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Class 10th Chapter 03
Subject Mathematics Board Punjab
Chapter 03: Matrices and Determinants
EXERCISE 3.1

Question 1: Write the number of rows and number of columns in each matrix.

A matrix of dimension m X n has m horizontal rows and n vertical columns.

e Matrix A = [8 g]

o Number of rows =2
o Number of columns =2

e Matrix B =

3
41:
7

o Number of rows =3
o Number of columns = 1

e MatrixC=1[8 -10 11]:

o Number of rows =1
o Number of columns =3

3 2 1
e MatrixD=(1 0 3}
4 5 6

o Number of rows =3
o Number of columns =3

. MatrixE=[_53 Z _52]:

o Number of rows =2
o Number of columns =3

Question 2: Write the order of each matrix

The order of a matrix is given as Number of Rows X Number of Columns.

. A=[(1)]—>Order=2><1
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o =[3 4] > Order=1x2
_[3 5] _
o =5 6_—>Order 2X2
[0 3 4 _
o D—_5 0 9]—>Order 2X3
0 1]
o E=1|3 4[->Order=3x2
5 6

e F=[5]->0rder=1x1

Question 3: Which of the following matrices are equal?
Two matrices are equal if they have the same order and their corresponding elements are equal.
Let's simplify the given matrices first:

10 3
L 1]
19
. B—__7]
[2 >3 6 1
e C=(2x2 4-2|=]4 2
4+4 340 8 3
154471 719
A D_.—8+1_[—7]
6 1
e E=|4 2
|8 3
3-3 31_10 3
- F=l341 1_[4 1
Comparison:

1. A and F have the exact same order (2 X 2) and identical corresponding elements [2 :ﬂ

2. B and D have the exact same order (2 X 1) and identical corresponding elements [_97]

6 1
3. C and E have the exact same order (3 X 2) and identical corresponding elements [4 2].

8 3
Answer:
e A=F
e B=D
° C=E

Question 4: If $\begin{bmatrix} a+2 & ¢-3 \\ b-1 & d+4 \end{bmatrix} = \begin{bmatrix} 5
& 8\\ 6 & 4 \end{bmatrix}$, find the values of a, b, c and d

By equating corresponding elements:

1. Find a:

a+2=5=a=5—-2=a=3
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2. Find c:

c—3=8=c=8+3=c=11
3. Find b:

b—1=6=b=6+1=b=7
4. Find d:

d+4=4=d=4-4=d=0
Answer:a=3,b=7,c=11,d =0
Question 5: If $\begin{bmatrix} 2x+1 & 4 \\ 7 & 5 \end{bmatrix} = \begin{bmatrix} 9 & 4 \\
7 & y \end{bmatrix}$, find the values of x and y

By equating corresponding elements:

1. Find x:
2x+1=9
22O
2x =8=x=4
2. Find y:

S5=y=Sy=5
Answer: x =4,y =15
Question 6: If $\begin{bmatrix} a+b & 2d-1 \\ 3b+2 & 4 \end{bmatrix} = \begin{bmatrix}
10 & 5\\ 11 & ¢ \end{bmatrix}$, find the values of a, b, c and d

By equating corresponding elements:

1. Findc:
4=c=c=4
2. Find d:
2d—1=5
2d=6=>d=3
3. Find b:
3b+2=11
3b=11-2
3b=9=b=3
4. Find a:

a+b=10
Substitute b = 3:
a+3=10=a=10—-3=a=7
Answer:a=7,b=3,c=4,d=3
Question 7: If $\begin{bmatrix} p+q & 5\\ 11 & p-2q \end{bmatrix} = \begin{bmatrix} 6 &
5\\ 11 & 0 \end{bmatrix}$, find the values of p and q
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Equating the corresponding elements gives a system of two equations:

1. p+q = 6 (Equation 1)
2. p—2q = 0 (Equation 2)

Step 1: From Equation 2, express p in terms of q:

P=2q
Step 2: Substitute p = 2q into Equation 1:
2q+q=6
2q+q=6

Step 3: Substitute g = 2 back into p = 2q:
p=22)=p=4
Answer:p =4,q =2
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EXERCISE 3.2

Question 1: From the following matrices identify unit matrices, row matrices, column
matrices, and null matrices.

¢ Definitions:

o Row matrix: Has only 1 row.

o Column matrix: Has only 1 column.

o Unit (Identity) matrix: A diagonal matrix where all main diagonal entries are
equal to 1 and all non-diagonal entries are 0.

o Null matrix: All elements are 0.

A=1[5 7 8]: Row matrix (1 row, 3 columns)
e B = [0]: Null matrix (also a row and column matrix, but primarily a 1 X 1 null matrix)
C

(1)]: Unit (Identity) matrix

01. .
0]. Null matrix

: Column matrix (3 rows, 1 column)

e F =]1[: Column matrix (3 rows, 1 column)

[ ]
t
T-35c5535R7

Question 2: Identify type of the given matrices as row, column, square, and rectangular
matrices

Definitions:

o Square matrix: Number of rows = Number of columns.
o Rectangular matrix: Number of rows # Number of columns.

[5
e A =|3](Order 3 X 1): Column matrix and Rectangular matrix
|4
_I1 6 . ;
e B= 4 1] (Order 2 X 2): Square matrix
_[3 5 8 ’ )
e (= 0 4 — 2] (Order 2 X 3): Rectangular matrix
e D= g _75] (Order 2 X 2): Square matrix
[3 2
e E =14 1| (Order 3 X 2): Rectangular matrix
5 0
e F=[5 —3 7](Order1 x 3): Row matrix and Rectangular matrix
3 0 1
e G=1|1 3 4 [(Order3 X 3): Square matrix
5 2 =3

WYLl LLi S



3 5
e H=1|4 4| (Order 3 X 2): Rectangular matrix
5 2

Question 3: Identify diagonal, scalar, and unit matrices

Definitions:

o Diagonal matrix: A square matrix where all non-diagonal elements are zero, and
at least one diagonal element is non-zero.

o Scalar matrix: A diagonal matrix where all diagonal elements are equal and non-
Zero.

o Unit matrix: A scalar matrix where all diagonal elements are equal to 1.

: Unit matrix (also scalar and diagonal)
: Scalar matrix (also diagonal)

: Diagonal matrix

: Diagonal matrix

MO oo oW oORro

OO NO WO L1O 1

: Scalar matrix (also diagonal)

Question 4: Find transpose of each of the following matrices

The transpose of a matrix is obtained by swapping its rows and columns (M°).

=B 3

=[5

Bt

I
1
w
N
)
[

e C=[5 -2 4]

5
4
2 5
e D=|3 #
4 7
¢t 2 3 4
D‘E 6 7

Question 5: Find negative of the following matrices

The negative of a matrix M is —M, obtained by changing the signs of all its entries.
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a3 8

—4 [—35 —06]
. Bz[:g g]

5=} =
. C=[_19 _17]

_C:[—g1 _71]

. _[2 3 _[7 6 .
Question 6: If A = [4 5] and B = [5 8]’ then verify that
(i)' =4

1. Find A%:

=edl=5 05 ¢

2. Find (A%)%: Taking the transpose of A:

- 3

3. Conclusion:

(A5t = A (Hence verified)
(i) (BY)* =B

1. Find B':

s grly

2. Find (BY)!: Taking the transpose of B*:

CEW

3. Conclusion:

(BY)t = B (Hence verified)

2 2t
Question 7: Show that L = [3 —2 5] is a symmetric matrix
4 5 0

A matrix L is symmetric if L* = L.

1. Given Matrix:

2 3 4
L=[3 -2 5]

4 5 0

2. Find the Transpose (L"): Interchanging rows into columns:

WYL LLL SIS



TELIENS
ENT ing:
g /A

2
o Row1 [2,3,4] becomes Column 1: [3
4

3
o Row 2 [3,—2,5] becomes Column 2: [ 2]
5

4
o Row 3 [4,5,0] becomes Column 3: [5
0

3
L' = 3 -2 5]
4 5 0

3. Conclusion: Since Lt = L, the matrix L is a symmetric matrix.
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EXERCISE 3.3

Question 1: Which of the following matrices are conformable for addition and subtraction?
Rule: Matrices can be added or subtracted only if they have the same order (dimensions).
Let's find the order of each matrix:

_[3 4 :
. A—__2 1](Order.2><2)

e B= i] (Order: 2 X 1)
=[5 2] (Order: 1 X 2)
=[5 ] ©order:2x 2)
2 5 '

= [2] (Order: 1 x 1)

[7 11] (Order: 1 x 2)
[Z] (Order: 2 X 1)
[3] (Order: 1 x 1)
[Til] (Order: 2 x 1)

C
D
E
o F
G
H
M

Answer:

e A and D are conformable for addition and subtraction (both are 2 X 2).
e B,G,and M are conformable for addition and subtraction (all are 2 X 1).
e ( and F are conformable for addition and subtraction (both are 1 X 2).
e FE and H are conformable for addition and subtraction (both are 1 X 1).

Question 2: Given matrices X,Y, Z, find the following:

Given:
x=[5, Z1 r=[ i z=[5 ]
HX+Y
xev=[1 T+ =08 AR Y
(i)Y +7Z

First, calculate 7Z:
%P0 o= |

21 O]_1+21 2+0 _[22 2]
0 —-141 " [340 4+(-14)] 13 -10

Now, add Y and 7Z:
2
Y+7Z—L 4+[
(iii)4X — Z
First, calculate 4X:
_ 1 —-11 _ 14 -4
4X_4[—2 2]_[—8 8]

Now, subtract Z:
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4X_Z=[4 _4]_[3 =152 _4_O] [8 10

-8 8 0 -2 —-8—-0 8—-(-2)
(iv) X +2Y + 37
Calculate scalar multiples:

2 =2[; 3] =e o
9
0

3 071.19 0
3Z._3[0 __2]_ _ _6]
Add them together:
X+2Y+3Z=[jz';]+g QY+E fu
14249 —-1+4+07] 12 3
—2+6+0 2+8+(-6)] L4 24
VWX—-4Y+Z
Calculate 4Y:
R A
4Y_4[3 4"&2 1A

Combine the operations:

X—4Y+7 = [1 _1] [12 16] [0 —2]

1-4+3 —1—8+0] [
-2-12+4+0 2-16+(-2) -14 —16

_[3 0 3 071_[3—-3 0-0 _[0 O
Z_Z‘[o —ﬂ'{o —J_{O—O 2 (—2) ‘[0 0
Question 3: Find the additive inverse of the following matrices:
The additive inverse of a matrix M is —M, obtained by changing the signs of all entries.

Vi)Z-2Z

. mP=Lﬁ

Additive Inverse (—P) = [_75]

e (HQ=[9 -3]

Additive Inverse (—Q) = [-9 3]

.amRzLi ?]

Additive Inverse (—R) = [_22 _13]

o (iv)S = [(1)

Additive Inverse (=5) = [
2 31, [3 4
5 ahB=l5

ol

Question 4: If 4 = [ ], and C = [(1) _52], then verify that

()A+B=B+A
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« L.H.S.:

as=[5 J+ls o =155 23el=b
« R.H.S.:

pra=[3 g+[% =[s3Cs 6i2l=0 4

LHS = R.H.S. (Verified)
ii)(A+B)+C=A+(B+0)

« L.H.S.:

(A+B)+C:[; g]+[é —52]:[5+1 7-2]1_1[6

2+0 8+5 _[2 13]

« R.H.S.:

o= 0 2-F G

A+(B+C)=[_23 2]+[5 11]= —3+5 2411l " I2

L.H.S. =R.H.S. (Verified)
(iii) 2A+B)+C=2A+(B+ ()
First, calculate 2A4:

2a=2 o)=% 4l

2+ 4 3+2]_[6 153]

. L.HS.:
gA+5) = —46 6] [2 ] [1 10
cavmc=[" Jol+ly S1=15
. RHS.
(B PG [5 11
24+ (B+C) = _46 Z]+ 11] [1 15]

L.H.S. =R.H.S. (Verified)
(iv)3(A+B) =34+ 3B

o L.H.S.:
A+B=B Q
s+ =3 J1=[2 2
« R.H.S.:

34 = 3[—23 g] - [—69 2]

=35 ol =li5 1
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16 91 [9 121 5 21
3A'*3B"[—9 6]+[15 18 "[6 24
L.H.S. = R.H.S. (Verified)

Question 5: If A = [3 _62] and B = [_3 _26], then show that B is additive inverse of A

and A is additive inverse of B.
Two matrices A and B are additive inverses of each other if A + B = O (Zero matrix) and B +
A=0.

1. Check A + B:

av=[ 8]+ F=[1y 5= -0

2. Check B + A:
-5+5 —-6+6]_10 O

_[-5 -6 5 61]1_ _
B+A_[_7 2]+[7 _2]_ -74+7 2+(=2)"lo 0]_0
Conclusion: Since A+ B = 0 = B + A, B is the additive inverse of A and A is the additive
inverse of B.

. _[6 -2 _[8 -1 . .
Question 6: If A = [0 3 ] and B = [3 0 ], then verify that:
() (A+B)=A"+B

« L.H.S.:
veomls B S T
@+By=[1% 3
« RHS.:
a=[5 3 =

c .o+ [6 0]1.[8 3]_[14 3
"~ _[—2 3]+[—1 0]_[—3 3
L.H.S. =R.H.S. (Verified)
(i) (A— B): = A' — B!

« L.H.S.:

A- BN = [~ e ey, |

Uoatinn?

1
° R.H.S.:
At:Li g' Bt:Li g]
6-8 0— 2
N_B“:—2—04)3—0}:Li s]

L.H.S. =R.H.S. (Verified)
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EXERCISE 3.4

Question 1: Find AB and BA, if possible.
Rule for Matrix Multiplication: Matrix multiplication X X Y is possible only if the number of
columns in X equals the number of rows in Y.

() A = [_11 (2)] (Order: 2 X 2), B = [i _21] (Order: 2 X 2)
« Find AB:
1 2113 2
= [—1 o] [1 —1]
_ [ MB+@)a) O +@ED
DB+ 0@ D@+ (0)(-1)
_[3+2 2-27_15 0]
340 —240l"l-3 —2
« Find BA:

3 2 1 2
BA = [1 _1] [—1 0]
| [ AM+@)(ED 32+ (2)(0)
OO+ EDED (D) + (=D
_[Po2 SHO_[L 6
1+41 240 2 2

Gi)A=[1 —2](Order: 1x2),B = [_34] (Order: 2 x 1)

. Find 4B:
3
AB=[1 -2] [_4]
=[(LA) + (-2)(-D] = [3+8] = [11]
« Find BA:
Ba=[°]11 -2

- [ SGCDIZ] 3 g
D) DD Tla 8

(i) 4 = [:] (Order: 2 x 1), B = [2 5] (Order: 1 x 2)

o Find AB:
AB:[i] [2 5]
:[(4)(2) (4)(5)]:[8 20
@)2) @(G) 8 20
« Find BA:

BA=[2 5] [i]
=[(2)(4) + (5)(4)] = [8 + 20] = [28]
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1 2
(vA=|-1 1 (Order:3><2),B=[_21 ‘; i] (Order: 2 X 3)
3 0
« Find AB:
1 2
AB =|-1 1] _21 ;L 1
3 0
MED+2)2) O@®+@AB) O+ @@
=[-DED+MER) ED@+MOB) DA+ M
BED+O)2) BB +O)@B) G+ O
ST 144 142 3 10 3
=1 1428113 —141 =[3 1 0
340 1240 3+0l -3 12 3
« Find BA:
1 2
1 4 1
BA = 11
P

_ [(—1)(1) +@OED+ME) DR+ @A)+ (1)(0)
@M+ +MAB) (2)2)+ ) + (1))
[~1—443 —2+4+07_ [—2 2

~1l2-3+3 4+43+01 L2 7
15
(V)Az[?l’ i i] (Order: 2 x 3), B = |2 4| (Order: 3 x 2)
1 6
° Find AB:
1 5
1 24P
aB=[3 J[g ;
_[D@+@)2)+ @@ (DEG) +(2)(4) + (2)(6)
GM+ME@)+ M@ 3G+ (M@ + (1)(6)
=[1+4+2 B+ 8 gl =[7 25
3+24+1 15+4+6l le6 25
« Find BA:
s
BA=|2 4 ; i i
1 6

QM +HB) @O@O+®HN @@ +®®

l(l)(l) +(3)B) MWE)+GD WE)+ (5)(1)]
WM+ 6)3) M@+ @) (D) +(6)(D)

1+15 2+5 2+5 16 7 7
=(2+12 4+4 4+4|=|14 8 8
1+18 2+6 2+6 19 8 8

51]

Question 2: Verify each statement using A = [_51 ﬂ, B = [3 _31], and C = 1 4
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(i) AB # BA

o Find AB:
s=° Al S1=1530 2nl=l 5
o Find BA:
BAZ[S _1][51 ﬂ: 100+31 024-_14-2 [1é 122
Since ig Ig]i[llg 12] AB # BA is verified.
(i) A(B — C) = AB — AC
e LHS.AB-C):
p-c=[g S1- J=[27 53-41=5 ZI
wo-o=[5, 33 Hi=iE -
e« R.H.S.AB — AC:
gl
2 1 4 26 9
ACZ[—51 zﬂi zlL - —514 —1-I-I_-16 :[ 1 15

AB_AC:[m —2_[26 9]_ 10-26 —2-— 9] [_16 _11

-2 13 -1 151 [-2—-(-1) 13-15
L.H.S. =R.H.S. (Verified)
(iii) A(BC) = (AB)C

e L.H.S.A(BC):

se=[0 16 d=lors os12=[5 12
5 9 -2 45+3 —10+12] [48 2
A(BC)_[—1 4”3 12] [9+12 2 + 48 =[3 50]

« R.H.S. (4B)C:

N
(AB)C=E3 I; ﬁ ﬂ=[—51(())1213 —120;582 =15 5ol

L.H.S. =R.H.S. (Verified)
(iv) (BC)t = C'B!

« L.H.S.(BO):

Bt = [3 Iz]:(BC)tz 92 12]

o R.H.S.C'B':

i[5 1 pr=|2 0

1 4V -1 3
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g 232
ENT g

CtBt:[i ”21 3] [120_41 00:132 :[—2 12]

L.H.S. = R.H.S. (Verified)
(v) (B+C)A=BA+CA

e L.H.S.(B+0)A:

pre=[o el A= 2
(B+C)A:[Z OHS1 = 355—+ 70 17: 208 . ig 2
« R.H.S.BA+ CA:
[11 2
CA:[? 4” ] [255—_ 41 15: 146 =[214
11 24 971 _[11+24 -2+97_7(35 7
BA+CA:[_3 12]+[1 170 = -3 +1 12+17:[—2 29

L.H.S. =R.H.S. (Verified)
Question 3: If $\begin{bmatrix} 4 & a \\ b & 3 \end{bmatrix} \begin{bmatrix} 6 \\ 6
\end{bmatrix} = \begin{bmatrix} 6 \\ 3 \end{bmatrix}$, then find the values of a and b.
Step 1: Multiply the matrices on the Left Hand Side:
Step 2: Equate corresponding elements:

1. Find a:
24+ 6a=6
6a=6—24
6a=-18=a=-3
2. Find b:
6b+ 18 =3
6b=3-18
15 5
6b:—15=>b:—?=>b:—i

Answer:a = —3,b = —g (or —=2.5)
Question 4: If $\begin{bmatrix} x & 1 \\ y & 2 \end{bmatrix} \begin{bmatrix} 1 & 0 \\ 3 & -
1 \end{bmatrix} = \begin{bmatrix} 7 & -1 \\ 4 & -2 \end {bmatrix}$, then find the values of x

and y. Step 1: Multiply the matrices on the Left Hand Side:
Step 2: Equate corresponding elements:

1. Find x:

x+3=7T=>x=7—-3=>x=4

2. Find y:

y+6=4=>y=4—-6>y=-2
Answer: x =4,y = —2
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EXERCISE 3.5
1. Find the values of each of the determinant.
The determinant of a 2 X 2 matrix |Ccl Z| is calculated as (a X d) — (b X ¢).
~ |10 5
= (10 x6) — (5% 4)
= 60— 20
=40
...|—5 8
(ii) |_3 _7|
=(-5x-7)—(8x-3)
= 35— (-24)
=35+ 24
=59
e |3 8
(iii) |0 2|
=(3x%x2)—(8x%x0)
=6—0
=6

2. Find whether the following matrices are singular or non-singular.

e Singular Matrix: Determinant equals 0 (|[M| = 0).
e Non-singular Matrix: Determinant is non-zero (|[M| # 0).

.. _[5 3
Matrix A: A = [3 )
[A]=(5%x2)—(3%x3)=10—-9=1
Since |A| # 0, A is a non-singular matrix.
. .
Matrix B: B = [2 6]
IB]=(7%x6)—(21x2)=42—42=0
Since |B| = 0, B is a singular matrix.
. _[13 5
Matrix C: C = [7 3]
|Cl=(13%x3)—(5x7)=39-35=4%4
Since |C| # 0, C is a non-singular matrix.

Matrix D: D = [(2) 8]

ID|]=(2x%x0)—(0x0)=0—-0=0
Since |D| = 0, D is a singular matrix.

3. Find the value of x when 4 = [ is a singular matrix.

x 6 ]
5 15
Since A is singular, |A| = 0:
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x 6
Al=[g 4l =0
(xx15)—(6%x5)=0
15x—30=0
15x = 30

30

15
x=2

X

4. Find the adjoint of the following matrices:
Fora 2 X 2 matrix M = [Ccl Z], the adjoint is adj(M) = [—dc _ab] (swap main diagonal entries,

change signs of off-diagonal entries).

Matrix 4: A = @ b
lc d
) d -b
adj(4) = [_c a ]
Matrix B: B = :)5) _72
; 7o 2
adj(B) = [_3 5]
... BERIESENS
Matrix C: C = 3 >

. ¥ aF
adj(C) = [3 _3]
5. Find multiplicative inverse of the following matrices:

The formula for multiplicative inverse is M~1 = Ladj (M), provided |M| # 0.

M|
M= 7

e |[M|=(x%x5)—(0x0)=25
. adion =[]

- =5l 5=

@ym=[>" 7]

e [M|=(—4%x2)—(8%x7)=-8-56=—-64

- adion =2 ] o
- -1/32 1/8
8] ~|17/64 1/16

. M—lz_iﬂ[_z7 .

iy M =% 7]

e |M|=(40x2)—(8x5)=80—40 =40

. 2 -8
» aditM) =0 4
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* M_1=410:—5 40] [1/12/?; _11/5]

(iv) M = [2

e IM|]=3%x-3)—-(5%x5)=-9-25=-34
. adj(M)—__g _5]

. M"l——[_3 —5 _[3/34 5/34
Yy . ~ 15/34 -3/34

V)M = [130 g]

e [M|=(10x3)—(8x3)=30—24=6

. A
) adJ(M): 3 10

1/2 -4/3
* 3 10] [

1/2 5/3
<vi>M=[4 531

e [M|=(—2%X5)—(-3x4)=-10+12=2

; i
- adion=[>, °)
o1 1[5 371_[5/2 3/2
! —2[_4 —2]_[—2 -1
6. 1fA = [g j , then find A~" and prove that A4~ = A~14 = I.

Step 1: Find A~1

e A=GX-1D-(3x2)=-5+6=1
. adi =[5 7

- =il =0

Step 2: Calculate AA™?

s — 37w 3

e [2 —1] [—2 5

' [(5)(—1) +(=3)(=2) (5)(3)+(=3)(5)

Q)D + (-D(=2) 2)B) + (=1(5)
_[-5+6 15—15:[1 0

— P -8 5 0 1

-1 315 -3
4 A—[—z 5”2 1
_[EDG)+ @) (DED+BED
(=2)5)+BG)2) =2)(-3)+G)(-1)
_[-5+6 3-3 [0
—10+10 6-51"1lo 1

=7
Step 3: Calculate A~1A

=1
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Hence, AA™! = A71A = I is proved.
7. Show that the following matrices are multiplicative inverse of each other.

(To prove this, show that their product equals identity matrix [ = [(1) 2])

. 2 -1 2 1
(‘)Xz[—3 2]’Y=[3 2]
2 -1712
Y:[—s 2”3
_[@D@+ DB @@+ (=D(@)
(=3)2)+(2)3) (-3)(1) +(2)(2)
1 0 =
[6+6 —3+4] [O 1
Hence proved.

15
i X = [} 185],1/:[_41 ‘27l
15
4 15114 ——
XY = 2
: 8][—1 2
15
@@ +IDED. @ (-2)+ 15D

15
@@W+@D  @(-5)+ @@

_ [16 —-15 =30+ 30] r [1
8—-8 -—15+16 0
Hence proved.
8. Prove that (AB)™! = B~ 1471

(i) Given: A = [_53 _62] ,B = [_23 _21]

LHS: (4B)™1

1. Product 4B:

4B = [_53 P H _1] [106—+1?3 —5+12] [0 E ]

2. Inverse (AB)™1:

o |ABl=(0x7)—(-1%x-8)=0—-8=-8
° adj(AB)z[;

e iy el

RHS: B~1471

1. B~ 1

o Bl=(2x2)—(-1x-3)=4-3=1

o B_1=[§ ;]
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2. AL

o |Al=(-3%x6)—(-2x5)=-18+10= -8
6 2]_ —6/8 —2/8
-5 —317[5/8 3/8

=]

3. Multiply B 1A~

1 - — —_
BiAT = [ ;] [—65 —23] . _5[1182— 150 g—z 8 8 o] [ /e %)/8]
LHS = RHS, hence proved.
G Given: 4= ¢ 2.B=[2 7]
LHS: (AB)™!
1. Product AB:
T A R AR SR A
2. Inverse (AB)™!:
o |AB|=(10x—-8)—(3%0)=—
o adj(4B) = [ 0 3
o wmt=-L[ 8 =[N0 g
RHS: B~1471
G
o |[Bl=(0x%x2)—(-1x5)=5
=55 ol
20 AL
o |[Al=(1%X0)—(2x8)=—
B = _11_6[—08 _12]
3. Multiply B~1A71:
57147 = (5) (—%) o] ]
_i[0—8 —4+1]= ] [1/10 3/80
80L0+0 1040 -1/8

LHS = RHS, hence proved.
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Exercise 3.6.
1. Solve by Matrix Inversion Method, if possible:

@
2x +5y =19
4x -3y =-1
2x + 5y =19
4x —3y = -1

Step 1: Write in matrix form AX = B
2 57*1_119
[4 _3] [y] N _1]
Step 2: Find the determinant |A|

A=]2 2= @3- G)@®) = -6-20=-26

2 5
Al = |4 _3| = (2)(=3) = (5)(4) = =6 — 20 = —26
Since |A| # 0, the solution exists.

Step 3: Find the adjoint adj(A)and inverse A~*

adi() =[5 27

adi() =[5 77

2
1e=g 1 -3 -5
AT = —adj(4) = —
a7 5l 2 2
i I -3 -5
A_1=— A) = ——
a2 —26[—4 2]

Step 4: Solve for X = A™'B
T e
=== JIE

] = 1 [(—3)(19)+(—5)(—1) N Th
yl -26

_[—57+5 _ 1 r-52
()19 + 2)(-1) | -26l-76 —21 ~ —261l-78

_ 5278
YT e T Y T 6
52 _T78

YT YT e
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Answer: x = 2,y =3

(i)
3x+2y=7
5x —y=16
3x+2y=7
5 —y=16

Step 1: Matrix Form
X /

Step 2: Determinant
|Al=(3)(-1) - (2)(5) =-3-10=-13

4] = 3)(-1) - (2)(5) = -3 -10=-13
Step 3: Matrix Inversion

i
A_1=—_13[—é 32]

R

~ 13l-5

G-l 0

[x] _ 1 [(—1)(7)+(—2)(16) _ 1 [—7—32 _ 1 [—
yi —13[ (=5)(7) + (3)(16) —131-35+481 —-13113
=39 213
e YT g
o : S 1
IO G
Answer: x = 3,y = —1
(iii)
x—2y=9
2x+7y =—4
x—2y=9
2x+7y = -4

Step 1: Matrix Form

2 71b1=2)
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Step 2: Determinant
A=) - (-2)2)=7+4=11

A= -=D@)=7+4=11
Step 3: Solution

A= —72 ﬂ
1
Al__1[ 2 ﬂ
1 1 —
[;]:H[jz 1”—]_1_[6138 4 [5252
55 —22
X=97= ,y=T——2
_“55= 522
X 6 5, y—T——Z
Answer: x =5,y = =2
(iv)
3x+2y=2
x—2y=-2
3x+2y=2
x—2y=-=-2

Step 1: Matrix Form
X
[i —22] [y] P [—22]
Step 2: Determinant

1A1=)(=2) -1 =-6-2=-8

Al =3)(=2) -1 =-6-2=-8
Step 3: Solution

ications

== ]

e s | T e e B Y
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Answer: x =0,y =1

2. Use Cramer's Rule to solve the following pair of linear equations, if possible:

)

— =0 — =1
X = =0,y= =
0 —8 1
X = =0, y = =

x+4y =4
2x—y=5
x+4y =4
2x—y=5
o4 2 _
14a1=]; *]=0ED-@w@ =-1-8=-9
ar=l; 4l=0EnD-@w@=-1-8=-9
14 1=t * = @ED - @E) = -4-20 = —24
ad=]¢ *|=@ED-@wE =-4-20=-24
14y 1=} & =DE-®@=5-8=-3
Myl =]5 o] = DE - @@ =5-8=-3
T
G AN g
A -24 8
Al ~ -9 3
T
dCZTIGNY
Ayl -3 1
T 1A -9 3
Answer:ng,yzé
(i)
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x+2y=7
3x —2y =-3
x+2y=7
3x —2y =-3

1a1=]2 2= -@E) = -2-6=-8

=13 %= 0En-@6) =-2-6=-8
14 1=]", 2= - @3 =-14+6=-8

ad =" 2= - @3 =-14+6=-8

14y 1=[3 | =ME3) - ) = -3-21= 24

Ayl =3 | =D - =-3-21=-24

-8 —24

:—:1, :—_3
YT YT 3

WY
T YT e T

Answer: x =1,y =3

(iii)
2x — 5y =-6
4x — 3y = —12
2509 5y.= =6
4x —3y = —12
1A1= % T2 = (2)(=3) - (-5)(4) = —6 + 20 = 14

= Dy o

141= |42L :g| =@(3) - (5@ =-6+20=14

| Ay 1= i__162 :gi = (=6)(=3) = (=5)(—12) = 18 — 60 = —42
=6 -5|_ _ _
1A,| = |_12 _3| = (=6)(=3) — (=5)(—=12) = 18 — 60 = —42

WYLl LLi S



| Ay |= Ii
2
1A,| = |4
Answer: x = =3,y =0
(iv)
| Al

5
Answer: x = =2,y ==~

3.
System of equations:

N YIL

—_162| = (2)(-12) — (-6)(4) = —24+24 =0

—_16z| = (2)(—-12) - (-6)(4) = —24 + 24 =0

—42 0

x:E:—&y:ﬁ:O

—42 - 0

x=—r=-3 y=1;=0

: §| =(3)(6) - (2)(5) =18—-10=8

: §| = (3)(6) — (2)(5) =18 —10 =8

Y= DO -@®=-6-10=-16

s él =(-1D(®6)-(2)(5)=-6—-10=-16

" _51| = (3)(5) - (-1)(5) =15+ 5 = 20

; _51| =3)(B)-(-1(5B)=15+5=20

5
_-._ ., _20_5
x = 5 'y_8_2
_-6_ - _20_5
x=——=-2, y==-
LLL IS



x+y=7
2x—y =2
x+y=7
2x—y =2

Matrix Form:
X
oamnll o)
1Al=(DCEED-DR)=-1-2=-3

A= -M@)=-1-2=-3
11
A1=:§L 1]

2
T
= —_3[—; 11]
1 -1 = lai 7 _ 1 A
[;C/] -3 [—; 11] [Z] L ] [—174 +22 P [—192]
-9 —-12
*=3= ko
-9 — 1L/
X = _—3 = y = _—3 =4
Answer: x = 3amperes, Yy = 4amperes.

4.
Given condition: F; + F, + F; =0

o]+ 127+ (23] =1o)
i 2= 1l
2251 = [

Equating components:
6+y=0=>y=-6

6+y=0=y=-6
x—8=0=>x=8
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x—8=0=>x=8
Answer: x =8,y = —6
5.

Let the load on beam Abe xand on beam Bbe y.

1. Combined load: x + y = 100
2. Twice load Aplus three times load B: 2x + 3y = 240

Matrix Form:
X
e

1Al=(DR)-D@)=3-2=1

Al = (1)) - (_1)(2) =3-2=1

L

/i |

[;] - [—32 _11] [;28: - [32()(?0_+2;£0] - [46}8

Answer: Load on beam A = 60 kN, Load on beam B = 40 kN.
6.

Let horizontal position be xand vertical position be y.

1. "Total of twice horizontal position and vertical position is 5":

2x+y =25

2x+y=>5

2. "Horizontal position is 1 more than vertical position":

x=y+1l=>x—-y=1

[ b=

1Al=2)ED-M@) =-2-1=-3

Matrix Form:

Al=@CED-MM) =-2-1=-3

1 -1 —
A_1=—_3[—i 21]
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Answer: Point of intersection is (2,1).

7.
Let the present age of the man be xand the son's present age be y.

1. Two years ago:

%= 2=5(y — 2) ==2=5y - 10 = x =5y = =8

x—2=5(—-2)=x—-2=5y—-10=x—-5y=-8

2. After 6 years:

x+6=3(y+6)=>x+6=3y+18=x—-3y =12

x+6=3(y+6)=x+6=3y+18=x—-3y =12
|

|Al=(1)(-3)-(-51)=-3+5=2

Matrix Form:

4] = (1)(=3) = (-5)(1) = —3+5 =2

=30 0
11—
at =573
1r— - 1 1
[l=3101 el = 5 ol = 1

Answer: Man's age = 42years, Son's age = 10years.
8.
Let speed of faster cyclist = x km/hand slower cyclist = y km/h. Total distance = 44 km.

1. Moving towards each other (opposite direction): Relative speed = x + y.

Distance = Speed X Time = 44 = (x +y) X2 =>x +y = 22

Distance = Speed X Time = 44 = (x+y) X2 = x+y = 22

2. Moving in the same direction: Relative speed = x — y. Time = 7% = 175 hours.

WYLl LLi S



TELIENS
ENT ing:
g /A

44 = ( )><15=> _58
B R T
by xS, 88

B R T

Matrix Form:
AR
1 -1y Ic
1A 1= (DD - (D) =-2
1Al = (DD - (DA = -2

1.1 _
A_1=—_2[—1 11]

ey
A_1=—_2[—1 11]

ol - 88 418 209

[x]zi[—l —1] gal - L[ " 15(_ 1| 15|_[15
L Nl = I 22+88 | 242 121
15 15 15

209 121
x =——=13.93 km/h, y = — = 8.07 km/h

15 15
=2 1393 kmh, y =22 = 8,07 km/h
x = 5 = 13 m/h, y= = =8 m
Answer: Speeds are =~ km/h(13 == km/h) and = km/h(8 = km/h).

9.

Let numerator be xand denominator be y. Original fraction is g

1. "Numerator is 7 less than denominator":

xX=y—-7=>x—-y=-7

XxX=y—-7=>x—-y=-7

2. "If numerator is increased by 3, the fraction becomes %":

x+3 3
=Z=>4(x+3)=3y=>4x+12=3y$4x—3y=—12
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x+3 3
=—=4(x+3)=3y=4x+12 =3y = 4x — 3y = —12

y 4
Matrix Form:
— X —
411 —%] [y] - [—172]
[AlI=(D(-3)-(-D@)=-3+4=1
Al = (D(=3)-(-1D@)=-3+4=1
=[5 1
=] ]
X — — —
[y] - [—i ﬂ [—172] = [3513 — 3] - [196]

g . 9
Answer: Original fraction = P
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Review Exercise 3.
1. Multiple Choice Questions (MCQs)
(i) If $\begin{bmatrix} a + 2 \\ 3 \end{bmatrix} = \begin{bmatrix} 7 \\ 3 \end{bmatrix}$,
then a =

e Options:(a)3 (b)S ()6 (d)7
e Steps: Comparing corresponding elements:

a+2=7=a=7—-2=5

e Correct Answer: (b) 5

(ii)A=[3 5 O]isa matrix.

e Options: (a) row  (b) square  (c) column  (d) null
e Steps: The matrix A consists of only one row, so it is a row matrix.
e Correct Answer: (a) row

(iii) B = [;] isa matrix.

e Options: (a) identity  (b) square  (c) row  (d) column
e Steps: The matrix B consists of only one column, so it is a column matrix.
e Correct Answer: (d) column

1 0 O
ivyiM=[0 1 O]isa/an matrix.
0 0 1

e Options: (a) rectangular  (b) identity  (c) column  (d) row

o Steps: A square matrix with diagonal elements equal to 1 and all other elements equal to
0 is called an identity (or unit) matrix.

e Correct Answer: (b) identity

(v) If A* = —A, then A is matrix.

e Options: (a) symmetric (b)) row  (c) rectangular  (d) skew-symmetric

o Steps: By definition, if the transpose of a square matrix equals its negative, A® = —A, it
is a skew-symmetric matrix.

e Correct Answer: (d) skew-symmetric

(vi)IfA=[3 4],B=[7 8],thenA+B =

o Options: (a) [21 32] (b)[24 28] (¢)[10 12] (d)[11 11]
o Steps:

A+B=[3+7 4+8]=[10 12]

o Correct Answer: (c) [10 12]

(vi)IfA=[3 4],B=[7 8],thenB—A=

e Options: (a) [10 12] (M®)[11 11] (@©)[4 4] (@D[-4 -4]
e Steps:

B-A=[7-3 8—4]=[4 4]

o Correct Answer: (¢) [4 4]

WYLl LLi S



(viii) What is the additive inverse of [i]"

. -3 -3 3 -1
- Options: (a) | h | o 4] © | 4] @ | ) ]
e Steps: The additive inverse of a matrix X is —X, obtained by changing the signs of all

elements:
AR ]

o Correct Answer: (b) [:i]

3 1 3

(ix) If A = [2 i 2], then order of 4 is:

e Options: (a) 3-by-2  (b) 2-by-3  (c¢) 3-by-3  (d) 2-by-2
e Steps: Matrix A has 2 rows and 3 columns, so its order is 2-by-3.
o Correct Answer: (b) 2-by-3

(x) $\begin{vmatrix} 3 & 1 \\ 0 & 4 \end{vmatrix} =$

e Options: (a) 11  (b)12 (¢)13 (d)—11
o Steps:
e Correct Answer: (b) 12

2.1 A = [‘7’ z],B = [g g] then find:
(i) (A - B)*

1. FindA — B:

p=[; d-[5 s1=28 e2al=101 o5

2. Take transpose:

h -5y =[2; 2
(i) Bt — A

1. Find At and Bt:

A Bt=[5 8

2 6 5 8
2. Subtract:
WS -E J-E: sodok ]
(iii) 24 + 3B
2A=2[§ 6]=[14 12
35=3[3 o=l 2
15 4+157_ 23 1
2A+33:[184-:24 12-:24 =.32 32

3.IfA = [i g],B = [g i’] ,C = [i g], then verify that:
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()2(A+B) =24 +2B

« LHS:
o= 00
cem=al] 9= [l 2
« RHS:
2A=[g 160, ZB=[140 122]
wezs= 1410 G iZ] 141

LHS = RHS  (Verified)
(i) (A+B)+C=A+(B+0)

e LHS:
armrc=[o g+l =15 13
« RHS:
sre=[1 111=[5 o
ar@ro=[; J+5 5l=[7 13

LHS = RHS (Verified)
(iii) (A + B)C = AC + BC

o« LHS:

7G) +9(1) 7(2) +9(7)
(A+B)C:[Z ZH? 312[6(3)16(1) 6(2)16(7)]:[;2 ;7;]

« RHS:

AC_[z 3] 3 2]_[2(3)+3(1) 2(2) + 3(7) _[9 25]
14 sll1 717 [43)+5(1) 4(2)+5(7)] 17 43
BC_[S 6][3 2]_[5(3)+6(1) 5(2)+6(7)]_[21 52]
2 1l 71 [2@)+1() 2 +1(D))f L7 11
9421 25452 30 77
AC+BC_[17+7 43+11]_[24 54
LHS = RHS (Verified)

(iv)C(A—B) =CA— CB

o« LHS:

a-s=[375 29=13 7
13 _31 [B(=3)+22) 3(=3)+2(4)] |-
C(A-B) = E 3] [ 23 43] = [1(—3) JJ: 7(2) 1(=3) j: 7(4)] = [115

-1
25

 RHS:
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CA = [3 2] [2 3] _ [3(2) +2(4) 303)+ 2(5)] _ [14 19
1 7/l4 5 12)+7(4) 1(3) +7(5) 30 38
CB = [3 2] [5 6] _ 3(5)+2(2) 3(6)+ 2(1)] _ [19 20
1 742 1 1(5)+7(2) 1(6) +7(1) 19 13
14—-19 19-20 -5 -1
CA=C(B = [30—19 38 —131 [11 25
LHS = RHS (Verified)
v) (AB)"1 =B 141

1. Calculate AB:

AB = [2 3] [5 6] = [2(5) +3(2) 2(6) + 3(1)] _ [16 15
4 5112 1 4(5)+5(2) 4(6)+5(1) 30 29
|AB| = (16)(29) — (15)(30) = 464 — 450 = 14
1129 -15

-1 _
(4B) “140-30 16

2. Calculate A~ and B~ 1:

_. _ l4pS¥ -3
4= @) -A@W=10-12=—2=4"==[> 7]

_ 1r1 -6
|B|=(5)(1)—(6)(2)=5—12=—7=>B1=_—7[_2 5]

3. Calculate B~ 147 1:

B—lA—l—i[l —6][5 —3]_i[1(5)+(—6)(—4) 1(=3) + (-6)(2)
1412 s51l-4 21141 209 +5(-4) -2(-3)+5(2)

=i[29 —15]
-l 1146HS = RHS (Verified)
Vi)AA ' =A"1A=1
1 -
A=LZL g] A_1=_§[—54 23]
e AAL:
AA_IZ_}[Z 3][5 —3]:_110—12 —6+61__11-2 0]:[1 o]:
214 sll-4 2 2120-20 -12+10 2lo0 —2171lo 1
e A7lA:

1, Yys 3312 31 1r10-12 15-157_ 12 o071._711 O1_
4 A__E[—4 2”4 5]__5[—8+8 —12+10 __E[o —2]_[0 =1
AATr = A71A =1 (Verified)

(vii) (AB)t = BtA!
« LHS:
48 =35 201 = @B =[15 35
« RHS:
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t 2 4 t _ 5 2
A _[3 51” B _[6 1
tac _[5 2112 41_[5(2)+2(3) 50M)+2(5)]_r116 30
B _[6 1”3 5]_[6(2)+1(3) 6(4)+1(5)]_[15 29
LHS = RHS (Verified)
(viii) (AB)C = A(BC)

. LHS:
116 15113 21_[16(3) +15(1) 16(2) +15(7)] _[63 137
(AB)C‘[30 29”1 7]_[30(3)+29(1) 30(2)+29(7)]‘[119 263]

« RHS:

21 52
BC=[7 11
21 52]:[2(21)+3(7) 2(52) + 3(11) _[63 137

2 &8
160 =[, ll7 11l=laenism aenrsanl=lie 263

LHS = RHS (Verified)
N7 3 s .
4.IfA—[2 1],3_[2 4],thenﬁnd.

@) |B|
BI=] J=0@-®@=20-6=14
(i) AdjB
: 3
AdJBz[_z 5]
(iii) A1
_17 3|_ al _
A=, ] =MD -B)2)=7-6=1
. 1 -3
AdJA:[—z 7]
—owa D ¥ 1 ==3
Al—mAdJA—[_Z 7]
(iv)A~14
a1 =317 31 _[MD+(=3)R) 13)+(-3)(M]_1 o
A A_[—z 7”2 1]_[—2(7)+7(2) —2(3)+7(1)]_[0 1]
(v) (AB)*
17 3115 31_[7G)+3(2) 7(3)+3(4)] _ 141 33
AB_[z 1”2 4]_[2(5)+1(2) 2(3)+1(4)]_[12 10
ALLAE
(AB) —[33 10
(vi) (BY)*
t 5 2
B _[3 4

(BY: = [g 2] =B
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5. Solve the following pair of linear equations, if possible, using Matrix Inversion Method
and Cramer's Rule:
(@)
3x+4y =7
S5x—y=2
Matrix Inversion Method:
4] = 3)(-1) - (4)(5) = -3 -20 = -23

I -1 —4
-1 _
4 —231-5 3]
Cramer's Rule:
|A| = =23
N LA _ _—15 15
|Ax|—|2 _1|— 7T-8=-15=x=—3="0
al=]> J|=6-35=-20= =8 &
=15 2l = - Y= 23723
15 29
Answer: x = —,y = —
23 23
(i)
x—6y =-15
2x + 6y = -3

Matrix Inversion Method:
Al = (1)(6) — (—6)(2) =6+ 12 =18

1
A= E[—62 ﬂ

Cramer's Rule:

|A] = 18
_ |15 -—6| _ > _ —108
|Ax|—|_3 6|__9O_18__108:x_T__6
a1l — TS - = Ll
|Ay|—|2 _3|— 3 (30)—27:>y_18_2
Answer:x=—6,y=%
(iii)
2x+y=5
x+3y=3

Matrix Inversion Method:
Al =(2)B) - (1@)=6—-1=5
1r3 -1
-1 _
A= 5 [—1 2 ]
Cramer's Rule:

|A] =5

12
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12 5| _,_c_ _1
4yl =] 3|=6-5=1=y=¢
Answer: x = 15—2,31 = %
6. Find two numbers by using matrices such that twice the first added to the second makes
21 and twice the second added to the first makes 27.

Let the first number be x and the second number be y.

. 2x+y=21
2. x+2y =27

Matrix Form:
Al =@2)2) - (A1) =4-1=3

12 -1
-1 _ _
A= 3 [—1 2 ]
Answer: The two numbers are 5 and 11.

7. 4 knives and 6 forks cost Rs. 136, whereas 6 knives and 5 forks cost Rs. 164. Find the cost
of a knife and a fork by using matrices.
Let the cost of a knife be x and the cost of a fork be y.

1. 4x + 6y =136
2. 6x + 5y =164

Matrix Form:
|A| = (4)(5) — (6)(6) =20 —36 = —16

1 —_
AT =g [—56 46]
Answer:

e Cost of a knife = Rs. 19
e Cost of a fork =Rs. 10

8. A shop employs S men and 3 women, pays total daily wages Rs. 3500. If the number of
men is reduced to 2 and 3 extra women are taken on, the daily wages amount to Rs. 5000.
Find daily wages of a man and a woman by using matrices.
Let daily wage of a man = x and daily wage of a woman = y.

1. 5x + 3y = 3500
2. Men reduced to 2, women become 3 + 3 = 6:

2x + 6y = 5000
Matrix Form:
|A] = (5)(6) —(3)(2) =30 -6 =24
lre -3
-1 _
A= 24 [—2 5 ]
Answer:

e Daily wage of a man = Rs. 250
e Daily wage of a woman = Rs. 750
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