus, (iii) 50°
the value of w is
(S)IfABCD is a parallelo-  (iv) 90°

gram, where x +y=130°,

the value of z is

(A) (P) = (1), (Q) = (D), (R) = (iii), (S) = (iv)
(B) (P) = (iii), (Q) = (iv), (R) = (i), (S) — (1)
(©) (P) = (i1), (Q) = (D), (R) = (iv), (S) —> (iii)
(D) (P) = (i1), (Q) = (iv), (R) — (iib), (S) — (1)
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VERY SHORT ANSWER TYPE

1.

D

(9]

o

(9]

12

Find the measure of all the angles of a
parallelogram, if one angle of the adjacent angles
is 20° less than thrice the smallest angle.

In the given figure, BE 1 AC. AD is any line from
Ato BC intersecting BE at H. P, Q and R are the
midpoints of AH, AB and BC respectively. Prove
that ZPQR =90°.

A
P
Q E
H
B RD C
In a parallelogram ABCD, ZD =135°, determine
the measures of ZA and £B.

ABCD is a parallelogram in which £A = 78°.
Compute /B, ZC and £D.

In the given figure, ABCD is a parallelogram in
which ZA = 60°. If the bisectors of ZA and £B
meet at P, prove that AD = DP.

D P C

60°
A B

In the given figure, ABCD is a parallelogram in
which ZDAB =60° and ZDBC = 55°. Compute
ZCDB and ZADB.

7.

10.

D C
55°
60°
A B

In the given figure, ABCD is a parallelogram and
E is the midpoint of side BC. If DE and AB when
produced meet at F, prove that AF =2AB.

D C
[ / | AN
A B F
In the given figure, AB = AC and CP || BA and

AP is the bisector of exterior ZCAD of AABC.
Prove that Z/PAC = Z/BCA and ABCP is a

parallelogram.

VAR
LN/

ABCD is a rectangle with ZABD = 50°.
Determine ZDBC.

In AABC, ZA =50°, ZB=30° and £C =100°.
What are the angles of the triangle formed by

joining the midpoints of the sides of this triangle ?
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SHORT ANSWER TYPE

1.

Let ABC be an isosceles triangle in which AB =
AC.IfD, E, F be the midpoints of the sides BC,
CA and AB respectively, show that AD and EF
bisect each other at right angles.

In given figure, ABCD is a parallelogram in which

P is the midpoint of DC and Q is a point on AC

1
such that CQ = ZAC . If PQ produced meet BC
at R, prove that R is a midpoint of BC.

D P C

QR

A B
ABCD is parallelogram. P is a point on AD such

1
that AP =§AD and Q is a point on BC such

1
that CQ=§BC. Prove that AQCP is a

parallelogram.

In a parallelogram ABCD, prove that it is a
rhombus, if diagonals bisect eachvother.at 90°.
ABC is atriangle. D is a point on AB such that

1
AD = ZAB and E is a point on AC such that

1 1
AE = ZAC . Prove that DE = ZBC.

LONGANSWERTYPE

1.

In a parallelogram ABCD, the bisector of ZA also
bisects BC at X. Prove that AD =2AB.

ABCD is a parallelogram, AD is produced to E
so that DE = DC and EC produced meets AB
produced in F. Prove that BF = BC.

3.

9]

ABCD and APCR are the two parallelograms and
AC is the common diagonal. Prove that PBRD is
aparallelogram.

ABCD is a parallelogram. AB and AD are
produced to P and Q respectively such that
BP=AB and DQ =AD. Prove that P, C, Q lic on
astraight line.

ABCD is a parallelogram. BT bisects ZABC and
meets AD at T. A straight line through C and
parallel to BT meets AB produced at P and AD
produced at R. Prove that ARAP is isosceles and
the sum of two equal sides of ARAP is equal to
the perimeter of the parallelogram ABCD.

TRUE / FALSE

o - > g

All rectangles are squares .

All rhombuses are parallelograms .

All squaers are rhombuses & also rectangles .
All kites are rhombuses.

All parallelograms are trapeziums .

FILL IN THE BLANKS

Opposite angles of a parallelogram are
Diagonals of a square each other at right

angles.

2
In a square ABCD, AB=7+3y & BC =28 +§y

thenyis

The diagonls of arhombus are 16 cm & 12 cm .
Then the side of the rhombus is
is made by the bisectors of angles of a

parallelogram .
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NUMERICAL PROBLEMS

1.

The perimeter of a parallelogram is 20 cm. If the
longer side measures 6 cm, then measure of the
shorter side is equal to.

In arhombus ABCD, ZA=60° and AB =6 cm.
The length of the diagonal BD is equal to.

In the given figure, if ABCD is a parallelogram,

then the value of 2x +y is equal to degress.
A D
28°
609
\OF
&Y
B C

The lengths of the diagonal of a rhombus are 16
cm and 12 cm. The length of each side of the
rhombus is k cm. The value of 3k is.

In a square ABCD, AB =(4x+ 3) cmand BC =

(5x —6) cm. Then, the value of x is.

ANALYTICAL PROBLEMS & BRAIN TEASER

1.

The length of the parallel sides of a trapezium are
14 cm and 7 cm. If the length of third side is 8 cm
and of fourth side is x em;then the number of
possible integral value of x is:

(A) 12 (B) 13

(C) 14 (D) 17

If the diagonals of a rhombus are 30 cm and 40
cm, then the length of side of rhombus is
(A)20cm (B)22cm

(C)25cm (D)45 cm

3.

In the given figure, ABCDEF is a regular hexagon
and ZAOF =90°. FO is parallel to ED. What is
the ratio of the area of the triangle AOF to that of
the hexagon ABCDEF ?

A) B)
()12 ()6
1 1
(C)ﬁ (D)g
A B

F C
E D

The diagonals of rectangle ABCD intersect each
other at O. If ZBOC = 44°, then the value of
Z0OAD will be :
(A) 120°
(C)90°

(B) 68°
(D) 44°
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EXERCISE-I

1 2 3 4 5 6 / 8 9 10 11 12 13 14 15

C D B B B C D C B A B D C B D

16 17 18 19 | 20 21 22 | 23 24 | 2> | 26 | 2] | 28 29 | 30
A B C C C C A B A C A

31 92 | 33

B D C

EXERCISE 11

1. B 2. C "
NUMERICAL PROBLEMS
1. 4 2. 6 3.

VERY SHORT ANSWERTYPE
1.50°,130°, 50°, 130° 3.45°,
6. 65°,55° 9. 40°
TRUE /FLASE

1. F 2. T 3.
FILL IN THE BLANKS.

1. equal 2. bisect 3.

ANALYTICAL PROBLEMS & BRAIN TEASER

135°

T 4.
9 4.
A 4.
19 4.

4.102°,78°,102°
10. 100°, 30°, 50°

F

10

B

30

5

T

rectangle
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SELF PROGRESS ASSESSMENT FRAMEWORK
(CHAPTER : QUADRILATERALS)

CONTENT STATUS DATE OF COMPLETION SELF SIGNATURE

Theory

In-Text Examples

Solved Examples

NCERT Exercises

Exercise |

Exercise 11

Short Note-1

Revision - 1

Revision - 2

Revision - 3

Remark

NOTES:
1. Inthe status, put “completed” only when you have thoroughly worked through this particular section.

2. Always remember to put down the date of completion correctly. It will help you in future at the time of revision.

Chapter-8 Quadrilaterals Matrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in | 258|



S NN TN e NN NN NN U N W W U NN NN o W4 NN 2 W o W2 W A

Space for Notes :



AREAS OF PARALLELOGRAM
AND TRIANGLES

Concepts
Introduction
1. Area axioms
2. Figures on the Same Base and between the Same Parallels
3. Triangles on the Same Base and between the Same Parallels

Solved Examples

NCERT Solutions
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INTRODUCTION

The magnitude or measure of the planar region is called its Area. The part of the plane enclosed by a simple closed

figure is called a planar region corresponding to that figure. The magnitude or measure is always expressed with the

help of a number such as 5 cm?, 10 cm?, etc.

Let us look at the two figures given below.

If two quadrilateral ABCD and PQRS, overlap each other completely, then both the quadrilaterals are congruent

i.e., they have same shape and size.

A B B Q
D4 A C SZ AR

Focus Point

¢ Two figures are congruent, then they have equal areas but the converse of this statement is not true. For

below example, rectangles ABCD and PQRS have equal areas (16 x 9 cm? and 12 x 12 ¢cm?) but

clearly they are not congruent.

A 16 cm B P S
9 cm 12 cm
b C Q2em R

Now let us look at the figure PQRSTU which is made up of quadrilaterals PQRS and PSTU.
R S

—

Q T

P U
So, Area of figure PQRSTU = Area of figure PQRS + Area of figure PSTU.

o The area of figure X is denoted as ar(X).
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AREA AXIOMS

(i) IfR, and R, be two congruent figures, i.e., R, =R, thenar(R ) =ar(R,).
(i1) If a planar region formed by a figure R is made up of two non—overlapping regions formed by figures P and Q
then ar(R) = ar(P) + ar(Q).

FIGURES ON THE SAME BASE AND BETWEEN THE SAME PARALLELS

(i) (ii) (i)

Look at the following figures

(1) parallelogram ABCD and ABPQ are on the same base AB. If two geometric figures have a common side, we
say that they are on the same base.

In fig. (ii) parallelograms ABCD and ABPQ are on the same base AB and between the same parallels AB and DP
as the vertices C & D of parallelogram ABCD and P & Q of parallelogram ABPQ lie on a line DP parallel to base
AB. Thus, two geometric figutes are said to be on the same base and between the same parallel lines, if they have
acommon side (base) and the vertices (or the vertex) opposite to the common base of each figure lic on a line
parallel to the base.

In fig. (ii1) we find the parallelograms ABCD and ABQP are on the same base AB but they are not between the
same parallel lines as the vertices P, Q of parallelogram ABQP and C, D of parallelogram ABCD do not lie on the
same line. Also, AMAL and parallelogram ABCD are between the same parallel lines but they are not on the
common base.

Theorem - 1
Statement : Parallelograms on the same base and between the same parallels are equal in area.

Given : Two | [#"™> ABCD and ABEF are on the same base AB and between the same parallel lines AB and FC.
To Prove : ar(| |*" ABCD) = ar(| |*" ABEF)
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F D E C
Proof : In AADF and ABCE, we have :
AD=BC [Opposite sides of a | [f" ABCD]
AF=BE [Opposite sides of a | |#" ABEF] A B
/DAF=ZCBE

[AD||BC and AF || BE so angle between sides AD and AF = angle between sides BC and BE]
.. AADF = ABCE [By SAS Congruency]
So, ar(AADF) = (ABCE) [Area axiom]
Now, ar(| [#" ABCD) =ar(ABED)+ ar(ABCE)
=ar(ABED) + ar(AADF)
=ar(| [*" ABEF)
Hence, ar(| [*" ABCD) =ar (| |*" ABEF)

Focus Point

e BASE :- Any side of parallelogram can be called its base.
e ALTITUDE :- The length of the line segment which is perpendicular to the base from the opposite

vertex is called the altitude or height of the parallelogram corresponding to the given base.

In the adjoining figure
(1) DL is the altitude of | [#" ABCD, corresponding to the base AB.

(i) DM is the altitude of | [f" ABCD, corresponding to the base BC.
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Corollary - 1
A parallelogram and a rectangle on the same base and between the same parallels are equal in area. Since a
rectangle is also a parallelogram.

Corollary -2

A
Area of a parallelogram = base x height.
Given : A|[#" ABCD in which AB is the base and AL is the corresponding height.
Construction : Draw BM | DC so that rectangle ABML is formed.

Proof : Parallelogram ABCD and rectangle ABML are on the same base AB and between the same parallel lines
ABand LC.

.. ar (| [*" ABCD) =ar(rect. ABML) =AB x AL

.. area of a | [#" = base x height.

Corollary -3

Parallelograms on equal bases.and between the same parallels are equal in area.

Given : Two | f™ ABCD and PQRS with equal bases AB and PQ and between the same parallels, AQ and DR.

To Prove : ar(| " ABCD) = ar(| [g* PQRS). D C M S R

L
§_|
Construction : Draw AL | DR and PM | DR i

Proof: AB || DR,AL L DR and PM L DR

~AL=PM [ The perpendicualr distance between A L
two same parallel lines is same]
~oar(|[fmABCD) =AB xAL=PQ xPM  [AB=PQand AL=PM]
=ar(] [E" PQRS).

Hence, ar(| " ABCD) =ar (| [&" PQRS).
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Example
In a parallelogram ABCD, AB = 8 cm. The altitudes corresponding to sides AB and AD are 4 cm and 5

cm respectively. Find AD.
Solution :

We know that, area of a parallelogram = base x Corresponding altitude.

.". Area of parallelogram ABCD
=AD x BN N

= AB x DM 5
S

= AD x 5cm = 8 x 4 cm? A M 8 cm B

8x4
=AD= T cm=6.4 cm.

Example
ABCD is a quadrilateral and BD is one of its diagonals; as shown in the figure. Prove that quadrilateral
ABCD is a parallelogram, also find its area.

Solution :

From figure, the transversal DB is intersecting a pair of lines DC and AB such that Z/CDB = ZABD = 90°.
Hence these angles form a pair of alternate equal angles. D__25cm C

.. DC||AB and we have given'AB =DC
.. Quadrilateral ABCD is a parallelogram.

wo §

Now, area of parallelogram ABCD

= Base x Corresponding altitude

=2.5 x 4cm? = 10cm? 2.5cm

Example

Show that the line segment joining the mid—point of a pair of opposite sides of a parallelogram divides it
into two equal parallelograms.

Solution :

Given : Let ABCD be a parallelogram in which M and N are the mid—points of a pair of its opposite sides

AB and DC respectively. MN is joined.

To Prove : ar(| ' AMND) = ar(| [f» MBCN)

Proof : ABCD is a parallelogram.
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" N C

L] 7

- AB=DC and AB || DC

1 1
= 7 AB=— DC and AM || DN

.. AM=DNand AM || DN

= Quadrilateral AMND is a parallelogram.

Similarly, quad. MBCN is a parallelogram.

Now since the parallelogram AMND and MDCN are on the equal bases AM and MB

(M is the mid—point of AB) and between the same parallels AB and DC.

- ar(] [T AMND) = ar(] [#" MBCN).

Example

Prove that of all parallelograms of which the sides are given, the parallelograms which is rectangle has the

greatest area.
Solution :

Let ABCD be a parallelogram in which AB =a and AD =b. Let h be the altitude corresponding to the base
AB. Then,

A a B A a
ar(| [*" ABCD)=AB xh=ah ....(1)
We can construct infinitely many parallelograms with different h and b but with same base a.
Also from equation (1)
ar(| [ ABCD) is maximum or greatest when h is maximum.
Since the fig. (i) shows that AADM is a right angled triangle.
~b>h

Chapter-9 NI YN B4 g EDTTgE) T CMatrix : www.matrixedu.in ; Email : smd@matrixacademy.co.in | 266 |




“}MATRIX e Class—9 [Mathematics]| [N

The maximum value which h can attain is AD =b and this is possible when AD is perpendicular to AB i.e., the | |gm
ABCD becomes a rectangle.

Thus, ar(| |f" ABCD) is greatest when AD 1. ABi.e., when | [f" ABCD is a rectangle.

TRIANGLES ON THE SAME BASE AND BETWEEN THE SAME PARALLELS

Theorem - 2

Statement : If a triangle and a parallelogram are on the same base and between the same parallels, then the area
of the triangle is equal to half the area of the parallelogram.

Given : Let AABP and parallelogram ABCD are on the same base AB and between the same parallels AB and
PC (see fig). P D Q ¢

1
To Prove : ar(APAB) = 5 ar(| [#" ABCD)

Construction : Draw BQ || AP to obtain another parallelogram ABQP. A “B
Proof : Parallelograms ABQP and ABCD are on the same base'AB and between the same parallels AB and PC.
Therefore, ar(| [t ABQP) =ar(| [f"ABCD)  [By Theorem 1] (1)
Also, APAB = ABQP [Diagonal PB divides parallelogram ABQP into two congruent triangles]
So, ar(APAB) = ar(ABQP) ..(ih)
1
Therefore, ar(APAB) = 5 ar(| [*" ABQP) [From (i1)] ..(iil)
- 1 .
This gives ar(APAB) = ) ar(| [#* ABCD) [From (i) and (iii)]
Theorem -3
D A p Q
B C

Statement : Triangles on the same base and between the same parallels are equal in area.

Given : Let two triangles ABC and PBC are on the same base BC and between the same parallel lines BC and AP.
To Prove : ar(AABC) = ar(APBC)

Construction : Through B, draw BD | | CP, intersecting line AP at D and through C, draw CQ || BA, intersecting
line AP at Q.

Proof : Quadrilaterals BCQA & BCPD are parallelograms. [By construction]
Parallelograms BCQA and BCPD are on the same base BC and between the same parallels BC and DQ.
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~ar(] [T BCQA) = ar(| ' BCPD) (1)
Now, CAis adiagonal of parallelogram BCQA,

.. ar(AABC) =ar(AAQC) = % ar(| " BCQA) (1)

1
Similarly, ar(APBC) = 5 ar(| [f» BCPD) ..(1ii)
From (1), (i1) and (iii), we get ar(APBC) = ar(AABC)

Theorem - 4

B ::C

L

Statement : The area of a triangle is half the product of any of its sides and the corresponding altitude.
Given : Let a AABC in which AL is the altitude to the side BC.

1
To Prove : ar(AABC) = 5 (BC) x (AL)
Construction : Through C and A, draw lines parallel to BA and BC, respectively intersecting each other at D.

Proof : Quadrilateral ABCD is a parallelogram. [By construction]
-» AC is adiagonal of parallelogram ABCD.

1
- ar(AABC) = 5 ar(| | ABCD) [By Theorem 2] (1)

BCisaside of parallelogram BCDA and AL is the corresponding altitude.
.. ar(| |gm ABCD)=BC xAL. ...(1ii)

1
From (i) and (ii), we get ar(AABC) = 5 BC x AL.

Example

Show that a median of a triangle divides it into two triangles of equal areas.
Solution :

Given : Let ABC be a triangle and AD be the median.

To Prove : ar(AABD) =ar(AACD).

Construction : Draw AN | BC.

1
Proof: ar(AABD) =5 x base x altitude
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A

x BD x AN

x CD x AN (AsBD=CD)

=ar(AACD)

.. ar(AABD) =ar(AACD)
Example n

In the given fig., ABCD is a quadrilateral and BE | | AC and also BE meets DC produced at E. Show that
area of AADE is equal to the area of the quadrilateral ABCD.

Solution :

ABAC and AEAC lie on the same base AC and between the same parallels AC and BE.
Therefore, ar(ABAC) = ar(AEAC) [By theorem 3] B
So, ar(ABAC) + ar(AADC) = ar(AEAC) + ar(AADC)

[Adding same areas on both sides]

= ar(quad. ABCD) = ar(AADE). C

Example
The diagonals of quadrilateral ABCD, AC and BD intersects at O. Prove that if BO = OD then the triangles
ABC and ADC are equal in area.

Solution :
Given : A quadrilateral ABCD in which its diagonals AC and BD intersects at O such that BO = OD.
To Prove : ar(AABC) = ar(AADC)

D C
Proof : In AABD, we have BO=0D
= O is the mid—point of BD &
= AO is the median A B

Since median of a triangle divides it into two triangles of equal area.
.. ar(AAOB) = ar(AAOD) (1)
In ACBD, O is the mid—point of BD.

.. CO1is the median

— ar(ACOB) = ar(ACOD) (i)
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Adding (i) and (i1), we get
ar(AAOB) + ar(ACOB) = ar(AAOD) + ar(ACOD)
= ar(AABC) =ar(AADC)

BUILD THE CONCEPT

o The area of a trapezium is half the product of the sum of its parallel sides and the perpendicular

distance between them.

Given : Trapezium ABCD in which b
AB||DC,AL L DC,CN L AB, AL =CN =h (say,) L B_E
AB=a,DC=b.

1
To Prove : ar(trap. ABCD) = 5 h x (a+Db)
Proof: ar(trap. ABCD) =ar (AABC) + ar(AACD)

=% h><a+%h><b=% h (a+b).
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SN 1

Which of the following figures lie on the same base
and between the same parallels. In such a case, write
the common base and the two parallels.

VY
P
L

B
C
(@)
B
C
(ii)
A
D
C
i

iii
Ans.  Fig. (1) and (ii) lies on the same base and between
the same parallels.

Fig. (i) Common base = DC and two parallels are
DC and EB.

Fig. (il) Common base = DC and two parallels are

AB and DC.

SION 2

Compute the area of quadrilateral ABCD.
D 17cm C

9cm 8cm

B

Ans. In ABCD, we have

CD?=BD? + BC?

= (17’ =BD?+ (8)?

= BD?=289-64=225=BD=15
In AABD, we have

BD?=AB?+ AD?

= (15 =AB*+ (9’

= AB?=225-81=144 = AB=12cm
So, ar(ABCD) = ar(AABD) + ar(ABCD)

1 1
=5 (12x9)+ 2 (8 15)=54+60 =144

. ar(ABCD) = 144 cm?

SE.K}

In the given figure Z/AOB = 90°, AC = BC,
OA = 12 enmrand OC = 6.5 cm. Find the area of
AAOB.

12cm|

0“
8
K
o
S |

Since the mid—point of the hypotenuse of a right

Ans.

triangle is equidistant from the vertices.
. CA=CB=0C

= CA=CB=6.5cm

=AB=13cm

Inright triangle OAB, we have
AB?=0B*+ 0A’= 13?=0B? + 122
= 0OB=5cm

A
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1 1
.. ar(AAOB) = 5 (OA xOB)= 5 (12 x 5) cm?
=30 cm?
SE.
PQRS is arectangle inscribed in a quadrant of a circle

ofradius 13 cm. A is any point on PQ. If
PS =5cm, then show that ar(APAS) =30 cm? is false.

SE; S N\
Pl A Q
Ans. InAPQR,
PR?=PQ? + RQ? (by Pythagoras theorem)

= PQ? = PR2— RQ? = (132 — (5)?

= PQ= /169-25 =+/144 =12cm

Now, area of rectangle PQRS =12 x 5 =60 cm?

1
Area of APSQ = 5 60 =30 cm?

(since, diagonals of rectangle bisect it into two
triangles of equal areas.)
Now, A is any point on PQ. So, area of AAPS
depends on the position of A. If A is on Q point,
then area will be 30 cm?.
. ar(AAPS) <30 cm?
Hence, the given statement is false.
sE.H
P is any point on the diagonal BD of the
parallelogram ABCD. Prove that ar(AAPD) =
ar(ACPD).

A D

o

O
B C

Ans.  The diagonals BD and AC intersect each other at O.
Since, the diagonals of a parallelogram bisect each
other.

.. Ois the mid — point of AC

1.e., DO is the median of ADAC

Hence, ar(ADAO) = ar(ADCO) (1)
Again, PO is the median of APAC
.. ar(APAO) = ar(APCO) (1)

Subtracting equation(ii) frome quation (i), we get
ar(ADAQ) = ar(APAO) = ar(ADCO) — ar(APCO)
= ar(AAPD) = ar(ACPD)
SE.d
ABCD is a quadrilateral. The straight line through C
parallel to the diagonal DB intersects AB produced at
E. Prove that the ar(quad. ABCD) = ar(AADE).

A

E C

Ans. ar(ABCD)=ar(ABED) [Since, they are on the same

base BD and between same lines BD and EC]

. ar(ABCD) + ar(AABD) = ar(ABED) +
ar(AABD)  [Adding ar (AABD) to both sides]

.. arf(ABCD) =ar(AADE)

Chapter-9 JRNCEERO §IETEH R ETENTRIGE) Fd OMatrix : www.matrixedw.in ; Email : smd@matrixacademy.co.in | 272 |



“}MATRIX e Class—9 [Mathematics]| [N

sE.ld

In the adjoining figure, PQ is a line parallel to side BC
of AABC.If BX || CAand CY || AB meet the line
PQ produced to X and Y respectively, show that
1 1
ar(AABX) =5 ar(] [f» XBCQ) and ar(AACY) = )

ar(| |*" BCYP). A

B C
| e XBCQ and AABX being on the same base XB

and between the same parallels XB and CA, we

Ans.

1
have ar(AABX) = ) ar(] |#" XBCQ)

Again, | [#" BCYP and AACY being on the same
base CY and between the same parallels CY and

1
BA, we have ar(AACY) = 5 ar(| |*" BCYP)

SE.B]

In fig. OCDE is a rectangle inscribed in a quadrant of

acircle of radius 10 cm. [fOE = 2./5 cm, then find
the area of the rectangle OCDE:

™
\

0 c A

Ans.  We have, OD =10 cm and OE = 2,/5 cm

- In AODE, OD? = OE? + DE2
= DE = JOD?> - OE? = /(10)° = (2/5)* = 4/5cm

-. ar(rect. OCDE) = OF x DE = 24/5x44/5

=40 cm?

sE.&

If the diagonals AC, BD of a quadrilateral ABCD,
intersect at O and separate the quadrilateral into four
triangles of equal areas, show that quadrilateral ABCD
is a parallelogram.
Ans. Given : A quadrilateral ABCD such that its
diagonals AC and BD intersect at O and separate it
into four parts such that
ar(AAOB) = ar(ABOC) =ar(ACOD) = ar(AAOD)
To Prove : Quadrilateral ABCD is a parallelogram.
Proof : We have, ar (AAOD) =ar(ABOC)

. ar(AAOD) + ar(AAOB) = ar(ABOC) +
ar(AAOB)  [Adding ar(AAOB) to both sides.]
=ar(AABD) = ar(AABC)

Thus, triangles A ABD and A ABC have the same

base AB and have equal areas. So, their correspond-

ing altitudes must be equal.

.. Altitude from D of AABD = Altitude from C of
AABC

= DC||AB.

Similarly, we have, AD | | BC. Hence, quadrilateral
ABCD isaparallelogram.

SE.J

Prove that area of a rhombus is half the product of the
lengths of its diagonals.
Given : A thombus ABCD whose diagonals AC
and BD intersect at a point O.

Ans.

1
To Prove : ar(ABCD) =5 x AC x BD.
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Proof : Since the diagonals of arhombus intersect
each other at right angles, we have BO 1. AC and
DO L AC.

D C

A B

.. ar(ABCD) =ar(AABC) + ar(AACD)

=(%XACXBO)+(%XACXDO]

1 1
=7 XAC x (BO+D0) =7 xAC x BD

Hence, Area of arhombus

1
=3 x (product of diagonals)

SJON 11

A point D is taken on the side BC of a AABC such
that BD =2DC. Prove that ar(AABD) =2ar(AADC).

A

B

s D C

Ans. In AABC, we have BD =2DC

Let E be the mid—point of BD. Then,
BE=ED=DC

Since AE and AD are the medians of AABD and
AAEC respectively.

.. ar(AABD) =2ar(AAED) (1)
..(i1)

From (i) and (ii), we get ar(AABD) = 2ar(AADC)

and ar(AADC) = ar(AAED)

sE.JH

Ans.

In the given figure, BC | | XY, BX || CAand AB | |
YC. Prove that ar(AABX) = ar(AACY)

B C

Join XCandBY.

Since triangles BXC and BCY are on the same base

BC and between the same parallels BC and XY.

. ar(ABXC) =ar(ABCY) (1)

Also, triangle BXC and ABX are on the same base
BX and between the same parallels BX and AC

..(i1)
Clearly, triangles BCY and ACY are on the same

. ar(ABXC) =ar(AABX)

base CY and between the same parallels AB and
CY.
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- ar(ABCY) =ar(AACY) (1)

From (i), (ii) and (iii), we get ar(AABX) = ar(AACY)
SE.
In the given figure PSDA is a parallelogram in which
PQ=QR=RSand AP ||BQ || CR || DS. Prove
that ar(APQE) = ar(ADCF).

p Q R S

E

A B C D

Ans. Since AP||BQ||CR || DS.

- PQ=CD (D)

In ABED,C is the mid—point of BD and CF || BE
.. Fis the mid —point of ED

[By converse of Mid Point Theorem]

= EF=FD
Similarly, EF =PE = PE=FD (1)
In APQE and ADCEF, we have PE=ED
[Proved above]

Also, ZEPQ = ZFDC [Alternate interior angles]
and PQ=CD [from (1)]
So, by SAS congruency, we have APQE = ADCF

= ar(APQE) = ar(ADCF)

SION 14 |

In the given figure X and Y are the midpoints of AC
and AB respectively, QP || BC and CYQ and BXP
are straight lines. Prove that ar(AABP) = ar(AACQ).

A

Q P
Y
0)
B C
Ans. Since X and Y are the mid—points of AC and AB
respectively.
- /XY [ CB

Clearly, triangles ABXY and ACXY are on the same
base XY and between the same parallels XY and
BC

= ar(ABXY) = ar(ACXY) (1)

We observe that the quadrilaterals XYAP and
XYQA are on the same base XY and between the
same parallels XY and PQ.

-+ ar (quad XYAP) =ar(quad XYQA)...(ii)
Adding (i) and (ii), we get

ar(ABXY) + ar(quad XYAP) = ar (ACXY) +
ar(quad XYQA)

= ar(AABP) = ar(AACQ).

sE.J§

ABC isatriangle in which D is the mid-point of BC
and E is the mid-point of AD. Prove that the area of

1
ABED = Z area of AABC.
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A Space for Notes :

B i D 1 C

Ans.  Given: AAABC in which D is the mid-point of BC
and E is the mid-point of AD.

1
To prove : ar(ABED) = 1 arfAABC) = | """t T Tt T T T T TS ST Sm TS omsmmsmmmmmms

Proof’: ' AD is median of AABC
soar(AABD)=ar(AADC) [ mm e e e e e e e e e e e - -
(*.-Median of a A divides it into two As of equal
area)

1
= ar(AABD)= ) ar(AABC) | oo L e e e e e e e e e o

Again, Eismedianof AABD, =~ | m=---- - - ogmo s s e oo e o
.. ar(ABEA) = ar(ABED)

(" Median of a A divides it into two As of equal
area)

1 ————————————————————————————————
= ar(ABEA)= ) ar(AABD)

11 1
EXE) ar(AABC) = 1 ARG ey ¢
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EXERCISE 9.1
NS.

Which of'the following figures lie on the same base
and between the same parallels. IN such a case,

write the common base and the two parallels.

A—k—B P Q 1§ Q
/N P =<

D C S R S R
)

(i (ii) (iii)
A B A B B2
P P
D cb Q5D ¢ R
(iv) (V) (vi)

Ans. The figures (i), (iii) and (v) lie on the same base

and between the same parallels.

Base Two parallel
Fig. (i) DC DC and AB
Fig. (iii) QR QR and PS
Fig. (v) AD AD, and BQ

EXERCISE 9.2
NS.

In the given figure ABCD is a parallelogram,
AE 1 DC and CF LAD.IfAB =16 cm, AE =8
cm and CF =10 cm, find AD.

A

r\Z

D E
We have AE 1. DCand AB=16 cm
-+ AB =CD [Opposite sides of parallelogram]

F

Ans.

L. CD=16cm
Now, area of parallelogram ABCD =CD x AE

Since, CF L AD
.. Area of parallelogram ABCD =AD x CF
= AD x CF =128

—AD x 10=128 [CF=10cm]

= AD= 128 =12.8
10
Thus, the required length of AD is 12.8 cm
NS.
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