DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 04

Minor of an Element:

Let us consider a square matrix A of order n, then minor of an element a; , denoted by M; is the determinant formed

j ]
by deleting the ithrow and jth column of A(or A).

Cofactor of an Element:

The cofactor of an element a; of a square matrix A denoted by A, is defined by A, =(-1)"'M, .

Determinant of a square matrix of Order n=3

Vi.
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8, &, a,
If A'is a matrix of order 3, thatis, A=|a, a, a, |, then:

8 8yp Ay
|A=a,A, +a,A, +a,A, for i=1,2,3
Or |[Al=a, A +a, A +aA; for j=123
For example, for i=1, j=1 and j=2, we have
[Al=a,A,; +a,h, +auh, (i)
Or [A=a,A, +a,A, +a,A, (ii)
Or |A=a,A, +a,A, +a,A, (iii)

Properties of Determinants:
For a square matrix A|A|=|A'|.

If in a square matrix A, two rows or two columns are interchanged, the determinant of the resulting matrix is —|A| .
If a square matrix Ahas two identical rows or two identical columns, then |A|=0.
If all the entries of a row (or a column) of a square matrix Aare zero, then |A/=0.
If the entries of a row (or a column) in a square matrix Aare multiplied by a number k eR, then the
determinant of the resulting matrix is k|A.
If each entry of a row (or a column) of a square matrix consists of two terms, then its determinant can be
written as the sum of two determinants, i.e., if
a;+b;, a, ag,
B=|a,+b, a, Aj;]| then,
aSl +b31 a’32 a’33
all + bll a12 a13 all a12 al3 bll a12 a13
|B|: a21+b21 Ay A=Ay 8y Ayt b21 8y Ay
a‘Sl + b31 a32 a33 aSl a32 a33 b31 a32 a33
vii. If any row (column) of a determinant is multiplied by a non-zero number k and the result is added to the
corresponding entries of another row (column), the value of the determinant does not change.

viii.lIf a matrix is in triangular form, then the value of its determinant is the product of the entries on its main
diagonal.
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DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 04

Adjoint of a Square Matrix:

a, a, ay] A A A
Let A=|a, a, a, |, thenthe matrix of co-factorsof A=| A, A, A, |, and
a31 aSZ a33_ A31 A32 ASS
Ar A A
ade: A12 Azz Asz
Az Ay Ay

Inverse of a square Matrix of Order N=3
Let A be a non-singular (|A| #* 0) square matrix of order n. If there exists a matrix B such that AB=BA=1_, then

B is called the multiplicative inverse of A and is denoted by A™. It is obvious that the order of A™ is nxn.
Thus, AA™ =1, and A"A=1.

If A is non-singular matrix then A™ = ﬁade
EXERCISE 4.2

1. Evaluate the following determinants:
1 -2 -4
Q) 3 -1 -3
-2 3 2
Solution:

-2 3 2

Expanding from R,

-1 -3 3 -3 3 -1
2l o

3 2 -2 2 -2
=7+2(0)-4(7)=7+0-28

=-21

“1x ~1x(-2+9)+2(6-6)—4(9-2)

a+b a-b a
(i) a a+b a-b
a-b a a+b

Solution:
a+b a-b a

LetA=| a a+b a-b
a-b a a+b

Expanding from R,

a+b a-b
= b —(a-b
(a+ ) a a+b (a )

(a+b)((a+b)’~a(a~b))-(a-b)(a(a+b)-(a-b)')+a(a’~(a+b)(a~b))
(a+b)(a*+b*+2ab—a’+ab)-(a-b)(a’ +ab—a’—b’+2ab)+a(a*~a’ +b?)
(a+Db)(b* +3ab) - (a—b)(3ab—b?)+ab’ =ab’ +3a’h+b° + 3ab’ - (3a’h — ab” — 3ab® +b° ) + ab’
4ab® +3a’b +b°® —3a’b + 4ab’ — b’ + ab?

a a+b
a
a-b a

a a-b
+
a-b a+b
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=9ab’
2X X X
(iii) y 2y y
A z 22
Solution:
2X X X
y 2y vy
A Z 22
Expanding from R,
2
=2xy Y_yy+xy 2y
7 2z Z 2z Z 7

=2x(4yz—yz)-x(2yz—yz)+x(yz—2yz)

=2x(3yz)—x(yz)+x(-yz)
=BXyz — XYz — XyzZ = 4Xyz

2. Without expansion show that:
7 89
Q) 56 7/=0
2 3 4
Solution:
7 89
LHS=5 6 7
2 3 4

ay {CZ ¢, ¢,
C,-C,—>C,
71
=5 1
2 1
("~ C, and C, are identical)
71
=5 1 1=0=RH.S
2 1

5 6 -
(i) 2 2 0/|=0
2 -8 10
Solution:
5 6 -
LHS=[2 2 0
2 -8 10
By Cl—C3—>C1'
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DOGAR NOTES SERIES

6 6 -
=2 2 0
-8 -8 10
(~+C, and C, are identical)
6 6 -
=2 2 0[=0=RH.S
-8 -8 10
-a 0 b
(iii) 0 a -—c[=0
c b 0
Solution:

-a 0 b
LHS=/0 a -c
c -b 0

By cR, - R/

—ac 0 Dbc
== 0 a -C
c -b O

By R +bR,—>R
—ac ab 0
=1 0 a -C
¢ c -b O
Taking "—a"common from R, .
c b 0
__2 0 a -c
c -b 0
("~ R, and R, are identical)
c -b 0
=—EO a —c/=0=R.H.S
¢ c -b 0
Alternate solution

-a 0 b

LHS={0 a -c
c -b 0

!

By cR —R',bR, >R, and aR, >R,
—-ac 0 bc
_ 1 0 ab —bc

ab
aCac -ab O

By R +(R,+R,) >R/
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DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 04

—ac+ac ab—ab bc-Dbc

=—1| 0 ab —bc
ac —ab 0

0 0 0

=——|0 ab -bc

ac —ab O

=%(0) -+ each entry of R, is zero.
abc

=0 =R.H.S
I m+n

(iv) m n+l =0
n l+m

Solution:
I m+n

LHS=m n+l
n l+m

By C,+C,—C/
l+m+n m+n
=l+m+n n+l
I[+m+n I+m
Taking "l + m+n"common from C,.
1 m+n
=(I+m+n)l n+l
1 I+m
(-~ C, and C, are identical)
=0=RH.S
2 1 3x
(V) 2 3 9%|=0
3 5 15x

Solution:
2 1 3x

LHS=2 3 9x
3 5 15x
Taking "3x"common from C,.
2 11
=3x]2 3 3
3 55
(*+C, and C, are identical)
=0=RH.S
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DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 04

bc a a?l 1 a® a
(vi) ca b b*=[1 b* b
ab ¢ ¢? 1 ¢ ¢

Solution:
bc a a’
LHS=|ca b b?
ab ¢ c?

By aR —R',bR, >R, and cR, >R,

abc a* a°
1

= T a.bC b2 b3
abc
abc ¢* ¢*

Taking "abc" common from C,

a? al

b* b®

¢t ¢t

_abe
abc

= = =

1 a®? a°
= b®> b*=R.H.S
1 ¢ ¢

3. Using properties of determinants, show that:

3 5 0 310
(i) 5 25 10/=25|1 1 2
7 25 1 7 5 1

Solution:
3 5 0
LHS=5 25 10
7 25 1
Taking “5” common from C,
310
=55 5 10
7 5 1
Taking “5” common from R,
310
=251 1 2|=R.H.S
751
a+X a a
(i) a a+x a |=x*(3a+x)
a a a+X
Solution:
a+X a a
LHS= a a+x a
a a a+Xx
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By R +(R,+R;) >R/
3a+x 3a+x 3a+x

=l a a+x a
a a a+Xx

Taking (3a+x) common from R,
1 1 1
=(3a+x)la a+x a

a a a+x

By C,-C,—»C, and C,-C, »C,
100

=(3a+x)ja x 0

a 0 x

As the matrix is in triangular form.

So, its determinant is the product of entries of main diagonal.

=(3a+x)xIxxxx=x*(3a+x)=R.H.S
yz| 1 x X
x|=1 y y°
xyl 1 z z2°

(iii)

= = =
N < X

Solution:

1 x yz

LHS=1 y zx

1 z xy
By xR - R/,yR, >R, and zR, - R,

X X Xxyz

1 2

= x_yz y yo Xyz
7 7* xyz

Taking "xyz" common from C,.

sz x?
=X—;’Zy y:
7z
By C,«<C,
x 1 x°

=(-Yly 1 ¥
z 1 72

By C, < C,

N < X
N < X
N

1
~(-)(-1p
1
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DOGAR NOTES SERIES
1 x x°
=1 y y*=RHS
1z z°
1 X
(iv) 1y
1 z
Solution:

1 x
LHS=[1 vy
1 z

MATHEMATICS-11 (PECCTA)

0 x-y x*—y?
=0 y-z y*-7?
1z z°
0 x-y (x=y)(x+y
=0 y-z (y-z)(y+z)
1z 7°
Taking (x—y) common from R and (y-z) from R,.
0 1 x+y
=(x-y)(y-2)0 1 y+z
1z 72°
By R,—R >R/
0 1 x+y
=(x=y)(y-2z)[0 0 z-x
1z 7°

Taking (z—x)common from R,.
0 1 x+y
=(x=-y)(y-2z)(z-x))0 0 1
1z 7

Expanding with C,

(x—y)(y—z)(z—x)—0—0+10

(x=y)(y-2)(z-x)(1)

Prof: MUHAMMAD IRFAN
MATHEMATICS INSTRUCTOR/

(F.Sc./1.Cs./ O/A-Level / Entry Test Expert

EX Visit us at: MathCity.org

= 0300-1920009

Unit # 04

@ https://www.youtube.com/@mirfandoga
© nhttps://mwww.facebook.com/mirfandogar7



DOGAR NOTES SERIES

MATHEMATICS-11 (PECCTA)

1 1 1
(v) a+1 b+1 c+1 |=(a-b)(b-c)(c-a)
(a+1)2 (b+1)2 (c+1)2
Solution:
1 1 1

LHS=| a+1 b+1 c+1
(a+1)2 (b +1)2 (c +1)2
1 1 1

=| (a+1) (b+1) (c+1)
a?+1+2a b*+1+2b c®+1+2c

By {Cl -C,—>»C/

1

c+1

1

C,-C,—>C,
0 0
= a—b b-c
a’-b*+2a-2b b°-c*+2b-2c c*+1+2c
0 0
= a-b b-c

0 0

=(a-b)(b-c) 1 1 c+1

c+1
(a—b)[a+b+2] (b—c)[b+c+2] c*+1+2c

Taking common (a—b) from C, and (b—c) from C,.

a+b+2 b+c+2 c®+2c+

Expanding from R,.

a—b)(b- {0 0+(1)

1

=(a=b)(b-c)
=(a-b)(b-c)[b+c+2-(a+b+2)]
=(a-b)(b—c)(b+c+2-a-h-2)
=(a-b)(b—c)(c-a)=R.H.S

a?+b? c? c?
(vi) a®>  b’+c® a® |=4a’h’c®
b? b? c’+a®
Solution:
a’+b’ c? c?
LHS=| a* b’+c¢® @&’
b? b? c’+a’
{Rl - Rz - Ri'
By ,
R,-R;,—>R,
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DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 04

b? —b* c¢*-a°
=la?-b? c? —c?

b? b? c¢?*+a’
By R+R,—R

2b? 0 2¢?
—la2_p? 2 _¢?

b? b? c?+a?

By {Cl -C,—>C/

C,+C, >C]

2b? 0 2¢?
=la® -b?-c? c? 0

0 b? a’+b%+c?

Expanding with R,.
c? 0
b?> a®+b’+c’ b?

:ZbZ[cz(az+b2+cz)—OJ+202[b2(a2—bz—cz)—OJ

= 2b?

=2b’ (cza2 +c’b%+c! ) +2c? (azb2 —b* - bzcz)
=2a%b?c® + 2b’c? + 2b%c” + 2a%h’c? — 2b*c? — 2b%c*
=4°p*c* =R.H.S
a b c
(vii)  |b+c c+a a+b|=a’+b*+c®-3abc
a+b b+c c+a
Solution:
a b c
LHS=b+c c+a a+b
a+b b+c c+a

By R+R, >R/
a+b+c a+b+c a+b+c

=| b+c c+a a+b
a+b b+c c+a

Taking "a+b+c"common from R, .

1 1 1
=(a+b+c)b+c c+a a+b
a+b b+c c+a

By C,-C,—»C, and C,-C, »C,
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DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 04
1 0 0
=(a+b+c)b+c a-b a-c
a+b c-a c-b
Expanding with R,
-0+ O}

(a+b+c)[(a=b)(c-b)—(c-a)(a-c)]

a-b a-c

= b 1
(a+b+c) ca cob

(a+be+c)[ac—ab—be-+b’ —(ac—c’—a’ +ac) |
=(a+b+c)[ac—ab—bc+b*—2ac+c’ +a* |
=(a+b+c)(a’ +b”+c’ —ac—ab—bc)

=a®+b*+c*—3abc=R.H.S
a+t a a
(viii) b b+t b [=t’(a+b+c+t)

c C C+t
Solution:

a+t a a
LHS= b b+t b
c c Cc+t
By R+(R,+R;)—>R
a+b+c+t a+b+c+t a+b+c+t

= b b+t b
c c C+t
Taking common (a+b+c+t) from R..
1 1 1

=(a+b+c+t)b b+t b
C C cC+t
By {CZ—C1—>C£
C,-C,—>C;
100
=(a+b+c+t)b t O

c 0t
As the matrix is in triangular form.
So, its determinant is the product of entries of main diagonal.

=(a+b+c+t)xIxtxt
t?(a+b+c+t)=RH.S
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a-b-c 2a 2a
(ix) 2b b-c-a 2b =(a+b+c)3
2c 2c c—-a-b
Solution:
a-b-c 2a 2a
LHS=| 2b b-c-a 2b
2C 2¢C c—-a-b
By R+(R,+R;)—>R
a+b+c a+b+c a+b+c
=| 2b b-c-a 2b
2c 2c c—a-b
Taking common (a+b+c) from R,
1 1 1
=(a+b+c)[2b b-c-a 2b
2¢C 2¢C c—a-b
By {CZ—C1—>C;
C,-C, —C,
1 0 0
=(a+b+c)2b —(a+b+c) 0
2c 0 —(a+b+c)

As the matrix is in triangular form.

So, its determinant is the product of entries of main diagonal.

=(a+b+c)x1x[—(a+b+c)|x[-(a+b+c)]
=(a+b+c)’ =RH.S

Y+Z Z+X X+Y|
(X) X y z |=(x+y+z)(x-y)(y-2)(z-x)
X2 y2 ZZ
Solution:
Y+Z Z+X X+Y¥
LHS=| x y z
X2 y2 Z2
By R+R, >R
X+Y+Z X+Yy+Z X+Yy+z
= X y z
X2 y2 Z2
Taking (X+ Y +z)common from R,
1 1 1
=(x+y+z)|x y z
XZ y2 ZZ
By C,-C,—»C/ and C,-C,—>C,
0 0 1
=(x+y+2z)| x-y y-z 1
Xz_yz yz_zz 72
Prof: MUHAMMAD IRFAN

MATHEMATICS INSTRUCTOR /
(F.Sc./1.Cs./ O/A-Level / Entry Test Expert

MATHEMATICS-11 (PECCTA)

Unit # 04

EX Visit us at: MathCity.org

@ https://www.youtube.com/@mirfandoga
© nhttps://mwww.facebook.com/mirfandogar7
= 0300-1920009



DOGAR NOTES SERIES MATHEMATICS-11 (PECCTA) Unit # 04

0 0 1

X—y y-z z
(x=y)(x+y) (y-2)(y+2) 7
Taking (x - y)common from C,and (y-z) common from C,.
0 0 1
1 1 z

2

=(X+y+12)

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

X+y y+z z
Expand from R

1 1
= —y)(y-2)[0-0+1
(x+y+2)(x=y)(y z){ + Xty yiz

|

=(x+y+z)(x=y)(y-2z)(y+z-x-y)
=(x+y+2z)(x-y)(y-z)(z—x)=RH.S
1 1 1
(xi) a’+1 b’+1 c*+1=(a-b)(b—c)(c—a)(ab+bc+ca-1)
a®+a b’+b c*+c
Solution:

1 1 1
a’+1 b?+1 c*+1
a*+a b*+b c*+c
By {Cl—C2—>C1'

C,-C,—>C}

0 0 1
= a’-b’ b? —c? c?+1
a’-b’+a-b b’-c*+b-c c’+c

L.H.S=

0 0 1

= (a+b)(a—b) (b+c)(b-c) c’+1

(a-b)(a’+ab+b?)+(a-b) (b-c)(b*+bc+c*)+(b-c) c’+c
0 0 1

= (a—b)(a+b) (b—c)(b+c) c’+1

(a-b)[(a*+ab+b?)+1] (b—c)[(b®+bc+c?)+1] c*+c

Taking common (a—b) from C, and (b—c) from C,.

0 0 1
=(a-b)(b-c) a+b b+c c’+1
a’+ab+b*+1 b*+bc+c’+1 c’+c
By C,-C,—C;
0 0 1
=(a-b)(b—c)] a+b c-a c’+1
a’+ab+b*+1 c*-a’+bc—ab c’+c
0 0 1
=(a-b)(b—c)] a+b c-a c’+1
a’+ab+b’+1 (c-a)(c+a)+(c—a)ph c’+c
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0
=(a-b)(b-c) a+b

a’+ab+b’+1 (c-a)[(c+a)+b] c’+c

Taking common (c—a) from C,.
0
=(a-b)(b—c)(c-a) a+b

Expanding with R,.

=(a-b)(b-c)(c—-a)| 0-0+(1)

1
(xii) 1+b 1 |=abc+ab+bc+ca
+C

Solution:

l1+a 1 1

a’+ab+b’+1 a+b+c c*+c

a’+ab+b?+1 a+b+c

a-b)(b—c)(c— a):(a+b)(a+b+c)—(a2+ab+b2+1)]

MATHEMATICS-11 (PECCTA) Unit # 04

b-c)(c-a)[a’ +ab+ac+ab+b”+bc—a’ —ab-b*-1]

~b)(
=(a-b)(b—c)(c-a)(ab+bc+ac—1)=R.H.S
1

a

0

LHS=| 1

1

1

0

=-b b

1+b

1

C,-C,—»C|
C,-C,—>C,

1
1

- 1l+c

1
1+c

Expanding with R,
b

+(1
—¢ 1+c| )‘
=a[b(l+c)—(- ]+bc—0
=a(b+bc+c)+bc

=ab+abc+ac+hbc
=abc+ab+bc+ca=R.H.S

1 a a’-hc
(xii) L b b?-ca|=0
1 ¢ c*-ab

Solution:
1 a a’—bc
LHS=[1 b b*-ca
1 ¢ c*—ab
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C,-aC, —C}

{cs—azclac;
1 a—a a’-bc-a’
=l b-a b’-a’-ca
1 c-a c’—a’—ab
1 0 -bc
=l b-a b’-a’-ca
1 c—a c°—a’—ab

By C,-bC,—C]
0 -bc
b-a b*-a’-ca-b(b-a)
c-a c’-a’-ab-b(c-a)
0 ~bc
b-a ab-a’-ac

= = = B B =

c—a c*—-a’-hc
By RZ—RI—)R%
R,-R >R

1 0 —bc
=|0 b—a ab-a*-ac+bc
0 c-a ¢’ —a?

Taking (c—a) common from R;.

1 0 —bc
=(c-a)l0 b—a ab-a’-ac+hc
0 1 c+a

Expanding with C,
:(c—a){(l)‘ —0+0}

:(c—a)[(b—a)(c+a)—(ab—a2 —ac+bc)}

b—a ab-a’-ac+bc
1 c+a

:(c—a)[bc+ab—ac—a2—ab+a2+ac—bc}

=(c-a)(0)=0=R.H.S
2X+3 x+2 x+a

(xiv) [2x+5 x+3 x+b|=0, where a,b,c arein A.P.
2X+7 Xx+4 Xx+c

Solution:
2X+3 X+2 X+a

LHS=[2x+5 x+3 x+b
2X+7 X+4 X+¢cC
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R,-R =R,
By R _R ,
3 2_)R3

2X+3 X+2 x+a

=| 2 1 b-a
2 1 c¢-b

As, a,b and ¢ arein A.P.
So, b—-a=c-b=c=2b-a
2X+3 x+2 X+a
=l 2 1 b-a

2 1 2b-a-b
2X+3 X+2 X+a

2 1 b-aj=0=RHS ("~ R, and R, are identical)
1 b-a

2
b
(xv) a
c

o O 2

c
b| =(a+b+c)(a+bw+co’)(a+be’ +co), where » is an imaginary cube root of unity.
a

Solution:
a b c

LHS=c a b
b ¢ a

By {R2+R3—>R;
R;+R > R;

a b c

=lb+c c+a a+b

a+b b+c c+a

By R+R, >R

a+b+c a+b+c a+b+c

=| b+c c+a a+b

a+b b+c c+a
Taking (a+b+c) common from R,
1 1 1
=(a+b+c)lb+c c+a a+b
a+b b+c c+a
By {Cz—C1—>C§
C,-C,>C]
1 0
=(a+b+c)lb+c a-b a-c
a+b c-a c-b
Expanding with R,.
[ Ja-b a-c

=(a+b+c) (1)C_a b —0+0}
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=(a+b+c)[(a—b)(c-b)—(c—a)(a—c)]

=(a+b+c)[ac—ab—bc+b2—(ac—cz—a2+ac)]

2+b2+cz—ac—ab—bc)

=(a+b+c) [ac ab—bc+b% - 2ac+cz+a2]
a+b+c(
3

=a’+b® +¢* —3abc (i)
RH.S=(a+b+c)(a+bw+co’)(a+bo’ +co)

=(a+h+c)(a’ +abw’ +aco+abo+b’w’ +bco’ +ace’ +heo’ +c’0’)
=(a+b+c)(a® +b’0’ +c’0’ + w(ab+ac)+ o’ (ab +bc +ac) +hco’ )
=(a+b+c)(a®+b*+c* +(-1-w”)(ab+ac) + abe’ +bce’ + ace’ +beo)
(o'=1L1+0+0" =0, 0=-1-0")

(a+b+c)(a’+b?+c? —ab—ac—abw’ —acw’ + abw’® +bcw’® + acw +bCa))

=(a+b+ a2+b2+c2—ab—ac+bc(a)+a)2))

c
=(a+b+c) ( 2+b2+cz—ab—ac—bc) ('.'1+a)+a)2=0, a)+a)2=—1)
=a’+b®+c®—3abc (i)
From (i) and (ii) L. H.S=R.H.S
1 2 -3 -5 -2 5
4, If A= 0 -5 0|and B=|-3 -1 4], thefind:
-2 -2 7 -2 -1 2
() AsAgAgand [A
Solution:
Given that :

1 2 -3
A=|0 -5 0

2 2 7
A=) —02 —j
=(-1)*(0-10) =1x(-10)
A,=-10

a1l 2
Now, A, =(-1)" -2 —2‘

=(-1)’(-2+4) =-1x2=-2
Similarly,
1 2
_ _1 3+3
A33 ( ) O _5

=(-1)" (-5-0) =1x(-5)
A33 =-5
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1 2 3
Now,|A|=/0 -5 0
-2 -2 7
Expand from R,
-5 0 0 0 0 -5
=1x — -3
-2 7 -2 7 -2 -2

~1(-35-0)-2(0-0)-3(0-10)
|A|=-35-0+30 =5

(ii) B,.,By,,B; and |B|

Solution:
Given that :
-5 -2 5
B=({-3 -1 4
-2 -1 2
1l-2 5
BSl:(_l)“—l 4‘
=(-2)'(-8+5)
B,, =1><(—3) =-3
-5 5
N ’ B _ _1 3+2
ow, B, =(-1) 3 4‘

=(-1)’(-20+15)
B,, = (_1)(_5) =5

Similarly, By, =(-1)*" s 1

5 —2‘

=(-1)°(5-6) =1x(-1)
B,=-1
-5 -2 5
Now, |B|=|-3 -1 4
-2 -1 2
Expand from R,
-1 4 3 4 |-3 -
-1 2‘_(_2)‘—2 2" -2 —j
=-5(-2+4)+2(-6+8)+5(3-2)
=-5(2)+2(2)+5(1) =-10+4+5
[B[=-1

=5 +5
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5. Find the values of x if:
2 1 x
Q) -1 -4 -3=5
x 1 0
Solution
2 1 X
Giventhat: |-1 -4 -3/=5
x 1 0
Expand from R,.
2—4 —3_1—1 —3+X—1 —4‘:
1 0 x 0 x 1

2(0+3)—-1(0+3x)+x(-1+4x)=5
6-3Xx—X+4x*-5=0

4x* —4x+1=0

AX* —2X—2x+1=0
2x(2x-1)-1(2x-1)=0
(2x-1)(2x-1)=0

(2x-1)° =0
2x-1=0
1
X==
2
1 x-1 3
(i) -1 x+1 2/=9
2 -3 X
Solution:
1 x-1 3
Giventhat: -1 x+1 2[=9
2 -3 X
Expand from R,
X+1 2 -1 2 -1 x+1
1 —(x-1) +3 =
-3 X 2 X 2 -3

(X*+x+6)—(x-1)(-x—4)+3(3-2x~-2)=9
x2+x+6—(—x2—4x+x+4)+3(1—2x):9
X?+X+6+Xx +3Xx—4+3-6x—-9=0
2x* —2x—4=0

xX*—x-2=0

x> —2X+x—-2=0
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x(x—-2)+1(x-2)=0
(x=2)(x+1)=0
Either Or

Xx—2=0|x+1=0
X=2 x=-1

111

2 x 2/=0

3 6 X

111

2 x 2/=0

3 6 X

Expand from R,

1x 2_ 2 2+12 x:
6 X 3 X 3 6

(x*-12)—-(2x-6)+(12-3x)=0
x?—12-2x+6+12-3x=0
x> —5x+6=0
x*—3x—-2x+6=0
x(x—3)-2(x-3)=0
(x-2)(x-3)=0
Either Or
Xx—2=0|x-3=0
X=2 Xx=3

6. Find |AAt|and |A‘A| if:

. -3 2 -1

® A{z 1 3}

Solution:

] -3 2 -1
Given that: A= 3
2 1 3

Taking transpose on both sides:
Atz'—s 2 —1}‘

2 1 3
-3 2
A=l2 1
-1 3

-3 2

. -3 2 -1
Now, AA = 2 1
2 1 3
-1 3

9+4+1 -6+2-3
—-6+2-3 4+1+9
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. [14 7
AA" =
-7 14
Taking determinant on both sides.
14 -7
|AAY| = =196 - 49
-7 14

|AAt| =147

-3 2 3 21 9+4 —6+2 -3+6
Similarly, AA=| 2 1 {2 1 3}: —-6+2 4+1 2+3
-1 3 3+6 -2+3 -1+9

13 -4 3
AA=|-4 5 5
9 1 8

Taking determinant on both sides.

13 -4 3
|Nﬁ=—4 5 5
9 1 8

~13(40-5)+4(-32 - 45) +3(~4 - 45)
—13(35)+4(~77) +3(—49)
— 455308147 = 455455

|NN=0
31
(i) A=|2 2
1 3
Solution:
31
Giventhat: A=|2 2
1 3
Taking transpose on both sides
3 17
. . 13 21
A=2 2| =>A=
1 2 3
1 3
31
. 321
Now, AA'=|2 2
1 2 3
1 3

9+1 6+2 3+3
=|6+2 4+4 2+6
3+3 2+6 1+9
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10 8 6

AA'=| 8 8 8
6 8 10

Taking determinant on both sides.
10 8 6

|AAt|:8 8 8

6 8 10
10(80 - 64)—8(80-48) +6(64 - 48)
=10(16)-8(32)+6(16) =160 256+ 96
|AA‘|:0

3 21 31

Similarly, A'A= 2 2
1 2 3

1 3

3+4+3 1+4+9

.14 10
A'A=

_[9+4+1 3+4+3}

10 14
Taking determinant on both sides.
14 10

10 14
|A‘A| =96

|A‘A|=‘ ‘ =196-100

7. If A isasquare matrix of order 3, then show that [kA|=k*|A|.

Solution:
Since A is a square matrix of order 3.

a; &, d &; &, 8
A=la, a, ay and |A| =18 8y Ay
8y 8 dy 8y 8y g
To show that |kA|=k*|Al
Now we multiply by k (any non-zero scalar) by matrix A.

ka, ka, ka;
kA=|ka,, ka, ka,
kay, ka;, kay
ka,, ka, ka,
kA =|ka,, ka,, ka,
kay, ka;, kay
Taking common k from R;,R, and R,
a; &, aj
kAl =kkkla, a, ay
85 8p Aay
a; &, da;
|kA| =k Ay Ay Ay
a31 a‘32 a33
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Hence |kA|=k®|A|
8. Find the values of 2 if A and B are singular.
4 2 3 -2 4 5
A=|7 A 6|,B=|1 -2 1
2 31 2 410
Solution:

4 2 3
Giventhat: A=|7 A 6
2 31

m

Since A is a singular matrix.

ie, |[A=0

4 2 3

7 A 6/=0

2 31

Expand from R,
4(A-18)-2(7-12)+3(21-21)=0
42 -72+10+63-61=0
—2/1+1=0:>—2/1=—13/1=%

-2 4 5
Also giventhat: B=| 1 -2 1
2 4 0
Since B is a singular matrix.
ie, [B]=0
-2 4 5
1 -2 1]=0
2 10

Expand from R,
—2(0—&)—4(0—2)+5(/1+4)=0
21+8+514+20=0
TA+28=0=71=-28=>1=-4

1 21
9. Find the inverse of A=| -5 0 4| and show that A*A=1,.
5 40
Solution:
1 21
Giventhat: A=|-5 0 4
5 40
1 21
|A=|-5 0 4
5 40

|A|=1(0-16)—2(0—20)+1(-20-0)
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|A|=-16+40-20
|Al=4%0
Since A is non-singular matrix so, its inverse exists.
A A A
adjA=| A, A, Ay
A31 A‘32 A33
(10 4 |5 4 |5 of
‘4 o‘ |5 0‘ ‘5
2 1 11 1
B _‘4 o‘ 5 o‘ _‘5
2 1 1 1 |1
_‘o 4‘ |5 4‘ ‘—5
[(0-1

oSO N BN b O

6) —(0-20) (—20_—0)t
| —(0-4) (0-5) —(4-10)
(8-0) —(4+5) (0+10)

r t

~16 20 -20

-l 4 -5 6

8 -9 10
~16 4 8

adj A=| 20 -5 -9

20 6 10

So,
) -16 4 8
ar=BdA Lo 5 g
A 4—20 6 10
To show that A*A=1,
Let L.HS=A"A
-16 4 8|1 2 1
=120 -5 95 0 4
-20 6 10||5 4 0
) ~16-20+40 -32+0+32 -16+16+0
==| 20+25-45 40-0-36 20-20-0
—-20-30+50 -40+0+40 -20+24+0
4 00
4 0

0
0 0 4

NG
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0

o bl

o KMlpA o
o - O

0

Hence A*A=1,
10.  Verify that (AB) =B'A'if:

Al O

1 1 2 . L
(i) A:[ - }and B=|-3 -2
0O -3 1
0 1
Solution:
1 -1 2 11
Given that: A= ,B=|-3 -2
0 -3 1 0 1

First we will find AB.

1 1
1 -1 2
AB = -3 -2
0 31
0 1

|1+3+0 1+2+2) |4 5
|0+9+0 0+6+1| |9 7
Taking transpose on both sides,

(AB) = {4 9} (i)

5 7

Now, taking transpose of matrix A and B.
1 0

At=| -1 -3 |t 30
5 1' 1 -2 1

1 0

.1 =30
B'A' = -1 -3
121

2 1

1+3+0 0+9+0
1+2+2 0+6+1

L e

From equation (i) and (ii)
(AB) =B'A'
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1 2
.. 1 -3
(i) A=l1 4|, B=
-2 1
2 1
Solution:
1 2] _
Giventhat: A=|1 4/, B:{ _}
-2 1
2 1]
First we will find AB.
1 2 _
[1 -3
AB=|1 4
-2 1
2 1 -
1-4 -3+2
=|1-8 -3+4
2-2 —-6+1
-3 -1
AB=|-7 1
0 -5
. . -3 -7 0
Taking transpose on both S|des(AB)‘={ 11 5}

Now, taking transpose of matrix A and B,
RO A R I
12 4 1] |3 1
aa|t 2112
-3 1|2 4 1

[1-4 1-8 2-2
| -3+2 -3+4 —6+1

3 -7 0 i}
={—1 1 —5} (1)

From equation (i) and (ii)

(AB) =B'A'
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