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CHAPTER

APPLICATIONS OF
MATRICES AND
DETERMINANTS

y| MUST KNOW DEFINITIONS " ’

4

R I R S A T

+

1
1
1
If |A |# 0, then A is a non-singular matrix and if |A| = 0, then A is a singular matrix. :
The adjoint matrix of A is defined as the transpose of the matrix of co-factors of A. :
If AB=BA=1, then the matrix B is called the inverse of A. :
If a square matrix has an inverse, then it is unique. |
A~ exists if and only if A is non-singular. |
Singular matrix has no inverse. !
If A is non — singular and AB =AC, then B = C (left cancellation law). I
If A is non — singular and BA = CA then B = C (Right cancellation law). :
If A and B are any two non-singular square matrices of order , then adj (AB) = (adj B) (adj A) ,
A square matrix A is called orthogonal if AAT=ATA=1 ;

1

Two matrices A and B of same order are said to the equivalent if one can be obtained from the other !
by the applications of elementary transformations (A~B). I
A non — zero matrix is in'a row - echelon form if all zero rows occur as bottom rows of the matrix |
and if the first non = zero element in any lower row occurs to the right of the first non — zero entry |
in the higher row. !
The rank of a matrix A is defined as the order of a highest order non — vanishing minor of the matrix :
Ap(A)]. !
The rank of a non — zero matrix is equal to the number of non — zero rows in a row — echelon form ;
of the matrix. I
An elementary matrix is a matrix which is obtained from an identity matrix by applying only one :
elementary transformation. Every non-singular matrix can be transformed to an identity matrix by |
a sequence of elementary row operations.

A system of linear equations having atleast one solution is said to be consistent.

1
1
1
A system of linear equations having no solutions is said to be inconsistent. :
1

8
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y| IMPORTANT FORMULAE TO REMEMBER |§

+ Co-factorofa is A; = (-1) i*j M,;, where M, is the minor of @,

+ For every square matrix A of order n, A (adj A) = (adj A)A=[A[T
AATT=ATA =T

+ If Ais non — Singular then

1
i A= [A] (i) (AD)'=@Ah"

(iii) (M) = — A~! where A is a non — zero scalar.

A

Reversal law for inverses :

+ (AB)!'=B"! A™! where A, B are non — singular matrices of same order.
Law of double inverse :

+ IfAis non - singular, A™! is also non — singular and (A"})™! = A.

+ If Ais anon - singular square matrix of order 7, then

() (adj Ay'=adj (A= ﬁ A

(i) [adj A=A/

(ii) adj (adj A)=|A]""2A

(iv) adj (M) =A""'adj (A) where A is a non — zero scalar

(v)  fadj (adj A)= A" D"

(vi) (adj A)T=adj (AT)

If a matrix contains at least one non — zero element, then p(a) > 1.

The rank of identity matrix [ is n. If A is an m x n matrix then p(A) <min { m, n}.

A square matrix A of order # is invertible if and only if p(A) = n.

Transforming a non-singular matrix A to the form I , by applying row operations is called

Gauss — Jordan method.
Matrix — Inversion method :

+
+
+
+

+ The solution forAX = B is X = A™' B where A and B are square matrices of same order and
non — singular

Cramer’s Rule :
A, A,

+ IfA=0, Cramer’s rule cannot be applied x, = Xl X T AT

Gaussian Elimination method :

Transform the augmented matrix of the system of linear equations into row — echelon form and then
solve by back substitution method.

Rouches capelli Theorem :
A system of equations AX = B is consistent if and if p(A) = p([A|B])

(1) If p(A) = p(AB]) = n, the number of unknowns, then the system is consistent and has a unique
solution.

(i) Ifp(A)=p(AB])=n—k, k# 0 then the system is consistent and has infinitely many solutions.

(iii) If p(A) # p([A|B]), then the system is inconsistent and has no solution.
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Homogeneous system of linear equations : 1

1
(1) If p(A) = p(A|B]) = n, then the system has a unique solution which is the trivial solution for !
trivial solution, |A| # 0

For non — trivial solution, |A| = 0.

1
1
1
1
1
1
! (i) If p(A) = p([A|B]) < n, the system has a non — trivial solution.
1
1
1
1
1
1

1 1
+ Al=x—— adjA + A=+ —— -adj (adj A)
adiAl adiAl
m ' 2 21 2
: we get adj l—2 12 =(§)
1. Find the adjoint of the following : 1 3 1 -
1
3 4 231 2 2 1], 2 1
) (i) |3 4 1|Gi) 1|_ | |
6 2 3 2 1 2 . adJ 2 1 2
372 1 -2 2] ! 1 -2 2
. -3 4 | .. Required adjoint matrix
Sol. (i) LetA = | T
6 2 ! gt 2 -2 2| |-2
ade:(2—4J : -2 2 12 -2
-6 -3 : ' 2 1 21 2 2
[Interchange the eclements in the leading , ) ool Tl ol T 2o
diagonal and change the sign of the elements in '
. 1 2 1 2 1 2 2
off diagonal] 1 L 5 5 + 5
1 — —
2 31 ! T h
! (2+4) - (-4-2) + (4-1)]
(i) LetA=[3 4 1 ! 1
| —(4+2)+ (4-1) - (-4-2
o g | e e -
+(4-1) —(4+2)+ (2+4
+41H31‘ ‘34‘T : ( )(T )6(6 )3
_ ! 6 6 3 -
7 2073 2| BT A I I PR
3 1R 3 : N s e
adj A = |—]7 2] 3 2[73 7 | :2‘2
! 2 1
+3 <21 2 3 : 3 ) s
4 13 1] 3 4 ) L _2
T 1 L
+(8-7)-(6-3) +(21-12)] L =3 90 [Taking 3 common from each entry]
1
= —(6-7)+@4-3)-(4-9)|=| T 1 =3 ! =
+(3-4)-(2-3)+(8-9)| L= 1L =1 v =242 1 -2
1 3
- { ! | 1 2 2
. a . 2. Find the inverse (if it exists) of the following :
aj A = |3 1 | s 11 5 )
9 -5 -1 : -2 4 3
- I @) 1 -3 G |1 5 1(Gi) |3 4 1
2021 1 : 115 3 7 2
(iii) LetA=|- 2 1 2 andkzg I -
1 —
[ 1 =22 ' Sol. (i)  LetA = [1 3]
Since adj (M) =A""!(adj A) ¢ B
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Al =

Afl —

1 _3‘ =6-4=2=0
Since A is non — singular, A~! exists
1
dj
] 9 A

Now, adj A = {

[Inter change the entries in leading diagonal and
change the sign of elements in the off diagonal]

-3
-1

y

» 1|-3 -4
21-1 =2
51 1]
(ii) LetA= |1 5 1
11 5]
Expanding along R,
5 10 11 15
Al = 5 -1 +1
I 50 (1 5] 11

525-1)-1(5-1)+1(1=5)
5024)-1(4)+1(-4)
120-4-4=120-8=112%0

Since A is non singular, A~! exists.

adj A =

= T

511115
1 5 11

5.0 5 1
1 SHI 1‘
51 51
NI
(5-1)+(1-5)]
1)+(25-1)-(5-1)

)—(5-1)+(25-1)

To[24 4 4

4 24 —4
4 -4 24

+

9]

+

J’_

+

15
11
15
11
51

N =

(25 11
—(5-
(

1-5

—

+

+
(24 -4 —4
4 24 —4| =
|4 —4 24

Taking 4 common from every entry we get,

6

adj A=4|-1 6
-1

A=
|A|

1
adj A=——=4|-1 6

-1 -1
-1

-1 6
-1

-1
-1 -1 6

6 -1

112

L I T T T T T T e I T e e e I T T T T Y

6 -1 -1
_ L 1 6 -1
28
-1 -1 6
2 31
(iii) LetA = (3 4 1
3.7 2]
Expanding along R, we get,
4 1 310 3 4
Al = 2 -3 +1
72 32 37
= 2@8-7)-3(6-3)+1(21-12)
= 2(D)-33)+1(9
= 2=9+9 =220
Since A is a non-singular matrix, A~ exists
[ 141 ‘3 1 ‘3 4
+
7
i _3 1_2 3
7
3 2
+ —
4 13
+(8—7)—(6—3)+(21—12)T 1 -3 o
= —(6-7)+(4-3)-(14-9)| = -5
+(3-4)-(2-3)+(8-9)] L1 1 -1
1 1 -1
adf A = | -3 1 1
9 -5 -1
Now, A~! L dj
ow, |A|aJ
1 1 -1
= Al = |3 1 1
9 -5 -1
coso. 0 sina
3. If F () = 0 1 0|, show that
—sinat 0 cosa
[F(0)]™" ~F(= ).
[Hy - 2019 & 2024; FRT - 2022; Mar - 2023]
cosa 0 sina
Sol. GiventhatF(o)=| 0 1 0

—sina 0 cosa

Expanding along R, we get,
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o

4
0 1 5 3
F(o)| = — 0+ si 4. If A= how that A2 3A - 7L, = 0,.
[F(aV)] = cos o 0 cosol sin O _sina 0‘ ! {_1 _2} , show tha 3 7, =0,
= cos o (cos — 0) + sin o ( 0 + sin o) : Hence find A”.
=cos?+sin o=1£0 ! , |53
Since F (o) is a non-singular matrix, [F(o)]™" ! Sol. Given A= -1 =2
exists. 1 A2 5 3 53 25-3 15-6
: — 1 = =
Now, adj (F(c)) L 1 2| -1 2| |-542 —3+4
0 cosa| [sino cosa| |[-sina O : = 3 1] o AP-3A- 71,
0 sino | |[cosa sino | |cosa O : :22 9 5 3 1 0
0 cosa| |-sina cosal |[-sino 0 | = 3 1] -3 [ | 2:| =7 [O J
! - -1 =
0 si . 0 L
+1 s;noc_cc())sa (s)1na+0(())soc1 ‘ : 291547 9-94+0 0 0
: o T 8430 1w6-7] T o o] T
+(coso.—0) -(0) + (0+sina) ; Hence proved.
=1 —(0) +(cos2 o + sin? oc) - (0) : GO,
1 .o — - 2 -
+ (0 —sin OL) —(0) +(cos— O) ! -
' ! Post — multiplying by A~ we get,
coso. 0 +sina ]t [coso 0 —sina I A 3aA 7L A= oA
=l o 1 o |=l0 1 o0 | \ @ B
—sino. 0 cosa sinoc. 0 cosa : = AAAH-3(AAH-T(ATH=0
1
DR = —— adj (F(d)) : LA Tmd O 0
h [F(o) : : = AI-31-7A"'=0 [-AAT=1]
cosa,. 0 —sino : — Al-3[=7A""
-0 1 0 ' 1
[F(a)] . L o A== [A-31] [ AI=A]
sinoc 0 cosa 1 7
4 ! 1 5 3 1 0
cosot 0 —sino | = A= 7 |:[_1 _2]_ 3|:0 1]]
= (D
-0 (1) 0 (): o 1[5_3 3—0:| 1[ 2 3]
sino coso. = = = ==
- , : 7(-1-0 —2-3| 7|-1 =5
cos(=a) O sin (—) 1 1 2’ 3
Now, F(— o) = 0 1 0 : A= 7 [_1 _5}
1
| —sin (-at) 0 cos (—) 1 8 1 4
1
1
) . 5. IfA=—| 4 4 7|, provethat A =AT,
cosa, 0 —sina ! 9 1 -8 4
= 0 1 0 (2
. @ I Sol. Toprove A™! = AT
| sina. 0 cosa : AA-T = AAT
['." cosouis an even function, cos (-0) = cos ctand | ) .
sin o is an odd function, sin (o) = —sino(] 1 Itis enough to prove AA"™ = 1
From (1) and (2) I |78 4 8 1 4
[F(o)] ! = F (- | AAT = 9 4 4 7)1 1 -8
Hence proved. : 1 -8 4|° 4 4
¢
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64+1+16 —32+4+28 -8-8+16
—|-32+4+28 16+16+49 4-32-28
—-8-8+16 4-32+28 1+64+16
&1 0 0 1 0 0|1 O O
1 81
=—| 0 810:—1010=010=1
0 0 81 0 0 1]]0 0 1

Therefore A™' = AT

6. If A = { z _3} verify that A(adj A) =
(adj A)A=|A] L, [Sep. - 2020; Aug. - 2021]
. 8 —4
Sol. Given A = [_5 3}
) 3 4
adjA = [5 8}

[Interchange the elements in the leading diagonal and
change the sign of the elements in the off diagonal]
Al = 24-20=4

_ . (8 43 4

S~ A(ad) A) = [_5 3}{5 8}
{24—20 32—32}{4 0} A

—15+15 -20+24 0 4

3 4
(adj A) (A) = [5 8}[

8
-5

B

[24-20 -12+12] T[4 0 ,
140-40 —20+24| |0 4 +2)
AI_41 0] [4 o ;
ATL=400 11710 4 ()

From (1), (2) and (3), it is proved that

A (adj A) = (adj A)A=

|A| L is verified.

3 2 -1 3
7. IfA= and B = , verify that
7 5 5 2

(AB)! =B'A™.
75
3 21
7 5]5

7

|5

Sol. Given A= [

an-|

-3
2
-5

b

3 2 -1
and B =

[Qy. - 2023]

-3
5 2}
-3+10
-7+25

Il

-9+4
-21+10

|AB]
A
B

(AB)!
B71

A—l

B 1Al

= 77+90=13 #0 = (AB)! exists

£

1
13

_ L
13

2
_[_5
10-21
2547

1(-11 5
13l =18 7

3

1

35

4
10

)G

15-14=1#0= A exists
2+ 15=13#0= B! exists

1 1(-11 5
|AB| adj (AB) = [ 18 7] (1)
o1 2 3
ﬁ(adj B)= 13(—5 —J
1 ) (5
m (adjA) = I(—7

N

N
N
")

()

From (1) and (2) it is prove that
(AB)! = BTAL

8.

2

-2

4
Ifadj (A)=|-3 12

2

Sol. Givenadj A=|-3

We know that A =

ladj A=

= 2024-0)+4(-6
2(24) + 4 (=20) +2 (24) = 48 — 80 + 48

‘12

-2

2 ‘

Now, adj (adj A)

2
-7
0 2
—4
12
0

, find A.

2

-7

2

1
+
1/|ade|

-7

adj (adj A) ..(1)

-3 -7 -3 12
+4 +2
-2 2 -2 0
[Expanded along R, ]
—14)+2(0+24)

= 96-80=16 - (2)
r 9T
Jr2o-7 -7 |3 12
o 2 2| o
4 —4
0 2 o0
—4 2 4
+ — -
12 -7 |53 -7 |3 12))
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- )
+(24-0)—(-6-14)+(0+24) | o1
— | ~(-8-0)+(4+4)-(0-8) . 10. Find adj (adj (A)) ifadjA=| 0 2 0
1
| +(28-24)—(~14+6)+(24-12) ; ooy PO
4 20 241 [24 8 4 | Sol. Given adjfA=10 2 0
1
=18 8 8| =[20 8 8 ! -1 0 1
r T
2 0|0 0 (0 2
4 8 12 24 8 12 ! f 1H1 Hl 0‘
6 2 1 : - -
! o 1|1 1111 0
=45 2 2 (3): Now adj(adj A)= |- ‘4_‘ ‘_‘ ‘
6 2 3 | O 1 (-1 1 |-1 0
! O 1/ (1 141 |1 0
Substituting (2) and (3) in (1) we get, ! + - +
g (2)and (3)in (1) we g | 20H0 OHO 2‘
6 2 1 ! - .
A :i_l 45 2 2 ! +(2-0) - —(0) +(0+2)T 2.0 2
Jie | o, = ~(0) (1) —(0) =0 2 0
) ! +(0-2) —(0) +(2-0) -2 0 2]
4? j ; 621 | 20 -2
A:iZ623:i522 : adj (adj AY 2|0 2 0
623 ! 2.0 2
] 1
A | 11. A= boanx|  ow that
9. Ifadj(A)=| 6 2 —6|,findA". — M | | show tha
-3 0 6 | )
B 1 T a1 _ | €0S2x —sin2x
[PTA - 6; FRT -2022; June & Qy. - 2023; July - 2024] A"A7 = | .
I sin2x  cos2x
1
0K 0 | 1 tan x |
Sol. Givenadj (A)= | 6 2 -6 ! Sol. A = |—tanx 1 |
-3 0 6 1 5
1 | 1 tan x
| — — 2 = 2
We know that A™l = £ ——— (adj A) ...(1) ! Al = | —tanx 1 d—l+tan X =sec”x
\/|adJA| i _ [ 1 —tanx]
1 adjA =
6 -6 1 | tan x I
ladj A| = 0+2‘ +0 : 1
-3 6 1 Weknow, A = mAde
1
[Expanded along R,] ! -~
| 1 1 —tanx , | 1 —tanx
— =COS X
= 2(36-18)=2(18)=36 ! ~ sec’x[tanx 1 tanx 1
0 2 0 : i sin x
1 ! 2 : " cosx
SAl=+—|6 2 -6 _ cos” x
30 6 ! sin x !
1 L COSX
0 -2 0 ! 2 :
1 1 COS X —COSxSImmx
= +—-16 2 -6 NLES , ,
6 30 6 | cosxsinx cos” x
- ¢
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1
A =
—tan x
1
AT _
sin x
COSX
1 —
ATA71 —
sin x
L cosx

l:cos2 x—sin® x

12.

5]

sin x

COS X

1

COS2 X

cosxsinx

—2sin xcosx

2

2sinxcosx cos x—sinzx} {

Find the matrix A for which

37

cos 2x

sin2x

—cosxsinx

COS2 X

5 3 14 7

Sol. Given A [_1 _2} = {7 7
5 3 14 7
LetB:|:_1 _2:| and C = |:7 7:|

S AB =C

Post multiply by B! we get
A(BB) =CB!

[ BB =]

= A =CB!
5 3
|B| = o =—10+3=-7%0
- B exists
1 =12 -3
_1 _ . . —
B—|B|adJB—71 5
A = CB!
14 7 -1 -2 -3
17 71 (7 1 5
2 1| (=1)|-2 3
= 7 —
1 1 7 1 5

sl

T

N SV

13.

Given A = |:

1
2

S 1
o> © Tl1 1| ™

C= [; ﬂ,ﬁnd a matrix X such that AXB =C.

—4+1
-2+1

—6+5
-3+5

|

—sin2x

cos 2x

L I T T T T T T T T T e T I T T T T T T T )

Sol.

14.

Sol.

-1 3 o 11

0}, B =[1 l]and C= {2 2}

Also,AXB =C
Pre-multiply by A™' we get,
(ATA)XB =AC
XB =A"l.C. [

Post Multiply by B! we get
(XB)B'=(A'CO)B'=X=(A"1C)B"!

-1
b o =0+2=2=%#0

1
Given A =[
2

N ATA=T]

ifo 171 1
veel 2 |
212 1|2 2
1 0+2 0+2] 1)2 2
T 2l=2+2 242 2]0 0
11 11
_1e) |-
00|70 0
~X=(A10C).B"!
[ i 1t 2
0 0_5 -1 3
1=l 243 _1{0 5}
- 500+0 0+0| 510 O
01 01
_ L) _
5 0 0/=]|00
01
100
01 1
IfA=|1 0 1 ,showthatA“=—(A2 30).
110
01 1
GivenA = |1 0 1
110
1 1 0
Al =0-1f oF 1 ]
= 10-D)+1(1-0)=1+1=2
A = 2#0,
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Next consider the minor of order 1 2| =2 #0

p(A) =

Hence A ! exist *
enee ex1s§ o ! Hence the decryption matrix is .
0 1‘ ‘1 1‘ 1 0‘ ! -2 -l
+ - + |
Lo o b | Coded Decodin
11 0 1 01 | row . g Decoded row matrix
adjA = |- + - ' | matrix matrix
10 1 0 11 .
! 1 1
ML B UNE  U '2 -3] {_2 _J =[2+6 2+3]=[8 5]
0 1 11 1 0 I
- = 1
r 1 1
| =1 ~(0-1) +(1-0) |20 4] { } —[20—8 20—4]=[12 16]
= |=(0-1) +(0-1) —(0-1) | -2 -1
1
:+(1_0) _((T)_l) +(0-1) | So, the sequence of decoded row matrices is
SR I I L [8 5], [12 16]
S e B ! Now the 8" English alphabet is H.
L] 1 ! 1_1 1 b ! 5t English alphabet is E.
R _1 - . ! 12h English alphabet is L.
h ) L1 4 -~ and the 16™ English alphabet is P.
- 1
o1 11T0 1 1 I Thus the receiver reads the message as “HELP”.
1
NowAZ = |1 0 1/1 0 1} : ‘aazaaia
1
1 1. 0j]1T 10 | 1. Find the rank of the following matrices by
0+1+1 0+0+1 O0+1+0 2.1 1 ! minor method: | 3
_0+0+1 1+0+1 1+0+0 1 2 1] _ 2 -4 .
! (@) (ii) 4 -7
0+1+0 1+0+0 1+1+0 11 2] -1 2 3 4
1
A2 3L f ; i 3(1) (1) 8_ -3 1-T Qe ! [Mar. - 2024]
__112_001_1_(??_3;_2: _1_2_10
- - - PTA-5
111 : I ER 1 A
S (A-3D) | 1A (@) 12
2 2 1 1 -1 : iv) |2 4 [July - 2022]
1
From (1) and (2), it is proved that A~ = 5[A2—3I] | 15 1
1 —
15. Decrypt the received encoded message ! 01 21
[2 3] [20 4] with the encryption matrix v) 0 2 4 3|[Aug.-2021]
-1 -1 '
and the decryption matrix as : 8 1.0 2
2 1 1 2 4
its inverse, where the system of codes are , Sol. () LetA=[_l 2:|
described by the numbers 1 — 26 to the letters ! A is a matrix of order 2 X 2
A — Z respectively, and the number 0 to a . )
blank space. ! * p(A)<min (2,2)=2
[_1 _1] 1 The highest order of minor of A is 2
Sol. Let the encryption matrix be A = ! _
wP 2 1 ! Itis | > | = 4-4=0
Al = —1+2=1#0 | -1
! So, p(A) <2
I
¢

1
— i1 o1 1o
SAT=Tajadj A = - =
N 1[—2 —1} [_2 _1]
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We find that there is a second order minor,

-1 3
(ii) LetA =| 4 7
3 -4
A is a matrix of order 3 x 2
L pA)S = 2
-1 3
4 -7
SopA) = 2

1
(iii) LetA= {3

Itis !
3 —
-1 0
Also, _3 1‘
- p(A)

1

-2
-6
A is a matrix of order (2 x 4)
Sop(A)<min (2,4)=2

The highest order of minor of A is 2

-2

(iv) LetA=|2 4

5

A is a matrix of order 3 x 3
s p(A)<min (3,3)=3
The highest order of minor of A is 3.

1

501

~op(A) =3.

0

(v) LetA =10
8

A is a matrix of order 3 x 4
S p(A)<min (3,4)=3
The highest order of minor of A is 3

01 2

(I.E)024
8 1 0

1

=0+0+8(4-4)=0

-1
-3

—6+6=0

—1+0=—1%0.

= 7-12=-5#0

2.

—6
-1

1 2
2 4
1 0

3

-2
(LBE)2 4 —6=11
-1

)4

[Expanded along R, ]
=1(-4+6)+2(-2+30)+3((2-20)
=1(2)+2(128)+3(-18)
=2+56-54=58-54=4%0

[Expanded along C, ]

*
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
1
1
1
I
1
I
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
1
1
1
1
[}
1

¢

S B~

0 1
Also, 0 3
8 2

=_8(6-4)
o p(A)

21
4 3
[Expanded along C, ]

0+0-8

= _8(2)=—16#0
=3

2. Find the rank of the following matrices by
row reduction method :

1 11 3
@) 2 -1 3 4| [PTA-1;FRT -2022]
5 -1.7 11
1.2 1
03 a2
(i) L s [May - 2022; Qy. - 2024]
1 -1 1
[ 3 8 5 2
(lii) 2 -5 1 4|[uly-2024]
-1 2 3 2
1 1 1 3
Sol. (i) LetA=|2 ~1 3 4
5 -1 7 11
111 3 11 1 3
A=l2 1 3 4| Re2RR Fy 5
5 -1 7 11 5 -1 7 11
1 11 3
CRORRI g 31
0 -6 2 —4
1 11 3
RORR: | o
0 00 0

The last equivalent matrix is in row echelon form
it has two non-zero rows

~op(A)=2.
1 2 -1
Let A 3 -1 2
. (A=
(ii) Le 1 -2 3
1 -1 1
1 2 -1 R,»R,-3R, [1 2 -l
3 -1 2 R;—>R-R, 0 -7 5
A:
1 2 R,—>R,—R, 0 4 4
1 -1 1 0o -3 2
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12 -1 12 -]t CL
R,»R,=4 |0 -7 5| R>R,I3R, 10 -7 5 ! R,—>R,—5R, IR
0o -1 1 0 -1 1|, 1l s
0 -3 2 0 0 -1 : 0 —|-= 1
1 2 4: ! 2 2
1 2 -1 \ 111
R3—)7R3—R2 0 -7 5 R4—)2R4+R3 0 4 5 1 RZ—)R2X2 1 —5 5 0
0 0 2 0 0 2|
0 0 1 0 0 0 | 0 -5 2
The last equivalent matrix is in row echelon form R1—>R1+ER2 1 ol=2 1
it has two non-zero rows : > 0 1‘_5 )
SpA)=3 !
_ -2 1
3852 : WegetAIZ[_5 2}
(i) LetA=| 2 -5 1 4 I
1 —
123 =2 Vo I -1
1 2 3 - ! (i) LetA=|1 0 -1
ROR 1, 51 4 - 6 2 -3
A E B | Applying Gauss — Jordan method, we get
3 1‘8 25 32 , ! 1 -1 ol 0 0
R,—>R,+2R, : [AIL]=|1 0 -100 1 0
> 0 -1 7 0 I 3 ) |
RiORsHBR | 0 o, ! 6 =230 0
1 2‘ ; 2‘ : 1 -1 0100
- - 1 R,—>R,-R
R;—>R;+2 22 1510 1 —-1-1 10
e 0 -1 7 0 :
I 6 -2 =310 0 1
0 -1 7.2 I
! I -1 010 0
-1 2 3 =2 1 R R.—6R
R;—>R;-R 3ROy —1l=
3 3722 b o217 0 : o 1 -1}-1 1 0
0 0 0 -2 ! 0 4 -3-6 0 1
The last equivalent matrix is in row-echelon ! I -1 01 0
| R,—>R,—4R,
form. It has three non-zero rows. . =50 1 -1]-1 1
~p(A)=3 : 0 0 1-2 —4
3. Find the inverse of each of the following by 1
I 1 0 =10 10
Gauss — Jordan method : " R. 3R 4R
1R TRY 1l
» 1 I 0 1 —1j-1 1 0
) L 2} [Govt. MQP-2019; Hy. - 2024] : 00 1-2 -4 1
- 1
! 1 0 0-2 -3 1
1 -1 0 1 2 3 1 R >R +R
. ! L~ 1 3510 1 —-1|-1 1 0
Gg) |1 0 -1 (i) [2 5 3 !
! 0 0 12 -4 1
6 2 -3 1 0 8 !
) ! 1 0 0-2 -3 1
Sol. (i) LetA = |:5 :| 1 RZ_)R2+R3 sl0 1 0ol-3 =3 1
E 1
Applying Gauss — Jordan method, we get | 0 0 1-2 —4 1
[AIL] =L _2‘0 J !
i | So,wegetAl=|-3 -3 1
! —_— —
RoR+2 1 =2 0 | 2 41
1
5 =2(0 1 ‘
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1 2 3
(iii) LetA=|2 5 3
1 0 8
Applying Gauss Jordan method, we get
1 2301 00
Al =|2 5 30 10
1 0 80 0 1
RooR=2Rr 2 3110 0
RORR 1o 1 32 1 0
0 -2 5/-1 0 1
1 0 800 1
RORFR; 1o 1 2312 1 0
0 2 5-1 0 1
10 80 01
RORPR slo 1 =312 1 0
00 -1]-5 2 1
10 80 0 1
Ry2R 53Ry slo 1 0|13 =53
00 -1f-5 2 1
1 0 040 16
RORHER; 1o 1 ol 13 25 -3
00 -1 -5 2 1
1 0 040 16 9
RORXEDT Ty 1 o] 135 -3
00 1| 5 2 -1
40 16 9
So, we getA'=| 13 =5 -3
5 2 -1

Solve the following system of linear equations
by matrix inversion method:
(i 2x+5=-2,x+2y=-3

[June - 2023; Mar. - 2025]
(ii) 2x—y=8,3x+ 2y =—2[PTA-3; June -2025]
(iii) 2x+3y—z=9,x+y+7=9,3x-y—-z=-1

[July - 2024]
@iv) x+y+z-2=0,6x—4y+5z-31=0,
5x+2y+27=13

*
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
1
1
1
I
1
I
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
1
1
1
1
[}
1

¢

sol. (i)

2x+5y=-2,x+2y=-3
The matrix form of the system is

LG
a1 a)e-(2)
x- )]

= X = A'B
‘2 5
Al=1] , = 4-5=—1=0.
1
Al = Wade
1[2 -5
- —_1{—1 2}
(-2 5
- 1—2}
(-2 5][-2
S X=ATB = | _2}{_3}
[4-15 {—11}
N _—2+6}: 4
sox=-11,y= 4.

(i) 2x—y=8,3x+2y=-2

The matrix form of the system is

-

2 -1
= AX =B where A = 3 2} ,
B [ 8
B = |2
= X = A'B
e
Now, |A| = = 4+3=7
3 2 1
LA = w adj A

>

I

D>‘
= X -
I w
I |
N |- S| —=
f|—||—|
N — Lla.)i\)
A~
| | | \O I

[
LN||—|

N oo

[
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¢

)

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

1

7

)

SLX=2y

14

|

28

7

—4

A

The matrix form of the system is

2 3 -1« 9
1 1 1fy| = |9
3 -1 -1z -1
2 3 -1
= AX =B where A = 11 1,
3 -1 -1
b (9
X=|Y| andB = 9
z _—1
= X = A'B
2 3 -1
A=l 1 1:2‘1 1‘_3‘1 1‘_1‘1 1
3 1 | -l oA R
[Expanded along R, ]
=2(-1+1)-3(=1-3)—-1(-1-3)
=0-3(-4)-1(-4=12+4=16.
IR TN RV
+ - +
-1 =1 3 -1 3B =1
, 3 =1 2 -1 |2 3
adj A= |- + 2
-1 =1 3 -1 |3 -1
3 -1 2 -1 2 3
+ — +
LN 1 1 11
[+(=1+1) —(-1-3) +(-1-3)T
_|—(-3-1) +(-2+3) —(-2-9)
| +(3+1)  —(2+1)  +(2-3)
0 4 47 |0 4 4
4 1 1n|=| 4 1 3
14 -3 -1 -4 11 -1
0 4 4
! Ly 1 3
Al = T . - — —
SOA _|A| adj A = 16
-4 11 -1

*
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
[}
1
1
1
1
}
1
1
1
1
I
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
1
1
1
1
[}
1
¢

. 0 4 4 9
YA lpR=—| 4 1 3 9
S X=A"B 16
-4 11 -1]||-1
X 0+36-4 . 32 2
yl=— 36+9+3 :E 48 - |3
z -36+99 +1 64 4
Lx=2,y=3,z=4

(iv) x+y+z-2=0,6x—4y+5z-31=0,
S5x+2y+2z=13
The matrix form of the system is

11 1}fx [2
6 -4 5|yl = |31
5 2 2|z 13
111
AX=BwhereA = |6 —4 5|
5 2 2
[ x 2
X = |Y|,B=|31
| z 13
= X = A!B
11
4 5 |6 5 |6 -4
U il | D BT
5 2 2

= 1(-8-10)—1(12-25)+1 (12 +20)
—1(18)—1(-13)+1(32)=—18+13+32=27

—4 5‘ 6 3 6 —4"T
+ - +
220 52 5 2
, S T O T
adj A=| - + -
A
1 1‘ 11 1 1‘
+ - +
-4 5] 6 5| 6 -4
[+(-8-10) —(12-25) +(12+20)]"
—| -(2-2) +(2-5) -(2-3)
| +(5+4)  —(5-6) +(-4-96)
-18 13 321 [-18 0 9
| 0 =3 3| 13 -3 1
9 1 -10 32 3 -10
i -18 0 9
1 1
nAT=Ta[adi A = 55 13 -3 1
32 3 -10
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s X

2. IfA=

. -18 0 91 2
— A-l - —| 13 -3 1
A" B 27
32 3 -10(13
-36+0+117 81
26—-93+13 | = — |54 | =
64+93-130 27
.x=3,y =-2,z=1
-5 1 3 1 1 2
7 1 -5|andB=|3 2 1
1 -1 1 213

the products AB and BA and hence solve the
system of equations x +y +2z7=1,3x+2p+z=7,
[Qy. - 2023]

2x+y+

Sol. GivenA=| 7 1

AB =

BA =

So, we get AB=BA=4.1

=

=

3z=2

-5 1 3

5| B=
1 -1 1

5 1 3|[1 1 2
7 1 =5[[3 21
1 -1 1]{2 1 3
54346 —5+2+3
7+3-10 7+2-5
| 1-3+2 1-2+1
4 0 0]

0 4 0f=4.1,
0 0 4]
11 2}[=5 1 3
321|117 1 -5
2 1 3)| b -1 1
[ 5+7+2 1+41-2
—15+14+1 3+2-1
_—10+7+3 2+1-3
4 0 0

0 4 0]=41,
0 0 4

Il
oo}
TN

1
A
4 jB

B! =

N W —

1 2
2 1
1 3

—10+1+9
14+1-15
2—-1+3

3-5+2
9-10+1
6-5+3

31

-2

Sol.

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

1 1 2 1
3 2 1|yl =17
21 3 | Z | _2_
] o
= Byl = |7
_Z_ - -
1 _ 1
-1
4
z 2 -
-5 1 3][1 My —-5+7+6
:l 7 1 =51l7|= ¥ =—| 7+7-10
4 -1 1 A 1-7+2
. 8 2
= 1|4 =
4 1
-4 -1

Lx=2,y=1,z=-1

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
3 19,800 per month at the end of the first
month after 3 years of service and I 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.)

Let the man’s starting salary be I x and his
annual increment be < y.

By the given data x + 3y = 19800 and x + 9y = 23,400.
The matrix form of the given system of
equations is

1 3][x 19800
1 9f[y] — [23400
13 19800
= AX =B wherec A = 1 9 and B = 23400
= X = A!'B
13
Al = 1 9
= 9-3=6%£0
1 119 -3
A_l = |A| adJA:g -1 1
~X = A'B
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Sol.

1[ 9 —37[19800

- E[—l 1“23400}
x| 1[178200-702001 1 [108000}
L}: 8{49800 +23400} 3600

"6
[x} ) {18000}
v 600
= x = 18000, y = 600.

Hence the man’s starting salary is ¥ 18000 and
his annual increment is ¥ 600.

Four men and 4 women can finish a piece
of work jointly in 3 days while 2 men and 5
women can finish the same work jointly in 4
days. Find the time taken by one man alone
and that of one woman alone to finish the
same work by using matrix inversion method.

Let the time by one man alone be x days and one
woman alone be y days

.. By the given data,
4.4 1 2.5 1
Xy = gand X yoa
1 1
put T s and y =t
1 1
sd4s+4t = —and2s+5t= —
3 4

The matrix form of the system of equation is

1
4 4||s 3
2 5171 = AX = B where
4
1
4 4 3
A= 2 5 and B = l
4
X = A!lB
4 4

i 1 5 4
.'.A71:|A| adJA = E ) 4

! 5.,
LXx=Alp=L| > H[3|L] 3
22 4ll1] 12] =2

— —+1
4 3

L T T T T T T T I T I T T I e )

5.

Sol.

2 2 1) |1
L3 312 _|18
121 11 1
—_ _ X —_— —_—
3 312 36
1 11
= — = — = —
s 18 x 18
= x = 18
t 1 1
= — i — —
36 YV 36
= y =36.

Hence, the time taken by 1 man alone is 18 days
and the time taken by 1 woman alone is 36 days.
The prices of three commodities A, B and C
are3 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 < 15,000, X 1,000 and < 4,000
respectively. Find the prices per unit of A, B
and C. (Use matrix inversion method to solve
the problem.) [Qy. - 2024]
Let the prices per unit for the commodities A, B
and Cbe¥x,Iyand z.

By the given data,
2x — 4y + 5z = 15000
3x+y—2z =1000
—x + 3y +z = 4000
The matrix form of the system of equations is

2 4 5|[x 15000
3 1 =2(|y|=| 1000
-1 3 1|z 4000
2 4 5 X
AX=BwhereA =| 3 1 2| xX=|V|,
-1 3 1 z
(15000
andB = | 1000 |5 x = A1B
| 4000
2 4 5
aAl=|3 1 -2
-1 3 1
1 2 3 2 31
=2 +4 +5
31 -1 1 13
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=2(1+6)+4(3-2)+5(09+1)

=2(7)+4 (1) +5(10)= 14 +4 + 50 = 68.

adj A=

2 ﬂ ‘ 2 -4

AT

~X=A"B

7 19 3

1
w adj A= & -1 719
10 -2 14

7 19 3
-1 7 19
10 2 14

15000
1000
4000

105000+ 19000 + 12000
=15000 + 7000 + 76000
| 150000 — 2000 + 56000

136000
68000
204000

2000
1000
3000

.~ x=2000,y = 1000, z=3000.

Hence the prices per unit of the commodities

A, B and C are ¥ 2000, ¥ 1000 and ¥ 3000

respectively.

Y EXERCISE 1.4 NS
1
1
1
1 1. Solve the following systems of linear equations
1
! by Cramer’s rule :
! i 5S5x-2p+16=0, x+3y—-7=0
: L3 2
X (ii) —+2y=12, — +3y=13[Qy.-2023 & 2024]
. X x
| (iii) 3x+3y—-z=11,2x-y+2z7=9,
: 4x + 3y +27 =25 [Hy - 2019; July - 2022]
1
! 3 4 2 1 2 1
! ivy ————-1=0,—+—+--2=0,
! x y z X y z
1 2.5 4
| —————41=0 [FRT -2022; Mar. - 2024]
1 X 'y z
1
| Sol. (i) GivenA = J:15+2=17
1
1
| -16 -2
! & T 7 3
1
: = 48+ 14=-34
! 5 16
I A, = =35+16=151
i 2 1 7
| p_ZH
\ SN
1
! _ A 5L,
| Y A 17
| x=-2,y=3.
1
I 1
1 (i) Let— =z
1 X
| S 3z+2y = 12,2z+3y=13
1
: 32
| LA = =9-4=5
I 2 3
: A 122 36-26=10
| = = — =
I ! 13 3
1
| A, = ) 12—39 24=15
: 20 213 T
1
A 10 1 1
! TR SN S
I A 5 X 2
' A 15
1 2
= — :—:3
! N
I 1 3
X=—,y=
‘ 27
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1 1

) 1 mark is deducted for every wrong answer.
@ivy Put— = X, —=Y,— =27
X y z

A student answered 100 questions and got 80
marks. How many questions did he answer
correctly ? (Use Cramer’s rule to solve the
problem). [Qy - 2019]

Weget3X -4Y-2Z =1, X+2Y+Z=2,
2X-5Y-47 =-1

3 -1 ' 3 4 2
b 2 1 11 12
i) A=1]2 -1 2 oAtz 1=3" w4 -2 T
4 3 2 : 2 =5 4
B 0 =3(-8+45)+4(-4-2)-2(-5-4)
- ‘1 2‘ 3 ‘2 2‘1‘2 1‘ | =3(-3) +4(6)-2(-9)
3020 402 |4 3 - =-9-24+18=-15
= 3(-2-6)-3(4-8)—1(6+4) 1 -4 -2
= 3(-8)-3-4)-1(10) : A=l2 2 1
= 24+12-10=-22 : s o
11 3 -1 -
N o 1 , ! 2 1 2 1 2 2
N P | s 4 T 4 72 s
o e o e g | CLESEHHAESTD-2-10+2)
=11‘_ ‘—3‘ ‘—1‘ _‘ - =1(=3)+t47)-2(-8)
3020 25 20 25 3 | =—_3-28+16==15
= 11(-2-6)-3(18 - 50) — 1(27 +25) ! 301 -2
= 11(- 8) -3(- 32) -1(52) N R
= —88+96-52=—44 ! by 1 4
3 11 -1 ! <
A =P 92 | :3‘2 1‘1‘1 1‘2‘1 2‘
v 2 | 3(_18+_f) 1(24 _i) 2(21_14)
ARy e 4—2)—2(—1—
a2 A P AP v =316 —2-5)=-21+6+10==5
25 2 4 2| |4 25 3 4 ST T
=3018-50)-1@-8)=1(50=36) 1 A=) 2 o|=3]7 "[+4), "|+1]) _5‘
= 3(=32) - 11(-4) - 1(14) ! s 5 1
= —96+44-14=-066 P =324 10)+4(- 1 -4+ 1(-5-4)
3031 L =3(8)+4(-5)+1(-9)
A =12 L9 L =24-20-9=-5
4.3 25 ! N A _ A5 1
=1 9] ~2 9 2 -1 AT AN T s T T
-3 3 £11 : A x
3250 |4 25 4 3 = x =1
= 3(-25-27)-3(50 36) + 11(6+ 4) ! v - & _ 51
= 3(- 52) - 3(14) + 11(10) . A -15 3
= _156-42+110=—88 ! ror
A 44 | = v —§=>y—3
T A T o2 A S L L
1 = _Z=—=— — = — =
y o= B 60, - A 15 3 2z 3 °°
- - - 1
A -22 1 X = 1,y—3,Z:3
A,  —88 ' s o .
2= = 624 . 2. In a competitive examination, one mark is
- 1
L x=2,y=3,z=4 : awarded for every correct answer while 1
. , . . 1
|
1
1
1
1
1
¢
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Sol. Let x represent the number of question with * 4. A fish tank can be filled in 10 minutes

Sol.

correct answer and y represent the number of
questions with wrong answers.

By the given data,x +y = 100and ... (1)
1
lx——y =80
X 7 y
Multiplying by 4 we get,
4x—y = 320 .. (2)
From (1) and (2)
1 1
A = =—1-4=-5
4 -1
100 1
A= =-100-320=-420
320 -1
A, = b100 =320-400=-280
2 4 320 T T
A, —420
Lx = —=——=+184
A -5
A -80
andy = —2=—=16
A -5
Hence, the number of questions with correct

answer is 84.

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). [Hy. - 2023]
Let the amount of 50% acid be x litres and the
amount of 25% acid be y litres
By the given data, x +y =10

50 25 40
andx| — | +y | == =1o(—
100 100 100

(D)

=3 50x+25y= 400=2x+y=16 .. (2)
1
A: = —
12 1
10 1
A = =10-16=-6
x 16 1
A= =16-20=-4
= O T A
A
X = —_— ==
x
e e
A -1

i.e., 6 litres of 50% acid and 4 litres of 25% acid
solution to be mixed to get 10 litres of 40% of
acid solution.

@ — e e m m m Ee EE ettt e, E e, E e e e e, e, e, e e e e e e e e R e e - e m e mm e e - e .. .- —m—m——————————— =

Sol.

o

using both pumps A and B simultaneously.
However, pump B can pump water in or out
at the same rate. If pump B is inadvertently
run in reverse, then the tank will be filled
in 30 minutes. How long would it take each
pump to fill the tank by itself ? (Use Cramer’s
rule to solve the problem).

Let the pump A can fill the tank in x minutes, and
the pump B can fill the tank in y minutes

In 1 minute A can fill — units and in 1 minute B

1 X
can fill — units
y
11 1 1 1 1
.=+ =——~and —— —= —
X )1/ 10 . y 30
Put — =gand — =5
x y
+b ! (1)
= = — ..
“ 10
1
da-b = — .2
and a 20 ()
1 1
A = = 1-1=-2
1 -1
% 1
A =1 _-l 1 31 _ -4 _ -2
Il — -1 10 30 30 15
30 30 30 15
. L
10 1 1 1-3
AZI = ——— = —
Ll 30 10 30
30 5
T30 15
A 201 11 s
a=— = = - = - = _-=Xx=
TN T T s T T s Y
-2
po B2 -l Lo 30
A 15 30 v 30 7
-2

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

A family of 3 people went out for dinner in a
restaurant. The cost of two dosai, three idlies
and two vadais is ¥ 150. The cost of the two
dosai, two idlies and four vadais is ¥ 200. The
cost of five dosai, four idlies and two vadais is
% 250. The family has ¥ 350 in hand and they
ate 3 dosai and six idlies and six vadais. Will
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g

Sol.

2 2 4 2 4 2
=100{4 2 2|=100 34 1—3 +1

they be able to manage to pay the bill within ¢
the amount they had ?

Let the cost of one dosa be ¥ x
The cost of one idli be X y
and the cost of one vadai be ¥ z

By the given data,
2x+3y+2z = 150
2x+2y+4z = 200
Sx+4y+2z = 250
2 3 2
LA = 2 2 4
5 4 2
‘2 4‘ ‘2 4‘ 2 2‘
=2 -3 +2
4 2 5 2 5 4

=2(4—16)—3(4—20) +2(8 — 10)
=2(- 12) - 3(- 16) + 2(~ 2)
=_24+48-4=20

150 3 2
A, =[200 2 4

250 4 2

Taking 50 common from C, and 2 common
from C, we get,

3 31

51 5 4

5 41
=100[3(2 — 8) — 3(4 —10) + 1(16— 10)]
=100[3(~ 6) — 3(~ 6) + 6]

= 100[— 18 + 18 + 6] = 600.

2 150 2 2 31

Ay=[2 200 4/ =10012 4 2

5 250 2 551

DR
=10012 -3 +1
51 75 1 55

2(4 - 10) - 3(2 - 10) + 1(10 - 20)]

2(— 6)—3(—8) + 1(— 10)]

— 12+ 24— 10] = 100 [2] = 200.
3150 23
2 2000 =502 2
4 250 5 4

2 4 2 4 2
=502 -3 +3

100
100
100

—

—

—

>

Il
IV I SR )
o Y I )

4 5 55 |5

g A . U S

=50 [2(10 — 16) — 3(10 — 20) + 3(8 — 10)]
= 50[2(- 6) — 3(~ 10) +3(~ 2)]
=50 [ 12 +30 — 6] = 50 [12] = 600.

A, 600
x=—L = — =30
A 20
A, 200
==z = ZZ=-q0

YTA 20
A 600
z=—2 = — =30
A 20

Hence, the price of one dosa be ¥ 30, one idli be ¥10
and the price of 1 vadai be ¥ 30.

Also the cost of 3 dosa, six idlies and six vadai is
=3x+ 6y +62=3(30)+6(10) + 6(30)
=90+ 60 +180=% 330

Since the family had ¥ 350 in hand, they will be
able to manage to pay the bill.

BN EXERCISE 1.5 NN

Solve the following systems of linear equations

by Gaussian elimination method :

@ 2x-2p+3z=2,x+2p—7z=3,3x—y+2z=1.

(i) 2x+4y+6z=22,3x+8y+57=27,
~Xx+y+2z=2

Sol. (i) Transforming the augmented matrix to
echelon form, we get
2 -2 3|2
1 2 —13 M>
3 -1 2|1
1 2 -13| R,»R,-2R, |1 2 -1]3
2 2 3| RPRIR g 6 s
3 -1 2|1 0 -7 5|8
1 2 -13
ROR-R, | |, RO6R-2R,
0 -1 04
1 2 -13
0 -6 5|4
0 0 -5-20

Writing the equivalent equations from the row-
echelon matrix, we get,
x+2y—z =3 .. (1)
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-6y + 5z = -4 20 .. (2) Lx=3,y=1,z=2.
- =-2 =— =4
= 0=z="75 2. If ax? + bx + c is divided by x + 3, x — 5, and
Substituting z =4 in 2 we get, x — 1, the remainders are 21, 61 and 9
-6y +54) = -4 respectively. Find a, b and c. (Use Gaussian
= —6y+20 = —4=-4-20=-24 elimination method.) [PTA -3]
4 Sol. Let P(x) = ax®* +bx+c
= y = =4 Given P(-3) = 21

['.- P(x) + x + 3, the remainder is 21]
= a(-3)?+b(-3)+c =21
= 9a—3b+c = 21 (1)
Also, P(5) = 61
= a5>+b(B5)+c =61

Substituting y =z =4 in (1) we get

x+24)-4 =3 = x+8-4=3
x+4 =3

x =3-4=-1.

Lx=-1,y=4,z=4.

(i) 2x+4y+6z=22,3x+8y+57=27,
X+y+2z=2
Reducing the augmented matrix to an
equivalent row echelon form by using
elementary row operations, we get

=
=

[using remainder theorem]

= 25a+5b+c = 61 .(2)
andP(1) = 9
= a(l)’+b(l)+c =9

= at+tb+c=9 ..(3)
2 4 622 -1 1 2|2 coo i ¢ matix t valent
educing the augment matrix to an equivalen
308 sp7|—Ri2R s g sy s s : 1
row-echelon form wusing elementary row
-1 1 2|2 2 4 622 operations, we get
R,—»R,+3R 9 3 1)21 1 1 19
Rz_)Rz & | P22 RoR
3 PRGH2R,
0 11 1 Q 1 1 1|9 9 3 121
0 6 1026 R SR._9R
Rz—)R2+11 -1 1 712 R3_>R3_2511{ 1 1 1 9
Ri=Ri+2 ol 22%7 ™ 10 20 —24|-164
0 3 513 0 -12 -8|-60
R,—>R,+4
ik Rz_’Rz MU
- -
R,—»R,-3R, Jo 1 1k —3 73 510 -5 -6|-41
0 0 24 0 -3 -=2-15|
RoRe2 | o1 o RoR—SR, |1 19
———=>10 1 13 S 510 -5 —6/-41
0 0 12 ]| 48
Writing the equivalent equations from the row 0 0 5| 5
echelon matrix we get, | '1 1| 9 -
Xx+y+2z =2 (D) R._55R
y+tz =3 ..(2) —3 =350 -5 -6|-41

Substituting (3) in (2) we get, y+2 =3
= y=3-2=1
Substituting y =1 and z =2 in (1) we get,

Writing the equivalent equations from the
row-echelon matrix we get,

x+1+22)= 2 >-x+1+4 =2 atb+tc =9 (1)
= —x+5 =2 = —-x=2-5 —-5h—6c = -41 ..(2)
= X = -3 = x=3 8¢ =48

4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 25 5 1j61|—2—"—=-]25 5 16l
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢
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¢

= = §—6
S

Substituting ¢ = 6 in (2) we get,
= -5hb—-6(6) = -41=-5b=36 —41
= -5b =-41+36=-5

-5
= b = —~=1

-5

Substituting b =1, ¢ = 6 in (1) we get,

atl+6 =9 = a+7=9
= a =9-7
= a =2

La=2,b=landc=6

An amount of I 65,000 is invested in three
bonds at the rates of 6%, 8% and 9% per
annum respectively. The total annual income
is ¥ 4,800. The income from the third bond
is ¥ 600 more than that from the second
bond. Determine the price of each bond. (Use
Gaussian elimination method.)

Let the price of bond invested in 6%, 8% and 9%
rates be let T x, T y and T z respectively

Sol.

~.By the given data, x + y +z= 65,000 ...(1)
6xxx1 8xyxl N 9% zxl — 4.800
100 100 100
[ Interest = L ]
. Interes 100
6x N 8y N 9z 800
= =
100 100 100 \
= 6x+8+9z = 480,000 ~(2)
Also, 22 = 600+ -2
100 100
= By 92— 600
100 100
= -8y +9z = 60,000 ..(3)

Reducing the augmented matrix to an equivalent
row-echelon form by using elementary row
operation, we get

1 1 1] 65,000

6 8 9]4.80,000

0 -8 9| 60,000
11 1]65,000

R, 2R=6Ry 1o 2 3190,000
0 -8 9]60,000
1 1 1] 65,000

R;oRsHR2 1 5 31 90,000
0 0 21[4,20,000

L T T T T T T T I T I T T I e )

Sol.

Writing the equivalent from the row echelon
matrix we get,

x+y+z = 65,000 (1)
2y +3z = 90,000 -(2)
21z = 4,20,000
4,20,000
= z = ————— =20,000
21
Substituting z = 20,000 in (2),
2y +3(20,000) = 90,000
= 2y + 60,000 = 90,000
= 2y = 90,000 — 60,000
= 30,000
30,000
= y = 5 15,000

Substituting y = 15,000 and z = 20,000 in (1) we
get,

x+ 15,000 + 20,000 = 65,000
= x+35,000 = 65,000
= x = 65,000-35,000
= x = 30,000

Thus the price of 6% bond is I 30,000 the price
of 8% bond is ¥ 15,000 and the price of 9% bond
15 20,000.

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 P(7,60). Will he
meet his friend? (Use Gaussian elimination

method.) [Mar. - 2023]
Giveny = ax>+bx+c (D)

(-6, 8) lies on (1)

= 8 = a(-6)>+b(-6) +c

= 8 = 36a—6b+c ..(2)

(2,—-12) lieson (1)

= —12 = a(-2)*+b(-2)+c

= -12 = 4a-2b+c ..(3)

Also (3, 8) lies on (1)

= 8 = a3 +b(3)+c

= 8= 9a+3b+c ..(4)

Reducing the augment matrix to an equivalent
row-echelon form by using elementary row

operations, we get,

R, —>9R,-R,
36 -6 1| 8 36 -6 1| 8
4 -2 1| Re2ARR G gl
9 31| 8 0 18 3| 24



Q E‘j’ Sura’s ™ Xll Std - Mathematics ™ Volume |

R, >R, + 4 (i) 2x+2y+z=5x-y+z=1,

. 36 -6 1 8 3x+y+2z=4 [Sep. - 2020; Hy. - 2023]
Ri2Rs*3 L0 3 229
? - - (iv) 2x-y+z=2,6x-3y+3z7=06,
0 o6 1 8 4x—2p+27=4. [PTA - 5;Hy - 2019]
36 6 1| 8 Sol. (i) x—y+2z=2,2x+y+4z=T,4x—-y+z7=4
0 -3 21-29 The matrix form of the system is AX =B
0 0 5/-50 1 -1 2 X 2
Writing the equivalent equation from the row whereA=|2 1 4|, X=|y|andB=|7
echelon matrix, we get 36a—6b+c=8 ...(1) 4 -1 1 z 4
—3b+2c = -29 +(2) Applying elementary row operations on the
5¢ = =50 augment matrix [A|B] we get,
-50 _
= ¢= —— =10 1 oo1i2p] RepReIRe o,
Substituting ¢ — 10 in (2 [ABI=2 1 alz|<R2REW Jy 5 g 3
ubstituting ¢ =—10 in (2) we get, 4 1 14 0 3 _7l4
-3b+2(-10) = -29
YT -1 2|2
= 3b-20 29 R,—>R,—R, o 3 o 3
= -3b = -29+20=-3b =-9 >
-9 7=
- h= 2 =3 0 0 -7/-7

]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
- 1
Substituting b = 3 and ¢ =—10 in (1) we get, ) Here p(A) = 3 and p[A[B] = 3
36a—6(3)—10 = 8 : . p(A) = p[A|B] = 3 = number of unknowns
= 36a—-18-10= 8 =36a—28=8 ; Hence the system is consistent with unique
= 36a = 8+28=36 ! solution.
36 | I
22 |
36 .
na=1,b=3,c = -10 |
Hence the path of the boy is |
y = 1(x») +3(@)=10 !
= y =x+3x-10 1
Since his friend is at P(7, 60), :
60 = (7)*+3(7)-10 :
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

Writing the equivalent equations from the row-
echelon matrix, we get

X—y+2z =2 (D
3y =3=y=1 ..(2)

= a

Tz =-T=z=—=1 ..03)
Solutions y =1 and z =1 in (1) we get,
x-1+2(1) =2 = x-1+2=2

= 60 = 49+21-10 = x+1=2=x=2-1=1

= 60 = 70-10=60 = x =1

= 60 = 60 Lx=1ly=l,z=1

Since (7, 60) satisfies his path , he can meet his (i) 3x+y+z=2,x-3y+2z=1,

friend who is at P(7, 60) Tx—y+4z=5.

m Then matrix form of the system is AX =B
3 1 1 X 2

1. Test for consistency and if possible, solve the whereA=|1 -3 2|, X=|y|,B=]1

following systems of equations by rank method. 7 -1 4 z 5

() x-p+2:=2,2c+y+4z=7, Applying elementary row operations on the

dx-y+z=4 augment matrix [A|B] we get,
() 3x+y+z=2,x-3y+2z=1,

Ix—y+4z=S5.
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3001 12 1 -3 21
AB]=|1 -3 2|—2Ri s
7 -1 45 7 -1 45
R, >R,-3R _
R2 R2 7R1 b=t
2 T L0 100 -5]-1
0 20 —10[-2]
1 -3 2| 1]
Ri2R 2Ry 1o 10 —5|-1
0 0 0/0

Here p(A) = 2, and p[A|B] = 2 [since there
only two non-zero rows]. So, p(A) = p[A|B]
= 2 < 3, the given system is consistent with one
parameter family of solutions. So, put z = ¢,
x € R. Writing the equivalent equations from the
row echelon matrix we get,

x-3y+2z =1 (1)
10y -5z = -1 ..(2)
z =t ..(3)

(2) becomes 10y — 5t =-1
1
= 10y=5t—1:>y=B[5t—1]
3
Also, from (1), x — E[St_ 1]1+2¢t=1

15t -3-20¢+10

3
= = [5¢—
== 10 L 10

1]-2t+1=

1
=>x=——[-5t+7
=10 [~ ]
Hence the solution set is

1 1

x=— (7-5t),y= — (5¢t—1) and z = f where
0 ( ). 10 ( )and z

te R.

(iii) 2x+2p+z=5,x-y+z=13x+y+2z=4
The matrix form of the given system is

AX = B where
2 2 1 X 5
A= |1 4 1,X=|y|,B=]1
31 2 z 4

Applying elementary row operations on
the augmented matrix [A|B] we get,

2 2 15 ST
(AB]=|1 -1 11|-R2R h 5 s
301 24 301 24

*
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
[}
1
1
1
1
}
1
1
1
1
I
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
[}
1
1
1
[}
1
1
1
1
1
1
[}
1
¢

R,—R,-2R,
R,—R,-3R, s
[ 11
1 -1 1
RoRR slo 4 -1 3
0 0 o0f-2]

Here p(A) =2 [. There are 2 non-Zero rows]
and p[A|B] =3 [.  There are 3 non —zero rows]
Here, p(A) # p[A|B]

Hence, the given system is inconsistent and has
no solution.

(iv) 2x—y+z=2,6x—3y+37=06,

4x -2y +2z7=4.
The matrix form of the given system is
AX =B where
2 -1 1
A=|6 -3 3
4 2 2
[ x 2
X=]y|B=|6
| z 4

Applying elementary row operations on the
augment matrix[A|B], we get,

R,—>R,-3R,

2 -1 12 2 -1 P
[AB]=|6 3 3|6|—2Re2Ri 1o o ol
4 2 2|4 0 0 0o

Here p(A) = 1[. only one non zero row]
and p[A|B] =1["." only one-zero row]

. p(A) = p[A|B] = 1 < 3, the given system is
consistent and has two parameter family of
solutions.

So,z=tand y=s where s, t € R.

Writing the equivalent equations from the row-
echelon matrix, we get

2x—y+tz =2 (D)
y =35 ..(2)
z =t ...(3)
Substituting (2) and (3) in (1) we get,
2x—s+t =
= 2x = sl—t+2
= x =5 [s—t+2]

*. Solution set isx=% (s—t+2),y=s,2z=t

wheres, te R
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Case (iii) when £k =-2

2. Find the value of k& for which the equations

kx-2y+z=1,x-2ky+z=-2, 1 2 =2 1
x—2y+kz=1 have [Qy. - 2019 & 2023] p[AB] >|1 6 3 -3
(i) no solution 00 0 o

(ii) unique solution
(iii) infinitely many solution
Sol. kx—2y+z=1,x-2ky+z=-2,x-2y+kz=1

The matrix form of the system is AX = B where

Here p(A) =2 and p[A|B] =2

.. p(A)=p[A|B]=2 <3, the number of unknowns
so the system is consistent with infinitely many
solutions.

k-2 1 X 1
_ B B 3. Investigate the values of A and [ the system of
A=|1 -2k 1,X=1y|,B=-2 linear equations 2x + 3y +57=9,7x+3y—-5;=8,
1 2 k z 1 2x + 3y + Az =, have

(i) no solution
(ii) a unique solution
(iii) an infinite number of solutions.

Applying elementary row operation on the
augment matrix [A|B] we get,

SR I N e b Sol. 2x+3y+52=9,7x +3y—5:=8 2x+3p+Az=p
[A/B]=|1 -2k 1-2|—1==501 2k 112 The matrix form of the system is AX = B where
1 -2 k| 1] ko2 1)1 2.3 5 x 9
_ - A=|7 3 -5[,X=|y|,B=
R,—>R,-R; [, > i1 o y 8
R;—>R;—kRy z 4
>0 2k+2 1-k| -3 . .
Applying elementary row operations on the
10 —2+2k 1- K*1-k augmented matrix [A|B] we get,

1 - k 1 2 3 59 7 3 -5|8
R;—>R;+R, S0 —2k+2 1<k -3 [A|B]= 7 3 -5|8 &) 2 3 5/9
0 0 1-k2+1—k —k=2 23 M 23 Ap
_ 2
1 -2 k 1 RoR=Ri 17 3 5 g
—0 —2k+2 -k -3 RiOR-R, |15 45| 45
2 7 7 7
k- k-2
0 0 —k>—k+2 —k 0 0 Ashs
! y K ! 7 3 5| -8
—>|0 2k+2 1-k -3 (1 R,—>R,x7 0 15 45 47
_0 0 (k+2)(1—k) k-2 0 0 A-5u-9
Case (i) when k=1 Case (i) WhenA =5
1 2 1 1 12 1 1 7 3 5 8
[AIB] > |0 0 0 3| R2R=Ry 1y 9 0 3 [AB] = |0 15 45 47
0 00 -3 0 00 0 0 0 0lu-o

Here p(A) =1 and p[A/B] =2
So, p(A) # p[A|B] = The system has no solution.

Here p(A) =2 and p[AB] =3

So, p(A) #p[AB] _
Hence the system is inconsistent and has no

Case (ii) When k# 1, k# -2 solution
1 ) k 1 Case (ii)) When A £ 5, u #9
[AB] — |0 —2k+2 1-k -3 73 -5 -8
[AB]=]0 15 45 47
0 0 notzero|notzero

0 0 notzerolnotzero
Here p(A) =3 and p[A|B] =3
.. p(A) = p[A|B] = 3 = number of unknowns

Hence, the system is consistent with unique
solution

= p(A) =3 and p[A|B] =3
s0, p(A) = p[A|B] = 3 = the number of unknowns
Hence, the system has unique solution.
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Case (iii) When A=5and p=9

7 3 -5|-8
[ABI=10 15 4547
0 0 0/0

Here p(A) =2, p[A|B] =2
. p(A) =[A|B] = 2 < number of unknowns

. The system is consistent and has infinite
number of solutions.

SR EXERCISE 1.7 N

Sol.

Solve the following system of homogeneous
equations.

(i) 3x+2p+77=0,4x-3y-2z=0,
5x+9y+23z=0
2x+3y—7z=0,x—y—-2z=0,3x+y+3z=0.

Ix+2y+77=0,4x—-3y-2z=0,

5x+9y+23z=0

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

(ii)
®

Transforming into echelon form, _the

augmented matrix becomes

2 70 3 2 7 0
R, =3R, = 4R,

-3 2 0|—> 1|0 -17 =34 0
R, =3R; —5R,

9 23 0 0 17 34 0

3 2 7 0
0 -17 -34 0|R;=R;+R,

0 0 0 0

So, p(AB) =p(A) =2 and n = 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 = ¢,

then —17y —34¢t = 0

=17y = 34t

_ 34

4 17

y = -2t

Substituting z = tand y =—2¢in

3x+2y+7z = 0
We get 3x +2(—2t)+7t = 0

3x—4t+7t = 0
3x+3t =0
3x =3t

Sol.

X =

x =
So the solution is
x=—t,y=—2tandz=twherete R

(i) 2x+3y—-z=0,x—y-2z=0,3x+y+3z=0.
Here the number of equations is equal to

the number of unknowns. Transforming
into echelon form, the augmented matrix

becomes
2 3 -1 0 1 -1 -2 0
1 -1 =2 0|2 3 -1 0|R; <R,
31 30 3.1 30
1 -1 -2 0
0 5 3T
0 4 ol ¢ T
1 -1 -2 0
~ [0 5 3 0[R,=5R,~4R,

0 0 33 0

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

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

x=0,y=0,z=0

Determine the values of A for which the
following system of equations
x+y+3z=0,4x+3y+iz=0,2x+y+2z7=0 has
(i) a unique solution

(ii) a non-trivial solution.
x+y+3z=0,4x+3y+iz=0,2x+y +27=0

Reducing the augmented matrix to row — echelon
form we get,

11 30 1 1 30
[A0]=4 3 ao| —R2Rs ,1r 1 20
2 1 2/0 43 20
R,—>R,—2R : 3
R§—>Rj—4R11 |0t O}
0 -1 A-12/0
1 1 30
RiORsRy [0 1 _alo
0 0 2-8/0]
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Sol.

Case (i) when L # 8
1 1 3|0

[Al0] = |0 -1 —4(0
0 0 notzero|0
Here p(A) =3, p(JA|0]) =3
.. p(A) =p([A|0]) = 3 = the number of unknowns

.. The given system is consistent and has unique
solution.

Case (ii) when L = 8
1 1 3]0
[Al0] = |0 -1 —4|0
0 0 00

Here p(A) =2, p([A|0]) =2

~ p(A) = p([A|0]) = 2 < 3, the number of
unknowns,

.. The system is consistent and has non-trivial
solutions.

By using Gaussian elimination method,
balance the chemical reaction equation:
C,H,+0,—» H,0 + CO, [Govt. MQP-2019]
Given C, H, + O, — H,0 + CO,
We have to find positive integers x
such that

x, C, Hy +x, 0, - x; H,0 + x, CO, (D)
The number of carbon atoms on the LHS of (1)

should be equal to the number of carbon atoms
on the RHS of (1).

1 X5 X5 and x,

S 20, =dx,
= 2,-x, =0 .(2)
Considering hydrogen atoms we get,
6x, =2x; = 6x;,—2x;=0
= 3x,—x; =0 ..(3)

Also, considering oxygen atoms we get,

2x, = lx;+2x,
=>2x,-x;—-2x, =0 ..(4)
Equations (2), (3) and (4) form a homogeneous
system of linear equations in 4 unknowns
.. The augmented matrix [A|0] is

2 0 0 -110
30 -1 010
02 -1 2|0
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By Gaussian elimination method, we get,

1o o Lo
R,—>R,+2 2
B N
30 -1 0]0
02 -1 20
10 0_710
R,—>R,-3R, \
00 -1 >0
2
02 -1 =20
1o o o
2
RioReRa 510 0 -1 20
2
02 0 —Llo
i 2 1
1o o Lo
2
%02 0_?70
00 -1 >|o
I 2 1]
R,—>2R; 0 0 —-1l0
Ra22R o 4 0 7o
R,—>2R;
0 -2 13l

Here p(A) = p([A|B]) = 3 < 4, the number of
unknowns

.. The system is consistent with one parameter
family of solutions, so letx, = ¢

Writing the equations, from the row-echelon
form we get (from equation (2))

2, -x, = 0
= 2x, = x, {
= 2x =t = x, = E
From equation (3)
= 3)61—363 =0
3t
= X, = 3xl = X, = ?

From equation (4)

2x2 — Xy 2x4 =0 = 2x2———2t =0
7t B Tt
= 2x, -7 0 =x,= 7
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Since x|, x,,

chooset=4

Xy and x 4 are positive integers, let us

4
LX = §=2
. X, /(
2
3
SoXy = §=6 andx4=t=4

So, the balanced equation is
2C,H,+70, — 6H,0 +4CO,.

S EXERCISE 1.8 NN

Choose the Correct or the most suitable
answer from the given four alternatives :

1. If |adj (adj A) | = |A|°, then the order of the
square matrix A is [FRT -2022; Hy. 2024]

(1) 3 2 4 @3 2 4 5
) [Ans. (2) 4]
Hint : |adj (adj)A] = |A] @D
(n_1)2 =9= (n_1)2:32
N n-1 =3=n=4

If A is a 3 x 3 non-singular matrix such that AAT
=ATA and B=A"AT, then BBT= [qy. -2024]

A @B 3T 4) B!
[Ans. 3) L]
Hint :BBT = (A 'AT)(A'AT)T
(A—IAT) (AT)T.(A—I)T
(ATAT) AA HT=A" (A AT AT
(A7A). AT(ATY T [ (AT = (A) ]

= I'I=1 [ AT.(AT)—I =I]
35 .
3. IfA=L 2},B=adeandC=3A,thenaldéB=

[Govt. MQP-2019]
@ 1
1
[Ans. (2) 5]

adiB| _ [aditadj &) _[A["

q Bal A

1 1
M3 @5 Oy

Hint :

_ 1Al _

©
>

4 2
[Ans. (3){ }]
. 11
Hint AX =B
= A = BX! where
1 -2 6 0
X 2 L 4}’]3_[0 6}
A 6 0 1 & (X)
o7 ca
0o 6| X

_|1 0} 4 2|_| 4 2
0 1]-1 1 -1 1
7 3
5. IfA= , then 91, —A =
4 2

[PTA - 2; FRT - 2022; July - 2024]
-1

A
(1) Al (2) 7 (3) 3A! (4) 2A7!
[Ans. (4) 2A7]
(9 0] [7 3
Hint: 91-A = -
m 0 9} {4 2}
~[9-7 0-3
~|0-4 9-2
[ 2 -3 ,
= }=ad]A
-4 7
1
But A = adjA= < adjA
u |A| adj > adj
=adjA = 2A"
2 0 1 4
6. IfA{ }and B{ }then|adj(AB)|=
1 5 2 0
[Qy. - 2023]
(1) —40 (2) -80 (3) 60  (4) —20

[Ans. (2) -80]
. 2+0 8+0 2 8
Hint:  AB =1, 10 4,07 |11 4

) 4 -8
adj (AB) = [_11 2}

ladj (AB)| = 8 — 88 =-80
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7.

Hint : [adjA| = |A]™!

Hint :

9.

10.

Hint : Since (AB) ! =B 'A™!, we get,

1 x 0

IfP=|1 3  0]is the adjoint of 3 x 3 matrix
2 4 -2

A and |[A| =4, then x is

M 15 @) 12 3) 14 @ 11

[Ans. (4) 11]

1 30 X o +0 =431
4 -2 2 =2
=>-6-x(2)=4 =
= 2x =22 =
IfA=|2 -2 0|and A'=|a,

1 2 -1
then the value of ayy is

Mo @ -2 3) -3

—-6+2x =16
x =11
4y 3
Ay dy3
31 asz dz
[PTA - 5; Qy. - 2024]
4 -1
[Ans. (4) —1]
-2 0 2 0 2 =2
‘2 —1‘ ‘1 —1‘1 1 2‘
32)-1(2)-14+2)=6+2-6=2
3 —1‘

Al

A
-2

1
——(0+2)=—
; 0975

If A, B and C are invertible matrices of some
order, then which one of the following is not
true? [Aug. - 2021; Mar. - 2024]

(1
2)
3)
4)

= co-factor of as, :E X , A

-1

adj A = JAJA-!
adj (AB) = (adj A) (adj B)
det A™' = (det A)!
(ABC)! = C 1B 1A
[Ans. (2) adj (AB) = (adj A) (adj B)]

12 -17 —
and A~ = - ,
-19 27 -2 3

[Mar. - 2020; Hy. - 2023]
8 5
(2) {3 2}
8 -5
4) {_3 2}

2
Ans. (1
[Ans. (1) |

If (AB)™! {

then B1=

2 -5
M1 5 4
5 31
G 1,
-5
i)

12 -17
-19 27

| 1t
2 3
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Hint :

12.

Hint : (A 1=(A")T= {3

13

E‘j’ Sura’s ™ Xll Std - Mathematics ™ Volume |
LetX =BlY
12

-17] 1
~19 27| |Y|

12 -17] 13 1
19 27| 1|21
[ 12 -17][3 1
=19 272 1
36-34  12-17] [ 2 -5
-57+54 -19+27| |3 8
. IfAT Al is symmetric, then A =
[Sep. - 2020; FRT-2022; June & Qy. - 2023; July - 2024]
(1) A™ (2) (ATY
3) A @) (A
[Ans : (2) (AT)?]
( AT A—I)T
(AHT(ADT=(AHTA
= ATAT = (A HT A
= ATATT = (ATYL A
[Premultiplying by AT and post multiplying by A
on both sides, we get]
AT (ATATHA = AT[(AT)L. A]A
(AN (ATA) = AT(AT) 1. A2
(AT (D) = LA?
( AT)2 — A2

is a non-singular matrix such that

B!=XY! = [ (adj Y)

= ATA ! =

=

=

=

If A
5 3

Al= {_ } , then (AT)! =

2 -1
=5
M { )

[PTA -1 ;Hy - 2019; July - 2022; Mar. - 2024]
3 |7
2

3 5 3
IR
-3 5 2

J @l

5 =2 5 2
1 |1Ans:@)] 3 |l

and AT =A"!, then the value of x

| W

. IfA=

N|w |~

is

)

[July - 2022]

5

5 @ 3

-3
@ < 6
[Ans: (1) _?4]

Hint : Since AT=A""AAT=ATA=1].. they are

orthogonal]





