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UNIT-1

Matrices and Determinants

1. Matrices and Determinants

8 -6 2
Example 1.1 IfA=|-6 7 —4] verify
2 -4 3
that A (adjA) =(adjA)A=|A|.I3
[ 8 —6 2
Solution:A=|-6 7 —4]
L 2 -4 3
8 -6 2
|Al=|1-6 7 -4
2 -4 3

=8|y slvel Tl

= 8(21 - 16) +6(- 18 +8) + 2(24 - 14)

= 8(5) +6(- 10) + 2(10)

=40-60+ 20
=60-60
|Al =0
8 —6 2 7 -4 -6 7
-4 3 2 —4
A=|1-6 7 -4
5 _4 3 -6 2 8 —6
7 -4 -6 2
5 10 10
Cofactorof A Aij=]10 20 20
10 20 20
Adj A = AjjT
5 10 10
AdjA=|10 20 20
10 20
8 10
A (adjA) =|-6 7 —4 1() 20 20
2 10 20 20
0 0 O
=10 0 O] . (D
0 0 O



WWW.

5 10 10][ 8 -6 2
(adjA)A=|10 20 20[|-6 7 -4
10 20 20ll 2 -4 3
000
={0 0 o] 2)
000
100
|Al.I=0]0 1 0
00 1
000
={0 0 Of ... 3)
000

From (1), (2) and (3)

A (adjA) = (adj A) A= | A| Iz is verified.

_[a b]. .
Example 1.2 If A _[c d]lS non singular,
find A1

Solution: A =[Z Z]

a2 Y

=ad - bc
adja=[ 4 77
A== Adj A

4|

_ 1 d —b
" ad-bc [—C a ]
Example 1.3 Find the inverse of the

2 =1 3
matrix | —5 3 1

-3 2 3

2 —1 3]

Solution: A =|-5 3 1
-3 2 3l

2 -1 3

|A| = [-5 3 1

-3 2 3

nammakalvi.in

=2 o5 el
=2(9-2) +1(-15+3) + 3(- 10 + 9)
=2(7) +1(- 12) +3(- 1)
=14-12-3

=14-15

= -1+ 0, hence A1 exists.

31 -5 3
2 3 -3 2
-1 3 2 -1
3 1 -5 3
7 12 -1
Cofactor of A Aij = 9 15 -1
-10 -17 1
Adj A = AjjT
7 9 -10
=112 15 -17
-1 -1 1
1
.1=_ 4
A i Adj A
) 7 9 -10
=— |12 15 -17
-1 -1 1
7 9 =10
=—-1112 15 -17
-1 -1 1
-7 =9 10
Al=|-12 -15 17
1 1 -1

Example 1.4 If Ais a non-singular matrix

of odd order, prove that |adj A| is positive.

Solution: Let A be a non-singular matrix of
order 2m+1, wherem =0,1,2,3,...
Then, we get |A| # 0 and, by property (ii),
we have |adj A| = |[A|@m+D -1 = |42,



Since |A|?™ is always positive, we get that
|adj A| is positive.

Example 1.5 Find a matrix 4

7 7 =7
ifadjA=|-1 11 7]
11 5 7
[ 7 7 -
Solution: adj A=|-1 11 7]
11 5 7
7 7 =7
ladj Al =|-1 11 7
11 5 7
11 7 -1 11
=7| 7|_7|11 7|_7|11 5|

=7(77-35)-7 (-7-77)-7(-5-121)
=7(42) - 7 (- 84) - 7(- 126)

=7(42 + 84 + 126)

= 7(252)

= 7(7% 36)

=72 X 62

adj A=7 % 6=42

We know, A = +\/_ adj(adj A)

7 7 =7
Given:adj A=|-1 11 7
11 5 7

11 7 -1 11
5 7 11 5
7 =7 7 7

11 7 -1 11

42 84 —126]
CofactorofadjA=|—-84 126 42

126 —42 84 |

42 —84 126]

adj(adj A)=| 84 126 —42

—126 42 84 |

A=+ _\/_ adj(adj A)
) 42 —84 126
=t 84 126 - 42]
—126 42 84
1 -2 3
A=+ 2 3 —1]
3 1 2
-1 2 2
Example 1.6 IfadjA=] 1 1 2]
2 21
find A1
[—1 2 2
Solution:adjA=| 1 1 2]
| 2 2 1
-1 2 2
ladjAl=| 1 1 2
2 2 1

_ 1 2 11 2 1
_‘1|2 1| 2|2 1|+2|2
=-11-4)-2(1-4)+2(2-2)
=-1(-3)-2(-3) + 2(0)
=34+6+0

=9 = JadjA=

1 — 1 .
We know, Al = i—m (adj A)

Hence, Al =+

W

1 2 2
1 1 2
2 21

Examplel.7 If A is symmetric, prove that
then adj A is also symmetric.

Solution: Given A is symmetric. =~ AT = A
By the property, adj (A7) = (adj A)T
So, adj (A) = (adj A)T hence adj A is

symmetric.



Example 1.8 Verify the property

(AT)"'= (A~1)T with A = [f 3]

Solution: A = [i 3]

=[5 ;]
-F
=14-9
=5
=[5 )
() = Adj A7
415
r= [
T
=14-9
=5
ane]
AlzﬁAWA
7
w15

From (1) and (2)

AT = (AT is verified.

Examplel.9 Verify that (AB)-1 =B-1A-1

with A = [(1) _j] and B = [_(2)

o

e [0 an[ 2 -

=[] %
AB:;g:% E;jJ
=[5 3
a8l=|_5 |
=0+6=6

won =[] 7]

(AB)1 = ;%IAdj(AB)

3
1

]
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11 :
B1—|BI Adj B

w23

srar=3 0 lild

0

_1[4-3 =340
sl o+2 040

=%[—27 ‘g] ...... )

From (1) and (2)
(AB)~1 =B-1 A-1is verified.

Example 1.10 If A = [‘2L g

such that A% + xA + yI, = 0,.
Hence, find A—1L

Solution: A = [;} g]

=l Il o

], find xand y

_[Le+6 12415
8+10 6+25

, 122 37
A_[18 31

A2+XA+y12= 02

22 37 4 3 1 0]_10 O
[18 31]+x[2 5]+y[o 1=l o
22 371, 14x 3x1,[y 0]_ [0 0
[18 31]+[2x 5x]+[0 y| = lo ol
[22+4x+y 37+3x+0] _ 0 0
18+2x+0 31+5x+y| Lo ol

22+4x+y=0, 37+ 3x=0,
184+ 2x=0,314+5x+y=0
18 + 2x = 0 gives

2x=-18

18
X=-—
2

x=-
Substituting, x = -9 in
22+4x+y=0
22+4(-9)+y=0
22-36+y=0
-14+y=0
y=14
Hence, Substituting x = -9 and y = 14 in
A2+ xA+yl, = 0,
A% —9A + 141, = 0,
Post-multiplying this equation by A-1
Weget, A—91 + 14A71 = 0,
14A"1 =9/ -4

Al= i(9I—A)
=56 -G 3
==l 9)-G

widl

cosf@ —sinda].

Example 1.11 Prove that [Sin g o

orthogonal.

Solution: Let A = [C(.)S 6 —sin e]then,
sin 0 cos @
r _[cos@ sinf
A= [—sin 0 cos 9]

cosf —sin 9] [ cosf sinf

AAT =
[sin 7] cosO1l—sin® cosbd



_ [ c0s%0 + sin’6
sin @ cos 8 — cosfsin @

1 07_
[0 =1
Similarly we can prove ATA = I.
Hence the given matrix is orthogonal.

Example 1.12

) 6 -3 a
IfA= > b —2 6]|isorthogonal, find a, b
2 c 3

and ¢ and hence A71.

Solution: Given A is called orthogonal,

hence AAT = ATA =1

cos B sinf@ — sinf cos O
sin®0 + cos*0

45 + a? = 49 gives
a’? =49 — 45 = a® = 4,and

b? + 40 = 49 gives
b? =49 — 40 = b? =9 and

c? + 13 = 49 gives
2 =49 -13>c? =36

6b+6+6a=0
6b + 6a = —6 gives
b+a= -1.... (D
12—-3c+3a=0
—3c + 3a = —12 gives
—c+a= —4....(2)

2b—2c+18=0

2b — 2c

b—c

= —18 gives

= 9.3

. 6 -3 a . 6 b 2
AAT:; b -2 6 X; -3 -2 c
2 c 3 a 6 3
36+9+a?> 6b+6+6a 12—3c+3a
=—|6b+6+6a b>+4+36 2b—2c+18
12—3c+3a 2b—2c+18 4+4+c%?+9
45 + q? 6b+6+6a 12—3c+3a
=—|6b+6+6a b% + 40 2b—2c +18
12—3c+3a 2b—2c+18 c®+13
AAT =1
45 + g? 6b+6+6a 12—3c+3a
— | 6b+ 6+ 6a b% + 40 2b—2c + 18
12—3c+3a 2b—2c+18 c® +13
1 0 O
=10 1 O
0 0 1
45 + q? 6b+6+6a 12—3c+3a
6b + 6 + 6a b% + 40 2b—2c + 18
12—3c+3a 2b—2c+18 c®>+13
1 0 O
=4910 1 O
0 0 1
45 + a? 6b+6+6a 12—3c+3a
6b+ 6 + 6a b% + 40 2b—2c+18
12—-3c+3a 2b—2c+18 c®+13
49 0 0
=0 49 O
0 0 49

From (2) and (3)

a—c= —4
b—c= -9
a—b=25

a+b=-1....11)
2a = 4 which is
a=2

Substitutinga=2ina+b = —1

24+4b= -1
b= —-1-2
b= -3

Substitutinga=2ina—c = —4

2—c= —4



—c= —4-2
—c= —6
CcC =
L 6 -3 2
SoA=; -3 -2 6
2 6 3

EXERCISE 1.1

1. Find the adjoint of the following:

~[-3 4
(l)[ 6 2]
L _[-3 4
Solution: LetA—[ 6 2]
[ 2 —4
ad]A_[—6 —3]
2 3 1
(iH)|3 4 1
3 7 2
Solution:
2 3 1 ;L %
LetA=13 4 1
3 7 2 3 1
4 1
1 -3
Cofactor of A Aij=| 1 1
-1 1
Adj A = AjjT
1 1
AdjA=|-3 1
9 -5

AW A

12 21
(s -2 1 2
1

-2 2
L 2 2 1
Solution: LetA=§ -2 1 2
1 -2 2
2 z 1
3 3 3
A=|=2 L2
3 3 3
12z 2
3 3 3
1 2 2 1
3 3 3 3
2 2 1 2
3 3 3 3
2 1 2 2
3 3 3 3
1 2 2 1
3 3 3 3
6 6 3
9 9 9]
Cofactor of A Aij=|-2 2 2
9 9 9|
3 _¢ EJ
9 9 9
2 z 1
3 3 3
_|_2 12
- 3 3 3
T _2 2
3 3 3
. 2 2 1
=-|-2 1 2
1 -2 2
Adj A = AjjT
. 2 =2 1
=22 1 -2
1 2 2

2. Find the inverse (if it exists) of the

following:
o7

LetA = [_f _43]
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=7
=6-4

=2 # 0, hence A1 exists.

.. _[-3 —4
ad]A—[_1 _2]
1
11 ;
A o Adj A
1 [—-3 —4
E[_1 _2]
5 1 1
(ihj1 5 1
1 1 5
5 1 1
Solution:A=|1 5 1
1 1 5
5 1 1
[Al=11 5 1
1 1 5

=sl; o1l 5l
=5(25-1) -1 (5-1) + 1(1-5)
=5(24) —1(4) +1(- 4)
=120-4-4

=120-8

=112 # 0, hence A! exists.

5 1 1 5
1 51 1
1 1 5 1
5 1 1 5
24 -4 —4
Cofactorof A Aij=|—-4 24 —4
-4 -4 24
Adj A = AjjT
24 -4 -4
=[-4 24 -4
-4 -4 24

1
1= :
A T Adj A
24 —4 —4
=—|-4 24 -4
— —4  24]
6 -1 -1
_ 18
_E[_l 6 -1
-1 -1 6]
) 6 -1 -1
A1=2—8 -1 6 -1
-1 -1 6
2 31
(i) |3 4 1
3 7 2
2 3 1
Solution:A=|[3 4 1
3 7 2
2 31
[Al=13 4 1
3 7 2

=207 ol=3l Sl g
=2(8-7) =3 (6-3) + 1(21-12)
=2(1) =3(3) +1(9)

=2-949

=2

=2 # 0, hence A-! exists.

4 1 3 4
7 2 3 7
31 2 3
4 1 3 4
1 -3 9
Cofactor of A Aij=| 1 1 -5
-1 1 -1
Adj A = AijT
1 1 -1
=[-3 1 1
9 -5 -1




1

-1 — .
A o Adj A
. [ 1 1 —-1]
=3 -3 1 1
| 9 -5 -1
L [ 1 1 -1
Al= > -3 1 1
| 9 -5 —1]
cosa 0 sina
3.IfF(a) = 0 1 0 |
—sina 0 cosa

show that [F(o)]™! = F(—a)

[ cosa 0 sina
Solution: F(a) = 0 1 0 ]
|—sina 0 cosa
cosa 0 sina
|[F(a)| = 0 1 0
—sina 0 cosa

|(]j C020(| 0 |—s(i)na CO(;CZ|

=cosa
. 0 1
+sina | . |
—sina O
= cosa (cosa) + sina (sin a)
= cos’a + sin‘a

=1+ 0, hence F(a)! exists.

1 0 0 1
0 cosa —sina O
0 sina cosa O
1 0 0 1
Cofactor of F(a)
[ cosa 0 sin
= 0 cos?a + sina 0
| —sin « 0 cosa

[ cosa O sina
= 0 1 0
|—sina 0 cosa

Adj F(a) = F(a)T

cosa 0 -sina
= 0 1 0
sina 0 cosa
1
-1 — .
F(a) ] Adj F(a)
L cosa 0 —sina
= - 0 1 0
sina 0 cosa
cosa 0 -—-sina
Fla) 1= 0o 1 0 | (1)
sina 0 cosa
cosa 0 sina
Fla) = 0 1 0
—sina 0 cosa
cos(—a) 0 sin(—a)
F(—a) = 0 1 0
—sin(—a) 0 cos(—a)

We know cos(—a) = cosa

and sin(—a) = —sina
cosa 0 -sina
F(—a) = 0 1 0 | (1)
sina 0 cosa

From (1) and (2)
[F(a)]™! = F(—a), hence proved.
5 3
4. 1fA = [_1 _2], show that
A%? —3A —7I, = 0,.Hence find A-1.

Solution: A = [_51 3]

—2
o5 315
_[25-3 15—6]
~5+2 -3+4
ol
A2=34-7I,=

EHE MR



:[22 9]_[15 9]_ 7

-3 1 -3 —6 0
-5 -5
= [8 8] = 0, Hence Proved.

So, A*—-3A-7I,= 0,

Post-multiplying this equation by A-1

Weget, A—31—7A"1 = 0,
A—3I=7A"1

7A71 = A-3I

0] L 81 0 O
7 =—|0 81 O

0 0 81
811 0
=210 1 0
0 1
10 0
=lo 1 o|=1
0 0 1

That is AAT = I hence A is orthogonal.
Therfore A= = AT

8 —4

6.1fA=| ¢ T

] verify that

AadjA) = (adjA) A= |A|.I2

L Solution:A=[ 2 _4]
At = —(A-3D) - 3
8 —4
Al = | |
_1[( 5 3 1 0 -5 3
_?_(—1 —2)_3(0 1)] 120
_ 1[5 3)y_(3 0
_7.(—1 —2> (o 3>] |A| =4
_ 1/ 5-3 3-0 3 4
—7_(—1—0 —2-3 Ad]A_[5 8
1 _ 1 2 3 . [ 8 =413 4
AT =74 _5] A(ad’A)_[—5 3”5 8]
-8 1 4 _[ 24-20 32—32]
S5.IfA =% 4 4 7] prove that A_l = AT —15 + 15 —20 + 24
1 -8 4 4 0
e 1 =y 4] 1)
Solution:A=g 4 4 7]
1 -8 4 (ade)Az[g g] [_2 _g]
-8 1 4, 7-8 4 1
AAT=;[ 4 4 75[ 1 4 —8] _[24-20 —12+12]
1 -8 4 4 7 4 40 — 40 =20+ 24
 [64+1+16 —32+4+28 —8-8+16 _4 0 1
=—|-32+4+28 16+16+49 4-32+28 =lo a4l €Y)
—8-8+16 4-32+28 1+64+16

10
|A|.1=4[0 .
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=[5 4l

From (1), (2) and (3)

A (adjA) =(adjA) A= | A|lz2is verified.

3 2

7.1fA = [7 :

|anaB=["1 3]

5 2

Verify that (AB)-1=B-1A-1

A= ? gande[_; _g]
ae=[7 |75
w31 2
AB=:1g —_151]
|AB|= 1; —_151

=-77+90=13
adj (AB)=[:1é g]

(AB)1 = ﬁ Adj (AB)

_ 1 [-11 5

=5 lo1g 7l (D
_ I3 2
A= 5]
13 2
=15-14
=1
. 5 =2
ad1A=[_7 3]

1
1= 1
Al=r- Adj A
1[ 5 -2
1L-7 3
5 =2
1 —
w=l
-1 -3
B_[5 2]
-1 -3
|B| 5 9
=-2+15
=13
. 2 3
ad]Bz[_5 _1]
Bl= — Adj B

B

w-3[2 )

e B -

1 10—-21 —4+9

13l -25+7 10-3

_ 1 [-11 5
=% log 7l (2)

From (1) and (2)

(AB)~1=B-1 A-1lis verified.

2 -4 2
8. IfadjA=|-3 12 —7] Find 4
-2 0 2
2 —4 2
Solution:adj A=|-3 12 -7
-2 0 2




2 —4 2 0 -2 0
ladj Al =|-3 12 -7 9.0fadjA=| 6 2 -—6|findA?
-2 0 2 -3 0 6

_ 5|12 =7 -3 =7 3 12 [ 0 -2 0
= 2| z|+4|_2 2 +2|2; | Solution: adj A=| 6 2 —6]
-3 0 6
=2(24-0)+4 (-6-14) + 2(0+24) 0 =2 0
ladjAl=| 6 2 —6
= 2(24) +4 (-20) + 2(24) -3 0 6
2 -6 6 -6 6
= 48-80 + 48 = 96 - 80 -
ofs Tel+2| 5 Tol+ol
=16= adjA=4 =0+2(36-18)+0
We know, A = J— adj(adj A) =2(36-18)
2 —4 2 =2(18)
Given:adj A =|-3 12 —7]
-2 0 2 =36
12 -7 -3 12 ;
JadjA=6
0 2 -2 0 “
—4 2 2 -4
12 -7 =3 12 We know, A-1= _\/_(ad]A)
24 20 24 0 2 o
Cofactor of adj A = 2 g 12 Hence, A1 =i'% 6 2 —6]
-3 0 6
24 8 4
adj(adj A)=[20 8 8 10
24 8 12 10. Find adj(adj A) ifadjA=| 0 2
-1 0
A=+ —ad](ad]A)
1 0 1
Given:adjA=| 0 2 0
24 8 4 —
1 1 0 1
=iz 20 8 8]
24 8 12 5 0 0 2
) 6 2 1 01 -1 0
A=iz(4)[5 2 2] 01 10
6 2 3 2 0 0 2
6 2 1 2 0 2
A=+([5 2 2 CofactorofadjA=|(0 2 0]
6 2 3 2 0 2

adj(adj A) = (Cofactor of adj A)T

_ O



0 2 0 ~ Lsin 2x coSs 2x
2 0 2

2 0 2 _[cost —sian]
adj(adj A)=

Since cos?x — sin?x = cos 2x and
tan x

_ 1
111fA = [— tan x 1 show that 2sin x cos x = sin 2x
ATA 1= [COS 2x —sin Zx] 12. Find the matrix A for which
sin 2x cos 2x . 3 1 7
A =
Solution: A = [ t;nx ta;lx [_1 _2] [ 77
- o 5 31 _114 7
" | ) tanx| Solution: 4 [_1 _2] = [ 5
—tanx 1 Let A= [ccl Z]
=1+ tan’x
14 771 .
= seclx AB = [ 7 7] gives
ainelh, P AL 30
c dll-1 =2 7 7
1
We know, A'l=— Adj A
b T fa=b Sa—2b)_pi4 7
L [ 1 —tan x 5c—d 3c—2d 7 7
= 2
sectx Manx 1 5a—b=14.... (1)
_ 2 [ 1 —tanx
= COoS°X
tan x 1 3a—2b=7
1 _ sinx
=cosx [y, e-d=7
cos* 3c—2d=7
Al = [ cos?x  —cosxsin x]
cos x sin x cos’x Solving (1) x 2
A=[ 1 tan x 10a — 2b = 28
—tanx 1
. 3a—2b=7
1 _ Ssmx
AT — ) COosSXx
S x 1 7a=21=a=3
COSXx
ATA1 Substituting a = 3 in (1)
1 2 _ Sa—b =14
_ cosx [ CoS“x — COS x sin x]
sinx COSs X sin x cos’x
cosx 1 5(3) — b = 14
20 ain2 _ :
_ [cos.x sin“x 2251nxc952x] 15— p = 14
2sinxcosx  cos‘x — sin“x
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—b =14 -15 6a+ 2b = 2,and —4a + 2b =2

_p=—-1>b=1 3a—3c+b—d=1and

—2a+2c+b—-d=1
Solving (3) x 2

10c — 2d = 14 Solving 6a + 2b = 2
—4a+2b=2
3c—2d =7

10a=0givesa=20
7c=7=c=1

Substituting a = 0 in
Substituting c = 1 in (3)

—4a+2b=2
5c—d=7
2b=2givesb=1
5(1)—-d=7
Substitutinga=0and b =1 in
5—-d=7
3a—3c+b—-d=1
—-d=7-5
0-3c+1—-d=1
—d=2>d=-2
13 1 —3c+1—-d=1
HenceA—[ ]
1 -2 —3c—-d=1-1
. 1 -1 -2
13. Given A=[2 O]’ Bz[i 1]and —3c—d =0 and
C=B %] find a matrix X such that AXB=C —2a+2c+b—d=1

0+2c+1—-d=1
Solution: AXB=C

2c+1—-d=1
a b
Let X:[c d] then 2c —d=1-1
[1 —1] [a b [3 —2]=[1 1] 2¢ —d=0
2 0lc alll 11 12 2 Solving —3c —d =0 and
a—c b—-dj[3 -—-21_q1 1 o
[ 2a - Hl 1]_[2 2] 2¢ — d=0 we get
c=0
[3(a—c)+1(b—d) —2(a—c)+1(b—d)
3(2a) + 1(2b) —2(2a) + 1(2b) Substituting ¢ = 0 in
[t 1 2c — d=0
L
d=0

3a—3c+b—-d —2a+2€+b—d]=[1 1]
2 2

6a + 2b —4a+2b Substitutinga=0,b=1,c=0andd =0



in X matrix

we get

0 1
14.IfA=11 0

b
d
1
0 O
1
1
1 1 1.

show that 471 = %(A2 -3I)

Solution: Given A =

1Al =

PP O - R- o
ROk L OoORr
O R
e—

=ofy 3=ty ol +fy
=0-1(0-1) + 1(1-0)
=—1(- 1) +1(1)

=1+1

|A] =2 # 0, hence A1 exists.

0 11 0
1 0 1 1
1 1 0 1
0 1 1 0
-1 1 1
Cofactorof A Aij=| 1 -1 1
1 1 -1
Adj A = AjjT
-1 1 1
=[ 1 -1 1]
1 1 -1
1= aqi
A i Adj A

0 1 1j[0 1 1
A2=1 0 1|1 0 1
11l 11
2 1 1]
=11 2 1
1 1 2
2 1 1] [1L 0 0
A2-31=[1 2 1|-3[0 1 0
1 121 lo o1
2 1 1] [3 0 0
={1 2 1|-]o 3 0
1 1 2l lo o 3
2-3 1-0 1-0
={1-0 2-3 1-0
1-0 1-0 2-3

) -t 11
E(,42—31)=5[1 ~1 4 ...... (2)
1 1 -1

From (1)and (2) 47! = %(A2 — 31), proved.

15. Decrypt the received encoded message

[2 —3][20 4]with the encryption matrix
[_% _ﬂ and the decryption matrix as its

inverse, where the system of codes are
described by the numbers 1—26 to the
letters A—Z respectively, and the number 0

to a blank space.

Solution: Given Encoding matrix

a=[7 7
=7
=-1+42

=1

air=[



AlzﬁAde
2l
a=[ ]

2 1
Given encoded message is

[2 —-3],[20 4]

Coded Decoding  Decoded
row matrix matrix row matrix

T

_=2+6 2+3]

20 41[_; _i]=120-8 20-4]

So, the sequence of decoded row matrices is

[8 5][12 16]. Thus, the receiver reads
the message as “HELP”.

Example 1.13 Reduce the matrix

3 -1 2
—6 2 4|toarow - echelon form.
-3 1 2

[ 3 -1 2
LetA=|-6 2 4
-3 1 2
-1 R,
- 0 Rz == R2 + 2R1
0 i R3 = R3 + R1
-1
R3 == 2R3 - Rz

l

SCow Cow oow
o

CON AN A ON

This is also a row-echelon form of the given
matrix.

Example 1.14 Reduce the matrix

0 3 1 6
—1 0 2 5|toarow -echelon form.
4 2 0 O

(e}

1 6]
2 5
0 Ol

LetA=|—

B
N O W

0 6]
-1 5
4 0l

C; & C;

0 6
1 7]R2 =R, — 2R,
4 0
0 6
1 7]R3=3R3—R2
11 -7

)
COCOoOR COR ONR
SO ON W N OY W N O W

This is also a row-echelon form of the given
matrix.

Example 1.15
Find the rank of each of the following

3 25
matrices: (i) |1 1 2

3 3 6
3 2 5]
LetA=[1 1 2
3 3 6l
1 1 2]1R1 <R,
-3 2 5 R,
3 3 6] R
1 1 2 Ry
=10 -1 -1 R2: R2_3R1
0 0 O0lR;= R;—3R;

The Matrix is in Echelon form.

The number of non zero rows are 2.

s~ p(A)=2
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w
I
—_
I
N
N

(ii) [—

LetA=|-3 -1 =2 4

N
w
—_

|
N
[E——

(o))
N
I
—_
\S}

1 3 4 =2

-1 0 5 5 O0|R,=R,+2R,;
-1 7 6 2
1 3 4 =2

-0 5 5 O0|Rs=R;+R;
0 10 10 O
(1 3 4 =2

- 0 5 5 0 R3 -_ R3 - 2R2
0 0 0 O

The Matrix is in Echelon form.

The number of non zero rows are 2.
~ p(A)=2

Example 1.16 Find the rank of the following
matrices which are in row-echelon form:

2 0 =7
(1) [0 3 1‘
0 0 1

The number of non zero rows are 3.

o p(A): 3
-2 2 -1
(ih)] 0 5 1
0 O 0
The number of non zero rows are 2.
6 0
(iii) | ©

0

-9
0
0
0 0

OO N

The number of non zero rows are 2.

Example 1.17

1 2 3
Find the rank of the matrix [2 1 4
3 05

by reducing it to a row-echelon form.

1 2 3
LetA=1]2 1 4
3 0 5

(1 2 3] Ry
-|0 -3 -2|R,= R,—2R;
_0 _6 —4_ R3 = R3 - 3R1

1 2 3] Ry
=10 -3 -2 R,
_0 0 0_ R3 = R3 - 2R2

The Matrix is in Echelon form.
The number of non zero rows are 2.

Example 1.18 Find the rank of the
2 =2 4 3
matrix [—3 4 —2 —1|byreducing it
6 2 -1 7
to a row-echelon form.
2 =2 4 3
-3 4 =2 —1]
6 2 -1 7

2 =2 4 3
6 2 -1 7

-2 8 7 R3=R3—3R1

2 =2 4 3
- O -2 8 7 R3 = R3 + 4R2
0

The no. of non zero rows are 3. . p(4)=3



Example 1.19 Show that the matrix

31 4
2 0 —1]isnon-singular and reduce it to
5 2 1
the identity matrix by elementary row
transformations.
31 4
LetA=|2 0 -1
5 2 1
l i Rl = Rl =3
3
M2 0 -1f R
5 2 1 Rs
- 1 4_
s 3 R,
>lo —§ —g R, =R, — 2R,
0 1 17 R3 = R3 —5R;
L 3 3 4
— 1 4__
L s 3 R
11 3
1 _17 R
0 3 3 :

Example 1.20 Find the inverse of the
. .10 5
non-singular matrix 4 = [_1 6] ,

by Gauss-Jordan method.

. _ 0 511 0
Solution:(4|I,) = (_1 6lo 1)
-1 6|0 1
> ( 0 sh O)Rl‘_)RZ
(1 —6|O —1)R1=R1(—1)
0 511 0 R,
1 -6/0 “1\ &
- 1 1
0 1; 0 RZZERZ
¢ 1
1 OE - R1:R1+6R2
_)
0 112 o R,
5
¢ 1
Hence Al= i
-0
5
_1=16 -1
A 5[1 0]
Example 1.21 Find the inverse of
2 1 1
A=1|3 2 1|by Gauss-Jordan method.
2 1 2
2 1 111 0 0
Solution:(A|I3)=<3 2 1{0 1 0)
2 1 210 0 1
1 %% 0 0
13 2 110 1 o|Ri=Ri+2
2 1 210 0 1
_)
1 1 1
1 E E E 0 0 R1
1.3 1 0 R, =R, — 3R,
2 2| 2 R; =R; — 2R
o 1l-1 0 1/ 3 73 !
IR =00
~lo 1 -1[-3 2 0o|R2=2R;
0 O 11-1 0 1
1 0 11 2 -1 0
0 O 11 -1 0 1




(S e
00 1l-1 o 1/fe=RetRs
3 -1 1
Hence Al1=|—4 2 1

-1 0 1

EXERCISE 1.2

1. Find the rank of the following matrices by

minor method:
. 2 —4
) [—1 2]

ans 2

~ p(A)=1

-1 3
(ii)[ 4 —7]

3 —4
-1 3
4 —7]

3 —4

Let A=

A is a matrix order of 3X 2,
~p(A) <2
We find that there is a second order minor,
"
-7
=7-12
=-5%#0

s~ p(A)=2

il 2
anclt 2 2

A is a matrix order of 2% 4,
~ p(A) <2
We find that there is a second order minor,
|—1 0
-3 1
=-14+0
=—-1%#0
~ p(A)=2

1 -2 3
(iv) [2 4 —6]
5 1 -1

LetA=|2 4 —6

1 -2 3]
5 1 -1

A is a matrix order of 3% 3,

~ p(A) <3
1 =2 3
[Al=12 4 -6
5 1 -1

=1|‘1L :6| +2|§ :6| +3|§ ‘1‘
= 1(= 446) +2(- 2430) + 3(2-20)

= 1(2) +2(28) +3(- 18)

=2+56-54
=58-54
=4

|Al =4+ 0,

~ p(4) =3
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—
<
N
[—
o O
N =
O N

1
3
2

1 21
Let A= 2 4 3

1 0 2

0 O o

A is a matrix order of 3X 4,
~ p(A) <3
We find that there is a third order minor,

1 2 1
2 4 3
1 0 2

=1y 5l-2f 31+ ¢
=1(8-0) —2(4-3) +1(0 - 4)
=1(8) —2(1) +1(- 4)
=8-2—4

=8-6

=2 %0,

~ p(4) =3

2. Find the rank of the following matrices by

row reduction method:

1 1 1 3
(i)[z ~1 3 4]

5 —1 7 11
1 1 1 3
LetA=(2 -1 3 4
5 —1 7 11
1 1 1 3 Ry
-0 -3 1 —=2|R;= R,—2R,
0 —6 2 —4lR;y= R;—5R;
1 1 1 3 Ry
-0 -3 1 =2 R,
0 0 0 0lR;=R;-2R,

The Matrix is in Echelon form.

The number of non zero rows are 2.

= p(A)=2
1 2 -1
.~13 -1 2
17 5 3
1 -1 1
[1 2 —1]
13 -1 2
Let A= 1 —2 3
|1 -1 1]
1 2 -1] Ry
510 =7 5 R,
0 O 8|Rs = 7R3 —4R;
0 0 1|R,=7R,—3R,
1 2 -—-1] Ry
510 =7 5 R,
0 0 8 R;3
0 O 0_ R4_ - 8R4 - R3

The Matrix is in Echelon form.

The number of non zero rows are 3.

o p(A): 3
3 -8 5 2
il 2 -5 1 4
-1 2 3 =2
3 -8 5 2
LetA=|1 2 -5 1 4
-1 2 3 =2
[ 3 -8 5 2
>l o 1 -7 8|R,=3R,—2R,
-1 2 3 =2
3 -8 5 2
Slo 1 =7 8|Rs=3Rs+R
0 -2 14 -4
3 -8 5 2
- 10 1 -7 8R3=R3+2R2
L0 0 0 12

The Matrix is in Echelon form, since the
number of non zero rows are 3, p(4)=3



3. Find the inverse of each of the following

by Gauss-Jordan method:

2 -1
OF =
LetA=[§ :1]
. 2 =11 0
Solution:(4|I;) = (5 —2lo 1)
1|1 -
%<1 32 0>R1‘RR1 ’
5 =210 1 2
) e
o L[=2 1)/R:=R;—5R,
2 2
—)(1 01_%; 1)R1—Rl'|'RZ
0 2=z 1Y R
1 0-2 1 Ry
_’(0 1l-5 2)R2=Rz><2

Hence A'l = [:é é]

1 -1 0
([t o -1
6 —2 -3
1 -1 ojr1 0 O
Solution:(4|I3) =11 0 -1{0 1 0
6 -2 =310 0 1
N T )
a - R3=R3_4‘R1
0 4 -31-6 0 1
Slo 1 —-1-1 1 0], _ Rt e
0 0 11-2 —4 1/ 73773 z

(
N
(

1 0 0
R, =R, +R
1 -3 -3 1) 2 Rz 1
3
0 0 1l-2 -4 1
1 0 o0-2 -3 1
0 0 1l-2 —4 1

Hence Al =

-2 -3 1
-3 -3 1
-2 -4 1

1 2 3
(iii)[z 5 3]
1 0 8

1 2 3
Solution:(A|I3) = |2 5 3

1 0 8
1 2 3
- (0 1 -3

0 -2 5

1 0 0
0 1 0

0 0 1

1 0 0) R2=R2_2R1

-2 1 0
-1 0 1 R;=R; — Ry

311 0 O
—3 —2 1 0 R3 = R3 + ZRZ
-11-5 2 1

3|1 1 0 0
—3(-2 1 0 |R3 = R3(—1)
115 -2 -1

S R, DN (e R N

[EnN
N
w

1 0 0
13 —5 -3 R2 = RZ + 3R3
5 -2 -1

(=)
—_
= O

1 2 0|-14 6 3
1 0 13 —5 -3 R1 = R1 - 3R3
5 -2 -1

o O
=

—40 16 9
13 _5 _3 R1 = R1 - 2R2
5 -2 -1

l
/N
o o

—_
_ o o

Hence A'l=| 13 -5 -3
5 -2 -1

[—40 16 9]

Example 1.22 Solve the following system of
linear equations, using matrix inversion
method: 5x + 2y =3,3x + 2y =5.
Solution:5x + 2y = 3,3x + 2y = 5.

RS HISE

=10-6=4



=l s
[1=3055%
MESIP
(X' Y) = (_ 1,4‘)
Example 1.23 Solve the following system of

equations, using matrix inversion method:

2x1+3x2+3x3 :5,x1_2x2+X3 :_4
and 3x; —x, —2x3 =3

Solution: 2x; + 3x, + 3x3 =5
X1 — 2Xy +x3 = —4

3x1—x2—2x3=3

2 3 3 X 5

A=]|1 -2 1| X= xz]B=[—4]
3 -1 -2 X3 3
2 3 3

Al=1 -2 1
3 -1 -2

=277 -3 ol T
=2(4+1)=3(-2-3)+3(-1+6)
=2(5) =3(= 5) + 3(5)

=10+ 15+15=40

A=

2 3 3
1 -2 1

3 -1 -2

Cofactor of A Aij=|3 —-13

9 1

5 5 5]

Adj A = AjjT

5 -13 1
5 11

AdjA=

5 3 9]

P
At =7 Adj A
5 3 9
5 —13 1
5 11 -7

1

40

X=A1xB

L E 3 9
=—|5 -13 1
L5 11 -7

[25 — 12 + 27
25+52+3
(25 —44 - 21

=1l 80
25 — 65

[52 — 12]

) 40]
=70 80
—40

L)

(-xl' X2, x3) = (1' 2' _1)
Example 1.24
—4 4 4
-7 1 3| and

5 -3 -1

IfA=

RN W R

|
I

5
—4
3

|
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1 -1 1
B=|1 -2 -2|,find the products
2 1 3

ABand BAand hence solve the system of
equations x—y+z=4,x—2y—22=9
and 2x +y+ 3z =1.

Solution:
[—4 4 47 1 -1 1
A=|-7 1 3,B=|1 -2 -2
5 -3 -1 2 1 3
[—4 4 4111 -1 1
AB =|-7 1 3111 -2 =2
| 5 -3 —-1112 1 3
—44+4+8 4—-8+4 —4-8+12
=|-74+14+6 7-—-2+43 —-7—2+49
5—-3-2 -5+46-1 5+46—-3
[12—4 8—-—8 12-—-12
=|-74+7 10—-2 -9+49
| 5—-5 —-6+4+6 11-3

8 0 O
AB=|0 8 0
0 0 8

-1

1 111-4 4 4
and BA=|1 -2 -=2||-7 1 3
2 1 3 5 -3 -1
—4+7+5 4—-1-3 4-3-1
=|—-44+14—-10 4-24+6 4—-6+2
-8—-74+15 8+4+1-9 8+3-3
[ 12— 4 4—4 4-4
=|-144+14 6—-6 6-—6
| 15—-15 9-9 11-3
8 0 0
BA=|0 8 0
0 0 8

So, we get AB = BA = 81;.
Thatis (A4)B=B (54) = 1.

1
cR-1— =
= B1=2(4)

|

|

Writing the given system of equations in
matrix form, we get

1 -1 17 x 4
1 - - y|I=19
2 1 31tz 1
X 4
So[ylzB_l‘D
z 1
4
=1(A) 9
8
1
1'—4 4 47174
=§ -7 1 3 9
| 5 -3 -—-1l11
1'—16 +36+4
=3 —284+9+3
20—27 -1
1'—16 + 40
=3 —28+4+ 12
20 — 28
1' 24]
=§ —-16
| — 8

EXERCISE 1.3
1. Solve the following system of linear

equations by matrix inversion method:
(i) 2x+5y=-2, x+2y=-3.
Solution:2x + 5y = —=2,x + 2y = —3.
2 51 _[¥]no_[-2

A_[1 2] X= [y] B= [—3]

_12 5

=1 >
=4-5

=-1



a=21 ;

A== Adj A
i[ 2 =5
-1 -1 2

2 =5

-l —

Al= 1[__1 A

X=A1%xB

=-1[_1 S5

HERTE

y 2—6
[H]= —1[5]
(6 y) = (~11,4)

(i)2x—y =8, 3x+ 2y =-2.

Solution: 2x —y =8, 3x + 2y = —-2.

a=lz x=[5]e=[]
L
=443
=7
SEY
Aﬂ=ﬁAWA

412!

=315 4l

X=A"1%xB

=515 2l

[x]_l 16 — 2

yI—71-24—24
HEEE

y 71-28
(X' Y) = (Zv _4)

(iii) 2x+3y—z=9,x+y+z=9
and 3x —y—z=-1.

Solution:
2 3 —-1] ve 9
A=|1 1 1 X=[le= 9
3 -1 -1l VA -1
2 3 -1
Al = [1 1 1
3 -1 -1

=25 gl-3l5 al-1ls
=2(-141) -3(-1-3) - 1(- 1- 3)

=2(0) -3(=9-1(-4)

=0+12 +4
=16
5 3 1 1 1 1 1
-1 -2 3 -1
A=]1 1 1
3 1 -1 3 -1 2 3
1 1 1 1
0 4 -4
Cofactor of A Aij = |4 1 11
4 -3 -1
Adj A = AijT
0 4 4
AdjA=| 4 1 -3
-4 11 -1
1
1 == .
A i Adj A
) 0 4 4
:E 4 1 —3
-4 11 -1




X=A1%xB

1'04 4 9
=—1 4 1 =3|| 9

—4 11 —1ll-1
[ 0+36-4
=—1| 36+9+3
36 +99 + 1
36 — 4
=—| 48
16
36 + 100
1'32‘
=T 48
64
X7 [2
URH
zl 14

xvy,2)=(23,4)

(ivyx+y+z—-2=0,
6x—4y+5z—31=0
5x +2y + 2z =13

Solution: x+y+2z =2,
6x — 4y + 5z =31
S5x +2y+2z=13

1 1 1] X 2
A=|6 —4 5 X=[le=[31]
5 2 21 z 13

1 1 1

Al =16 -4 5

5 2 2

=1]7 o=l S+l
=1(- 8 —10) —1(12 — 25)+1(12+20)
= 1(—18) —1(— 13) +1(32)

= —18+13 + 32

= —18 + 45

=27

TS
A=]6 —4 5
5 9 o 1 1 1 1
-4 5 6 —4
-18 13 32
Cofactor of A Aij = 0 -3 3
9 1 —-10
Adj A = AijT
-18 0 9
AdjA=| 13 -3 1
32 3 -10
1
1= :
A o Adj A
L —-18 0 9
= 13 -3 1
32 3 —-10
X=A"1xB
. —18 0 9 2
== 13 -3 11131
[ 32 3 —10l113
. [—36+0+ 117
=5 26-93+13
164 + 93 — 130
L [ 117 — 36
= 39-93
157 — 130
. [ 81]
= —54
| 27

x 3
[yl = [—2] -(xy,2)=(3,-2,1)
z 1

-5 1 3
2IfA=| 7 1 -5|and

| 1 -1 1
(1 1 2

B=1|3 2 1], find the products
12 1 3

ABand BA and hence solve the system of
equations x +y+2z=13x+2y+z =7
and 2x +y + 3z = 2.



Solution:
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[—5 1 3] 1 1 2
A=| 7 1 -5|,B=|3 2 1
1 -1 1 2 1 3
[—5 1 3111 1 2
AB=| 7 1 53 2 1
| 1 -1 Lz 1 3
—-5+34+6 -54+2+3 —-104+1+9
=|7+3-10 7+2-5 14+1-15
1-34+42 1-2+1 2—1+3
[-5+9 —-54+45 —-10+10
=|10—-10 9-5 15 —-15
| 3—3 2—2 3—3
4 0 O
AB=|0 4 0
0 0 4l
1 1 21[-5 1 3
andBA=|3 2 1 7 1 -5
2 1 3L 1 -1 1

—-54+74+2 1+1-2
-15+14+1 3+2-1
-10+7+3 2+1-3

[ -5+9 2-2
=|-15+15 5-1
[—10+10 3-3
4 0 O
BA=|0 4 0‘
0 0 4

So, we get AB = BA = 41,.

3—-5+2
9-10+1
6—5+3

5-5
10 —-10
9-5

Thatis (3 4)B = B( A) =1,

1 1
4 4

1
CR-1— =
#BLl=7(4)

Writing the given system of equations in

matrix form, we get

1 1 2]rx
3 1
2 1 31tz

1
7
2

X
So lyl =B!

Z

1
7
2

1
7
2

L -5 1 311
-7 1|l
1 -1 1112

L [—5+7+6
=2 7t7-10
L 1-7+2

==(4)

[-5+13
=14 -10
4

| 3-7

1_8

L — 4

x 2
ly 1]
z -1
3. A man is appointed in a job with a
monthly salary of certain amount and a
fixed amount of annual increment. If his
salary was Rs. 19,800 per month at the end
of the first month after 3 years of service
and Rs. 23,400 per month at the end of the
first month after 9 years of service, find his
starting salary and his annual increment.

(Use matrix inversion method to solve the
problem.)

Solution:
Let the monthly salary be Rs. x
Let the annual increment be Rs. y
Then from the given data

x + 3y = 19,800

x + 9y = 23,400

Solving by matrix inversion method,



_[1 3] v_[*] r=[19800 Solution:
A=l 9]'X_ [y]'B_ 23400]
Let 1 man can do the work in xdays

1 3
1= |1 9 1
In 1 day he completes - of the work
=9-3
Let 1 woman can do the work in y days
=6
[ 9 3] In 1 day she completes % of the work
adj A= -
-1 1
4 men and 4 women can finish % piece of
1
1= '
A A Adj A work jointly in 1day is §+§ = g
119 -3
6 [_1 1] 2 men and 5 women can finish i piece of
. . .2,5_ 1
A1l [ ci _i] work jointly in 1day is St 5= 1
6 |—
.4 4 1 2,5 1
X = A1xB Solv1ng;+;—§and;+;—z
_1 [ 9 —3] [19:800 Let = = aand = = b then
6 l—1  111023,400 * y
[X1_ 1 [1,78,200 — 70,200 4a +4b = -
Ly1™ 6 1-19,800 + 23,400
] = 1108000 2a+5b=7
Lyl el 3,600 .
s 4 4 a 3
X1 _ [18,000 A= X = B=|3
Hence
’ 4 4
=, <
Monthly salary x = Rs.18,000
=20-8
Annual increment y = Rs.600
=12

5 —4
adjA = [ ]
4. 4 men and 4 women can finish a piece of -2 4

work jointly in 3 days while 2 men and 5 Al = ﬁ Adj A
women can finish the same work jointly in

4 days. Find the time taken by one man = 11_2 [_3 _ﬂ
alone and that of one woman alone to finish - [ 5 _4]
the same work by using matrix inversion 12 1-2 4

method. X=A1%xRB



1

=515 Tl

4
5_%
a _ 1 3 4
[b]_12 _§+%

HEEF
b 12 | 4
12
8 1 2 1 1
a=—X—=—X-= = = —
12 12 12 3 6X3 18
1 .
a=-=—givesx =18
18
4 1 1 1
b:—)(—:—)(—: = = —
12 12 12 3 12x 3 36

11, _
b —;—Eglvesy—36
1 man can do the work in x = 18 days

1 woman can do the work in y = 36 days

5. The prices of three commodities A, B and
C are Rs x, y, and z per units respectively. A
person P purchases 4 units of B and sells
two units of A and 5 units of C. Person Q
purchases 2 units of C and sells 3 units of A
and one unit of B. Person R purchases one
unit of A and sells 3 unit of B and one unit of
C. In the process, P, Q and R earn Rs 15,000,
Rs 1,000 and Rs 4,000 respectively. Find the
prices per unit of A, B and C. (Use matrix

inversion method to solve the problem.)

Solution: Given the prices of three
commodities A, B and C are Rs x,y, and z

per units.
From the data given,

—4y + 2x + 5z = 15,000
—2z+3x +y =1,000
and —x + 3y + z = 4,000

In standard form
2x —4y + 5z = 15,000
3x+y—2z=1,000
—x + 3y +z = 4,000

2 -4 5 x 15000
A=| 3 1 =2 X=lle= 1000
-1 3 1 z 4000
2 =4 5
Al =| 3 1 -2
-1 3 1
5|1 =2 3 =2 3
_2|3 1|+4|_1 1|+5|—1
=2(1+46)+4(3-2)+509 +1)
=2(7)+4(1) +5(10)
=14 +4+50
=68
IR
A=| 3 1 -2
1 3 1 -4 5 2
1 -2 3
7 =1 10
Cofactor of A Aij=|19 7 =2
3 19 14

Adj A = AjjT

|

1
3



7 19 3 1 -1 0
AdjA=|-1 7 19 A=2 3 4
10 -2 14 0 1 2
T 3 4 2 4 12 3
Al=" AdjA -
ja) 24 1|1 2|+1|o 2|+0|o 1
7 19 3 =1(6-4) +1(4-0)+0
=—|-1 7 19
10 -2 14 =1(2) +1(4) 40
X=A"'XB =24+4+0
—6%0
7 19  37[15000] 3 -1 0
=21-1 7 19|| 1000 Ay =17 3 4
10 -2 14/l 4000 7 1 2
1,05,000 + 19,000 + 12,000 3 4 17 41 117 3
:_[—15,000+7,000+76,000 =3|1 2|+1|7 2|+0|7 1|
15,000 — 2,000 + 56,000 |
=3(6-4)+1(34-28) +0
| [136,000
=£[ 68,000 ] =3(2) +1(6) +0
2,04,000
— 64640
2,000
- [1,000] =12
3,000
1 3 0
X1 2,000 Ay, =2 17 4
[3’]= 1,000 0o 7 2
21 13,000

The price of the commodity A = Rs. 2,000 =1 |177 §| -3 |3 £2L| +0 |3 177|

The price of the commodity B = Rs. 1,000 =1(34-28)-3(4-0)+0
The price of the commodity C = Rs. 3,000 =1(6) -3 (4) +0
Example 1.25 Solve, by Cramer’s rule, the =6-12+0
system of equations x; — x, = 3, =6
2x1 + 3x, +4x3 = 17 and x, + 2x3 = 7. 1 -1 3
Ay, =2 3 17
Solution: Given x; — x, + 0x3 = 3, 0 1 7

2x1 + 3x, + 4x3 =17 :1|i 1;|+1|(2) 177|+3|(2) §|

OXI+XZ +2x3 =7
=1(21-17) +1 (14-0) +3 (2-0)
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=1(4) +1 (14) +3(2)
=4+14+6
=24

By Cramer’s rule, we get

A 12
== o=
Ay -6
Xp == =-1
Ay 24
x3=—3=—=4
A

Example 1.26 In a T20 match, Chennai
Super Kings needed just 6 runs to win with
1 ball left to go in the last over. The last ball
was bowled and the batsman at the crease
hit it high up. The ball traversed along a
path in a vertical plane and the equation of
the path is y = ax? + bx + ¢ with respect to
a xy -coordinate system in the vertical plane
and the ball traversed through the points
(10,8), (20,16), (40,22), can you conclude
that Chennai Super Kings won the match?
Justify your answer. (All distances are
measured in metres and the meeting point
of the plane of the path with the farthest
boundary line is (70,0).)

Solution: The path y = ax? + bx + ¢ passes
through the points (10,8), (20,16), (40,22).
So, we get the system of equations
100a +10b+c=38
400a +20b+c=16
1600a +40b+ c = 22

To apply Cramer’s rule, we find

100 10 1

A=|400 20 1

1600 40 1
20 1] . 1400 1 400 20
‘100|4o 1| 10|1600 1|+1|1600 40

=100(20 - 40) —10(400 - 1600)
+ 1(16000 — 32000)
=100(—20) — 10(—1200) +1(—16000)
= —2000 + 12000—16000

= —18000 +12000

= — 6000
8 10 1
A, =16 20 1
22 40 1
C 120 1] .16 1].,|16 20
—8|40 1| 10|22 1|+1|22 40

= 8(20 - 40) —10(16 - 22) + 1(640 — 440)
= 8(—20) — 10(—6) +1(200)

=—160+ 60 + 200

=—160+ 260
=100
100 8 1
A, =400 16 1
1600 22 1
16 1| 1400 1 400 16
‘100|22 1| 8|1600 1|+1 1600 22

=100(16 - 22) —8(400 - 1600) + 1(8800 — 25600)
= 100(—6) — 8(—1200) +1(—16800)
=—600 + 9600—16800

= —17400 +9600

= — 7800
100 10 8
A.=|400 20 16
1600 40 22
_ 20 16| 400 16
=100 |40 22| 10|1600 22
+8|400 20

1600 40



=100(440 - 640) —10(8800 - 25600)

+8(16000 — 32000)

=100(—200) — 10(—16800) + 8(—16000)

=—20000 + 168000—128000
=168000 — 148000
= 20000

By Cramer’s rule, we get

Aq 100 1
a =—= = ——
A —6000 60
b_Ab_ -7800 78 _ 13
A -6000 60 10
C_AC_ 20000 20 _ 10
A -6000 6 3

So, the equation of the path is
y = ax?® + bx + ¢ becomes

1 13 10
y=——x*+—_x——
60 10" 3

substituting the point (70,0)

When x= 70, in
1 13 10
y=——x*+—"x——
60 10 3

= _Ltyrox70+8x70-1
60 10 3

=492
6 3
=-2191-2
3 3
=-22491
3
= —85+91

We get y= 6. So, the ball went by 6 metres

high over the boundary line and it is

impossible for a fielder standing even just
before the boundary line to jump and catch

the ball. Hence the ball went for a super six
and the Chennai Super Kings won the
match.

EXERCISE 1.4
1. Solve the following systems of linear

equations by Cramer’s rule:
(i)5x—2y+16=0,x+3y—7=0
Solution: 5x =2y +16 =0

x+ 3y —7=0gives

5x —2y = —16
x+3y=7

a=f; 7l
=15+2
=17#0

e 5
=—48 +14
=—34

=1 7l
=35+16
=51

By Cramer’s rule, we get

A —-34
x:—x:—:_z
A 17
A 51
y A 17

if) 2+ 2y = 12,2+ 3y = 13
Solution: = + 2y = 12

2
Z+3y=13



1 L
Let -=aq then equation is

3a+2y =12
2a +3y =13
_ 13 2
a= 1[5 3
=9-4
=5%#0
_ |12 2
A"‘_|13 3
=36 — 26
=10
_ 13 12
b= 13
=39— 24
=15

By Cramer’s rule, we get

A 10
a=_a=_=2
A
A 15
__y=_=3
y A 5

a=2= lgivesx= z
x 2
y=3
(i) 3x+3y—z=11,2x—y+2z=9
and 4x + 3y + 2z = 25
Solution: 3x +3y —z =11
2x—y+2z=9
4x + 3y + 2z =25

To apply Cramer’s rule, we find

3 3 -1
A=12 -1 2
4 3 2

=317 ol-3l3 ol Tl
=3(—2-6)—3(4-8)—1(6+4)

= 3(— 8) —3(- 4) —1(10)

= —24+12-10
= — 34 +12
=—22%0
11 3 -1
Ay=|9 -1 2
25 3 2

=11 |_31 §| -3 |295 §| -1 |295 _?H

=11(—2-6) —3(18 - 50) —1(27 + 25)

=11(—8) —3(- 32) —1(52)

=— 88496 — 52
=— 140 +96
=—44

3 11 -1

2 9 2
4 25 2

=3|295 §|_11|421 §|_1|421 295|

=3(18 - 50) —11(4 - 8) —1(50 — 36)

Ay =

=3(—32) —11(- 4) —1(14)

—_96+44—14
— — 110 + 44
— _66
3 3 11
A=12 -1 9
4 3 25
=3|_:>1 295|_3|421 295|+11|421 _91,|
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=3(—25-27) —=3(50 - 36) +11(6 + 4)

= 3(—52) —3(14) +11(10)
= — 156 — 42 + 110

= —198 + 110

=88

By Cramer’s rule, we get

A — 44
x=_x=_=2
A —22
A — 66
y:—y=—=3
A —-22
A — 88
Z:—Z=—=4
A —22

(ivi-2-2_1=0,24241-2=0
x 'y z x 'y z

————— +1=0
x oy
Solution: > —2—2-1=0
x y z
izl o=
X y z
2_2_Z41=0
x oy
Letl=a,1=bandl—c
x y z

3a—4b—2c =1
a+2b+c=2
2a —5b —4c =-1

To apply Cramer’s rule, we find

3 —4 -2
A=|1 2 1
2 =5 —4

gl I Ll PR B P

=3(—8+5) +4(— 4-2) —2(-5—4)

=3(—3) +4(- 6) =2(-9)

=—9-24+18
= —33+18
=—15%0
1 —4 -2

2 2 1
~1 -5 —4

Ay =

=1l Ll L2l
=1(—8 +5) +4(— 8+1) —2(—-10 + 2)

=1(—3) + 4(- 7) =2(-8)

=—3—28+16
=—31+16
=—-15
3 1 -2
Ay=1[1 2 1
2 -1 —4
a2 1.1 1,1 2
_3|—1 —4| 1|2 —4| 2|2 —1|
=3(-8+1) —1(—4 — 2) —2(-1—4)
=3(—7)—1(-6) —2(-5)
=—214+6 +10
=—21+16
=-5
3 —4 1
Ac=11 2 2
2 -5 -1

=3|g el el
=3(—2+10) +4(—1 — 4) +1(=5 — 4)
=3(8) +4(- 5) +1(=9)

=24-20-9



By Cramer’s rule, we get

A -15 1 .
a=—"=—=1==-givesx =1

A -15 x

Ap -5 1 .
b=—=—=-=-givesy=3

A -15 yg y

A -5 11
c=—=—=-=-givesz=3

A -15 3 z

2. In a competitive examination, one marKk is
L1
awarded for every correct answer while "

mark is deducted for every wrong answer.
A student answered 100 questions and got
80 marks. How many questions did he
answer correctly? (Use Cramer’s rule to
solve the problem).

Solution: Let the number of correctly
answered questions = x

Let the number of not correctly answered
questions =y

Given mark for each correct answers =1
1
Mark for each wrong answers = — "

~x+ y =100 and

x—2=80=""2=80
4 4

4x — y =320

Solving x + y = 100

4x — y = 320
A= |41} _11|
=—-1-4
=-5%0

A= |100 —H

1320
=—-100 — 320
= — 420

_ |1 00
4 320

=320 — 400
=—80

By Cramer’s rule, we get

Ay _ —420 _
Y=Y T
A - 80
y=3= 516

The student answered 84 questions
correctly.

3. A chemist has one solution which is 50%
acid and another solution which is 25%
acid. How much each should be mixed to
make 10 litres of a 40% acid solution ? (Use
Cramer’s rule to solve the problem).

Solution:

Let A be the solutions which is 50% acid
has x litres and B be the solutions which is
25% acid has y litres.

[ 50 X
0fy — - =
_x><50/o—x><100— ]

_y><25%=y><£—y]

100 4

| 0 — 40 _
_10><40A)—10><100_4]
~x+ y=10and

=4

N R

+

R

N R =
DR =




_1_1 Solution:
4 2

_2-4 Let the pump A can fill the tank in x
8 minutes and the pump B can fill the tank in
—2 Yy minutes.

In 1 minute pump A can fill % part

=—= %0
. 1
10 1 In 1 minute pump B can fill 5 part
A= 4 1
4 Bythedatal+1= =
X y 10
10
=7t 1_1_1
x y T30
_10-16
* To solve let l=a, l=b
x y
—_8
! a+ b= 1—10
A 1 10
= |1
y > 4 a— b= %
10
=4 - = 1 1
? A= |1 -1
=4-5 —1-1
=1 =2 %0
By Cramer’s rule, we get "
. A= |10
A -2 6 4 1 _
4
1
y:%y::_izlezél 10 30
4 _ -3-1
4. A fish tank can be filled in 10 minutes .
4
using both pumps A and B simultaneously. = "%
However, pump B can pump water in or out 2
at the same rate. If pump B is inadvertently 15
run in reverse, then the tank will be filled in 1 1—10
A=
30 minutes. How long would it take each b 1 3—10
pump to fill the tank by itself ? (Use ..

Cramer’s rule to solve the problem). 30 10
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2
g=la_"1_2,1_1
A -2 1572 15
A -5 1.1 1
b=_b=_15=_x_=_
A -2 152 30
11,
a=—= -givesx = 15
15 x
11
b=—= -givesy = 30
50 x9 y

Hence the pump A can fill the tank in 15
minutes and the pump B can fill the tank in
30 minutes.

5. A family of 3 people went out for dinner
in a restaurant. The cost of two dosai, three
idlies and two vadais is Rs.150. The cost of
the two dosai, two idlies and four vadais is
Rs.200. The cost of five dosai, four idlies
and two vadais is Rs. 250. The family has
Rs. 350 in hand and they ate 3 dosai and six
idlies and six vadais. Will they be able to
manage to pay the bill within the amount

they had?
Solution: Let the cost of a dosai = Rs. x
The cost of aidly = Rs. y
The cost of a vadai = Rs. z
Given 2x + 3y + 2z =150
2x + 2y + 4z = 200

5x +4y + 2z = 250

To apply Cramer’s rule, we find
2 3 2
2 2 4
5 4 2

A=

=2[, 3l =305 gl+2ls g
=2(4-16) —3(4 - 20) +2(8 — 10)
= 2(— 12) —3(- 16) +2(-2)

= — 24 +48 —4

=— 28 +48

=20%#0

150 3 2
200 2 4
250 4 2

4
2

A, =

=150[3 5]-3[5 >
— 150(4 - 16) —3(400 - 1000)
1+2(800 — 500)
— 150(= 12) —3(- 600) +2(300)
— — 1800 +1800 + 600
— — 1800+ 2400
— 600

2 150 2
2 200 4
5 250 2

200 4
250 2

=2(400-1000) —150(4 - 20) +2(500 — 1000)

Ay, =

2 200

=2| 5 250

2 4
|_150|5 2|+2|
= 2(- 600) —150(- 16) +2(—500)
=—1200 +2400 —1000
= — 2200 + 2400

=200



2 3 150
2 2 200
5 4 250

A, =

=2[; 350l =315 250

| +150 |§ i
= 2(500 - 800) —3(500 - 1000) +150(8 — 10)
= 2(— 300) —3(= 500) +150(—2)
= — 600 +1500 —300
= — 900 + 1500
= 600

By Cramer’s rule, we get

A
x="%=22=30
A 20
_ Ay _ 200 _
Y=~ 20 =10
A .
z=-"2 = @=30thatls
A 20

The cost of a dosai = Rs. 30
The cost of aidly = Rs. 10
The cost of a vadai = Rs. 30

The family ate 3 dosai and six idlies and six
vadais.

3x + 6y + 62 = 3(30) + 6(10) + 6(30)
=90 + 60 +180
=330Rs.

The family has Rs. 350 so they are able to
manage to pay the bill.

Example 1.27 Solve the following system of
linear equations, by Gaussian elimination
method: 4x + 3y + 6z = 25,
x+5y+7z=13,2x+9y+z=1

Solution: Given
4x + 3y + 62z =25
x+5y+7z=13
2x+9y+z=1

Transforming the augmented matrix to
echelon form, we get

4 3 6 25
[ABl=|1 5 7 13|R, &R,
2 9 1 1
1 5 7 13
*[43625]

2 9 1 1

1 5 7 13
Slo —17 22 Zp7|ReT Re—dAR
R3=R3_2R1

0 -1 -13 =25

1 5 7 13
-0 —-17 —22 -27|R3;=17R;—R,
0 0 —199 —398

The equivalent system is written by using
the echelon form: x + 5y + 7z = 13

—17y — 22z = —27
—199z = — 398

We get, 199z = 398

398
Z=—
199

=2
Substitutingz = 2 in =17y — 22z = =27
—17y —22(2) = =27
—17y — 44 = —27
=17y = =27 + 44

=17y =17



Substitutingz=2andy =—11in
x+5y+7z=13
x+5(=1)+7(2)=13

x—5+14=13

x+9=13
x=13-9
x=4
So the solutionisx =4,y =—land z =2

Example 1.28 The upward speed v (t) of a
rocket at time t is approximated by

v(t) = at? + bt +¢,0 <t <100 where
a, b and c are constants. It has been found

that the speed attimest=3.t=6andt=9

seconds are respectively, 64, 133, and 208
miles per second respectively. Find the

speed at time t =15 seconds. (Use Gaussian

elimination method.)
Solution: v(t) = at? + bt + ¢

Att=3,v(3) =a(3)?+h(3) + c =64
a(9)+b(3)+c=64
9a+3b+c=64 .....(1)
Att=6,v(6) = a(6)? + b(6) + c =133
a(36) + b(6) + ¢ =133
36a+6b+c=133 .....(2)
Att=9,v(9) = a(9)? + b(9) + c = 208
a(81) + b(9) + ¢ =208
8la+9b+c=208 .....(3)

Transforming the augmented matrix to
echelon form, we get

[AB]=[36 6 1 133

81 9 1 208

93164]

9 3 1 641 _ R, — 4R,
=10 -6 -3 —123|p° _ % gp
0 —18 -8 —368/ 3 73 1
9 3 1 64
=[0 —6 -3 —123|R; =R; — 3R,
0 0 1 1

The equivalent system is written by using
the echelon form: 9a + 3b + ¢ = 64

—6b — 3c = —123
c=1
Substitutingc=11in —6b — 3¢ = —123

—6b —3(1) = —123

—6b —3 =-123
—6b = —123 +3
—6b = —120

6b = 120
_ 120
=20

Substituting c=1and b =20 in
9a+ 3y +z =64
9a+3(20) +1 =64
9a+ 60+ 1 =064
9a + 61 = 64
9a = 64 — 61

9a =3

Wl

1
So substituting a = p b=20and c=1in
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v(t) = at?> + bt + ¢ we get

1
v(t) =§t2 +20t+1

The speed at t = 15 minutes

v(15) = §(15)2 +20(15) + 1
= %(225) +300+1

=75+301
= 376.
EXERCISE 1.5

1. Solve the following systems of linear
equations by Gaussian elimination method:
()2x—2y+3z=2,x+2y—2z=3,
3x—y+2z=1

Solution: 2x — 2y + 3z = 2,
xX+2y—z=3,
3x—y+2z=1

Transforming the augmented matrix to

echelon form, we get

2 -2 3 2
[AB]=|1 2 -1 3
3 -1 2 1
1 2 -1 3
—>[2 —2 3 2|RioR,
3 -1 2 1

0 -6 5 4|t Bt op

1 2 -1 31p _p _
. [ ]Rz = R, — 2R,
0 -7 5 -8

0 -6 5 —4
0 0 -5 =20

1 2 -1 3
d R3 = 6R3_7R2

The equivalent system is written by using
the echelon form: x +2y —z =3

—6y + 5z =—4
—5z=-20

We get, 5z = 20

Substitutingz=4in —6y + 5z = —4

—6y+5(4) =—4
—6y + 20 = —4
—6y = —4—20
—6y = —24
6y = 24
24
Y=g
=4
Substituting

z=4andy=4inx+2y—z=3

x+2(4)—-4=3

x+8—-—4=3
x+4=3
x=3—-4
x=-1

So the solutionisx = -1,y =4and z = 4

(i) 2x + 4y + 6z = 22,3x + 8y + 5z = 27,
—x+y+2z=2
Solution: 2x + 4y + 6z = 22
3x + 8y + 5z = 27
—x+y+2z=2
(1) is =+ 2, then



x+2y+3z=11
3x + 8y + 5z =27

—x+y+2z=2
Transforming the augmented matrix to
echelon form, we get

11]
27
2|

3
[AB] = 5

2

3 11]
—4

5

1 2
3 8
-1 1

RZ = RZ _3R1

S| R, = R, + R,

2

2

3 131
2 3 11
2

0

oOR OO R

-4 -6
22 44

R3 = 2R3 - 3R2

10

The equivalent system is written by using
the echelon form: x +2y + 3z =11

2y —4z = —6
22z =44

44

We get, z=—
22

=2

Substitutingz=21in 2y — 4z = —6

2y —4(2) = -6
2y —8=-6
2y =—6+8
2y =2
gl
2
=1

Substituting
z=2andy=1linx+2y+3z=11
x+2(1)+3(2) =11

x+2+6=11

x+8=11
x=11-8
x =3

So the solutionisx =3,y =1and z = 2
2.1fax?® + bx + ¢ is divided by x+3,x-5
and x —1, the remainders are 21,61 and
9 ,and respectively. Find a, b and c.
(Use Gaussian elimination method.)
Solution: Let P(x) = ax? + bx + ¢
is divided by x+3, x - 5 and x —1 then the
remainder is P(—3), P(5) and P(1).
From the data given,
P(-3)=a(-3)2+b(-3)+c=21
9a—3b+c=21 ....(1)
P(5) =a(5)?*+b(5)+c=61
25a+5b+c=61....(2)
P(1) =a()?*+b(1)+c=9
a+b+c=9 ....(3)

Transforming the augmented matrix to
echelon form, we get

9 —3 1 21]
[AB]={25 5 1 61
1 1 1 9]
1 1 1 9]

- (25 5 1 61|RioRs
9 -3 1 21]

1 1 1 9
-0 —-20 -—-24 -164
0 -12 -8 -—-60

Rz = Rz - 25R1
R3 = R3 - 9R1



_)[1 1 1 9]R2=R2+(_4)

05 6 41|, . -
0 0 —8 —4g]fs =R+ (=H

The equivalent system is written by using
the echelon form: a+b+c=9

5b+ 6¢c =41
—8c = —48

We get, 8c = 48
c=—
8

=6

Substituting ¢ = 6in 5b + 6¢ = 41

5h + 6(6) = 41
5h + 36 = 41
5h = 41 — 36
5p =5
b=2=1
5

Substituting
c=6andb=1ina+b+c=9

a+()+(6)=9

at+1+6=9
a+7=9
a=9-7
a=2

So the solutionisa=2,b=1andc =6

3. An amount of Rs.65,000 is invested in
three bonds at the rates of 6%, 8%, and 9 %
per annum respectively. The total annual
income is Rs. 4,800. The income from the
third bond is Rs. 600 more than that from

the second bond. Determine the price of
each bond. (Use Gaussian elimination
method.)

Solution:
Let the prices of each bond is Rs. x, y, z.

By the data, x + y + z = 65,000 ...(1)

SX B L 22— 4800 gives
100 100 100

6x + 8y + 9z = 4,80,000 ... (2)

— 2 22— 600 gives
100 ~ 100

— 8y + 9z = 60,000 ....(3)

Transforming the augmented matrix to
echelon form, we get

[AB]=|6 8 9 4,80,000

1 1 1 65,000]
0 -8 9 60,000

1 1 1 65,000
0 -8 9 60,000

1 1 1 65000
—>[0 2 3 90.000]R3=R3+4R2
0 0 21 4,20,000

The equivalent system is written by using
the echelon form: x +y + z = 65,000

2y + 3z = 90,000

21z = 4,20,000

4,20,000
21

We get, z =

=20,000
Substituting z = 20,000 in 2y + 3z = 90,000
2y + 3(20,000) = 90,000

2y + 60,000 = 90,000
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2y = 90,000 — 60,000

2y = 30,000
30,000
y=—
=15,000
Substituting

z = 20,000 and y = 15,000 in
x+y+z=65000
x + 15,000 + 20,000 = 65,000
x + 35,000 = 65,000
x = 65,000 — 35,000

x = 30,000
The prices of each bond is Rs.30,000

Rs.15,000and Rs.20,000 respectively.
4. A boy is walking along the path
y = ax? + bx + c through the points

(-6,8),(-2,-12 ) and (3, 8) . He wants to
meet his friend at A7, 60) . Will he meet his
friend? (Use Gaussian elimination method.)

Solution: y = ax? + bx + ¢
Substituting the given points (- 6,8),
(-2,-12 ) and (3, 8) in the above equation
we get 8 = a(—6)? + bh(—6) + ¢
8 =36a—-6b+c
36a—6b+c=8 .. (1)

Similarly
4a—-2b+c=-12 ...(2)

9a+3b+c=8 ..(3)

Transforming the augmented matrix to
echelon form, we get

[AB]=|4 -2 1 -12

9 3 1 8

36 -6 1 8]

0 —-12 8 -—-116|,°*_ B
0 18 3 24 Ry = 4Rs = Ry

36 —6 1 8]
-0 6 —4 58
L 0 6 1 8.

(36 —6 1 8]

- 0 6 —4‘ 58 R3:R3_R2
[ 0 0 -5 50l

36 -6 1 81p _ap _
_)[ ]1!22_91132 R,

R, + (=2)
R; +(3)

The equivalent system is written by using
the echelon form: 36 a —6b +c =8

6b — 4c = 58
—5¢ =50
We get, c= E—(;
=-10
Substituting c = —10 in 6b — 4c = 58
6b — 4(—10) =58
6b + 40 = 58

6b = 58 — 40

Substitutingc=—10and b = 3 in
36a—6b+c=8
36a—-6(3)+(—10) =38

36a—18—-10=18



36a—28=38

36a=8+128
36 a =36
36
a==
36
a=1

Substitutinga =1,b =3 and c = —10in
y = ax? + bx + ¢ itbecomes
y=x2+3x—10
substituting the point A(7, 60)
60 = (7)2+3(7) — 10
60 =49+ 21-10
60 =70-10
60 = 60
So the boy meets his friend.

Example 1.29 Test for consistency of the
following system of linear equations and if
possible solve:

x+2y—z=3,3x—y+2z=1
x—2y+3z=3and x—y+z+1=0

Solution

Here the number of unknowns is 3.

The matrix form of the systemis AX = B,
where

1 2 -1 X 3
3 -1 2 1
A= ,X=|y|,B=
1 -2 3 ljz}l l 3‘
1 -1 1 -1

The augmented matrix to echelon form,

1 2 -1 3
we get [AB] = i :% g é
1 -1 1 -1

L2 =131 p,=R,-3R,
- 0 —7 5 _8 R3 = R3 - Rl
0 -4 4 O p _p, —R
0 -3 2 —4 4 4 L
1 2 -1 3
Lo =7 5 —8|Rsx(=1)
0 4 -4 O[R,x(-1)
0 3 =2 4
ﬁ
1 2 -1 3
0 -7 5 —-8|R3=7R3+4R;
0 0 —8 _32 R4_ = 4‘R3 - 3R1
0 0 4 16
1 2 -1 3
0 -7 5 -8 _
“lo o _a _32|Re=2Rsi+Rs
0 0 0 0

There are three non-zero rows in the row-
echelon form of [4AB]. So, p[AB]= p[A] =3

p(AB) = p(A) = 3,n = 3 The given
equation is consistent, has unique solution.

-8z=-32
Z=__—382:4
subz=4in
-7y +5z=-8
-7y +5(4)=-8
-7y +20=-8
-7y=-8-20
-7y =-28
7y =28
y=§=4

subz=4andy=4inx+2y—z=3
x+2(4)—4=3

x+8—-4=3



x+4=3
x=3—-4
x=-1
So the solutionisx = -1,y =4and z = 4

Example 1.30
Test for consistency of the following system

of linear equations and if possible solve:
4x —2y+6z2=8, x+y—-3z=-1
15x — 3y + 9z = 21.

Solution
Here the number of unknowns is 3.

The matrix form of the systemis AX = B,

where
4 =2 6 X 8
A=1]1 1 -3 ,X=[yl,B= -1
15 -3 9 z 21

The augmented matrix to echelon form,

weget[AB]=]1 1 -3 -1

4 =2 6 8]
15 -3 9 21

4 =2 6 8
15 -3 9 21

1 1 -3 -1
- RioR,

o
- R. = R, — 15R
0 —18 54 3613 3~ 15K
1 1 =3 —1
-0 —6 18 12|R; =R;—3R,
0 0 0 0.

There are two non-zero rows in the row-

echelon form of [AB]. So, p[AB]= p[A] =2

p(AB) = p(A) = 2,n = 3 The given
equation is consistent, has infinitely many

solutions.

x+y—-3z=-1 ....(1)
—6y+18z=12 ....(2)
(2)+ -6
y—3z=-2 ....(2)
To solve the equations letz =t,
then y—3t=-2
y=—-2+3t=>3t-2
substituting
z=t,y=3t—2inx+y—-3z=-1
x+3t—2-3t=-1
x+6t—2=-1
x=-1—-6t+2
x=1-6t
So the solution
x=1—6t,y=3t—1,z = twheret €R

Example 1.31 Test for consistency of the
following system of linear equations and if
possible solve:

xX—y+z=-9 2x—2y+2z=-18
3x—3y+3z+27=0.

The augmented matrix to echelon form,

1 -1 1 -9
weget[AB] =2 -2 2 -18
3 =3 3 =27

1 -1 1 -9
—>[0 0 o o|R=R-2R
R. = R. — 3R

0 0 0o ol 3 1

There is one non-zero row in the row-
echelon form of [AB]. So, p[AB]=p[A] =1
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p(AB) = p(A) = 1,n = 3 The given
equation is consistent, has infinitely many
solutions.

x—y+z=-9
To solve the equationslety = s,z = ¢,
then x—s+t=-9
x=—-9+s—t
So the solution
x=-94+s—ty=s,z = twheres,t ER

Example 1.32
Test for consistency of the following system

of linear equations and if possible solve:
X—y+z=-9 2x—y+z=4
3x—y+z=6and 4x —y+2z=7

Solution
Here the number of unknowns is 3.

The matrix form of the system is AX = B,
where

1 -1 1 X -9
2 -1 1 4
A= X =1|y|,B=
3 -1 1 Bl 6
4 -1 2 7

The augmented matrix to echelon form,

1 -1 1 -9
2 -1 1 4
eget [AB| =
weget[AB]=12 | | ¢
4 -1 2 7
L -1 1 =9 p =R, —2R
S0 1 -1 22 gt R 3p
0 2 -2 33| b R _4R
0 3 -2 431747 e
1 -1 1 -9
L0 1 -1 22|Rs=R3—-2R;
0 0 o0 —11({R,=R,—3R;
0 0 1 -23

1 -1 1 -9
0 1 -1 22
“lo o 1 —z3|feefe

0 0 0 -11
p(AB) = 4and p(4) =3
p(AB) # p(A) The given equation is
inconsistent, has no solutions.

Example 1.33
Find the condition on a,b and c so that the

following system of linear equations has
one parameter family of solutions:

x+y+z=a, x+2y+3z=0b>
3x+5y+7z=c

Solution:
Here the number of unknowns is 3.

The matrix form of the system is AX = B,

where
1 1 1 X a
| 4 drepe-p
3 5 7 z c

The augmented matrix to echelon form,

(1 1 1 a
weget[AB]=|1 2 3 b]
3 5 7 ¢

- R, =R, — Ry
R3:R3_3R1

1 1 1 a
_)O 1 2 b_a R3:R3_2R2

0 0 0 c—2b—a

In order that the system should have one
parameter family of solutions, we must
have p(AB) = p(A) = 2. So, the third row
in the echelon form should be a zero row.
So,c — 2b —a=0hencec =2b + a=0.



Example 1.34
Investigate for what values of A and g the
system of linear equations x + 2y + z = 7,

x+y+Az=pu x+3y—5z=>5has
(i) no solution (ii) a unique solution
(iii) an infinite number of solutions.

Solution:
Here the number of unknowns is 3.

The matrix form of the system is AX = B,
where

by bl

The augmented matrix to echelon form,

1 2 1 7
weget[AB] =1 1 A u
1 3 =55
1 1 1
R,=R,—R
—>[O -1 A—-1 u-— 7R2—R2 R1
1 1 1 a
d O 2 —6 _2 R3:R3+R2
0 0 A—-7 u—9

() IfA=7and pu # 9, then p(AB) = 3 and
p(A) = 2.p(AB) # p(4)
The given equation is inconsistent, has

nosolution.

(ii) If A # 7 and u has any value, then
p(AB) =p(A) =3,n=3.
The given equation is consistent,

has unique solution.

(i) fA=7and u = 9, then
p(AB) =p(A) =2,n < 3.
The given equation is consistent,
has infinite solutions.

EXERCISE 1.6
1. Test for consistency and if possible, solve

the following systems of equations by
rank method.
Dx—y+2z=2,2x+y+4z=7

dx—y+z=4

Solution:
Here the number of unknowns is 3.

The matrix form of the system is AX = B,

where
1 —1 2
A= H
4 —1 1

The augmented matrix to echelon form,

1 -1 2 2
weget[AB] =12 1 4 7
4 -1 1 4
R; =R;—4R
0 3 —7 -4l 773 !
(1 —1 2 2]
- 10 3 0 3|R; =R3; — R,
10 0o -7 -7

There are three non-zero rows in the row-
echelon form of [AB]. So, p[AB]= p[A] =3

p(AB) = p(A) = 3,n = 3 The given
equation is consistent, has unique solution.

-72=-7>7z=7



subz=11in

3y+0z=3

subz=1landy=1inx—-y+2z=2

x—1+2(1) =2

x—1+2=2

x+1=2
x=2-1

x=1

So the solutionisx = 1.y =1,and z = 1.
(iD3x+y+z=2,x—-3y+2z=1
7x —y+4z =15

Solution:
Here the number of unknowns is 3.

The matrix form of the system is AX = B,

where
3 1 1 X 2
A=|1 -3 2,X=lyl,B=1
7 =1 4 z 5

The augmented matrix to echelon form,

3 1 1 2
weget[AB]=|1 -3 2 1
7 -1 4 5

1 -3 2 1
13 1 1 2|R,uR,
7 -1 4 5

1 -3 2 1
R, =R, — 3R
—>[0 10 =5 —1fp7_ pf_op!
0 20 —10 —-2]"37 73 1

0 10 -5 -1
0 O 0 o0

1 -3 2 1
- R3:R3_2R2

There are two non-zero rows in the row-
echelon form of [4AB]. So, p[AB]= p[A] =2

p(AB) = p(A) = 2,n = 3 The given
equation is consistent, has infinitely many
solutions.

x—3y+2z=1 ....(1)
10y —5z=-1 ....(2)
To solve the equations letz = t,
then 10y =5t = -1

10y =—-1+5t=5t—1

substituting

Z=t,y=%inx—3y+22=1

x—3<%)+2t=1

x=1—2t+3(5t_1)

10

15t-3
10

=1-2t+

__10-20t+15t-3

10
7-5t
X =—
10
Solution:
7—5t 5t—-1
X = Y = and z =twheret € R
10 10

(i)2x+2y+z=5x—-y+z=1
3Ix+y+2z=4

Solution:
Here the number of unknowns is 3.
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The matrix form of the system is AX = B,

where
2 2 1 X 5
A=11 -1 1,X=lyl,B=1
3 1 2 z 4

The augmented matrix to echelon form,

2 2 15
weget[AB]=|1 -1 1 1
3 1 2 4

1 -1 11
- (2 2 1 5|RiuR,

3 1 2 4

_)_(1) ‘i 1 ;R2=R2—2R1
0 4 -1 1JReTRs3R
1 -1 1 1

~>lo 4 -1 3|R;=R,—R,
0 0 0 -2

p(AB) =3 and p(A) =2
p(AB) # p(A) The given equation is
inconsistent, has no solutions.
(ivy2x—y+z=2,6x—3y+3z=6
4x —2y+2z=4
Solution:
Here the number of unknowns is 3.

The matrix form of the system is AX = B,

where
2 -1 1 X 2
A=|6 -3 3,X=lyl,B=6
4 -2 2 Z 4

The augmented matrix to echelon form,

2 -1 1 2
weget[AB]=|6 -3 3 6
4 -2 2 4

2 _1 1 2_R3:R3+2
2 -1 1 2

R, =R, —R

=10 0 0 0|lp Rl R

0 0 o0 ol "3 ™

There is one non-zero row in the row-
echelon form of [4B]. So, p[AB]=p[A] =1

p(AB) = p(A) = 1,n = 3 The given
equation is consistent, has infinitely many
solutions.

2x —y+z=2

To solve the equationslety = s,z = t,

2x—s+t=2

2x=2+s—t
_ 2+s-t
T2

So the solution

_ 24s—t
==

y =5,z = twheres,t ER

2. Find the value of k for which the
equations kx — 2y +z =1,
x—2ky+z=-2,x—2y+kz=1,have
(i) no solution (ii) unique solution
(iii) infinitely many solution.

Solution: Here the number of unknowns

is 3.The matrix form of the system is
AX = B, where

k -2 1 X 1
A=11 -2k 1 ,X=[yl,B= -2
1 -2 k z 1

The augmented matrix to echelon form,

weget[AB] =1 -2k 1 -2

1 -2 k 1

k-2 1 1]



1 -2 k 1
-1 -2k 1 —-2(RioR;
k-2 1 1

1 -2 k 1 1p =R, —R,
-0 2-2k  1-k =3 |.°_p°_ n
0 —2+42k 1-k* 1-FkI"3" 73 !
1 -2 k 1
—>[0 2 -2k 1-k -3 ]R3=R3+R2
0 0 2—k—k* -2-k
1 -2 k 1
- [0 2(1—k) (1-k) -3
0 0 Q+kHA-k) -2+k)

())When k =1, p(AB) = 3 and p(A) = 2
p(AB) # p(A) The given equation is
inconsistent, has no solutions.

(iDk#1and k +# -2 p(AB) = p(A) =3
and n = 3 The given equation is

consistent, has unique solution.

(iii) k = =2, p(AB) = p(4) =2
and n = 3 The given equation is
consistent, has infinitely many solutions.

3. Investigate the values of A and u the
system of linear equations
2x+3y+5z2=9,7x+3y -5z =28,
2x + 3y + Az = p, have (i) no solution
(ii) a unique solution (iii) an infinite
number of solutions.

Solution: Here the number of unknowns
is 3. The matrix form of the system

is AX = B where

2 3 X 9
A=1|7 3 -5 ,X:lyl,B: 8]
2 3 A z U

The augmented matrix to echelon form,

2 3 59
weget[AB] =7 3 -5 8
2 3 A wu
2 3 5 9 - _
—>[0 -15 —45 —47]%__222_?1
0 0 A=5 p—=9] 73773

(i))When A1 =5, p(AB) = 3 and p(4) =2
p(AB) # p(A) The given equation is
inconsistent, has no solutions.

(iDA#5andu+9 p(AB) = p(A) =3
and n = 3 The given equation is
consistent, has unique solution.

(iil)A=5and u=9, p(AB) = p(4A) =2
and n = 3 The given equation is
consistent, has infinitely many solutions.

Example 1.35 Solve the following system:
x+2y+3z=0,3x+4y+4z=0,

7x + 10y + 12z = 0.

Solution

Here the number of equations is equal to
the number of unknowns.

Transforming into echelon form, the

augmented matrix becomes

1 2 30
3 4 4 0

7 10 12 0
1 2 3 0]
R, =R, —3R
2[00 =2 =5 0t Bt TR
0 —4 —9 ol 73 !
1 2 3 0]
-0 -2 -5 0|R;=R;—2R,
o o 1 ol

So,p(AB) = p(A) =3 andn = 3.



Hence, the system has a unique solution.
Sincex =0,y =0,z =0, isalwaysa
solution of the homogeneous system, the
only solution is the trivial solution x =

0,y=0,z=0.

Example 1.36 Solve the following system:
x+3y—2z=0,2x—y+4z=0,
x—11y + 14z = 0.

Solution

Here the number of equations is equal to

the number of unknowns.

Transforming into echelon form, the

augmented matrix becomes

1 3 —2 0]
2 -1 4 0
1 —-11 14 ol
1 3 —2 0]

R, =R, — 2R

>0 =7 8 0| p _p R’

0 —14 16 ol 37 73 1
1 3 —2 0]

-0 -7 8 0|R;=R;—2R,
0 0 o0 ol

So,p(AB) = p(A) =2andn = 3.

Hence, the system has a one parameter
family of solutions. Writing the equations
using the echelon form, we get
x+3y—2z=0and -7y +8z=0

To solve the equations letz = t,

then -7y +8t=0

-7y = =8t
7y = 8t
_ 8t
y=7

substituting

Z=t,y=%inx+3y—22=0

x+3(%)—2t=0

24t
x+——-2t=0
7
24t
x =2t — =
_ 14t—24t
- 7
_10t
- 7
So the solution is
10t 8t
x = —T,y=7andz=twheretER

Example 1.37 Solve the following system:
x+y—2z2=0,2x—-3y+2z=0,
3x—7y+10z=0,6x —9y + 10z = 0.
Solution

Here the number of equations is equal to
the number of unknowns.

Transforming into echelon form, the

augmented matrix becomes

1 1 -2 0
2 -3 10
3 -7 10 O
6 -9 10 O
(1) é —52 01 R, =R, — 2R,
- N 0 R; = R3 — 3R,
0 —15 22 ol ™4 4 1
1 1 =2 0
N 0 -5 5 0|R3; =R;—2R,
0 0 6 O0|Ry,=R;—3R,
L0 0 7 0O
1 1 =2 0
0 -5 50
—)O O 6 0R4=6R4_7R3
L0 0 0 O
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So,p(AB) = p(A) =3 andn = 3.
Hence, the system has a unique solution.
Sincex =0,y =0,z =0, isalwaysa
solution of the homogeneous system, the
only solution is the trivial solution
x=0y=0,z=0.
Example 1.38 Determine the values of A for
which the following system of equations
(B2=8)x+3y+3z=0,
3x +(31—-8)y+3z=0,
3x +3y+(31—-8)z = 0.
Solution
Here the number of unknowns is 3. So, if the
system is consistent and has a non-trivial
solution, then the rank of the coefficient
matrix is equal to the rank of the
augmented matrix and is less than 3. So the
determinant of the coefficient matrix
should be 0.

Hence we get
(31-18) 3 3
3 (32-18) 3 =0
3 3 (31-18)

R1=R1+R2+R3

31—2 31-2 31—-2
- 3 (324—-18) 3 =0
3 3 (34—-18)
Taking (34 — 2)from R,
1 1 1
- (B1-2)|3 (B31-138) 3 =0
3 3 (31— 8)

CZ = C]_ and C3 = Cl

1 0 1
- (31-2)3 31-11 0 =0
3 0 31-11

(31—=2)(31—11)2 =0
31—2=0and 31— 11=0

Gives
2 11
3/1=2=>/1=§and3/1=11=>/1=?
Example 1.39 By using Gaussian
elimination method, balance the chemical

reaction equation: Cs + Hg —» C0O, + H,0

Solution
We are searching for positive integers

X1, X5, X3 and x4 such that
X1 Cs + x,Hg = x3C0, + x,H,0 ....(1)

The number of carbon atoms on the left-
hand side of (1) should be equal to the
number of carbon atoms on the right-hand
side of (1). So we get a linear homogenous
equation

5x; = x3gives5x; —x3 =0 ... (2)

Similarly, considering hydrogen and oxygen
atoms, we get respectively,

8x, = 2x, gives 4x, —x, =0 ... 3)
2x, = 2x3 + x4 gives
2%y —2x3— x4, =0 ... (4)

Equations (2), (3), and (4) constitute a
homogeneous system of linear equations in
four unknowns. The augmented matrix is

[AB]=|4 0 0 -1 0

0 2 -2 -10

50—100]



50 -1 0 0
>0 0 4 -5 0|R,=5R,—4R,
02 -2 -10

5 0 -1 00
-0 2 =2 -1 O0|R;©R;
0 0 4 -50

p(AB) = p(A) = 3,n = 4 The given
equation is consistent, has infinitely many
solutions. Writing the equations using the
echelon form, we get

5x; —x3 =0,2x, — 2x3 — x4, = 0 and
4x3 — 5x, = 0.

Substituting x, = tin4x; — 5x, =0

4x3 - 5t = 0
4X3: 5t

5t

x3=_

4
N 5¢t .
Substituting x, = t and x3 = — in
2x2_2x3_X4_ = O

2, -2 (%) =t =0

2x, ———t=0
2
5¢t
2x2=—+t
2
_ 5t+2t
T2
7t
X 7t
27y

o 5¢ .
Substituting x3 = :tm

5x; —x3=0

Let us choose t= 4. Then
x,=1,x,=7,x3=5andx, =4
So the balanced equation is

Cs + 7Hg - 5C0, + 4H,0.

Example 1.40 If the system of equations
px +by+cz=0,ax +qy +cz=0and

ax + by + rz = 0, has a non-trivial solution
and p#a, g#band r#c prove that

P, 4 LT

; =2
p—a q-b r—c

Solution

The system px + by + cz = 0,
ax+qy+cz=0andax + by +rz =0 has
a non-trivial solution. So we have

p b c
a q c|=0
a b r

R2:R2_R1,R3:R3_R1

p b c
a—p q-—0b 0
a—p 0 r—c

=0

p b c
—(p—a) g—b 0 [=0
—(p—a) 0 r—c

Dividing C; by (p — a), C, by (q — b) and

C3by (r—c)

p b

p—-a q—-b r-c _

-1 1 o7V

-1 0 1
plOl_L—lO c—11|:0
p—al0 11 q-bl=1 11 r-cl=1 0
p b c _
(10— (-1-0+, =0+ =0

W) - DA D=0

p—a r—c



p_,a-Gab) -9 _,

p—a q—b + r—=«¢C
p+q_q—b+r_r—c=0
p-a q-b q-b T-c T-cC
L 4+ 1 1+ —1=0
p—a q—b r—=«¢
P L+ —-2=0
p—a q—->b r—c
P+ 4+ - =2 Hence proved.

p—a q—-b>b r—c

EXERCISE 1.7
1. Solve the following system of

homogenous equations.

()3x+2y+7z=0,4x—-3y—2z=0
5x +9y + 23z =0,

Solution

Here the number of equations is equal to

the number of unknowns.

Transforming into echelon form, the

augmented matrix becomes

3 2 7 0
4 -3 -2 0
5 9 23 0

N _(3; 127 31 8_ Ry = 3R, — 4R,
0 17 34 olReT 3ROSR
3 2 7 0]

>0 —17 —-34 0|R;=R;+R,
o o 0 ol

So,p(AB) = p(A) =2andn = 3.

Hence, the system has a one parameter
family of solutions. Writing the equations
using the echelon form, we get

3x+2y+7z=0and -17y — 34z =0

To solve the equations let z = t,
then —17y — 34t =0

—17y = 34¢

34t

17

y=—2t
Substituting z = t and y = —2t in
3x+2y+7z=0
We get 3x +2(-2t)+7t =0

3x—4t+7t=0

3x+3t=0
3x = -3t
— 3
3
x=—t

So the solution is
x=—t,y=—2tand z=twheret € R

(i)2x+3y—z=0,x—y—2z=0
3x+y+3z=0,

Solution
Here the number of equations is equal to
the number of unknowns. Transforming
into echelon form, the augmented matrix
becomes

3 -1
-1 -2
1 3

R1<—>R2

&, = R, — 2R,
R3:R3_3R1

S O W N = w =N
w
I
(U

o O O o O O o O O
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1 -1 -2 0
0 5 3 0
0 0 33 0

el

R3 = 5R3 - 4R2

So, p(AB) = p(A) =3 andn = 3.
Hence, the system has a unique solution.
Sincex =0,y =0,z =0, isalwaysa
solution of the homogeneous system, the
only solution is the trivial solution
x=0y=0,z=0.

2. Determine the values of A for which the
following system of equations
x+y+3z=0, 4x+3y+1z=0,

2x +y + 2z = 0,has (i) a unique solution
(ii) a non-trivial solution.

Solution :Here the number of equations is
equal to the number of unknowns.
Transforming into echelon form, the

augmented matrix becomes

1 1 3 0
4 3 1 0
2 1. 2 0
1 1 3 0]
R, = R, — 4R
-0 =1 A-12 0|  _ p_p
0 -1 —4 ol 773 1
11 3 0]
- 0 _1 /’1—12 OR3:R3_R2
0 0 A-8 ol

()1 +#8, p(AB) = p(A) =3andn =3
The given equation is consistent, has
unique solution.

(ii))1 =8, p(AB) = p(A) =2andn =3
The given equation is consistent, has a

non-trivial solution.

3. By using Gaussian elimination method,
balance the chemical reaction equation:
C,Hg + 0, - H,0 + CO,.

Solution
We are searching for positive integers

X1, X9, X3 and x, such that

x1 CoHg + x,05 = x3H,0 + x,CO,. ....(1)
The number of carbon atoms on the left-
hand side of (1) should be equal to the
number of carbon atoms on the right-hand
side of (1). So we get a linear homogenous
equation

2x1 = x4 8ives 2x; —x, =0 ... (2)
Similarly, considering hydrogen and
oxygen atoms, we get respectively,
6x, = 2x3 gives 6x; —2x3 =0 ... 3)
2x, = x3 + 2x4 gives

2x; —x3— 2%, =0 ... (4)

Equations (2), (3), and (4) constitute a
homogeneous system of linear equations in

four unknowns. The augmented matrix is

2 0 0 -1 0

[AB]=|3 0 -1 0 ©
02 -1 -2 0

2 0 0 —1 0]

>0 0 -2 3 0|R,=2R,-3R,;
0 2 -1 -2 ol

2 0 0 —1 0]

[0 2 -1 -2 0|R, < R;
o 0 -2 3 ol




p(AB) = p(A) = 3,n = 4 The given
equation is consistent, has infinitely many
solutions. Writing the equations using the
echelon form, we get
—2x3 + 3x4 =0, 2x, — x3 — 2x, = 0 and
2x1 — x4 = 0.

Substituting x, = tin2x; — x, =0

le—t=0
lezt

t

x1=5

Substituting x, = tin —2x3 +3x, =0

—2x3+3t=0
—2x3 = —3t
2x3 = 3t
X =2

o 3 :
Substituting x; = %, X3 = ?t and x, = tin
2x2 — X3 _2x4 =0

2, > =2t =0

3t
3t+4t
2x2 =
7t
2xy, = —
27 2
7t
xz = -

4

t 7t 3t
So, x; =5 X2 = X3 =7andx4 =t

Let us choose t= 4. Then
X, =2,%xy=7,x3 =6andx, =4
So the balanced equation is

2 C,Hg + 70, - 6H,0 + 4CO,.

EXERCISE 1.8
Choose the Correct answer:

1.1If |adj(adjA)| = |A|® then the order of
the square matrix 4is......

(1) 3 (2) 4 3)2 (45

2.1f Ais a 3 X 3 non-singular matrix such
that AAT = ATAand B=A"147,
then BBT=......
(LA (2)B 3)I (4) BT

3.IfA=[i g],BzadeandC=3A,

ladjB| _

the
[C]

1 1 1
D3 )5 B, M1

1 —2]_[6 0 _
4.1FA | 4__[0 6],thenA_ ......
1 —2] 1 2
m|; @\, 5
4 2 4 -1
O] @[, ]
_[7 3] A

5.1fA_[4 ] thenor—a=

1

(1) 41 (2)% (3)34~1 (4241

2 0

6.1fA=[1 :

14
and B—[Z O] then
| adj (4B) | =

(1) —40 (2)-80 (3)—60 (4)—20

1 x 0
7.1fP=11 3  0}isthe adjoint of
2 4 =2

3 X 3matrixAand | A| =4, thenx s
(H15 (2)12 (3) 14 11

3 1 -1
2 =2 0| and
1 2 -1

8.IfA=




aj1 Q412 QAg3
A™! = |az1 azz azs|thenthe
31 dzz dsz
value of a3 is.....
1o (2)-2

3)-3 @) -1

9.If A, B and C are invertible matrices of
some order, then which one of the
following is not true?
(DadjA=|A|A™11
(2) adj (AB) = adj (A)adj (B)
(3) det A7 = (detA)™?

(4) (ABC)™t =Cc-1p~1471

10.1f (AB) ™! = [_1(29 _2177 | and
A= 73| thenBt=..
o3 & @f ;
@kl @5 7

11.1f ATA™1 is symmetric, then 4% =. .. ...
()4 (2) (4a")?

34 (4) (4712

12.If Ais a non-singular matrix such that

Al = [_2 _‘ﬂ ,then (4AT)t=....
@[ ]

Ol
o, 5 of J

vl w

13.IfA=

value of x is..

@-2 ®: W3

-3

1
14.IfA =
—tanz

thenB=....
(1D (cos2 g) A
(3) (cos?0)1

15,14 =[_9
k

A(adjA) = [ :

(Do (2) sinB

4
g and AT
5

tan
2land AB=1,
1

(2) (cos2 g) AT

(4) (sin2 g) A

sin 8
cos @ and

0 .
k],thenkls....

16.IfA = [é _g]be such that A7 1,

thenAis.....
(D) 17

(2) 14

(3) 19

17.1fadjA=[2 _*]and

aij=[_§ B
Ol
O I

ﬂthen adj(AB) is

@[5 _o

@[

18. The rank of the matrix

1 2 3
2 4 6
-1 -2 -3
M1 (22

4
8lis......
—4

34 (43

n

sem 2 a2 v

= A1 then the

(3)cosb (D1

(4) 21

19.1f xy? = e™, x°y% = ", A= m b



the values of x and y are respectively
YN

(De "b1,e "M

(2) log(A1/43),log(A,/A3)

(3) log(A,/A4),log(A3 /A1)

A A
e 1/A3,e “/ng

20. Which of the following is/are correct?
(i) Adjoint of a symmetric matrix is also
a symmetric matrix.
(ii) Adjoint of a diagonal matrix is also a
diagonal matrix.
(iii) If Ais a square matrix of order nand
Ais a scalar, then adj(14) =

Atadj(A).
(iv) A(adjAd)= (adjA)=|A | ]
(1) Only (i) (2) (ii) and (iii)
(3) (iii) and (iv) (4) (i), (ii) and

(iv)

21.If p(A) = (AB), then the system AX=F8
of linear equations is
(1) consistent and has a unique solution
(2) consistent
(3) consistent and has infinitely
many solution
(4) inconsistent

22.1f0 < 6 <  and the system of
equations x + (sin6)y — (cos8)z = 0,
(cosO)x—y+z=0,(sinf)x+y—z=0
has a non-trivial solution then @ is . ...
2T 3T 51 T
L7 @O O Cn

23. The augmented matrix of a system of

1 2 7 3
linear equationsis |0 1 4 6
0 0 A—7 u+5

The system has infinitely many
solutions if......
D =7pn# -5

3)A#=7,u=+ -5

(2)A=-7,u=S5,
AHA=7pu=-5

2 -1 1
24. LetA=|-1 2 —1|and
1 -1 2
3 1 -1
4B =[ 1 3 x |. If Bis the inverse
-1 1 3
of 4, then the value of xis......
(D)2 (2) 4 3)3 D1
3 -3 4
25.IfA=|2 -3 4]then adj(adjA) is....
0o -1 1
3 -3 4 [6 —6 8]
1) [2 -3 4 2)|14 -6 8
0 -1 1 0 —2 2]
-3 3 —4 3 —3 4]
3) [—2 3 —4] @fo -1 1
0 1 -1 2 =3 4]
Formulae:

1. For 2x 2 matrix, adj A is obtained by
i) Interchange of main diagonal elements
ii) Change the sign of other elements.

2. Cofactor Matrix of A = Aj;j

3. Adjoint Matrix of A = AijT

4.A1=1 Adj A
4]

5. A(adjA) = (adjA) A=A |

1

6. A= im adj(adj A) and
1 1 .
Al= + 7 (adj A)

7.(AN) =AY

8.(AB)-1=B-1A-land(4™ 1)1 =4

9. If the Matrix is in Echelon form, then the
number of non zero rows is the rank of

the matrix and it is denoted by p(A4).



10. A square matrix A is called orthogonal
if AAT=ATA=1]

11. Ais called orthogonal if and only if
Ais non singular and A-1 = AT

12. cos 2x = cos?x — sin®x and

sin 2x = 2sinx cos x

14.G0) 1A == (i@ t=@ADT

1
4]

(i) QA)~1 = % A7Y, Ais ascalar.

15. Methods to solve the system of linear
equations AXB =
(i) By matrix inversion X = A™1B
(ii) By Cramer’s rule if A # 0

A A A
x=-=y=-2andz==2
A A A

(iii) By Gaussian elimination method

16.1f p(AB) = p(A) then the given equation
is consistent.

17.1f p(AB) # p(A) then the given equation
is inconsistent.

18.1f p(AB) = p(A) = n, the number of
unknowns then the given equation is
consistent and has unique solution.

19.1f p(AB) = p(A) # n, then the given
equation is consistent and has
infinitely many solutions.

20. The homogenous system of linear
equations AX =10
(i) has the trivial solution, if | A| # 0.

(ii) has a non trivial solution, if | A| =0.
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