Exercise 1.1

Q.1 Find the order of the following matrices.

2 3
A=
It has 2 rows & 2 columns that’s why its order is 2 - by -2
2 0
B-=
It has 2 rows & 2 columns. So, its order is 2- by -2
C=[2 4]

It has 1 row and 2 columns. So, its order is 1 —by -2

w)
|
o © &

It has 3 rows and 1 column. So, its order is 3 — by -1
a d

E=/b e
c f

It has 3 rows and 2 columns. So, its order is 3 — by —2

F=[2]

It has 1 row & 1 column. So, its order is 1- by -1

@

I
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o W O

It has 3 rows and 3 columns. So, its order is 3 by -3



2 3 4
H:
{106}

It has 2 rows & 3 columns. So, its order is 2- by -3

Q.2  Which one of the following matrices are equal?

1) A=[3], 2) B=[3 3],
3) C=[5-2] 4) D=[5 3]
5 g- |t Y 6 F=| >
oLz

{3—1} {4 0}
7) G= 8) H=

3+3 6 2

2+2 2-2

9) I=[3 3+2] 10) J{ZM 2+0}
Solution:

Order of A=[3]is equal to Order of C =[5-2]
Order of B=[3 5]is equal to Order of I=[3 3+2]
Order of C = [5-2] is equal to Order of A =[3]

D =[5 3] has no equal matrix.

4 0 ,
E = has equal matrices.
6 2

4 0], 2+2 2-2
Orderof:>H={6 2} 1s equal to Orderof]={ }

2+4 240

2 _
Order of F= { } is equal to Order of G = [3 1}
6 3+3



Q.3 Find the values of a, b, ¢ & d.

a+c a+2b
c—1 4d-6

Solution:

As Matrices are equal so their corresponding entries are same.

atc=0-(1)
a+2b=-7-(2)
c-1=3-(3)
4d — 6=+2d — (4)

Solving 3" equation

c—1=3
c=3+1
c=4

Solving 2™ equation

a+2b=-7
4 +2b=-7
2b=-7+4
2b=-3

Solving 1% equation

atc=0
a+t4=0
a=-4

Solving 4™ equation

4d —6=2d

6 =2d - 4d

-6=-2d

s
+Z,

d=3



Exercise 1.2

Q.1  Identify the following matrices.
0O 0
A:
It’s all members are 0. So, it’s a null matrix.

B=[2 3 4]

It has only 1 row. So, it’s a row matrix.

4

It has only 1 column. So, it’s a column matrix.

ol

It is an identity matrix because its diagonal entries are 1 and non-diagonal entries are zero.

E=[9]
It has only 0. So, it’s a null matrix.

5

It has only 1 column. So, it’s a column matrix.

Q.2 Identify the following matrices.

1 -8 2 7
@) 12 0 4

Its number of rows & columns are not equal. So, it’s a rectangular matrix.



2) 0

1
It has only one column. So, it’s a column matrix.
3) 6 -4

3 -2

The number of rows & columns are equal. So, it’s a square matrix.

) 1 0
@

Identity matrix — Because Diagonal entries are 1 and non-diagonal entries are O.

(3

e Lo =
(O XN S

Number of rows & columns are not equal. So, it’s a rectangular matrix.

(6) [3 10 -1]

It’s a row matrix because it has only 1 row.

1
(7) |0
0

Column matrix because it has only one column.

1 23
(8) 1 2 0
0 0 1

Square matrix because number of rows & columns are equal.

0 0
(9) 0 0
0 0

Null matrix because all elements are O.

Q.3 Identify the matrices.

) A:F o}
0 4

Scalar- matrix because it non-diagonal entries are 0 & diagonal entries are same,



@) B{z O}
0 -1

Diagonal matrix because its non-diagonal entries are O.

3) C{l o}
0 1

Unit matrix because diagonal-entries are 1.

) DZF O}
0 O

Diagonal matrix because non-diagonal are O.

) E:{5—3 0}
0 1+1

Scalar- because diagonal are same.

Q.4 Find the negative of matrices.
1
(1) A=10 4)
-1
SRR
—-A=-| 0 |=] 0
__1_ _1_
3 -1 ()
) B:{z J
o
_B—=—
2 1
{—3 +1}
_B =
-2 -1
Q.5
3) = 2 6
3 2
- :{2 6} (1)
3 2

|3 2
i



_O ¢ 1 2
(6) F=
Al‘: 1 3 4 [
5 Ft{l 2}
A =[0 1 -2] 3 4
R
12 4
2 B=[51 -6]
B =[5 1 6]
5 Q.6 V'f'fA—12 dB—11
. erify 1 01 an 5 0
B' = 1
—6
(i) (A=A
Solution: (A")'= A
| 2 A{l 2}
3 C=[2 -1 0 1
r -t
30 Atzl 2
Cl‘: 2 _1 Atzl O
s 0o _2_ 1] )
1 2 3 1 0
C = ()=,
2 -1 0 L=
(At)t: 1 2
23 (4) =4
4 D= 0 5 Hence Proved.
|2 37
10 s t
.o t
Dt_ 2 O (ll) (B) ZB
13 5 Solution: (Bt)t:B
B_l 1
12 0
2 3 ;
%) E:{ } gl 1
-4 5 5 0
- -t
o 2 3 B’—l 2
|4 5] 10
E[: 2 _4 (Bt)t:_l 2I
3 5 I
(Bt)t: 1 1
2 0




(5) =5
Hence proved



Exercise 1.3

Q.1  Which of the following are conformable for addition?

1 O
2+1
C=12 -1}, =
3
1 -2
3 2
-1 0
E= , F=|1+1 -4
1 2
3+2 2+1
Solution:

In the above matrices following matrices are suitable for addition.

(i) A and E are conformable for addition because their order is same and both are square
matrix.

(i) B and D are conformable for addition because the order is same 1.e. they have two rows
and 1 Columns and both are rectangular matrices.

(iii) C and F are conformable for addition because their order is same i.e. they have three 3
rows and 2 columns and they are a rectangular matrix.

Q.2 Find the additive inverse of the 1 0 =1

following matrices: ) B 1 3

4 3 -2 1
() A= {_2 J 1 0 -1
Solution: Solution: B=|2 -1 3
Additive inverse of a matrix is 3 -2 1

n ive matrix. o X
egative mat Its additive inverse is

an | 2 Y 10 -1
2

“B=-|42 -1 3
A_{z 4}{(—1)” (—1)4} 3 -2 1
2 1 10 1

{—2 —4} B=|2 1 -3
3 2 -1




4
o o=

4
_2_

4] [—1x4
—C = — =
]

The additive inverse is

<l

Solution: C = {

1 0
4) D=|-3 -2
2 1
1 0
Solution: D= | -3 -2
2 1
The additive inverse is
1 0 —1x1 —1x0
-D=—-|-3 2|=|-1x-3 —1x-2
2 1 -1x2 —1Ix1
-1 0
-D=|3 2
2 -1

(5) E:F o}
0 1

. 1 0
Solution: E =
0 1

The additive inverse of the given matrix is:

E_l 0] [-1x1 —1x0
0 1| |-1x0 —1x1
1

10
Ez{o -1
© F- V’; H
NI

Solution: /' = {

-1 JJ

Its additive inverse is

o
{5
| -1xd3 0 —1xd
[—lx—l —1xJ§}

Q3 If4d = Y R
) AR I N S

1 2 3
C=[1 -1 ﬂ,D:{ }
-1 0 2

then find.

(i) A+|:l 1}
11

11
Solution: 4 + L J

-1 2
As 4 =
2 1
11
So, 4 +
11
-1 2| |11
= +
2 1 1
The order of matrix A and the given
matrix order is same. So, they can be

added easily.
_:4+12+1

_2+1 1+1

[0 3
13 2

(i) B+ {_2}
3

-2
Solution: B + { ; }

v}




1

The order of both above matrices are
same, so, they can be easily added.

el
12

(i) C + [-2 1 3]
Solution: C + [-2 1 3]

AsC =1 -1 2]

So, C + [-2 1 3]

=1 -1 2]+[-2 1 3]

Their orders are same so they can added
=[1+(=2) -1+(1) 2+3]
=[1-2 -1+1 3]
=[-1 0 3]

) 1 01 0
(iv) +201

) 0 1 O
Solution: ) +
2 0 1

1 2 3
As D =
-1 0 2

01 0
So, D +
2 0 1

I 2 3 0O 1 0
= +
-1 0 2 2 0 1

Their orders are same. So, they can be
added.

-1+2 0+0 2+1

_‘1+0 2+1 3+o}
_‘1 3 3
10 3

(v) 24
Solution: 24

-1 2
AsA:{ }
2 1

So, 24
-1 2] [2(-1) 2x2
:(2){2 1}{2&2) 2><1}

(vi) (-1)B
Solution: (-1)B

r

So, (-1)B

o
{(1)>< 1 }

(-1)<(-)
i

(vii) (-2)C

Solution: (-2)C

AsC=[1 -1 2]

So, (-2)C

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

=[(=20) (2D (2)(2)]

=[-2 2 -4]

(viii) 3D
Solution: 3D

1 2 3
As D=

-1 0 2

So, 3D

ol

B 3x1 3x2 3x3
T 13x-1 3x0 3x2



[3 6 9
13 0 6

(ix) 3C
Solution: 3C
As C=[1 -1 2]

So, 3C
=(3)x[1 -1 2]
=[3x1 3x-1 3x2]
=[3 -3 6]

Q.4  Perform the indicated operations
and simplify the following:

) 1 0] [o 2 1 1
Solution: + +
0 1 3 0 1 0
[1+0 0+2] [1 1
= +
10+3 140 1 0
121 [1 1
= +
3 1 1 0
_‘1+1 2+1
3+1 140

_‘2 3
401

o [

Solution:

0 3
1 0] [0-1 2-1
= +
0 1] [3-1 0-0
11 -1 1
= +
10 2 0
_‘1—1 0+1
1042 140

o1
201

i) [2 3 1+(1 0 2]-[2 2 2])

Solution:

=[2 3 1]+[1-2 0-2 2-2]
=[2 3 1]+[-1 -2 0]
=[2-1 3-2 1-0]

=[1 1 1]

1 2 3 1 1 1
(iv) -1 -1 =1|+|2 2 2
o 1 2 3 3 3
Solution:
12 3 1 1 1
=|-1 -1 -1[+|2 2 2
0 1 2 3 3 3
1+l 241 341
= 142 142 -1+2
| 3+0 142 2-1

2 3 4
=1 1 1
3 4 5
1 2 3 1 0 -2
(v) 2 3 1|+/-2 -1 0
31 2 0o 2 -1
Solution:

1 2 3 1 0 -2
=2 3 1|+]-2 -1 0
31 2 0 2 -1
141 241 341
= -1+2 -1+2 -1+2
| 3+0  1+2  2-1
2 21
=0 21

3 3 1




(vi) Hé fo

Solution:
_‘1+2 2+1 +1 1
Lo+l 140 1
3 3] [1 1
= +
11 11
_‘3+1 3+1
LI 1+
4 4
2 2
1 2
Q.5 For the matrices 4=|2 3
1 -1
1 -1 1
B=|2 -2 2|and
31 3
-1 0 0
C=l0 -2 3|, verify
1 1 2
following rules:
(i) A+C=C+ A4
Solutions:
LHS=A+C
RHS=C+A
LHS= A+C
12 3 -1 0 0
=2 3 1|+/0 -2 3
1 -1 0 1 1 2
1-1 240 3+0
= 2+0 3-2 1+3
_}+1 —1+1 0+2
0 2 3
(2 1 4
2 0
- RHS=C+A
-1 0 0 1 2 3
=0 -2 3|42 3 1
1 1 2/ |1 -1 0
—-1+1 0+2 0+3
=10+2 -2+3 3+1
1+1 1-1 2-0

the

Il
N NO
S = N

3
4
2
A+C=C+ 4

Hence proved
LHS=RHS

(ii) A+B=B+A4

Solution: A+B=B+A
LH.S=A+B
R.H.S =B+A
LHS= A+B

I 2 3 I -1 1
=2 3 1|+2 -2 2
I -1 0 3 1 3

I1+1 2-1

+3+1

=12+2
1+3

3-2
—1+1

1+2
0+3

2 1 4
=4 1 3
4 0 3

A+B=B+ A4
Hence proved
LHS=RHS

(iii) B+C=C+B
Solution: B+C =C+ B
LHS=B+C
RHS=C+B
LHS=B+C

1 -1 1 -1

-2 2|1+ 0 -2 3

0 O

31 3771 1 2



1_
=240
3+1

0
=2
4

-1
=1 0
1

—1+1
= 0+2

I —-14+0 140
—-2-2 243
1+1 342
-1 1
-4 5

2 5
RHS=C+B

0 0 I -1 1

-2 3|\+2 2 2

I 2 3 1 3
0-1 0+l
—2-2 3+2

243

_1+3 1+1
0 -1 1

=2
4

(iv)

4 5

2 5
LHS=RHS
B+C=C+B
Hence proved

A+(B+A4)=24+B

Solution: A4+ (B + A) =2A+ B

L.H.S = A+ (B+A)
RHS=2A+B
L.H.S= A+ (B+A)

2 3 1 -1 1
+]2
-1 0 3 1 3

1

-2 2|+|2

l

2
3
-1

3
|
0

3 3 7
16 4 4

5 -1 3
LHS=RH.S
A+ (B+A) =2A+B
Hence proved

v)

L.H.S =(C-B) +A
RH.S = C+A-B)
LHS=(C-B)+ A

(C-B)+A=C+(A4+B)
Solution: (C—B)+A = C+(A+B)

2 3

3

1

-1 0

-1 0 0] 1 -1 1 1
=[|l0 2 3|-|2 2 2||+|2
1 1 2|3 1 3 1
2 1 1] [1 2 3
=2 0 1 |+]2 3 1
-2 0 -1] |1 -1 0
-1 3 2
=0 3 2
-1 -1 -1
RHS= C+ (A-B)
-1 0 0 1 2 3] [1
=0 2 3|+[|2 3 1|2
11 2 1 -1 0| |3
-1 0 0 0 3 2
=0 2 3|+ 0 5 -1
11 2] |-2 -2 -3
-1 3 2
=0 3 2
-1 -1 -1
LHS=RHS
(C-B)+A=C+ (A-B)
Hence proved
(vi) 24+B=A+(A4+B)
Solution: 24+ B =A+(A+B)
LH.S=2A+B
R.H.S = A+ (A+B)
LHS=2A+B

-1

|



1 2 3] [1 -1 1 -1 0 o] 1 2 31V[1 =11
=2|2 3 1[+2 -2 2 =1l0 -2 3|-|2 3 1]|-]2 2 2
I -1 0] |3 1 3 1 1 2| |1 -1 0 3 1 3
2 4 6] [1 -1 1
=4 6 2/+|2 2 2 2 -2 -3 1 -1 1
2 -2 0] |3 1 3 =l-2 -5 2 |-|2 2 2
3 3 7_ _O 2 2_ 3 1 3
—l6 4 4 -3 -1 —4]
5 -1 3 =4 -3 0
: RHS=:A+(A+B) 31 1]
L LH.S=RHS
=12 3 1|+[|2 3 1|+2 =2 2 (C-B)-A=(C-A)-B
1 -1 0 1 =1 0 3 1 3 Hence pl‘OVCd
1 2 3] [2 1 4
=12 3 1|+/4 1 3
1 -1 0 4 0 3 (Viii) (A—i-B)—i—C:A-I-(B—i-C)
i 3 3 Solution: (A+B) + C = A+ (B+C)
LHS=(A+B)+C
6 4 RHS = A + (B+C)
-1 3 LHS= (A+B) +C
LHS R.H.
2A+B=A+ (A+B) bz 3 b -t 1hy-100
Hence proved =12 3 1\+/2 2 2|+ 0 2 3
1 -1 0| |3 1 3 1 1 2
(vii) (C-B)-4=(C-4)-B 2 LA 0o
Solution: (C—B)—A:(C—A)—B =4 1 3+ 0 -2 3
LHS=(C-B)-A 4 03t 12
LHS=(C-B)- A
10 o] [1 -1 2 =(4 -1 6
—l0 -2 3|-|2 =2 3 > LS

|

2

3 R.H.S = A+ (B+C)
\ 12 31 (Tt =1 17 7=1 0 o0
211123] “12 3 1]+ll2 2 2/+]0 2 3

O = W
T

I 1T 20 (3 1

3 -1 0 31 3] |1 1 2

-3 -1 4 2 1 41 -1 0 o0
=4 3 0 =4 1 3|+|0 -2 3
3 1 - 40 3/ 1 1 2

=(C-A)-B -



I 1 4

=14 -1 ©

5 1 5
LHS=RHS

(A+B)+C=A+ (B+C)
Hence proved

(ix) A+(B-C)=(4-C)+B
Solution: A+(B-C)=(4-C)+B
LHS=A+(B-C)
RH.S =(A-C)+ B
L HS = A+ (B-C)

1 2 3 1 -1 1] [-1 0 o
=12 3 1|+[|2 2 2|-]0 -2 3
1 -1 0 31 3 1 1 2
1 2 3] [2 -1 1

=12 3 1[+/2 0 -1

1 -1 0] [2 0 1

3 1 4

=14 3 0

3 -1 1

RHS= (A-C) +B
1 2 3] [-1 0 0 1 -1 1
=2 3 1|-|0 -2 3||+2 2 2
1 -1 0/ |1 1 2 31 3

1+1 2-0 3-1] [1 -1 1
=2-0 342 1-3|+/2 -2 2
1-1 -1-1 0-2] |3 1 3

2 2 3 1 -1 1
=2 5 2+% -2 2

0 -2 2| |3 1 3

3 1 4
=14 3 0

3 -1 1

LHS=RH.S

A+ (B-C)=(A-C)+B
Hence proved

(x) 24+2B=2(A+B)
Solution: 24+ 2B =2(A4+ B)

LIS =2A +2B
RH.S =2(A +B)
LH.S =2A +2B

1 2 3 1 -1 1
=212 3 1]+2|2 2 2
1 -1 0 31 3
2 4 6] [2 2 2
=4 6 2|+|4 -4 4
2 2 0] |6 2 6
4 2 8
=8 2 6]
8 0 6
RHS= 2 (A+B)
1 2 3] [1 -1 1
=212 3 1]+/2 2 2
1 -1 0] |3 1 3
1+1 2-1 3+1
=242 3-2 1+2
1+3 —-1+1 0+3
2 1 4
2{4 1
4 0
4 2 8
=8 2 6
8 0 6
LHS=RHS
2A+2B=2(A+B)
Hence proved
Q.6 HA:{I'Q}mdB:{
3 4
find:
(i) 34-2B

Solution: 3428

|
3A-2B :3{
3

:E

—6 0
12 -6 16

0 7
-3 8

A

|



3 20
115 4

(ii) 24" -3B'
Solution: 24" - 3B
When we take transpose of any matrix we

change rows into columns or columns into
TOWS.

N
A -2 4
o =37
B 17 8

13 0 -3
24" -3B' =2 -3

-2 4 7 8
2 6] [0 -9
|4 8] |21 24

2 15
|25 16

Q.7 If
2 4 1 b 7 10
2 +3 =
-3 a 8 —4| [18 1
Solution:
2 4 1 bl [7 10
2 +3 =
-3 a 8 4| |18 1
|4 8 .\ 3 3] [7 10
|6 2a] |24 -12] |18 1
[7 0 8+3b ] [7 10
118 2a+(-12)| |18 1
8 +3b=10 (i)
2a—12=1 (i)

By solving equation (i1) we get the value
of'a
2a—-12=1
2a=1+12
2a=13
13

a:_
2

By solving equation (1) we get the value of
b

8+3b=10
3b=10-8
3b=2

b= 2
3

1 2 1 1
Q8 If 4= and B =
0 1 2 0

Then verify that

() (A+B)=A+B
Solution: (A + B)t = A + B
LHS=(A+B)
RHS=A"+B'
To solve L.H.S
LHS=(A+B)

(A+B)U(l) fH; éﬂ
0

RHH#A+E“{22}
o 1301

To solve R.H.S
RHS=A"+B

At_10
121
Bt:1 2
1 0

RHS-A'+ B {1 OHl 2}

2 1 1 0
2 2
150
LHS=RHS = (A+B)=A4B'
Hence Proved

(i) (A-B)=A4-B
Solution: (4~ B) =A'—B'

LHS=(A-B)
RHS=A'-B'
LHS= (A — B)"



m,Bf—O )
1o
RHS=A'-B!

(o -2
11
LHS=RH.S

(A-B)=A.B'
Hence proved

(iii) A+ A" is a symmetric

Solution:

A+ A" is a symmetric
To show that 4 +A" is symmetric, we will
show that

(A+At)t :(A+A[)

o2 [ 2]
A+ A'= +
0 1] |01
1 2710
= +
0 1] |2 1

[1+1  2+0
0+2  1+1

A+A'= 22
2 2

2 2]
(AMJ=& J

2 2
1
(A+A') =(A+A")

Hence Proved
A+A" symmetric

(iv)  A— A'is a skew symmetric
Solution: A4 A’
To show that 4-4" is skew symmetric we

will show that
(A-AY=-(A-A")

L 2] [1 2]
0 1| |01

(A-A")'=-(A-A")
Hence proved
A — A'is a skew symmetric

(v) B+ B'is a symmetric

Solution: B+ B'
The show that B+B'is symmetric we will
show that

(B+B) =(B+B")

o] oY
B+B = +

2 0] [2 0

o112
= +
2 0] [1 0
[T 142
241 0+0

B+Bi:2 3
3 0

(B+Bﬁﬁ{§ ZI

L .

(B+B') =(B+B)




Hence proved
B + B'is a symmetric

(vi)  B-B'is a skew symmetric
Solution: B— B’

To show that B — B'is skew symmetric, we
will show that

(B-B') =—(B-5')

o |11 11
12 o] |2 0

1] 12
|2 O}L o}
1

2

0 —1]
1o
(B-BY=-(B-B)

Hence proved
B — B'is a skew symmetric.


Rectangle


Exercise 1.4

Q.1 Which of the following product of matrices if conformable for
multiplication?
() I -1]-2
' 0 2| 3
Yes, these matrices can be multiplied because number of columns of 1% matrix is equal to
number of rows of 2 matrix.
N 1 -1)-2 -1
Y
Yes, these matrices can be multiplied because number of columns of 1% matrix is
equal to number of rows of 2™ matrix.
10 1
(iii) 1l
No, these matrices cannot be multiplied because number of columns of 1™ matrix is
not equal to the number of rows of 2°! matrix.
1 2
(iv) 0 1 {1 0 —1}
iv -
o1 2
-1 -2
Yes, these matrices can be multiplied because number of columns of 1* matrix is equal to
number of tows of 2™ matrix.
32 170 )
\4 0 2
™) {o 1 —J
-2 3
Yes, these matrices can be multiplied because number of columns of 1* matrix is equal to
number of rows of 2™ matrix.
3 0 6 3 0f6
Q2 If A= , B= find AB =
-1 2 5 -1 2|5
() AB
3 0|6 - (3x6)+(0x5
Solution: AB = = (3>6)+(0x3)
-1 25 | (—1x6)+(2x5)
| 18+0 | [18
—6+10 4




(ii)

BA (if possible)

Solution:

Q.3

(i)

BA 1s not possible became number
of columns of B not equal to
number of rows of A.

Find the following products

[1 2]{3}

Solution: [1 Z]B}
= [(1x4)+(2x0)]
=[4+0]

- [4

(i)

ol

4
Solution: [1 Z]LJ
=[(1x5)+(2x—4)]

=[5+(-8)]
=[5-8]

=[-3]

(iii)

4
Solution: [—3 O] }

[-3 0] m

0

:[(_3><4)+(0><o)]
=[-12+0]
=[-12]

(iv)

o

4
Solution: [6 0] {—O}

[6 +0] E}

=[6x4+(-0)(0)]
=[24-0]
=[24]

b2 4 5
. { o]{o ‘|
6 -1
{1 2] L
Solution: | -3 0 { }
0 -4
6 -1

[ 1x442x0 1x5+2%(-4)
=|  -3x4+0x0 -3(5)+0%(-4)

6(4)+(-)(0) 6(5)+(-1)(-4)

[ 4+0 5-8
= -1240 -15-0

| 24-0 30+4
4 3

=|-12 -15]
24 34

Q.4  Multiply the following matrices.

. { ijg N

Solution: {1 1

[\

<o

O [\
|

[\

R
1
W N
o L
L

2x2+(3x3)  (2x-1)+(3x0)
(1x2)+(1x3)  (1x-1)+(1x0)
(0x2)+(-2x3) (0x—1)+(-2x0)
4+9 -2+0
{2+3 1+O]

0+-6 0+0



0-6 0
13 -2 T8 sz 2
s Solution: {6 4} 2
- 4 4
-6 0 . _
(8x2)+(5x—4) [8><—%]+(5><4)
b 1 2 3 5 B 5
(b) 45 6 3 4 (6x2)+(4x—4) [6x—5]+(4x4)
-1 1 - i
12 16+(-20) —2 429
. 1 3 2
Solution: { } 3 4 = 10
MR B 12+(-16) —=+16
B (lxl)+(2><3)+(3><—1) (l><2)+(2><4)+(3><1) :16—20 —20+20
L (4x0) H(5x3) H(6x—1) (4x2)+(5x4) +(6x1) 12216 -15 HJ
) -4 0
| 1+6+(-3)  2+8+3 a4
| 4+154(=6) 8+20+6 i
[ 7-3 13}
“l1o_ -1 2o o
19-6 34 © L 3}{0 o}
4 13}
- -1 20 0
[13 34 Solution: { }{ }

1 300 0
__(—1><0)+(2><o) (-1x0)+(2x0)
I 2 3 | (1x0)+(3x0)  (1x0)+(3x0)
4 -
(©) B 1{4 5 6} _[0+0 om}
10+0 0+0
b2 1 2 3 00
Solution: | 3 4{ } —
o 4 5 6 0 0

=
_|_

—
\S]
X

=

(IxD)+(2x4)  (1x2)+(2x5) (1x3
(3x1)+{4x4)  (3x2)+{4x5) (3x3 - 12
(1) (1) (1) (13 (1) a(ixe)| | LetA{z O}B_LB» —5}

A ——
+
—
N
x
M)

1+8 2410 3+12 and C:F 1}verifywhether
~|3416 6420 9124 L BAl 3
:_1+4 —2+5 346 (Sl())lution: AB = BA
9 12 15 LHS = AB
1o 26 33 RHS =BA
ENR L.HS=AB




[ ols S
(—1x1)+(3x-3) (-1x2)+(3x-5)
(2x1)+(0-3)  (2x2)+(0-5)

[=14(-9) —2+(-15)

| 240 4+0 }

|-1-9 —2—15}

9 4
10 —-17]
2 4

RHS=BA=

o al12

_ 1><(—1)+2><2 1x3+2x0
{—3><(—1)+(—5)2 —3><3+(—5)(O)}
—1+4 340

3210 —9—0}

B 3 3
|7
Since LHS#RH.S

LHS=RHS
LHS#RH.S

(i)  A(BC)=(4B)C
Solution: A(BC)=(A4B)C

LHS =A(BOC)
RHS =(AB)C
LHS
L.H.S=A(BC)
1 3] {1 2} {2 1D
— X X
2 0] (|3 -5 |1 3
-1 3] [ 242 1+6
= X
2 0| | 64+(=5) -3+(-15)
-1 3] [ 4 7
= X
2 0| [-6-5 -3-15
1 3] [ 4 7}
= X
2 0| |11 -18
_‘(—1><4)+(3><—11) (-1x7)+(3x—18)
__(2><4)+(0><—11) (2x7)+(0x-18)

|

[-4+(-33) -7+ (—54)}

| 8+0 14+0
[4-33 —7-54

8 14 }
37 -6l

3 14}
RH.S = (AB)C

oS A
() +(3x-3) (<1x2)+(-3 ><—5)}

(2x1)+(0x-3)  (2x2)+(0x-5)

:‘2 1}
13
:'—1+(—9) —2+(—15)}{2 1}

240 440 1 3
[—1-9 —2-15] [2 1

= X

2 4 1 3

-10 -17] [2 1

12 4 }{1 3}
[(-10x2)+(-17x1) (—10><1)+(—17><3)}
| (2x2)+(4x7) (2x1)(4x3)
20+(-17) —-10+(-51)

T 444 2112 }

_‘—20—17 —10—51}

8 14
- 37 —61}

8 14

Since
LHS=RHS =A(BC)=(AB)C
Hence proved

(iii) A(B+C)=AB+AC
Solution: 4(B+C)=AB+AC
LHS = A (B+C)
R H.S = AB+AC

LHS
LHS=A (B+C)

Ll A0



—1 3] [1+2 2+1}
= X

2 0] [ -3+1 -5+3
-1 3] [3 3

= X

2 0] |2 2

| (-1x3)+(3x-2) (—1><3)+(3><—2)}

(2x3)+(0x-2)  (2x3)+(0x-2)

34+(-6) 3+(-06)
6+0 6+0

3-6 -3-6
6 6

[ -
16 6

R.H.S=AB+AC

[ o2 ] 3] f2
2 0|3 5|2 o1 3
| I +(Bx-3) (-1x2)+(3x-5)
{(le)+(0x—3) (2><+2)+(0><—5)}

(—1x2)+(3x1) (=1x1)+(3x3)
J{ (2x2)+(0x1) (2><1)+(O><3)}

. 240 +4+0
1-9 —2-15] [1 8
= +
2 +4 4 2

10 —17 1 8
= +
2 4 4 2

440 240

_‘—10+1 ~17+8
| 244 1442
_'—9 -9
|6 6

Since LHS=RHS
A (B+C) = AB+AC

Hence proved

[-1+(=3) —2+(—15)}{—2+3 ~1+9

|

(iv) A(B-C)=AB-AC
Solution: A (B—C) = AB-AC
LHS =A(B-0)
RHS =AB-AC
L H.S=A(B-C)

2ol S
[

11

’ -4 —8}

_‘( 1x-1)+(3%-4) (-1x1)+(3%-8)
| @%-1H014)  (2%1)H(0x- 8)}
C[FIH(12) -14(-24)

| 240 2+0 }

112 -1-24

12 2 }

11 -25}

3
2 0]
3
0

2 2
RHS AB-AC

2ol S1a ol s

{( Ix1)+(3x-3) (~1x2)+3x 5)}

(2><1)+(O>< -3) (2x2)+(0x-5)
{ 1x2)+(3x1)

(-1x1)+ (3><3)}

(2x1)+(0x3)

(~1x2)+ (3x—5)}

(2x2)+(0x-5)

1x2)+(3x1) (=1x1)+ (3x3)}

{ (2x2)+( O><1) (2x1)+(0x3)
—1-9 —2-15 243 —1+9
1240 440 }_{4+O 2+o}
10 —17] [1 8
12 4 }{4 2}
—-10-1 -17-8
| 2-4 4—2}
~11 -25
15
Since LH.S=R H.S
A (B-C) =AB-AC, Hence proved.

2><2 O><1

2x1)+( 3)

(-
(
[ (1x1)=(3%3)
K
(-




-1 3
Q.6 For the matrices A:{ },

1
B
4

Verify that

(i) (AB)'=B' A

Solution: (AB)' = B' A'
LHS =(AB)
RH.S =B'A

-1 3] [1 2
oy o s
C(—IxD+(3x-3) (~1x2)+(3x-3)
| (+2x1) +(0x=3) (2><2)+(O><—5)}
—1+(-9) —2+(-15)
Tl 2+0 4+0 }
—1-9 —2-15
|2 4 }
-10 -17

2 4
LHS= (AB)'

[-10 177
12 4

1 3] [-1 2
:[2 —5}_3 o}
C(Ix=D)+(=3x3) (1x2)+(=3x0)
Tl (@2x—1)+(=5x3) (2><2)+(—5><0)}
[ -1+(9) 240
| —2+(-15) 4+O}

2 -2 6
and C =
-5 3 -9

[-1-9 2
215 4

-10 2

-17 4
Since L.H.S=R.H.S
(AB)t — BtAt
Hence proved
LHS=RHS

(i) (BC)=CB'

Solution: (BC)= C'B'
LHS =(BC)
RHS =C'B'
To solve L. H.S

s S5

- (1x=2)+(2x3)

 2+6  6+(-18)
Tler(-15) —18+45}

T4 6-18

615 27}

4 12

o 27}

Taking transpose of BC:-

4 127
(Bc)t{—9 27}

4 -9
LHS=(B C) =
12 27

To solve RH.S =
Taking transpose of matrix C

ot 2 3
6 -9
Taking transpose of matrix B

Bt_l -3
12 -5

Now, multiplying matrices, B' C!

RHS=C!B'= IR M
6 -9/ |2 -5

(2xD+(3x2) (—2x-3)+(3x-5)
{(6><1)+(9><2) (6x-3)+(-9x-5)

(I1x6)+(2xx—9)
| (-3x-2)+(-3x3) (3x06)+(-5x-9)

|

|



246 6+(=15)
O6+(—18) —18+45
4 6-15
6-18 27

4 -9

1227

Hence proved
LHS=RHS




Exercise 1.6

Q.1  Use of matrices, if possible to
solve the following systems of
linear equations.

(i) The matrices inversion method

(i)  The Cramer’s rule

(i) 2x—-2y=4
3x+2y=6
By matrices inversion method

HEHEN
ey T

| A=

3 2

4= (2)(2)-(=2)(3)
|d|=4+6

|4]=10

Then, solution is possible because A is
non-singular matrix.

2 2
AdiA =

-3 2
As we know that
AX =B
X=4"B

X 1 )
— — % AdjAx B
| A

Y
x| 12 24
Ly 10|-3 26

112x4 +2x6
_16—8x4+2x6}
(8+12
_T612+u}
120
" 10|0 }
e
] |7
0
ek
x| [2
y_{o}
x=2,y=0

Solution Set = {(2, 0)}
By Cramer’s rule

5 2
2 2
3 2
-(2)2)(2)6)
~4-(0)

=4+6
=10

4] =

4 =2
6 2

=(4)(2)-(-2)(¢)

=8+12

=20

|Ay’:2 4
3 6

=(2)(6)-(4)(3)
=12-12

X

4

X

| A



0

J/=E

y=0
Solution Set = {(2, 0)}

() 2x+y=3
6x+5y=1
Matrices inversion method

HENEN

=(2)(5)-(1)(6)

=10-6

—4

Solution is possible because A is non-
singular matrix.

I

AdjA =
6 2

AX =B
X=A"B
X = AdiAx B
x| 1 S —1}3
y| 4|6 21
(x| 1[5x3+(-1x1)
v| 4] -6x3+2x1
x| 1]15+(-1)
y| 4|-1842
(x| 1] 14
y| 4|16
- [14

x| |4
vy |16

7
x=—,y=-4
5 y

7
Solution Set = {(5—4)}

By Cramer’s Rule
2 1 3

A = B =
21

| Al=
6 5

=(2)(5)-(1)(6)

=10-6

=4

Solution is possible because A is non-
singular matrix.

31

15
=(3)(5)-(M()
—15-1

- 14

A

¥y

A

X

2 3
6 1
=(2)0)-()(6)
e

7
Solution Set= {[E, —4]}



(i)  4x+2y=8
x—y=-1
By Matrices Inversion Method

MM
e[} T2}

|A|:4 2

3 -1
=(4)(-1)-(2)(3)
= —4-6
=10

Solution is possible because A is non singular
matrix.

ddid - 4
R B

As we know that

§

ISR

]
D;‘D;
S

_ 1 AdiaxB
| 4]

30T
1 [-8+2
T 10| 24+ (_4)}

— 1 __6
- 10| 28

- e oW = X e
L
(e

L3, 1
5’y 5

. 3 14
Solution Set=<| —,—
55

By Cramer’s rule

|A|:4 2

3 -1
=(4)(-1)-(2)(3)
- —4-6
=10

Solution 1is possible because A is non
singular matrix.

8 2
A=

1 -1
=(8)(-1)-(2)(-1)
=-8-(-2)
=6
_ 4]
A
B 6
“10
_3
s

‘AJ:{4 8}
3 -1

=(4)(-1)-(8)(3)
——4-24
- 28

4]

| Al
28
10

_14
7

. 3 14
Solution Set = (——j
55

(iv)  3x-2y=-6
Sx-2y=-10
By Matrices Inversion Method

ﬁ jm {_160_
iy el

y

y




3 2
|A_‘5 2
=(3)(-2)-(-2)(5)
=-6-(-10)
=—6+10
=4

Solution is possible because A is non
singular matrix.

2 2
AdjA =
-5 3

X=4"B
x| 1

= —x AdjAx B
RANES
(x| 1[2 26
v| 4|5 3] -0
x| 1[-2x—6+2x-10
v] 4| -5x-63x-10
(x| 1[12+(-20)
| v] 4]30+(-30)
x| 1[12-20
v| 4]30-30
_x__l -8
v] 4[0
| B

|4
BANRY

4
x| [2
v o
x:—2,y=0

Solution Set = {(—2, O)}

By Cramer’s rule

v

3 -2
5 =2
=(3)(-2)-(-2)(5)
=-6-(-10)

=—6+10
=4

| Al=

Solution is possible because A is non singular
matrix.

|6 -2
10 2
=(-6)(-2)-(-2)(-10)
=+12-(+20)
=12-20
- -8
4l
Y115 —10
=(3)(-10)-(-06)(5)
=-30-(-30)
=-30+30
=0

Ax
X=—

| Al

-8
X =—

4
x=-2
Al

| 4|
_0
4
v=0

Solution Set= {(—2, O)}

(v) 3x—2y=4
—b6x+4y="7
By Matrices Inversion Method

{—36 ﬂ m _m

Solution is not possible because A is
singular matrix.



(vi) 4x+y=9
Bx—y=-5
By Matrices Inversion Method

S ALHS
anly Sl

Al 4 1‘

-3 -1
=(@)E)-(1)(-3)
=—-4+3

.
Solution is possible because|A4|is non
singular
-1 -1
3

As we know that
X=A"'B

AdiA =

:LxAdexB
| Al

= A

y
X
y
x| 1[-9+5 }
y
X
Y

v 1] 27+(-20)
1 14
il

4
x| |-
B 7

-1
x| [4
_y___—7}
x=4,y=-7

Solution Set= {(4 -7 )}
By Cramer’s rule

5 ol

4 1
4=,

=(9)(ED)-()(3)

-5 -1
=(9)(-1)-)(-3)
--9-(-5)
-94+5
—4
el

| A

Solution Set={(4,,-7)}

(vii) 2x-2y=4
—Sx—-2y=-10

By Matrices Inversion Method

{—25 :ﬂm i :—To}

3 -2 X
Let A= X =
3 2

2 o
| A=
5

=(2)(-2)-(-2)(-5)
=—4-(+10)

= —4-10

——14

Solution is possible




. 2 2

Adjid =
5 2

As we know that
X=A'B
SR

=—x AdjAx B
:y: |A|_
x| 1 12 2|4
v| 14| 5 2][-10
x| 1 _—8+(—20)
_y___—14_20+(—20)
‘x‘_ 1 [-8=20
y| -14[20-20
'x'_ 1 [-28
y| —14|0
o —28
x _| 14
BA 0
- 14
x| 2
v |0
x=2y=0

Solution Set= {(20)}
By Cramer’s rule

2 =2 4
S
2 2
=
=@(2-(-2)(-9)
=—4-(+10)
~4-10

— 14
Set is possible

4 2
A:
{40 -2}

=(4)(-2)-(-2)(-10)

=(2)(=10)=(4)(-5)

=-20-(-20)

=20+ 20
0

— Ax

A
28

14
x=2

Solution Set = {(2 O)}

(viii) 3v—4y=4
x+2y=8

By Matrices Inversion Method

A MEN
El

3 -2
Let A= }X:{

A=
=(3)(2)-(=4)()
~6-(-4)

|Al=6+4
=10

Solution 1s possible because A is non

singular matrix.

Adid = 2 4
S I

As we know that
AX =B
X=A"B

X = AdiAx B
| A

1[2x4+4x8
10| —1x+3x38
1/8+32
_E;4+m}
1[40
'_15{20}
40
10
20
10

_x_
:y:
X
:y:
X
:y:
X
e

12 4
S10[-1 3|y

|



B

Solution Set= {(4 2)}
By Cramer’s rule

3 4 4
A= B =
NN
3 4
=]
=(3)(2)-(=4)()
~6-(-4)
=6+4
=10
Solution 1s possible
4 4
A=
|
4 4
8

2
=(4)(2)-(-4)(8)
=8-(-32)

=8+32
=40

|AJ‘{3 4}
1 8

3 4
I 8

=(3)(8)—(4)(1)

=244

=20

_ 4
|4
_40

ST

x=4

|4l

| A
20

yZB

y=2
Solution Set= {(4 2)}

A

X

¥

Y

Q.2 The length of a rectangle is 4 times
it width. The perimeter of the
rectangle is 150cm. Find the
dimensions of the rectangle.

Solution:

Let width of rectangle =x

Length of rectangle =y

According to 1* condition

y=4x
—4x+y=0 —...(1)
According to 2™ condition
2(length + Width)=Perimeter
2(y+x)=150

75

y+Xx Z
x+y=75 —...(11)
—4x+y=0

x+y=75
Changing into matrix form

—4 11 x 0

BRI
X=A"B
(By matrix inversion method)

wrf el
]
~(-4)(1)-()()
o

1 -1
1 4

As we know that
X=A"'R

x|
{ }——xAdexB
y] 4]
_1[ 1 1o
51 4|75

110-75 1
5/ 0-300 |

1 [-75
5| =300




~75
x| | 5
y| | =300

-5
[15
o
x=15,y=60

Width of rectangle = x = 15¢m
Length of rectangle = y = 60cm

By Cramer’s rule

—4 1 0
A: B:
et
-4 1
| A=
11

=) (1))
—4-1

-5
o1
‘75 1
=(0)(1)-(1)(79)
=0-75

=-75

A

X

4 0
1 75
=(=4)(75)-(0)(1)
=0-300

=-300

4]=

¥y

Then
Width of rectangle = x = 15 cm
Length of rectangle =y = 60 cm

Q.3 Two sides of a rectangle differ by
3.5cm. Find the dimension of the
rectangle if its perimeter is 67cm.

Solution:

Suppose Width of rectangle = x

Length of rectangle =y

According to 1% condition

y=x=3.5

—x+y=3.5 —>(1)
According to 2™ condition
2(L+B)=P

2(y+x)=67

X+y=—

X+y=335 — (ii)

Changing into matrix form

BN

(By matrix inversion method)

-1 1 X 3.5
RER! v 335

-1 1
| A=

1 1
=(=1)(1)-(1)(1)
= -1-1
=-2
agia=
il B

As we know that
X=A"'B
X 1
{ }——xAdexB
vy, 4]

1[ 1 135
T2 I}LB.S}

1] 1x35 1x335
2| -1x35 1><33.5}

1 [3.5(-33.5)
—_2_3.5(33_5)}

1 [-30
__2—37}



15
X
MEE
2

37
x=15,y=7=18.5

By Cramer’s rule

[

-1 1
| A=
1 1
=(=D)(1)-(1)(1)
= —1-1
-2
35 1
Al=
335 1
=(3.5)(1)-(1)(33.5)
=35-335
=-30
’A‘_—l 3.5
Y1711 335
=(-1)(33.5)-(3.5)(1)
=-335-35
=-37
Ax
x:_
|A
=30
X=—"
-2
x=135
4,
y:_
|4
7
Y -2
37
=_-=185
Y 2

Width of rectangle =x=15cm
Length of rectangle =y=18.5cm

Q.4  The third angle of an isosceles A
is 16°less than the sum of two
equal angles. Find three angles of
the triangle.

Solution:

Let each equal angles are x and third angle 1s y

According to condition ¥y =2x-16
2x—-y=16 (i)

As we know that

x+x+y=180

2x+y=180 (ii)

2x—-y=16

2x+y=180

Changing into matrix form

e

X=A4"'B

2 1 X 16
2 1 y 180

2 -1
2 1
=2x1—(-1)x2

=2+2
= 4 = 0 (None singular)
A "exist

| A=

x| 1)1 1116
y| 42 2180
_1{1><16+1><18O }

T 4] -2x16+2x180



1[16+180
2| -32+360

[19%
1328
196

4
328

4
X 49
e
x =49
y=82

Cramer Rule

N

2 -1
|Al=
2 1

-)1)-(-))
~2-(2)

=2+2
=4

16 -1
& _LSO 1 }
= (16) (1)~ (-1)(180)

=16+180
=196

2 16
4] {2 180}
=(2)(180)-(16)(2)

=360-32
=328

1* angle = x = 49° Ans
2" angle= x = 49° Ans
3 angle =y= 82° Ans

Q.5 One acute angle of a right
triangle is12° more than twice
the other acute angle. Find the
acute angles of the right triangle.

Solution:

Let one acute angle =x
And other acute angle =y

According to 1% condition N
x=2y+I12
x—2y=12 — (i)
As we know
x+y=90 — (ii)

By matrices inversion method
Changing into matrix form

s H
R HEH

1 1
=(1)(1)-(=2)(1)
“1(2)

=3 (Non singular)
- A exists

Aal'A—12
N B

As we know that
X=A"'Bor

x| 1
{ =—xAdjAx B
v, 14|

1 212
FH
12+180
_—12+9o}

192
78




x| | 3

v] |78
3

x| |64

_y___26}

x=64,y=26

Then
1 angle = x = 64°
2" angle = y = 26°

By Cramer’s rule

s 7]l

N

=()1H)-(=2)()
-1-(-2)
=1+2

=3

12 2
90 1
=(12)(1)-(=2)(%0)

=12+180

X

=192
‘A’:‘l 12‘
90
=(90)-(12)
=90-12

=78
A

X

| A

=26
1* angle = x = 64°
2" angle = y = 26°

Q.6  Two cars that are 600 km apart are
moving towards each other. Their

speeds differ by 6 km per hour and
1
the cars are 123 km apart after45

hours. Find the speed of each car.
Solution:
Suppose speed of 1* car = x
Suppose speed of 2" car =y

According to 1% condition

x—y=6 - (1)
According to 2" condition
Total distance = 600 km
Left distance =123 km
Covered distance = total distance-left
distance
Covered distance = 600-123
=477 km

Total time = 45 hours =or 5 hours

Total Distance Covered
Total Speed= _
Total Time Taken
9 2
X+y= ﬂ =477 +— =477 x—
9 2 9
2
53
x+y= Aﬂ; X 2
x+y=106 —> (i)
X-y=06
x +y=1006

By matrices inversion method



Changing into matrix form

E TM :LSJ

X =A'B, where

I -1 X 6
LetA: ’X: ,B:
11 y 106

:LxAdexB
Ly] A

x| o116
v 2]-1 1][106

116+106.
2| —6+106

1112
~2]100

112
{z
100
2

X 56
M
x=56,y=50

Speed of 1% car = x= S6km/h
Speed of 2™ car = y= 50km/h

By Cramer’s rule

106 1

=(6)(1)=(-1)(106)
=6—(-106)
=6+106
=112

1 6
1 106

=(106)(1)-(6)(1)
~106-6
=100

A=

A

y=50

Then

Speed of 1% car = x = 56km/h
Speed of 2™ car = y = 50km/h


Rectangle


Q.1
(i)

(ii)

(iii)

(iv)

v)

(vi)

(vii)

(viii)

Review Exercise 1

Select the correct answer in each of the following.

The order of matrix[Z 1] is....
(a) 2-by-1
(c) 1-by-1

{«E
0 V2

(a) Zero
(¢) Scalar

}s called ...matrix,

Which is order of a square matrix?
(a) 2-by-2

(c) 2-by-1
2 1
Order of transpose of |0 1 [is...
3 2
(a) 3-by-2
(c) 1-by-3

. {1 2]
Adjoint of is...
0 -1

-1 -2
(a) 0 1}

-1 2
() 0 1

2

Product of [x y]{_l}s...

(a)[2x+y]
(©)[2x—y]

2 6 .
If =0, then x is equal to...
3 x

(2) 9
()6

(b) 1-by-2
(d) 2-by-2

(b) Unit
(d) Singular

(b) 1-by-2
(d) 3-by-2

(b) 2-by-3
(d) 3-by-1

(b)

(d)

(b) [x-2y]
(d)[x + 2y]

(b) -6
(d) -9

-1 -2 1 0 .
If X+ = , then X is equal to...
0 0 1

2 2
@1,




1l

1v

ANSWER KEY

\4

vi vil viil

3-4 0-2

Q.2  Complete the follwoing:
. 0 0] :
(i) is called ... matrix.
.. 10l :
(ii) is called ... matrix.
o 1 2.
(iii))  Additive inverse of {O ]:|IS....
(iv)  In matrix multiplication, in gereral, AB .. BA.
(v) Matrix A+B may be found if order of A and B is...
(vi) A matrix is called ... matrix it number of rows and columns are equal.
ANSWER KEY
Solution: (i)
_ - 2 3 5
a+3 4 3 4
3 1If — then 2A+3B:2{ :|+3{
Q { 6 b—d} {6 2}’ ) o) |2
find a and b. |4 6}+{15 -42}
a+3 4 -3 4 B -6 -
Solution: = |2 0 6 =3
6 bh-1 6 2 | 4+15 612
AR b2 L2o6 o=
a=-3- =2+ =
a=-6 b =3 Ans _|1? ¢ Ans
__4 _3_
2 3 5 4
Q4 If A= B , then Solution: (ii)
1 0 -2 -1 3
find the following. —3A+2B = —3{ } + 2{
(i) 2A+3B 1 0
(i)  34+2B 6 9| [10 -8
(iiiy  —3(A+2B) :__3 o4 o
(iv) %(2A—3B) [ -6+10 —9—8}

5
-2

4
-1

|



4  —17
= Ans

Solution: (iii)
2 3
—3(A+ZB):—3{ +2{
1 0]
2 3] [10 -8]
=-3 +
1 0] |4 -2]
[2+10 3-8
1-4 0-2

12 -5
-3 =2

36 15
= Ans
9 6}

Solution: (iv) %(ZA -3B)

a2l 0l
B 2}{156 _132D
[ 4-15  6-(-12)
22(-6) 0(3>}

11 6+12
_2+6 0+3

—11 18
8 3

—11><2 18><2

T W W W W WM

5 —4
—2 -1

Q.5 Find the value of X, if
2 1 4 -2
+X = .
3 -3 -1 =2
Solution: Given that
2 1 4 -2
+X =
3 -3 -1 -2
4 =21 [2 1]
X = —
-1 -2 3 =3]

4-2 —2-1
)

2 -3
|4 243

2 -3
X = Ans
-4 1
0 1 -3 4
Q6 If 4= ,B= y
2 -3 5 2

then prove that
(i) AB # BA
(i)  A(BC)=(4B)C
Solution: Given that

=l apres

(i) AB = BA
L.H.SZAB:B _13}{_53 _42}
[ox(=3)+1x5 0xd+1x(-2)
C12x(=3)+(=3) x5 2x4+(-3)x(-2)
_| 045 0—2}

615 8+6
:_—21 ;ﬂ - ()
R.H.SZBA:{_; _ﬂB _13}
_{3(0%4(2) S3(1)+4(- )}
15(0)+(=2)(2) 5()+(-2)(=3)
0+8 -3-12
“lo-4 5+6}
:__84 Zﬂ - (ii)

From (1) and (i1) , we get

|



LHS#KHS

AB # BA
Hence proved

(i) A(BC)=(4B)C
Solution:

We cannot solve because matrix C is not
given.

302 2 4
Q7 If A= and B = ,
1 -1 3 -5

then verify that
() (4B) =B4A
i) (4B) =p'4"

Solution: Given that

3 2 2 4
A= and B =
HEETZE

(i) (4B) = B' A’

LRI

:' 3(2)+2(-3)  3(4)+2(-5) }
1(2)+(-1)(=3) 1(4)+(-1)(-5)
:_6—6 12—10}

12+3 445

0 2

s 9}

[2x3+(-3)x2 2(1)+(-3)(-1)
| 4x3+(=5)x2 4(1)+(-5)(-1)
[ 6-6 2+3}
12-10 445

0 5
= > 9} — (ii)
From equal (1) and (i) we get
L.HS=R H.S

(4B) =B'A'

Hence proved

(i) (4B) ' =84
0 2

5 9
=0x9-2x5
=0-10

=—10 (Non singular)
Inverse exists

Aalf(AB){_g5 ﬂ

LHS=(4B)" = 4dj(4B)

|48

19 2
- ~10|-5 0

-]

I
f—
o~
—
S—’

=2(-5)-4x(-3)
=—10+12

= 2 (non singular)
. B exists

|



302
|4 =
1 -1

=3(-1)-2x1
--3-2
= —5 (non singular)
s AT exists
adia=|

A B

at= L g4

14

G0 G S

s PO O

1 {5(1) HA) S+ (3)}
0 3(-)+2(-)  3(2)+2(3)

_1[5+4 10-12
10| -3-2 —6+6

From equation (1) and (i1) we get
LHS=RH.S

(4B) =B'4"

Hence proved


Rectangle


Q.1

Exercise 1.5

Find the determinant of following
matrices.

o
=3)2)-3)(3)

=00
=0

(iv) D= E ﬂ

Solution:

L

To write in determinant form

() y -1 1
1 =

2 0
Solution:

~1 1]
A=
{2 0

To write the determinant form

-1 1
| Al=
2 0

=DH(0)-(2) ()
=0-2
=2

(ii) B:{l 3}
2 -2

Solution:

To write in determinant form
1 3
| B|=
2 2
=M E2)-2)3)

=26
=8

13 2
(iii) C—L 2}

Solution:

o} ]

To write in determinant form

| D

Q.2

(i)

3 2
1 4

() (H —2) (1)
12-2
10

Find which of the following
matrices are singular or non-
singular?

ey

Solution:

3 6
2 4

To write in determinant form

|A|3 6
2 4
4= (3) (4)-(2)(9)
|4]= 1212
4] =0

It is a singular matrix.

(i)

i

Solution:

]

4 1
3 2

To write in determinant form



4 1 Q.3 Find the multiplicative inverse of
| B|= each
3 2
[B]= (4) (2)-)(1) . 13
|Bl=8-3 @ A=,
|B|: S Solution:
It is non-singular matrix. -3
12 0
To write in determinant form
-1 3
7 -9 | Al= ‘
=
(iii) L 5 } 2 0
Solution: |A| - (_1)(0) - (2)(3)
co|7 O |4]=0-6
1305 |4|= —6%=0 (Non-Singular)
To write in determinant form Alexists
7 -9 To write in Adj A
€= 0 -3
3 AdjA = { }
I S
CI=(7)(5)-()(-9)
C|= 35+27 A7 :%qule
|C| = o2 Putting the values
In not equal to zero so u 1 1
It is non-singular matrix. Ox— —B3x—
-1 1 0 -3 —0 -6
S P il B 1
—2x— —lx—
L —6 —6 |
5 -10
@) D [ } o 8
-2 4 A_1: —6 +6
Solution: +2 +1
5 =10
e +6 +6
-2 4 0 1
To write in determinant form _ 2
D= 5 =10 1
= 2 4 3.6
[P]=(5)(4)~(-2)(~10)
|D|=20-20
— I 2
b =0 | (i) B{ }
It 1s singular matrix. -3 -5
Solution:
i
B=
-3 -5
To write in determinant form




1B =( 1)( 5) (-3)(2)

|B|=-5+6
|B|=1# 0 (Non-Singular)
B! exists
-5 2
AdjB =
3 1
51 :
B™ =——xAdjB
| B
Putting the values
1 1
—x—=5 =-x-2
-5 2
BJ"%X{3 '1}_ i 11
-x3  =xI
1 1
-5 2

|2 6
Gii) C —{ ; _9}

Solution:
To write in determinant form

-2 6
=
[= (—2)(—9)—(3)(6)
IC|=18-18
|C|=0 Singular

C' Does not exists.

(iv) D

AW

|
2
1

Solution:
To write in determinant form

13
D=2
1

RN

13
ID|=2 Z:%ﬂ%%xl
1 2
-3
4
4-3
==

|D’ = % # 0(Non Singular)
D! exists
-

4

2
AdiD =
1
1 =
2
D= aaip
D]
By putting the values

2 =

3
4
1

2
3
2
1

5

l

2

4 IfAl—1 2 dB=
Q. =14 and B =

then
Then verify that

3
2



(i) A(AdjA)=(AdjA)A=(detA)]
Solution: A(AdjA)=(AdjA)A=(detA)l

4
| 2
detA=

=1x6 2x4
=6-8
=-2

A@mﬁA):{i
| 6-8 (-2)+2
244

-8+6
-2 0
A (Ad) A){ . _2} 0

e =21 2
MW@A_L4 1ﬂ; 4

(AﬂﬂA{(QXDX4 (6)x2+(-2)x6

(=4)<1+()(4) (4)(2)+1)(6)
:{6—8
—4+4

12-12
—-8+6

-2 0
(AmAy&:{o _2] (i1)

1 0
det A)[=-2
(det A) L J
B 2x1 0x2
| 22x0 1x-2

-2 0
(detA)I:{ 0 _2}

Hence proved
From eq (1), (i1) and (iii)
A(AdjA)=(AdjA)A=(detA)1

(111)

|

(ii) BB'=1=B'B
Solution;: BB'=1=B"'B
To write in determinant form
3 |
|B] =
2 =2

~6-(-2)

=-6+2

= —4 = 0 (None singular)
=B exists.

To write in AdjB

-2 1
-2 3

B! iAa{j

Bl
121
42 3

New

B71




B'B =I

From (i) and (i1)
BB '=I=B'B
Hence proved

Q.5  Determine whether the given
matrices are multiplicative inverses
of each other.

3 5 7 =5
(i) { }and{ }
4 7 4 3
35 7 -5
Solution: and
4 7 4 3
3 5|7 -5
4 7(|-4 3
[21+(-20) -15+15
| 28+(-28) —20+21

1o
101

The given matrices are multiplicative
inverse of each other.

. 1 2 d—32
(ii) 23211’12_1

1 2] 3 2
Solution: and
2 3 2 -1

F
12305 )

{3+4 2+E2q

ot

Given matrices are multiplicative inverse
of each other

Q.6
() (AB) =BA"
Solution: (AB)' =B'A"'

{4 o} ‘41-4}
A= B=
-1 2 1 -1

{4 o‘{—4 —2}
AB =

-1 21 -1
[4x(-4)+0(1) 4x(=2)+0(-1)
_1;—1x(—4)+-2(n -—1x(—2)4—2(—1)}

_146+o —8+0
| 4+2 0 2+4(-2)
—16 -8

6 0
To write in determinant form

-16 -8
48]~
6 0

|AB|=0-(-48)
|4B| =48
To write in Adj (AB)

_ 0 8
A@(AB)z{_6 _MJ
I

AB) ! = % AdiAB
(AB) 4B ij
1 [o 8

=—X
48 | -6 -16
08
|48 48
6 -16
(48 48
o 1
_ 6
1

i 3
Tosolve R H. S
To write in determinant form

4 -2

Bl




pl=4-(-2)
|B|=4+2

|B|= 6

To write in Adj B

-1 2
w

-1 4
Bl = L x AdjB
B
By putting value

-1 2
B1l= l X
6 |-1 -4
To write in determinant form
4 0
| A=
-1 2
| A|=8-(-0)
| A[=8
To write in Adj A

20
1 4

A= adia
| A|

1 [2 0
=—X
8 [1 4
To solve R.H.S
-1 2 2
BilAflzl ><l
6/ -1 —4| 8|1
1 1[-1 202 0
= —X—-_
6 8|-1 —4|1 4
1 [-2+2 0+8
48] -2-4 0-16

1[0 8
486 —16}
0 8
148 48
-6 -16
|48 48
o 1
B 6
S
8 3

0
4

|

Hence proved
LHS=RHS
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Unit 1: Matrices and Determinants

Matrix:
A rectangular array of real numbers enclosed within brackets is said to form matrix.

Rows of a Matrix:
In matrix, the entries presented in horizontal way are called rows.

01 0|>R
e[l 2 8|>R, .
7 1 5|>R,

Columns of a Matrix:
In matrix, all the entries presented in vertical way are called columns of matrix.

010

{1 2 8]

71 5] .
2

Order of a Matrix:
The number of rows and columns in a matrix specifies its order. If a matrix M has m

rows and n columns then M is said to be of order, m—by—n.

0 8 0
1e. |0 4 8 |the order matrixis 3—hy—3
7 15

Equal Matrix’s:
Let A and B be two matrices. Then A is said to be equal to B, and denoted by

A= B, if and only if;
(1)  The order of A = the order of B
(i)  Their corresponding entries are equal.

. 1 3 I 2+1 )
Le. A= { A 2} and B = { } are equal matrices.

4 4-2

Rectangular Matrix:
A matrix M 1s called rectangular if, the number of rows of M is not equal to the

number of columns of M.




a b c
e.g.,B:d o dl

Square Matrix:
A matrix 1s called a square matrix if its number of rows is equal to its number of
columns.

, 2 -1
lLe, A=

Null or Zero Matrix:
A matrix M is called a null or zero matrix if each of its entries is 0.

0 0
eg. .
g 0 0
Transpose of a Matrix:

A matrix obtained by interchanging the rows into columns or columns into rows of a
matrix is called transpose of that matrix.

Negative of a Matrix:
Let A be matrix. Then its negative, —A is obtained by changing the signs of all the
entries of A,

. 1 -2 -1 2
Le If A= ,then— A4 =
3 4 -3 4

Symmetric Matrix:
A square matrix 1s symmetric if it 1s equal to its transpose 1.e., matrix A 1s symmetric

if A'=4.

Skew-Symmetric Matrix:
A square matrix A is said to be skew-symmetric if 4" =—4.

Diagonal Matrix:
A square matrix A is called a diagonal matrix if at least any one of the entries of its
diagonal is not zero and non-diagonal entries must all be zero.

1 0 0
Le. A=0 2 0
0 0 3

Scalar Matrix:
A diagonal matrix is called a scalar matrix, if all the diagonal entries are same and

k 0 0
non-zero. For example | 0 & 0 |where £ 1s a constant = 0, 1
0 0 &

Identity Matrix:
A diagonal matrix is called identity (unit) matrix if all diagonal entries are 1 and it is
denoted by 1.




I 0 O
eg,A=]0 1 O0]isa3-by-3 identity matrix.
0 0 1

Addition of Matrices:
Let A and B be any two matrices with real number entries. The matrices A and B are
conformable for addition, if they have the same order.

Subtraction of Matrices:
If A and B are two matrices of same order then subtraction of matrix B from matrix A
is obtained by subtracting the entries of matrix B from the corresponding entries of
matrix A and it is denoted by A - B .

Multiplication of Matrices:
Two matrices A and B conformable for multiplication, giving product AB if the
number of columns of A is equal to the number of rows of B.

Determinant of a 2-bv-2 Matrix:

b
Let A= F d} be a 2-by-2 square matrix. The determinant of A, denoted by det A or
c
|4 is defined as.
a b| la b
‘A‘:detA:det = =ad—bc=1€R
c d| |c

Singular Matrix:
A square matrix A is called singular if the determinant of A is equal to zero.

1 2
For example, 4= {O O} is a singular matrix, since det 4 =1x0—-0x2=0.

Non-Singular Matrix:
A square matrix A is called non-singular if the determinant of A is not equal to

ZEro.

11
For example A4 = {O 2} 1s non-singular, since det A =1x2-0x1=2=0.

Adjoint of a Matrix:

a
Adjoint of a square matrix A:{
c

b
d} is obtained by interchanging the diagonal

entries and changing the sign of other entries. Adjoint of matrix A is denoted as Adj
A

: : d -b
1.e. Adj A:{ }

—C da



Q.1

(i)

(i)
(iii)
(iv)

v)
(vi)

Q.2

()

Exercise 2.1

Identity which of the following
are rational and irrational
numbers?

\/g Irrational number

Rational number

N o=

Trrational number

[
wh

Rational number

Rational number

i
O |

Irrational number

Convert the following fractions
into decimal fractions.

17
25

Solution: H
25

0.68

25& 170

—150
200
—-200

0

ﬂ =0.68 Ans
25

. 19

ii —

(i) p

Solution: E
4

4.75

4519.000

16

30

28

20

20

0
19
T4
=475 Ans

57
(iii) 3

Solution: %

7.125
8) 57
56
10

8
20
16
40
40
0

57

8
=7.125 Ans

. 205
v —_—
(v) =2

Solution: &

11.388

18i205.000

25



18

70
54

160
_144

160
_144

16

208

18
=11.3888
=11.3889 Ans

v 2

5
Solution: g

625

SiS.OOO

48

20
-16
40

-40

0

I ool wn

0.625 Ans

.25
\4! —
V) <2

25
Solution: —
38

0.65789...

38j 250

—228

220
—-190

300
—266

340
-304

360
—342

18

25
38
=0.65789 Ans

Q.3  Which of the following statements are true and which are false?

. 2. o
(i) — is an irrational number.
(ii) 7 1s an irrational number.
(iii) 5 is a terminating fraction.
. 3. o :
(iv) 2 s a terminating fraction.
4. : :
(v) —1s a recurring fraction.

n

False
True

False

True

False



Q.4

Represent the following numbers on the number line.

i -
(1) :
12 3
3 3 3
Z | | | |
o~ | | I | |
-1 0
2
_Ans.
D
. 4
11 —_
(i) 5
4
5
Z N
< | | Trrrr] | T |
-3 -2 -1 0 | 2 3
3
il 1—
(iii) 1
2
4
T
< } i } -+ i
-3 -2 -1 0 1 2 3
5
iv -2—
(iv) 2
52
8
T
B e L L e S o
-3 -2 -1 0 | 2 3
3
A 2—
(v) 1
53
4
T
i } i } { HH—



vi) V5

By Pythagoras theorem

(Hypoteneus)2 = (Base)2 + (Perpencicular)2

(0B) =(2) +(1)

(5Ef:4+1

(EET::S

Taking square root on both sides
(0B) =5

OB=\5

Q.5 Give a rational number between

3
—andé
4 9

Solution:
Required No between

3
— andi
4 9

'3 5
= —+—}+2
4 9
27
+2o}+2
36
47
| 36
47 1

= _X_

36 2
= — Ans

\B
oA

1 Js5
I | l » [
| 7 | =
A I3
NC—

Q.6 Express the following recurring
decimals as the rational number

L where p.q are integer

q
andg=#0.

(i) 05

Solution:
x=05
x=0.555...
10xx=10x0.555...
10x =5.555..
10x=5+0.555...
10x=5+x
10x—x=35



(i) 013

Solutions:
Suppose
x=013
x=0.131313...
100" x=100x1.131313...
100x =13.1313...
100x=13+0.1313...
100x=13+x
100x—x=13
99x =13

13
X=—

(iii))  0.67
Solutions:
Suppose
x=0.67
x=0.676767...
100xx =100x0.676767 ...
100x = 67.6767...
100x =67+0.6767...
100x =67+ x
100x — x =67
99x =67

67
X=—



Exercise 2.2

Q.1  Identify the property used in the following.

(i) atb=b+a Commutative Property w.r.7 addition
(i) (ab)c =a(bc) Associative Property w.r.7 multiplication
(i) 7x1=7 Multiplicative Identity
(iv) x>yorx=yorx<y Trichotomy
(v) ab = ba Commutative w.r.7 multiplication
(vij a+c=b+c=a+b Cancellation Property of addition
(vii)  5+(-5)=0 Additive Inverse
1 e
(viii) 7x - =1 Multiplicative inverse
(ix) a>b=ac>bc(c>0) Multiplicative property

Q.2  Fill in the following blanks by stating the properties of real numbers used.

3x+3 ( y- x)

=3x+3y—3x,... Distributive property
=3x—-3x+3y,... Commutative
=0+3y,...  Additive Inverse
=3y,... Additive identity

Q.3  Give the name of property used in the following.

(i) V24+0=424 Additive Identity
(i) B P U P (5)+ _2\7 Distributive Propert
3 2 3 3112 perty
(iii) 7+(-7)=0 Additive Inverse
(iv) J343 is a real number. Closure property w.r.t x.

(v) {— g} {— %} =1 Multiplicative Inverse.



Exercise 2.3

Q.1  Write each radical expression in exponential notation and each exponential
expression in radical notation. Do not simplify.

(i) J—64
1
=(-64)3
3
(i) 2°
5 23
1
(iii) -73
37
_Z
(iv) »y°
= 3 y72

Q.2 Tell whether the following statements are true or false?

(i) 55 =45 False
2

(i) 2°=34 True

(i) 49 =47 False

(iv) Ux7 =x False

Q.3  Simplify the following radical expression.

i Y125

Solution:

=3/—125
—=3/—5x—5%x-5



(i) Y32

Solutions:
-32
=2x2x2x2x2
=32 x2
~ 2 <2

= 2(‘/5 Ans

3

iii 5[—
(i) 1/3 3
Solution:

NE)

(iv) 3-—

Solution:




Exercise 2.4

Q.1 Use laws of exponents

simplify.
2o
) (243)3(32)s
(196)"
2
Solution: (243) (3?) 5

i/3><3><3><3><3><3><3><3><3><3

B 7
333 33 x 3% x3

7
BB

to

7

:3><3><3><i/§

:7 Ans

2733

(ii) (2){5 y ) (—8)(3 y’ )
Solution: (2x°y*)(-8x7)?)
_ _16x573y74+2

=—16x*y "
_—lox

2

Y

Ans

2. 473
Xy z
(iii) { —— O}

x'y'z

4.-3 o

2 4773
Solution: {u}

_ [x7274y71+327470 ]’3
(

(81)".37-(3)"" (243)
o0

(3 33
()

34m 35 _ 34n 3145
R
373 =373t
- 33

Solution:




3"3%(3-1)
= 341 33
— 34}17411.3473‘ (2)
=3"3'2
=1x3x2
=6 Ans

Q.2  Show that

a+b b+c cta
xa xb xc 1
| X=| =]
X X X

Proof:
LH.S

xa a+b xb b+e xc cta
ERERE
_ (xaﬁb )a+b < (xbic )b+c < (xcia )c+a
_ e aan)  (belpre) | [e-a)era)

ai-p? »2_g?

=X X X x X©
N
= xo

=1

1=R.HS Ans

Q.3  Simplify

1 1
25><(3Z); ><(2><2><3><5);

(2><2><3><3><5);><(22);><(32);
1 11

2;>><3(22)2><32><52

B 1 ! 1 21
(22)2 ><(32)2 ><(5)5 x2 3 x3?
1 1 1
| 23x3x2x32x5?
- 1 2 1

2%3x52%x2 3x32

1
=23x2" %21 %2

Ll

+2 1

_ 3 e 3%}2/%7? v 5/13/75{

-1

1

-1

3 x3'x32x3"x32 x52x52



(i) 5 +(52)3
Solution: 5> +(52)3

(iv)  (¥) +x".x20
Solution: (x3 )2 +x7 x#0

6 9
=X +X
6-9

=X

-3
=X



Exercise 2.5

Q.1 Evaluate

(i) i’
Solution:
7
=i

6 -
=11

(ii) i°
Solution: ;™
_ (l2 )25
_ (_1)25

=—1 Ans

(iii) "
Solution:
.12

i) ()

Solution:

© (=)

Solution:
(i)
=
=—i"i

= (7 )22.1'
=—(-1) i
=(1) ()

—i Ans

(vi) i’

Solution: /%’

Q.2  Write the conjugate of
following numbers.

(i) 2+3i
=2-3i
(ii) 3-5i
=3+ 5i
(i) -
=i
(iv) 3+4
=-3-4i
(v) —4—1i
=—4+i
(vi) -3
=—i-3

the

Q.3 Write the real and imaginary

part of the following numbers.

(i) 1+17
Real =1
Imaginary = 1
(i) —1+2i
Real = -1

Imaginary =2



amy -3 +2
Real =2
Imaginary = - 3
(iv) —2-2i
Real = -2
Imaginary = - 2
v) —3i
Real =0
Imaginary = - 3
(vi) 2+0i
Real =2
Imaginary = 0

Q.4 Find the value of x and y if
x+iy+1=4-3i
Solution: Given that
x+iy+1=4-3i
x+iy=4-3i—-1
X+iy=3-3i
x=3 y=-3
x=3,y=-3 Ans



Exercise 2.6

Q.1 TIdentify the following statement as true or false.

(i) 3J-3=3 False

i) P =-i False

(i) " =-1 True

(iv)  Complex conjugate of (—61’ +i2) is (—1+6i) True

(v)  Difference of a complex number z =a+bi and its conjugate is a real number. False
(vi) If(a-1)—(b+3)i=5+8i, then =6 andh=—11. True

(vii)  Product of a complex number and its conjugate is always a non-negative real number.

True

Q.2  Express the each complex
number in the standard form
a+bi,where a and b are real
number.

(i) (2+31)+(7-2i)

Solution:
=24+3i+7+2i
=2+7+3i-2i
=9+7 Ans

()  2(5+4i)-3(7+4)

Solution: 2(5+4i)—3(7+4i)
=10+8i—21—-12i
=10-21+8i —12i
=—11-4i Ans

(i)  (-3+5i)—(4+9)

Solution: (-3 +5i)—(4+9i)
= 435140
=3-4-5-9;
=—1-147/ Ans

(iv) 277 +6i° +3i"° —6i"” + 4i7

Solution: 2/* +6i° +3i' —6i" + 4%

= 2(=1) + 6i%.i + 3(i%)8 — 6(i%)°.i + 4(i%)"%.,

= 24+6(-1)i+3(-1) —6(-1).i+4(-1)"i
=—2-6i+3-6(—1)i+4(+1)i

:1—;5{+;51/+41‘

=1+4i Ans

Q.3  Simplify and write your answer
in the form a + bi

(i)  (-743i)(-3+2i)

Solution: (-7+3i)(-3 +2i)
=—7(-3+2i)+3i(-3+2i)
=21-14i —9i+ 61
=21-23i+6(-1)
=21-23i-6
=21-6-23i
=15-23i Ans

@ ()



Solution: (2— \/Z)(3 - \/1)
(2 1)(3- V)
o 7o)
=(2-2i)(3-2i)

=2(3-21)-2i(3-2i)
=6—4i—6i +4i°
=6-10i +4(-1)
=6-10i—4

=2-10/ Ans

(i) (qg—yf

Solution: (\/g — 31')2
=(V5) +(3i) ~2(<5)(31)
~ 519 —6/5i
=5+9(~1)-6v/5i

—5-9_6/5i
= —4—6\/51' Ans

(iv) (2—30(3—2ﬂ

Solution: (2 - 31')(3 - 21')
=(2-3i)(3+2i)
=2(3+2i)-3i(3+2i)
=6+4i —9i —6i°
=6-5i-6(-1)
=6-5i+6
=6+6—5i
=12-5/ Ans

Q.4  Simplify and write your answer
in the form a+bi.

2
1+7

(i)

-2
Solution: —
I+

2 1

1+7i 1-i
_ 2(1-i)
ROEG)
_—2+2i
I
L 2+2
C1-(-1)
242
11
_2+20
2

2 2

2 2
=—1+ Ans

2431
4—q
243§

(i)

Solution:

4—i
2430 4+i

T 4—i 4+
_(2+3i)(4+i)
(4) =()

_ 2(4+1)+3i(4+10)

16—(-1)
| 842i+12i+3i*
16+1
C8+4i+3(-1)
IRV
_ 8+14i-3
17
 8-3+14i
17
 S+14i
17

:i+ﬂi Ans
17 17

9—-7i
3+i

(iii)




9—7i
3+i
9-7i 3—i
= X —
3+7 3—i
_(0-7)(3-1)
(3) -()
_9(3-1)-7i(3-1)
9 ()
27-9i-21i+7i*
B 9+1
27-30i+7(-1)
10
_27-30i-7
10
_27-7-30i
B 10
2030
10
_20_30i
10 10
=2-3/ Ans

Solution:

2—61’_4+z’
3+7  3+i
2—61‘_4+i

347 3+i
 2-6i—(4+1)
B 3+1i
:2-6i-4-z‘

3+
2-4-6i-i

3+i
2=
3+1

-2-T7i 3-i
= X

3417 3—1i
-2-7i 3-i
= X

341 3—1i

:—2(3—1')—71'(3—1')

(iv)

Solution:

(3) - ()
_ —6+2i—21i+7i"

o-(-1)

—6-19i+7(-1)
- 9+1
—6-19i—17
10
 —6-7-19i
10
-13-19i
10

C—13 19

————— Ans

1010

1+i
=]

. 147 |
Solution: | —
—i

1

(2+3i)(1-1)

, 1
Solution: (2+31') (1—1')
1
2(1-i)+3i(1-i)
1
T 2-2i+3i-30

(vi)




_ 1 (a) z=2—i
2+i—-3(-1) (b) z+z=(2+i)+(2-1)
= ¥ :2+/+2—/
2+i+3 549
_ . =4
R () z—z=(2+i)—(2-1)
:E :Z+i—Z+i
I 5-i =i+
5 -y
1(5_1) (d) ZZ:(2+Z)(2—I)
() -y =(2) (1)
o 5—i =4’
- 25-(-1) =4-(-1)
_ i =4+1
2541 =5 Ans
=i
26
5 i
"2 260 .
iy =i
11
Solution: z:i
Q.5 Calculate 1—1 _
(a)z(b)z+z(c)z—z(d)zz for Z:?x?
. —1 +1
each of the following. ) 1(1 +i)+z'(1 +1’)
 (1=)(1+4)
i L :1+i+i+(—1)
== 2 N2
Solution: z = —i (1) - (@)
(a) JE— :1+21+(—])
(b) z+z=—i+i 1-(~1)
T _,1/+2z'—,1/
() 2=z =(=i)=(/) T
-2 Z
@ z2=(-1)() 7
=’ =i
- () 2=
=1 Ans (@) z=—
(b) z+z:i+(—i)
A
(i) z=2+i -
Solution: z=2+i (¢) z—z=i—(-i)
z+2i =741



(iv)

Solution: z =

43

244
4-3j
2+4i

z

4-3i 2-4i
= X

zZ =
244 2-4i

CA(2-4i)-3i(2-40)
(24 (2-4)

816/ —6i +12i°

(2) (4

8-22i+12(-1)

)2

416"
8-22i-12
4-16(-1)
8-12-22i
T
_—4-22i
20

7 l=—-
10 10 10

(d) zEz[—l—Ei][—lJrﬂij
5 10 5 10

1Y (11
= —=| —| —i

5 10
121,
25 100
:L_E _1)
25 100

1 121
e —
25 100
44121

100
125

" 100
=— Ans

Q.6 If z=2+3/ and show that.

(i) ztw=z+w

Solution: z+w=z+w
z+w=2+3i+5-4i
=2+5+3i—4i
=7-i
L.HS =z+w
=7 i
=T7+i ()
R.H.S =z+w
=(2+3i)+(5-4i)
=2-3i+5+4i
"D S 7240 A4




=T7+i

(i)
From (i) and (i1) we get
L HS=RH.S
ZAW=z W
Hence proved

(ii) I—-W=Z—W

Solution: z—w=zZ —w
z—w=(2+3i)-(5-4i)
=2+4+3i—5+4i
=2-5+3i+4i
=-3+7i
LHS=z—w
=-3+7i
=-3-7i

RHS=z-w

=(2+3i)~(5-4)
=2+3i —(5+4i)
=2-3i-5-4i
=-3-7i

From (1) and (i1) we get

L HS=RH.S

ZI-W=z—-W

Hence proved

(i) zw=zw

Solutions: zw =z i
zw =(2+3i)(5+ 4i)
=2(5-4i)+3i(5-4i)
=10-8i +15i —12i*
=10+7i-12(-1)
=10+7i+12
=22+7i
L.H.S =zw

=22+7i
=22 7i
R.H.S = zw

:(2+3Q(5—4O

()

=(2-3i)(5+4i)
=2(5+4i)-3i(5+4i)
—10+8i —15i —12i*
=10-7i-12(-1)
=10-7i+12
=22-7i

From (1) and (11) we get

L H.S=RH.S

W= zw

Hence proved

(iv) {5}:§3“mae¢o
w w

Solutions: {i} =

w
z_ 2+3i><5+4i
W S—4i 5+4i
2(5+4i)+3i(5+4i)
o (5-4i)(5+4i)
_10+8i+15i+12i°
() ()
10+23i+12(-1)
S 25-168
10+23i—12
1042312

25+16
2423

41

2

=27 ()




2-3i
544
_2-3i 5-di

S+4i 5—4i
2(5-4i)-3i(5-4)
o (5+4i)(5-4)
_10-8i—15i+12i*
() - (4)
10-23i +12(-1)
2516/
10-23i +12(-1)
o 25-16(-1)
10-23i-12
25416
223
41

-2 23, .
= —— (i

41 41 )
From (1) and (i1) we get
L.HS=RH.S

Hence Proved

v) %(z+2) is the real part of z.

&mHan%@4E)
::%“2+3a+(2+3g}
::%U2+y)42—30]
:%[2+}{+2—%]
:%p+2]

S

=2=Re(z)

1 -\ .
E(Z +z) is the real part of

z.Ans

. 1 -\ . . .
(vi) E(z - z) is the imaginary part of
Z L]
. 1 -
Solution: — (z - z)
2

b | —
—
N
|
N
N —
[l

:Kz+30—(ii§a]
(2+3i)-(2-30) ]
:Z+y—2+y]
3%1-]

Il

1
=3i
= Imaginary (z)

%(z —E) is the imaginary part of z. Ans

Q.7  Solve the following equations for
real x and y.

(i)  (2-3i)(x+yi)=4+i
Solution: (2-3i)(x+ yi)=4+1i
4+

2-3i

4+i ><2+31‘
2-3i 2+43i
 A(2+31)+i(2+30)
(2-30)(2+30)
B+ 12i 420431
-0
8+14i+3(-1)

o 4-97
_8+14i-3

_ 8-3+414i
419

X+ yi =

X+ yi=




(ii)

13
X+ yi= —+Ei
13
RERNISCW
13 13

(3-2i)(x+yi)=2(x—2yi)+2i -1

Solution:

(3—2i)(x+yi)=2(x—2yi)+2i -1

3(x+ yi)—2i(x+yl'):2x—4yi+2i—l
3x+3yi—2xi—2yi° =(2x-1)+i(2—-4y)
3x+(3x—2x)i—2y(-1)=(2x-1)+i(2-4y)
3x+(3y-2x)i+2y=(2x-1)+i(2-4)
(3x+2y)+(3y—2x)i=(2x-1)+(2-4y)i

Comparing the real and imaginary parts.

3x+2y=2x-1
3y—2x=2-4y
3x—2x+2y=-1
3y—2x=2-4y
x+2y=-1

2

2x+3y+4y=2
2x+7y=2

xX+2y=-1 (1)
—2x+Ty=12 (11)
Multiply equation (1) with (2)
2(x+2y)=-1x2
2x+4y=-2 (111)
28 +4y = A2

A5 +7y=%

(iii)

Putting y =0 in equation (i)
x+2y=-1

x+2(0)=-1

x+0=-1

x=-1+0

x=-1 Ans

(3+41’)2 —2(x—yz'):x+yl'

Solution: (3 +41’)2 “2(x—yi)=x+yi

(3+41i)2 —2(x—yi)=x+yi

O+ 24i +16i° —2x+2yi =x+ yi
9+24i +16(-1)—2x+2yi = x + i
9+24i —16—-2x+2yi =x+yi
9+24i—16—-2x=x+2yi—yi=0
9+24i—16-3x+yi =0
3x+yi=-9-24i+16
3x+yi=16-9-24i

—3x+yi=7-24i

Comparing the real and imaginary parts.






Review Exercise 2

Q.1 Multiple choice questions. Choose the correct answer.

(i) (27x_1) %
() - ; (b) J;“_
32 \/x_3
(© =3 (d) =
(ii) Write {/x in the exponential form
(a) x (b) ¥’
(c) X7 (d) x2
(iii)  Write 42 with radical sing
(a) Y4° (b) /4
() /4 (d) /4°
(iv)  In 335 the radicand is;
()3 ) 5
(c) 35 (d) None
25 7% B
(v) [E} =
5 4
(a) n (b) 3
5 4
(c) 2 (d) 3
(vi)  The conjugate of 5+ 4i is
(a) -5+4i (b) —5-4i
(c) 5—4i (d) 5+4i

(vii) The value of 7’ is;
(a) 1 (b) -1
(c) 1 (d)



(vin)

(ix)

(%)

(xi)

(xii)

(xiii)

(xiv)

(xv)

rvery real number is
(a) Positive integer (b) A rational number
(¢) A negative integer (d) A complex number

Real point of 2ab (i+i2) is

(a) 2ab (b) —2ab
(c) 2abi (d) —2abi
Imaginary part of —i(3i+2) is

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

Which of the following sets have the closure property w.r.t addition

(a) {0} (b) {0,1}
(©) {01} (d) {1, \/5%}

Name the property of real number used in {ﬁ} x1= —g
(a) Additive identity (b) Additive inverse
(c) Multiplicative identity (d) Multiplicative inverse

If x,y,ze R,z<0, then x < y => .
(a) xz<)yz (b) xz > yz
(¢c) x2=)z (d) None of these

IF a,be € R, onlyoneof a=5 or a<b or a>b hold is called
(a) Trichotomy property (b) Transitive property
(¢) Additive property (d) Multiplicative property

A non-terminating, non-recurring decimal represents ...
(a) A natural number (b) A rational number
(¢) An irrational number (d) A prime number

ANSWER KEY




Q.2 1rue or False? Identity

(i) Division 1s not an associative operation. True

(i)  Every whole number is a natural number. False

(iii)  Multiplicative inverse of 0.02 is 50. True

(iv) 7z 1srational number. False

(v)  Every integer is a rational number. True

(vi)  Subtraction is a commutative operation. False

(vii)  Every real number is a rational number. False

(viii) Decimal representation of a rational number is either terminating or recurring. True

(ix) 1_§:1+§ True

Q.3  Simplify the following

1
3.4.5 s
X'y'z
(i) Ysly it {W} =xyz" Ans
Solution:
_ (34y12x—8)4
oL gt et 2
=3 %y Ay A i) 3256742 )5
=3y 6255 yz
Y81y x™ = 332 Ans Solution: 2
v xty )
2
(ii) 25x"" " [y s
Solution: = W}
_ 107, 8m -
=25x"y - %
1 y4
— (52x10ny8m )5 = _W}
2k et L sl PRERN 1
=5 2x Z.y 7 B 2 Fxz ?
0 8m _ 2 50 dm e )
25x7 Y7 =5x7" .y Ans 575 Sy
2?xz*
~ s
55 % x! ><y2
1
3.4.5 s 2
(iii) {L} -
s 555 xxty?
Solution: 4o
z
:(x3+2 4+1 sfs); i
Y 55 % x* vV
_{.5.5.10Y5 9
—(x rE )5 32x Cytz ) 4z°
gl gl et P— = g Ans




(216)3 x (25)%

Q.4  Simplify -
(0.04) 2

(216)§ x (25);

Solution: -
(0.04) 2

[l
‘i\
—
(@)
TN w
oy [SERS]
S| =
O‘ X
AN S ——
| wh
2| w 2
N
(3

(@)}
o

X

N

SRS

VR
—_—
=
S

S

(o)}
2

X

wn

—
L
(3]
e
1| W

(@)
2

X

U

[l
mlgmlan’
(S ] 3] L"J

I
TN
S

[

| O

| N
~—
T,
X
-

>
Z

I
| O\ N

a a
Solution:

(@) )
Cs(ar)

g\P-pra) ylariarr)
T g i)

o (2] (2] sy

21 2m 2n
Q°6 Simplify ( C.ll'er j( am+n j( an+2 }
a a a

Solution:

=d
I-m _m—-n _ n-I

=d d d

21-I-m  2m—m—n ,  2n—-n-n
2] a

I-m+m—n+n—I

=d
:ao

2] 2m 2n
( aZ’er j( am+n J( an+2} :1 Ans
o a a
a a” a”
Q.7 Simplify §j— x3— x3/—
a a a

Solution:

3 I-m 3 -n 3 -1
=la" " a" " a

1 1 1
— (alfm)3 ><(amfn 3 X(Clnil)S

I-m m-n n—1
3

xda 3 xa?3
.

n n-l
33 3
=d

I-m+m—ntn—I
=d 3

0
= a3

0
=d

I m n

a a a
‘3/_m>< ﬂ - X ‘3, . =1 Ans

a a a




Unit 2: Real and Complex Numbers

Natural Numbers:
The numbers 1,2,3,... which we use for counting certain objects are called natural

numbers or positive integers. The set natural numbers is denoted by N.
ie. N=1{1,23,.}

Whole Numbers:
If we include 0 in the set of natural number, the resulting set is the set of whole
numbers, denoted by W,

e W ={01,23}

Integers:
The set of integers consist of positive integers, 0 and negative integers and is denoted

byZie Z{.,-3,-2,-10,1,2,3,..}

Rational Numbers:

All numbers of the form £ where p,q are integers and ¢ is not zero are called
q
rational numbers. The set of rational numbers is denoted by Q,

1e. Q:{§|p,qu/\q¢Oj(qu):1}

Irrational Numbers:
The numbers which cannot be expressed as quotient of integers are called irrational
numbers. The set of irrational numbers is denoted by O’

ie. Q’:{x|x¢£,p,q62/\q¢0}
q

The union of the set of rational numbers and irrational numbers is known as the set of
real numbers. It 1s denoted by R,

ie. R=0U(

Types of Rational Numbers:

(i) Terminating Decimal Fractions
The decimal fraction in which there are finite number of digits in its decimal part is

called a terminating decimal fraction. For example % =0.4 and % =0.375.



(i) Recurring and Non-terminating Decimal Fractions:
The decimal fraction (non-terminating) in which some digits are repeated again and
again in the same order in its decimal part is called recurring decimal fraction.

For example % =0.2222.. . and % =0.363636...

Concept of Radicals and Radicands:

In the radical %/a , the symbol J is called the radical sign, # 1s called the index of
the radical and the real number & under the radical sign is called the radicand or base.

Base and Exponent:
In the exponential notation of (read as « to the nth power) we call ‘a’ as the base and
‘n’ as the exponent or the power t which the base 1s raised.

Definition of a Complex Number:

A number of the form z = a+ bi where a and b are real numbers and ;i —+/—1, 1s called
a complex number and 1s represented by z1.e., z=a+ib

Conjugate of a Complex Number:
If we change i to —/in z =a+ bi, we obtain another complex number a - bi called the

complex conjugate of z and is denoted by Z (read z bar).




Exercise 3.1

Q.1  Express each of the following numbers in scientific notations.

(i) 5700
=57x10° Ans
(i) 49,800,000
=498x10" Ans
(iii) 96000000

=9.6x10" Ans
(iv) 4169

=4.169x10° Ans
(v) 83000

=8.3x10" Ans

(vi)  0.00643
=6.43x107 Ans
(vii)  0.0074
=74x107 Ans
(viii) 60,000,000

=6x10" Ans
(ix)  0.00000000395

=3.95x10" Ans
275000

0.0025
2.75%10°

- 25%x10°

(x)

Q.2  Express the following number in ordinary notation.

(i) 6x107"
=0.0006 Ans
(ii) 5.06x10"
= 50600000000 Ans

(iii)  9.018x10°
=0.000009018 Ans
(iv)  7.865x10°
= 786500000 Ans



Exercise 3.2

Q.1  Find the common logarithms of
each of the following numbers.

(i) 23292

Solution: 232.92
Suppose x =232.92
Taking log
logx =log232.92
Ch=2
Mantissa = 0.3672
logx =23672 Ans

(ii) 29.326

Solution: 29326
Suppose x =29.326
Taking log
log x =10g 29326
Ch=1
Mantissa = 0.4672
logx =1.4672 Ans

(iii) 0.00032
Solution: 0.00032

Suppose x =0.00032

Taking log

log x =10g 0.00032
Ch=4

Mantissa = 0.5051
logx = 4.5051 Ans

(iv) 03206

Solution: 0.3206
Suppose x =0.3206
Taking log:
log x =1log 0.3206
Ch=1
Mantissa = 0.5059
logx = 1.5059 Ans

Q.2

(i)

(ii)
(iii)
(iv)

If log 31.09=14926, find the

value of the following.
If

log 31.09=1.4926

Then
log3.109 =0.4926

log310.9=2.4926
1og 0.003109 = 3.4926
0.3109 =1.4926

Solution:

(i)

(i)

(iii)

(iv)

Q.3

()

log3.109

Characteristics = 0
Mantissa = 0.4926
log3.109 =0.4926 Ans

log310.9

Characteristics = 2
Mantissa =0.4926
log310.9 =2.4926 Ans

log0.003109

Characteristics = 3
Mantissa = 0.4926

log0.003109 = 3.4926 Ans
log0.3109

Characteristics = 1
Mantissa = 0.4926

log0.3109 =1.4926 Ans

Find the numbers
common logarithms are

3.5621

Solution:

(ii)

logx =3.5621

whose

Ch=3(If ch 1s positive, then plus for

reference point)
Mantissa = 0.5621

x =antilog3.5621
Xx=3649.0 Ans

1.7427

Solution:

log x = 1.7427

Ch

[l
—_1



Iviantissa = 0.7427
x = antilog 1.7427
x=0.5530 Ans

Q.4 What replacement for
unknown in each of the following
will make the true statements?

(i) log,81=L
Solution: log,81=L
Writing in exponential form.
3" =81
3L — 34
"> Bases are equal so
L =4 Ans

(ii) log, 6=0.5
Solution: log, 6=10.5

610.5:6
1
a’==o6

\/a_:6 Taking square on both

sides
2

(@) =(o)

a=36 Ans

(iii) log,n=2
Write in exponential form

57 =n
25=n
Or n=25Ans

(iv) 10" =40
Solution: 10" =40

Changing into logarithmic form

P =log,, 40
=log40
=1.6021 Ans

Q.5
(i)

Evaluate,

1

log, —
52708

1
Solution: log, —
g, D

|
Suppose log, — =x

(ii)

128
Writing in exponential form.
.
128
.1
2 :?
2x — 277

. Bases are equal so

x=-7 Ans

log 512 to the base 22

Solution: log%6 512=x

Q.6

(i)

Writing in exponential form

(2v2 ) ~512
(21_2% j =2’
SR

3
22" =2’
. Bases are equal so
Ex:9
2
9x2
X =
3
1/8/6
X = 7
x =06 Ans

Find the value of x from the
following statements.

log, x=5

Solution: log, x =5

Write in exponential form.
2’ =x
32=x Ans



()

10g,, 9=x

Solution: log,, 9 = x

(iii)

Writing in the exponential form.
81" =9

X
log,, 8= 5

X

Solution: log,, 8 = 5

(iv)

Writing in exponential form.

64> =8

log 64 =2

Solution: log, 64 =2

v)

Writing in exponential form
X =64

xfl — 82
x=8 Ans
log, x =4
Solution: log, x =4
3t =x
8l=ux

Or x =81 Ans



Exercise 3.3

Q.1  Write the following into sum or

difference log (A4 x B)

(i) log (A X B)
Solution: log(4xB)
log Ax B=logA+logB Ans

.. I :
(ii) 0g—30'5

15.2
Solution: log——

305
152
logc——=10e¢15.2-10¢30.5 Ans
g30.5 g s

i) log 22
8
Solution: log 215
log ZISXS =log(21x5)-1log8

=log21+og5—log8 Ans

7

iv log 3|—

(iv) g1/15
) /7
Solution: log 3|—
15

= %(log7—log15)

1 1
=—log7——logl5 Ans
3 g 3 g

1

(22)°

(v) log 5

1

(22

Solution: log 5

1

22)3 !
log( ) =log22% —log5’

53

= %log 22-3log5S Ans

. 25x97
(vi) log 9
Solution: log 25x97
29
log 2547 _ log(25x47)—1og29
=log25+1log47 —1og29 Ans
Q.2  Express

logx—210gx+3log(x+1)—log(x2 —l)as

a single logarithm.
Solution:

logx—210g)c+3log(x+l)—log()c2 —1)
= log x—log x* + log (x+1)3 —log(x2 —1)

=log| — |+1o
g xzj g—

=log| —x~——

~log x(x2+1)3)J

=log

=log

x(x—l)



Q.o

(ii)

(iii)

(iv)

Q.4
(i)

write the following in the form
of a single logarithm.

log21+1log5
Solution: log21+log5

=log (21 X 5) Ans

log25—-2log3

Solution: log25—2log3
=log25—2log3
=log25—1log3’

25
= 10g3—2 Ans

2logx—3logy
Solution: 2logx—3logy
=2logx—3logy
—logx* —log y’

2
= logx—3 Ans

log5+1log6—log?2

Solution: log5 +log6—log?2
=log5+log6—log2

= 10g(5><6)—10g2

= log% Ans

Calculate the following.

log, 2xlog, 81
Solution: log, 2xlog, 81

_log7 log8l
~ log3 log/z/

 log81
log3

(ii)

Q.5

(i)

(ii)

By putting the value of log2 and log3

(iii)

log,xlog, 25
Solution; log,xlog, 25

_LOgG(XlogZS
~ log5 Log”f

log25
log5

_log 5°

- log5
21logs
IoxS

=2 Ans

If log2=03010,log3=04771
and log5=0.6990, then find the

values of the following.

log32
=log?2’

*+ using 3" law of logarithm

=5log?2

By putting the value of log 2
=5(0.3010)

=1.5050 Ans

log 24
Solution: log 24

=log (23 X 3)

=log2’ +log3
=3log2+log3

=3(0.3010)+0.4771

=0.9030+04771
=1.3801 Ans

1
log,(3—
s 3
. 1
Solution: log 35

!

=lo (sz
2 3



—llo 2x5
2 ¢ 3

= %(log2 +log5—1log3)

By putting the values of log2,log3 and
log5

= %(0.3010 +0.69900-0.477 1)

1
=—(1-0.4771

1
=—(0.5229

L (0.5229)
=0.26145 Ans

8
i log —
(iv) 53

) 8
Solution: logg

=log—

~log2’ —log3
=3log2—log3

By putting the values of log2 and log3
=3(0.3010)—-0.4771

=0.9030-04771
=0.4259 Ans

v) log30
Solution: log30
=log(5x2x3)
" using first law of logarithm
=log5+log2+log3
By putting the values of log2,log3 log5
=(0.6990)+(0.3010) +(0.4771)

=1.4771 Ans



Q.1

(ii)

Exercise 3.4

Use log tables to find the value of

0.8176x13.64

Solution: 0.8176x13.64
Suppose
x=08176x13.64
Taking log on both sides

logx =1log(0.8176x13.64)

According to first law of logarithm
logx =10og0.8176+1log13.64

=1.9125+1.1348
logx =—1+0.9125+1.1348
logx =1.0473

To find antilog

x =antilog1.0473
Ch =1

x=1115

Reference point
x=11.15Ans

(789_5)%
Solution: (789.5)§

1
Let x =(789.5)s
Taking log on both sides
1
logx =log(789.5)s
According to third law

log x = %log (789.5)

logx = %(2.8974)

_ 2.8974

8
logx =0.3622
To find antilog
x = antilog 0.3622
Characteristics = 0

(iii)

log x =log

x=2302
Reference point
x=2.302 Ans

0.678x9.01

0.0234
0.678x9.01

0.0234

Solution:

Suppose
o 0.678x9.01

0.0234
Taking log on both sides
0.678x9.01

0.0234

According to 1% and 2" law of log
logx =1og0.678 +10g9.01 —log 0.0234

logx =1.8312+0.9547 — 2.3692
=—1+0.8312+0.9547 —(-2+0.3692)

=2.4167

To find antilog

x = antilog 2.4167
Characteristics = 2
x=20610
x=261.0Ans

(iv)

/2.709 x U1.239
Solution: 3/2.709 x {/1.239

1 1
(2.709)s x(1.239)7
Suppose:

1 1

x=(2.709)s x(1.239)7
Taking log on both side
logx = log{(2.709); x(1 .239);}
According to law of logarithm

1 1
log x =log(2.709)s +log(1.239)7
According to third law of logarithm

log x = %log (2.709) + % log (1 .239)

logx = %log(2.709) +%log(l.239)



_ 04308+ 100031
5 7

- 04328 N 0.0931

5 7
0.0866+0.0133
=0.0999
To find antilog
x = antilog 0.999
Characteristics = 0
x=1259
Reference point
x=1.259 Ans

1.23x0.6975

0.0075x1278
1.23x0.6975

0.0075x1278

)

Solution:

Suppose
~ 1.23x0.6975

X =
0.0075x1278
1.23x0.6975

0.0075x1278
=1log(1.23x0.6975)~1og(0.0075x1278)

=log1.23+10g0.6975 —(log0.0075 +log1278)

log x =log

=log1.23+10g0.6975—-10g 0.0075—1og 1278

—0.0899+1.8435-3.8751—-3.1065
= 0.8999+(—1+0.8435)—(—3+0.8751) +3.1065
= -1.0482

logx =-2+2-1.0482

logx =02+0.9515

log x=2.9518

To find antilog

x = antilog 29518

Ch=2

x =8950

=0.08950 Ans

i) i/0.7214><20.37
60.8

0.7214x20.37
60.8

Solution: i/

1

0.7214x20.37 |3
60.8

Taking log on both sides

1
0.7214x20.37 3
60.8

Letx:[

logx = log[

3" of logarithm
0.7214x20.37
60.8 }
According to first and 2™ law

logx = %[log0.7214+10g37—log60.8]

1
logx =—lo
g 3 g{

log x :%[1.8582“.3089—1.7839]

%[—HO.8582+1.3089—1.7839]

1
=—(-0.6168
L(-0s168)

=—0.2056
log x is in negative, so
logx=-1+1-0.2056

=—1+79144
=1.7944
To find antilog
x = antilog 1.7944
Ch=1
X =6229
Reference point
0.6229 Ans
i 83x3/92
vil —_—
127 x 3246
, 83x 392
Solution: —————
127 x /246
83 /92

Suppose: x =
PP 127 x3/246



!
L 83 (92);

127 x (246);
Taking on both side
| 83 x (92)§

ogx=log———
127x(246)>
According to 1* and 2% law of log

1
logx =1og83 +1og(92): —log127 —log(246)
According to third law of log

log x =log83+ %log 92 —log?27 —%log 246
logx =(1.9191) +%(1.9638) —(2.1038)

—%(2.3909)

=1.9191 +0.65460 - 2.1038 — 0.47818
=1.9191+0.6546—-2.1038-0.47818
=—0.0083

log x is in negative, so

log x=—1+1-0.0083

=-1+0.9917

=19917

To find antilog

x = antilog 19917

Ch=1

x=9811

Reference point
x=09811Ans

(438)"1/0.056

(388)"

(viii)
(438)"1/0.056
(388)°

(438) /0.056

(388)°

Solution:

Suppose: x =

_(438) (0_056);
SEED)

1

5

~ (438) (0.056)%
(388)'
Taking log on both side

(438)3(0.056);
(388)°

logx =log

According to 1* and 2™ law

log x = log (438)" +log (0.056); ~log(388)’

According to third law
log x =3log(438) +%log(0.056) —4log(38)

log x = 3(2.6415)+%(§.7482)—4(2.5888)

=7.9245 +%(—2+ 0.7482) —10.3552

=7.9245 +%(—l .2518) —10.3552

=7.9245-0.6259-10.3552

=-3.0566

log is in negative, so

logx =—4+4-3.0566
=—-4+0.9434

To find antilog

x =antilog 4.9434

Ch= 4

x=8778

Reference point
=0.0008778 Ans

Q.2 A gas is expanding according to
the law pv"= (C .
Find C when p = 80, v = 3.1 and
n=—.

4
Solution: Given that pyv"'= C

Taking log on both sides
Log (pv”)= log C

Log P+log v'=log C
Log C =log P+log "
Log C =log P+n log v

5
Putting P=80, v=3.1 and n= Z



Q.3

Q.4

Log C =log 80+% log 3.1

5
=1.9031+(0.4914)

=1.9031+0.6143

Log C=2.5174

Taking antilog both sides
C=Antilog (2.5174)
C=329.2 Ans:

The formula p= 90 (5)%! applies
to the demand of a product,
where q is the number of units
and p is the price of one unit.
How many units will be
demanded if the price is Rs
18.00?

-4

Solution: Given that p =90(5)10
Taking log on both sides

9
Log p = 10g(90(5)10j
~q
Log p=10g90+1log5'"

q

Log P =log 90- 10 log 5

q
Log 18=1log 90-10 Jog 5
(P =18)

q
1.2553=1.9542- 10 x 0.6990

q
1.2553-1.9542=- 10 x 0.6990
-0.6989 x 10 =- q x 0.6990
-6.989=-¢ x 0.6996
6.989=¢ x 0.6996
6.989

0.6990 =4

q =10 approximately
Hence 10 units will be demanded

22
If A=xr®, find A, Whenﬂ'ZT

andr=15.

Solution: Given that A =7/’
Taking log on both sides
Log A=log 77’

Log A=log 7 +log r*

Log A=log 7#+2 log r

. 22
Putting 7127 and r =15

Log A=log 27—2+2 log 15

=log 22-log 7+2 log 15
=1.3424-0.8451+2(1.1761)
=0.4973+2.3522

Log A=2.8495

Taking antilog on both sides
A=antilog 2.8495

A=707.1 Ans

|
Q5 If V:§7rr‘h, find V, when

T :% , ¥=2.5and h=4.2.

1
Solution: Given that }/ = gmﬂzh

Taking log on both sides
1
Logl = loggmﬂzh

=log % +ogzr'h

~log 1-log 3+ log 7#*+log h
=0-0.4771+ log 7 +og r*+log h

22
=-0.4771+ log 7+2 logr + logh

(72': %,r =25andh = 4.2}

=—-04771+1log22—log7+2log2.5+log4.2

=—-04771+1.3424-0.8450+2 x0.3979+0.6232
=—0.4771+1.3424—-0.8450+0.7959 + 0.6232
Log V=1.4394

Taking antilog on both sides

V=antilog 1.4394

V=27.50 Ans



Q.1

(ii)

(iii)

(iv)

(vi)

(vii)

(viii)

Review Exercise 3

Multiple choice Questions. Choose of the correct answer.

If «* =n, then,.,

(a) a=log.n (b) x=log, a

(¢c) x=log n (d) a=log, x

The relation y=log;x implies...

(a) X¥'=z (b) Z'=x

(c) x=y (d) y=x

The logarithm of unity to any base is...

(a) 1 (b) 10

(e (d) 0

The logarithm of any number to itself as base is...

(a) 1 (b) 0

() e (d) 10

Log e=...,where e~ 2,718

(a) 0 (b) 0.4343

(¢)oo (d) 1

P .
The value of log [—j is...
q

logp

(a)log p—logg (b) -
0gq

(¢)log p+1logg
Log p-log 4 is same as ...

(a) log (gj
P

log p
() |
0gq

Log(m") can be written as...

(a) (logm)"
(¢) nlog m

(d) logg —log p

(b) log(p—q)

(d) logg —log p

(b) mlogn
(d) log (mn)



(1x)

(x)

Q.2
(i)
(i)
(iii)
(iv)
(V)

(vi)

Q.3

()

(i)

log, axlog_ b can be written as...

(a) log.c (b) logea
(c) logab (d) logsc
Log,x will be equal to...
log, x log. z
(a) === (b) 22:=
log,, z log, z
log. x lo
(©) g. (d) g.)
log. y log. x

ANSWER KEY
m v v vi vil vil

Complete the following:

For common logarithm, the base is. ..

The integral part of the common logarithm of a number is called the ...

The decimal part of the common logarithm of a number 1s called the ...

If x =logy, then y is called the... of x.

If the characteristic of the logarithm of a number have...zero(s) immediately after the
decimal point.

If the characteristic of the logarithm of a number is 1, that number will have digits in
its integral part.

ANSWER KEY
10 | Characteristic | Mantissa | Antilogarithm | One | 2
4" =256
Find the value of x in the 45— 4
following, B
x=4
log,x=5 x=4 Ans
Solution: log, x =5
Write in exponential form. 1
3 =x (iii)) log,5= Zx
243 =x Ans |
Solution: log,,; 5= Zx
log, 256 = x Write 1in exponential form
Solution: log, 256 = x (625)+" =5
Write in exponential form x
(625)+ =5
() =3




(iv)

Q.4

()

(i)

(iii)

ax

54 =5
57 =5
x=1Ans

2
log,, x=—%

2
Solution: log,, x = 3

Write in exponential form

(64)_32 =X

Find the value of x in the

following.

log x =2.4543

Solution: log x =2.4543
logx =2.4543

x = antilog 2.4543

Ch=2
x=284.6 Ans

logx =0.1821

Solution: log x =0.1821
logx =0.1821

x = antilog 0.1821

Ch=0
x=1.521Ans

logx =0.0044

Solution: log x = 0.0044
logx =0.0044

x = antilog 0.0044

(iv)

Q.5

()

(i)

Ch=0
x=1.010 Ans

log x =1.6238

Solution: logx = 1.6238
logx = 1.6238

x = antilog 16333

Ch=1
x=0.4206 Ans

If log2=0.3010, log3=0.4771,
and log5=0.6990 then find the
values of the following.

log 45
Solution: log 45

=log(9x5)

= 10g(32 ><5)

=log3® +log$
=2log3+logl5
=2(0.4771)+0.6990

=0.9542+0.6990
=1.6532 Ans

16
Solution: log—
15

24
3x35
=log2* —10g(3><5)
= 410g2—(10g3+log5)

=log

=log2* —log3—log5
=4log2—-log3—log5
=4(0.3010)-0.4771-0.6990

=1.2040-0.4771-0.6990
=0.0279 Ans



(iii)  log0.048
Solution: log 0.048

~Jog 8

1000

2x2x2x2x3

0g

2x2x2x5x35x5
o 2' %3

2’ x5

=log2* +log3—log2’ —log5’
=4log2+log3—-3log2-3log5
=4(0.3010)+0.4771-3(0.3010)—3(0.6990)
=1.2040+0.4771-0.9030—-2.0970
=-1.3189
=—-1-0.3189
=—-1-1+1-0.3189
=-2+0.6811

—26811Ans

Q.6  Simplify the following.

() 2547
Solution: /25.47
Letx =13/25.74

1
=(25.47)
Taking log on both sides
1
logx =log(25.47)s

:%10g25.47

:%(1_4060)

logx =0.4687

x = antilog 0.4687
Ch=0

x=2.943 Ans

Gi)y 3422
Solution: /342.2

Let

x=1/3422

1
x=(242)s
Taking log on both sides
1
logx =(342.2)s

logx = %log 3422

1
=—(2.5343
HEEE)

logx =0.5069
log x = antilog 0.5069
Ch=0

x=3213 Ans

.. (8.97) x(3.95)
(i)
537
(8.97)" x(3.95)’
537
(8.97)" x(3.95)
Y1537
Taking log on both sides
(8.97) x(3.95

1537

=log(8.97) +log(3.95)" —10g(15.37);

Solution:

Let x=

2

logx =log

=310g8.97+21log3.95 —%log15.37

- 3(0.9528)+2(O.5966)—%(1.1867)

=28584+1.1932—-0.3956
log x =3.656

x = antilog3.656

Ch=3

x=4529 Ans



Unit 3: Logarithms

Scientific Notation:

A number written in the form ax10", where 1< a <10 and # is an integer, is called the
scientific notation.

Logarithm of a Real Number:

If @ = ythey xis called the logarithm of y to the base ‘a’ and is written as log, ¥y =x
, where a >0,a=1and y >0

Characteristic of logarithm of the Number:

An integral part which 1s positive for a number greater than 1 and negative for a
number less than 1, is called the characteristic of logarithm of the number.

Mantissa of the logarithm of the Number:

A decimal part which is always positive, is called the mantissa of the logarithm of the
number.

Antilogarithm:

The number whose logarithm 1s given is called antilogarithm.



Q.1

(ii)

(iii)

(iv)

Q.2

(i)

(ii)

(iii)

(iv)

Exercise 4.1

Identify whether the following
algebraic expressions are
polynomials (Yes or No).

3x2+l—5
X

1

No (Because of — ) Ans.
ke

3x° —4x? —x\/;+3

1
No (Because v/x or(x)2) Ans.

x2—3x+\6

Yes (Because no wvariable has
power in fraction). Ans

3x +38
2x—1

No (Because of ) Ans

2x—1

State whether each of the
following expressions is a
rational expression or not.

N
3Jx +5

Irrational Ans
' =2x + \/5
2+3x—x°
Rational Ans

x*+6x+9
x* =9
Rational Ans

2% +3
2Jx -3

Irrational Ans

Q.3 Reduce the following expression

to the lowest form.

120x°y°z°
30x° yz*

4126x2y325
30xyz’

2.3.5

120x7yz

(i)

Solution:

30x°yz”
— 4x273y3712572
— 4x71y223

= 4y223 Ans

X

. 8a(x+1)
YA
8a(x+1)
2(x* 1)
:4Xa(x+l)
)
- 4aw
(x-1) (1)

=—— Ans
x—1

Solution:

(ery)2 —4xy
(x=»)
(x + y)2 —4xy
(x-y)
(ery)2 =X+’ +2xy

(iii)

Solution:

(x—y)2 = X"+’ —2xy
3 x>+ +2xy —dxy

x* 4yt —2xy
2 2
X +y —2xy

X +y2 —2xy



(x3 —)/3)(352 —2xy+y2)
(x—y)(x2 +xy+y2)

(iv)

(x3 —)/3)(x2 —2xy+y2)

Solution:
(x—y)(x2 +xy+y2)

(a3 +L’93):(a—b)(a2 +ab+b2)

W(xz—hywz)

— W
= x> —2xy+y°
(x—y)2 =x" =2xy+y°
:(x—y)2 Ans

v)

X —4x+4
2x7 -8
X’ —4dx+4

2x? -8

(Vi)

Solution:

(a—b)2 =a’ —2ab+b’
sa’—b* =(a+b)(a-b)
() —2(0)()+(2)
2(x* - 4)
_ (x—2)2
2 () ()|
_ (x—2)2

2(x+2)(x-2)

(v-2) (-7

2(x+2) (x~7)

= X2 Ans

64x” — 64x
(8x° +8)(2r+2)

o oAx(x' 1)

8(x? 1) 2(x+1)

) 64[(x2)2 —(1)2}

16(x7 +1)(x+1)

:454()&—1)(;%1)
}6( 2+1)(x+1)

:4x(x—1)M

(+T)

=4x(x—1) Ans

Solution:

2

Ox’ —(x2 —4)
443x—x"
Ox’ —(x2 —4)2

4+3x—x°

(viii)

Solution:



(3x) (¥ ~4) _9-8
C 443x—x] —
3x+x" —4)(3x—x" +4 -1
:(x+x—)(x—x+) =
443x—x’ 1
=—— Ans
(x2+3x—4) X’ T4
) —x’ £3x T4
=x’ +3x—4Ans s
(b) 02 forX=hY="2g4 z=-1
2,3 4
Q.4 Evaluate Solution: Xy ooz
xyz
3 2 _ 3_ _ 4
(a) Yy-2z.. :(4) (-2) -5(-1)
- N (9)(=2)(-1)
W  r=dy=-lz=-2 _16(-8)-5(1)
(11) x=-1lLy=-9:z=4 .
_16(-8)-5(1)
Solution for 1* part 8
Whenx =3, y=—1, z=-2 _ —128-5
3., 8
X’y ZZ: N
i )
@ E)-22) L
(3)(-2) - 703
C27(-1)+4
-6
_-27+4
o Q.5  Perform the indicated operation
) and simplify.
—6
-2 Ans 0 15 4
6 2x-3y 3y-2x
15 4
Solution for 2" Part. Solution: P —
When x=-1, y=-9, z=4 X=o) Jy—2X
3,2 _ 15 B 4
oo 2x-3y -2x+3y
e 15 4
:(_1) (_9)_2(4) _2x—3y —(2x—3y)
) A
:_1(_9)_ _2x—3y 2x -3y
4
__D Ans
2x-3y



1+2x_1—2x

1-2x 1+2x
1+2x_1—2x

1-2x 1+2x
C(t+2x) —(1-2x)
~(1-2x)(1+2x)

(ii)

Solution:

() (@) +2(20) ()| () +(20) -2(29()|

! () (29
1A+ Ax | 14 4x7 4y |
1-4x°
C1+4x? +4x-1-4x" +4x
1—4x°

_dx+4x
1—4x?

= 8x > Ans
1-4x

X" =25 x+5

¥’ 36 x+6

¥’ =25 x+5

¥ —36 x+6
() -(5) x5
C(x) —(6) x+6
(oS5 x4
T (x+6)(x—6) x+6

B (x+5)(x—5)—(x—6)(x+5)

(iii)

Solution:

- (x+6)(x—6)
_ (x+5)[(x—5)—(x—6)]

X’ -6
B (x+5)(x—5—x+6)
- X’ =36
(x+5)(1)
x*—36

= 32c+5 Ans
x —-36

. X 2x
(iv) - 2 yz
X—y x+y X -y
Yy 2y
X—=Yy x+y xz—y
_x(x+y)-y(x-y) 2y

(x=y)(x+y) X’ -y
-y 2y
= (x)z _(y)z B e _yz
CxTyt 2y

¥y ¥y
B x>+ y* = 2xy
N
(x=p)
¥y
»(x7)
»)(x~7)

L Ans
X+y

Solution:

2

2

2

X

X+

K
(

x—2 x+2
X +6x+9 2x*—18
x—2 x+2
X 16x+9 2x° 18
x—2 x+2

(x) +2(3)(x)+3" 2(x"-9)
_ x—2 B x+2
(x+3) 2[(x) -(3) ]
_ x—2 B x+2
(x+3)2 2(x=3)(x+3)
_ x—-2 B Xx+2
(x+3)(x+3) 2(x+3)(x-3)
:2(x—3)(x—2)—(x+3)(x+2)
2(x+3)(x+3)(x—3)
:2(x2—2x—3x+6)—(x2+2x+3x+6)

)

Solution:

2(x+3)(x+3)(x-3)
2(x =5x+6)—(x" +5x+6)
o 2(x+3)(x+3)(x=3)




_ 2x° —10x+12—x" —5x—6
2(x+3) (x-3)
' =15x+6

= > Ans
2(x+3) (x=3)

oy L. L2 4
x—1 x+1 x*+1 x*-1
Solution: bt 2 4
x—1 x+1 x*+1 x*-1
_(x+1)—(x—1)_ 2 B 4
N (x=D(x+1) x*+1 x"-1
CAHl-X+1 2 4
X1 ¥ +1 x*-1
2 2 4

:x2—1 x +1 x*—1

2(x° +1)-2(x*~1) 4

(Z-1)(x*+1) ¥

A 2242 4
R
4 4

St Xl

44

ol

Y

=0 Ans

Q.6  Perform the indicated operation
and simplify.

. 5x+2
i (¥ -49). —
Solution: (x2—49).5x+2
x+7
_ ()2 '5x+2
(o () 2
(5x+2)

=(x+7)(x-7) )

=(x-7)(5x+2) Ans

4x -12  18-2x°

x> -9 TX2+6x+9
4x-12 18-2x°
-9 +2(x)(3)+(3)
_ 4(x-3) ;2(9-x2)
(x)-B)  (x+3)
A3 (xt3)
A (x+3) 201

4 . (x+3)°
x+3 2(3+x)3-x)

Ax (457

(i)

Solution:

(iii) xz_y2+(x4+x2y2+y4)

X -y
Solution: ij :;j +(x4 +x7y’ +y4)
2V (.2
(xngjz ) +(x4+x2y2+y4)

x*=1 x+5
¥’ +2x+1 1—-x
x*=1 x+5

¥ +2x+1 1—-x

(x+1)(x—l) x+5

(e +2(x)(1) (1)) T

:(HI)MX (x+5)
() e

(iv)

Solution:




Xtxy X 4xy | X —x
y(xiy) y(xry) xy 2y
X +xy X +xy | X -x
y(x+y) y(x+y) xy-2y

v)

Solution:




Exercise 4.2

Q.1  Solve

(i) If a+b=10 and a—»h=06, then
find the value of (a2 +b2)
Solution:

2(4:2!2 +172):(a+b)2 +(a—b)2
2(a”+b*)=(10) +(6)

2(a” +5*)=100+36

2(a” +5) =136

(a+0) =225

(i) Ifa+b=5a-b=+/17, then find
the value of ab .
Solution:

dab = (a+b)2 —(a!—b)2

dab = (5)° ~(V17)
dab =25-17
4ab =8
atb:§
4

ab =2
ab =2 Ans

Q2 If d+b+c=45anda+b+c=-1
, then find the value of
ab+bc+ca.

Solution: a” +b* +c¢” =45
a+b+c=-1
ab+bc+ca=?

We know that

(a+b+c)2 :a2+b2+cz+2(ab+bc+ca)

(—1)2 = 45+2(ab+bc+ca)
1:45+2(ab+bc+ca)
1-45 :Z(ab+bc+ca)

—44 = 2(ab +bc+ca)

22
ﬁ =(ab+bc+ca)

Z

(ab +bc + ca) =-22 Ans

Q3 IWm+n+p=10 and
mn+np+np=27, find the value of
m +n +p’
Solution: m+n+ p =10
mn+np+np =27,
m’+n’+p°=?
We know that
(m+n+p)2 =nr’ +n" + p° +2mn+2np +2mp
(10)2 =m* +n’ + p* +2(mn+np+mp)
100=m’ +n’+ p* +2(27)
100 =m>+n”+ p* +54
100-54=m>+n"+ p°
m’ +n +p’ =46 Ans

Q4 Hx +y +z°=T8 and
xy+yz+zx=59, find the value of
X+y+z.

Solution: x* +y* +z* =78
xy+yz+zx =359,

X+y+z=?
We know that
(x+y+z)2 =x’+y + 2 +2xy+2yz +2zx

2

(x+y+z) =78+2(xy+yz+zx)
(x+y+z) =78+2(59)
(x+y+z) =78+118

(x+y+z) =196

Taking square root at both sides



Jxy+z) =196
x+y+z==x14 Ans

Q5 If x+y+z=12 and x° +)° =64,
find the value of xy+ yz+zx.
Solution: x+y+z=12

X'+ 1y’ =64
Xy + yz+zx=?
We know that

(x+y+z)2 =x"+ )"+ +2xy+2yz +2zx
(x+y+z)2 :x2+y2+zz+2(xy+yz+zx)

(12)" =64+ 2(xy+ yz + 2x)
14464 =2(xy + yz + zx)
80 = 2(xy+yz+zx)

40

7 = (xy + yz + zx)

40 =xy+ yz +zx
xy+yz+zx =40 Ans

Q6 If x+y=7 and xy=12, then
find the value of x’ + )’
Solution: x+y =7
xy =12
X +y =?
We know that
(ery)3 =x +y’ +3xy(x+y)
(7) = x* + )" +3(12)(7)
343 =x"+ 3’ +252
343-252=x"+y"
N=x"+)’
X’ +y° =91 Ans

Q.7 If 3x+4y=11 and xy =12, then

find the value of 27x° +64)°.
Solution: 3x+4y =11

xy =12

27x +64y° =2

(ery)3 =25 +y3 +3xy(x+y)
(3x+4y) =(3x) +(4y) +3(3x) (4y) (3x+4y)
(3x+4y) =27x" +64)" +36xy (3x+4y)

(11)" =27x" +64y* +36(12)(11)

1331=27x" + 64y’ +4752

1331-4752=27x" +64)°

—3421=27x" +64)°

27x° +64y° =-3421 Ans

Q8 If x—y=4 and xy=21, then

3

find the value of x* — y
Solution: x—y =4

xy =21

e

We know that

(x—y)3 =x -y’ —3xy(x—y)

(4) =x -y'=3(21)(4)

64=x"—y’—252

64+252=x" -y’

316=x"— )’

x’—y’ =316 Ans

Q9 If 5x-6y=13 and xy =6, then

find the value of b125x° —216)°
Solution: 5x—-6y =13

xy =06

125x° —216y°=?

We know that

(x—y)3 =x -y’ —3xy(x—y)
(5x—6y) =(5x) —(6y) —3(5%)(6y)(5x~6y)
(5x—6y) =125x° —216)° —90xy(5x ~6y)

(13)" =125%" —216)" —90(6)(13)
2197 =125x" ~ 216" 7020
2197 +7020=125x" - 216y°



9217 =125x" —216)°
125x° —216)° =9217 Ans

1
Q.10 If x+—=3 then find the value of
X

;1

We know that

3
[x+lj =x +L3+3[x+lj
X x x

() =+ +—+303)

27=x° +i3+9
X

27 9=x 4 -
X

18:x3+i3
X

1
X' +—=18Ans

|
Q.11 If x——=7, then find the value
X

Of x3 -
X

1
Solution; x——=7

3
(Her-bofed
X X X

343 =x" ——-21
X

3434+21=x° -
X
3 1
364 =3 ——
X

1
X' ——=364Ans
X

Q.12 If{?ax + %} =5, then find the value
X

of | 27x° + !
27x°

Solution: {3x + i} =

v

We know that

] g

(5) =27x" +

125=27x" +

125=27x +
27x

125-15=27x"+

27x°
110=27x" +

27x°
27x° +

S5 =110 Ans
X

Q13 If [SX_SLJZQ then find the
X

value of | 125x° — 13
125x

Solution: (Sx - —j =6

[125x3 _— 3j=.
125x




we know that

] o & (g

6 =125x° — -3(6
(6) 125x° (©)
216=125x" ~————~18
125x
216+18=125x" — ! -
125x
234 = 1255 —— -
125x
1
125x° — - =234 Ans
125x
Q.14 Factorize
(i) X =y —x+y
Solution: x’ -y —x+y

=(x) = (») ~1(x-y)
:(x—y)(x2 +xy+y2)—1(x—y)
:(x—y)(x2 +xy+y’ —I)Ans

1

ii 8x —
(i) 27y

Solution: 8x° —

27y

Q.15 Find the
formula.

products, using

@ () -x )

Solution: (x +y2)(x4 —x’y’ +y4)

=(+3")| () () 0)+ ()
() o)

=x"+)° Ans

(i) (x3 —ys)(x6 +x’y’ +y6)
Solution: (x3 —)/3)(366 +x’y’ +)’6)

i) (x=2)(r ) +57) (¥ 2+ 57)
(x +xp+37)(x* ') 4 57)

Solution:

(r= ) (x+0)(¥ =)+ 30+ ")

(67 o) (6" =y )

=[ (=) (¢ ++37) | (e) (6" —v+)?) |

[(x+ x4y )]

() ) () ()

() =07 [0

=L (=) (7 )

(x6) ()|

=




(iv) (20 -1)(2¢ +1)(4" +2¢ +1)( 4 -2¢ +1)
(;)xlzlti(sl(:zx2 +1)(4x* 26 +1) (45" =25 +1)
:[(sz —1)(4x' 4207 +1)][(2x2 +1)(4x' -2x" +1)}

[y -y ][(2e) +0)]
(8x° —1)(8x" +1)

(8x°) (1)

64x'* —1 Ans



Exercise 4.3

Q.1 Express each of the following
surd in the simplest form:

(i) 180
Solution: /180

o)

(18
( ><2><3><3><5)

( ><32><5)
1 1 1

=2 2><32 2 %52
:2><3><\f
6( 5 Ans

(ii) 34162
Solution: 3162

ki)
:3(\/97><\E)
=3x9(+2)
=2772 Ans

(iii) %\3/128
Solution: E\3/128

:%x4xiﬁ
:3><iﬁ

= 3{/5 Ans

(iv)  3/96x°y’z°

Solution: {/96x°y’z"

:\/32><3><x V' xx'y's’

= 3/25 x3xx’y 2 xxy’z’
= {/25x5y525 x\/3xy223
:i/z?x\/xix\/)?xi/z?xéBxyzzg

= 2xyz:/3xy°z" Ans

Q.2  Simplify

e
() B2

Solution:




(iii)  =3/243x7y""Z"
Solution: = {/243x”y"’z"
LT

:i/3_5><§/x_5><{/(y2)5 x{/(zS)S
=3xxxy’ xz’

=3xy’z’ Ans

4
(iv) —~3N125

5
Solution: g\S/IZS

:§\3/5><5><5

4.
5

53

v) @x\ﬁxﬁ
Solution: \/ixﬁx\/g
=73 xJTxf3
=7 x3x7Tx3
= J7x7x3x3
=7 53
=7x3
=21 Ans

Q.3 Simplify by combining similar
terms.

(i)  V45-3J20-45

Solution: \/5—3\/%+4\/§
=J9x5-3/5x4 + 45
:\/372><\/§—3\/272><\/§+4\/§
=35-3%x2/5+445
=3J5-65+45
=J5(3-6+4)
=/5(3-2)
=V5(1)

=5 Ans

(i)  4V12 +5427 =375 ++/300
Solution: 4+/12 +5+27 —375 ++/300

= 44 %3 +5J9%3 —34J25x3 +/100x3

= 4x 23 +5x34/3 —3x 53+ 1043
=83 +153 153 +10./3
=83 +15/3 153 +10/3




iy V3(243+345)

Solution: \/§(Z\E+3x/§)
=3x43(2+3)
“(B)
=309

=15 Ans

(iv) 2(6\6—3\/5)

Solution: 2(6@ ~3J5 )
=2x~/5(6-3)
=2x+/5(3)
:6\6 Ans

Q.4  Simplify

i (3+3)(3-45)
Solution: (3+\/§)(3—\/§)

G (V5 +\E)2
Solution: (/5 ++/3)
=(V5) +2(B)(B)H(B)

=5+245x3+3

:8+2\/B Ans

i) (V5+V3)(V5-+3)
Solution: (\/§+\/§)(\/§—\/§)
) ()

N

|
w

Do W
=
-
w

(v) (\/;Jr\/;)(\/;—\/;)(ery)(szryz)

Solution:

(Vo e ) (V=) e ) (07
(5 () et )

(x y)(x+y)(x +y )
() =) (¥ 7
(xz_yz)(x2+y2)






Exercise 4.4

Q.1 Rationalize the denominator of
the following

) 3
(i) NG
Solution: 3
43
3

g
_3 A8
IENENE
3(4)
)
_ 1243
o)
1243
T 16x3
M3
4
NE)

=—Ans
4

(ii) 14
Jos
14
Solution: —
Jos
14
8

9

14(45%)

(o8
14(J7x7x2)
B o8

C14x7x2
o8

R
98
=\6 Ans

(i11) —6
J8+/27
6
Solution: ——
J8+/27

6
" B2
_ 6 \8J27
NN
6(</8+27)

(] ()
__6(J4x2)(J9x3)

- 8% 27

_6x2/2x3\3

216
- 6><3><2(\/R)

216

366

%6
= ﬁ Ans
6




. 1
) 34245
1

3+245

]
34245
1 3-245

Solution:

“31205 3-245

3=
(o)

3-245

- 9-45

3-245

"~ 9-20

3-245

> Ans
1

15

J31-4

15

J31-4

15
J31-4
15 3l1+4
" Bl-4 Ble4a
15@6T+4)
(\31) ~(a)
15(J§T+4)
T 31-16
}5(d§T+4)
¥

=+31+4 Ans

v)

Solution:

AANCEN
2

Solution:




Z(2-453) (iv)  2+5
= T Solution
NI Conjugate 2-45
=2- ns
V)  SHT
Solution
Conjugate 5-7
(vi) 4-J15
(viii) J5+3 Solution
J5-3 Conjugate 4+/15
. J5+43 (vii)  7-J6
Solution: \B— \B Solution
S5+ Conjugate 7+J6
NN (vii) 9++2
Solution
:‘/§+‘/§x\/§+‘/§ Conjugate 9-4/2
V53 5443
(\E +3 )
- 2 2
() o: 1
2 2 i If x=2-+3, find —
e 0 (0 M N
N 5-3 Solution: Given that x =2—+/3
5421543 1
T2 x 2-43
B 8+24/15 1 y 2++/3
2 2-3 2443
Z(4+ \/B) 2+
N 7 -
Z (2) ~(+53)
=4+/15 Ans 2y NG
4-3
2+ J3
1
Q.2  find the conjugate of x+\/; I
—=2++/3 Ans
X
G) 37
Solution .
Conjugate 37 (i) If x=4-17, find <
(i) go_h:tf?on Solution: Given that x =4 — \/ﬁ
1 1
Conjugate 4+5 ;: PN
(i) 2+3
Solution = ! X 4+\/ﬁ
Conjugate 23 4-17 44417




_ 4+\/ﬁ
(3 (V7]
:4+\/ﬁ

16-17
4417

]

~1(4+17)
:—4—\/ﬁAns

s [ — I

1
(iii) If x=+3+2, find x+—
X

Solution: Given that x = \/§ +2
1 1

¥ B+2
1 32
B2 B2
B2
) -(2)
B3-2
3.4
N
1
-~ (3-2)

=—/3+2

x+%:(ﬁ+2)+(—ﬁ+2)
—B+2-3+2

=2+2

—

[\

1
X+—=4Ans
X

Q.4  Simplify

1442 1-2

O 5B G
Solution: 1+\5 + 1_\6
V53 V543

1442 1-2
NN

_1ﬂfxf'f+-wrxﬁ4ﬁ
543 5B B 5B
(L2)(EVB) (1-V2)(V5 445
() ~(5) () ()
_(Jg—v§)+VE(J§—J§)
- 5-3
qv§+v§}ﬂﬁﬂv§+v§)

5-3

BT 55T

548850

_l’_

:ZI_ZI
zZ Z
:\/g—\/g Ans

. 1 2 |
(ii) 2+\/§+\/§—\/§+2+\/§
Solution: ! + 2 + !
243 V53 2445
1 2 |

RN N AN
[1 X2v§+{ 2 xﬁ+ﬁ)

243 2-3) (V5-3 5+

[ 1 2-5

+ X
2405 2-45



{< 2y~ (@) {(ﬁ(){sz))zl
[( 5 (@)2

24{ [ \F+I)} [4_{5]

(A2 et
=2-B3+5+3 2445

22— 5 5 5445
V545
2.5 Ans

(iii) 2 v 3
V5+4V3 B+V2 V5442
| 3

2
i3 Btz B

2 1 3

Solution:

TV5i iz ik
(2 V5[ 1 N3N
B NN B W RN RN RN

(3 52
V542 547

[ 2([5@)“ Gt M 3(@(2)}
() (5] ) L3 -(2) ) () (o)

205 —ﬁ)ﬁﬂf(ﬁ —ﬁ)]

-3 3— 5-2

2 1 3

SV S SO S S W

=0 Ans

i 2(ﬁﬁ)}{ﬁﬁw(ﬁﬁ)}

Q5 If x=2+ \/§ then find the value

] IRy
of x—— and [x——j
X X

(1)
Solution: Given that x =2+ \E
1 1

To find the value of x ——
X

RCRONON)

—Z+\3-Z+\3
=3+3
=23
1 2
To find the value of [x——]

X
We know that

x—l:2ﬁ
X

Taking square on both sides

[x——j =(2v3 )
()
4(3)

12 Ans



V542
V54427

1 1 1
X+—, x° +— and X +—

\/_\/_
V542

find the value of

i) If x=

Solution: Given that x =

1 J5+42
x 542
I_V5-42 5442

X+—=

x Bz B2
(V5 -V2) (45 3]
(B2)(5-7)

:(\/g)z+(ﬁ)2_2*/§X\/§+(\/§)2+(\/§)2+2\/§X\/§

()4
_ 5+2—}<f?0/+5+2+}$70/
5-2

1 14

x 3
Taking square on both sides

A

X +—+2(x)[i]:%
X 9
w120,
9
, 19618
X7+
9

1
To find x° +—
X

1 14
X+—=—
x 3

Taking cube on both sides

A1)

1 1 2744
X’ +—+3[x+—j:—

X X 27
1 14 2744
Cr—=+ 3 ===
A5 5
o2
X’ 24
RO
X 27
s 1 2744-378
X =
X 27
x3+i3:—2366 Ans
X 27

Q.6 Determine the rational numbers

a and b if
\/§ ! \EH a+b\/§
\B+1 J3-1

Solution: Given that

\6 ! ﬁ“ a+b\@

el B
31 VB
a+b\/__\@+l+\/§—1

(B +{31)
5051
(\@)2 +(1)2 —/2437+(ﬁ)2 +(1)2 +}d§’
(V3) -y

2(\E)j+2
(V3) -1




a+bJ3=4
a+bﬁ:4+0ﬁ

Comparing both sides

a=4 bﬁ:O\E
G

b=0Ans

b



Q.1

(i)

(i)

(iii)

(iv)

v)

(vi)

(vii)

(viii)

Review Exercise 4

Multiple type questions?

is an algebraic ...
(a) Expression
(¢) Equation

The degree of polynomial 4x* +3x”y is

(a) 1
(c)3

a’ +b* is equal to
(a) (a—b)(a2 +ab+b2)

(¢) (a,r—b)(c)!2 —ab+b2)

(3+\/§)(3—\/§) is equal to

(a)7
(c) -1

Conjugate of surd a + Jb is;
(a) —a++b
(¢) Va +/b

1 1

a—-b a+b
2a

W
—2a
a -b’

is equal to

(c)

a’ —b*

is equal to
a+b

(a) (a—b)
(¢c)a+b

(\/5+\/5)(\/E—\/5) is equal to

(@) a” +b°
(¢)a->b

(b) Sentence

(d) In-equation

(b) 2
(d)4

(b) (a+b)(a2 —ab+b2)
(d) (a-b)(a* +ab+b’)

(b) -7
(d) 1

(b) a—+/b
(d) Va b

2b
T

—2b
a —b’

(d)

(b) (a+b)
(d)ya-b

(b) o’ -b°
(d)a+b



ANSWER KEY

a | d a b d
0.2 Iill in the blanks
(1) The degree of polynomial x y + 3xy IS
(11) o4
I I
(111) X X ( )
\ \
(1v) 2la b )= (ab) )
I
(v) X —
X
(Vi) Order of surd v is
I
(Vi) — =
2—+3
ANSWER KEY
(1) 4
(i) (v 2)(x 2)
I
(111) X —l+—
X
(1v) a b
I
(V) X +—-=2
X
(vi) 3
(\II) 2 N 2D
N I
() —
Q.3 Iy — 3 find A
X o L
: I I
(1) X" +— 0 .
X \
Solution: Given that x + — 3 X 7 Ans

S

Putting the values

X

by —«a +b +2ab

N I
X)) —
X



(i) x*+ L4
X

1
Solution: Given that x° +—=7

et (2] ol

1
Q4 If x——=2 find
X

)5+
X

(i) x* + L4
X

Solution (i)

1
Given that x——=2
X

(a +b)2 —a’+bh* +2ab

Putting the values

X
1
d+2=x"+—
X
1
X" +—=6 Ans
X

Solution (ii)

) 1
Given that X* +— =06
X

el +L+2(/)(%

(6) :x4+i4+2

X
|
X' +—=36-2
X
4 1
X —4—34Ans
X

Q.5 Find the value of x’ +)° and xy
if x+y=5andx-y=3.
Solution: Given that x+ y =35
X—y=3
As we know that
(ery)2 —(x—y)2 =4xy
Putting the values
Ay =(5) - (3)
4xy=25-9
4xy =16
%4
Xy = :
xy =4 Ans
As we know that
(x+y)3 =x"+)y +3xp(x+y)
Putting the values
(5)3 =X+’ 3x4x5
125=x°+3° +60
X'+’ =125-60
X’ +y =65
X’ +y’ =65 Ans



Q6 If P=2+3,find

(i) P+—

| =

Solution: Given that P =2+ \/§
1 1

i) P-—

As we know that

1
—=2-4/3 and
P an

P:2+\E
P—%ZZ—%\B—(Z—ﬁ)
=Z+\3-Z+3

= 2\6 Ans

1
(iii)) P+ o
1
Solution: Given that £ + F =4

(a+b)2 =a’ +b*+2ab

et 3] st

|
(4) :P“+F+2
, 1
16-2=PF +?
P +—=14Ans
. 1
(lV) PZ—F
Solution:

= 8\/§ Ans

Q.7 If ¢=+/5+2 find.

i gt
q

Solution: Given that g = J5+42
1.1 52
g N5+2 5-2
52
=——
(V5) -2y

i

i
|
NN

5+,Z+\/_ ,Z
=25 Ans

I
QIH»QI»—*%
|
[\



. 1
(i) g-——
q
Solution: Given that g = V542
l:\/g_z
q
q—l=ﬁ+2—(\5—2)
q
:)g+2—ﬁ+2
1

g——=4 Ans
q
1
(i) ¢’ +—
q
1
Solution: Given that ¢——=4
q
Squaring both sides
2
1 2
g-—| =(4)
( ‘]]
, 1
g +—-2=16
q
, 1
g +—=16+2
q
, 1
g +—=18 Ans
q
. 1
(iv) qz -
q
|
Solution: Given that ¢+—= 2\/5
q
g-—=4

q
By using formula

Q.8  Simplify

(i) \/a!2 +2 Jr\/at2 -2
\/a2+2—\/a2 -2

Solution:
B \/a2 +2+\/a2 -2 \/az +2 +\/a2 -2

: \/a!2 +2—\/a2 -2 X\/a2+2 +\/a2—2
(\/a2+2 +\/012 —2)2
(\/cf +2)2 +(\/a2 —2)2 +2(\/a2 +2)(\/a2 —2)

a+2—a +2

:a2+,2’+a2—l+2(\/a4%+}df—4j

4

_2a°+2Va" -4




[aﬂ/az M\/TJ

X X
B /{+\/a2—x2 —d Na —x
= >
2\Va —x°
=——— Ans



Unit 4: Algebraic Expressions and Algebraic

Algebraic expression:

An algebraic expression is that in which constants or variables or both are combined
by basic operations.

Polynomial:
Polynomial means an expression with many terms.

Degree of Polynomial:

Degree of Polynomial means highest power of variable.

Rational expression:

r(x)
q(x)

Expression in the form ) (q(x) # O)is called rational expression.

Surd:

An 1rrational radical with rational radicand 1s called a surd.
2
o b5 F

Monomial Surd:

A surd which contains a single term is called monomial surd.

Binomial Surd:

A surd which contains sum or difference of two surds is called binomial surd.



Exercise 5.1

Q.1  Factorize

(i) 2abc — 4abx + 2abd
Solution: 2abc — 4abx + 2abd

:2ab(c—2x+d)

(i)  9xy—12x’y+18y°
Solution: 9xy —12x”y +18y°
= 3y(3x— 4x° +6y)

(iii)  -3x°y-3x+9xy°
Solution: —3x°y —3x+9x)°
= —3x(xy+1—3y2)

(iv)  Sab’c’ —10a’b’c —20a’bc’
Solution: Sab’c’ —10a’bh’c —20a’bc?
=Sabc (bc2 —2ab* — 4azc)

(v)  3xy(x-3y)-7xy*(x-3y)
Solution: 3x°y(x—3y)—7x’y*(x—-3y)
:(x—3y)(3x3y—7x2y2)

=(x-3y) x’y(3x-7y)
:xzy(x—3y)(3x—7y)

(vi) 2x7° (x2 + 5) +8xy° (x2 + 5)
Solution: 2x)’ (x2 + 5) +8xy° (x2 + 5)
= (x2 + 5)(2xy3 + 8xy2)

:(x2 +5)2xy2 (y+4)

=2xy° (x2 +5)(y+4)

Q.2 Factorize

(i) Sax —3ay — Shx +3by
Solution: Sax —3ay —5bx +3by
=Sax —Sbx—3ay +3by
=5x(a—b)-3y(a-b)

=(a—b)(5x-3y)

(ii) 3xy+2y—12x -8
Solution: 3xy +2y—12x -8
=3xy—12x+2y -8
:3x(y—4)+2(y—4)
=(y—4)(3x+2)

(iii) x’+3x° -2x’y -6y’
Solution: x° +3x)° —2x"y—6)°
By cyclic order

=x -2x"y+3xy° —6)°
=x*(x=2y)+3y" (x-2y)
:(x—Zy)(x2 +3y2)

(iv) (xz—yz)z+(y2—zz)x
Solution: (x2 —yz)z +(y2 —~ zz)x
= xz—yz+xy’ —xz’
Arrange in cyclic order
X’z+ xy’—xz’—y’z
=xz+xy’ -y z—xz’
:x(xz +y2)—z(xz +y2)

:(xz+y2)(x—z)

Q.3 Factorize

(i)  144a° +24a+1

Solution: 144a’ +24a +1
By using formula

(ch)2 —a’ +2ab+b’
=(12a)" +2(12a)(1)+ (1)’
=(12a+1)°



. aZ bZ
(ll) b—2—2+?
2 bZ
Solution: Z_Z -2+—
a

Formula a° —2ab+b° = (a — b)2

2 2
(5) -5 2]

b b )\ a a

_ [z_éjz
b a
(i)  (x+y) —14z(x+y)+497’
Solution: (x+y) ~14z(x+y)+497°
Formula a° —2ab+b° = (a — b)2

= (ery)2 —2(x+y)(7z)+(7z)2
:(x+y—7z)2

(iv)  12x> —36x+27
Solution: 12x* —36x+27
:3(4x2 —12x+9)

Formula a® —2ab+b" = (a - b)2

=3 (2x) ~2(2x)(3)+(3)"|

=3(2x-3)

Q.4 Factorize

(i) 3x7 —75y°

Solution: 3x° —75y"

=3(x* -25y7)

Formula a’ —b° = (a+ b)(a—b)
=3[ (%) = (59) |

:3(x+5y)(x—5y)

(i) x(x-1)-y(y-1)
Solution: x(x—1)—y(y-1)
=x"—x—y’+y

Arranging in cyclic order

=x’-y ' —x+y
Taking common

= (x2 —yz)—(x—y)

=[x+ 2)(x=2)]-(x-»)
= (x—y)(x+y—1)

(iii)  128am’-242an’
Solution: 128am” — 242an’
- 2a(64m2 —121n2)

~2a| (8m) ~(11n)’|

=2a(8m~+11n)(8m—11n)

(iv)  3x—243x°
Solution: 3x —243x’
= 3x(1 —81x2)

3{(1)2 - (9x)2]

=3x(1+9x)(1-9x)

Q.5 Factorize

(i) x’—y*—6y-9
Solution: x*—y* -6y -9
:)cz—[y2 +6y+9]

=x" —[(»)" +2()3)+(3)"]
=x’ = (y+3)°

=(x)" = (y+3)°
:(x+y+3)[x—(y+3)]
=(x+y+3)(x—y-3)

(i) x -a +2a-1
Solution: x* —a” +2a—1
=X’ —[az —2a+1]
=x"—(a-1)
:[x+(a—1)][x—(a—1)]

=(x+a-D(x—a+1)



(iii)  4x* -y’ -2y-1
Solution: 4x* —y* -2y—1
=4x" — ()" +2y+1)

— 4y —[(y)z +z(y)(1)+(1)2]
= 4x° —(erl)2

“(2x) = (1)
:[2x+(y+l)][2x—(y+1)]
= (2x+y+1)(2x-y-1)

(iv) x -y —4x-2y+3
Solution: x* -y’ —4x-2y+3
=x"—dx+4-y -2y-1

—(x2—4x+4)—(y2+2y+1)
() 2(0)(2)+ () ]
| ) 200 +() |
(x=2) =(y+1)
(
(
(
(

x—2+y+1 [x 2- y+1)]

x=2+y+1)(x-2-y-1)
X+y— 2+l)(x y—2- 1)
X+ 1)(x V- 3)

(v)  25x—10x+1-367
Solution: 25x* —10x+1-36z"
= (5x)* = 2(5x) 1)+ (1)°]-362°
=(5x—1) —(62)°

= (5x-1)+6Z || (5x-1)-6Z |
=(5x-1+62)(5x—1-62)

(vi) x -y’ —dxz+4z’
Solution: x° -y’ —4xz +4z’

=x’—4dxz+4z° -y’

= (x) —2(x)(22)+(22) |- >

= (x-22)"())°
=(x-2z+y)(x-2z-y)

=(x+y-2z)(x-y-2z)



Exercise 5.2

Q.1  Factorize

(i) x4+i4—3
X

Solution: x* + i4 -3
X

2\? 1Y
() 4 L] -3
By adding and subtracting by 2
1 2
=(x’) +(x—2] +2-2-3

- (ﬁ%(%j 2}23
X

(i) 3x'+12y°

Solution: 3x* +12)"

- 3(x4+4y4)

By adding and subtracting by 2(x*)}(2y”)

-~ 3[(;&)2 —|—(2y2)2 +2(x2)(2y2) _2(x2)(2y2)J
[ ) +20)2r) 20 )]

(iii) a’ +3a’h” +4b"

Solution: &' +3a’h” +4b"

= (a4 + 4b4)+ 3a°b’

—(@ ) +(2b° ) +3a’h’

By adding and subtracting by Z(az)(sz)
() +(26%) +2(a?)(26%) - 2(a*) (267) 4 3

[ (o) 2 o) | 2(er) 2 30
—(a’+2b° ) -a’h’

~(@’+2b° ) - (ab)’

—(a® + 2b° +ab)(a® + 2b° -ab)

(iv)  4x*+81
Solution; 4x*+81

(26} +(9)

By adding and subtracting by 2(2x2)

I
1
——
[\
=

(3]
S
+
~—~
O
S—’
2
+
[\
—_—
[\
=
[Se]
——
—_~
\O
S—’
| E—
|
\®)
—_—
[\
=
2
——
—_
\O
—

(v) x'+x*+25
Solution: x* + x” +25
= (x“+25)+x2

= _(xz)z + (5)2} +x°

By adding and subtracting by Z(xz)(S)

_ (x2)2+(5)2+2(x2)(5)—2(x2)(5)}+x2

= (¥*) +(5) +2(x2)(5)]—2(x2)(5)+x2

:(x2 +5)2 —10x* +x°

=(x" +5)"-9x°



=(x*+5)" - (3x)’
= (x2 +3 +3x)(x2 +5 —3x)
=(x" +3x+5)(x" -3x+5)

(vi) X" +4x>+16

Solution: x* +4x° +16

=(x*) +16+4x°

=(x7) +(4)" +4x°

By adding and subtracting by 2(x2)(4)

= () +(4) +2(x)(4)-2(x*) (4) + 47
=(x7) +(4) +2(x7)(D) = 2(x7)(4) + 4x°

= (x2 +4)2 —8x7 +4x°

=(x*+4)" —4x’

=(x* +4)° - (2x)°

= (x2 +4+2x)(x2 +4—2x)

= (x2 +2x+4)(x2 —2x+4)

Q.2 Factorize

(i) x* +14x+48
Solution: x” +14x +48
= x" +8x+6x+48
=x(x+8)+6(x+8)
=(x+8)(x+6)

(i) x"—2Ix+108
Solution: x”—21x+108
=x —12x-9x+108
=x(x—12)-9(x—-12)
=(x-9)(x-12)

(i) x" —1lx—42
Solution: x> —11x—42
=x’ —ld4x+3x—-42
=x(x—-14)+3(x-14)
=(x+3)(x—14)

(iv) x +x-132
Solution: x* +x—132
=x+12x—11x—132

=x(x+12)-11(x+12)
=(x—-11)(x+12)

Q.3 Factorize

(i) 4x* +12x+5
Solution: 4x° +12x+5
= 4x" +2x+10x+5
=2x(2x+1)+5(2x +1)
=(2x+5)2x+1)

(i)  30x" +7x-15
Solution: 30x° +7x—15
= 30x" +25x—18x—15
=5x(6x+5)—-3(6x+5)
=(5x-3)(6x+5)

(iii)  24x° -65x+21
Solution: 24x” —65x+21
=24x" —56x—9x+ 21
=8x(3x—-7)-3(3x-7)
=(8x-3)(3x-7)

(iv)  Sx’ —lox-21
Solution: 5x” —16x —21
= Sx” +5x—21x-21
=5x (x+1)-21(x+1)
=(5x-2D)(x+1)

(v)  4x" —17xy+4y°
Solution: 4x” —17xy+ 4y°
= 4x” —16xy —xy +4)°
=4x(x—4y)-y(x—4y)

= (dx—y)(x—4y)

(vi)  3x” —38xy-13y°
Solution: 3x° —38xy —13y°
= 3x" —39xy + xy—13y°
=3x(x—13y)+ y(x—13y)
=(CBx+y)x—13y)

(vii)  5x7+33xy—14)°
Solution: 5x° +33xy—14y°



=5x +35xy —2xy —14y°
=5x(x+7y)=2y(x+7y)
=(5x=2y)x+7y)

(viii) [SX—lj +4(5x —l] +4,x#0

X X

2
Solution: (SX—lj +4[5x—1j+4,x¢0
X X

= Sx—lJ2+2(5x—§j(2)+(2)2

X

2
= 5x—l+2j
X

= Sx—l+2j[5x—l+2j
X X

Q.4

(i) (X" +5x+4)(x" +5x+6)-3
Solution: (x” +5x +4)(x* +5x+6)—3
Suppose that

X +5x=y

So,

(x* +5x+4) (x> +5x+6)-3
=(y+4)(y+6)-3
=[y(y+6)+4(y+6)-3
=(y*+6y+4y+24)-3

=(y +10y+24) -3

=y +10y+24-3

=y’ +10y+21

=y +Ty+3y+21
=y(y+7+3(y+7)

=(y+3)(y+7)

Weknow that y = x* + 5x

=(x" +5x+3)(x>+5x+7)

(i) (> —4dx)(x*—4x-1)-20
Solution: (x* —4x)(x* —4x—1)—-20
Suppose that

xT—4x=y

So,

=(y)y-D-20

=(y’~y)-20

=y —y-20

=y =5y +4y—-20
=y(y=35)+4(y-35)
=(y+4Hy-3)

Weknow thata = x* — 4x

=(x" —dx+4)(x* —4x-5)

= () =2(x)(2)+(2) |[ ¥ =5w+x-5]
(x-2) [x(x-5)+1(x-5)]

(x=2) (x=35)(x+1)
(x=5)(x+1)(x-2)’

(i)  (x+2)(x+3)x+DH(x+5)-15
Solution: (x+2)(x+3)(x+4)(x+5)—15
=[(x+2)(x + 5)I[Cx +3)(x +4)] -
=[x(x+5)+2(x+5)][x(x+4)+3(x+4)] -
=[x* +5x+2x+10][x" +4x+3x+12]-15
=(x*+7x+10)(x" +Tx +12) 15
Suppose that

X +Tx=y

So,

(x* + Tx+10)(x" + 7x+12)—15
=(y+10)(y+12)-15

=[y(y +12)+10(y +12)]-15
=(y*+12y+10y+120)-15

=(y” +22y+120)-15

=" +22y+120-15

=" +22y+105

=y +15y+ 7y +105
=y(y+15)+7(y+15)
=y(y+15)+7(y+15)

=(y+7)(y+15)

Weknow that y = x” + 7x

=(x" +Tx+7)(x* +7x+15)

(iv)  (x+4)(x-5)x+6)(x—-T7)—504



Solution: (x+4)(x —5)(x +6)(x—7)—504
=[(x+4)(x—9)][(x+6)x—7)]-504
=[x(x—=5)+4(x-9)][x(x—T7)+6(x—7)]-504
=(x" —5x+4x—-20)(x" —Tx+ 6x—42)—504
=(x* —x—20)(x" —x—42)-504

Suppose that

X' —x= y

So,

= (y—20)(y—42)—504

= [y(y—42)—20(y— 42)] - 504

=(y*—42y 20y +840) - 504

=1’ —62y+840—-504

=" —62y+336

=’ —56y—6y+336

= y(y—56) - 6(y—56)

=(y—6)y-56)

Weknow thata = x* — x

= (x> —x—-6)(x*—x—56)

=(x* —3x+2x-6)(x" —8x+ 7x—56)
=[x(x—=3)+2(x-3)][x(x —8)+ 7(x—8)]
=(x+2)(x-3)x+7)x—-8)

(v) (x +1D)(x+2)(x +3)(x +6) - 3x
Solution: (x +1)(x +2)(x +3)(x +6) - 3x°
=[(x +D)(x + 6)][(x+2)(x +3)] -3x°
=[x(x+6) +1(x+ 6)][x(x+3) + 2(x+3)] - 3x°

= (X" +6x+x+6)(x" +3x+2x+6)-3x"
= (X" +6+7x)(x" + 6+ 5x) = 3x
Suppose that

X +6=y

So,

=(y+7x)(y+5x)-3x"
=[y(y+5x)+ 7x(y +5x)] - 3x°
=(y" +5xy+ Txy +35x" —3x7)
=y +12xy+32x

=y +8xy+dxy+32x°
=y(y+8x)+4x(y+8x)
=(y+4x)(y+8)

Weknow that y=x"+6

=(x” +6+4x)(x* +6+8x)
=(x"+4x+6)(x*+8x+6)

Q.5

(i) X’ +48x—12x" — 64
Solution: x° +48x—12x" — 64
=x’ —12x" +48x — 64

a’ —3a’b+3ab>-b’ = (a — b)3
= (x)* =3(x)*(4) +3(x)(4)" - (4)°
=(x—4)

(i)  8x’ +60x" +150x +125
Solution: 8x’ +60x” +150x +125

@ +3a’b+3ab’+b’ = (a + b)3
=(2x)" +3(2x)°(5) +3(2x)(5)* + (5)°
=(2x+5)

(iii)  x’ —18x" +108x-216
Solution: x’ —18x* +108x—216
a’ —3a’b+3ab* — b’ = (a — b)3

= (x)" =3(x)*(6) +3(x) (6)" —(6)’
=(x— 6)3

(iv)  8x’ —125y° —60x*y +150x)°
Solution: 8x° —125y)° —60x”y +150xy°
=8x" —60x"y+150xy° —125y)°

a’ —3a’b+3ab’ b’ = (a — b)3

=(2x)’ —3(2%)*(5y)+3(2x)(5») —(5¥)
=(2x-3y)’

Q.6

(i) 27+8x°

Solution: 27+8x°

=(3)" +(2x)’

=(3+2x)[(3)" ~(3)(2x) +(2x%)°]
=(3+2x)(9—6x+4x7)

(i)  125x°-216y°
Solution: 125x° —216y°
=(5x)’ - (6y)’

(a—b)(a2 +ab+b2) =a’ - b’

= (5x=6))[(5x)" + (5x)(6y) +(6y)’]



= (5x—6y)(25x% +30xy +36)7)

(iii)  64x’+27y’
Solution: 64x°+27y’
= (4x)3 + (3y)3
(a+b)(a2 +ab+b2) =a +b
= (4x+3 y)[(4x)2 ~(4x)(3y)+ (3 y)Z]

= (4x+3y)(16x" —12xy+9)")

(iv) (2% + Sy
Solution: (2x)’ +(5y)’
(a—b)(a2 +ab +b2) —a -b
= (2x+5y)[ (2x) —(2x)(53) +(53)° |
= (2x+5y)(4x” —10xy + 25y%)



Exercise 5.3

Q.1 Use the remainder theorem to
find the remainder when

(i) 3x —10x" +13x—6 is divided by
(x—2) .

Solution:

P(x)=3x"-10x"+13x-6

Since P(x) is divided by (x—2).

L P(2)=R

R=3(2)"-10(2)> +13(2)-6

=3(2)’ -10(2)° +13(2)-6

=24-40+26-6

R=4
Hence 4 is the remainder

(i) 4x° —4x+3is divided by (2x-1)
Solution:

P(x)=4x"—4x+3

Since P(x) is divided by (2x-1)

.-.R:p@

LT L
HE

2 z
1
=Ax—-2+3
:l—2+3
2

1-4+46 3

2
R=2

2

3. )
Hence 5 is the remainder

(iii) 6x'+2x’—x+2 is divided by
(x+2) fromx+2=0

Solution: Given that

P(x) = 6x" +2x —x+2

Since P(x) is divided by (x+2)

SR=P (—2)

=6(-2)* +2(-2)° —(-2)+2

=96-16+2+2

R=84
Hence 84 is the remainder

(iv)  (2x-1’+6(3+4x)*-10is
divided by2x+1from2x+1=0

1
X=——
2

Solution: Given that
P(x)=(2x-1) +6(3+4x) 10
Since P(x) is divided by 2x+1

.'.R:P(—%j | |
A4 e 3]

=[1-1] +6[3 2] 10
=[-2] +6-10=-8+6-10

R=-12
Hence -12 is the remainder

(v) x' —3x*+4x—14is divided by
(x+2) from x+2=0x=-2

Solution: Given that

P(x)=x"-3x"+4x-14

Since P(x) is divided by (x+2)

" R=P(-2)

=(-2)* =3(-2)* +4(-2)-14

- -8-12-8-14

R=-42

Hence -42 is the remainder



Q.2

(i) If (x+2) is a factor of

3x* —4kx—4k*> then find the
values of Kk x+2=0x=-2
Solution: Given that
P(x)=3x" —4kx -4k
P(-2)=3(-2)° —4k(-2)— 4k’
P(-2)=12+8k-4k"
If (x+2) is the factor then remainder is
equal to zero
P(-2)=0
12+8k —4k* =0
43+2k-k*)=0
K 2k43=2

4

k> +3k-k+3=0
—k(k-3)-1(k-3)=0

(k—3)(—k—1)=0

k-3=0 —k-1=0

k=3 1=k
k=-1

(i) If (1) is a factor of
x'—kx*+11x—6the find the
value of k from x-1=0 x=1

Solution: Given that

P(x)=x"—k* +11x-6

P(1)=(1)’ —k(1)°’+11(1)-6

P(1)=1-k111-6

P(1)y=6—k

If (x-1) is the factor then remainder is

equal to zero

P(1)=0

6-k=0

k=6

Q.3 Without long division determine
whether

(1) (x—2)and(x—3)are factor of
P(x)=x"—12x" + 44x—48 from
x-2=0 x=2

Solution: Given that

P(x)=x"=12x" + 44x— 48

If (x-2) 1s the factor then remainder is

equal to zero

PQ)=2)’ —12(2)" +44(2)—48=8—48+83-48=0

Hence x - 2 is a factor of P(x)

Forx-3

R=P(3)

=(3)°-12(3)*+44(3)-48

=(3)°-12(3)*+44(3)-48

=27-108+132-48

=159-156

R=3

3 1s remainder hence x—31is not factor of

P(x)

P(3) is not equal to zero then x-3 is not

factor of P(x)=x3-12x" +44x—48

(i) (x—2),(x+3)and (x—4) are
factor of q(x) =x +2x° —5x-6
from x-2=0,x=2

Solution: Given that

q(x): X +2x —5x—6

For (x-2), putt x-2=0

x=2

R=4(2)

=(2) +2(2) -5(2)-6

R=8+8-10-6

R=16-16

R=0

Hence x—2 is factor of

q(x): X +2x° —5x—6

For (x+3), putt x+3=0

x=-3

R=q(-3)



=(-3) + 2(—3)2 -5(-3)-6
=-27+18+15-6
R=0
Hence x-2 18 factor of
q(x) —x +2x"—5x-6
For x-4, x-4=0
x=4
R=q(4)
=(4) +2(4) -5(4)-6
=64+32-20-6
R=70
Hence x-4 is not a factor of
q(x) =x +2x°—5x-6

Q.4  For what value of m is the
polynomial P(x) =4x’-7x*+6x-3m
exactly divisible by x+2?

Solution:

P(x)=4x" —7x" +6x—3m

From x+2=0, x=-2

P(-2)=4(-2) -7(-2)° +6(~2)—3m

P(-2)=-32-28-12-3m=-72-3m

If (x+2) is the factor then remainder is

equal to zero

P(-2)=0
~72-3m =0
~72=3m
7

Q.5 Determine the value of £ if
P(x)=kx'+4x" +3x—4 and

g(x)=x’—4x+k leaves the same
remainder when divided by

(x—3).
Solution:
g(x)=x"—dx+k
from x-3=0 x=3
R = q(3)
=(3) -403)+k
=27-12+k

=15+k
R =15+k 1)
R, =P(3)
=k(3)’ +4(3)" +3(3)- 4
=27k +36+9—4
R, =27k+41 . (i1)

Since it leaves the same remainder.
Hence R, =R,

15+k=27k + 41
15-41=27k —k
26 =26k
g2

26
k=-1

Q.6  The remainder after dividing the
polynomial P(x)=x’+ax’+7 by
(x+1) is 2b calculate the value of
a and b if this expression leaves a
remainder of (h+35) on being
dividing by (x-2)

Solution:

Let

P(x)=x+ax* +7

Since P(x) is divided by (x+1)

Put x+1=0 x=-1
R=P(-1)
= (1Y +a(-1y +7
=—l+a+7
R=a+6

According to first condition remainder is
2b
2b=a+6 (1)
Since P(x) is divided by (x-2)
Put x-2=0
x=2
P(2)=(2) +a(2)*+7
=8-+4a+7

R=15+4a

According to second condition remainder
1s (b+5)

15+4a=b+5

4a-b=5-15

4a-b=-10 ... (i)



Solving equations (i) and (i)
From equation (i1) b=10+4a putting the
value of be in equation (1)
at6=2(10+4a)
a=20+8a-6
-8ata=14
-T7a=14
14
—7
a=-2
Putting the value of a in equation (i1)
4a—-b=-10

a

4(-2)-b=-10
-8-h=-10
~-8+10=5
2=h

bh=2

Q.7  The polynomial x° +/x” + mx + 24
has a factor (x+4) and it leaves

a remainder of 36 when divided

by (x-2)
Find the values of / and m.
Solution:
Let
P(x) =x + I’ +mx+24
From x+4=0 x=-4

P(-4) = (-4)> +1(-4) +m(-4)+ 24

P(-4)=-64+ 161 -4m+ 24

P(-4)=16]-4m-40

According to condition (x+4) is the factor

then

16/ -4m—-40=0

4[4/ -m-10]=0

4/-m—-10=0 (1)

fromx-2=0 x=2

Now P2)=(2] +12) +m(2)+ 24
P(2)=8+4[+2m+24

PR)=4/+2m+32
According the condition

4/ +2m+32=36

41 +2m =36-32

A +2m=4

4 +2m—4=0 (ii)

Subtracting (1) from (ii)

M+2m—4=0

+ 4 FmF10=0
3m+6=0

3m+6=0
3m=-6

_=$2
7

m=-2

Putting the value of m is equation (1)
4/ —-(-2)—-10=0

4/+2-10=0

4/-8=0

4/ =8

=2

m

Q.8 The expression /[x’+mx*—7
leaves remainder of -3 and 12

when divided by(x—-1) and
(x+2) respectively. Calculate

the value of / and m.
Solution:
P(x)=I"+mx" -7
from x-1=0 x=1
P =11y +m(1)’ -4
Py=1+m—-4
According to conditions /+m-4=-3
l+m=4-3
[=1-m (1)
From x+2=0 x=-2
P(=2)=1[(-2) +m(-2)" -4
P(-2)=-8[+4m—4
According to condition
8l +4m—4=12
Putting the value of / in the equation



—8|1-m|+4m =16
-8+8m+4m=16
12m=16+8
12m=24

A
m="—
y24
m=72
Putting the value of m is equation (1)
[=1-2

1=-1
m=2
[=-1
Q.9 The expression

ax’ —9x* +bx+3a is  exactly

divisible by x’ —5x+6. Find the
value of a and 5.
Solution: Given that

P(x) =ax’ —9x” + bx +3a
X°—5x+6 =x*—2x-3x+6
:x[x—Z]—3[x—2]
= [x—2][x—3]
(x—2)(x—3)is divides the expression ax’-
9x” +bx+3a from x-2=0,x=2
P(2)=a(2)’ —=9(2)’ +h(2)+3a
P(2)=8a—-36+2b+3a
P2)=1la+2b-36
According to condition (x-2) is the factor
SO

11a+2b-36=0 (1)
From x-3=0,x=3

P3)=aBy —9(3) +bh(3)+3a
P(3)=27a-81+3b+3a

P(3)=30a+3h-81
According to condition (x-3) is the factor
o)

30a+3b—81=0 (ii)
3(10a+b—27)=0
10a+b—27:%

b=27-10a (iii)

Putting the value of b in equation (i)

1a+2[27-10a)-36=0
lla+54-20a-36=0
—Oa+18=0

+18 =9a

. +,1§2

a=+2 . :
Putting the value of a in equation

b=27-10(+2)
b=27-20
b=7

a=2

(111)



Exercise 5.4

Q1 X -2x"-x+2

Solution: Given that

P(x): X —2x"—x+2

P=2 and possible factor of 2 are+1,42.
Here q=1 and possible factor of 1 are+1.

P
So possible factor of P(x) will be form —==x112

P(x)=x"—2x"—x+2

Put x=1

P(1)=(1) —2(1)-1+2  =1-2-1+2=0Remainder is equal to zero so (x-1) is factor
Put x=-1

P(-1)=(-1) —2(-1)* ~(-1) + 2=—-1-2+1+2=0Remainder is equal to zero so (x+1) is factor
Put x=2

P(2)=(2) —2(2)* —(2) +2=8-8 -2+ 2 =0 Remainder is equal to zero so (x-2) is factor
X =207 —x+2=(x-1)(x+1)(x-2)

Q.2 x' —x"-22x+40

Solution: Given that

P(x)=x"—x"-22x+40

P=40

possible factor of 40=+1,+2, +4, +5 +8 +10, +20, +40
Here q=1 and possible factor of lare +1

So possible factor of P(x) will be from

B 140 14,15, 48.410, 420, +40
q

P(x)=x"—x>—22x+40

Put x=2

P(2)=(2) —(2)" —22(2) +40
—8-4-44+40=0

Remainder is equal to zero so (x-2) is a factor
Put x=4

P(4)=(4) —(4)° —22(4)+40
=64-16-88+40=0

Remainder is not equal to zero so (x-4) is a factor
Put x=-5



P(=5)=(-5)" = (=5)" =22(-5) +40
=—-125-25+110+40
=-150+150
=0
Remainder is equal to zero so (x+5) is a factor
Hence x* —x* —22x+40 = (x—2)(x —4)(x +5)

Q.3  -6x*+3x+10

Solution: Given that
P(x)=x"—6x>+3x+10

P=10

So possible factor of 10 are 1,42, +5 +10
Here q=1 So, possible factor of lare +1.

. P
So possible of factor of P(x) can be found from —==+1,+2,+5,+10
q

P(x)=x*-6x"+3x+10

Put x=-1
P(-1)=(-1)*-6(-1)*+3(-1)+10=-1-6-3+10=0
Remainder is equal to zero so (x+1) is a factor
Put x=2
P(2)=(2)’-6(2)*+3(2)+10=8-24+6+10=0
Remainder 1s equal to zero so (x-2) is a factor
Put x=5

P(3)=(5] ~6(5)" +3(5) +10=125-150+15+10=0Remainder is equal to zero so (x-5) is a factor
Hence x” —6x” +3x+10=(x+1)(x—2)(x—5)

Q.4 Y +x*—10x+8
Solution: Given that
P(x)=x*+x*-10x+8

P=8 So possible factor of 8

are +1,42,+3 +4,+5 +6,+7,+8 .

: P

Here q=1 So possible factor can be found from —=+1,+2 +4 +8
q

P(x)=x’+x*-10x+8
Put x=1
P(1)=(1) +(1) =10(1)+8=1+1-10+8=0
Remainder is equal to zero so (x-1) is a factor
Put x=2
P(2)=2+2"-10(2)+38
=8+4-20+8
=20-20
=0
Remainder is equal to zero so (x-2) is a factor



rut x=-4

P(-4) =(-4)*+(-4)%-10(-4)+8
=-64+16+40+8

=-64+64

=0

Remainder is equal to zero so (x+4) is a factor
Hence x* +x° —10x+8=(x—1)(x—2)(x+4)

Q5 X -2x"-5x+6

Solution: Given that
P(x)=x-2x"-5x+6

P =68ofactorsof 3are+1,+2,+3,+6
Here q=1 So factors of lare+ 1.

. P
So possible factors of P(x) can be found from —==*1,£2,£3,+6

q
P(x)=x3-2x*-5x+6
Put x=1
P(1) =(1)’-2(1)%-5(1)+6
=1-2-5+6
=-7+7
=0
Remainder is equal to zero so (x-1) is a factor
Put x=-2
P(-2)=(-2) —2(-2) —5(-2)+6
=-8-8+10+6
=-16+16
=0
Remainder is equal to zero so (x+2) is a factor
Put x=3
P(3)=(3) -2(3) —5(3)+6
=27-6-15+6
27-27
=0

Remainder is equal to zero so (x-3) is a factor
Hence x* —2x* —5x+6=(x—1)(x+2)(x-3)

Q.6 X +5x°-2x-24

Solution: Given that

P(x)=x"+5x"—2x-24

P=-24 So possible factors of 24 are +1,+2 +3 +4 +6,+8 +12,+24
Here q=1. So possible factors of 1 are + 1.

So possible factors of P(x) will be found from

L 140,13, 14,46,48, 412,424

q



P(x)=x +ox"-2x-24

Put x=2

P(2)=(2)’+5(2)*-2(2)-24

=8+20-4-24

=28-28

=0

Remainder is equal to zero so (x-2) is a factor
Put x=-3

P(-3) =(-3)*+5(-3)%-2(-3)-24
=-27+45+6-24

=-51+51

=0

Remainder is equal to zero so (x+3) is a factor
Put x=-4

P(-4) =( -4)+5(-4)%-2(-4)-24
=-64+80+8-24

=-88+88

=0

Remainder is equal to zero so (x+4) is a factor
Hence x* +5x" —2x—24 =(x—2)(x+3)(x+4)

Q.7 3x -x"-12x+4

Solution: Given that
P(x)=3x"—x*—12x+4

P=4 So possible factors of 4 are +1,+2,+4
Here q=3 So possible factors of 3 are +1,+3 .

So possible factors of P(x) can be found from
r_ +1,42, i4,l,i%,ii
q 3773773

Put x=2

P(2)=3(2)" —(2) —12(2)+4
=24-4+24+4

=28-28

=0

Remainder 1s equal to zero so (x-2) 1s a factor
Put x=-2

P(-2)=3(-2) —(-2) —12(-2)+4

— 24 4424+4

=28-28

=0

Remainder is equal to zero so (x+2) is a factor

Put x=—
3

A e



1 3x=1
—=
3 3x—1

Remainder is equal to zero so (3x-1) is a factor

Hence 3x” —x* —10x+4 =(x—2)(x+2)(3x-1)

Q.8 2%  +xt —2x—1
Solution: Given that
P(x)=2x*+x%-2x-1

P=—1So possible factors of -1 are £ 1, + 2.

Here q=1. So possible factors of P(x) will be found from s

q

L L

q 2
P(x)=2x+x%-2x-1
Put x=1
P(1) =2(1)*+(1)*-2(1)-1
=2+1-2-1

=3-3

=0

Remainder is equal to zero (x-1) is a factor

Put x=-1

P(-1) =2(-1)*+(-1)*-2(-1)-1
=2+1-2-1

=3-3

=0

Remainder is equal to zero (x+1) is a factor

Put x = —



2 24 4
P -1 =—++
2 4 A
=0
1
X=——
2
2x=-1
2x+1=0

Remainder is equal to zero so (2x+ 1) is a factor

Hence 2x” + x* —2x—1 = (x=1)(x +1)(2x +1)



Review Exercise 5

Filling the blanks:

The factor of x° —5x+6are .

(a) x+1,x-6 (b) x—2,x-3

() x+6,x—1 (d) x+2,x+3

Factors of 8x’ + 273’ are

(a) (2x—3y),(4x2+9y2) (b) (2x—3y),(4x2—9y2)
(c) (2x +3y),(4x2 —6xy + 9y2) (d) (2x-3y), (4x2 +6xy+ 9y2)
Factors of 3x° —x—2 are .

(a) (x+l),(3x—2) (b) (x+1),(3x+2)

(c) (x—l),(3x—2) (d) (x—l),(3x+2)
Factors of a' —4b" are .

@) (a-b),(a+b),(a"+4b°) (b)(a”~2b%),(a” +2b°)
(¢) (a—b),(a+b)(a’+4b") (d) (a—2b),(a" +2b%)
What will be added to complete the square of 9a° —12ab ?.....

(a) —16b? (b) 16b? () 4b* (d) —4b?

Find m so that x* +4x +mis a complete square

(a)8 (b) -8

(c) 4 (d) 16

Factors of 5Sx” —17xy—12)° are

(a) (x+4y),(5x+3y) (b) (x—4y),(5x—3y)
(¢) (x—4y).(5x+3y) (d) (5x—4y),(x+3y)

1
Factors of 27x’ —— are

X

(a) [3x—1j,(9x2 +3+L2j (b)[3x+lj,£9x2 +3+L2]
X X X X

(© [3x—1],[9x2—3+%] (d) [3x+1],[9x2_3+i2j
X X X X

ANSWERS KEYS
3 4 5 6 7 8
d b c c




Q.2  Completion items

(i) X' +5x+6=
(i) 4da’-16=
(i)  4a” +4ab +( )is a complete square.

2 2

(v) S -2+2 -

vy X

(v) (x+y)(x2—xy+y2):

(vi)  Factored form of x*'—16is

(vii)  If x=2 is factor of /(x)=x"+2kx+8 then=
ANSWER KEYS

(i) (x+3)(x+2)

(ii) (2a+4)(2a—4):4(a+2)(a—2)

(iii)  (b)?

i) (E_Xj
Vv X
V) X4y

(vi) (x+2)(x—2)(x2 +4)
wii) =3

Q.3 Factorize the following

(i)  x*+8x+16-4)°
Solution: x°+8x+16-4)°
=[x*+8x+16]-4)"

= (x) +2(x)(4)+(4) |- (2)

=(x+4) - (20)

Now arrange them
:(x+4+2y)(x+4—2y)
:(x+2y+4)(x—2y+4)

(i)  4’-16)°
Solution: 4x°-16)”
:4[x2 —4y2]

=4[ (<) (20 |

:4(x—2y)(x+2y)

(iii))  9x” +24x+3x+8
Solution: =9x* +24x+3x+8
:3x(3x+8)+1(3x+8)

=(3x+8)(3x+1)

(iv) 1-647°
Solution: 1—64z°

=(1) ~(42)’
—(1 _42)[(1)2 +(1)(42) +(4zﬂ

=(1-4z)(1+4z+162°)

(1Y
v) 8x —[gj




w1 zy +5p-3

Solution: =2)° +6y—y -3
=2y(y+3)-1(y+3)
=(2y-1)(y+3)

(vii) X +x*—4x—4
Solution: x° +x* —4x—4
=x*(x+1)—-4(x+1)
:(erl)(x2 —4)
:(x+1)(x—2)(x+2)

(viii) 25m*n’ +10mn+1
Solution: 25m’n”+10mn+1
=(5mn)’ +2(5mn)(1)+ (1)’

:(Sanrl)2

(ix) 1-12pg+36p°q°
Solution: 1-12pg +36p°q*
s(a)’ —2ab+(by

= (1) =2(1)(6p9)+ (6 pq)°
=(1-6pq)



Unit 5: Factorization

Factorization:

The process of expressing an algebraic expression in terms of its factors is called
tactorization.

Remainder Theorem:

If a polynomial p(x)is divided by a linear divisor (x—a),then the remainder is

pla).

Zero of a Polynomial:

If a specific number x =ais substituted for the variable xin a polynomial p(x) SO

that the value p(a) is zero, then x = ¢ is called a zero of the polynomial p(x).

Factor Theorem:

The polynomial (x—a) is a factor of the polynomial p(x)if and only if p(a) =0.

Rational Root Theorem:

Let ax"+ax"" +..+a_x+a, =0, a,#0be a polynomial equation of degree n with

integral coefficients. If £is a rational root (expressed in lowest terms) of the
q

equation, then pis a factor of the constant term a, and ¢is a factor of the leading

coefficienta,, .



Q.1
(i)

(i)

Q.2
(i)

(i)

Exercise 6.1

Find the H.C.F of the following expressions.

39x"y’z and 91x°y°z’

Solution:

39x Y’z =3x 13X X XXXXXXY.V.V.Z

Nx’y°z" =Tx13XXXXXXY YV VY VIZIZLLZ
HCF=13xxxxxxyyyz

HCF=13x"y"z

102xy°z,85x"yz and 187xyz’
Solution:

102xy°z =2x3x17xxy.y.z
85x7yz =5x17xxxy.z

187xyz" =11x17xx.y.z.2
HCF=17xyz

Find the H.C.F of the following expression by factorization.

X +5x+6,x —4x-12

Solution: x° +5x+6,x" —4x—12
Factorizing x° +5x+6

=X +3x+2x+6

= x(x+3)+2(x+3)

= (x+3)(x+2)
Factorizing x° —4x—12
=x"—6x+2x-12

= x(x—6)+2(x—6)

= (x—6)(x+2)

So,

HCF= (x+2)

x' =27, x" +6x—-27,2x" —18

Solution: x° —27,x> +6x—27,2x> —18



Factorizing x’ —27

=(x) - (3)

= (x=3) () +(x)3)+ ()|
:(x—3)(x2 +3x+9)
Factorizing x° +6x —27
=x>+9x—3x-27
:x(x+9)—3(x+9)

= (x+9)(x—3)

Factorizing 2x° —18
=2(x"-9)

=2[(0)" () ]
=2(x=3)(x+3)
So,

H.CF = (x-3)

(iii) X -2x +x,x*+2x-3,x* +3x 4
Factorizing x’ —2x” +x
= x(x2 —~2x+ 1)

x(xz—x—x+1)

:x[x(x—l)—l(x—l)J
:x(x—l)(x—l)
Factorizing x° +2x -3
=x" +3x-x-3
:x(x+3)—l(x+3)
:(x+3)(x—1)
Factorizing x° +3x—4
=x"+4x—x—4
:x(x+4)—1(x+4)
:(x+4)(x—1)

So,

HCF =(x-1)

(iv)  18(x’—9x" +8x),24(x" +3x+2)
Solution: 18(x3 —9y” -1—8x),24(x2 +3x+2)
Factorizing 18(x3 —9x” + 8x)

=6x3xx(x”—9x+8)



)

:6><3><x(x2 —8x—x+8)
:6><3><x[x(x—8)—l(x—8)}
:6><3><x(x—8)(x—1)
Factorizing 24(362 +3x+2)
=6x4(x" ~3x+2)

:6><4(x2 —2x—x+2)
=6x4] x(x=2)-1(x-2)]
=6x4(x-2)(x-1)

So,
H.CF= 6(x—1)

36(3x" +5x7 - 2x7),54(27x" — x)
Factorizing 36(3x" +6x’ - 2x7)
=3x3x2x2xx (3% +5x-2)
=3x3x2x2xx" (3x7 + 6x - x - 2)
=3x3x2x2xx7 | 3x(x+2)-1(x+2) |
=3x3x2x2xx" (x+2)(3x-1)
Factorizing 54(27x" —x)
=3x3x3x2xx(27x ~1)

:3><3><3><2><x[(3x)3 —(1”
:3><3><3><2><x(3x—1)[(3x)2 +(3x)(1)+(1)1

:3><3><3><2><x(3x—1)(9x2+3x+1)

So,

HCF= 3><3><2><x(3x—1)

:18x(3x—1)



Q.3 Find the H.C.F of the following by division method.
(i) X' +3x7 —16x+12, x> +x* —10x +8
Solution: x° +3x” —16x+12, x’ +x* —10x+8

]
24y —10x+8)x3 +3x —16x+12

+x° +x° F10x+8

2x° —6x+4
2(x2—3x+2)
x+4

x2—3x+2) /+x2—10x+8

A3 +2x

4x* —12x +8
+4x> F12x £8

X

H.C.F = (x2 —3x+2)

(i) P+ -2x7+x-3, S0 4+3x7 —17x46
Solution: x* +x’ —2x* +x-3, Sx’ +3x ~17x+6

xX+2
5x3+3x2—17x+6)x4+x3—2x2+x—3

x5

SxP 457 —10x* +5x =15

+35x* +3x° F17x* + 61

2% +Tx* —x—15
x5

10x” +35x* —5x 175
+10x° +6x> F34x+12
20x” +29x —87
29(x” +x-3)

5x-2
x2 +x—3)5x3+3x2 —_17x+6

+5x° +5x* F15x
2x*=2x+6

237 F2x+6

X

H.C.F = (x2 +x— 3)



(iii)  2x" —4x* —6x,x" +x* —3x" - 3x’
1
2x° —4x* —6x> X +x*—3x —3x°

x2

2% +2x" —6x° —6x°
-2x° F4x* F6X
6x* —6x’ —6x7 +6X%

6(x4 —x’ —x +x)

2x—2
¥ ox —x +x) 2x° —4x? — 6x
+2x° + 2x*° 2x" 1257

—2x* +2x° —2x* —6x

2x* +2x° +2x% F2x

—4x” — 4x
—4()52 +x)
X —2x+1
x2+x) xt—x-x*+x
—x"+x’
—2x° —x7 +x
T2x° F2x°
X +x
+x° +x
X

H.C.F =x* +x

Q.4  Find the L.C.M of the following expressions.

(i) 39x7)’z and 91x"y°z’
Solution:
30x" Y’z =3x13xxXXXXXXY VY2

Mx'y’z" =Tx13x XX XXXV VY YV VLI L2 22
Common=13x")"z

Uncommon=3x7xx"y’z°
2.3_6

=2lx"y’z
L.C. M= common factors xuncommon factors
2.3_6

=13x"y zx21x’y’z
273x"y°z7



(i)  102xy°z,85x%yz and 187xyz’
Solution:
102xy°z =2x3x17.x.y.y.2
85x7yz = 5x 17 xx.xy.2

187 xyz® =11x17.x.y.z.2

Common=17xyz

Uncommon=2x3x5x11.xyz
=330 xyz

L.C.M=common X uncommon
=17xyz x330xyz

=5610x"y*z’

Q.5  Find the L.C.M of the following by factorizing.

(i) x*—25x+100 and x* —x-20
Solution: x° —25x+100 and x* —x—20
Factorizing x° —25x+100
= x> —20x—5x+100

=x(x—20)-5(x—-20)
=(x=20)(x-5)

Factorizing x* —x—20
=x"—5x+4x-20

= x(x—5)+4(x—5)

= (x—S)(x+4)

So,

LCM = (x-5)(x+4)(x-20)

(i) x*+4x+4,x —42x +x -6
Solution: x” +4x+4,x" —4.2x  +x -6
Factorizing x° +4x+4
=x’+2x+2x+4
=x(x+2)+2(x+2)
= (x+2)(x+2)
Factorizing x° —4
=(x) (2
= (x—2)(x+2)

Factorizing 2x° +x—6
=2x"+4x-3-6
=2x(x+2)-3(x+2)
=(x+2)(2x-3)



Lo = (xr+2)(x+2)(x—2)(2x-3)

=(x+2) (x-2)(2x-3)

(i) 2(x" - y*).3(x + 207y " - 2y7)
Factorizing 2(x* - ")
:2[(x2)2—(y2)2}
=2(x* + )7 ) (x* =)
=2(x 3" )(x+»)(x-y)
Factorizing 3(x* +2x"y —xy” ~2)")
:3[x2 (x+2y)-)° (x+2y)]
=3(x+2y)(x" ")

:3(x+2y)(x+y)(x—y)
.é.MZ (ery)(x—y)(x2 +y2)(x+2y)><2><3

= 6(x-1—y)(x—y)(x2 +y2)(x+2y)
= 6(x+2y)(x4 —y4)

=W

(iv) 4(x4 —1),6(3(3 —x’ —x+1)
Solution: 4(x4 —1),6(x3 —x’ —x+1)

Factorizing 4(x4 -~ 1)

- 2><2[(x2)2 —(1)2}

=2x2(x* +1)(x* 1)

=2 2(x* +1)(x+1)(x-1)

=6(x" —x* —x+1)

=23 ¥ (x =)= 1(x—1)]

=253 (x=1)(*-1) |
=2x3(x—1)(x—-1)(x+1)
L.CM=2x2x3(x—1)(x+1)(x—1)(x*+1)
=12(x 1) (x+1)(x*+1)

=12(x-1)(x* 1)



Q.6

Q.7

For what value of kis (x+4) the H.C.F of x* + x—(2k+2) and2x’ + kx—12?
Solution:

P(x) =x° +x—(2k+2)

Since x+4 1s H.C.F of P(x) and ¢g(x)

" x+4 1s a factor of P(x)

Hence P(—4)=0

X +x—(2k+2)=

By putting the value of x

(—4)" +(-4)-(2k +2) =
16-4-2k-2=0
2k+10=0

2k =10

If (x+3)(x—2) is the H.C.F of P(x)= (x+3)(2x2 —3x+k) and ¢(x)=(x-2)
(3x2 +7x—l) the find k and /
Solution: (x-2) (x+3) will divide P(x) =(x+3) (22-3x+K)
(x — 2) (x+3) will divide P(x) =(x+3) (2x*-3x+K)
x—2=0
x=2
P(2)=(2+3)(2(2)*-3(2)+K)
PRY~(5)2x 4-6+K)
P2)=5(8-6+K)
P2)=5(2+ K)
Remainder is equal to zero
52+K)=0
2+K =2
5

2+K=0
K=-2
g(x)=(x-2)(3x" +7x-1)

(x+3)will be divide ¢ (x)= (x—2)(3x2 +7x—l)

(-

x+3=0

2)
v
1(3)=(3-2)[3(3) +7(=3)~/]
a(-3)=(

-3)=(-5)[3(9)-21-/]



Q.8

Q.9

q(—3) = (—5)[27—21—/]

q(-3)=(-5)(6-1)
Remainder is equal to zero
-5(6-1)=0

6-/=0

=6

The LCM and H.C.F
polynomials P (x) and ¢ ( x) areZ(x4 —~ 1) and (x + 1)(x2 + 1)
P(x)=x"+x"+x+1, find ¢(x)
Solution: . P(x)x¢(x)=L.CM=H.CF
P(x) X q(x) =LCMxH.CF

LCM<xHCF

T

By putting the values

2(x" = 1) (e +1)(x" +1
q(x): ( x32x2+x£1 )
2w 1) (x+1)(x"41)

¥ (x+1)+1(x+1)
2(x4—1)(y4)( 2+1)
e
q(x)=2(x"-1)

q(x)=

q(x)=

of
respectively.

If

Let p(x):lO(x2—9)(x2—3x+2)and q(x):IOx(x+3)(x—1)2.if the H.C.F of

p(x).q(x) is 10(x+3)(x—1),Find their L.C.M
Solutions: p(x)xq(x)=L.CMxHCF
p(x)xq(x)=LC.MxHCF

Lear= 20
HCF
By putting the values

,Kf(xz —9)(x2 —3x+2)x10x(%)(x—l)z
3 (53)(2T)

LOM =10x(x" =9)(x ~3x+2)(x 1)

LCM =




Q.10 Let the product of L.C.M and H.C.F of two polynomial be (x+3) (x—2)(x+5).

If one polynomial is (x+3)(x—2)and the second polynomial is x +kx+15, find
the value of k.

Solution: p(x)xq(x)=LCMxHCF

p(x)xq(x)=LCMxHCF

By putting the values

(x+3)(x=2)(x" +kr +15) = (x+3)" (x=2) (x+5)

(x+3) (x=7)(x+5)
(+7)(>7)

x2+kx+15:(x+3)(x+5)

X +he+15=x" +8x+15

kx:)c‘z/+8x+,1/5—/—,1/§

kx =8x

E

k=38

X he+15=

Q.11 Wagqas wishes to distribute 128 bananas and also 176 apples equally among a

certain number of children. Find the highest number of children who can get
fruit in this way.

Solution
1
1281176
128
TZ
481128
96
32548
32
2
16)32
32
0

Highest no. of children =16



Exercise 6.2

Simplify each of the following as a rational expression.

xz—x—6 x2+2x—24
2 + 2
x -9 x —x—12
xz—x—6 x2+2x—24
2 + 2
x -9 X —x—12
xz—x—6 x2+2x—24
—7 2 +—
x -9 X —x—12
X 3x-2x-6 x +6x—dx-24
(x) —(3) X —x-12
_x(x—3)+2(x—3)+x(x+6)—4(x+6)
(x=3)(x+3) x(x—4)+3(x—4)
(%f)(xﬂ) (x+6)(x<4)
(%5)(?6+3) (2<% )(x+3)

(x+2) (x+6)
(x+3) (x+3)
:x+2+x+6

x+3
B 8+2x

B x+3
B 2(x+4)
x+3

Solution:

x+1 x-1 4dx dx
- T2 T3
x=1 x+1 x"+1] x -1
x+1 x-1 4x} 4x
+
X

Solution: - —— 1
x—=1 x+1 x"+1 -1

[x+1 x-1 4x 4x
N T2 T3
L x=1 x+1 x +1] x -1

[y -y ax } 4x
(x=1)(x+1)  x*+1] x*-1

__x2+2x+1—(x2+1—2x)_ 4x N 4x
(x=Dx+1) X 1| x' -1



¥ -1

:_/+2x%f—//f+2x_ 4x1}{ Ay }

2 2
x 1 x4

A A } 4x
_ _ .

x -1

B 4x(x2+1)—4x(x—1) . Ay

(x"=1)(x" +1) [

_4x3+4x—4x3+4x 4y
4 +

x —1 x -1

_x2—1 X +1

_ & N 4x
x4—1 x4—1
~ Bx+4x
x -1
_12x
x' -1
1 1 5
Q.3 - +— -
x =8x+15 x —4x+3 x —6x+5
. 1 1 P
Solution: — +— ——
X —8x+15 X —4x+3 X —6x+5
1 1 9
= + —

X —8x+15 X —4x+3 X —6x+5
_ 1 . 1 B 2
x2—3x—5x+15 x2—3x—1x+3 x2—5x—x+5
~ 1 N 1 B 2
Cx(x=3)=5(x=3) x(x=3)—1(x-3) x(x—5)—1(x-5)
1 1 2
TG-30-5) -3-D) (—S)x-D)
C(x-D+(x=5)-2(x—-3)
 (x=3)(x=5)x=1)
Ade A fai A
(x=3)(x=)(x-1)
B 0
(x—3)(x—5)(x—1)
=0




Q.4

Solution:

(x+2)(x+3)  (x+ 2)(2x° —32)

x -9 (x—4)(x2—x—6)
(x+2)(x+3)  (x+ 2)(2x" —32)

2

x -9 (x—4)(x2—x—6)

_ (3 (e 2)(2x” —32)

2

x -9 (x—4)(x2—x—6)
(x+2)(x+3) (x+2)[2(x —16)}

(x)' —(3)° (x—4)(x2—3x+2x—6)
) | 207 @

C(x— 3)(}4) (x—4)[x(x—3)+2(x-3)]
_(x+2) (M)[z(x%)u/)]

(-3 (=)(x-3)(x<2)

(x+2) 2(x+4)

(x 3) (x-3)

x+2 2x+8

x3 x—3

B xX+2+2x+8

x-3

3x+10

Q.5

Solution: =

x—3

X+3 1 4x

— 2 + T2
2% +9x+9 2(2x-3) 4x -9

xX+3 1 4x

2 + B 2
2x +9x+9 2(2x-3) 4x -9
X+3 1 4x

~— 2 + T2
2x  +9x+9 2(2x-3) 4x -9

x+3 1 dx

-~ + - 2 2
2x +6x+3x+9 2(2x-3) (2x) -(3)

X+3 1 4x

T D31 3)  22x—3) (2x—3)2x+3)

(x43) 1 4x

_(M)(2x+3) 2(2x—3) (2x—3)2x+3)

1 4x

2x +3 2(2x -3) (2x -3)(2x+3)

C22x-3)+(2x+3) —4xx2

2(2x —=3)(2x+3)
4x—-6+2x+3-8x

2(2x —=3)2x+3)



Q.6

Q.7

B —2x-3
C2(2x—3)(2x+3)
e at)
2(2x—3)( 2%F3)
-1

T 2(2x-3)

A—l,WhereAZa—Jrl
A a—1

Solution: A4 - % Where A= arl

a—1
:A_l:?
A

Put the value of A
B a+l a-1

Ta-1 a+l
(a+1) —(a—1)
T @@+
' +2a+1-(a’ —2a+])
- a —1

:/+2a;|/f—/+2a;/f

a —1

da

a2—1

x—1 2 x+1 4
+ — + >
x—2 2-x xX+2 4—x

{x—l 2 } x+1
Solution: + —
x=2 2-x

+ 2
xX+2 4-—x

[ x—-1 2 x+1 4
= + — + >
| x—-2 2-x X+2 4—x

|

Cx—1 2 x+1 4
| x—-2 —x+2

x+2 —x"+4

|

x—1 2 | | x+1 4
+

x—=1 2 | [ x+1 4

_x—2_x—2_ | x+2 ¥ —4

|

x—2 x—2] | x+2 —(x2—4)

|



| x-1-2 x+1 4

_[ x=2 }_Lc+2_(x+2)(x—2)}
_(x=3) (r+D(x=2)-4
C(x-2)  (x+2)(x-2)

x3 X —x-2-4
Tx-2 (x+2)(x-2)
_x-3 X —x-6

- x—2_(x—2)(x+2)

_x-3 _x2—3x+2x—6
_x—2 (x—Z)(x+2)
_x=3 x(x-3)2(x-3)

:x—B_(x_:;)(M)
= )

B x:2 B x:z

0 Ans

What rational number should be subtracted from
2 2x-7 x-1

=————toget
X2+x-6 x—2

Solution: let required rational number be P(x)
According to condition

2x° +2x—7 x—1
— —P(x)=
x2+x—6 () X
2x*+2x-7 X
P — _
() X +x-6 x-—
B 2xT+2x-7 X
X 43x-2x-6 x-2
2x°+2x-7  x-1
x(x+3)—2(x+3) x—2
22X 42x-T7
_(x+3)(x—2)
207 420 =T —(x—1)(x+3)
- (x+3)(x—2)
_2x2+2x—7—(x2+2x—3)

(x+3)(x-2)

N[ = b

_x—l
x—2




C2xP+2x—T—x"—2x+3

(x+3)(x—2)

x* -4

- (x+3)(x—2)

x*—2°

N (x+3)(x—2)

(x+2) (5]
(v+3) (7]

_x+2

Cx+3

2 2
X +x—-6 x —4
= X

9
Q xz—x—6 x2—9
. X 4x—6 x -4
Solution: =— X—
X —x—6 x -9
_x2+x—6xx2—4
xz—x—6 x2—9
x2+3x—2x—6 952—22
-2 X3
x —3x+2x-6 x -3
_x(x+3) 2(x+3) ( —2)
T2(x3)12(x3) (x-3)
(M)(x—z x—2)(%f
X
(x 3)(%5) (x—3)(/x/+/§
_(x-2)
(x-3)
-8 x +6x+8
Q.10 > X—
x -4 x —2x+1

x3—8 x2+6x+8

Solution: ———x

x —4 xz—2x+1

x -8 x +6x+8

x —4 x —2x+1



x2+4x+2x+8

() - s
(x)—(z)2 X —x—-x+1
(

x_z)(x2+2x+4)Xx(x+4)+2(x+4)
(x—2)(x+2) x(x—l)—l(x—l)
_x2+2x+4><(x+4)()”/"’/i)
C(x#27) (D)

(x2+2x+4)(x+4)
) (x-1)°
x4—8x 2x—1 xX+3
Q.11 2 X3 X3
2x +5x—-3 x +2x+4 x —2x
. x'—8x 2x—1 X+3
Solution: 5 X X

2x +5x-3 x2+2x+4 x2—2x

x4—8x 2x—1 X+3
= X X

- 2x2 +5x-3 x2 +2x+4 x2—2x

3
x(x —8) 2x—1 X+3
=— X— X

2x +6x—x—-3 x +2x+4 X(X—Z)

Lo N I N

T 2x(x13)—1(x+3) ¥ +2r-4 x(x-2)

X(M)(M)X 20T )

x+3
) st 2T

2y"+Ty—4 4y -1

Q.12 5 F—
3y —13y+4 6y +y—1

L2y +7y—4 4y -1
Solution: y LY

3y° —13y+4 6y +y—1



2y 4 Ty-4 4y -1
3y —13y+4 6y +y—1
C2y 8y -ly-4 . (2y) (1)
3" 12y —y+4 6y +3y-—2y-1
:2y(y+4)—l(y+4)+ (2y-1)(2y +1)
3y(y-4)-1(y-4) 3y(2y+1)-1(2y+1)

C(rea)2y-n) | (2r-1)(20+T)
| (

202 2 2 N B
ors [£o o]

2 2
X -y x +y X—y X+
2+ 2 2_ 2 n _
Solution:{x2 y2_x2 %];{x y_X y}
x -y xT+y X—y X+
2 2 2 2
Xy x oy ]{nyy}

- X—y X+Y

:x2_y2 x2+y2
) (x2+y2)2(x2yz)ZH(w)Z(wf}

=y 47 (x=y)(x+)
(x4+2x2y2+y4)(x42x2y2+y4)]{(x2+2xy+y2)(x22xy+y2)]
)
)/+2x2y2+/)/+2x2y2/]:[/Jerer)/)(Z/+2xy)/]

I T =

B 4xzy2 ;{ 4xy }
__(xz_yz)(x2+y2) ’ xz_yz

2

B 4x2y2 sz_y
- (xz —)/2)()c2 +y2) 4xy
_ %.xy sz y
(27 )(°+07) B




xy
5 5 Ans
X + y



Exercise 6.3

Q.1  Use factorization to find the square root of the following expression.

(i) 4x* —12xy +9y*

Solution: 4x” —12xy+9)"

4x* —12xy+9y* =4x" — 6xy — 6x1+9)°

=2x(2x-3y)-3y(3x-3y)

=(2x-3y)2x-3y)

4x* —12y+9y* = (2x -3y)°

Taking square root on both side

J4x® —12xp49y° = [[2x - 3y ]
=+(2x-3y)

(i) 4x°

Solution: x*—1+

4x°

ol 3]
2x 2x
5]
) x [
2x
Taking square root
e+ - L
4x” 2x
-1 +_ = i[ Lj
V 4x° 2x

1 |2 1 1
iii — X ——X
(1) 16 12 rr 36y

Solution: ! x* ! !
uti —X ——
16 12 X 36y

(o) Ao &)
pew

Taking the square root



(iv)

v)

(vi)

Ma+by —12(a2+b*)+%a—b)’
Solution: 4(a+b)* —12(a2+b*)+a - b)’
=[2G +b)* |-2[2(a +B)][3(a-b)] +[3(a - b)]

=[2(a+b)-3(a~b)]

Taking square root

Jaa+by —12(a2+b*)+9%a by = \/[2(a+b)—3(a—b)]2

:i[2a+2b—3a+3b]
— +(5h—a)

4x° —-12x°y° +9y°
Ox* +24x*y” +16y"
4x° —12x°y" +9y°
Ox* +24x7y" +16y"
_(2x) -2(2x)By) + By
(3x")" +203x")(4y") + (4y°)
= 3 172
[Zx -3y ]
[3x3 + 4)/2]2
Taking square root
[ 4AxP 120y +9)°
Ox* +24x°y° +16)"

3 3
=+ -3y
3x° +4y°

Solution:

[x+%j2 —4[x—§},(x #0)

Solution: [x +lj2 —4[}( —lj,(x #0)

X X
By adding and substituting 4



(vii)

1

=x"+—+2-4 x——j

X X

1 1
=x +—+2-4| x——|-4+4

X X

1 1
=x'+—-2-4 x——]+4

X X

Il
VR
<
|
S
~ S

oo}
|
[\
/—\
<
|
5 | —
~ S
—_—
[\]
N’
+
—_—
[\
e
oo}

]

aking square root

{
-]
s

2 2
[x2+%j —4[x+lj +12
X X
1Y RS
Solution: (x2+—2] —4[x+—j +12
X X

- 12
=| x*+— —4[x2+i+2}+12

4
= x2_|__2 —4X2——2—8+12
X X

2
=| x° +izj —4[x2 +i2j+4
X X

= x2+—}2 -2[x2+xl }(2)+(2)

1 2
= ¥*+—-2
Tt

Taking square root

= \/{x2+%}-4[x+l}2+12
X X




(viii)

(ix)

Q.2
(i)

(x‘ +3x+2)(x2 +4x+3)(x2 +5x+6)

Solution: (x2 +3x+ 2)(x2 +4x+ 3)(x2 +5x+ 6)

:[x2 +2x+x+2][x2 +3x+x+3][x2 +3x+2x+6]
=[x(x +2) +1(x + 2)][x(x +3) +1(x +3)] [ x(x +3) + 2(x +3)]
=(x+2)(x+D(x+3)x+D(x+3)(x+2)
=(x+2)°(x+1)°(x+3)

Taking square root

= \/(x2 +3x+2)(x" +4x+3)(x* +5x+6)

= Joxr+ 2P (x +1) (x +3)°

=+H(x+1)(x+2)(x+3)Ans

(¥*+8x+7)(2x" —x—3)(2x" +11x-21)

Solution: (x° +8x+7)(2x" —x—3)(2x* +11x-21)

=(x" +7x+1x+7)(2x" -3x+2x-3)(2x" +14x-3x-21)
=[(x(x+7)+1(x+ D)][x(2x-x) +1(2x -3)|[2x(x +7)-3(x +7)]
=(x+7)(x+1)2x-3)x+1)(x+7)2x-3)

=(x+7) (x+1)"(2x-3)°

Taking square root

= \/(x2 +8x+7)(2x" -x-3)(2x" +11x-21)

= J(x+7)>(x+1)*(2x-3)°

=+(x+1)(x+7)(2x-3) Ans

Use division method to find the square root of the following expression.

4" +12xy+9y” +16x+ 24y +16
Solution: 4x” +12xy+9y” +16x+ 24y +16
2x+3y+4

2x)%+12xy+9y2+16x+24y+16

457

4x+3y)12;&+%+16x+24y+16

L1258 + 97
4x+6y+4)}6§}4§+}6
6K £ 249 £ 16
0

Square root = i(2x +3y+ 4)



(i) X —10x" +37x° —60x+36
Solution: x* —10x” +37x> —60x+36

x°—5x+6

xz)/—10x3+37x2 _60x+36
X

2% —5x>%+37x2 —60x+36

+10%° +25x

2x2—10x+6)pff+§e§+%
11257 + 6O% + 36

Square root = i(x2 —Sx+ 6)

(iii)  9x' —6x’ +7x" —2x+1
Solution: 9x* —6x” +7x* = 2x+1

3xt—x+1

3x2)%'*’—6x3+7x2—2x+1

91"

6x2—x)px/+}x/—2x+1
+ 617 + 27
6x2—2x+1)§x/f—;4+,1’
ir,éc({ir;}fir/

Square root i(: 3x° —x+1)

(iv)  4+25¢° +7x" —2x+1



Solution: 4+25x* —12x—24x° +16x"

4x* —3x+2

xQ)M—24x3+25x2—12x+4
+ 167"

8y’ —3x)—M+25x2 12x+4
+24% +9x

8x2—6x+2);6ff—%+,4

11657 £ 125 + A
X
Square root =+ (4x2 —3x+ 2)
2
10 10
v) x—z——x+27——y+—(x¢o y#0)
Y y X
2
10 10
Solution: x_z__x 27——y+— Ax=0,y=0)
vy y X x
X
X _5.¥
5 5+4
2 2
X)x2 0x gy M0y v
Vv Yy X X
x2
+
2
2
2_x_5)_10 27 10 0
% v X X
2
+2L +25
2,
2x10+y>+2,10 er2
Y X ¢
10 7
oy

Square root= i(ﬁ -5+ X}
y X



(i)

(ii)

rind the value of k for which the following expressions will become a perfect

square.

Ax* —12x° +37x" —42x +k
Solution: 4x" —12x° +37x> —-42x+k

2x* =3x+7

ZXZ)M—12x3+37x2—42x+k
+ 457
4x2—3x)—%+37x2—42x+k

+12¢° +9x°

In the case of perfect square remainder is always is equal to zero so
k —49=0
k=49

X' —4x° +10x" = kx +9
Solution: x* —4x° +10x* —kx+9

xX*=2x+3
=x2)/—4x3+10x2—kx+9

+x*
2x2—2x)—;|f+10x2—/oc+9

+ 46 + 4y

2x2—4x+3)6x2—kx+9

—6x F12x+9

—kx+12x=0

In the case of square root remainder is always equal to zero

—x(k-12)=0



Q.4 rind the value of 1 and m for which the following expression will be perfect
square

(i) x*+4x7 +16x7 +In+m
Solution: x* +4x° +16x" +In+m
X*+2x+6
=x2))/‘/+4x3 +16x° +lx+m

)
2x° 4—2)c)}lo{+l6)c2 +ix+m

14 + 4y
2x2+4x+6);2ff+1x+m

11257 +24x 36

In the case of square root remainder is always zero
(Ix—24x), m-36=0
x(/-24)=0, m=36 Ans

0

[—24=—
X

[ —24=0
[ =24 Ans

(i)  49x* —70x° +109x” +/x —m
Solution: 49x* —70x’ +109x” +/x—m
7x°—5x+6
7x2)M—70x3 +109.x% +x —m

+ 4957
14x° —5x)—}6f/+109x2 +Ix—m

T 705 +25x°

14x2—10x+6)34ff+lx—m
+ 8477 T60x+36

Ix+60x—m—-36
(1+60)x—m—36
In the case of square root remainder is always equal to zero
-m—-36=0
—m =36
[+60=0 m=-36
[ =—-60 Ans




Q.5  T'o make the expression 9x* —12x° + 22x° —13x +12 a perfect square
Solution: 9x* —12x" +22x° —13x+12
3x"—=2x+3
=3x2)%‘(—12x3 —122x —13x+12

+9x°
6x2—2x>—,12f3/+22x2—13x+12
+12F° +4x°
6x2—4x+3)M—13x+12

+18% T12x 49

-Xx+3
(i) +x—3is to be added
(ii) —x+3is to be subtract from it

(iii) —-x+3=0
x=3



Q.1
()

(i)

(iii)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

Review Exercise 6

Choose the correct answer.
H.C.F of p’qg— pg’and p'q” — pq’ is
(a) pg(p” —q°)

© ¢ (p-9)

H.C.F of 5x°y* and 20x’y’ is
(a) 5x°y°

(c) 100x°y’

H.C.Fof x—2and x> +x—6

(a) x> +x-6

(¢) x—-2

H.C.Fof &’ +b’ and ¢ —ab+ b’
(a) a+b

(¢) (a—b)

(b) pg(p-9)
d) pg(p’—q’)

(b) 20x°y°
(d) 5xy

(b) x+3
(d) x+2

(b) & —ab +5°
(d) o’ +5°

H.C.Fof x* -5x+6and x’—x—6 is

(a) x-3

(¢) x> — 4

H.CFof a°—b’and a’ -0’ is
(a) a-b

(¢) a° +ab+ b’

(b) x+2
(d) x-2

(b) a+b
(d) a* —ab+5’°

H.C.Fof X’ +3x+2,x"+4x+3 and x* +5x+4 is

(a) x+1

(¢) x+3

L.C.M of 15x”,45xyand 30xyz is
(a) 90xyz

(¢) 15xyz

LCMof a°+5° and a" —b" is
(a) a” +5°

(¢)a'-b"

(b) (x+1)(x+2)
(d) (x+4)(x+1)

(b) 90x°yz
(d) 15x°yz

(b) a* -b*
(d) a-»b

The product of two algebraic expression is equal to the

L.CM
(a) Sum
(¢) Product

1s

a 1
Simplift +
tmphy 9a* —b* 3a—b

(b) Difference
(d) Quotitent

of their H.C.F and



(xii)

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

@) 4a (b) 4a—-b
q) ——
9" — b 9° — b’
© da+b @ b
¢) —
9a* — b’ 9a* —b*
a +5a-14 a+3
Simplif X =
Py a-3a—18 a-2
(a) a+7 (b) a+7
a i
a—o6 a—2
©) a+3 (d) a—2
c -z~
a—>6 a+3
N a-b a+ab+b’
Simplify the T = pEE =
(a) 1 (b) 1
a) — -
a—+b a—>b
© a—>b @ a+b
c
a’+b’ a’ +b’
2
Simplify( ”y—lj{l— al j
X+y X+y
X
(a) (b) =
X+y X+y
(© 2 (d) =
X Y
The square root of ¢° — 2g +11s
(a) (a+1) (b) +(a—1)
(c) a—1 (d) a+1
What should be added to complete the square of x* + 64 ?
(a) 8x’ (b) -8x°
(¢) 16x° (d) 4x7
1
The square root to X' +—+2 is
X
1 .1
(a) J_r[x+—j (b) i[x +—2]
X X
1 5> 1
(c) J_r(x——] (d) J_r(x ——2j
X X
1 LS E
2 EH 6 K
KN ¢ AN a
"3 b R b




Y.L

Q.3

rind the H.C.F of the following by factorization.

8x' —128,12x° —96

Solution:

8x* —128

12x° —96

=8(x*~16) =8| (x)'~(4)")

:2><2><2(x +4)(
:2><2><2(x +4)

=1

=1

X —4)
x+2

2(x’ - 8)

=(12(x' - 2°)

2(x=2)(x" +2x+4)

2x2x3(x-2)(x* +2x+4)

H.C.F = 2x 2(x—2)

=4(x—2)

Find the H.C.F of the following by division method y° +3y”° -3y —-9.3)" -8y —2y.

Solution: )’ +3y* -3y -9,

=y’ +3y" -3y -

9

|

y3+3y2—8y—24))/+%—3y—9

H.C.F = (y+3)

<y £ 37 +8y+24

5y+15
S5(y+3)
¥ -8
y+3)))3/+}/f—8y—24
+ 3+ 34
8f oA
+ 84 + 24



Q.4

Q.5

Find the L.C.M of the following by factorization.
12x* =75, 6x* —13x -5, 4x* —=20x + 25
Solution:

12x* —75

3(4x2 —25)

3[(235)2 _(5)2]
=3(2x-5)(2x+5)

6x° —15x+2x—5 =3x(2x-5)+1(2x-5)

=(2x-5)(3x+1)

4x* —20x+25 =4x” —10x—-10x+25
=2x(2x-5)-5(2x-5)
=(2x-5)(2x-5)

Common factor = (2x-5)

Non common factor = 3(3x + 1)(2x - 5) 2x+5)

L.C.M = common factorx non common factor

L.CM = (2x=5)3(3x+1)(2x+5)(2x-5)

LCM=3(2x+5)(2x-5) (3x+1)

If H.C.F of x"+3x> +5x* +26x+56and x" +2x" —4x* —x+28 isx? +5x+ 7 find their
L.C.M.

Solution: p(x) = x* +3x" +5x* +26x+ 56 and q(x) =x"+2x" —4x? —x+28
HCF =x*+5x+7, LCM=?
Ly LX)
HCF
x4 32 4+ 57 263 +56) x (x* + 207 = 4x” — x +28)

L.C.M:(
(x2 + 5x+7)

x*—3x+4
x2+5x+7)/+2x3—4x2—x+28

+x’ 5 7y
345 11 —x+ 28
T3 T15x° T 21x
+ 457 + 20% + 28
+ 457 + 20% + 28

0




Q.6

(i)

(i)

x’=3x+4

¥ 3% +5x7 +26x+56) (xT +2x2 —Y+28
LCM =
. = - )

LCM =(x"+3x" +5x" +26x+ 56)(x" —=3x+4)

Simplify:
Solution:
3 B 3
CHxtrx+l X —xt+x-—1
Soluti 3 .
olution: —
XAxtrx+l X —xt+x-1
B 3 B 3
xz(x+1)+1(x+1) xz(x—1)+1(x—1)
3 3

:(x2+1)(x+])_(x—1)(x2+1)

_ 3(x-1)=3(x+1)
(x+1)(x—1)(x2+1)

_ 3£ -3- 3% -3
(x—l)(x—l)(xZJrl)

6 6
_(x+1)(x—1)(x2+1)_(xz—l)(szrl)
=6
(6 -)

6

N 1—x*

a+b = a —ab

a —b a —2ab+ b’
Solution: ath_. a—ab

@b @ —2ab+ b
_a+b ><a!2—2ab+b2
a —b’ a’ —ab
o (ab)
(a-b)(wb) ala—b)




Q.7

Q.8

Find the square root by using factorization. (xz + sz +10[x+

X

Solution: (x° + %+10(x+ lj +27
X X

:(x2+%+10[x+1]+25+2
X X

:x2+i2+2+10(x+lj+25
X X

:(x+%]2 +2[x+%j><5+(5)2

2
:[x+l+5}
X

Taking the square root

e
~[x+ L)

2

: C 4x° 20
Find the square roots by using division method. x2 Mt Y
Y 34
Solution:
x5 3y
y X
2
2x> 47 20k 0 0w 9y
h% /f 4 x x
4x
+
2
2
4_x+ 5) 20 +13—&+ 9);
y y X X
20
+ +25

X

1]+27

30
30y
X

(x;tO).

9y2
X




e —33’)14/}%+ 7[93/2
y X X X
30 9
X X

2" 3
Square root—+| =% ;52
y X




Unit 6: Algebraic Manipulation

Overvie

Highest Common Factor:

If two or more algebraic expressions are given then their common factor of highest
power is called the H.C F. of the expression.

Least Common Multiple(L.C.M):

The Least common Multiple (L.C. M) is the product of common factors together with
non-common factors of the given expressions.




Q.1

(i)

Solution: %x—lx =Xx+—
3 2

(i)

Solution

Exercise 7.1

Solve the following equations

2 1
—X——X=X+—
3 2 6

6
4x—-3x Ox+1

6 6
(6x+1)

xX=06

x=0x+1
—6x+x=1
—Sx=1
1
X=—
-5

1
X=—=
5

To check

. 1
Substitution x = —g

XX —=—F—
35 2 5 5 6
2 1 -6+5
15 10 30
—2x2+1x3 -1

30 30
—-4+3 -1

30 30
-1 -1
30 30

Solution Set= {—é}

x—-3 x-2

_ —_1
3 2
X— X—

3 2

=1

2
By taking L.C.M

(iii)

2(x=3)-3(x-2)
6

2x—-6-3x+6=—-6

—Xx=-6

Multiplying both sets by —1

—1x —x=-1%x-6

x=06

To check

=-1

Solution Set= {6}

1 1y 2 5 1(1
—|x——|+===+—| = —3x
2[ 6] 306 3[2 J

. 1 1 2 5 171
Solution —(x ——j +—= —+—[——3xj
2 6 3 6 3.2

Taking L..C.M of brackets

1(6x=1) 2 5 1{1-6x
_ + =—4—
2[ 6 j 6 3( 2 ]

3

6x-1 2 5 1-6x

===+

12 3 6 6

6x—1+8 S+1-6x
12 6

B(6x+7)

2

=6—06x

ox+7 66y

2
6x+7:2(6—6x)
6x+7=12—-12x
6x+12x=12-7
18x =5

5
X=—

18
To check




R = M= | =
f 1T 10 ]
[E—
co

(iv)

Solution x+l:2[x—% —6x
3 3|
3x+1:2[3x—2 6
3 3
3x+1 o6x-—4
= —6x
3 3

Taking L.C.M of right side
3x+1  6x—-4-18x

3 3
3x+1  (-12x-4)
? Z
3x+1=-12x—-4
3x+12x=-4-1
I15x=-5
-5
X=—
15

-1

X=
3
To check
1
x+—:2{x—%}—6x
3 3
-1
When x=—

3

A

O=2:_13_ 2}%
0=2_%} 2

0=2(—1)+2

- 242

0=0
. -1
Solution Set= {?}

5(x=3) X

i Sl S B
(v) - X 5
Solution M_x _1-X

Sx—15-6x 9-x
6 9
~15-x 9-x
6 9
9(~15-x)=6(9-x)
—135-9x =54 —6x
—135-54 = —6x+9x
~189 = 3x
~189

—=X
3

x=-03
To check

S(=3) L yx

When x =-63

URINPNINE.S

5(%/?6%)+63=1+7

7



535+63 =8
8=28
Solution Set= {—63}

X o
3x—0 x—2

Solution ——— =2 ,X#2

3x -6 x—2
X 2(x-2)-2x

(x—2)(x+12):O
x—2=00orx+12=0
x=2,orx=-12

x =2 (Rejected because x =2 )

Hence x=-12
To check

x 2x
3x—6 x—-2
When x=-12

Solution Set={-12}

.. 2x 2 5
(vii) =—-
2x+5 3 4x+10
. 2x 2 5
Solution

2x+5 3 Ax+10
2x  2(4x+10)-3x%5

2x+5  3(4x+10)
2xx3(4x+10)
2x+5

6x><2(%)
(225)
12x =8x+5

12x—8x =5
4x =5

=8x+20-15

=8x+5

X==
4

To check
2x 2 5

2x+5 3 4x+10

When x = 2
4

4
5
2 2 5
5.5 03 5+10
5
2 2 5
5410 3 15
2
>
2 _ 2 2
153 3
2
g Z 2-1
% - =—
7%
1.1
3 3

Solution Set= {%}



Solution ﬁ +—=

) 2
Solution -

xzl1

1 5 2
—_ ___+—
x—1 3 6 x-1
1 5 2

—+— x#1
x—-1 3 6 x-1

3x2x+1(x—1)  5(x—1)+2x6

3(x-1)  6(x-1)

Ox+x—-1_ 5x-5+12

3(x-1)  6(x-1)

Tx-1 _5x-5+12

3(x-1)  6(x-1)

7x_1:5£;/47(5x+7)
=

2(7x—1)=5x+7

14x—-2=5x+7
14x—5x=4+2
O9x =9

9
x=—

9
x=1

No solution because x # 1.

2 | 1

> — = x#==+l1
x -1 x+1 x+1
> ! = ! x ==+l
x -1 x+1 x+1
2 1 1

(x—l)(x+1)_x+1 :x+1
(

2—(x-1) 1
(x=1)(x+1) Cx+1
2_x+1:(x—1)(x+1)

(x+1)
3—x=x-1
1+3=x+x
4=2x
4
—=X
2
x=2

To check

2 1 1
2°-1 2+1 2+1

2 1 1
413 3
2 1
3 3 3
2-1 1
3 3
11

3 3

Solution Set={2}

2 1 |
(x) =—-
3x+6 6 2x+4
Solution :l— !
3x+6 6 2x+4
2 1 1
3(x+2) 6 2(x+2)
2 x+2-3
3(x+2) 6(x+2)
2x6(x+2
—(x ):x—l
3(x+2)
4 =x-1
4+1=x
x=35
Check
2 1 1
3(5t6 6 2(5)+4
2 1 1
15+6 6 10+4
2 11
21 6 14
2 73
21 42
2 A
21 }I{Zl
2_2
21 21

Solution Set= {5}



Check each equation and check
for extraneous solution, if any

Br+4=2

Solution: +/3x+4 =2

Taking square on both side
(J3x+4)2:(2f

3x+4=4
3x=4-4

Solution Set={0}

Px—4-2=0

Solution: 3/2x—4-2=0

J2x-4=2
Taking cube on both sides
(ﬂzx—4)3:(2f
2x—4=8
2x=8+4
2x =12

12

SOll;ﬁOIl Set‘: {6}

(iii) Jx—-3-7=0
Solution: Vx-3-7=0
Vx=3=7
Taking square on both side
2
(Vx=3) =(7)
x—3=49
x=49+3
x=52
To check
Nx=3-7=0
When x =52
V532-3-7=0
V49 -7=0
7-7=0
0=0
LHS=RHS
Solution Set:{SZ}

(iv) 2vi+4=5
Solution: 2f+4 =5
Taking square on both side

(2vr+4) =(5)
4(1+4)=25
t+4:2

4

(=2 4
4
25-16
{ =




5=5
LHS=RHS

Solution Set= {%}

Px+3=3x-2

Solution: 3/2x+3 =3x-2

Taking cube on both sides
3 3

(2/2x+3) :(3 x—2)

2x+3=x-2

2x—-x=-2-3

x=-5

To check

%/2x+3—i/x 2
When x = -

J2(-5)+3= \/—5
\/—1o+ =3-7

LHS=RHS
Solution Set= {—5}

2t =321-28

Solution: 32— =3/2¢ —28

Taking cube on both sides
(3 2—1)3 :(%/21—28)3
2—1=2r-28

2428 =21+t

30 =3¢

30
3
t=10

To check
J2-1=321-28

When 7 =10

Y2-10=32(10)-28
-8

LHS=RHS
Solution Set= {10}

=1

(vii)

J2t+6-21-5=0

Solution: 2/ +6 —+/2/—5=0

V2t +6 =2t -5
Taking square on both side

(ae) (&)

20+6=21-5
2{=21=-5-6

0=-11

Solution is not possible
Solution Set={} or¢

+1 -5
(viii) | —=2 xz—
2x+5 2
+1 -5
Solution: al =2 x#—
2x+5 2

Taking square on both side

[ x+1j (2)
2x+5

x+1

2x+5
x+1=4(2x+5)
x+1=8x+20
1-20=8x—x
-19="7x

19
__:x

7
Or, x:_—19

To check
x+1
2x+5

=2

When x = _—19

7

\/[_19“] [2x£+5} 2
7

\/19+7 38 5}2




Ja=2
2=2
LHS=RHS

-19
Solution Set= {T}




Q1)
(i)
(i)
(iii)
(iv)
(V)

Q2)

(i)

Exercise 7.2

Identify the following statements as true or

|x| = 0 has only one solution
All absolute value equations have two solutions
The equation |x| = 2 is equivalent tox =2 or x = -2

The equation [x—4| = —4 has no solution

The equation |2x—-3| = 5 is equivalent to2x -3 =5 or 2x+3 =5

|13x—5]=4
Solution |3x—-5|=4
3x-5 =14
3x-5=4
3x=4+5

Solution Set= {3, %}

Li3cs2)-4-11
2

3x-5=-4
3x=-4+5

3x=1

Solution %|3x+2|—4:11

l|3x+2|—4:11
2
1
5|3x+2|:11+4

Lises2p=15
2

True
False
True
True
False

|3x+2=2x15
|3x+2|=30

3x+2=4%30
3x+2=30 3x+2=-30
3x=30-2 3x=-30-2
3x =28 3x=-32

28 -32
X =— X =—

3 3
Check
1
—[3x+2|4=11 l3><—3—2+ —4=11
2 3
I, 28 1
—|3x—+2|4=11 —|—32+2]—4:11
2 3 2
l|23+2|_4:11 l|—30|—4:11
2 2
1 1
—x30-4=11 —(30)-4=11
2 2
15-4=11 15-4=11
11=11 11=11
Solution Set:{é—%g,ﬁ}

(i) [2x+5|=11
Solution [2x+5|=11

2x+5=%11
2x+5=11
2x=11-5
2x=6

6
X=—

2
x=3

2x+5=-11
2x=-11-5
2x=-16
-16
xX=—
2
x=-8



1O CIICUK

2x+35|=11 2(-8)-8+5|=11
2x3+5|=11 [-16+5|=11
6+5 =11 -11|=11

11=11 11=11
Solution Set={-8,3}

(iv)  [3+2x|=|6x-7
Solution |3+2x|=|6x—7|
3+2x=+(6x-7)

3+2x=6x-7 3+2x=—(6x —7)
3+7=6x-7 3+2x=—6x+7
10=4x 2x+6x=7-3
10 4
— =X —=X
4 8

5 1
xX=—= xX=—=

2 2
To check
3+2x|=6x-7| 3+2x|=|6x-7|

5Y |5
342 = |[=|6°| = |7
A3

3+2x%:|63x%—7

3+5]=[15-7] 3+1]=[3-7]
§=18 4=
8=8 4=4

Solution Set= i,l
2°2

v) |r+2-3=5-|]x+2
Solution |x+2/-3=5—|x+2]
e+ 2 +|x+2[=5+3
2|x+2|=8
+2]=2

2
lx+2|=4
xX+2==4
x+2=4 x+2=-4
x=4-2 x=-4-2
x=2 X=-

To check

e+2|-3=5-{x+2|  |x+2-3=5-|x+2

[2+2]-3=5-2+1 -6+ -3=5--6+2
14-3=5-|4 |-4]-3=5-|4|
4-3=5-4 4-3=5-4

1=1 1=1

Solution Set={-6,2}

(vi) -%p+ﬂ+21:9

Solution %|x+ 3|+21=9
l|x+3]=9—21
2

lh+3k>42
2
|r+3|=—12x2

|x+3[=-24

Value of absolute in never negative
so solution is not possible

Solution Set:{ }

.. 3-5x| 1 2
Vil ——=—
(vi) ‘ 4 3 3
3-5 1 2
Solution il
3 3
3—5x _g l
4 3 3
3-5x| 2+1
4 3
3—5x_§
4 3
3—5x:1
4
3_5x:i1
4
3—5x:1 and 3—5x:_1
4 4
3-5x=4 3—-5x=-4
~S5x=4-3 ~Sx=-4-3

—Sx=1 —Sx=-7



—7
X=— xX=—
-5 -5
1 7
X=—-— X=—
5 5
1
3-5x%| -~ 7
[SJ_EZE 3-5)(['1'} 1
4 3 3 A 37
3+ 1.2 -7 1.2
41 3 3 41 3 3
412 42
4l 3 3 41 3 3
1 2
Fl-3=3
3 3
-1l_2 1_1_2
3 3 3 3
3-1 2 3-1 2
3 3 3 3
2_2 2_2
3 3 3 3

x+5
viii —| =06
(v |2|
. +5
Solution al =6
—-X
x+5:i6
2—x
x+5:6
2—x
x+5=6(2-x)
x+5=12-6x
x+6x=12-5
Tx=7
7
X=—
7

p—

X =

x+5
2-x
X+5=-6(2-x)
X+5=—-12+6x
S+12=6x—x
17 =5x

17
5

-6

X

17

5

To check
x+5
2-x
1+5
-1

X

=0

=0

2
6
1

6=06

17+25+10-17
5 5

42 -7

S 50°

[-6]=6

6=6

‘26

Solution Set= {1, %}



Exercise 7.3

Q1) Solve the following inequalities.

(i) 3x+1<5x—-4

Solution: 3x+1<5x—4
3x<5x-4-1
3x-5x<-5
—2x <=5

Case-1 When negative is eliminated from
both sides of inequality the symbol
will be change.

Case-11 When negative is transferred from
variable to constant side, symbol
will also change.

-5
X >—

X >—

Solution Set= {x | x> %}

(i) 4x-103<21x-1.8

Solution: 4x—-103<21x-1.8
4x—-21x<-85+10.3
—17x<8.5
When negative value is shifted to
other side its symbol changes.

8.5
Xz —

—-17

8.5
X>——=

17
x=-0.5
Solution Set={x|x >-0.5}

(iii) 4—lx2—7+lx
2 4

) 1 1
Solution: 4 ——x>-7+—x
2 4

27 4
—2x —
X—X 11
4
3y > —44

When negative value is shifted the symbol
changes

—-44
X< ——

-3

44
X< —

3
. 44
Solution Set= {x|x < ?}

. 1
(iv) x—2(5—2x)26x—3E
Solution: x-2(5-2x)> 6x—3%
7
x—10+4x26x—5

7
5x—6x>——+10
2

-7+ 20
—1x =
2
13
_xZ__
2

When negative is shifted other side symbol
changes

13
x <
—1x2

13
X< ——

2
x<-6.5

Solution Set={x|x <—-6.5}

3x+2 2x+1
) x+2 2x+ o1
9 3
Solution: 3x+2_2x3+1 > —

3x+2-3(2x+1)

>—]

9
3x+2-6x-3>-9
-3x>-9+1



ox > =8
Negative value is shifted to other side its
symbols changes

-8
X <—

8
xX<—

8
Solution Set= {x | x < 5}

(vi)  3(2x+1)-2(2x+5)<5(3x-2)
Solution: 3(2x+1)—2(2x+5)<5(3x-2)
6x+3-4x—-10<15x-10
2x-T7—-15x<-10
—13x<-10+7
—13x <3
The value is negative when shifted to other side

it changes its symbols

-3
X >—-
—-13

xX>—
13

3
Solution Set= {x | x> E}

(vii)  3(x-1)—(x-2)>-2(x+4)
Solution: 3(x—1)—(x—2)>-2(x+4)
3x-3—-x+2>-2x-8

2x-1>-2x-8
2x+2x>-8+1
4dx > -7

-7
x>—

—7
Solution Set= {x | x> T}

2 2 1
(viii) 2§x+§(5x—4) > —5(8x+ 7)

Solution: 2§x+§(5x—4) > —%(8x+ 7)

8 10x-8  (8x+7)
—X+ > —
3 3 3

8x+10x—-8 >_8x+7

3 3
Multiplying both side by 3
7 18x -8 - T 8x+7

3 Z

18x—8>—(8x+7)

18x -8 > —-8x—-7
18x+8x >-7+8
26x >1

1
X >—
26

1
Solution Set=< x| x >—
26

Q2) Solve the following inequalities

(i) -4 <3x+5<8
Solution: 4 <3x+5<8§
-4 <3x+5 and 3x+5<8

-4 -5<3x 3x<8-5
-9 < 3x 3x<3
-9 3
—<Xx X< —

3 3

-3 <x x<l1
—3<x<1

Solution Set={x|-3<x<1}

. 4-3x
11 -5< <1
(i) 5
\ 4-3
Solution: —5< 5 il <1
4-3 4-3
—-5< X and x<1
2 2
-10<4-3x 4-3x<?2
3x-10<4 3x<2-4
3x<4+10 3x<-2
3x<14 x>_—2
-3
14 2
x<— x> —
3 3
—<x

3



2 14
—<X<—
3 3

. 2 14
Solution Set={x | 3 <x< ?}

x—2

(iiiy -6< <6

x—2

Solution: —6 < <6

-2
—6<x

24 <x-2
24+2<x
-22<x
and
x—2

4
x—2<24
x<24+2
x <26
-22<x<26

Solution Set={x|-22 < x <26}

<6

T—x

(iv) 3> 5

>1

—X

Solution: 3> ! >1

7T—x
2
6=>7-x
6-7=—-x
—-1z-x
Negative sign change the symbols
I<x
and
7T—x
2
T—x>2
-x>2-7
—x 2> =5
x<5
I<x<5
Solution Set={x |1 <x <5}

3=

>1

v) 3x—-10<5<x+3
Solution 3x-10<5<x+3
3x-10<5 and 5<x+3

3x<5+10 5-3<x
3x <15 2<x
3x 15

A g

3 3

x<5

2<x<5

Solution Set= {x‘ 2<x < 5}

-4
al <4

(vi) -3<

x—4

Solution -3 < <4

and

x>-20+4
15+4>x x>—16
19> x -16 <x
x<19

-16<x<19

Solution Set= {x |—16 <x <19}

(vii) 1-2x<5-x<25-6x
Solution: 1 -2x <5—-x<25-6x

1-2x<5—x and

5—x<25-6x
—Xx+6x<25-5 6x—x<20
I-2x+x<5 5x <20
_x<5-1 e

5

-x<4 x<4

Due negative sign

Symbol change

-4 <x

-4 <x<4

Solution Set={x| -4 <x <4}

(vili) 3x-2<2x+1<4x+17
Solution: 3x—2 <2x+1<4x+17

3x—-2<2x+1 2x+1l<4x+17
3x—-2x-2 <+1 2x—4x <17-1
x<1+2 2x<16

x<3



16
X >—

x> -8
-8 «x
-8<x<3

&mHMnSa:{ﬂ—8<x<ﬂ}



Q.1
(i)

(i)

(iii)

(iv)
v)

(vi)

Q.2
(1)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

(viii)

(ix)

Review Exercise 7

Choose the correct answer
Which of the following is the solution of the inequality3 —4x<11?

(a) -8 (b) 2
14
(¢) 7 (d) None of these
A statement involving any of the symbols <, >, <or >, is called------—------
(a) Equation (b) Identity
(¢) Inequality (d) Linear equation
. . . . 3
X = m=meeen is a solution of the inequality —z <x > 5
(a)-5 (b) 3
3

¢)0 d) =
(c) (d) 2
If x is no larger than 10, then ---—-------
(a) x <8 (b) x>10
(¢) x<10 (d) x>10
If the capacity < of an elevator is at most 1600 pounds then ----------
(a)c <1600 (b)c =1600
(¢) ¢ <1600 (d) ¢ >1600
x = 0 is a solution of the inequality -----------
(a) x>0 (b) 3x+5<0
() x+§<0 (d) x-2<0

ANSWER KEY
b c c b c d

Identify the following statement as true or false
The equation 3x —5=7—x1is a linear equation.
The equation x—0.3x =0.7x1s an identity

The equation —2x+3 =8 1s equivalent to 2x =11

(True)
(True)

To eliminate fractions we multiply each side of an equation by the L.C.M of denominators

(True)

4(x+3)=x+3is a conditional equations

The equation 2( 3x+5) =6 x+12 is an in consistent equation

2 . 2
To solve Ex =12, we should multiply each side by 3

Equations having exactly the same solution are called equivalent equations.
A solution that does not satisty the original equation is called extra solution

(True)
(True)
(False)

(True)
(True)



Q.o Answer the following short question.

() Define a linear inequality in one variable
Ans A linear inequality in one variable xis an inequality in which the variable x occurs only to
the first power and has the standard formax+5b <0,a# 0

(i) State the trichotomy and transitive properties of in equalities
Ans  Trichotomy Property

For any a,b € R one and only one of the following statements in true. a <bor a=b,ora > b

Transitive Property
Leta,b,ce R.

(a) If a>bandb >c,thena>c
(b) Ifa<bandb<c,thena<c

(iii)  The formula relating degree Fahrenheit to degree Celsius is F= gc + 32 for what value
of cis F< O was

9
Ans F=§c +32

2c+32=F

5

Since F <0
So %c+32<0

9¢+160
C—<O

Or 9¢ + 160 <0 x5
Or 9¢c +160 <0
Or 9¢< - 160

Or c<—@

9

(iv)  Seven times the sum of an integer and 12 is at least S0 and at most 60. Write and solve
the inequality that expresses this relation ship

Solution: Let the integer =y
Sum of integer and 12 =y +12

Seven times sum of integer and 12=7(y+12)
According to condition

50<7(y+12)<60

50 _,r+12) 60

7 7 7

§£y+12£@
7 7

%—ugw%—m’g?—lz



SU—84 60—84

<Sy<
7 4 7
Pt
7 =V 7
Solution Set= { |ﬁ<y 24}
7 7

Q.4  Solve each of the following and check for extraneous solution if any

(i) Ju+d=+i-1
Solution: /21 +4 =i -1
Taking square on both side
2 2
(\/2z+4) :( z—1)
2A+4=1-1
2t—1=-1-4
t=-5
To check
V2t+4= \/r 1
When 7 =—

J2(=3)+4 =+r-5-
Wr
J=6 =6

LHS=RHS
Solution Set= {—5}

(i) V3x—1-2/8-2x=0
Solution: v3x—-1-2J8-2x =0

V3x—1=248-2x

Taking square on both side

(\/3x—1)2 :(2\/8—2x)2
3x—-1= 4(8—2x)
3x—-1=32-8x
3x+8x=32+1
11x =33

33
x:_

11
x=3
To check

V3x—-1-2v8-2x =0




When x =3

BG)-1-28-2(3) =0

JO-1-2J8-6=0
J8-2J2=0
2J2-242=0

0=0
LHS=RHS
Solution Set= {3}

Q.5 Solve for x

(i) Bx+14/-2=5x

Solution: [3x+14|-2=5x
3x+14|=5x+2
3x+14=+(5x+2)

3x+14=5x+2
14—-2=5x-3x
12 =2x

12
?_

x=0

X

To check
3x+14| -2 =5x
When x =6
3(6)+14|-2=5(6)
18+14[—2=30

32-2=30
30 =30
Solution Set= {6}

1 1
il —|x-3==]x+2
(ii) 3| | 2| |

1 1
Solution —|x -3 |=—|x+2|
3 2

2
:|x—3|:|x+2|
2

2 [x+2|

3 [x-3]

-+

xX+2 2
x—3 3

3x+14=—(5x+2)

3x+14=-5x-2
3x+5x=-2-14

—16
8x:—D
3

x=-2

[3x 14| -2 =5x

when x=-2
3(-2)+14|-2=5(-2)
|-6+14/-2=-10

8-2=-10
= —10



X+242 2

x-3 3
3(x+2)=2(x-3)
3x+6=2x-6
3x—2x=-6-6
x=-12

To check

1 1
—|x-3==|x+2]
3 2

When x=-12

1 1
—|-12-3==|-12+2]
3 2

lyiﬂ:lyiq

3 2

1 5 1 5
7157 0)
5=5

and

Solution Set={-12,0}

Q.6
) 1
(l) —§x+5§1

Solution —%x +5<1

——x=<1-5

x = —4x(-3)
x>12

Solution Set={x|x>12}

1-2
(i) 3<—2X-1
1-2
Solution -3 < X <1
_3<1—2x 1-2x

5

<1

x+2 2

x-3 3
3(x+2)=-2(x-3)
3x+6=-2x+6
3x+2x=+46-06
S5x=0
x=— =>x=0

5

1 1
—|x=3==|x+2|
3 2

when x =0
1|O—3|:l|0+2|
3 2

1 1
gFﬂ—gm

Solve the following inequality



—1D<1—24Xx 1-2x <5

—-15-1<-2x —2x<5-1

-16<-2x —2x <4

—16 4

—>X X>—

8> X x>-2

x<38 -2<x
-2<x<8

Solution Set={x|-2<x <8}



Unit 7: Linear Equations and Inequalities

Overvie

Linear Equation:
A linear equation in one unknown variable x 1s an equation of the form ax + b = 0,
where a.b €R and a # 0.

Example:
(i) 5x-3=0

1
i) —x+18=0
(1) 5

Radical equations:
When the variable in an equation occurs under a radical the equation is called a
radical equation.
Example:

(i) V2x—3-7=0

Absolute value:
The absolute value of a real number ‘a’” denoted by lal, 1s defined as

e, ifa=0
|a|— —a, if a<0

l6|=6.,
0]=0
|-6|=—(-6)=6

eg.,

Extraneous Roots:
If the solutions (roots) obtained from the equation does not satisfy the original
equations are called extraneous roots.

Linear inequality:
A linear inequality in one variable x is an inequality in which the variable x occurs
only to the first power and has the standard form. ax+b <0, a =0 a,b € Rwe may
replace the symbol <by>, <or >also.

Inconsistent equation:
An inconsistent equation is that whose solution set is¢.




Exercise 8.1

Q.1
(i) Determine the quadrant of
coordinate plane in which the
following points lies
P (-4, 3)
It lies in second quadrant
v
5
P3) !
® *
4-5-5-4-3-2-11“1 ) 3 4 5 )’
X . X
v
Q(=5,-2)
It lies in third quadrant
i
5
45-5-4-3-2-1!”1 2 3 4 5 ,’
[’ )\ ; X
(5,2 2
. ;
R (2,2)

It lies in first quadrant

Q.2

5
X R@2)

2 L 4
<dss.4-3-z.11“1' b 4 5 u’
X . 4

2
S (2, -6)
It lies in fourth quadrant
5
4-5-5-4-3-2-1191»;4;?
X’ . X
Draw the graph of each of the following
Le.
x=2
The table for the points of equation
x =2 is as under
x W 2 2 2 12 |2
I 3 |2 (-1 (0o [1 |2
L AlA
5
2 e
1 Vo 1WAY
p 2j0)
<-5 54 3 P -11(D BERE u’
X’ s Az X
3 21-3)
&
A A




(i) x=-3 (iv) y=3
x R 3 31313 3
The table for the points of equation ‘ 3 | 2| -1]0]1
Y \
x = -3 is as under 17
3[3[3[3[3]3]-3 AU LIS
23) | B | 23)
30 -2 -1 0 1 2 3 1
<~6 S5 4 B 2 4 1“ 2
LA X 5
s .
i ; v
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(x) 3y =5x
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(xiv)

_3x+1
2

y

C3(=D+1_ -2
YT T

3()+1 4
S— :—_2
T, )

3(3)+1 10

Q.3  Are the following lines (i) parallel

to x—axis (ii) parallel to y —axis

Solution:

(i) 2x—-1=3
2x=3+1
2x=4

4
X=—
2

x =2 it is a line parallel to y-axis

(ii) x+2=-1

x=-1-2

x=-3 it is a line parallel to
Y —axis
(i) 2y+3=2

2y=2-3

2y=-1



y:7it is a line parallel

tox —axis

(iv) x+y=0
x=-y It 1s neither parallel to
X —axis nor y—axis

(v) 2x-2y =0
2x=2y

_2
2
X=y
y=x
It is neither parallel to x —axis nor
Y —axis

X

Q.4 Find the value of m and c of the
following lines by expressing
them in the form y = mx +c

Solution:

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

3y=-2x+1

 2x+1

3

-2x 1

= —_— 4 —

3 3

m:——andc:l
3 3

(b) x—2y=-2
X+2=2y
x+2

2
Or

(¢) 3x+y—-1=0

y=1-3x

or

y=-3x+1

m=-3 c=1

(d) 2x—y =17

(e) 3-2x+y=0
y=2x-3
m=2 c=-3

() 2x=y+3

2x-3=y

Or

y=2x-3

m=2 c=-3

Q.5 Verify whether the following
point lies on the line 2x-y + 1 =0
or not

Solution:
o @3

2x—y+1=0

2(2)-3+1=0

4-34+1=0

2#0

. The point does not lie on the
line

(i) (0,0

2x—y +1=0

2(0)-0+1=0

0-0+1=0

10

. The point does not lie on the
line



(iii)

line

(iv)

(_17 1)

2x—y+1=0

2(-1)-1+1=0

—2-1+1=0

—2#0

. The point does not lie on the

(2,5)
2x-y+1=0
2(2)—5+1:O
4-541=0

0=0

.. It lies on the line

(5, 3)

2x—y+1=0
2(5)—3+1:O
10-3+1=0

8#0

.. It does not lie on the line



Q.1

(D
Ans:
(i)
Ans:

Exercise 8.2

Draw the conversion graph between
liters and gallons using the relation 9
liters = 2 gallons (approximately) and
taking liters along horizontal axis and
gallons along vertical axis from the
graph read.

(i) The number of gallons in 18
liters.

(1) The number of liters in 8
gallons.

We know 9 liters = 2 gallons

Lliters =§ gallons

Solution:

|
A ¥

l7l | §

| § — /
y

| 7 ] Te 2

Ehg o

\c

| — P

I

E

(
.4

o
JIVZARE
oA 12 15 ;s EEEEEE] >
| littes—> | | X
2
y 9 X

bl O | O | 18 | 27
2 0 | 2 | 4 6

18 litters=4 gallons

Scale

Along X-axis

3 litters = 1 box

Along Y-axis

1 gallon = 1 box

The number of gallons in 18 liters.

=4 Gallons
The number of liters in 8 gallons.
=36 Liters

Q.2  On 15-03-2008 the exchange rate
of Pakistan currency and Saudi
Riyal was as under 1SRial =
16.70 rupees
If Pakistani currency y 1is an
expression of S. Riyal x expressed
under. The rule y = 16.70 x then
draw the conversion graph between
these two currencies by taking S.
riyal along x axis.

ISR = 16.70 Rupees
Scale

Along X-axis

1 SR =1 box

Along Y-axis
Rupees 16.7 =1 box

x | 2 3 4
\al 16.70 | 33.4 | 50.1 | 66.8

Q.3  Sketch the graph of each of the
following lines.
(a) x3y+2=0

x+2 =3y
x+2
3 Y
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(N y+3x=0 relations
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T A y=1l.6x
k\ > Scale
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\ 1 Big Square = 1 Unit
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() une acre = 0.4 hectare 10| 15| 20
y=04x
' > | 4 50 | 59 | 68
08 | 16
Scale
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Exercise 8.3 )
3 213) ad
g /
o1 x+y=0——:(1) and . (3.2)

. B (1,1)
2x_y+3_.0_(]1) R EREP ) AEERER
From equation I e 1 X

from equation g 2
II 3
y=-x 4
2x-y+3=0 -
2x+3 =Yy g
y=2x+3 ‘v
Point of intersection 1s a solution
, 1 | 2(D+3=5 | (1.5) set
2] -@=2 [ @) | [1]2c)+3=1 [ LD Solution Set={(~1,0)}
v A A
5 /1 5)
4~ﬁ=4?-41 'tti}
3 2.2
HEENEEL A8 .
The point of intersection is a solution set
Solution Set={(-1,1)} 1 _2(12):_ (-2 | |0 22;0:%=1 0,1)
()= — 2-2 0
2| P07 e | |2 S==0=0 ] 2o
|, A
=2 h 5
W< 3
(52 4 \ (O
\[3 3] ML @0
AEREER 1) BAYENd
X' 3 \(]_21 q_
1 \ 2=l
1+1 2 Point of intersection is a solution
+1=2 | (1.2) 1 - =5=1 (1.1) 5 4
341 4 Solution Set:[—,—j
241=3 | (2.3) 3| =g=2 | G 3



1] 1-1=0 (1,0) 1 | 1+1=2 | (1,2)
2 [12=21 2.-1) 2 | 2+1=3 | 23)
Y \
;: n-p =0
3 @3
z LD
©h
(10
4—5 IEEEZD 2 3 4 5 P
X' , 2,1) X
3
P xtyp-1H0
Ty

Point of intersection is a solution

set

Solution Set={(0,1)}

Q5 2x+y-1=0

L[ 12()=-1 [ (L-D) | [1 [~(D)=-

2 [120)=3 | 2.3) 2 |—2)==2

set

th

[FER

Y

(1 (2:2)

[
il
L

o b o S e

<

4

Point of intersection is a solution

Solution Set= {(l, —1)}



Q.1
(i)

(ii)

(iii)

(iv)

(v)

(vi)

©
o

A e Al

—_
e

Review Exercise 8

Choose the correct answer

If(x—l,y+1):(0,0), Then (x,y) is

(a) (19_1) (b) (_171)

(C) (1:1) (d) (_17_1)

If (x,O) = (O, y) Then(x,y) is

() (0,1) (b) (1,0)

(c) (0,0) (d) (1,1)

Point (2,-3) lies in quadrant

(a) 1 (b) 11

(c) I (d) TV

Point(—3, —3) lies in quadrant

(a)l (b) 11

(c) 1II (d) 1V

Ify=2x+1,x=2Thenyis

(a) 2 (b) 3

(c) 4 (d) 5

Which order pair satisfy the equation y = 2x

(a) (1,2) (b) (2,1)

(c)(2.2) (d) (0,1)
ANSWER KEYS

Identify the following statement as true or false
The point O(0,0) 1s in quadrant II

The point p (2,0) lies on x-axis

The graph of x=-2 is a vertical line

3-y =0 is a horizontal line

The point Q ( -1,2) is in quadrant IT

The point R (-1,-2) is in quadrant IV

y = x 1s a line on which origin lies

The point p (1,1) lies on the linex + y=0
The point S (1,-3) lies in quadrant 11

The point R (0,1) lien on the x-axis

False
True
True
True
True
False
True
False
False

False



Q.2 vraw the following points on the (iv) (5)3)
graph paper
+ A
M (3-3)= 1
LA ;
Y - 5’3
s 3 @
= 15-5-4-3-2-110";15?
1 ) d : X
<-s 5 4B P -1!D ) 3 4 5 ;’ ;
X ;i X 4
3:-3)¢ 3 5
4 AN 4
; v
v
Q.4  Draw the graph of the following
(ii) (—6,4) =>
A (i) x=-6
64 i -6 | -6
B )
2 |3
4 A
4-5 5 4 B P -1!D > 3 4 5 a’ Y
X' 5 X A .:
3 1 P
/] J
) “42) 2
5 1) 1
! &
v 15-54-3-2-110‘v;|5}>
b & - X
2
h 4 3
(iii) (4, —5) => 4
A S
Y ‘V
4-5 543 P -11‘D ) 3 4 5 )’
Y ; X
3
4
s *am
T
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(iv)
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4x2
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3
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V1

y=-2x+1
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& th
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Tyl

=5

b
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Q.5
(i)

Draw the following graph
y=0.062x

X y=0.62x

| 0.62x1=0.62
2 10.62x2=1.24

3 |0.62x3=1.86

Scale

Along x-axis

1 Big Square= 1 Unit
Along y-axis

1 Big Square = 0.62 Units
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(i)

y=25x

1 |25(1)=25

2 |25(2)=5.0

3 125(3)=175
Scale

Along x-axis

1 Big Square= 1 Unit

Along y-axis

1 Big Square = 2.5 Units
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Q.o

. 1
(i) x—y=1 X+y=—
2

x—1= —1—x

y y 5

1-2x

ory=x-1 y= 5

2 2
1-6 -5
2 | 2-1=1 3| — ==
2
3 |3-1=2 5 |1-10 -9
2 7
W\
| U >
A 2y
\\\ 2 N p 312
N “ >
15 EEEED J!:iwﬁ’
X 0PI g2 | X
/ N
 ;

Point of intersection is a solution set

Solution Set= (i—lj
4" 4

4 3
1
X y=—x
3
1
3 —xF=1
3
6| —xf7=2
3
'"A 6,6]
: il
/J w::'u\. /g‘7
>
__.;7"[4.72 :
AT
| | v
2x-3y=-06
2X+6=3y
2x+6
3 y
_2x+6
3

Point of intersection is a solution set
Solution Set={(—6,-2)}

X }_2x+6
Y3

0 2(O)+6_ﬁ_2
3 7

S laere M,
3 3

6 2(6)+6_y§6_6
3 3




(i) (rev=2 (roy=-1

y=06—x X+2=y

1]6-1=5 1 | 1+2=3
2| 624 2 |2+2=4
3] 6-3=3 3 |3+2=5

Point of intersection is a solution set

Solution Set={(2,4)}
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(]

= L
‘7\ L LT S S R (S ] -—e




Unit 8: Linear Graph & Their Application

Overvie

Ordered pair:

An ordered pair of real numbers x and y is a pair (x, y) in which elements are written

in specific order.

For example (2, 3) , (—1, —3)

Cartesian Plane:

In plane two mutually perpendicular straight lines are drawn. The lines are called the
coordinate axes. The point O, where the two lines meet is called origin. This plane is

called the coordinate plane or the Cartesian plane.

Abscissa:

First value of the order pair(x, y) is called abscissa.

Ordinate:

Second value of the order pair (x,)is called ordinate.
For Example (5,—3)

5 is abscissa and —3 is an ordinate



Q.1

Exercise 9.1

Find the distance between the
following pairs of points

Solution:

(a)

(b)

(c)

(d)

4(9,2),B(7,2)

Distance =[x, —x, +[y, - [
|4B|= 7= +|2-2

[4B] = y(-2)"+(0)°

|4B| =

|[4B] =

4(2,-6). B(3.6)

Distance = \/ | X,

|4B| = \/|3 -2 +|-6-(-6)[
|4B]= (1) +(~6+6)’
|4B|=1+(0)’

NGl

48]
AB =1

A(-8,1),B(6.1)

2 2
_x1’ +‘y2 _y1|

Distance = \/ |

14 B|=lo- (-8)f +[1-1
|4 B|:\/(6+8) +(0)2
|4 B|=J(14)°

|4 B|=14

A(-432) 543)

d =, —x[ +]y, -y

2 2
_x| +|Yz_Y1‘

(e)

("

Q.2

4= |4 (4 +] 32
|AB\:\/(—4+4) +(—(3+ﬁ))
|AB|:\/(O)2+(3+\/5)2
48]=(3+42)

|4 B|=3+2

A(3,-11), B(3 —4)
d=yx. -
|4 B|= \/\3—3| +|-4=(=11)f
|4 B|=J(0) +(=4+11)

|4 B|=(7)
7

|48 =

J/l

1

4(0,0Y, B(0,-5)
d=e,—x[ +]y,-n[
|4 B|=Jlo— 0] +|-5—0f
|4 B|=(-5)

|4 5| =

|4 B|=

Let P be the print on x-axis with
x-coordinate a and ( be the point
on y-axis with y coordinate b as
given below. Find the distance
between P and

Solution:

(i)

a=95b=7
Pis (9,0)and Q (0, 7)

d =\, x| +]y, ]

P 0= lo-of +|7-0f




(ii)

(iii)

(iv)

[P 0l=y(=9) +(7)
P O]=/81+49
[P 0]=+130

a=2,bh=3
P(2,0),0(0.3)

d = \/|x2 —x1|2 |y, —y1|2
P 0l =lo-2f +p-of
P 0]=\(-2) +(3)

P 0] =V4+o

[P o]=13

a=-8b=06
P(-8,0).0(0,6)

| =% = x[ +ly. [

P Q|:\/\0— -8) +|o-0f
[P0 =(8) +(6)

1P O|=+64+36

[P 0]=+100

[P O|=10

a=-2.b=-3
P(-2.0).0(0,-3)

] = J‘ —x [y, [
d = \/\ 0-(-2) +|-3-0f

=y ()
J13

)

(vi)

a:Jibzl
P(2.0).0(0,1)

P(-9,0),0(0,-4)

d—Jh—erh—Mf

P o|= \/|o +\ 4-of
[P 0= () +(-
|PQ]:\/81+16

[P 0| =97



0 R|=\(-9) +(-3)’
0 R|=+/81+9

Exercise 9.2 0 R|=+/90
|0 R|=9x10 =310

R(-4.1),P(5,-2)

Q.1  Show whether the points with | RP| = \/’5 - (—4)’2 +|-2 —1‘2
vertices (5,-2),(5,4) and (-4,1) are |RP | = \/(5 N 4)2 N (_3)2
the vertices of equilateral >
|RP| = \|(9) +9
triangle or an isosceles triangle
P(5.-2),0(5,4),R(~4,1) [RP| = V8149
Solution: |RP| =~/%0
We know that the distance formula is | RP| =~+/9%x10 = 3410

2 2 R|=| PR
:\/|x2_xl| — |OR|H PR
Two lengths of triangle are equal

We have P(5,-2),0(5,4
( ) Q( ) So it 1s a 1sosceles triangle

‘ 2

PO|= \/\5 =5 +la-(-2)

2 2
‘P Q‘ - \/(O) i (4 i 2) Q.2 Show whether or not the points
J A with vertices (-1,1),(2,-2) and
3 o064 (-4.1) form a Square
< " 4 .
3 A A Solution:

RN P(~11)O(5.4)R(2,-2) S (~4.1)
—R<4:1)-e<] S ‘ . -
4_6 — f—r_ﬂ! T 10 b} Distance = \/‘xz —x[ +|y, v

i 2 ""*-i s P Q|:\/‘5—(—1)2+|4—1|2
3 PG.2)
1 P O] = |5+1] +3[
) 5v P O|=+6"+9
P 0| =/(6) [P O|=+36+9
P O|=+9x5
Q(5.4).R(-4.1) Y
[P O]=35

2 2
|0 R\:\/|—4—5| +[1-4| ‘QR|:\/‘2_5|2+‘_2_4‘2




[0 ’[=(-3) +(6)
0 R|=5+36

[0 &=

o =

0 R|=35

IR S| = \/|—4—2|2 w-(-2)

IR S|= \/ 1+2 \/36+

IR S|=+/36+9
5=

R 8| =ox5
IR §|=35

e |

64

(LD

“n?!

5 6

(2+2)

wn
1)
L)
al L
AS =
‘h L1 B SR SR 5 F-‘eh—d B W 4 CV"
o3
L

|5 P|=[-4— (=D +1-1]
s P|= \/(—4 +1)° + (0)2

5 71= ()

S P|=

1S P|=

If all the length are same then it
will be a Square all the length are
not equal so it is not square.

[P 0|=|0 R|=|R S| =|S P

Q.3 Show whether or not the points
with coordinates (1,3),(4,2) and
(-2,6) are vertices of a right
triangle?

Solution:
A(1,3),B(4,2).C(-2.6)

d = x, = + ]y = [
|4 B|=Ja-1 +|2=3]
4 B|=(3) +(-1)
|4 B|=+9+1

45]-

A

(-2,6)

aB) TPy 4h)

LA
‘h n = P W bdev- W

BC|l=y-2-4 +l6-2f
B C|=y|-2-4

B Cl=y(-6) +(a)
|B C|=+36+16

|B Cl=

€Al = 21 +]o-3f ={(-3)"+ (3)

C A|=+9+9

C 4]=

By Pythagoras theorem
(Hyp) =(Base)” +(Perp)’

(V2] =(s) +(Vio)



52=18+10

52=28

Since 52 = 28

So it not right angle triangle.

Q.4  Use distance formula to prove
whether or not the points

(1,1),(-2,-8) and (4,10) lie on a

straight line?
Solution:
A1), B(—2, 8) C(4, 10)

|4 B] :\/\_2_1\ +|_s_1|

|4 B|=(-3) +(-9)

|4 B|=v9+81
48]
|4 B|=~/9x10
|4 B|=3+10
M"L_&"‘“)_f
ST
/
/
<i‘1109375 45-:-110/ T
K ; X
/
it
.2,8)4 z

5 = 4= (=2)] +po—(-s)f
B C]:\/(4+2) +(10+8)

1B .C|=4/(6) +(18)

|B C|=+/36+324

|8 C|=

|B C]=+/36x10

|B C|=6v10

4 C| = JJ4—1[ + o1

4 C|=(3) +(9)

|4 C]=Vo+81

|4 C|=

|4 C|=+9x10

|4 C|=3v10

|4 C|+|4 B|=|B (]|
3410 +34/10 = 6410
610 = 6+/10

It means that they lie on same line
so they are collinear.

Q.5 Find K given that point (2, K) is
equidistance from (3, 7) and (9,1)
Solution: M (2,K),A(3,7)and B(9,1)
(3,7) (2,K) (9,1)
A M B
AM|= B

\/12—3]2 +K -7 = \/|9—2]2 +[1-K[

JE (K -7) = (7Y + (1K)’

Taking square on both Side
2 2
(\/1+K2+49—14K) :(\/49+1+K2—2K)

K*—14K +50=50+K* -2K

K7 14K 350 50 K7 +2K = 0

~12K = 0
k- 9

-12
K =0

Q.6 Use distance formula to verify
that the points

A(0,7),B(3.,-5),C(-2,15) are

Collinear.
Solution:

d = v, =+, - [
|4 B|=3-of +|-5-7]
48] =) + (-12)

|4 B|=9+144

|4 B|=

|4 B|=/9x17




52=18+10

52=28

Since 52 = 28

So it not right angle triangle.

Q.4  Use distance formula to prove
whether or not the points

(1,1),(-2.-8) and (4,10) lie on a

straight line?
Solution:
A1), B(-2, —8) C(4, 10)

4 B|= \/\_2_1| + \_8_1\

14 B|={(-3) +(-9)°

|4 B|=v9+81
4]
|4 B|=~/9x10
|4 B|=310
LY S f
. /
/
/
4#\110?&75 43-2-113/ T
; X
A
[
JJ)—J z
BC|= \/| 2)[ +[1o—(-8)["

B C]:\/(4+2) +(10+8)

B C|=(6) +(18)

|B C|=+/36+324

[B =

|B C|=+36x10

|B C|=6v10

4 C|= JJa=1[ +Jro-1]
4 Cl=(3) +(o)

4 Cl=Vo 181

|4 Cl=

|4 C|=+9x10

|4 C|=3v10

|4 C|+|4B|=|B C|
3410 +34/10 = 6410
610 =64/10

It means that they lie on same line
so they are collinear.

Q.5 Find K given that point (2, K) is
equidistance from (3, 7) and (9,1)
Solution: M (2,K),A(3,7)and B(9,1)
(3,7) 2.K 9,1)
A M B
AM|= B

\/]2—3]2 +K-7" = \/\9—2]2 +1-K[

JE (k-7 = (7Y + (1K)

Taking square on both Side
2 2
(J1+K2+49—14K) :(\/49+1+K2—2K)

K*—14K +50=50+K* —-2K

K —14K 350 50 K7 +2K = 0

~12K = 0
k-9

-12
K =0

Q.6  Use distance formula to verify
that the points

A(0,7).B(3,-5),C(-2,15) are

Collinear.
Solution:
d =l —x [+, - [

|AB|:\/|3—O| |-s-7

4 B]=\J(3)" + (-12)°
\A B| = /9 +144
4 5]-

|4 B|=/9x17




|4 B|=317

B C|= \/|—2 -3 4|15 —(—5)|2
B C|= \/(—5)2 +(15+5)

B C|=25+(20)°

|B C|=~/25+400

|-

|B C|=v25x17

B C| =517

Ny

o~

2 18) x
2 tP)

\

\,

s Oy =
B W R U &N

ST -

L7 -
3

T
3
TN
\
543211“1.;150’
; X
5 \
) \
5 \(3,5)
AN 4
\ 4 N

4C|=J2—0] +15-7]

|4 Cl=y(-2) +(8)
|4 C|=Va+064
40]=

|4 C|=ax17

|4 C|=2V17

|4 B[ +|4 C|=|B |
317 +217 =517
517 =517

Q.7

L.HS=RH.S So
They lie on same line and they are

collinear.

Verify whether or not the points

0(0,0) A(\B,l),b’(\/i—l) are

the vertices of an equilateral
triangle

Solution:

Q.8

d = \Jv.=x[ <[y, - [
|OA|:\/’\@—O‘ +lo-1f
041 (V) +(-1)
0 4]=3+1

04-

0 A|=
|OB|:\/|\E—O|2+|—1—O|2
0 8= (3) +(1)
|0 B|=~3+1

0 B|=

0 B|=
MBFJwggﬁTHA—ﬁ
|4 B| = j0+(-2)

|4 B|=+/4

|4 B|=

All the sides are same in length so
it 1s equilateral triangle

Show that the points
A(-6,-5),B(5,-5),C(5,-8) and
D(-6,-8) are the vertices of a

rectangle find the length of its
diagonals are equal

Solution:

d = \/| x\ [, - yl
A(-6,-5),B(5,-5)



|4 B|=3V17

B C|= \/|—2—3\2 s (-5)
B Cl=(=5) +(15+5)

B C|=/25+(20)

|B C|=+25+400
5 Cl=
|B C|=+25%17
B C|=5V17
L
(2,13* 15‘
\12
\

L7 | I N \]
- s
3

LIS I

N
—

Fie WY
Aok

4
‘h v K R W A

4C|= 20 +15-7]

[4.C=(=2) +(8)
|4 C|=V4+64
4=

|4 C|=ax17

|4 C|=2V17

|4 B+|4 C|=|B C
317 + 2417 =517
5J17 =517

Q.7

LHS=RHS So
They lie on same line and they are

collinear.

Verify whether or not the points

0(0,0) A(\B,l),B(ﬁ—l) are

the vertices of an equilateral
triangle

Solution:

Q.8

d = \/| |y2 yl
|OA|:\/|\E—O‘ to-1f

0 4= (<) + (1)
0 4=
04]-
0 4-

0 B|= \/]\E— of +|-1-0f

0 8=(+3) +(-1y
|0 B|=+3+1

05|

0 B|=
MBFJngﬁTHA—ﬁ
4 B|=\J0+(-2)

|4 B| = /4

4 B|=

All the sides are same in length so
it is equilateral triangle

Show that the points
A(-6,-5),B(5,-5),C(5,-8) and
D(-6,-8) are the vertices of a

rectangle find the length of its
diagonals are equal

Solution:

d = \/‘xz —x1|2 +‘y2_J’1|2
A(~6.-5).B(5,5)



P(1,3)

Recognition of the midpoint
formula for any two points in the
plane

Let£,(x, y)and P, (x,.y,) be any
two points in the plane and
R(x, y) be midpoint of point P;

and P> on the line segment P1P> as
shown in the figure.

A
+Y
Py(x;,
[ A%:¥7)
M(x;y) R(x,y)
4 x—xy X3—X N(x'l’y)
A P](Ipyl)
X
h )I{l O Xy ) & X2 T
——Y' -— X — Il— ‘—Iz—x-—
v

If the line segment MN, parallel to
x-axis has its midpoint R(x,y) ,
then, x, —x =x—x

X, + X=X + X

X + Xy

2
Nty

2x=x+x,=>x=

Similarly, y =

Thus the point R (x, y)

:R(xl-;xzjyl—;yzj is the

midpoint of the points / (xl, yl) and

B (%,,3,)
Verification of the midpoint

formula
2
Nty
T,

|131R|_\/(M
2

1 1
RR|= (v, =) + (v =) =S |RP

2

and ‘QR|\/[—xlzx2x2j J{ylzyz yzj

x +x,+2x Y Y, +y, =2y ’
|%R|in——§——zl +(4__€r__z

OR
1
|P2R| :_\/(xl _xz)2 +(y1 _yz)z
2

1
=[2R|=|RR|=~|RR.|

Thus 1t verifies that
R[M+% N+ b,
T2

2

of the line segment P1RP; which
lies on the line segment since

|BR|+|BR|=|RA)

j 1s the midpoint



Q.1

Exercise 9.3

Find the midpoint of the line
Segments joining each of the
following pairs of points

Solution:

(a)

(b)

(©)

(d)

A(9,2),B(7,2)
Let M (x, y) the midpoint of AB

(5t vy ty,
(x’y)_[ 2 72 j

Midpoint formula
M(x’y):M(9+7 2+2]

: [8}6 2/4’J2 T2
zZ Z

M (8,2)

A(2,-6),B(3,-6)
Let M (x,y)the point of AB
(x.)= N tX, N "‘sz

2

2 2
Midpoint formula

2+3 —6-6
M =M| — —
(x’y) ( 27 2 j

M(x,y) —M{%,%}

M (x,y)=M(2.5,-6)

A(-8,1),B(6,1)
Let M (x,y) midpoint of AB
_ xl + xZ yl +y2
(x.) _[ 2 7 2 ]
Formula

M(xjy):M

[\
|

e em 22
ey =u( 7.2
M (x,y)=M(-11)

A(-4.9),B(-4,-3)

(e)

()

Q.2

Let M (x, y) midpoint of AB

(x,y)= (xl X ,yl ;yzj Formula

2

_4-4 9-3
M V] ikl
(x,») [ T 2}

M(x,y)= M[ 54 ’i}

M(x,y)=M (-4.3)

A(3,11),B(3,-4)
Let M (x, y) is the midpoint of AB

X, +Xx, Yty
M(x,y):( 12 2) 12 zj

343 —-11-4
M(x,y):M[ T j

M(x,y):M[6 —15)

2 2
M (x,y)=M(3,-7.5)

A (Oa O) 9 B (Oa _5)
Let M (x, y) is the midpoint of A5

_ xl+x2 y1+y2
(x’y)_[ 2 7 2 j

M(x,y):M[OLZO,O—;SJ
M (x,y) = M(g gj

=M(0,-2.5)

The end point of line segment 70
is(—3,6) and its midpoint is (5,8)
find the coordinates of the end
point O

Solution:

P
(-3.6)

M Q
(5,8) x,y)
Let O be the point (x,),M (5,8)is
the midpoint of PQ

X, +Xx, Yty
M(x,y):( 12 27 12 zj




X, + X,
2
-3+x

2
Sx2=-3+x
10+3=x
x=13
_Itr

X =

5=

y=10
Hence point Q is (13,10)

Q.3 Prove that midpoint of the
hypotenuse of a right triangle is
equidistance from it three vertices
P(—2,5),Q(1,3) and R(—I,O)

Solution:

(Ly):(ﬂgxa}T;%]
d = . -
P(—2,5),Q(l,3)
P o|= |21 +[5-3[
[P Ol=(-3) +(2)

P 0|=/o+4

R

0(1,3),R(~1, o)

0 ’l= - (-0 +p-of
IQM:JUH)+BY

0 R|=/(2)" +9=4+9
0 Rj=13
P(-2,5),R(~1,0)

P R|= \/|—2 ~(-) +]5-of
P R|= |2 +1] +|s]

|y2 y1|

P R|=(~1) +(5)" = 1+25
P R|=+26

To find the length of hypotenuse
and whether it is right angle

triangle we use the Pythagoras
theorem

(PR)" =(POY +(QR)
(v26) =(i3) +(vi3)
260=13+13

26 =26

It is a right angle triangle and PR is
hypotenuse

P(-2,5),R(-1,0)

Midpoint of PR
-2-1 5+0
M(x,y)=| =— 222
()= S0
35
M
()= 23]
MP =MR

M(?,%},P(—Z,S),R(—I,O)
MP|= MR

vp| - \/1 25_\/1+25
4 4 4

v |22
4

‘MPl——
2
. —3 5
-3 s f




Giiy M| =

Hence proved MP =MR=|MQ|

Q4 If O(0,0),A(3, O) and B(3,5)are

three points in the plane find M;
and M: as the midpoint of the
line segments A5 and OB

respectively find W1M2|

Solution:
M  1s the midpoint of 4B

X +Xx +
Ml(x,y):Ml( 12 Z’ylzyzj

A(3,0),B(3,5)

M 3+370+5j
27 2

<

—

STE=)

)

2

S
2

,1s the midpoint of OB

(n+%.m+%]

0(0, ) 3.5)

—

“

Q.5  Show that the diagonals of the
parallelogram having vertices

A(1,2),B(4,2),C(-1,-3)and
D(-4,-3) bisect each other.

Solution:
ABCD 1s parallelogram which
vertices are

A(1,2),B(4,2).C(~1,-3) D(~4,-3)

Let BDand AC the diagonals of

parallelogram they intersect at point
M

A(l,2),C(—l,—3) midpoint of AC
Midpoint formula

Ml(x,y):(xl "z‘xz 7)/1 ‘;yzj




Midpoint of BD |
M, (x,y)=M [lerxz yﬁﬂ’z]
2 2 2

As M and M, Coincide the
diagonals of the parallelogram bisect

each other.
J|ad2| (B2
<-6-544-3-11 2 3 4 5 6
}yr -+ X
i
D3 de3),
5
‘ﬂ(‘v

Q.6  The vertices of a triangle are
P(4, 6),Q(—2, —4) and R(—8, 2) .
Show that the length of the line
segment joining the midpoints of
the line segments PR, OR is
] —
2

Solution:
M. the midpoint of OR 1s

O(-2,-4),R(-8,2)

NN

i BNAN

=7

'y
1
11.

il

M; the midpoint of PR is
P(4.6),0(-8.,+2)

]\42 (x,y)ZM[ﬂ,ﬂj

2 2
M, (x.3)= 2[?5]
M, (x3) = M, (-2,4)

M,(-2.4)

M M,| = \/\—5 +2f +|4+1]

M M, | = (_3)2 + (5)2

MM, | =9 +25
MM, | =34

P O] = \/\4+2\2 +]6+4|

P O] =/(6) +(10)" =+/36+100
[P O]= 136



1P O|=+/4x34

P 0|=2+34
L N
2
OR
%|PQ|= J34

Hence we proved that

1
|M1M2|:5|PQ‘




Q.1
Q)

(i)

(iii)

(iv)

)

(vi)

Q.2
()
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

Review Exercise 9

Choose the Correct answer

Distance between point (0, 0) and (1, 1) is

(2) 0 (b) 1

(c)2 (d) 2

Distance between the point (1, 0) and (0,1) is

(a) 0 (b) 1

(c) V2 (d) 2

Midpoint of the (2, 2) and (0, 0) is

(@)1, 1) (b) (1,0)

(c) (0, 1) (d) (-1, -1)

Midpoint of the points (2, -2) and (-2, 2) is

() (2.2) (b) (-2, -2)

() (0, 0) (d) (1, 1)

A triangle having all sides equal is called

(a) Isosceles (b) Scalene

(¢) Equilateral (d) None of these

A triangle having all sides different is called

(a) Isosceles (b) Scalene

(¢) Equilateral (d) None of these
ANSWER KEYS

Answer the following which is true and which is false

A line has two end points

A line segment has one end point

A triangle is formed by the three collinear points

Each side of triangle has two collinear vertices.

The end points of each side of a rectangle are Collinear

All the points that lie on the x-axis are Collinear

Origin is the only point Collinear with the points of both axis separately

(False)
(False)
(False)
(True)
(True)
(True)
(True)



e following pairs of points

Solution:

(i) (6,3)(3.-3)
4(6.3),B(3.-3)
d= e, ~x[ |y, ~n[
4 B|= o] +[-3-3[
4B[=(-3) +(-6)
|4 B|=~9+36
|4 B|=
|4 B|=~9x5
|4 B|=3V5

i)  (7.5).(L-1)
A(7.5).B(1,-1)
d= b, ~x[ ]y,
|4 B :\/\7—1\“+|5— 1)
4 B|=(6) +(5+1)
|4 B|=/36+(6)” =36+36
|4 B|=72=36x2
4 B|=6v2

(i)  (0,0).(—4-3)

«uid the distance between the

A(0,0), B(—4,-3)
d =\, = x [ +y, -

458=Jo-4f +Jo-(-

’2

[4 8] =y(-4) +(3)

\A B‘:\/16+9
45|
|4 B|=

Q4

Solution:

(i) (6,6).(4.-2)
M(x.3)=M X, ;xz ’y1+y2]
M(x,y)=M % %
M(x,y)=M %,%)

(i)

(iii)

Q.5

Find the midpoint between

following pairs of points

M(x,y) =M(5,2)

(=5.-7).(-7.-5)

M(x,y):M 3

X +X, yﬁ%]

M(x,y)=M

M(x,y) =M

272
M(x,y) =M(—6, —6)

(8,0),(0,-12)

—5-7 —7—5)
2 7 2
12;2]

M(x,y):M 2
27 2
g8 —12
ws)=-M[3 5
M(x,y) =M(4, —6)

Define the following

Solution:

(i)

Co-ordinate Geometry:-

X+ X, yﬁm]

J

M(x,y) =M ﬂ —0_12

Co-ordinate geometry is the study

of geometrical shapes

in the

Cartesian plane (or coordinate

plane)



ey

(iii)

(iv)

v)

(vi)

Couuinear:-

Two or more than two points
which lie on the same straight line
are called collinear points with
respect to that line.

Non- Collinear:-
The points which do not lie on the
same straight line are called non-

collinear.

Equilateral Triangle:-
If the length of all three sides of a
triangle are same then the triangle

is called an equilateral triangle.
A

//‘/\\\
2em /N 2em

\
/ ."

/ \

/ A\

3 2em C
AABC is an equilateral triangle.

Scalene Triangle:-
A triangle 1s called a scalene
triangle if measure of all sides are

different.

C 4em B
AABC is a Scalene triangle.

Isosceles Triangle:-
An isosceles triangles is a triangle
which has two of its sides with
equal length while the third side
has different length.

3cm 3cm

B 2em C
AABC 1s an isosceles triangle

(vii) Right Triangle:-
A triangle in which one of the
angles has measure equal to 90° is

called a right triangle.
A

1
C B

AABC 1s a right angled triangle.

(viii) Square:-
A Square is closed figure formed
by four non- collinear points such
that lengths of all sides are equal

and measure of each angles is 90°.
A 2cem B
u L]

2em 2em

1 ]
C 2cm D

ABCDis a square.




Unit 9: Introduction to Coordinate Geometr

Overvie

Coordinate Geometry:
The study of geometrical shapes in a plane is called plane geometry. Coordinate
geometry is the study of geometrical shapes in the Cartesian plane (coordinate plane).

Collinear Points:
Two or more than two points which lie on the same straight line are called collinear
points with respect to that line.

Non-collinear points:
Tow or more points which does not lie on the same straight line are called non-
collinear points.

R
Hpif—éfbm
Equilateral Triangle:
If the lengths of all the three sides of a triangle are same, then the triangle is called an

equilateral triangle.

An Isosceles Triangle:
An isosceles triangle PQR is a triangle which has two of its sides with equal length
while the third side has a different length.

Right Angle Triangle
A triangle in which one of the angles has measure equal to 90° is called a right angle
triangle.

Scalene Triangle:-
A triangle is called a scalene triangle if measure of all sides are different.

Square:-
A Square is closed figure formed by four non- collinear points such that lengths of all

sides are equal and measure of each angles is 90°.

Rectangle
A figure formed in the plane by four non-collinear points is called a rectangle if,
(1) Its opposite sides are equal in length

(i1) The angle at each vertex is of measure 90°



Parallelogram
A figure formed by four non-collinear points in the plane is called a parallelogram if
(1) Its opposite sides are of equal length
(1)  Its opposite sides are parallel
(1)  Meausre of none of the angles 1s 90°.

Finding distance between two points.

A
v Q(x,.v,)
d ‘
(x.1,) Yo— N
P NIRRT
|x2 X, |
¥ Y,
. !x2 xl! L a
% o L(x.0) M(x,.0) X
4—,\]—’
< X >
LY’
v

Let P (xl, yl) and Q(xz, yz) be two points in the coordinate plane where d is the
P Q‘ =d

The line segments MQ and LP parallel to y-axis meet x-axis at point M and L
respectively with coordinates M(xz , o) and L (x1, 0)

The line segment PN is parallel to
X-axis

In the right triangle PNQ |@| =

length of the line segment PQ 1.e,

Yy _yl‘ and ‘P—N’ = ’xz _xl‘
Using Pythagoras theorem
(Po) =(PN) +(2N)

‘2

2
d* = ’xz —x1’ +‘y2 -V
Taking under root on both side

‘/d_zz\/|x2_x1|2+|y2_y1|2

d = \/|x2 —xl‘z + ‘yz —yl‘z
Since d > 0 always




Exercise 10.1

Q.1 In the given ligure
l 2and AB = CB
Prove that

AABD = ACBE
A C

Proof
In AABD <> ACBE
AB =CB Given
ZBAD = ZBCE Given £1 = /2
ZABD = ZCBE Common
AABD = ACBE SAA=SAA

Q.2  From a point on the bisector of an angle,
perpendiculars are drawn to the arms of the
angle. Prove that these perpendiculars are equal
in measure.

Given
BDis bisector of ~ABC P is point on BD and PI

are  PM are perpendicular to AB and (B

respectively
To prove
PL- P :
¢
Proof
Statements Reasons
In ABLP <> ABMP
BP =BP Common
Z/BLP = /BMP Each right angle (given)
Z/LBP = /MBP Given BDis bisector of angle B
. ABLP = ABMP SAA=SAA
So PL = PM Cprrespondlng sides of congruent
triangles




Q.3 In a triangle ABC, the bisects of /B and /C meet
in point I prove that I is equidistant from the three

sides by AABC
Given

In AABC, the bisector of /B and ~C meet at I and
IL, IM, and INare perpendiculars to the three sides

of AABC.

To prove
IL=M= IN
Proof

Statements Reasons

In AILB <> AIMB
BI =BI
ZIBL = /IBM

Z1ILB = ZIMB
AILB = AIMB

L IL=IM ()
Similarly

AIAC = AINC

So IL=IN_ (i)
from (1) and (i1)

IL= M= IN

AABC.

.. I1s equidistant from the three sides of

Common

Given Bl is bisector of /B
Given each angle is rights angles
SAA=SAA

Corresponding sides of = A’s

Corresponding sides of = As

Theorem 10.1.2

If two angles of a triangles are congruent then the sides opposite to them are also

congruent

Given

In AABC, /B= /C
To prove

AB = AC
Construction

A

Draw the bisector of A, meeting BC at point D D

Proof
Statements

Reasons

In AABD <> AACD
AD =AD

/B = ZC

ZBAD = ZCAD
AABD = AACD
Hence AB = AC

Common

Given
Construction

SAA=SAA
(Corresponding sides of congruent triangles )




Example 1

If one angle of a right triangle is of30°, the hypotenuse is twice as long as the side

opposite to the angle.
Given

InAABC,m~£B=90° and m£(C =30°

To prove

mAC=2mAB
Constructions

At, B construct ~CBD of 30°

Let BD cut AC at the point D.

Proof
Statements Reasons
In AABD,m. A=60° m. ABC=90°,m./C = 30°
m/ABD=m~/ABC, mCBD=60° m/ABC =90°, m~-CBD =30°
.. mADB =60° Sum of measures of Zs ofa Ais 180°
.. AABD is equilateral Each of its angles is equal to 60°
~AB=BD=CD Sides of equilateral A
In ABCD,BD = CD £C = ZCBD (each of 30),
ThusmAC  =mAD+mCD
= mAB+mAB AD=ABandCD = BD = AB
= 2(mAB)
Example 2 A
If the bisector of an angle of a triangle bisects the side opposite to
it, the triangle is isosceles.
Given
In AABC,ADbisect/A and BD = CD
Tlpr(ﬂ B —Hoi—t—cC
AB=AC /)
Construction /

Produce AD to F, and take ED = AD

m'<-—-————-—-

Joint C'to £
Proof
Statements RGO

InAADB <> EDC
AD = ED Construction
ZADB = ZEDC Vertical angles
BD=CD Given
S AADB = AEDC S.A.S. Postulate
~ AB=EC...(i) Corresponding sides

and /BAD = /E
But /.BAD = Z/CAD
. ZE=/ZCAD

In AACE,AC = EC .. (ii)
Hence AB = AC

Corresponding angles
Given

Each= ZBAD
ZE= ZCAD (proved)

From (i) and (i1)




Q.1

Q.2

Exercise 10.2

Prove that any two medians of an equilateral
are equal in measure.

Given

In AABC, AB = AC and M is midpoint of BC
To prove

AM bisects ZA and AM s perpendicular to BC
Proof

triangle

B

Statements
In AABM < AACM

AB =AC
BM = CM
AM = AM

.. AABM = AACM
So /BAM = /CAM

mALAMB + mZAMC = 180°
- mAMB = mA/AMC

i.e AMis perpendicular to BC

Given

Common

SSS=SSS

Given M is midpoint of BC

Corresponding angles of congruents triangle

Reasons

Prove that a point which is equidistant from the end points of a line segment, is

on the right bisector of line segment
Given

ABis line segment. The point C is such that CA =

To prove

Point C lies on the right bisector of AB
Construction

(i) Take P as midpoint of ABi.e. AP = BP
(ii)  Joint point Cto A, P, B
Proof:
Statements
In AABC

CA =CB
/A= /B
A CBP <> ACAP
CB =CA

ACAP = ACBP
s Ll=22

msl +mZ2 =180°

Thus m £1 =m/2 =90
Hence CPis right bisector of AB and point C lies
onCB

o C
CB

1F12

A P

Reasons

Given

Corresponding angles of
congruent triangles

SAS=S.AS

Adjacent angles on one side
of a line




Theorem 10.1.3
In a correspondence of two triangles if three sides of one triangle are congruent to the

corresponding three sides of the other. Then the two triangles are congruent (S.S.S=S.S.S)

A
B
Given:
In AABC <> ADEF

AB=DE BC = EFandCA = FD

To prove
AABC = ADEF

Construction

Suppose that in ADEF the side EF is not smaller than any of the remaining two sides. On
EF construct a AMEF in which, “FEM = B and ME = AB  Join D and M. as shown in

the above figures we label some of the angles as 1, 2, 3, and 4

Proof:
In AABC &> AMEF
BC =EF Given
/B = /FEM Construction
AB = ME Construction
.. AABC = AMEF S.A.S Postulate

and CA = FM ()

also CA =FD __(ii)

" ms2+tmsl =mA4 +mS3
.. mZEDF = m/EMF
Now in ADEF <> AMEF

Hence AABC = ADEF

(Corresponding sides of
congruent triangles)
Given

- FM = FD { From (i) and (ii) §
In AFDM L
L2=/4 (iii) FM = FD (proved)
Similarly /1 = /3 (iv)

{ from (iii) and iv }

FD=FM Proved

@ mLE)F = /EMF Proved -

DE = ME Each one = AB

.. ADEF = AMEF S.A.S postulates
also AABC = AMEF Proved

Each A = AMEF (proved)




Example 1

If two 1sosceles triangles are formed on the same side of their common base, the line
through their vertices would be the right bisector of their common base.

Given

AABC and ADBC formed on the same side of BA such that
BA= AC, DB = DC, AD meets BC at .

To prove

BE =CEAE | BC
Proof

Statements Reasons

In AADB <> AADC

AB=AC Given

DB =DC Given

AD = AD Common

.. AADB = AADC S.SS=SSS

S Lz L2 Corresponding angles of = As
In AABE <> AACE

AB=AC Given

Al=22 Proved

AABE = AACE S A.S postulate

AE = AE Common

-~ BE=CE Corresponding sides of = As
Z3=/4 Corresponding angles of = As
m/3+m~/4=180° Supplementary angles postulate
m./3=m./4 =90° From T and 1T

Hence AE | BC




Exercise 10.3

Q.1  In the figure, AB = DC,AD = BC prove that LA = ZC, ZABC = ZADC

Given

In the figure AB = DC, AD = BC

To prove

ZA=2C

ZABC = ZADC

Proof
In AABD <> ACDB
AB =DC Given
AD = BC Given
BD = BD Common
AABD = ACDB S.S.S=8.8S.S

Hence ~A = /C Corresponding angles of congruent triangles

Z1= /3 Corresponding angles of congruent triangles
Z2=/4 Corresponding angles of congruent triangles
mZl +mA2=m/3 +mA4
orm ZABC = mZADC
ZABC = ZADC

Q.2  1In the figure LN = MP , MN = ﬁprove that /N = /P, /NML = /PLM

Given N p
In the figure
LN =MP and LP = MN
To prove I M
/N=/Pand /ANML = /PLM
Proof

ALMN < AMLP

LN =MP Given

LP = MN Given

LM = ML Common

ALMN = AMLP SSS=SSS

Z/N= /P Corresponding angles of congruent triangles

ZNML = /PLM Corresponding angles of congruent triangles




Q.3

()
(i)

Prove that median bisecting the base of an isosceles triangle bisects the vertex

angle and it is perpendicular to the base

Given
AABC

AB = AC

Point P is mid point of BCie:BP=CP

A

P is joined to A, i.e. AP is median B 5
To prove
Z1=.2
AP L BC
Proof
Statements Reasons
AABP <> AACP
AR =~ AC Given
BP =(CP Given
AP = AP Common
AABP = AACP S.S.S=8S8.S
1= /2 Corresponding angles of congruent triangles

3=s4 (j)
m/3+ms4 =180° (i)
Thus m£3 =m/4 =90

- AP | BC

Corresponding angles of congruent triangles

From equation (1) and (i)

Theorem 10.1.4

If in the corresponding of the two right angled triangles, the hypotenuse and one side
of one triangle are congruent to the hypotenuse and the corresponding side of the

other them the triangles are congruent (H.S = H.S)

A
gl
Given
AABC < ADEF
/B=/E (right angles)
CA=FD,AB=DE
To Prove

AABC = ADEF

D

Ll
I




Construction

Prove FE to a point M such that EM = BC and join the point D and M

Proof

m/DEF + /DEM = 180° (i) Supplementary angles

Now m £DEF = 90° (i) Given

-.m/DEM = 90° { from (i) and (i) }

In AABC <> ADEM

BC = EM Construction

ZABC = /DEM (Each angle equal to 90°)

AB = DE Given

AABC = ADEM SAS postulate

ad LC=/AM Corresponding angles of congruent triangles

CA = MD Corresponding sides of congruent triangles

ButCA = FD Given

MD = FD Each is congruent to CA

In DMF

ZF =M MD = FD (proved)

But/C= /M (Proved)

ZC= /F Each is congruent to £ M
Given

ZABC = ZDEF Given

AB = DE (Proved)

Hence AABC = ADEF (SAA=SAA)

Example

If perpendiculars from two vertices of a triangle to the opposite
sides are congruent, then the triangle is isosceles.

Given

In AABC,BD | AC.CE | AB

Such that BD = CE E
To prove
AB=AC
Proof B
Statements Reasons
In ABCD <> ACBC
ZBDC=/BEC BD L AC,CE L AB given = each angle =90°
BC =BC Common hypotenuse
BD =CE Given
ABCD=ACBE H.S=HS
/BCA=/CBE Corresponding angles A's
Thus /BCA=/CBA
Hence ABZAC In AABC, /BCA=/CBA




Exercise 10.4

Q.1 In APAB of figureP_Q | ABand PA = PB prove that E = @ and ZAPQ =/BPQ
Given: P
In APAB
P_Q | ABand PA= PB
To prove
AQ = BQ and ZAPQ = ZBPQ A Q—l B
Proof
Statements Reasons

In AAPQ <> ABPQ

PA =PB Given

ZAQP = ZBQP Given P_Q 1 AB

PQ = PQ Common

. AAPQ = ABPQ HS=HS

SoAQ = BQ Corresponding sides of congruent triangles

and ZAPQ = ZBPQ Corresponding angles of congruent triangles

Q.2 In the figure m/C = m/ZD = 90° and BC = AD prove that AC = BD and /BAC =

ZABD
Given
: o D C
In the figure given mZC = m£D = 90
BC = AD
To Prove
AC =BD A B
ZBAC = ZABD
Proof
In AABD <> ABAC
AD =BC Given
/D= ./C Each 90°
AB = BA Common
Thus AABD = ABAC H-S = H-S
- AC 2=BD Corresponding sides of congruent triangles
.. Z/BAC =z ZABD Corresponding angles of congruent triangles




Q.3

In the figure, m/B = m./D = 90° and AD=BC prove that ABCD is a rectangle

Given
In the figure

m/B=m./D 90° and AD = BC

To prove

ABCD is a rectangle
Construction
JoinAtoC

Proof

Statements Reasons

In AABC <> ACDA
/B=./D

AC=CA

BC=DA

.AABC = ACDA

AB = CD

and ZACB = ~CAD
Hence ABCD is a rectangle

Given each angle = 90°

Common
Given

H-S = H-S

Corresponding sides of congruent triangles

Corresponding angles of congruent triangles




Q.1
(i)

(ii)
(iii)
(iv)
(v)

(vi)

Q.2

Q.3

Review Exercise 10

Which of the following are true and which are false.

A ray has two end points. (False)
In a triangle there can be only are right angle. (True)
Three points are said to be collinear if they lie on same line. (True)
Two parallel lines intersect at a point. (False)
Two line can intersect only one point. (True)
A triangle of congruent sides has non-congruent angles. (False)

In AABC = ALMN, then

C M
60 30°
90° 30° 90° 30°
A B L N

(i) mAM =m/B =30°
(ii) m£N = m£C = 60°
D A = mAL = 90°

If AABC = AZMN then find the value of x

C M L
80° 40°
60°
x()
40° 80"
A B N
m/AN=m./C = 60°
msN =x = 60°

Sum of three angle in a triangle 1s 180
So x+80+40=180

x+ 120=180

x=180-120



Q.4

Q.5

x = 60°

Find the value of unknowns for the given congruent triangles.
It is an 1sosceles triangle

mAB =mAC
and mZB=mxC A
when we draw a perpendicular from point A to BC it
Bisect
So BD = DC

Sm-3=2m+6

Sm—2m = 6+3

3m=9 550 (5x+5)

m=2 B Sm-3 D 2mt6 C
3

m=3

opposite angle are congruent
' /B=/C

55=5x+5

55-5=5x

50

="

x=10

X

If APQR = AABC, the find the unknowns

Sem

By using definition of congruent triangles.
RP = AC
S5=y-1
S5+1=y
y = b6cm
AB=QP
3em =x
Or

X =3cm
BC=QR
7. = 4cm



nit 10: Con le

Overvie

Congruency of Triangles:
Tow triangles are said to be congruent written symbolically as =.if there exists a

correspondence between them such that all the corresponding sides and angles are

congruent.
AB=DE ZA= 2D
ie if {BC=EF  and { /B=/E
CA=FD LCz=LF

then AABC = ADETF

A D

A.S.A postulate:
In any correspondence of two triangles, if one side and any two angles of one triangle
are congruent to the corresponding side and angles of the other then the triangles are
congruent this postulate is called A.S A. postulate.

A.S.A postulate:
In any correspondence of two triangles, if one side and any two angles of one triangle

are congruent to the corresponding side and angles of the other, the two triangles, are
congruent. This postulate is called A.S. A postulate.

S.S.S postulate:
In a correspondence of two triangles, if three sides of one triangle are congruent to the
corresponding three sides of the other, then the two triangles are congruent this
postulate 1s called S.S.S postulate.

H.S postulate:
If in the correspondence of the two right-angled triangles, the hypotenuse and one side
of one triangle are congruent ot the hypotenuse and the corresponding side of the
other, then the triangles, are congruent this postulate is called H.S postulate.




Introduction:

Two triangles are said to be congruent if at least one(l—l) correspondence can be

established between them in which the angles and sides are congruent.

For example

If in the corresponding AABC <> ADEF

A D
B C E F
(i) ZA«— 2D (LA corresponds to £D)
(ii) /B <«—— /E (/B corresponds to ZE)
(iii) Z/C «—— ~F (£C corresponds to £F)
(iv) AB <> DE (E corresponds to ﬁ)
(v) BC <> EF (% corresponds to ﬁ)
(vi) CA «—>FD (C_A corresponds to E)

Congruency of Triangles:

The two triangles are said to be congruent written as = if there exists a
correspondence between them such that all the corresponding sides and angles are

congruent.

Then AABC = ADEF

A D




AB = DE 4 = /D
If<BC = FEF and /B = /K
AC = DF 0 = JF

Theorem 10.1.1

In any correspondence of two triangles, if one side and any two

angles of one triangle are congruent to the corresponding side and

angles of the other then the triangles are congruent.(A.S.AiA.s.A.)

A

B t C

Given

In AABC <> ADEF
/B=_.E, BC=EF, /C=_F
To prove

AABC = ADEF

Construction

Suppose E;’éﬁ Take a point M on DE such that AB = ME . Join M to F

Proof
Statements Reasons
In AABC <> AMEF
AB =ME 6 Construction
BC =EF ___ (ii) Given
ZB=/E (111) Given
AABC = AMEF S.A.S postulate
So, ZC = /MFE (Corresponding angles of congruent triangles)
But /C= /DFE Given
ZDFE = /MFE Both congruent to /C
This is possible only if D and M are the same
points and ME=DE




So AB=DE v E;ﬁ(construction) and ME = DE
(proved)
Thus from (11), (ii1) and (iv), we have AABC =
ADEF S.A.S postulates
Example
If AABC and ADCB are on the opposite sides of common base BC such that
A_LJ_B_C,NJ_B_Cand A_Lzm, then BC bisects AD. A
Given
AABCand ADCB are on the opposite sides of BC such that
AL 1 BC,DM L BC,AL = DM, and ADis cut by BC at N. B X
To prove
AN =DN
Proof
Statements ‘ Reasons
In AALN <> ADMN
AL =DM Given
ZALN = /DMN Each angle is right angle
ZALN = ZDMN Vertical angels
ZALN = Z/DMN SAA=SAA
AN = DN Corresponding sides of = As.




Q.1

Q.2

Exercise 11.1

One angle of a parallelogram in 130°. Find the measures of its remaining angles.
In parallelogram

msB = 130°

<D= /B (Opposite angles of a parallelogram)

ms/D =m/B = 130°

We know that

ZA+/B =180

ZA+130 =180 (sum of int. /s on same side of a parallelogram is 180°)
ZA=180-130 D C
ZA=50°

If /D=_/B 130°
Then

/C=/A A 5
ZC=150°

One exterior angle formed on producing one side of a parallelogram is 40°. Find the
measures of its interior angles.

ABCD is a parallelogram. BA is produced towards A.

m/DAM = 40°

m/DAB =? D C
m/D =7

m/B =7

msC =7 40°
/DAM + /DAB = 180° m A B
40° + ZDAB = 180°

ZDAB = 180° — 40°

ZDAB = 140°

ZDAB + /B = 180°

140° + /B = 180°

/B =180° -140°

/B =40°

/D= /B =40°

A



£D = 40°
£C = ZDAB
£C = 140°

Theorem 11.1.2
Statement: If two opposite sides of quadrilateral are congruent and parallel, it 1s a parallelogram

Given
In quadrilateral ABCD, D / C
AB=DC and AB| DC a )1
To prove
ABCD is a parallelogram o
Construction l 2 (Y,
Join the point B to D and in the figure name the angles as  * ' B
Proof
Statements Reasons
InAABD <> ACDB
AB=DC Given
2=/ Alternate angles
BD = BD Common
. AABD = ACDB SAS postulate
Now /4=./3......... (1) (Corresponding angles of congruent triangles)
ZAD|BC...ooo....... (ii) from (i)
and AD = BC. (iii) corresponding of sides of congruent triangles
Also AB||DC........ (v) Given
Hence ABCD is a parallelogram From (i1)-(iv)




Exercise 11.2

Q.1  Prove that a quadrilateral is a parallelogram if its
(a) Opposite angles are congruent
(b) Diagonals bisects each other

(a) Given
In quadrilateral ABCD
msA=msC msB=m-D
To Prove
ABCD is a parallelogram A B

Statements Reasons

msA=mC.. (1) Given

msB=msD.. .(ii) Given
msA+msB+msC+msD =360° Angles of quadrilateral

msA+m/B=180°
m/C+m-D=180°

AD||BC
Similarity it can be proved that AB I DC
Hence ABCD is a parallelogram

(b) Given
In quadrilateral ABCD, diagonals AC and BD bisect each other.
ie OA=0C,0B=0D
To prove ABCD i1s a parallelogram
Proof

Statements Reasons

In AABO < ACDO
0A=0C Given

OB= 0D Given

ZAOB=ZCOD Vertical opposite angles

L A=22 Corresponding  angles of  congruent
triangles

AABO = /CDO S§AS5= §SAS

Hence, AB || CD .. .(i) Z1=22

By taking BOC and is AAOD it can be prove

that
AD|| BC..(ii) From (i) and (ii)

Hence ABCD is a parallelogram




Q.2  Prove that a quadrilateral is a parallelogram if its opposite sides are congruent
Given
In quadrilateral ABCD

(i) AB= DC

(i) AD= BC

To prove

ABCD is a parallelogram i.e. AD||BC
Prove

Statements Reasons

ACDB <> AABD

AB=DC Given

AD=FC Given

BD = RD Common

AABD =ACDB S§585= 888

Thus, £1=.22 Corresponding angles of congruent triangles
/4=/3 Corresponding angles of congruent triangles
(i) AD I BC Alternate angles are congruent

AB|| DC Alternate angles are congruent

. ABCD i1s a parallelogram

Example
The line segments, joining the mid-points of the sides of a quadrilateral, taken in

order, form a parallelogram. D R C

Given

A quadrilateral ABCD, in which P is the mid-point of
AB Qs the mid-point of BC R is the mid-point of CD
S is the mid-point of DA

P is joined to (), O is joined to K.

R 1s joined to S and S is joined to P.

To prove

PQRS is a parallelogram.
Construction

Join A to C.

Proof

Statements Reasons

InADAC,
S_RHE S is the midpoint of DA

I —— S
mSR = EmAC R is the midpoint of CD




InABAC,

PO ”E P is the midpoint of AB

mPQ = %m% O is the midpoint of BC

SR|| PO Each || AC

mSR = mP_Q Each=%E

Thus PORS is a parallelogram SR i @, mSR = m@ (proved)

Theorem 11.1.3
The line segment, joining the midpoint of two
sides of triangle, is parallel to the third side and
is equal to one half of its length.
Given

In AABC, the mid-point of AB and AC are L

and M respectively
To prove

WH BC and mL_M:%mE

Construction
Join M to L. and produce ML to N such that ML =LN

Join N to B and in the figure, name the angles /1, 2 and 3 as shown.
Proof

Statements Reasons

In ABLN « A ALM

BL=AL Given

=2 Vertical angles

NL=ML Construction

- ABLN = AALM S.A S postulate

L LA=3..3) (Corresponding angles of congruent triangles)
And NB=AM. (1) (Corresponding sides of congruent triangles)

But NB ||M from (1), alternative <s

Thus

NB|MC ............... (iii) (M is a point of AC)




BC MN is a parallelogram

~.BC|| LM or BC||NL

Hence, m LM = %m%

Given

from (i1) and (iv)

From (111) and (v)

(Opposite sides of a parallelogram BCMN)
(Opposite sides of a parallelogram)

Construction.

from (vi) and (vii)




Exercise 11.3

Q.1  Prove that the line segments joining the midpoint of the opposite side of a quadrilateral
bisect each other.
Given

ABCD is quadrilaterals point QRSP are the mid point of the sides RPand SO are joined

they meet at O. D & C
OP=OR 0Q=0S ) “.Jo e
Construction N
Join P,O,R and S in order join Cto A or A to C A R B
Proof

SP||AC ... (1) In AADC, S, P are mid point of AD, DC

mSP = %mE...(ii)
AC || RQ...(iii) In AABC, O,R are midpoint of BC, AB
RO == AC..(iv)
mSP || RO...(v)

and RO=SP...(vi) From (if) and (iv)

Now RPand QS diagonals of parallelogram
PQRS intersect at O.

.. OP=OR Diagonals of a parallelogram bisects each

other.

0S=00

Q.2 Prove that the line segments joining the midpoint of the opposite sides of a rectangle
are the right bisectors of each other.
[Hint: Diagonals of a rectangle are congruent]

Given D R G
(i) ABCD 1s arectangle e O
(ii) P,QO.R.§ are the midpoints of 48, CDand DA S e ~ Q
(iii)gand_R_P cut each other at point O Iy - 5 — 3
08 =00

OP=OR



Construction

Join PtoJ and Qto R and Rto Sand Sto P

JomAtoCand Bto D

Statements Reasons

Proof
Midpoint of BCis 0
Midpoint of ABis P
D AC| PO (i)
lAC = @ ............ (11)
2
In AADC
AC||SR....oo.ooo.., (iii)
1I6=Sr. . (iv)
2
PQ = SR
SP=RQ
By joined B to D we can prove
RO| SP
mSR || mPQ

PQRS is a parallelogram all it sides are equal
OP =OR

0S =00

AOQOR <> AOQP

OR=OP

0Q =00

RO =PQ

- AOQOR = AOQOP

ZROQ = ZPOQ.............. (vii)
ZROQ+ ZPOQ =180........ (vii1)
ZROQ = ZPOQ =90°

Thus PR L @

Given

Given

From equation (i) and (i1) each are parallel to

AC each are half of DB

Each of them = %E

Proved

Common

Adjacent

Supplementary angle

From (vii) and (viit)




Q.3  Prove that line segment passing the midpoint of one side and parallel to other side of a
triangle also bisects the third side.

Given

In AABC, R is the midpoint of E,R_Q | BC

RQO|| BS A

To prove /\\

- RAZ 3. Q

e / //\
1

Construction =) S S
OS||4B
Proof
@ | BS Given
OS || BR Construction
RBESQ1isa
Parallelogram
OS = BR...(1) Opposite side
AR = RB._(ii) Given
0S = AR..(iii) From (i) and (ii)
Zl= /B and
A= 22..(iv)
AARQ <> AQSC
2=/ From (iv)
3=/C
AR = SO From (iii)
Hence, AARQ = AQSC AAS=AAS
@ = @ Corresponding sides




Theorem: 11.1.4
Statement: The median of triangle are concurrent and their point of concurrency is the point
of trisection of each median.

Given AABC
To prove
The medians of the AABC are concurrent and the
point of concurrency is the point of trisection of
each median
Construction
Draw two medians BEandCF of the AABC
which intersect each other at point . Join A to &
and produce it to the point H such that AG = GH Join H to the points B and C

AH Tntersects BC at the point .

Proof
Statements Reasons
In A ACH,
GE | fiC G and E are mid-points of sides AH and AC
respectively
Or ﬁHH_C ~~~~~~~~ (1) (5 is point of BE diagonals BC
Similarly CF || HB.. (i)
~.BHCG is a parallelogram From (1) and (i1)
And
mGD = lmG_H(m) Diagongls BC and GH of a parallelogram
BHCG intersect each other at point 1.
BD=CD
AD is a median of A4BC medians G is the interesting point of BE, CF and AD
AD, BE and CI pass through the point G pass through it.
Now GH = E.“(iv) Construction
- 1 -
mGD = EmAG From (iii) and (iv)
and ( is the point of trisection of E...(V)
similarly it can be proved that (7 is also the
point of trisection of CFand BE




Exercise 11.4

Q.1  The distance of the point of concurrency of the medians of a triangle from its vertices

are respectively 1.2 cm. 1.4 cm and 1.6 cm. Find the length of its medians.

Let AABC with the point of concurrency of
medians at G

E:1.2cm, BG=1.4cm and CG =1.6cm

AP =2AG =212 -18cm
2 2
— 3— 3
BO==—BG==x14=21cm
2 2 B
— 3— 3
CR=—CG=—x1.6=2.4cm
2 2

Q.2 Prove that the point of concurrency of the medians of a triangle and the triangle which
is made by joining the midpoint of its sides to the same.
Given

In AABC, AQ, CP, BR are medians which meet at G.
A

A

¢

P, R are midpoint of AB,AC

B 0
To prove
(5 1s the point of concurrency of the medians of AABC and APQOR
Proof
PR|| BC
BO| PR

Similarly OR|| BP

.PBOR is a parallelogram it diagonals BR and @
bisector each other at 7’

Similarly U/ is the midpoint of JR and § is midpoint of PR

S PU,OS, RT' are medians of APOR
(1) AQ and@ pass through GG

(i1) BRandTR pass through G

(iii) ﬁandﬁpass through &

Hence G is point of concurrency of medians of APOR and
AABC




Example
A line, through the mid-point of one side, parallel to another side of a triangle, bisects
the third side. L A M

Given DAY S g

In AABC, D is the mid-point of 4B .

DE || BC which cuts AC at [, D E

To prove / \
AE = BC

Construction
Through A, draw LM || BC .
Proof

Statements Reasons

Intercepts cut by LM ,DE BC on AC are congruent. {Intercepts cut by parallelsm DE.

ie,AE = EC . BC on ABarecongruent(given)

Theorem 11.1.5
Statement: In three or more parallel lines make congruent segments on a traversal they also
intercept congruent segments on any other line that cuts them.

@eL o L 0

AB||CD|| EF A = B

The ‘_t.ransve‘rs_a} LX .intersects c 4=/M 7 ES} o
AB,CD and EF at the points M, N <« I 3 >
and P respectively, such that E# /P v /é%\T F{ >
MN =NP. The transversal @ v \y
intersects them at point R, S and 7 X

respectively.

Prove

RS=ST

Construction

From R, draw RU | ﬁ, which meets CD at U, from S draw SV | LX which meets £F at V.
as shown in the figure let the angles be labeled as /1, £/2, /3 and /4.

Proof
MNUR is parallelogram RU||LX (Construction) AB||CO (given)
~.MN =RU (i) (Opposite side of parallelogram).
Similarly.
NP = SV (ii)
But MN = NP (iii) Given
- RU=SV {from (1) (11) and (ii1)} each is || 15 (construction)




AlsoRU || SV
NVAEYY)

and /3 = /4

In ARUS <> ASVT
RU =SV
=

3= /4

- ARUS = ASVT

Henceﬁ = S_T

Corresponding angles
Corresponding angles

Proved

Proved
Proved
S A4A4A=85.4.4

(Corresponding sides of congruent triangles)




Q.1

Q.2

Exercise 11.5

In the given figure

e e e ——

AX | BY |CZ|| DU | EV and AB=BC=CD=DE
If MN =1cm then find the length of LN and LQ

S PO=NP=MN = IM
MN = 1cm A L X

X < >
e A
AP =PQO=0QOR=RS =ST < B M oY >
Therefore, LN =LM +MN . o
- C N 7
IM =MN < / \ e
so, LN = MN + MN < D P Uy,
ﬂ\] =1+1 /E \(_) ;-
LN =2cm < >

LM = NP =PQO=MN =lcm
SO,LZ\_4 = lcm,ﬁ = lcm,@ =lcm
LO=IM +MN + NP + PQ

LO=1+1+1+1
LO =4cm

Take a line segment of length 5. 5¢m and divide it into five congruent parts
[Hint: draw an acute angle ZB AX. On
AXtake AP=PO=RS=ST join T to B draw
lines parallel to 7B from the point P,Q R and .
Proof

Construction:
(i) Take a line segment AB = 5.5¢cm

(ii) Draw any acute angle ~BAX
(iii) Draw arcs on AX Wthh are

AP = PQ QR =ST
(iv) Join 7'to B

(v) Draw lines SF,RE ,OD,&PC Parallel to 7B .
Result line segment 4B is divided into congruent line segments AC =CD=DE=FEF =FB.




Q.1
()

Ans:

(i)

Ans:

(i)

Ans:

(iv)

Ans:

(V)

Ans:

Q.2
(i)

Ans:

(i)

Ans:

(iii)

Ans:

(iv)

Ans:

Q.3

Q.4

Review Exercise 11

Fill in the blanks

In a parallelogram opposite side are ......
Congruent

In a parallelogram opposite angles are .......
Congruent

Diagonals of a parallelogram ........ each other at a point.

Bisects
Medians of a triangle are ..........
Concurrent

Diagonals of a parallelogram divide the parallelogram into two ....... Triangles

Congruent

In parallelogram ABCD

mAB= .. . ..
mAB =mDC
mBC...........
mBC =mAD
mAl=_.......
msl=m.3
msZ2=........
ms2=mzs4

Find the unknown in the figure given

Solution

n°=175

yO — nO

Substituting the value of n°

yo = 75°

x° + 75 =180 Adjacent and supplementary
x° = 180-75

x° =105°

m° = x°®

m° = 105°

If the given figure ABCD is a parallelogram then find x, m

11x°=55°

%5

xo:—yr

x°= 5°
ZA+ 2B =180°
/B =180°- /4

£B=180°-55=125°

55°

D

(5m + 10)°

11x°



Q.5

Q.6

/B =130°

D+ 2C =180°
Sm+10°+55°=180°
Sm+65°=180°

S5m =180°—-65°
Sm=115°

_115°
50
m=123°

m

The given figure ~ MNP is a parallelogram finds the value of m, n

In parallelogram opposite sides are congruent 8m — 4n =8 ... (i1)

Multiply 4 with equation

4(4m + n)=4x10

16m+4n=40... (i11)

Adding equation (ii) and (iv)

8m— 4 = 8
l6m+ 41 = 40
24m = 48

48
m=—
24

m=2

Putting the value of m in equation (i) 4(2) + n=10

8+n=10
n=10-8
n=2

In the equation S5, sum of the opposite angles of the

parallelogram in 110°

L+ /M =180
55°+/M=180°
ZM=180°-55°

ZM = 125°

p
4m + Ly
i T H
4 10
L m—an M
P ;
L ___\I55” |



ZP = /M opposite angles are congruent in parallelogram

/P =125°



Unit 11: Parallelograms and Triangles

Parallelogram:
If two opposite sides of a quadrilateral are congruent and parallel, it is a parallelogram.

Medians
A line segment joining a vertex of a triangle to the mid-point of the opposite side is called
median of the triangle.

Trisection
The process to divide a line segment into three equal parts.

Theorem 11.11
In a parallelograms
(i) Opposite sides are congruent
(ii) Opposite angles are congruent
(iii)The diagonals bisect each other
Given

In a quadrilateral ABCD, AB|| DC,BC || AD and
the diagonals AC, BD meet each other at point O.
To Prove

(i) AB=DC,AD =BC

(i) ZADC=.ABC, /BAD =/BCD

(iii) 0A=0C, OB=0D

Construction
In the figure as shown, we label the angles as /1, /2, /3, /4, /5 and /6.
Proof
Statements Reasons
(i) InAABD <> ACDB
Z4 =/ Alternate angles
BD = BD Common
72=/3 Alternate angles
- AABD = ACDB ASA=AS A
So.AB.DC. AD = BC (Corresponding sides of congruent triangles)
andZ4 = 2C (Corresponding angles of congruent triangles)
(i1) Since
and /1=./4. ... ... (a) Proved




A2=73 (h) Proved
mLlAmL2=mLA4+mL3 From (a) and (b)
or mZADC = mZABC
or JADC = /ABC
and LBAD =m/ZBCD

Proved in (1)
(ii1) In ABOC <>ADOA
BC = AD Proved in (1)
5= /6 Vertical angles
73=.2 Proved
" ABOC = ADOA (AL AS=A AN)
HenceOC = OA,0B = OD (Corresponding sides of congruent triangles)

Example

The bisectors of two angles on the same side of a parallelogram cut each other at right
angles.

Given D o C
A parallelogram ABCD, in which E

AB|| DC,AD| BC

The bisectors of EA and EB cut each other at E. 1 N

To Prove

m./E=90°

Construction:

Name the angles /1 and £ 2 as shown in the figure.
Proof

Statements Reasons

msl+m/2 1
msl = EmLBAD
1
_ l(l 80°) int.angles on thesameside of AB
which cuts Hsegments ADand BC
=90° are supplementary.
Hence in AABE, m/ I = 90° mA+m/2=90° (proved)




Exercise 12.1

Q.1  Prove that the centre of a circle is on the right bisectors of each of its chords.
Given
A, B, C are the three non-collinear points.
Required: To find the centre of the circle passing
through A,B,C

Construction

Join B to C, A take ]?Q is right bisector of AB and RS A

right bisector of BC, they intersect at O.
JoinOto A, OtoB, OtoC.

.. O 1s the centre of circle.

Proof B
Statements Reasons
OB=0C (1) O is the right bisector of BC
OA=O0RB (11) O is the right bisector of AB
OA=0B=0C From (i) and (ii)

Hence is equidistant from the A.B,C

. O 1s center of circle which is required

Q.2  Where will the center of a circle passing through three non-collinear points? And Why?
Given
A.B.C are three non collinear points and circle passing through
these points.
To prove
Find the center of the circle passing through vertices A, B and | ¢ > EX
C. e
Construction
(i) Join B to A and C.

(i)  Take O7 right bisector of BC and take also PR right B>_" "
bisector of AB .

PRand Q7T intersect at point O. joint O to A.B and C. O is the center of the circle.

Proof

@ is right bisector BC
OB=0C ...(J)

PO is right bisector of AB
OA=OB .. (i)

So

OA=0C =OB From (i) and (ii)
. Tt 1s proved that O is the center of the circle.

LS
rd




Q.3  Three village P,Q and R are not on the same line. The people of these villages want to
make a children park at such a place which is equidistant from these three villages.
After fixing the place of children park prove that the park is equidistant from the
three villages.
Given
P,Q.R are three villages not on the same straight line.
To prove
The point equidistant from P,R Q.
Construction
(i) Joint Q to P and R.
(i) Take AB right bisector of PQ and CD right
bisector of QR . ABand CD intersect at O.
(iii) JoinOtoP, Q R
The place of children part at point O.
Proof A
Statements Reasons
OO0 =0R (1) O is on the right bisector of QR
OP = @ (i1) O is on the right bisector of %
OP=0Q =OR (iii) From (i) and (ii)
.. O 1s on the bisector of £P
Hence PO is bisector of /P

O is equidistant from P,Q and R

Theorem 12.1.3

Proof

The right bisectors of the sides of a triangle are
concurrent.

Given

AABC

To prove

The right bisectors of AB, BC and(CA are
concurrent.

Construction

Draw the right bisectors of AB and BC which
meet each other at the point O. Join O to A, B and C.

AP

Statements Reasons

OA=0B > (1) segment is equidistant from its end
points)

OB =0C > (ii) Asin (1)

OA=0C from (i) and (ii)

. Point O is on the right bisector of CA — (iv) | (O is equidistant from A and C)
But point O is on the right bisector of AB and of

(Each point on right bisector of a

Construction

BC

Hence the right bisectors of the three sides of (om () andi)]
triangle are concurrent at O

> (V)




Theorem 12.1.4
Any point on the bisector of an angle is equidistant from its arms.

Given

A point P is onOM , the bisector of ZAOB

To Prove

@ ~PR iePis equidistant from 0A and OB

Construction
Draw PR L 04 and @J_O—B
Proof

Statements Reasons

In APOQ <> APOR

OP = OP Common

ZPO0 = ZPRO Construction

ZPOQ = ZPOR Given

- APOQ = APOR SAA=SAA

Hence @ ~ PR (Corresponding sides of congruent triangles)

Theorem 12.1.5 (Converse of Theorem 12.1.4)
Any point inside an angle, equidistant from its arms, is on
the bisector of it.
Given
Any point P lies inside £40OB, such that

PO = PR, where PO L OB and PR L OA
To prove
Point P is on the bisector of ~AOB

Construction
Join P to O o~

Proof O Q
Statements Reasons

In APOQ <> APOR

ZPO0O = ZPRO Given (Right angles)

PO = PO Common

@ = PR Given

.. APOQ = APOR HS=HS

Hence /POQ=/POR (Corresponding angles of congruent triangles)

i.e, P is on the bisector of ZAOB




Exercise 12.2

Q.1 In a quadrilateral ABCD AB = BC and the right bisectors of EC_D meet each other
at point N. Prove that BN is a bisector of ~ABC

Given
In the quadrilateral ABCD A N B
AB = BC L RN -
NM is right bisector of CD RN - - ’
PN is right bisector of AD p L (N
They meet at N NN
To prove - d RS -
BN 1s the bisector of angle ABC PLs
Construction join N to A,B,C,D 7 a
Proof & M
ND = NA (1) N is an right bisector of AD
ND = NC (i) N is on right bisector of DC
NA=NC (iii) from (i) and (ii)
ABNC <> AANB
NC = NA Already proved (from iii)
AB=CB Given
BN = BN Common
.. ABNA = ABNC §S8585=888
Hence /ABN = /NBC Corresponding angles of congruent triangles
Hence BN is the bisector of £ZABC

Q.2  The bisectors of 24, /B and ZC of a quadrilateral ABCP meet each other at point O.
Prove that the bisector of /P will also pass through the point O.

N C
P
Q- --- Hu
|
A L B

Given

ABCP is quadrilateral. O,%,CO are bisectors of /A4, /B and ~C meet at point O.

To prove

POis bisector of /P
Construction:
Join P to O.

Draw O_QLE, ON L PC and OL L AB, OM L BC



Proof:

Statements Reasons

OM =ON (i) O is on the bisector of £C
OL=O0M (ii) O is on the bisector of £B
OL =00 (iif) O is on the bisector of £4
00 =ON From i, ii, iii

Point O lines on the bisector of £P

-.OPs the bisector of angle P

Q.3  Prove that the right bisector of congruent sides of an isosceles triangle and its altitude
are concurrent. A
Given
AABC

AB=AC due to isosceles triangle PM is right bisector
of AB

ON is right bisector of AC

PM and Q—N intersect each other at point O

Required
The altitude of AABC lies at point O

Join A to O and extend it to cut BC at D.

Proof
mAB = mAC Given
%m@ = %mE Dividing both side by 2
AQ = AP
In AAQO <> AAPO
ZAPO = ZAQO Each 907 (Given)
AQ = AP Already Proved
AO = A0 Common
AAPO = AAQO HS=HS
ZPAO = ZQAO (1) Corresponding angles of congruent triangles
ABAD <> ACAD
AB=AC Given
AD=AD Common




ZBAD = ZCAD Proved from (i)

ABAD = ACAD SAS=SAS

Z0DB = 20DC Each angle is 90” (Given)
m/ODM +m-0ODC =180° Supplementary angle
~AD L BC

Point O lies on altitude AD

Q.4  Prove that the altitudes of a triangle are concurrent.
Given

In AABC

AD,BE,CFareitsaltitiudes

ieAD | BC,BE | AC,CF | AB
Required AD,BE and CF are concurrent

Construction:

Passing through A, B, C take

RQHBC,E”AC and QP”AB respectively forming a APQR

Proof
Statements Reasons
BC ||A—Q Construction
EHQ—C Construction
~ABCQis a |F"
Hence A_Q =BC

Similarly AB =QC
Hence point A 1s midpoint RQ

And AD 1 BC Given
EHE Opposite sides of parallelogram ABCQ
EHR—Q

Thus AD L is right bisector of E

similarly BEis a right bisector of RP and

CFis right bisector of PQ

s E,ﬁ,@ are right bisector of sides of APOR

.. AD,BE and CF are
Concurrent




Theorem12.1.6
The bisectors of the angles of a triangle are concurrent
Given
AABC
To Prove
The bisector of £A, £B, and £C are concurrent
Construction:
Draw the bisectors of /B and /C which intersect at
point I. From I, draw

IF L AB,ID 1 BCandIE LCA
Proof

Statements Reasons

(Any point on bisector of
ID=IF an angle is equidistance
from its arms.

Similarly
ID=1E

. [E=TF Each = ID
So the point I is on the bisector of LA ... (1)

Also the point T is on the bisectors of ~ABC and ~/BCA ... (ii) | Construction

Thus the bisector of ZA, /B and /C are concurrent at | {From (i) and (ii)}




Exercise 12.3

Q.1  Prove that the bisectors of the angles of base of an isosceles triangle intersect each
other on its altitude.

£ \

Given
AABC

AB=AC Due to isosceles triangle
Bisect /B and /C to intersect at point O Join A to D and extend to BC at D AD is the

altitude of AABC AD_LBC
Proof

Statements Reasons

In AABC
AB=AC Given

ZB=/C Due to isosceles triangle opposite angle are congruent
1 1

EmAB = EmLC Dividing both side by 2
/1=.3

AABO <> AACO
AO = A0
AB=AC
BO=CO Given

AABO = AACO Due to isosceles triangle
AABD <> AACD
AD=AD
ZT=/8
AB=AC

AABD = AACD
Z5+/6=180
Z5=,/6=90°
So AD LBC Supplementary angles

AD Passes from point O




Q.2  Prove that the bisectors of two exterior and third interior angle of a triangle are

concurrent
C

Given
AABC

Extertor angles are ZABQ and Z/BAP AT and BS intersect each other at point O therefore join
OtoC

Draw the angle bisecter of C

Z1=/2

Construction

OM L CQ,0LL AB, ON L CP

Proof

Statements Reasons

ON=OL
Hence Angle Bisector of C Comparing equation (i) and (ii)
e /1=.2




Q.1
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

(viii)

Q.2

Q.3
()

(i)

Review Exercise 12

Which of the following are true and which are false?

Bisection means to divide into two equal parts (True)
Right bisection of line segment means to draw perpendicular which passes through the
midpoint of line segment (True)
Any point on the right bisector of a line segment is not equidistant from its end points
(False)
Any point equidistant from the end points of a line segment is on the right bisector of it
(True)
The right bisectors of the sides of a triangle are not concurrent (False)
The bisectors of the angles of a triangle are concurrent (True)
Any point on the bisector of an angle is not equidistant from its arms (False)

Any point inside an angle equidistant from its arms, is on the bisector of it (True)

If CD is right bisector of line segment AB , then

(i) mOA = (ii) mAQ= R T .
Solution ) O
(i) mMOA=mOB
(i) mAQ=mBQ \
Vo

Define the following

Right Bisector of a Line Segment

A—p B

A line / 1s called a right bisector of a line segment if / is perpendicular to the line segment
and passes through its midpoint.

Bisector of an Angle
A ray BP 1s called the bisector of m £ ABC, if P 1s a point in the interior of the angle
and m~ZABP =m./PBC .

C




Q.4

Q.5

Q.6
(i)

The given triangle ABC is equilateral triangle and AD is bisector of angle A, then find,

the values of unknown x°, y* and z°.
Solution

In equilateral triangle all side are equal to each and there angle of the triangle equal to 60°.

So
ZB=z°=60°
AD 1s the bisector of ZA
ZA=60°
.. When angle A is bisected
<° = yo
1
x°=—msA4
2
= l>< 60°
2
x°=30°
yo —3(° ( ¥° = yo)
So x° =) =30°

X

A

R

In the given congruent triangle LMO and LNO find the unknowns x and m given

ALMO = ALNO
mLM = mLN
2x+6=18
2x=18-6
2x=12

5
x = 6 Unit
mMO = mON

S.om = 12 unit

CD is right bisector of the line segment AB

If mAB=6cm then find the mALand mLB
Solution

L is the midpoint of AB

~.mAL =mLB

2x+6

L

m




(ii)

mLB = 3cm ( mAl ~ mm)

If mBD —4cm then find m AD

mAD =mBD ( Any point on the right bisector of a line segment is equidistant from its end
points. )

mﬁ =4

mAD = 4cm



Unit 12: Line Bisectors and Angle Bisectors

Overvie

Right Bisector of a line segment:
Right bisection of a line segment means to draw a perpendicular at the mid-point of line
segment.

Bisector of an angle:
Bisection of an angle means to draw a ray to divide the given angle into two equal parts.

Theorem 12.1.1

Statement:
Any point on the right bisector of a line segment is equidistant L4
from its end points. 4 p

/
Given EA RN
A line LM intersects the line segment AB at the point C Such )/ N
that LM 1 AB and AC = BC . Pisapoint on LM ) Y
To prove AT
PA=PB
Construction
Join P to the point A and B M+
Proof M
Statements Reasons

In AACP <> ABCP

AC =BC Given

LACP = Z/BCP Given PC | E, so that each £ at C =90°

PC = PC Common

S AACP = ABCP S.A.S Postulate

Hence PA = PB (Corresponding sides of congruent triangles)

Theorem 12.1.2 P
{Converse of Theorem12.1. 1}

|

Any point equidistant from the end points of a line segment :
is on the right bisector of it. |
Given :
AB is a line segment. Point P is such that PA = PB |
|




To prove

The point P is the on the right bisector of AB

Construction

Join P to C, the midpoint of AB
Proof

Statements Reasons

In AACP <> ABCP

PA= PR Given

PC =~ PC Common

AC = BC Construction

- AACP = ABCP §85.85=8.S8.S8

ZACP = /BCP (i) Corresponding angles of congruent triangles
But m/ACP +m/BCP =180° ___ (ii) Supplementary angles

. mZACP =m/BCP =90° From (i) and (ii)

ie PCLAB (iii) m/ACP =90° (Proved)
Also CA=CRB (iv) Construction

. PC isa right bisector of AB from (iii) and (iv)

i.e. the point P is on the right bisector of AB




Exercise 13.1

Q.1 Two sides of a triangle measure 10cm and 15 cm which of the following measure
is possible for the third side?

(a) Scm

(b) 20cm

() 25 cm

(d) 30 cm
Solution

Lengths of two sides are 15 and 10 cm.

So, sum of two lengths of triangle = 10 + 15 =25m

10+ 15>20

10+ 20> 15

15+20>10

. 20 cm 1s possible for third side

Or

Sum of length of two sides is always greater than the third sides of a triangle.
Given

Q.2 Point O is interior of AABC
Show that

mOA +mOB +mOC > %(mAB +mBC+ mCA)

Given
Point O is interior of AABC
To prove:

MmOA-+mOB+mOC <%(mAB+mBC+mAC)

Construction

Join O with A, B and C.

So that we get three triangle AOAB , AOBC and AOAC
Proof

Statements Reasons

In AOAB

mOA+~OB > mAB Q) In any triangle the sum of length of two

sides is greater then the third sides.

In AOAC
mOC +mOA > mAC ____ (i) As in (i)
In AOBC
mOB+0C > mBC ____(iii) As in (i)

Adding equation 1, 11 and i1

OA+O0C +OA+OB+OB+0C > AC + AB+ BC
204+20C +20B > AB+ BC +CA
2(0A+0C +OB) > AB+BC +CA




Z(04+0C +0B) N AB+BC +CA
7 2
(OA+OC+OB)>%(E+B—C+C_A)

Dividing both sides by 2

Q.3 1In the AABC m/B = 70° and m/C = 45° which of the sides of the triangle is
longest and which is the shortest.
Solution
Sum of three angle in a triangle is 180°
ZA+ ZB+ ZC =180
ZA+T70+45=180

ZA+115=180
ZA=180-115
ZA=65°

B C
Sides of the triangle depend upon the angles largest angle has

largest opposite side and smallest angle has smallest opposite side here /Bis largest

S0, AC is largest ~C is smallest, so AB is smallest side.

Q.4 Prove that in a right-angled triangle, the hypotenuse is longer than each of the
other two sides.
Solution ‘
Sum of three angles in a triangle is equal to 180°. So in a
triangle one angle will be equal to 90° and rest of two angles
are acute angle (less than 90°)
. mZLy =90
And msx + m£Lz =90
So m/x and m/z are acute angle

00
. Opposite to mLy = 90° is hypotenuse & v
It is largest side.

Q.5 1In the triangular figure AB>ACBDandCD are the bisectors of /B and /C
respectively prove that BD > DC

Given

InAABC

AB > AC

BDand CD are the bisectors of ~/Band /C
To prove

BD > CD

Construction

Label the angles /1, /2, /3 and £4

1‘"\




Proof

Statements Reasons

In AABC

AB> AC

BD is the bisector of ZB
%mLACB > %mLABC

m-ABC
ms2<m/4

CD is the bisector of £C
InABCD
BD > DC

Given

Given

Side opposite to greater angle is greater

Theorem13.1.4

From a point, out side a line, the perpendicular is the shortest distance from the point

to the line.
Given:
A line AB and a point C

¢

(Not lying on AB)and a point D on ABsuch that J/

CD L AB

To ﬂ‘ove o . 8 -
mCD s the shortest distance from the point C to AB Ak D B
Construction

Take a point E on AB Join C and E to form a ACDE

Proof

Statements Reasons

In ACDE
mZCDB > mZCED

But m~/CDB = m~/CDE
. mZCDE > mZCED
Or mZCED < mZCDE

Or mCD <mCE
But E is any point on AB

Hence mCDis the shortest distance from
Cto AB

(An exterior angle of a triangle is greater than non
adjacent interior angle)
Supplement of right angle

Side opposite to greater angle is greater.




Exercise 13.2

In the figure P is any point and AB is a line which of the following is the shortest
distance between the point P and the line AB.

l)

A /@ 60°

o L M N O
(a) mPL (b) mPM (c) mPN (d) mPO
As we know that PN | AB
So PNis the shortest distance

In the figure, P is any point lying away from the line AB. Then mPL will be the
shortest distance if

o [)
<@ >
A L S
(a)m/P ZA=80° (b)msP/B=100° (c)msLPLA=90°
Solution:
m<ZPLA = 90°
PL | AS

PL is the shortest distance
So ZPLA or PLS equal to 90°

In the figure, PL is perpendicular to the line AB and LN >mLM . Prove that

mPN >mPM .

Given
l)

[ ]
N

e
—

M N
PL L AB

mLN >mIM

To proved:

mPN >mPM



Proof
APLM
ZPLM = 90°
.. ZPMN > APLM Exterior angle
ZPMN > 90°
InAPLN
ZPLN = 90°
m/PNL < 90° Acute angle
APMN
m/PMN > m./PNL

~.PN > PM




Q.1
(i)
(i)
(ii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)

Q.2

Q.3

Q.4

Review Exercise 13

Which of the following are true and which are false?

The angle opposite to the longer side is greater. (True)
In a right-angled triangle greater angle is of 60°, (False)
In an isosceles right-angled triangle, angles other than right angle are each of 45°. (True)

A triangle having two congruent sides is called equilateral triangle. (False)
A perpendicular from a point to line is shortest distance. (True)
Perpendicular to line forms an angle of 90°. (True)
A point out side the line is collinear. (False)
Sum of two sides’ of a triangle is greater than the third. (True)
The distance between a line and a point on it is zero. (True)
Triangle can be formed of length 2¢m, 3¢cm and Scm. (False)

What will be angle for shortest distance from an outside point to the line?
The angle for shortest distance trom an outside point to the line is 90° angle.

If 13cm, 12cm and Scm are the length of a triangle, then verify that difference of
measures of any two sides of a triangle is less than the third side.
a=13,b=5,c=12cm
a-b=13-5=8

B

8<c c=12
c-b=12-5=7

7<a

a-c=13-12=1

1<b

This is the process which show the difference of any two sides of a triangle is less then the

measure of the third.

If 10cm, 6cm and 8cm are the length of a triangle, then verify that sum of measures

of two sides of a triangle is greater than the third side.

a=8cm,b=10cm, c¢=6cm C
8+ 10 =18cm > 6¢cm

atb>c

10 +6 =16cm > 8cm b a=8cm
b+c>a

6+ 8 =14cm > 10cm

c+a>b A ¢ =6cm B

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



Q.5

Q.6

3cm, 4cm and 7cm are not the length of the triangle. Give reasons.
a=3cm b = 4cm c¢="7cm

3+4=7

atb=c

b+c>a

4+7>3

cta>b

7+3>4

In a triangle sum of measures of two sides should be greater than the third sides.

If 3cm and 4cm are the length of two sides of a right angle triangle than what should
be the third length of the triangle.

If sum of the squares of two sides of a triangles is equal to the square of the third side then
it 1s called right angled triangle.

So by Pythagoras theorem. C
(AC) = (BCY + (aBY
(AC) = (4)+ (3)

(AC) = 16 + 9 4

(ac )2 = 25
Taking square root on both sides
(AC) =23 A 3 B

AC =5cm
.. Length of third side of right angled triangle 1s Scm.




Unit 13: Sides and An les

Overvie

Theorem 13.1.1
If two sides of a triangle are unequal in length, the longer side has an angle of greater
measure opposite to it.

Given: A
In AABC, mAC > mAB

To prove

mZABC>m/ACB

Construction

On ACtake a point D such that

AD = AB. Join B to D so that AADB is an isosceles triangle. B
Label ~1 and /2 as shown in the given figure.
Proof

Statements Reasons

In AABD
msl =ms2 ... (1) Angles opposite to congruent sides (construction)
In ABCD, mZACB <m./2
e M2 > mSACB (i) (Ap anter'ior a'ngle of a triangle is greater than a non
— adjacent interior angle.)
~ mZ1>m/ACB (1i1) By (1) and (i1)
But nZABC = m/1 + m/DBC Postulate of addition of angles
S mZABC > m/1 (iv)
~ mZABC >m/1 >m/ACB By (111) and (1v)
Hence m~ABC > m/ACB (Transitive property of inequality of real number)
Example 1

Prove that in a scalene triangle, the angle opposite A
to the largest side is of measure greater than 60° .
(i.e., two-third of a right-angle)

Given

In AABC,mA_C > m@,m% >mBC.

To prove

mZB > 60°



Proof

Statements Reasons

In AABC
msB>msC mAC >mAB(given)
ms/B>m/A mAC > mB_C( given)
Butm/A+m/B+m./C =180° ZA, /B, 7C are the angles of AABC
LomLB+mZB+mZB >180° msB>mZC,m<LB > mLA(proved)
60
Hence m/B > 60° e =60°
3
Example 2

In a quadrilateral ABCD, AB is the longest side and CD
is the shortest side. Prove that ABCD>mBAD

Given

In quad. ABCD, AB s the longest side and CDis the
shortest side.

To prove

m/BCD>m/BAD

Construction

Joint A to C.

Name the angles /1, /2, /3 and /4 as shown in the figure.

Proof

Statements Reasons
InA4BC,m/4> /2..(i) mAB >mBC (given)
InAACD,m/3 > A1...(ii) mAD >mCD(given)
SomlA+m3>m 2+ m/l From (i) and (11)
- - BAD |\mZ44+m3=m/BCD
enee m - “\ms2+m A =msBAD

Theorem 13.1.2 (Converse of theorem 13.1.1)

If two angles of a triangle are unequal in measure, the side ¢
opposite to the greater angle is longer than the side opposite to

the smaller angle.

Given:
In AABC, mZA > mZB \
To prove

mBC >mAC



Proof

Statements Reasons

If mBC # mE, then
Either (i) mBC =mAC
Or (ii) mBC <mAC

From (1) if mBC = mAC , then

mZA =m<ZB
Which in not possible
From (i1) if mBC <mAC, then
m/A <m/B
This is also not possible
. mBC #mAC
And mBC#mAC
Thus mBC>mAC

(Trichotomy property of real numbers)

(Angles opposite to congruent sides are congruent)

(The angle opposite to longer side is greater than
angle opposite to smaller side?
Contrary to the given

Trichotomy property of real numbers.

Corollaries

(i) The hypotenuse of a right triangle 1s longer than each of the other two sides.
(ii) In an obtuse angled triangle, the side opposite to the obtuse angle is longer than
each of the other two sides.

Example
ABC is an isosceles triangle with base BC . On BC a point D is taken away from C. 4
line segment through /) cuts AC at L and AB at M. A
prove that mAL>mAM .

Given
InA4ABC,AB = AC

D is a point on BC away from
A line segment through D cuts AC at L and ABat

M.

To Prove
mE>mm
Proof

Statements Reasons

In AABC
ZB=/2.(i)

In AMBD
mZl>m<B...(ii)

somZl>mZ2. (i)

InALCD
ms2>m/3

somZ>mZ3.(v)

AB=AC (given)

(/21sanext. / and A31s its internal opposite /)
From (i) and (i1)

(/1lisanext. / and /3is its internal opposite /)
From (ii1) and (iv)




But m./3 = m44.“(vi) Vertical angles

SomZl>ml4 From (v) and (vi)
Hence mAL > mAM In AAIM ,m/1> m44(proved)

Theorem 13.1.3
The sum of the lengths of any two sides of a triangle 1s greater than the length of third

side. D

iven AAB N ~
Toprove ORI
(i) mAB+mAC >mBC \
(ii) mAB+mBC >mAC NOF
(iii) mBC +mAC > mAB Rt
Construction \
Take a point D on CA such that AD = AB join B to D B
and name the angles /1, £2 as shown in the given figure.
Proof

Statements Reasons

In AABD,
Z1=z22 (1) AD = AB (construction)
msDBC>mA1 (i) m</DBC = m/1 + mZABC
msZDBC>m/2 (i) From (i) and (i1)
In ADBC
mCD > mBC By (iii)
1.e. mAD+mAC >mBC mCD =mAD >mAC
Hence mAB+mAC > mBC mAD = mAB (Construction)
Similarly
mAB+mBC >mAC
And mBC+mCA >mAB

Example 1
Which of the following sets of lengths can be the lengths of the sides of a triangle?
(a) 2cm, 3cm, Scm (b) 3cm, 4cm, Scm, (¢) 2cm, 4cm, 7cm,
(@) v 2+3=5
.". This set of lengths cannot be those of the sides of a triangle.
(b) v34+4>534+5>44+5>3

.". This set can form a triangle
(c)v2+4<7
.". This set of lengths cannot be the sides of a triangle.



Example 2

Prove that the sum of the measures of two sides of a
triangle is greater than twice the measure of the

median which bisects the third side.

Given

In AABC, median AD bisects side BC at D.

To prove \ //
mBC + AC >2mAD. \\ )/
Construction - \[f;
On ﬁ, Takeapoint E,such that DE = AD.
Join (' to £. Name the angles ~1,./2 as shown in the tigure.
Proof
In AABD <> AECD
BD=CD Given
Al=22 Vertical angles
AD =~ ED Construction
AABD = AECD S A S. Postulate
AB=EC. (1) Corresponding sides of =As

mAC +mEC >mAE.. (i) ACE is a triangle

mAC +mAB >mAE..(ii) From (i) and (ii)

Hence mAC +mAB > 2mAD mAE = 2mAD (Construction)
Example 3

Prove that the difference of measures of two sides of a triangle is less than the

measure of the third side.

Given
AABC
To Prove

mAC —mAB <mBC
mBC —mAB <mAC

mBC —mAC <mAB
Proof

A

B C

Statements Reasons

mAB+mBC >mAC
(ﬂﬁfB‘ +mBC—Mf§') >(mE—mE)

. mBC > (AT -m 4B)

ormAC -mAB <mBC...(i)
Similarly

mBC —mAB <mAC

mBC —mAC < mAB}

ABC is a triangle

Subtracting mAB from both sides

a>b=>b<a

Reason similar to (1)




Q.1

(i)

Exercise 14.1

In AABC
DE || BC

If AD=1.5cm BD=3cm
E=1.3cm, then find CE

El
=

BD EC

By substituting the values of AD,BD and AE
So

1.5 1.3

3 EC
EC(1.5)=13x3
13x3

1.5
3.9

Al
®

EC =
1.5

EC=26¢cm

If AD = 2.4cm AE=3.2cm

EC=4.8cm find AB
AD  AE

AR AC

AC = AE+ EC
AC=32+438
AC =8cm

_AD AE
AB AC

24 32

AB 8

2.4 x8=(3.2)AB
D2 s

32

AB =6cm

2.4cm

1.3cm

A

v




(iii)

(iv)

If A=D:§E:4.8cmﬁnd AE
BD 5

AC = AE+ EC
AC=EC + AL
AE=48-FC
AD AE

BD EC

AD AC-EC
BD  EC >

D > E

- 5(48 ~EC)

4 5(%) = 24

(EC)
3(13_) =24 - S(E_C)
(EC)

)

= 24

If AD = 2 4cmAE = 3.2cmDE = 2e¢mBC = 5¢m. Find AB, DB, AC,CE.
AD AE DE

AB 5 5
(2.4)5 = 2(AB)

12.0 _AB

v
i

g

E:6cm >
322

AC 5

16.0 = 2(AC)

8

N

=AC

Al

=8cm



DB=AB- AD
DB=6-24
BD=3.6¢cm
AD AE
4B AC

24 AE

AE =3.2cm
CE=AC-AE
CE=8-32
CE =4.8cm

If AD=4x—3 AE—8x—7

Q.2

BD=3x—1and CE=5x —3 Find the value of x

AD AE

BD EC
By putting the value of AD, AE, BDand CE
4x -3 B 8x—7

3x—1 5x-3
By cross multiplying

(4x -3) (5x-3) = (8x-7) (3x-1)

20x% -12x -15x+9 = 24x? — 8x — 21x +7
20xF —27x +9=24x> —29x + 7
0=24x* - 20x* - 29x + 27x +7 -9

42 - 2x-2=0

22x* —x—1)=0

2_ J— p— 9
2x —-2x+t1Ix—-1=
2

2x(x-1) + 1(x-1)=0
(x-1) 2x+1)=0

x—1=0 2x+1=0
x=1 2x = -1
1
X=——
2

.

Distance is not taken in negative it is always in positive so the value of x = 1.

In AABC is an isosceles triangle /A is vertex angle and DE intersects the sides

AB and AC as shown in the figure so that

mAD : mDB = mAE : mEC
Prove that AADE is also an isosceles triangle.




Q.3

Given: -
AABC is an isosceles triangle, <A is vertex and DFE

intersects the sides ABand AC .

AB=AC (Given)

In an equilateral triangle ABC shown in the figure mAE:mAC=mAD:mAB find

all the three angles of AADE and name it also.

Given

AABC i1s equilateral triangle A

To prove '

To find the angles of AADE

Solution:

mAE mAD

mAC mAB o/ N\,
All angles are equal as it is an equilateral triangle which
are equal to 60° each

ZA=/B=./C

mBC||mDE

ZADE = ZABC = 60°

ZAED = ZACB = 60°

ZA=60°

AADE is an equilateral triangle




Q.4  Prove that line segment drawn through the midpoint of one side of a triangle and
parallel to another side bisect the third side

In theorem it is already discussed that
AD AE

BD EC

As we know AD=BDorBD=AD

Q.5  Prove that the line segment joining the midpoint of any two sides of a triangle is
parallel to the third side A
Given

AABC the midpoint of AB and AC are L and
M respectively
To Prove

- - 1_
LM||BC and mLMZEBC

Construction
Join M to L and produce ML to N such that
ML=LN
Join N to B and in the figure name the angles
/1,22, and /3
Proof
ABLN < AALM
BL = AL Given
22=Zlor Z1=/2 Vertical angles
NL = ML Construction
.. ABLN = AALM Corresponding angle of congruent triangles Given
L LA=/3
And NB=AM
NB||AM




ML =AM Given

BCMN is parallelogram
.. BC||[LMor BC||NL

BC=NM (Opposite side of parallelogram BCMN)

1
mLM:E mNM (Opposite side of parallelogram)

Hence mLM= % mB—C

Theorem 14.1.3

\
The internal bisector of an angle of a triangle divides the /5
sides opposite to it in the ratio of the lengths of the sides s

I
|
|
I

containing the angle.
Given

In AABC internal angle bisector of /A meets CB at the A ﬁ

points D.
To prove

mBD . mDC =mAB:mAC
Construction

Draw a line segment BE||DA to meet CA Produced at E

Proof
Statements Reasons

+AD||EB and EC intersect them Construction
msl=ms2........ .. (i) Corresponding angles
Again EH@ and AB intersects them

LmZ3=ms4 (i1) Alternate angles
But m/1 =m./3 Given

ms2 =ms4 From (1) and (i1)

And AB= AEor AE = AB

Now AD| EB
mBD  mEA
"mDC mAC
mBD mAB
or =
mDC mAC

Thus mBD - mDC=mAB:AC

In a A, the sides opposite to congruent angles
are also congruent

Construction

A line parallel to one side of a triangle and
intersecting the other two sides divides them
proportionally.

mEA =mAB (proved)




Theorem 14.1.4
If two triangles are similar, then the measures of their corresponding sides are
proportional

A

B C
Given
AABC ~ ADEF
e ZA= /D, /B=/E and £C= /F
To Prove

mAB mAC mBC

mDE mﬁ mﬁ
Construction

(I) Suppose that mAB >mDE

(IT) mAB<mDE
On AB take a point L such that mAL=mDE

On AC take a point M such that mAM=mDF

Join L and M by the line segment LM
Proof

Statements Reasons

In AALM<«> ADEF

ZA=/D Given
AL=DE Construction
AM=DF Construction
Thus AALM = ADEF S.A.S Postulate
And AL = ZE, /M = /LF (Corresponding angles of congruent triangles)
Now /E= /B and /F = /C Given
L /ZLl=/B, A M= /C Transitivity of congruence
Thus LM ||BC Corresponding angles are equal
— — A line parallel to one side of a triangle and
Hence m& = mAi/I intersecting the other two sides divides them
mAB - mAC proportionally.

DE DF : — = — :

or 22 -2 (1) mAL=mDEand mAM=mDF (Construction)
mAB mAC

Similarly by intercepting segments on
BA and BC , we can prove that
mDE ~ mEF




mDE _mDF _mEF
mAB mAC mBC

I’I’IE . l’l’lA—C . mﬁ

mDE mDF mEF

If mAB=mDE

Then in AABC <> ADEF

(1) If mAB <mDE, it can similarly be
proved by taking intercepts on the sides of
ADEF

A= /D

/B=/E

And AB=DE

So A ABC = ADEF ASA=ZASA
mAB mAC mBC
mDE - mDF N mEF N
Hence the result is true for all the cases.

Thus By (i) and (ii)

Or By taking reciprocals

Thus 1 AC=DF, BC=z=EF




Q.1

Q.2

Exercise 14.2

In AABC as shown in the figure CD bisects 2C and meets AB at D.mBD is equal

to

(a) S (b) 16 (¢) 10
mﬁ_mﬁ

m_D—A_mC—A

BD 10

6 12

5o M0 £ wm 10x6 50

orBD= LA

V., 2 v

BD=5

In AABC shown in the figure CD bisects ~C. If mA_C:3, CB=6 andmAB=7

then find mADand DB
AB=AD+BD
AD=AB-BD
AD=7-x

mAD _mA—C

mBD mCB

(d) 18

A4




Q.3

Show that in any corresponding of two triangles if two angles of one triangle are

congruent to the corresponding angles of the other, then the triangle are similar

o
AABC and A DEF /
/B=/E y

/C=/F

To Prove

AABC = ADEF

Proof

Statements Reasons

ZA+ B+ £C=180° Sume of three angles of a triangle = 180°

D+ ZE +/F = 180

ZA=/D

/B=/E

ZC=/F

Hence A ABC = ADEF

Q.4 If line segment AB and CD are intersecting at point X and mA_X = mC_X then

mXB mXD

show that AAXC and ABXD are similar C B
Given

Line segment AB and CD intersect at X
mAX  mCX

mXB  mXD
To Prove
ACXA and ADXB are similar A D
Proof ____
A=X = C=X Given
XB XD
Ll=/2
A_C| |ﬁ Vertical angles
ZA=msB
m/C=m/D Alternate angles
Hence proved the triangle are similar




Review Exercise 14

Q.1  Which of the following are true which are false?

(i) Congruent triangles are of same size and shape. (True)
(i) Similar triangles are of same shape but different sizes. (True)
(iii)  Symbol used for congruent is ‘~’ (False)
(iv)  Symbol used for similarity is * =’ (False)
v) Congruent triangle are similar (True)
(vi)  Similar triangles are congruent (False)
(vii) A line segment has only one midpoint (True)
(viii) One and only one line can be drawn through two points (True)
(ix)  Propertion is non equality of two ratio (False)
(x)  Ratio has no unit (True)

Q.2  Define the following
(i) Ratio

: : L a
The ratio between two a like quantities is defined as a: b= 7 where a and are the elements of

the ratio.
(i)  Proportion
Proportion is defined as the equality of two ratioi,ea:b=c:d
(iif)  Congruent Triangles
Two triangles are said to be congruent (symbols =) if there emits a corresponding betweet
them such that all the corresponding sides and angles are congruent.
(iv)  Similar Triangles

If two triangles are similar then the measures of their corresponding sides are proportional.

Q.3 In ALMN shown in the figure M—N||E
(i) If mLM = 5¢m, mLP=2.5¢cm
mLQ = 2.3 c¢m then find LN N
miP  mLQ
mLM mLN
25 23
5 LN
(2.5) LN =5x2.3
IN=2
2.5
LN =4 .6cm

M N



(i)

Q.4

If mLM = 6cm, mLQ =2.5¢cm
mQN = 5cm then find
mLP

mLP mLQ
mm_mm
LP 25

6 LN
LN=LQ+QN
IN=25+5
LN=7.5cm
LP 25

6 75

M N

In the show figure let mPA =8x — 7 mPB = 4x — 3 mAQ=>5x—3

mBR =3x —1 find the value of x if AB||QR

mPA  mBP

mAQ "~ mBR

8x—=T7 4x-3
5x—3 3x-1

By cross multiplying

(8x—7)(3x—1) =(4x—3)(5x-3)
24x% —8x —21x+7=20x" —12x —15x+9

24x* —29x+7=20x" -27x+9

24x” —20x" —29x+27x+7-9=0

4y’ —2x-2=0

4x* —4x+2x-2=0
4x(x—1)+2(x—1):O
(x—l)(4x+2):O
x—1=0

x=1

4x+2=0

4x=-2

-
A




-1
X=—

2

Length 1s always taken as positive not negative so value of x = 1

In ALMN Shown in figure LA bisects ZL. If mLN=4m mLM =6cmmMN =8 then find
mMA and mAN
mMA  mLM
mAN  mLN
MA = x
AN =8-x

X 6

8_x 4 6
4y = 6(8—x)

4dx =48 — 6x
dx+6x =48
10x =48
M s [A N
48
X=— . v .
10 - 1 i
x=48cm
mm:4.8(:m
MN = MA+ AN
8=48+ AN
8—48=AN
EV:&Zcm

In Isosceles APQR Shown in the figure, find the value of x and y

As we know that it is isosceles triangle
P

So
PQ=RP 10cm .
10=x
Or
M
x = 10cm Q 6em y R




PM | QR

So it bisects the side and bisects the angle also

y=6cm



Unit 14: Ratio and Proportion

Overvie

Theorem 14.1.1

A line parallel to one side of a triangle and intersecting the other two sides divides
them proportionally.

Given:

In AABC, the line 7 is intersecting the sides AC
and AB at points E and D respectively such that
ED||CB

To Prove

mAD:DB=mAE:mEC

Construction:

Join B to E and C to D .From D draw DM LAC

and from E draw EL | AB C
Proof -
Statements Reasons

In triangles BED and AED, EL is the
common perpendicular

. Area of ABED = %xm@xmﬁ ....... (i) Area ofa A :% (base)(height)

andArea of AAED = %x mAD xmEL....... (ii)

Thus Area of iﬁg - m% ........ (iii) Dividing (i) by (if)
m
Similarly

Area of ACDE _ mEC
Area of AADE mAE

(Areas of triangles with common base and
But ABED = ACDE same altitudes are equal. Given thatﬁ)H@,
so altitudes are equal).

. From (iii) and (iv) We have
mDB  mIC

wD AL
mA_D = mA_E Taking reciprocal of both sides.
mDB  mEC

Hence mAD : mDB = mAE - mEC




Theorem: 14.1.2 Converse of Theorem 14.1.1
If a line segment intersects the two sides of a triangle in the same ratio, then it is
parallel to the third side.
Given

In AABC, ED intersect AB and AC such that

mAD : DB =mALE - mEC
To Prove

ED|CB
Construction
If ED/J/(CB then draw BF||DE to meet AC

Produced at F
Proof

Statements Reasons

In AABF

DE I BF Construction
- — (A line parallel to one side of a triangle divides
mA_D = mA_E .......... (1) the other two sides proportionally Theorem
mDB  mEF 14.1.1)
puAL _mAL G Given
mDB mlC
mA_E = mA_E From (1) and (i1)
mEEF mEC
or mEI =mEC,
\Tvllltlﬁ g possible only if point F is coincident (Property of real numbers)

.. Our supposition is wrong
Hence ED||CB




Exercise 15

Q.1 Verify that the As having
the following measures of sides are
right-angled to verify weather the As are
right angled or not we use Pythagoras
Theorem

(Hypotenuse)? = (base)* + (Perpendicular)?

(i) a=>5cm
b=12cm
¢ = 13cm
a’=25cm?
b? = 144cm?
¢ = 169cm?
Larger Size 1s Hypotenuse So
169 =25+ 144
169 =169
LHS=RHS
So it 1s right angled triangle

(ii) a=1.5cm
b=2cm
¢c=2.5cm
a’?=225cm?
b? = 4cm?
c?=6.25
625=225+4
6.25=6.25
LHS=RHS
So it is right-angled triangle

(iif) a=9m
b=12cm
¢c=15cm
a’ = 8lcm?
b? = 144cm?
¢ =225cm?
225c¢m? = 8.1cm + 144cm
225¢m? = 225¢m?
LHS=RHS
So it is right angled triangle

(iv) a=1l6cm
b =30cm
¢ = 34cm
a? = 256cm?
b% =900cm
c? = 1156cm?

1156 =256 + 900

1156 =1156
LHS=RHS

It is right angled triangle

Q.2  Verify that a’ +b°,a” — b and
2ab are the measures of the sides of a
right angled Triangle where a and b are

any two real numbers (a >b)
Let a=zand b=1

@’ +b>=(2) +(1) =4+1=5
a’—b=(2) (1) =4-1=3
2ab=2(2)(1)=4

Since a” + b’is the largest side so
a” + b will be hypote;nuse

A 2ab C
So

(4B) =(4C) +(BC)
(a2 + bz)2 = (Zab)2 +(a2 —b2)2

a*+bt +2a°b* = da’h* +at + b7 - 2a°h?

a'+b*+2a’h’ =a’ +b" +2a’b’
LHS=RHS
It is proved that it is a right angled triangle

Q.3  The three sides of a triangle are
of measure 8, x and 17 respectively. For
what value of x will it become base of
right angled triangle by Pythagoras

theorem
B

7

8




() - +(AC)

(17) = (x) +(8)

289 = x> + 64

289 — 64 = x?

x? =225

Taking square root both side

Ja? =225

x=15

Q.4 In an isosceles A the base
BC =28cm and
AB=AC =50cm

(i)

If AD 1 BC then find

28¢cm

Length of AD

Solution:
AD 1 BC
So BD=CD

l— 1
—BC =— (28
5 @8

2500 =(14)" +(AD)
—_2
2500 :196+(AD)

2500—196 :(AD)

(E)2 _ 2304

Taking square root on both side
(E)2 ~ /2304

AD =48cm

(ii) Areaof A ABC
Area of A ABC = % (base)
(height)
1
=— (28) (48
5 (28)(48)

=(14) (48)
=672 cm?

Q.5 In a quadrilateral ABCD the

diagonals AC and BD are
perpendicular to each other.
Prove that

(4) +(cp) (D) +(5c)

A O/ )

() ~(B) +(@7) 0

?jS)C ~(3B) +(@0) i
?;()); ~(3B) +(0C) ——> i
N —

By adding (i) and (iii)
()" (@) ~(aB)" () +(@] +(ac) ()
By adding (i1) and (iv)
(A0 () 08 () (] +(0 ()

By comparing v and vi



(4B) +(cD) =(4D) +(BC)

Hence proved

Q.6 the AABC as shown in the figure
m/ACB=90° and CD | AB find the
length a, h and b if mBD =35 units and
mAD = 7 units

(i)

h

A b C
AACB

(7+5) =(b) +(a)

a’+b* =(12)

a +b’ =144 (i)

AADC

(B) =(7)"+(h)

b*—h* =49 (i)

ACDB

a’ = (5)2 + (h)2

a —h =25 (1ii)

Subtracting 11 from 1ii
a— =25

+h F J = +49
a’—-b*=-24

a —b=-24 (iv)

Adding equation I and [V

o+ B =144
a - ) =24

2a° =120
2a%* =120 Prime

60 factor
a’ = 120 2%x2x%15 60

()

z 2 130

2 _

a*=4x15
Taking square root both side

(i)

(ii)

Ja* = Jax15
a:Z\/G

Putting the value of a in equation

2
(2J1_5) +bP=144
Prime factor
4x15+b* =144

60 + b* = 144 2 | o4
b* =144 —60 221 ‘2‘?
b’ =84

i ]
b =4x21

2x2x21

4% 21

Taking square root both side

b* =+4x21
h=221

Putting the value of b in equation

(2\5)2 _h? =49

4x21-49=h

h* =84 —49

W =35

Taking square root both side

Jh* =35
h=+/35

Find the value of x in the shown

figure
From AADC

() (0] + ()

[3cm

B X D S5¢m C
(13) =(5)" +(4D)
169 = 25 + (E)
—\2
169-25 :(AD)

(AD) =144



Taking square root both side Q.8 Aladder 17m long rests against a

[——\2 vertical wall. The foot of the ladder is

(AD) - V(144) 8m away from the base of thewall. How
AD =12 high up the wall will the ladder reach?
From A ADB By Path agoras

C

(4B) =(BD) +(4D)
(15) =" +(12)

ladder
> wall

225=x"+144
225-144 = x’
x* =81
Taking square on both side £ - H
ase
‘/x_z - \/ﬁ 8m
x=9 —\2 —\2 —\2
(4C) =(4B) +(BC)
2 I G
17) =(8)" +(BC
Q.7 A plane is at a height of 300m ( ) ( ) ( )
and is S00m away from the airport as 289 — 64 + (}_[f)2
shown in the figure How much distance
will it travel to land at the airport? 284 64 — ( BC)2
AABC is right angle triangle .
(AB) =(BC) +(AC) (BC) =225
(E)Z _ (500)2 . (300)2 Taking square root on both side
—_—2
A (BC) =225
BC =15m
The height of wall = BC =15m
300m
— _ Q.9 A student travels to his school by
A i]?p ort 200m ¢ the route as shown in the figure.
1B 2 50000 + 90000 Find mAD , the direct distance
( B) B * from his house to school.
(E)Z — 340000 Solution: .
) As we know that in rectangular opposite
(E) — 10000 x 34 sides are equal so
Taking square root on both side School <D
—_2
(4B) =+10000x34
Bus stop '
AB = IOOJﬁm B (w}>m

House




School

D
3 J‘;
Bus Stop B okni C

A B
___ House
AB =CFE =2km
BC = AE = 6km
DE=DC+CE
. We get triangle
A ADF which is right angled

triangle

Taking square root on both side
(4D) = el

AD =61km



Q.1
(i)

(i)
(iii)
(iv)

W)
(vi)

Q.2
(i)

(i)

(iii)

Review Exercise 15

Which of the following are true and which are false

In a right angled triangle greater angle is of 90° (True)

In a right angled triangle right angle is of 60° (False)

In a right triangle hypotenuse is a side opposite to right angle (True)

If a,b,c are sides of right angled triangle with ¢ as longer side then ¢

c=a’ +b (True)

If 3cm and 4cm are two sides of a right angled triangle, the hypotenuse is Scm (True)

If hypotenuse of an isosceles right triangle is /2 c¢m then each of other side is of length 2c1
(False)

Find the unknown value in each of the following figures.

By Path agoras theorem

(Hypotenuse)® = (Base)* + (Perpendicular)®
(0 =3y  +@)

¥ =9 + 16

¥ =25

Taking square root on both side

Vit =425

x=5cm

By Pythagoras theorem
(Hypotenuse)2 = (Base)2 + (Pelrpendicular)2

(10)" = ()" +(6)

100 =x"+36
100-36=x" 6em 10cm
x’ =64

Taking square root on both side

x=8cm

By Pythagoras theorem

(Hypotenuse)2 = (Base)2 + (Perpendicular)2

2

(13)" =(5) +(x

S

169 =25+ x*

X 13c¢m
169-25=x"
x* =144

5¢m

Taking square root on both side



x=12cm

(iv) By Path agoras theorem

(Hypotenuse)” = (base)” +(Perpendicular)’ X

(V2) =) +(x)

2=1+x?
2-1=x2
=1

Taking square root on both side

Jer =41

x=lcm



Unit 15: Pythagoras Theorem

Theorem 15.1.1
In a right angled triangle, the square of the length of hypotenuse is equal to the sum of
the squares of the lengths of the other two sides

C
b
h
a
@ b
D X A D h C
(ii)-e (ii)-b

Given

A ACB is a right angled triangle in which mZC = 90° and mBC=a, mAC =b and
mAB =c

To prove

c2=a’+b?

Construction

Draw CD perpendicular from C on AB

LetmCD=h, mAD=x and m@:y. Line segment CD splits AABC into
two As ADC and BDC which are separately shown in the figures

(i1) —a and (i1) —b respectively

Proof (using similar As)

Statements Reasons

In A ADC < A ACB Refer to figure (ii)-a and (1)

JA= A Common — Self Congruent

ZADC = ZACB Construction- given each angle = 90°
ZC= /B ZC and ZB complements of £A




.AADC ~ AACB Congruency of three angles
x b (Measures of corresponding sides of similar triangles
b o are proportional)
2
or x= L (1)
c
Again in ABDC < ABCA Refer to figure (ii)-b and (1)
/B= /B Common — self Congruent
ZBDC = ZBCA Construction — given each angle = 90°
ZC=ZA ZC and ZA complements of /B
.. ABDC ~ ABCA Congruency of three angles
a (Corresponding sides of similar triangles are
a ¢ proportional)
2
ory=2 (i)
c
Buty+x=c Supposition
2 2
JAELY By (i) and (ii)
c c
ora’ +b’=¢’ Multiplying both side by ¢
i-e ¢’ =a’ +b’

Theorem 15.1.2 Converse of Pythagoras Theorem 15.1.1

If the Square of one side of a triangle is equal to the sum of the square of the other two

sides then the triangle is a right angled triangle

Given
L L L B
In a AABC , mAB=c,mBC =a,mAC =b o
’
Such thata® + b*> = ¢* g
’ a C
To prove /
#
AACB is a right angled triangle > g
Construction D'i = = i C 7

S - b b
Draw CD perpendicular to BC Such that



CD=CA . Join the points B and D

Proof
Statements Reasons

ADCB is a right angled triangle Construction

—\2
(mBD) —a’+b’ Pythagoras theorem
But a’+b* =¢’ Given

2
- (mBD) =¢’
or mBD =¢ Taking Square root on both sides

Now in ADCB «— AACB

CD= CA Construction

BC = BC Common

DB= AB Each side =c¢

~ADCB=A ACB SSS=S8SSS

- ADCB = /ACB (Corresponding angles of congruent
triangle)

But m/ DCB = 90° Construction

~.ms ACB =90°

Hence the A ACB is a Right angled triangle




Exercise 16.1

Q.1  Show that the line segment joining the midpoint of opposite sides of a
parallelogram divides it into two equal parallelograms.

Given D M ¢
ABCD is a parallelogram. L is the
midpoint of 4B and M is the
midpoint of DC
A L B

To prove

Area of parallelogram ALMD = area of
parallelogram LBCM.

Proof

Statements Reasons
E"D_C Opposite sides of parallelogram
ABCD.

AL=1LB .. (i) L is midpoint of AB

The parallelograms ALMD and LBCM are on equal | From equation (1)
bases and between the same parallel lines AB and
DC

Hence area of parallelogram ALMD~= area of They have equal areas
parallelogram LBCM.,

Q.2 In a parallelogram ABCD, m A5 =10cm the altitudes Corresponding to Sides AB
and AD are respectively 7cm and 8cm Find AD
AB =10 cm
DH = 7cm
MB =8cm
AD =?
Formula

Area of parallelogram = base x altitude
AB x DH = AD x IB
10x7 = AD x8

35
JLZA—

314
3 _ b
4
D=2
Or

AD =8.75c¢cm



Q.3 If two parallelograms of equal areas have the same or equal bases, their altitude

are equal
D C P O

A O B Mo Q N
In parallelogram opposite side and opponents angles are Congruent.
Given
Parallelogram ABCD and parallelogram MNOP
OD is altitude of parallelogram ABCD
PQ is altitude of parallelogram MNOP

Area of ABCD |*" = Area of MNOP |

To prove
mOD =m PQ

Proof

Statements Reasons

Area of parallelogram ABCD= Given
Area of parallelogram MNOP
Area of parallelogram= base x height Given

«0OD = @ Proved

0D = PQ

Theorem 16.1.3
Triangle on the same base and of the same (i.e...equal) altitudes are equal in area

Given M A D
A’s ABC , DBC on the

Same base BC and
having equal altitudes

To prove
Area of (AABC) = area
of (ADBC)




Construction:
Draw WII toC_A,CTVII to BD meeting AD produced in M.N.
Proof

Statements Reasons

AABC and ADBC are between the same ||° Their altitudes are equal

Hence MADN is parallel to BC

.. Area Hgm (BCAM)= Area Hgm (BCND) These Hgm are on the same base

But AABC= % Hgm (BCAM)----- (ii) BC and between the same HS

1 i m

And ADBC=_ [ (BCND)-——(iii) Each diagonal of a [}

Hence area (AABC) = Area( ADBC) Bisects it into two congruent triangles
From (i) (ii) and (iii)

Theorem 16.1.4

X A D Y
Triangles on equal bases and of equal altitudes are equal in
B CE F

area.

Given

As ABC, DEF on equal bases BC , EF and having altitudes equal
To prove
Area (AABC) = Area ( ADEF)

Construction:

Place the As ABC and DEF so that their equal bases BC and EF are in the same

straight line BCEF and their vertices on the same side of it .Draw BX ”C_A and FY

HE meeting AD produced in X, Y respectively

Proof

Statements Reasons

AABC, ADEF are between the same parallels Their altitudes are equal (given)




- XADY is ||gm to BCEF

These ”gm are on equal bases and between
c.area Hgm (BCAX) = A area Hgm (EFYD)----(1)
the same parallels

But AABCZ% [ (BCAX)----(ii) Diagonal of a [[*" bisect it

And area ofADEFz% area of |*" (EFYD)__(iii)

-.area (AABC) = area (ADEF) From (1),(i1)and(ii1)




Exercise 16.2

Q.1

Show that L0 A P

v

Given
AABC,O is the mid point of N

BC
OF = OC /N /N /N

To prove
Area AABO =area AACO
Construction B O C

Draw D_E||§
CP||0A
BO||04
Proof

Statements Reasons

E I OA Construction
OB || AQ Construction
”gm BOAQ Base of same
[ coar Parallel line of DE

OB =0C O 1s the mid point of BC
Area of |*" BOAQ= Area of ||*" COAP . (i)

A\

1
Area of AABO = 5 Area of ”gm BOAQ

1
Area of AACO = EArea of Hgm COAP

Area of AABO = Area of AACO Dividing equation (i) both side by (i1)
So median of a triangle divides it into two triangles of equal area.

Q.2  Prove that a parallelogram is divided by its diagonals into four triangles of equal area.

Given: D .

In parallelogram ABCD, AC and BD are its diagonals,

which meet at |

To prove:

Triangles ABI, BCI CDI and ADI have equal areas.

Proof: !

Triangles ABC and ABD have the same base AB and

are between the same parallel lines ABand DC .they A , B

have equal areas.
Or area of AABC =area of A ABD



Q.3

Or area of A ABI + area of A BCI= area of A ABI+ area of A ADI
= Area of ABCI = area of A ADI ... (i)

Similarly area of A ABC = area of ABCD

— Area of A ABI +area of A BCI = area of A BCI + area of A CDI
— Area of A ABI=area of ACDI... (i1)

As diagonals of a parallelogram bisect each other I is the midpoint of AC so Blis a
median of A ABC
. Area of A ABI = area of ABCI... (iii)
ACDI = AAOT
BI = DI
Area of A ABI = area of A BCI = area of A CDI= area of A ADI

Divide a triangle into six equal triangular parts
Given

AABC

To prove

To divide AABC into six equal part triangular parts
Construction

Take BP any ray making an acute angle with BC draw six arcs of the same radius on
BP i.e mBd =mde =mef =mfz = mgh = mhc
Join ¢ to C and parallel line segments as

e
Join A to O,E.F,G,H

Proof

Base BC of AABC has been divided to six equal parts.
We get six triangles having equal base and same altitude

Their area 1s equal
Hence ABOA=AOEA=AEFA=AFGA=AGHA=AHCA

CllhH

j<(€}




Review Exercise 16

Q.1  Which of the following are true and which are false?

(i) Area of a figure means region enclosed by bounding lines of closed figures. (True)
(ii) Similar figures have same area. (False)
(iii)  Congruent figures have same area. (True)
(iv) A diagonal of a parallelogram divides it into two non-congruent triangles. (False)
(v) Altitude of a triangle means perpendicular from vertex to the opposite side (base). (True)
(vi)  Area of a parallelogram is equal to the product of base and height. (True)

Q.2  Find the area of the following.

(i)

Given
Length of rectangle = ¢ = 3cm
Width of rectangle = w = 6¢cm 3em
Required:
Area of rectangle =? 6cm
Solution:
Area of rectangle = length x width

=3cm x 6cm
— Area of rectangle = 18 ¢m’

(i)

Given

Length of square = £=4cm 4cm

Required:

Area of square =?

Solution:

Area of square = £ x £

= /?

= (4cm)?

—> Area of square = 16¢cm?

(iii)

8cem

Given

Height of parallelogram = 4cm

Base of parallelogram = 8cm dem

Required:

Area of parallelogram = ?
Solution:
Area of parallelogram =b x h

= 8cm x 4cm



—> area of parallelogram = 32 cm?

(iv)
Given:
Height of triangle =h =10 m
Base of triangle = b = 16cm
Required:

10cm

Area of triangle =?

Solution:

Area of triangle = %X bxh

= ix g,lzgcmxlOcm

z

=8cm x 10 cm
=80cm?

Q.3  Define the following

(i) Area of a figure
The region enclosed by the bounding lines of a closed figure is known as area of the figure.

(ii) Triangular Region
A triangular region is the union of a triangle and its interior i-e three line segments forming

the triangle and its interior

(iii)  Rectangular Region
A rectangular region is the union of a rectangle and its interior. A rectangular region can be

divided into two or more than two triangular regions in many ways.

(iv)  Altitude or Height



If one side of a triangle is taken as its base, the perpendicular distance form one vertex

opposite side 1s called altitude of triangle. AD s its altitude.
A

|_
D

C



Unit 16: Theorems Related With Area

Overvie

Theorem 16.1.1

Parallelograms on the same base and between the same parallel lines (or of the same

altitude) are equal in area
Given

Two parallelograms ABCD and ABEF having

the same base AB between the same parallel

lines AB and DE

To prove

Area of parallelogram ABCD=area of
parallelogram ABEF

Proof

F D E C

Statements
Area of (parallelogram ABCD) =
Area of (Quad. ABED) + Area of (A CBE) ... (1)

Area of (parallelogram ABEF)
= Area of (Quad. ABED) + Area of (ADAF) ... (2)

In As CBE and DAF

mCB =m DA

mBE =m AF

m ~/ CBE =m £/ DAF

A CBE =z ADAF

Area of (A CBE)= area of (ADAF)... (3)

Hence area of (Parallelogram ABCD) = area of
(parallelogram ABEF)

RGERIIN

[Area addition axiom]
[Area addition axiom]

[opposite sides of a Parallelogram]
[opposite sides of a Parallelogram]
"+ 5. FE |

[S.A.S Cong.axiom]

[Cong. Area axiom]

From (1),(2) and (3)

Theorem 16.1.2

Parallelograms on equal bases and having the same (or equal) altitude area equal in

area.
Given :

Parallelogram ABCD, EFGH are on equal base BC,

FG having equal altitudes

To prove
Area of (Parallelogram ABCD)= area of
(parallelogram EFGH)

A D




Construction
Place the parallelogram ABCD and EFGH So that their equal bases BC,FG are in

the straight line BCFG. Join BE and CH
Proof

Statements Reasons

The give 11™® ABCD and EFGH are between the same

parallels

Hence ADEH is a straight line H to BC Their altitudes are equal (given)
" mBC =mFG=mLH

Now m BC =m EH and they are || Given

. BE and CH are both equal and H EFGH is a parallelogram

Hence EBCH is a Parallelogram
A quadrilateral with two opposite
side congruent and parallel is a
parallelogram

Now "gm ABCD = Hgm EBCH —(i) Being on the same base BC and
between the same parallels

But Hgm EBCH = Hgm EFGH - (ii) Being on the same base EH and
between the same parallels

Hence area Hgm (ABCD)= Area Hgm (EFGH) From (i) and (ii)




iil.

Exercise 17.1

v.

Q.1  Construct a AABC in which

(i)  mAB=32cm mBC=42cm mCA=52cm (iii)
c

N
5. 4.2cm
A 3.2cm B )
i. Draw a line segment mAB =3 .2cm il
ii. Taking A as centre draw an arc of
radius 5.2cm. iii.
iii. Taking B as centre draw an arc of

radius 4.2cm to cut at point C.
iv. Join C to A and C to B.
Thus A4ABC is the required triangle.

iv.

(i)  mAB=42cm mBC=3%m mCA=36cm (i)

3.6cm 3.9¢m

A 4.2¢m B
i. Draw a line segment
mAB = 4.2cm I
. il
il Taking A as centre draw an arc

of radius 3.6¢cm.

Taking B as centre draw an arc of
radius 3.9cm to cut at point C.
Join C to A and C to B.

Thus A4BC 1s the required triangle.

mAB =4.8cm mBC =3.7cn m/B=60

3.7¢m

A 4.8cm B
Draw a line segment mAB =4.8cm .
Taking B as centre draw an angle
of 60°.

Taking B as centre draw an arc of
radius 3.7cm cutting terminal side
of 60°at C.

Join C to A.

Thus AABC is the required triangle.

m 3em mAC=32cm m/A=45

AT [

A 3cm B

Draw a line segment mAB =3cm .

Taking A as centre draw an angle of
45°,



iil.

v.

il

iil.

v.

(vi)

i

Taking A as centre draw an arc of
radius 3.2cm to cut the terminal
side of angle at C.

Join C to B.

Thus AABC is the required triangle.

mBC =4.2cm mCA=35an m/C =75

B 4.2cm C
Draw a line segment mBC =4.2cm.
Taking C as centre draw an angle
of 75°.
Taking C as centre draw an arc of
radius 3.5cm.
Cutting the terminal side of angle
at A.
Join A to B.
Thus AABC is the required triangle.

mAB=25am m/A=30 m/B=105

A 25¢cm B

Draw a line segment mAB =2.5cm .

il

il

iv.

(vii)

il
iii.

iv.

Q.2

(i)

Taking A as centre draw an angle of
30°,

Taking B as centre draw an angle of
105°.

Terminal sides of these two angles
meet at C.

Thus AABC 1s the required triangle.

mAB =3.6cm m/A=75 m/B=45

A 3.6cm B
Draw a line segment mAB =3.6cm .

Taking A as centre draw an angle
of 75°.

Taking B as centre draw an angle
of 45°,

Terminal sides of these two angles
meet at point C.

Thus AAB(C 1s the required triangle.

Construct a AXYZ in which

mYZ =T7.6cm mXY =6.1cm msX =90°

X 6.1em Y



il.

iil.

iv.

(ii)

il.

iil.

iv.

(iii)

Draw a line segment mXY =6.1cm.

Taking X as Centre draw an angle of
90°,

Taking Y as Centre draw an arc of
radius 7.6¢cm to cut terminal sides
of angle at Z.

Join Y to Z.

Thus AXYZ is the required triangle.

mZX =6.4cm mYZ =2.4cm m/Y =00

N/

/(/

Y 24em /2
Draw a line segment mYZ =2.4cm.
Taking Y as centre draw an angle
of 90°.
Taking Z as centre draw an arc of
radius 6.4cm. Which cuts the
terminal side of angle at X.
Join X and Z.
Thus AXYZ is the required triangle.

mXY =5.5cm mZX =4.5cm m/Z =X’

Z 4.5¢m X

iil.

iv.

Q.3

il

iil.

iv.

Q.4

(i)

Draw a line segment 4.5cm.
Taking Z as centre draw an angle
of 90°.

Taking X as centre draw an arc of
radius 5.5cm. Which cut the
terminal side angle at Y.

Join Y to X.

Thus AXYZ is the required triangle.

Construct a right angled A
measure of whose hypotenuse is
Scm and one side is 3.2 cm

y M

A sem M[® B
X
¥y N
Construction:

Draw a line segment mAB=5cm .

Bisect AB at M.
Taking M as centre take a radius

AM or BM and draw a semicircle.

Taking A as centre draw an arc of
radius 3.2cm cutting semicircle at
C.

Join C to A and C to B.

Thus AABC is the required right
angled triangle.

Construct right angled isosceles
triangle whose hypotenuse is

S.2¢m long



ii.

iil.

v.

(i)

A
e\

5.2¢m M B

P

v
Construction:

Draw a line segment mAB=52cm.

Bisect AB at point M.

With M as centre draw a semi
circle of radius AM or BM which

intersects the right bisector at C.

Join A to C and B to C.
AABC is the required right angled

isosceles triangle with m/C =907 .

4.8cm long

A 4.8¢cm M B

il

iil.

iv.

(iii)

Take a line segment mAB = 4.8cm .
Bisect AB at point M.

Taking M as centre draw a semi

circle of radius AM or MB which
intersects the right bisector at C.
Join A to C and B to C.

Thus ABC is the right angled

isosceles triangle with /C =90,

6.2 cm

A

il.
iil.

iv.

K
ZIN
<

6.2¢cm

Y
Take a line segment mAB =6.2cm
Bisect AB at point M.

Taking M as a centre draw a semi

circle of radius AM or BM which
intersects the right bisector at C.
Join A to C and B to C.

Thus AABC is the right angled
isosceles triangle with /C =90°.



(iv)

il

1l

iv.

Q.5

5.4 cm

A S.4cm M B

N

Y
Construction:

Take a line segment mAB =5.4cm .
Bisect AB at point M.
Taking M as a centre draw a semi

circle of radius AM or BM which
intersects the right bisector at C.
Join A to C and B to C.

Thus AABC is the right angled

isosceles triangle with £ =90°.

(Ambiguous case) Construct a A
ABC in which

mAC =42cm mAB =52cm m/B=45°

5.2¢m B

ii.

iil.

iv.

Construction:

Draw a line segment mAB =5.2¢cm.
At the end point B of BA make
ZB=45".

With centre at A and radius 4.2cm

draw an arc which cuts BD in two

distinct points C and C'.

Draw AC and E’ .

.. AABC and AABC’ are required

triangles.

(ii)

mBC =25cm mAB=5m m/A=30

il.

iil.

iv.

(iii)

B S5cm A
Construction:

Take a line segment mAB = 5cm .
At the end point A of AB make
msA=30".

Taking B as centre draw an arc of

radius 2.5cm which touch as AD at
point C.
Join B to C.

. AABC is required triangle.

mBC =5cm  mAC =3.5cm m/B=60°



B . Sem C
Construction:

i. Take a line segment mE =5cm .

ii. At the end point B of BC make an
angle of /B =60".

iii. Taking C as centre draw an arc of
radius 3.5cm which does not

touches or intersects BX at any
point.
. AABC i1s not possible.



Q.1

Exercise 17.2

Construct the following A’s ABC.
Draw the Bisector of their angle
and verify their Concurrency.

mAB =4.5cm mBC =3.1am mCA="5.2cm

ii.
iil.

iv.

(i)

Draw a line segment m AB = 4.5cm

Taking B as centre draw an arc of

mBC =3.1cm .
Taking A as centre draw a arc

mAC =5.2emto cut C.

Join Cto B and Cto A.

Draw the angle bisectors of

ZA, /B and £(C meeting each
other at the point .

All the angle bisectors pass through
point I. hence angle bisectors of
AABC are concurrent.

mAB =42cm mBC =6cm mCA="52cm

A ¥ioem B

11.

iil.

iv.

Vi,

Vil.

(iii)

il.

iil.

iv.

Vi.

Draw a line segment AB = 4.2¢m .
Taking A as centre draw an arc of
radius 5.2cm .

Taking B as centre draw another
arc of radius6cm to intersect the
first arc at C.

Draw AC and BC . Thus A4BC is
the required triangle.

Draw the bisectors of £4 and /B
meeting each other at point 1.

Now draw the bisector of third £

We observe that the third angle
bisector also passes through the point
L

Hence the angle bisectors of the
AABC are concurrent at L.

mAB =3.6cm mBC =42cm m/B =75

A 3.6cml B

Draw a line segmentm 4B =3.6cm

Taking B as center draw an angle

of 75°.

Taking B as centre draw an arc of
radius 4.2cm to intersect the
terminal sides of angle at C.

Draw AC to complete AABC.
Draw the bisector of /A4 and /B
meeting each other at point 1.

Now draw the bisector of the third
angle ~/C .



Vil.

Q.2

()

We observe that third angle
bisector also passes through the
point L.

Hence the angle bisectors of the
AABC are concurrent at 1 which
lies within the triangle.

Construct the following triangles
PQR. Draw their altitudes and
show that they are concurrent.

mPO = 6cm,mOR = 4.5cm and
mPR =5.5cm

S~

11,

iil.

iv.

vi.
vil.

viii.

bcm

Draw a line segment mP () = 6¢cm .
Taking P as centre draw an arc of
radius 5. 5¢cm .

Taking (Jas centre draw another
arc of radius 4.5¢m to intersect the
first arc at R.

Join P to R and (Jto R to complete

APOR .
From vertex P drop PT L @ .

Form vertex O dropOS L PR.
Now from third vertex R drop
RU L PO.

We observe that third altitude also
passes through the point of

intersection O of the first two.
Hence three altitudes of APOR

are concurrent at O.

(i)  mPO=45cm mOR=39cm msR=45

Required:
i To construct APQR.
ii. To draw altitudes and verify their
concurrency.
JaN

vy
Construction:

i. Draw a line segment mQ_R =39cm .

ii. Taking R as centre draw an angle
of 45°.

iii. Taking Q as centre draw an arc of

radius 4.5¢m which intersects the
terminal side of angle at P.
iv, Join P to Q to complete the APOR .
V. From vertex P dropP_S 1 @
produced.

Vi From vertex Q dropQ_T LPR.

vil.  Form vertex R dropﬁ L @

produced.

Hence the three altitudes of APOR

are concurrent at point O.



(iii)

il

il

v.

Vi.

mRP =3.6cm mZ0=30°
Sum of three angles in a triangle is
180° so,

ZP+ 20+ ZR=180°

105+30+ LR =180°

135+ /R =180°
ZR=180°-135°
ZR=45°

So

Construction:

Draw a line segment mRP = 3.6¢m .

Taking R as centre, construct an
angle of'45°.

Taking P as centre draw an angle
of 105°.

Terminal arms of both angles meet

in point Q forming APOR .
From vertex P dropP_S s @ ‘

From vertex Q drop@ 1L RP

produced.

msP =105°

Vil.

Q.3

(i)

il

il

1v.

Form vertex R drop RU L Q_P

produced.

Hence the three altitudes of APOR

are concurrent at point O.

Contract the following triangles
ABC draw the perpendicular
bisector of three sides and verify
their concurrency. Do they meet
inside the triangle?

AB=53cm m/A4=45°

m2/B =30°

Construction:

Draw a line segment m AB = 5.3cm .
At the end point A of ABmake
msA =45°.

At the end point B of AB make
msZB=30°.

Terminal sides of two angles meet

at C. The ABC is requiredA.
Draw perpendicular bisectors of

AB,BC and CA meeting each
other in the point O.
Hence the three perpendicular

bisectors of sides of AABC are
concurrent at O outside the

triangle.



(i)

mBC=29cm msA=30°  m/B=60°
The sum of three angles in a

triangle 1s 180° then

JA+ B+ /C =180°

30+60+ 2C =180°
90 + £ =180°

ZC =180°-90°
ZC =90°

A

il

iii.

v.

v

o0 [ 60

B 2.9cm]|L C

)
v

Construction:

Draw a line segment m BC = 2.9cm

At the end point B of BC make
msB =60°.

At the end point C of BC make
mZ/(C =90°.

Terminal sides of two angles meet
at A. The ABC is requiredA.
Draw perpendicular bisectors of

AB,BC and CA meeting each
other at the point O.

Hence the three perpendicular
bisectors of sides of AABC are
concurrent at O, at the mid point of
hypotenuse.

(iii)

ii.
iil.

1v.

Q.4

(i)

mAB=2.4cm mAC =3.2cm m/A=120°

ﬁ:/ M| 32em €

Construction:

Take AC =3.2cm .

At A draw an angle of 120°.
Taking centre A draw an arc of
radius 2.4cm which cuts the
terminal side of angle A at point B.
Join C to B, A4B( is the triangle.
Draw perpendicular bisectors of

AB,BC and CA meeting each other

at the point O outside the triangle.
Hence all the three perpendicular
bisectors are concurrent.

Construct the following As XYZ7 .

Draw their three medians and
show that they are concurrent.

mYZ =41em m/Y =60° msX =75°
Sum of three angles in a triangle is
180° then

ms/X+msY +ms7Z =180°

75+60+m/7Z =180°

135+m.2Z =180°
mZZ =180°-135°

m/Z =45°



1.

iil.

iv.

Vi.

Vil.

Viil.

Construction:

TakemYZ = 4.1cm .

Taking Z as centre draw an angle
of 45°.

Taking Y as centre draw an angle
of 60°.

The terminal sides of these angles
meet at X.

Then XYZ is requiredA.

Draw perpendicular bisectors of
the sides

ﬁ,ﬁ and YZ of AXYZ and

make their midpoints B,C and A
respectively,

Join Y to B, midpoint of XZ to get
YB as median.

Join Z to C midpoint of XY to get
ZC as median.

Join X to A midpoint of YZ to get

XA as median.

All median intersect at point G. Hence the
median are concurrent at G.

(i)

mXY =4.5cm mYZ=34cm mZX =56am

X

1l.

iil.

v.

VL
Vil.

Viil,

(iii)

|

|

EA Y
X

v
Construction:

Takem XY = 4.5¢m .
Taking Y as centre draw an arc of
radius 3.4cm.

Taking X as center draw another
arc of radius 6.5¢m to cut at point
7z

Join Xto Z and Y to Z.
Draw perpendicular bisectors of

the sides ﬁ,ﬁ and XZ of
AXYZ and make their mid point A,
B and C.

Join Y to mid point C to get
median YC .

Join Y to mid point B to get
median XB .

Join Z to mid point A to get
median ZA .

All medians intersect at point G.

Hence medians are concurrent at
G.

4.5cm

mZX =43cm msX =75 andm/Y =45°
Sum of three angles in a triangle is
180° then

msX+msY +msZ =180°

75+45+msZ =180°
120° +mLZ =180°

m//Z =180°-120°
mZZ =60°



il.

iil,

iv.

vi.

vil.

viil.

Construction:

TakemZX = 4.3cm .

Taking Z as centre draw an angle
of 60°.

Taking X as centre draw an angle
of 75°.

The terminal sides of these angles
meet at Y.

Then XYZ 1s requiredA.

Draw perpendicular bisectors of
the sides

XZ.,YZ and XY of AXYZ and
make their midpoints A,B and C
respectively.

Join X to midpoint B to get XP as
median.

Join Z to midpoint C to get ZC as
median.

Join Y to midpoint A to get Y4 as
median.

All median intersect at point G.

Hence the median are concurrent at
~



Exercise 17.3

Q.1

()

il.
iii.

iv.

vi.

(i)

Construction a quadrilateral
ABCD, having

mAB=AC=53cm mBC=mCD=3.8cm
and mAD = 2.8cm .

C

3.8¢cm

&
L%
(,?.

A 5.3¢cm B
Construction:

Draw a line segment AB = 5.3cm .
Taking B as centre draw an arc of
radius BC =3.8cm .

Taking A as centre draw an arc of
radius AC =53cmto cut at C.
Taking C as centre draw an arc of
radius CD = 3.8¢m .

Taking A as centre draw an arc of
radius AB = 2.8¢m to cut at D.
JomBtoC,CtoD, AtoCand A
to D.

ABCD is the required quadrilateral.

On the side BC construct a

Aequal in area to the
quadrilateral ABCD.

1 3.8em

5.3cm B

P A
Construction:
Join A to C.

Through D draw WHC_A meeting
BA produced at P.

iii.
iv.

Q.2

Join PC .
Then PBC is required triangle.
As APC, ADC stand on the same

base AC and same parallels AC
and PD.

Hence

AAPC = AADC

AAPC + AABC = AADC + AABC
or APBC =quadrilateral ABCD

Construct a A equal to the
quadrilateral PQRS, having

m@ —7cm  mRS =6cm

mSP=2.75cm  m-ORS = 60°
and m/RSP =90°.

il

iii.

iv.

Vi.

Vil.
viili,

ix.

Q 7em R
Construction:

Draw a line segment@ ="Tcm .
At point R draw an angle of 60°.
Taking R as center draw an arc of
radius of 6¢cm to cut at S.

At point S draw an angle 90°.
Taking S as centre draw an arc of
radius of 5.5¢m, cutting the

terminal side of 90° at point B.

Find the mid point of mSB at point
P.

Join P to Q.

Draw PA parallel to @

Join A to S.



X. AARS is required triangle equal in
area to quadrilateral PQRS.

Q.3  Construct a Aequal in area to
quadrilateral ABCD having

mAB=6cm  mBC = 4cm,
AC =72cm  mZBAD =105°
and mBD = Scm .

[4em
e,
ST

P A\ Gem B

Construction:

i. Draw a line segment 4B = 6¢m .

ii. Taking A as centre draw an arc of
radius 7.2cm.

i, Taking B as centre draw an arc of
radius 4cm to cut at C. Join C to A
and C to B.

iv. Taking A as centre make an angle
ZQAB =105

V. Taking B as centre make an arc of

radius 8cm to cut at D point.
vi. Join D to C to complete the ABCD

quadrilateral.
vii.  Draw EDH CA o meet BA

produced at P.
viii. JoinCtoP.
Thus APBC is the required triangle.

Q.4 Construct a right angled triangle
equal in area to given square.
A
B C
o< = >

S s

A D
Construction:

il

il

Let measurement of each side of
square 1s 3.8cm.

Construct a square ABCD with
each side 3.8cm long.

Bisect CD atE .

Join B to E and produced it to meet
AD produced in F.

AABF is required triangle equal in
area to square ABCD.



Q.1

Exercise 17.4

Construct a A with sides 4cm,
Sem and 6¢cm and construct a
rectangle having its area equal to
that of the A measure its
diagonals. Are they equal

A

{L

1l.

il

v.

Vi.

Vil.

viii.
iX.

X1,

A 7 6cm D B

v
Construction:

Draw a line segment AB = 6¢ni .
Taking A as centre draw an arc of
radius Scm.

Taking B as centre draw an arc of
radius 4cm to cut at C. Join A to C
and B to C.

ABC i1s the requiredA.

Draw a line / through C parallel to

AB.

Draw the | bisector of ABin D
and cutting the line at P.

On the line /, cut E equal to DB,

Join B to Q.

PQBD is the required rectangle.
The length of each diagonal
measured to be 4.5cm.

The length of each diagonal is
same.

~V

Q.2

1.

iil.

iv.

Vi.

Vil.

viil.

iX.

Q.3

Transform an isosceles A into a

rectangle.
A D
/
X
B/ E C
£
Construction:

Draw a line segment BC .

With B as centre draw in arc of
suitable radius.

With C as centre draw another are
of same radius which cuts the first
arc at point A,

Join A to B and A to C.

AABC is the isosceles A with
mAB=mAC .

Draw the perpendicular bisector of
BC passing through point A.
Through A draw a line/| BC .

On/cut AD equal to 7C and the
Join C with D.

CDAE is the required rectangle
equal in area to AABC.

Construct a ABC such that
mAB =3cm, mBC =38cm
and mAC = 4.8cm . Construct a

rectangle equal in area to the
AABC, and measure its sides.



A

il

iii.

1v.

vi.

Vil.

vilil,

1X.

v

3.8¢cm

Aj D B

v
Construction:

Draw a line segment 4B =3cm .
Taking B as centre draw an arc of
radius BC =3.8¢cm .

Taking A as centre draw an arc of
radius AC = 4.8cm to cut at C.
Join C to A and C to B.

ABC is the requiredA.

Through C draw a line / parallel

AB.
Draw the L bisector of AB cutting
the line / in P.
On/ cut@ =DA.
PQAD is the required rectangle
measure of sides of rectangle
PQAD
mPD=38cm mAD=1.5cm



Q.1

Exercise 17.5

Construct a rectangle whose
adjacent sides are 2.5cm and Scm
respectively. Construct a square
having area equal to the given
rectangle.

A

M I

v

il

iil.
iv.

Q.2

Sem C
Construction:
Make the rectangle ABCD with
given lengths of sides.
Produce AD to point E such that

mDFE = mlf .
Bisect AF at O.
With O as centre and OA radius

draw a semicircle cutting CD
produced in M.

With DM as side complete the
square DIFIM .

Construct a square equal in area
to a rectangle whose adjacent
sides are 4.5cm and 2.2cm
respectively. Measure the sides of
the square and find its area and
compare with the area of the
rectangle.

v

A4

il.
iii.

iv.

vi.

x ZR2.2em

4.5¢m C
Construction:
Make the rectangle ABCD with

given sides.

Produce AD and cut mDE = mDC .

Bisect AE at O.
With O as centre and OA radius

draw a semicircle cutting CD
produced in M.

With DM as side complete the
square DFFZM .

Side of the square (average) =
3.15¢cm

Area =3.15%3.15=9.9cm*

Area of rectangle = 2.2x 4.5 =9.9cm’

Q.3

Q.4

Area of rectangle = Area of square

In Q2 above verify by
measurement that the perimeter
of the square is less then that of
the rectangle.
Perimeter of rectangle = 2 [length
+ briclth]

=245+
22]
=2[6.7]
=134 cm
=4 x]
=4 %32
=12.8 cm

Perimeter of square

Construct a square equal in area
to the sum of two squares having

sides 3cm and 4cm respectively.

v



4cm A/‘

F
1
1
4cm
1
*
1
i) 6 .

4cm

T X G

il

iii.

v.

VI,

Vil.

viil.

prove.

Q.5

4cm C 3cm Y

3cm 3cm

Construction:
Draw a line segment XY .

Draw a line perpendicular ST at point

C.
Cut of CB =3emand CG = 4em

CG is the side of square complete

the square ACGF.

CB is the side of square complete
the square CBIH.
Join B to A.

AB is the side of square so,
complete the square ABDE.
ABDE is the required square.
Using Pythagoras theorem to

Construct a A having base 3.5cm
and other two sides equal to
3.4cm and 3.8cm respectively.
Transform it into a square of

equal area

3.4¢cm

v

l
|
|
|
|
I
>|< 3.8¢cm
|
|

il

iil.

iv.

Vi.

vil.

viil

Q.6

Construction:

Draw @ | BC

Draw perpendicular bisector of BC,
bisector it at D and meeting P/TQ atP.
Draw@ 1 P_Q meeting it in Q.
Take a line EFG and cut radius

EF =DPand FG = DC .

Bisect EG at O.

With O as centre and radius= OF
draw a semi-circle.

At F draw FM | EG meeting the
semi-circle at M.,

With MF as a side, complete the
required square FMNR.

Construct a A having base S and
other sides equal to Scm and 6¢cm
construct a square equal in area
to given A.



A
[ fap A
< ~ 1k
A\ 7 L]Q -
i
|
[ 1
B 7 D C
X F §
A M N

iil.

v.

Vi.

Vil.

viii.

Construction:

Draw ?TQ | BC

Draw perpendicular bisector of BC,
bisector it at D and meeting @ at
P.

Draw@ 1 P_Q meeting it in Q.
Take a line EFG and cut radius
EF=DPand I'G = DC .

Bisect EG at O.

With O as centre and radius= OF
draw a semi-circle.

At F drawFM | EG meeting the
semi-circle at M.

WithAZF as a side, complete the
required square FMNR.




Q.1
(i)
(ii)
(iii)

(iv)
v)

(vi)
(vii)

Q.2
()

(i)

(iii)

(iv)

(vi)

(vii)

Revised Exercise 17

Fill in the blanks to make the statements true:

The side of right angled triangle opposite to 90° is called

The line segment joining a vertex of a triangle which is to the mid p01nt of its opposite side
is called a

A line drawn from a Vertex of a triangle which is to its opposite side is called an
attitude of the triangle.

The bisectors of the three angles of a triangle are

The points of concurrency of right bisector of the three 51des of the triangle are

from its vertices.

Two or more triangle are said to be similar if they are equiangular and measures of their
corresponding sides are

The altitudes of a rights triangle are concurrent atthe  ofthe right angle.

Answer Key

(Fill in the Blank)
Hypotenuse Equidistant

Median Proportional

Perpendicular Vertex

Concurrent

Multiple Choice Questions. (Choose the correct answer).

The triangle having two sides congruent is called

(a) Scalene (b) Right angled
(¢) Equilateral (d) Isosceles
A quadrilateral having each angle equal to 90° is called
(a) Parallelogram (b) Rectangle
(¢) Trapezium (d) Rhombus
The right bisector of the three sides of a triangle are
(a) Congruent (b) Collinear
(¢) Concurrent (d) Parallel
The altitudes of an isosceles triangle are congruent.
(a) Two (b) Three
(¢) Four (d) None of these
A point equidistant from the end points of a line — segments is on its
(a) Bisector (b) Right - bisector
(¢) Perpendicular (d) Median
congruent triangles can be made by joining the mid-point of the sides of a
triangle.
(a) Three (b) Four
(c) Five (d) Two
The diagonals of parallelogram each other.
(a) Bisect (b) Trisect

(¢) Bisect at right angle (d) None of these



(viii) The medians of a triangle cut each other in the ration

(a) 4:1 (b) 3:1
(c) 2:1 (d) 1:1
(ix)  One angle on the base of an isosceles triangle is 30°. What is the measure o its vertical
angle
(a) 30° (b) 60°
(c) 90° (d) 120°
(x) If the three attitudes of a triangle are congruent then, the triangle will be
(a) Isosceles (b) Equilateral
(¢) Right angled (d) Acute angled
(xi)  If two medians of a triangle are congruent then the triangle will be
(a) Isosceles (b) Equilateral
(¢) Right angled (d) Acute angled
Answer Key

(MCQ’S)

Q.3  Define the following.
(i) Incentre
The point where the internal bisectors of the angles of a triangle meet is called incentre of a

triangle. It 1s denoted by L.
C

A 4.5?{ B
(ii) Circumcentre

The point of concurrency of the three perpendicular bisectors of the sides of a triangle is
called circumcentre of a triangle. It is denoted by O.



(iii)  Orthocenter

The point of concurrency of three altitudes of a triangle is called orthocenter of a triangle. It
is denoted by O.

P 6cm

v
(iv)  Centroid

The point of concurrency of three medians of a triangle is called centroid of a triangle. It is
denoted by G.

Z
» N
X
“C B
c’.i\'\ S S,
AN |E
| T é'_)
| {\T ("‘x
! X
X  4.5cm %A Y
X
v
(v) Point of concurrency

Three are more than three lines are said to be concurrent if these lines pass through the same point and
that point is called the point of concurrency. In the figure, 7 is the point of concurrency.




Unit 17: Practical Geometry — Triangles

Overvie

Right bisector of a line segment
A line 7 1s called a right bisector of a line segment if ; 1s perpendicular to the
line segment and passes through i1ts mid-point.
Angle bisector

Median of a triangle
A line segment joining a vertex of a triangle to the mid-point of the opposite
side 1s called a median of the triangle.

Altitude of a triangle
A line segment from a vertex of a triangle, perpendicular to the line containing the
opposite side, is called an altitude of the triangle.




