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6.1 INTRODUCTION

Welcome to the world of matrices, where numbers are organized into rows and columns to solve
complex problems and model real-world situations. In this unit, we will embark on a journey to explore
two fundamental concepts in linear algebra: matrix multiplication and determinants.

Matrices serve as powerful tools in various fields, from mathematics and computer science to
engineering and economics. Understanding how to manipulate matrices through multiplication opens
doors to solving systems of equations, transforming geometric shapes, and analyzing data.

Additionally, determinants provide essential information about the properties and behavior of matrices.
By learning to compute determinants, we gain insights into the invertibility of matrices and their
geometric significance.

6.2 OBJECTIVES

The objective of this unit is to provide students with a fundamental understanding of matrix
multiplication and determinants. By the end of this unit, students should be able to perform matrix
multiplication, compute determinants of matrices, and understand their significance in various
mathematical and real-world applications.

6.3 MULTIPLICATION OF MATRICES

For two given matrices A and B, we say that the product AB exists only when the number of rows in A
equals the number of columns in B.

When AB exists, we say that A is conformable to B for multiplication.




and ¢, = (2 ndrow of A) X (2 nd column of B)
= Ay1b12 + az3by; + ayz3bs;.

by; by

_ [®11 Q12 Qg3
AB _[a21 az; ‘123] 221 222]
31 32

_ [a11b11 + @i2by1 + A13b3y A11b1p + Aipby + a13b32]
Az1by1 + azpbyq + Az3bsy  Az1biy + azzby; + ag3bs;

Again, B is a 3 X 2 matrix and A is a 2 X 3 matrix. So, BA exists and it is a 3 X 3 matrix.

Proceeding as above, we get

BA =|by; by
a1 Qzz Q3
[b31 b3,
[b11a11 + b12a21  b11G42 + bipay,  byiagz + b12a23]

b1 b12][a11 25V) ‘113]

= |bz1a11 + by2a31  bp1a4; + baray;  bpiayz + byrans
[b31a11 + b32031  b31Qq9; + b3a03;,  b3iaq3 + bsaass
2 -1
3 4

1 5
Solution: Here 4 is a 3 X 2 matrix and B is a 2 X 2 matrix.

-1 3

E le1: =
xample 1: If A 5 1

and B = [ ], find AB. Does BA exist?

Clearly, the number of columns in A equals the number of rows in B.
~ AB exists and it is a 3 X 2 matrix.

s 1Y

Now, AB =
1 5 2 1

2- (- +(-1)-2 2-34+(-1)-1
=| 3-(-1)+4-2 3-3+4-1
| 1-(-1)+5-2 1-3+5-1
—4 5
s 13].
| 9 8

Further, B is a 2 X 2 matrix and A4 is a 3 X 2 matrix. So, the number of columns in B is not equal to the

number of rows in A.
So, BA does not exist.

2 3
Example 2: Let A = [_1 _g g] and B = [ 4 5]. Find AB and BA, and show that AB # BA.
-2 1

Solution: Here A is a 2 X 3 matrix and B is a 3 X 2 matrix.
So, AB exists and it is a 2 X 2 matrix.
Now,

42 sl| 07

1-24(-2)-4+3-(-2) 1-3+(-2)-5+3-1
(-4)-2+2-44+5-(=2) (-4)-3+2-54+5-1
_[-12 —4]
—10 3l

_ 2 3
ap = 1 2 3][4 5]




Again, B is a 3 X 2 matrix and A is a 2 X 3 matrix.
So, BA exists and it is a 3 X 3 matrix.
Now,

2 3
1 -2 3
BA =| 4 5]
-, 1[—4 2 5]
[ 2-1+3-(—4) 2-(-2)+3-2 2-34+3-5

=| 4-1+5-(-4) 4.(=2)+5-2 4-3+45-5
(=2)- 1+1:(=4) (-2)-(-2)+1-2 (=2)-3+1-5

[—10 2 21
=|-16 2 37].
L -6 6 -1

Hence, AB # BA.
Example 3: If [2x 4] [_g] = 0, find the positive value of x.

Solution: The given matrix equation is AB = 0, where A is a (1 X 2) matrix and B is a (2 X 1) matrix.
So, AB is a (1 X 1) matrix.
So, O is a (1 X 1) matrix.

X
[2x 41| _g| = [0]
= 2x2-32=0=2x?=32
=>x? =16 > x =16 = 4.

Hence, x = 4.

Properties of Matrix Multiplication

P 1: Matrix multiplication is not commutative in general.
Proof: Let A and B be two given matrices.

If AB exists then it is quite possible that BA may not exist.

For example, if A is a 3 X 2 matrix and B is a 2 X 2 matrix then clearly, AB exists but BA does not
exist.

Similarly, if BA exists then AB may not exist.

For example, if A is a 2 X 3 matrix and B is a 2 X 2 matrix then clearly, BA exists but AB does not
exist.

Further, if AB and BA both exist, they may not be comparable. For example, if A is a 2 X 3 matrix and
B is a 3 X 2 matrix then clearly, AB as well as BA exists. But, AB is a 2 X 2 matrix while BAisa3 X 3
matrix.

Again, if AB and BA both exist and they are comparable, even then they may not be equal.

For example, if A = H %] and B = [(1) é] then AB and BA are both defined and each one is a 2 X 2
matrix.

_n s _[3 5
But, AB = [1 8] and BA = [3 6].

This shows that AB # BA.
Hence, in general, AB # BA.

REMARKS (i) When AB = BA, we say that A and B commute.




(i1)) When AB = —BA, we say that A and B anticommute.

P 2: Associative

For any matrices A, B, C for which (AB)C and A(BC) both exist, we have
(AB)C = A(BO).

P 3: Distributive laws of multiplication over addition We have:

()A- (B +C) = (AB + AC)
(ii) (A + B) - C = (AC + BC)

P 4: The product of two nonzero matrices can be a zero matrix.

Example: Let A = [g %] and B = [é ?)]

Then, A + 0 and B # O.

andan=[g ol [o al=lo 1270 033200

_ [O 0]
0 ofF
Left zero divisor If AB = O and A # O then A is called a left zero divisor of AB.
Right zero divisor If AB = O and B # O then B is called a right zero divisor of AB.

P 5: If A is a given square matrix and [ is an identity matrix of the same order as A then we have A -
I=1-A=A.

P 6: If A is a given square matrix and O is the null matrix of the same orderas Athen 0 -A=A-0 =
0.
Positive Integral Powers of a Square Matrix

Let A be a square matrix of order n. Then, we define:

A = A4

A3 =A-A-A=A4A% 4

A* =A-A-A-A= A% A, andsoon.
A" =(A-A-A- .. ntimes).

Theorem 1: If A and B are square matrices of the same order then
(A+ B)? = A> + AB + BA + B>,

Also, when AB = BA then (A + B)? = A? + 2AB + B2.

Proof: Let A and B be n-rowed square matrices.

Then, clearly, (A + B) is a square matrix of order n.

So, (A + B)? is defined.

Now, (A+B)2=(A+B)-(A+B)
=A-(A+B)+B-(A+B) [by distributive law]
=AA+ AB + BA+ BB [by distributive law]
= A* + AB + BA + B~

Hence, (A + B)? = (A®> + AB + BA + B?).
Particular case When AB = BA
In this case, we have

(A+ B)? = (A* + AB + AB + B?) = (A? + 2AB + B?)[ BA = AB].

Theorem 2: If A and B are square matrices of the same order then




(A+B)(A—B) = A* — AB + BA — B
Also, when AB = BA then (A + B)(A — B) = A®> — B2,
Proof: We have:

(A+B)-(A—B) =A(A—-B)+ B(A—B) [by distributive law |
=AA—-—AB+BA—-BB [+A(B—-C)=AB—-AC]
= A®> — AB + BA — B2,

Hence, (A+ B)(A—B)=A?—- AB + BA— B~
Particular case When AB = BA
In this case, (A + B)(A — B) = (A> — B?) [+ BA = AB].
Matrix Polynomial: Let f(x) = agx™ + a;x™ 1 + a,x™ 2 + - + a,,_1X + a,, be a polynomial of
degree m and let A be a square matrix of order n. Then, we define
f(A) = apA™ + a1 A1+ @, A2 4 a1 A+ ap,
where [ is a unit matrix of order n.

Solved Examples

5 4 3 51
2 3 6 8 4

Solution: Here, A is a 2 X 2 matrix and B is a 2 X 3 matrix.
Clearly, the number of columns in A = number of rows in B.

Example 1: I[f A = [ ] and B = [ ], find AB and BA whichever exists.

~ AB exists and it is a 2 X 3 matrix.

5 4113 5 1
AB _[2 3”6 8 4]
:[5-3+4-6 5-5+4-8 5-1+4-4]
2:-3+3:-6 2:54+3:8 2-1+3-4
=[15+24 25+ 32 5+16]=[39 57 21]
6+18 10+24 2412 24 34 141°
Again, B is a 2 X 3 matrix and A is a 2 X 2 matrix.
~ number of columns in B # number of rows in A.
So, BA does not exist.
2 —-1 3 2 3
Example 2:IfA=[ ]andB= 4 —2| then find AB and BA.
—4 5 1 1 5

Show that AB # BA.

Solution: Here, A is a 2 X 3 matrix and B is a 3 X 2 matrix
So, number of columns in A = number of rows in B.
~ AB exists and it is a 2 X 2 matrix.

w -2 23

[2-2+(—1)-4+3~1 2:3+(-1)-(=2)+3-5
—4-2+5-4+1-1 —4-3+4+5-(-2)+1-5
:[ 4—-4+3 6+2+15]:[3 23]
—-8+20+1 —-12-10+5 13 -17F
Again, B is a 3 X 2 matrix and A4 is a 2 X 3 matrix.

So, number of columns in B = number of rows in A.

~ BA exists and it is a 3 X 3 matrix.




[2 3
2 -1 3
BA =4 -2
s ollz b
[2-2+3-(—4) 2-(-1)+3-5 2-3+3-1
=14-2+(-2)-(-4) 4-(-D)+(-2)'5 4-3+(-2)-1
1-245-(—4) 1-(-1)+5-5 1-3+5-1
[4—12 —-24+15 6+3 -8 13 9
=[84+8 —4-10 12-2(=| 16 -—-14 10]|.
[2-20 —-1+25 3+5 -18 24 8
Clearly, AB # BA.
1 -1 2 31 5 1 -3
Example3:IfA=| 3 2 0[,B=]| 0 2 andC=[3 0 _1] then verify that (AB)C =
-2 01 -2 5
A(BC).
Solution: We have
1 -1 211 3 1
AB=| 3 2 0] 0 2]
-2 0 uL-2 5
3-0—-4 1-2+4+10 -1 9
=] 940-0 3+4+4+0 =[ 9 7]
—-6+0—-2 —-24+0+5 -8 3
19
N (AB)Cz[ 9 7][2 L _3]
-2+ 27 —1+0 —1 —6
=118+4+21 940 —27 7] [ —34]
-16+9 —-8+0 24-3
3 1
Also, BC=| 0 2] F—
-2 5
6+3 340 -9-1 9 3 -10
= 0+6 0+0 0—2] [6 0 —2]
[—4 + 15 —2+0 - 11 -2 1
1 -1 -10
=>ABC) =| 3 2 ” ]
-2 0 11 —2
[ 9-6+22 3-0—-4 -10+2+2
=| 27+124+0 940-0 -30—4+0
-18+0+11 —-6+0—-2 20-0+1
[25 -1 -6
=139 9 —34].
-7 -8 21
Hence, (AB)C = A(BC).
Example 4: IfAz[i (2)],B=[(1) _g g] andCz[g _é _8],VerifythatA(B+C):(AB+

AC).

Solution: We have




a0 =[; oy 7 3+ s ol
_3 2][9 -1 —1]
1 oll2 2 3
[3:9+2-2 3-(-1)+2-2 3-(-1)+2-3
(19402 1-(-1)+0-2 1-(-1)+0-3
31 1 3
L9 1 —1]'
vowan [} 2[5 2 S
_[3:-1+42-0 3-(-2)+2-7 3-5+4+2-3
“[1-14+40-0 1-(-2)+0-7 1-54+0-3
_B3 8 21]
1 —2 s5I°
and,ac=[} (13 5 7

3-842-2 3-1+2-(=5) 3-(=6)+2-0
1-840-2 1-1+0-(=5) 1-(—6)+0-0

_[28 -7 —18]
S _6.3 8 211 28 -7 —18
(AB+AC)=[1 —2 5]+[8 1 —6]

P11 3]_

9 -1 —1

Hence, A(B + C) = AB + AC.

Example 5: Give an example of two matrices A and B such that A # O,B # 0 and AB = BA = 0.

— _n 1 1 -1
Solution: Let A = [1 1] and B = [_1 1]. Then,
-1 nr1 -1
4B =11 1] [—1 1]
_[1-1 —1+1]:[0 0]
1-1 —-1+1 0 0
1 -1 1
andBA =14 1] [1 1]
_[1-1 1—1]:[0 0]
—-1+1 —-1+1 0 ol
Thus, A # 0,B # O.
But, AB = BA = 0.
2 . 2 :
Example 6: If A = [ cos _9 COS_ stm 9] and B = [ cos ,¢ cos'd)zsm ¢], show that AB is
cos Osin 6 sin“ 6 cos ¢sin ¢ sin® ¢
a zero matrix if 8 and ¢ differ by an odd multiple of g
Solution: We have
AB = [ cos? 8 cos Bsin 9][ cos’> ¢ cos ¢sin ¢
cos Osin &  sin? 8 llcos ¢sin ¢ sin? ¢

_ [cos? Bcos? ¢ + cos Osin Gcos psin ¢
B [cos fsin Ocos? ¢ + sin? Ocos ¢psin ¢
cos? Gcos ¢sin ¢ + cos Osin Osin? ¢
cos Osin Ocos ¢sin ¢ + sin? fsin? ¢




cos 8 cos ¢p-cos(0—¢@) cos 8 sin ¢-cos (68— )
[Sil‘l 6 cos¢-cos(8—¢) sinf sin ¢-cos(8— (,b)]
0 01[~ (6 — ¢) being an odd multiple of (1t/2),

[0 0] we have cos (6 — ¢) = 0]°

3 =5

Example 7: If A = [_4 )

], show that A2 — 54 — 141 = 0.

Solution: We have

@ =5 Sl 7

_[3:3+(5(4) 3-(-5)+(=5-2]_1 29 -25

T l-4-3+2-(—4%) —4-(=5+2-2 _[—20 24]

-s4 =9[4 1= il

- =y =T Ll
A? —5A—141 =A%+ (-5A+ (14D

:[ 29 —25]+[—15 25]+[—14 0]

)

)

-20 24 20 —10 0 —14
29 + (—15) + (—14) —25+25+0
‘[ —204+20+0 24+ (—10) + (—14)
:[0 o]_

0 0

Hence, A> — 54 — 141 = 0.

Example 8: If A = [_1 2], find k so that A = 84 + kI.

Solution: We have

A* = [_1 2] [_i 3] = [—i :g 00++48] = [—51; 48];
(84 + kI :8-[_1 2]+k-[(1) ‘1)]
= [—g 5(6)] + [g 2] = [8—+8k 56(:— k]

A% = 8A+= [—513 48] [8—+8k 560+k]
>8+k=1and56 +k =49 >k =-7.

Hence, k = —7.

Determinant of a Square Matrix
Corresponding to each square matrix

aj; Q412 Q13 .. QAip

A1 Az dz3 ... dzpn
A= ,

ani Ay Aps3 o Opp

there is associated an expression, called the determinant of A, denoted by det A, or |A|, written as
a11 Q12 A3 .. Q1pn
a a a .. a
det A = |A| = 21 22 Q23 2n

An1 QApz  Adps e App




A matrix is an arrangement of numbers and so it has no fixed value, while each determinant has a fixed
value.

A determinant having n rows and n columns is known as a determinant of order n
The determinants of non-square matrices are not defined.

Value of a Determinant of Order 1: The value of a determinant of a(1 X 1) matrix [a] is defined as
la| = a.
Value of a Determinant of Order 2: We define

|a11 5V)

= (a11a;2; — Az1012).
Ay a22| (a11a2; — az1a12)

Example 1: Evaluate:

@) |7 —2

x> —x+1 x—-1
(i) x+1 x+1
Solution:

Q) |§ _3| = 6(=2)—7(=3) = 12+ 21 = 9.

x? ‘fl“ i;i (K —x+Dx+1) - (x+Dx—1)

(i1)
=(x*+1)-(x?-1) = (x3—x%2+2).

Example 2: If |ix 7| = 8 7|, find the value of x.

Solution: We have 3x 7 |

= (3x><4)—(—2)><7=(8x4)—(6><7)
o 12x + 14 = 32 — 42
o 12x + 14 = —10

S 12x =24 5 x = —-2.
Hence, x = —2.
Example 3: If |x t ; i + ; = |41L _§|, find the value of x.
Solution: We have |i i ; i; ; = |£1L B |

& F+DE+2)-(x-3)(x—-1)=4x3)—1x(-1)
& (x?+3x+2)—-(x*—-4x+3)=12+1
©S7x—1=13e7x =14 & x = 2.

Hence, x = 2.
sin 10° —cos 10°] _

n 80° cos 80°1

Solution: We have |:E 338 _zg: ég

= (sin 10°)(cos 80°) — (sin 80°)(—cos 10°)

(sin 10°cos 80° + cos 10°sin 80°)

sin (10° 4+ 80°) [+ sin Acos B + cos Asin B = sin (4 + B)]
= sin 90° = 1.

Example 4: Show that |




Value of a Determinant of Order 3 or More: For finding the value of a determinant of order 3 or
more, we need the following definitions.

Minorofa;; in [A|: The minor of an element a;; in |A| is defined as the value of the determinant
obtained by deleting the ith row and jth column of |A[, and it is denoted by M;;.

Cofactor of a;; in |A[: The cofactor C;; of an element a;; in |A| is defined as C;; = (=1 . M;;.
Example 1: Find the minors and cofactors of the elements of the determinant

a;; Q12 Qg3
A1 dzz QAzz
a3; dzz dszz

A=

Solution: Let M;; denote the minor of a;; in A.

Now, a4 occurs in the 1st row and 1st column. So, in order to find the minor of a,,, we delete the 1st

row and 1st column of A. The minor M;; of a4 is given by M;; = |ZZ Z;ﬂ = (ay,a33 — az,a;3).
Similarly, we have

M, = Zzi Z;ﬂ = (az1033 — a31023);

M3 = Zzi Ziﬂ = (21032 — a3102,);

My, = Z;z Z;2| = (12033 — a32013).

Similarly, we may obtain the minor of each of the remaining elements.

Now, if we denote the cofactor of a;; by C;; then

Ci1 = (—1)1+1 * My = Myy = (a2033 — a32a;3);

Cip = ()2 - M, = —M,, = (31023 — A21033);
Ci3 = (—1)*3 - M3 = M5 = (A21a32 — A31027);
Cy1 = (—1)2+1 * My = =My = (a32a43 — aq2a33)-

Similarly, the cofactor of each of the remaining elements of A can be determined.

1 -3 2
Example 2: Find the minor and cofactor of each element of A = |4 -1 2|.
3 5 2

Solution: The minors of the elements of A are given by

T R A IR T I
I R P
T A A [ e

So, the cofactors of the corresponding elements of A are
Cip = (D" My =My = =12;Cip = (=D - My, = =My, = =2;
Ci3 = (—1)1+3 "Mz = M3 = 23;C5 = (—1)2+1 “My = =My, = 16;
Cop = (—1)%*2 - Myy = Myy = —4;Cp3 = (—1)*%3 - My = —Mp3 = —14;
C31= (=1)°*" - M3y = M3y = —4;C3, = (=1)**% - M3, = —Ms;, = 6;
(33 = (—1)3+3 “M3z3 = M3z = 11
Value of a Determinant
The value of a determinant is the sum of the products of elements of a row (or a column) with their




corresponding cofactors.
We may expand a determinant by any arbitrarily chosen row or column.

Expansion of a Determinant
Expanding the given determinant by 1st row, we have

ai1 A1z Qg3

dz1 Qzz Q23

dz1 43z dszs

= a11C13 + a12C43 + a43Cy3

= a;1Myy — a1oMyp + ag3Myz [ Gy = =My,

—ay |a22 a23| az1 a23| az1 a22|
a3z a3z dz1 04szz az1 dszp

= Ay - (A22Q33 — A32033) — A5 - (Az1033 — A31023)

+a3 - (az1a3; — az1a;;).

= a4, - (its cofactor) + aq, - (its cofactor) + a,3 - (its cofactor)

—a12~| a13'|

We may expand it by any row or column.

Remark 1: If we expand a determinant by any row or column using minors, we keep in view the
following symbols for a determinant of order three:

+ - +
—_ + J—
+ - +

Remark 2: If a row or a column of a determinant consists of all zeros, the value of the determinant is
Zero.

Example 1: Evaluate

3 4 5
A=|-6 2 -=3|
8 1 7

Solution: Expanding the given determinant by 1st row, we get
_2 ]2 =31_, |6 -3 1-6 2
a =37 a7y s g
=3-(14+3)—4-(—42+24)+5-(—6—16) = 13.

a h g
Example 2: Expand the determinant A= |h b f]|.
g f c
Solution: Expanding by 1 st column, we get
_, b f h g h g
AoEar o ‘h'|f c|+9'|b f

=a(bc—f?)—h-(ch—fg)+g-(fh—bg)
=abc —af?—ch?+ fgh+ fgh — bg?
= (abc + 2fgh — af? — bg? — ch?).

Properties of Determinants

The properties of a determinant serve the purpose of a useful tool for finding its value. We will mention
these properties and verify them for a third-order determinant.

Theorem 1: The value of a determinant remains unchanged if its rows and columns are interchanged.




a; by o
Proof: Let A = |a, b, c;|and let A’ be the determinant obtained by interchanging the rows and
az bz c3
columns of A.
Then,
a, az 4as
A’ = bl b2 b3
€1 G2 C3
bz b3 a, as a; as
"% e, el 1.|C2 C3|+C1' b, b3|

[expanded by st column]
= a1(bzc3 — b3cy) — by(ayc3 — cza3) + c1(azbs — azb,)
= A [expanded by Ist row].

Note: If A is a square matrix then |A'| = |A].

Theorem 2: If two rows or columns of a determinant are interchanged then the determinant retains its
absolute value but its sign is changed.

a; by
Proof: Let A = [a, b, c¢;|and let A’ be the determinant obtained by interchanging any two rows,
az bz c3

say 1st and 3rd rows, of A. Then,

as bs ¢
A’ = az b2 C2
a, by ¢
_ b, c; bs c3 bs c3
—a3-b —az-b +a1-b
1 O 1 G 2 O

[expanded by 1st column]

= az(byc1 — bic3) — ay(bscy — bicz) + aq(bsc, — bycs)

= —ay(byc3 — b3cy) + az(bics — bscy) — ag(bicy; — bycy)
= —[ay(byc3 — bscy) — az(bicz — bscy) + az(byc; — bycy)]
= —A [expanded by 1st column].

Theorem 3: If any two rows or columns of a determinant are identical then its value is zero.

Proof: If we interchange the identical rows of the given determinant A then clearly there is no change
in A. But, interchanging any two rows of a determinant changes its sign.

wA=-Ao20=0,ie,A=0.

Theorem 4: If each element of a row or a column of a determinant is multiplied by a constant k then
the value of the new determinant is k times the value of the original determinant.

a by o
Proof: Let A =|a, b, c;| and let A’ be the determinant obtained by multiplying each element of a
az by c3

row, say the second row of A, by k. Then,




a; b, €1
A, - kaz kbz kCZ
as bs C3
_ kby kcy| by ¢ by ¢
=ac | e | TR b | T % kb, ke,

= ay(kbycs — kbscy) — kay(bycs — bycy) + az(kbyc, — kbycq)
= k[a;(byc3 — b3cy) — az(bycs — bycy) + az(bicy — bycq)] = KA.

Important Note: For a square matrix A of order n, |kA| = k™ - |A].
Theorem 5: If any two rows or columns of a determinant are proportional then its value is zero.

a; by C1

Proof:LetA=|a, b, ¢,

ka, kb, kc
a, b,
= k az bz CZ
a; by

=kXx0=0 [by Theorem 4]
[ 1stand 3rd rows are identical].

Theorem 6: If each element of a row (or column) of a determinant is expressed as a sum of two or
more terms then the determinant can be expressed as the sum of two or more determinants.
[by Theorem 4]

a+tay bi+p; ity
A - az bz C2
as bs C3

Then, on expanding A by first row, we get
A = (ay + ai)(bycz — bscy) — (by + 1) (@263 — ascy)

= [ay(byc3 — b3cy) — by(azc3 — azcy) + y1)(azbs — azb,) — azby)]
+[ay(bycs — bscy) — Br(azcs — azcy) + y1(azbs — azby)]

a; by ¢ a P11 "1
= a, bz Cy + a,; bz Cyl.
as by c3 as bs ¢

Theorem 7: If to any row or column of a determinant, a multiple of another row or column is added,
the value of the determinant remains the same.

Let
a, by ¢
A =la, b, c,f.
as bs ¢
a, + ka3 bl + kb3 Cq + kC3
A = a, b, Cy
as bs C3

Then,




a, bl Cq1 ka3 kb3 kC3
AI = |a; bz Cy + a, bz Cy
as b; c3 as; by c3
a, by ¢
=la, by c¢3| [+ 2nddet.is O, its Ist and 3rd
as bs c3
= A.

6.4 LET US SUM UP

So, in this first unit we have learned about
» Matrix multiplication
» Properties of matrix multiplication
» Determinant of a matrix

» Properties of determinant

6.5 UNIT END EXERCISE
6.5.1. Compute AB and BA, whenever exists when

[1 4

G A=|1 3] and B = B _52]
125 3
I 1 4

(i) A = B _52]] andB =1 3]
: 25 3
1 1 2 7

(ii)A = ZlandB =3 5 2]
15 13 4 2

6.5.2. Verify that A(B + C) = AB + AC, when

: _mn1 -2 _[2 -2
M A‘[3 5]'3_ 6 5]' C‘[z 4]
1 1 )
. 1 -2 1 -2
(11)A=[3 5], = , C=
O s I e
[ 2 -2 —4]
6.5.3. IfA=|-1 3 4 |,showthatA? = A.
[ 1 -2 -3
4 -1 —4
6.5.4. IfA=(3 0 —4|, showthatA?=1.
3 -1 -3
_[3 1 2 _
655  ItA=|" 2], show that (A2 — 54 + 7I) = 0.
6.5.6. IfA= i ﬂ, find the value of x and y such that A2 + xA = yA.
3x+1 31_12 3
6.5.7. If ) 5| =15 1l find the value of x.

6.5.8. Find the determinant of the following matrices




2 =2 —-41711 2 3 6 -2 —4
-1 3 41,1 3 4f,|-1 0 4
1 -2 3111 2 3 1 -2 5
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