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1. Find the minors and cofactors of all the elements of

ExErcise 1.1

the following determinants.

www.surabooks.com

MATRICES AND
DETERMINANTS

TEXTUAL QUESTIONS

1 -3 2
5 20
@) ‘ 0 -1 [CRT-2022] (ii) 4 -1 2
3 5 2
15 20
Sol : (i) ‘0 1
5 20
LetA ‘O _1‘
Minor of 5 M, =-1
Minor of 20 M,=0
Minor of 0 M,, =20
Minor of —1 M,, =5
Co-factor of 5 A, =DM,
1P (Ch)=-1
Co-factor of 20 = A, (-1)!"?M,=-0=0
Co-factor of 0 A, (-1)*"'M,, =20
Co-factorof -1 = A,, (-1)**M,, =5

1 -3 2

i) 4 -1 2
3 5 2

Let B

Minor of 1

I -3 2

4 -1 2

3 5 2
-1

Mn:‘ 5 9

2
‘=—2—10=—12

enquiry@surabooks.com

[1]

Minor of -3

Minor of 2

Minor of 4

Minor of —1

Minor of 2

Minor of 3

Minor of 5

Minor of 2
Co-factor of 1
Co-factor of -3
Co-factor of 2
Co-factor of 4
Co-factor of —1
Co-factor of 2
Co-factor of 3
Co-factor of 5

Co-factor of 2

4 2

M=y 5|=8-6=2
4 -1

Mp=|, 4=20+3=23
-3 2

My =] [=-6-10=-16
12

My =|, |=2-6=-4
1 -3

My = | | =5+9-14
-3 2

My =| | =6+2=-4
12

My, =, ,[=2-8=-6
1 -3

My =[, _[|=-1+12-11

Ay, =DM, =-12
Ap=ED"M, =2
A=D1 M, =23
Ay = (1M, =-16
Ay =DMy, =4
Ay = (1?3 My, = 14
Ay =17 My, =4
Az, = (-1 M, =-6

Ay =133 My =11

PH: 8124201000 /8124301000
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2 Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 m#» Matrices and Determinants
3 -2 4 | = —4x>+34x-52=0
! Dividing by — 2 we get
. 2 0 1 . - ’
2. Evaluate [Qy. - 2023] ! 2 17426 =0
123 | Using factorization, the factors are 2x> — 17x +26 =0
3 2 4 ! 2x? —4x - 13x +26=0
Sol : LetA = |2 0 1 ! 2x(x—2)—13(x-2)=0
1 2 3 : (x—2)(2x-13)=0
Expanding along R, we get, I 13
0 1 21 2 o ' =x=2Zorx=—
R A A N Rl 13
I The values of x are 2, —
= 3(0-2)+2(6-1)+4(4-0) ! 2
=3(2)+2(5+44 ! 1 a a*-bc
1
= 6+10+16=20 '6. Evaluate: (1 b b*—ca
2 x 3 . ’ )
3. Solve:[4 1 6/ =0 [Sep.-2021]: d &
1 2 7 | 1 a a*—be
Sol : Expanding along R, we get, . Sol : LetA = [l b b*—ca
16 4 6 |41 ' 2 _
2 -Xx + -0 | 4 1 ¢ ¢"—ab
2 7 17 1 2 I 1l a a| |1 a bc
=2(7-12)-x(28-6)+3(8—-1) = 0 : I R R
- 2(-5)-x(Q)+3(7) = 0 o AT S| ] [osmeproperty O)L-- ()
= ~10-22x+21 = 0 | I c ¢ € d
= 22x = -l11 E 1 a 0 aeh &bl
N . = m_1 ! Consider |l b b*|=|y p_. p2_2 R, =R, =R,
22 2 X 2 ) R; =R, =R,
3 -1 300 ! o e it e e
4. Find |AB|ifA= [2 1] and B= [1 2:|. ! Taking (a — b) (b — ¢) common from R, and R,
) B ! 0 a-b (a—b)a+bh)
3 -11(3 O
Sol : AB = Sep.-2021] .  =|0 b—c¢ (b-c)b+c)
2 1|1 =2 X )
- X 1 c c
9-1 O+2] [8 2:| I 0 1 a+b
= = 1
_6+1 0-2 7 =2 : =(a—b)(b—c) 0 1 b+c
8 2 I 1 2
- |AB| = 7 =—16-14=-30 ! ¢ ¢
IAB| = -30 I =(@a@a-b)yb-¢)[0-0+{b+c—(a+ b)}]
=~ [AB| = - : [Expanding along C,]
7 4 11 | =(a-b)(b—c)(c—a)
5. Solve: -3 5 Xx|=0 | 1 a bc
-x 3 1 : LetB = |l b ca
Sol : Expanding the given determinant along R, | 1 ¢ ab
we get X Applying the elementary transformations.
1
5 x A -3 ¥ . -3 5 | Rl—) Rl —R2 and R2 —>R2—R3 we get,
— = 1
73 1 —x 1 " —x 0 ! 0 a-b bc—cal |0 a-b —c(a-0b)
= 7(5 - 3x) —4(-3 +x%) + 11(=9 + 5x) = 0 ' B=|0 b-c ca—abl =10 b-c -a(b-c)
=35-2Ix+12-4x>-99+55x=0 ! 1 c ab| |1 c ab

enquiry@surabooks.com
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Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 msMatrices and Determinants 3

Taking (@ —b) and (b —c) common from R, and R, we get Again taking a, b, ¢ common from C, C, and C,

0 1 —c respectively.
= (a-b)y(b-o)[0 1 -a -1
. 1 ¢ ab LHS = & b%* 1 -1 1
Expanding along C, we get, L1 -1
B = (a-b)(b-o) (1) I —c Applying the elementary formation R, — R; +R,
(a=b)(b-o)( 1 )_a v
= (a— —c)(-a+tc 2322 3
= (a-b)(b—c)(c—a) ) = abel -1 1
Substituting (2) in (1) we get, 1 1 -1

A=(a—b)(b-c)(c—a)—(a—b) (b—c) (c—a)=0 Now, expanding along R we get

=
— 222
L e bie LHS—abc(Z)‘l 1‘
a
1 = 2abhC(1+1)
7. Provethat |— ca c+a|=0. [Aug.-2022; Qy.-2023] = 44 b**=RHS
b Hence proved.
1
o b ath EXERCISE 1.2
1 2 3
- bc b+c 1. Find the adjoint of the matrix A = 1 4
1 . 23
Sol : LHS = 3 ca c+a Sol : Given A = | 4
1 [Interchange the elements in the leading diagonal and
— ab a+b . .
c change the sign in the off diagonal elements]

Multiplying R, by a, R, by b,and R, by c respectively A] - [ 4 —1]
N [ )

and dividing the determinant by abc we get.

. 1 abc ab+ac | 1 1 ab+ac adj A = [A,»]»]T:|: 4 —3:|
LHS=— |l abc be+ab=——(abc)ll 1 be+ab -l 2
acl abe ac+be| ° 1 1 ac+bc 133
[Taking abc common from C,] | 2. IfA=|1 4 3 |then verify that A (adj A) = |A| 1
=0[.C,=C,] =RHS. 13 4
and also find AL [GMQP - 2019]

Hence Proved.
5 1 3 3
—a ab ac )
Sol : GivenA=1|1 4 3
8. Provethat| ab —b>  bc|=4a* b 2 13 4

ac be —c*

4 3 1 3 1 4
[First Mid - 2018, Sep-2020] + _ +
2 3 4 1 4 1 3
—a ab  ac
3 3 1 3 1 3
Sol : LHS = | ab —b*> bc Co-factor matrix Ajj = | — + _
‘ o-factor matrix Aij 3 4 | 4 L3
ac  be 33 3 o3
Taking a, b, c common from R, R, and R, respectively + _ +
we get L 4 3 1 3 1 4 ]
—-a b c 16-9 —-(4-3) +(3-4 7 -1 -1
LHS = abc| a -b ¢ =[-(12-9) +(4-3) -G-3)|=|-3 1 0
a b - +(9-12) —-(3-3) +(4-3) 3 0 1
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= 10

3. Find the inverse of each of the following matrices. Since |C] # 0, C" exists.

4 Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 m#» Matrices and Determinants
Now adiA = A : N
7 -1 -1 7 -3 -3]! adjA = |
= |3 1 0f={-1 1 0], [Interchange the places of leading diagonal elements
3 0 1 -1 0 1], and change the sign of off diagonal elements]
1 —_
b33 - Al = =3+2=5
Al = |1 4 3 ! 3
L 3 4 ! Since |A| # 0, A™! exists. Y
403 31 3+31 4 : LA = Lade=l[ ]
B4 o4 s ! y Al 259 Q
= 16-9-3(4-3)+3(3-4) : (ii)|: ) 3}
- 7-3-3=7-6 ! - g
=1 ! LetB = | 3]
(1 3 3][7 -3 -3 ! -3 1
Now, A (adjA) = [1 4 3[|-1 1 0 ! Bl = | 3‘=9+1:10
:1 3o4j-t 0 : Since |B| # 0, B! exists.
7-3-3 -3+3+0 -3+0+3| | 3 1
= |7-4-3 34440 -3+0+3| ' adjB = |, 3]
:7 —3-4 34340 3+0+4] | [Interchange the plf;ces of leading diagonal elements
1 00 1 00 ! and change the sign of off diagonal elements]
=10 1 0[=1{0 1 0|= ! 1 113 -1
! Al ! Now,B! = — adjB=—
0 0 1 00 1 ! IB| 10/1 3
1 2 3
[olAl=1].
Hence A (adj A)= |A|. 1 Lo (|0 2 4
Since |A| # 0, A”! exists. l 0 0 5 | 2 3
We know that |
| | 7 -3 -3 : LetC = 0 2 4
Al = —adjA=-|-1 1 0 ! 005
|Al s , - 24 o 4 _Jo 2
! cl =1 —2| 43
7 3 3 ! 0 s “lo s loo
Al = |21 1 o ! [Expanding along R ]
: = 1(10-0)-2(0-0)+3(0-0)
-1 0 1 1
1
1
— 1
1 - 31 i T
i) [ l] (ii) } | JA o4 o2
2 3 -1 3 ! 035 o3 oo
123 3 5 4 : e 23 [t 3 |12
. 3 3 X - |- _
(lll)g (2) ‘5' (iv) 2 3 -1 | adj 0 5 0 5 0 0
1 -4 -6 !
Sol | +2 3 _l 3 +l 2
1 -1 | | 2 4 0 4 0 2]
@ [2 3] O : 10-0 —(0-0) +0-0)]"
— 1
LetA = [2 3:| ! = |=(10-0) +(5-0) —(0-0)
1 | +8=6) —(4-0) +(2-0)

enquiry@surabooks.com PH: 8124201000/ 8124301000
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Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 msMatrices and Determinants 5
T _ | 2 3 -1 4
1000 10 =102 4. If A = [ :|and B = [ :|, then verify
= |10 50/ =0 5 4! 1 -6 1 -2
2 4 2 0 0 2|1 adj (AB) = (adj B) (adj A). [ CRT - 2022]
1
. . 10 -10 2 | > 31=1 4
Now,C! = —adjc=—| 0 5 -4 1Sol: AB =y 6l 1 22
IC| 10 . -
o 0 27 2+3 8-6 12
—_ j— 1 = =
35 4 | | -1-6 4+12] |-7 16
v -2 3 -1 ! Now, LHS
1 -4 -6 ! . [16 -2
(3 -5 4] | adjAB = | [Interchange the places
LetD = [-2 3 -1 : of leading diagonal elements and change the sign of
1 4 -6 | off diagonal elements] .. (1)
- - 1 = -
3 _ -1 4
3 > 4 : GivenB = [ -
Dl = |-2 3 -1 : L 4 Tl
4 — ' (2 —4] 2 3
1 4 6 : adjB = 1 - andA=|:1 6
3 -1 |2 -1 -2 3 | L -
= —3‘ . 6‘+5‘ | 6+4 | 4‘ | 6 -3]
o ) o “in =y,
1 —_
[Expanding along R,] ! - N
! RHS = (adjB) (adj A)
= 3184 +5(12+1)+4(8-3) | ) .
= 3(22)+5(3)+4(5) ! |2 A4 [—6 _3}
= 66+ 65+20=151 ) B ] e
Since |D| # 0, D! exists. | [12+4 6—8] [16 —2} 2
1 = =
—+ 3 -1 -2 -1 +_2 3 T : | 6+1 3-2 7 1
- From (1) and (2
4 ¢ |1 -6 |1 -4 ! (? & | |
‘_5 4 3 4 3 5 ! adj (AB) = (adjB) (adj A)
ade S e + - 1
-4 -6 1 -6 1 —4 : ) 2 2
P O A, I e '5. IfA=|2 3 0]then, show that (adj A)A =0.
13 - 2 - 2 3] ! 9 1 5
[ (-18—=4) —(12+1) +@8-3)] : . 2 =2
= | -(30+16) +(18—4) —(12+5) ) Sol: GivenA =12 3 0
| +(5-12)  —(3+8) +(-9-10) : L
1 r 9T
22 -13 5| [-22 -46 -7 PR LR
—|-46 14 17| =|-13 14 -11| LSS Pl
-7 —11 -19 5 -17 -19] | PR e O O I
- e 15| o5 o1
| 22 —46 -7 !
.'.D*1=iade=15—1—13 14 -11 : B L N
DI 5 _17 —19 | (30 20 2 3
1
1

enquiry@surabooks.com PH: 8124201000/ 8124301000
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6 Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 m#» Matrices and Determinants
15-0) —(10-0) +2-27)] E 1 -4 47 [ 1 =2 2
= |-(-10-2) +10-18) —(2+18)| ! = |2 3 4| =|-4 3 —4
+H0-6) —(0-4) +(6+4)] ! 2 -4 -5 4 4 -5
15 10 251" [ 15 12 —6] 1 | 12 2
~ |12 -8 —20| =|-10 -8 4| Al = made=_—1 4 3 4
-6 4 10 25 =20 10] ¢ -4 4 5
Consider (adj A)A : -2 =2
15 12 6112 = 2 ! = | 4 3 4|=A=A'=Altself
= |10 =8 4|2 3 0 | 4 4 5
|25 20 10| |9 1 5 : 1 0 3
30424—54 —30436-6 3040-30] [0 0 0] 1 7. HA'=|2 1 —1|then, findA.
=| 20-16436 20-24+4 —2040+20|=[0 0 0 1 1 -1 1
~50-40+90 50-60+10 —50+0+50| |0 0 O] i I 0 3
Hence (adj A)A=0 . Sol:  GivenAl= |2 1 -1
1 2 2 | -1 1
6. IfA=| 4 -3 4| then, show that the inverse of | We know that (A1) 1 =A
4 4 5 i We have to find (A™)!
A'is A itself. [First Mid - 2018] ! L 1 =1 2 1 2 1
-1 2 -2 ! A7 = 1‘_1 1—0‘1 1+3 1 _1‘
Sol : GivenA=| 4 -3 4 ! — 1(-1)+3(2-1)=-9
44 ' Since |A 1|0, (A-) ! exists.
-2 =2 : - 21 2 ]
Al = |4 3 4 : I *1 o
4 -4 5 -
CEPrad e R
-5 45 44 ! o 3 |1 3 10
= ~1(-15+16)-2(20-16)~2(-16+12) o4 Th o th
BRI ! [+1-) -2+ +2-D]" [0 -3 3]
. - ! =|—(0+3) +(1-3) —(-1-0)| ={-3 =2 1
Since |A|¢,O’A exists. . ! +0-3) ~(-1-6) +1-0) 307 1
34 _‘4 4 43 ! T 0 -3 3
-4 5 4 5 4 —4 | s 5 5
P _‘2 -2 -1 =2 _‘—1 2 ! 301 1 .
adj A + ! L 0 -3 3
-4 5 4 5 4 —4 ! 1 -1
! Ay = adj(Ah=—|-3 =2 7
‘2 -2 ‘—1 -2 -1 2 ! el 91
_ n 3001
-3 4 4 4 4 3] !
[(=15416) —(20-16) +(-16+12)]" 033 |03 3
= | —(10-8) +(-5+8) ~(4-8) L =A=[B3 2 T|saA=gl3 2
1(8-6) —(-4+8)  +(3-8) : L 3 -1 -1
|
1
1

enquiry@surabooks.com
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T | e
2|7 6]|2 3

—1[ 45+16 —63—24]

4 =2 -1{2 2 1

andBA=l -1 3 1|1 3 I:I
K 1 2 2

8—2-1 8-6-2 4-2-2

:l —24+3-1 -2+9-2 -1+3-2

Y| 22244 2648 —1-2+8 2[-35-12 49+18
5 0 0] [1 0 0 —61 87
:% e B - (@) - _%[—271 _23]2 4217 —627 - @
0 0 5] [0 01 22

From (1) and (2), AB=BA=1
.. The matrices A and B are inverses of each other.

Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 msMatrices and Determinants 7
221 :9 If A 37 d B 68th ify that
1 9. = an = en, veri a
8. Show that the matrices A = |1 3 1|and : 2 5 7 9 ’ B
[ 4 2 1] 12 2 : (ABy1=B1A [Qy. - 2018 & 2023; Sep. - 2021]
5 5 5 | _ 3.7 6 8
B=|_1 3 _1/areinverses of each other. :Sol:leenA= 2 5 and B = 7 9
5 § 5 [Mar. - 2020 & 2023] 1
1 2 4 ! 37
T R i1 Then |A| =
. 5 5 5] [ 4 - 1] ! 25
2 2 1] 5 3 3 : =15-14=120= A" exists.
. ! 6 8
Sol: Given A = 1 3 1|and B= _l E _l : |B| - :54—56:—2¢0=>B71 exists.
122 505 5| 79
] 124 ap = |3 T][6 B]_[18+49 24463
SR 51_ N |2 5|7 9] [12+35 16+45
pa— —— —— I r
F2 ) 1_ 5 5 5 : _ 67 87
1 3 1 ! 47 61
Now AB =1 3 1||-— = —-= ! L
NEEE] | I ' Bl = |7 Y= 4087 4080
) B P : ABL =47 61| 4087~
| 5 5 5] 1
2 1_1 4 -2 —1 ! =—-2#0(AB) ! exists.
=1 g—l 3 -1 : o 61 —87
12 27[-1 2 4 L Tl @
.1 . | [Interchange the places of leading diagonal elements
[Taking 5 common from meggR ; and change the sign of off diagonal elements]
(2 2 1][ 4 2 -1 | 1
1 =(AB)'= ——adj (AB
=13 gl 3 : (AB)= i I AP 0w
1
1 2 2(-1 -2 4 1 [ 61 87 5
— 1 —_
| 8—2-1 —4+6-2 -2-2+4 . = 7[_47 67]= 7 7| D
= —| 4-3-1 2+49-2 —1-3+4 : 5
5 1
[4-2-2 2+6-4 —1-2+8 ! 49 8
1500 1 0 0 1 B _@ad_]B_—E7 ‘
| _
=<[0 5 0]=j0 10 (D)
1
5 -7 5 -7
0 0 5] [0 01 ! Al = Lagia=t _
| Al |- 3] |2 3
:
1
1
1
\
1
1
1
1
1
I
1
1
1
1
1
1

From (1) and (2), (AB)' =B A",

enquiry@surabooks.com PH: 8124201000/ 8124301000
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11 3 = Equating the corresponding entries on both sides,
10. Find A if the matrix [2 A 4 [has no inverse. we get
9 7 11 _ _ 6_
6-3p = 0=6=3p > Efp
1 1 3 p =2
. - . -9
Sol:Let A=|2 A 4 [Qy. - 2018; Mar. - 2023] Also,~9—3g=0= —9=3g = —=g
9 7 11 g - 3
q = 3

Since the matrix A has no-inverse, A is a singular

sop = 2andg=-3
matrix = |A| = P 1

11 3 ExERrcise 1.3
Al = 2 A 4=0 1. Solve by matrix inversion method : 2x + 3y — 5 =0,
9 7 11 x-2y+1=0. [First Mid - 2018; Qy. - 2023]
A4 2 4 2 Solution :  Given equations are 2x + 3y =5,x—2y =-1.
= 1‘7 11‘ -1 ‘9 11 +3 9 7 - Writing the given equations in matrix form

[Expanding along R, ] we get,

2 3 [ 5
1IA-28—-1(22-36)+3(14-91) = 0 [ ][x] 3 ] —AX=B
= 1L -28+14+42-27A = 0 =24y -1
= ~16A+28 = 0 2 31 [x] L [5
R a8 14 _ 7 = X = A'B
7 _
R r ol N
4 1
= 4-3=- A~ exists.
8 -1 -3 5 1 -1 _23 37¢0:> exists
11.If X=|-5 1 2jand Y= |0 2 1|then, adjA = q 2]
-1 = 5 - . .
- 10 1_1 4 - [Interchange the places of leading diagonal elements
find p,gif Y=X"". [Hy.-2019] . .
and change the sign of off diagonal elements]
8 -1 -3 2 1 -1
Sol: GivenX=|-5 1 2|andv=|0 2 1 Al = iade:i{‘z ‘3}:1 2 3
ol : Given X = and Y = A a1 2|77 &
10 -1 -4 5 p ¢

Also it is given that Y = X!
= XY = XX [Pre - multiply by X]
= XY =1

o= wn=ify ]
“ Al

32 1 -1 100
-.[—512021010 - -
10 -1 4|5 p ¢ 1 X = [y:|_[l]
= x = landy=1

2. Solve by matrix inversion method :
20+0-20 10-2-4p -10-1-4q
00 1 6-3p -9-3¢] |! 0
0|=|0 3+2p 6+2¢|=|0 0
1 0 8-4p -11-4¢ 0 1

)3x-y+2z=13;2x+y—-z=3;x+3y-5z=-8.
(i) x—y+2z=3,2x+z=1;3x+2y+z=4.

(GMQP-2019)
(iii)2x—z=0;5x+y=4;y+37=5. [Qy.-2019]

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
1
1 1 -2
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
1

16+0-15 8-2-3p —8-1-3¢q

= [-10+0+10 -5+2+2p 5+1+4+2¢q
1 0
0 1
0 0

1
0
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Sol: (i))3x—-y+2z=13;2x+y—-z=3;x+3y—5z=-8. 3
Given equations can be written in matrix form as
= (=2
3 -1 2| «x 13
z 1

2 1 -1||y|l=| 3| AX=B S ol
13 5| z| [-8 AT YETLZE

(i)x—y+2z=3;2x+z=1;3x+2y+z=4.

1
1
I
1
1
1
I
1
3 -1 2 !
Where A = |2 1 -1 ! Given equations arex —y+2z=3,2x+z=1and
1 3 5 ; Ix+2y+z=4.
B 13 E The given equations can be written in matrix form
X = |y|[,B=| 3|= X=AB ! 1 -1 2][x] [3
| Z -8 : as [2 0 1)|y|=|1
3 -1 2 | 3 z| |4
Now|A] = 2 1 -1 : 1 2
1 3 -5 '
! —=AX =B Wherec A = I:Z 0 1
1 -1 -1 21
=3 +1 +2 : 3 21
3 50 |1 -5 13 .
[Expanded along R, ] | @ 5ol
= 3(5+3)+1(10+D)+2(6-1) P
= 3(D)+1(9)+2(5 ! 2 4
= —-520 = A~ exists. | 1 -1 2
] T 01 [21 _[20
1 -1 2 -1 2 1] Al = |2 o1=1‘ +1 +2[ ]
+ _ + | 301 32
3 -5 |1 -5 13| 302 1
1
. -1 2 3 20 3 -1 ! =10-2)+12-3)+2(4-0)
ad-]A = - 3 -5 +1 -5 _l 3 : = 2-1+8=520 = A ! exists.
r qT
B T E R : I A R
TS| I | B 1l N 20 31 32
B - 1
(+(-5+3) =(-10+1) +6-D]" adi A = _‘—1 2|2 _‘1 -1
= | -(5-6) +(=15-2) -©O+D| ! 210 By B2
| +1-2)  —(3-4) +3+2)| ! N L I L I
2 9 5] [-2 1 -] LJo 1 21 2 0]
= |1 17 -0 =| 9 -17 7| ] .
-1 7 5 5 10 5| +H0-2) —-(2-3) +(4-0)
1 1 ! = |-(-1-4) +(1-6) —(2+3)
N ﬁade:—?l 9 _17 ! | +(-1-0) —(1-4) +(0+2)]
1 —
A -10 | 2 1 4" [2 5 -1
1
1—21—113 ! =5 -5 5= 1 -5 3
X = A*le_? 9 -17 7| 3 ! -1 3 2 4 -5 2
5 -10 5[[-8 ! 2 5 -1
| —26+3+8 1—15 3], LA = iade=% 1 -5 3
- S|n7-si-se (= 10|=|-2] | Al 4 -5 2
65—30—40 =S| ~X = A'B

enquiry@surabooks.com PH: 8124201000/ 8124301000
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2 5 —1][3
=% 1 -5 3|1
4 -5 2|4
[—6+5-4 51 [-1
= —|3-5+12 :1{10 = 2
[ 12-5+8 . 15 3
b -1
y| =12
z 3

Lx=-1,y=2,z=3
(iii)2x - z=0,5x+y=4;y + 3z =5.
Given equations are 2x—z=0, 5x+y=4and y+3z=5.

Given equations can be written in matrix form as

2 0 —-1|x 0
51 0fly|=|4
0 1 3]z 5
= AX = B
(2 0 -1 X 0
WhereA= |5 1 0|, X=|y|landB=|4
0 1 3 z 5
= X = A!B
2 0 -1
1 0 5 00 |51
Al = |5 1 o[=2] [-0 =
1 3 0 3 0 1
01 3

— 23-0)-0-1(5-0)=6-5=1%0
= A lexists

Lo 5o |5
+ - +
NS 03 |01
fa 0 -1 2 -1 |20
WA AT 3 Yo 3 o1
0o -1 2 -1 20
+ - +
oo 50 s
+(3-0) —(15-0) +5-0)]" [ 3 -15 5]
=| —(0+1) +6-0) —-2-0)| =|-1 6 -2
+O0+1)  —(0+5) +(2-0) 1 -5 2
3 -1 1
= |-15 6 -5
5 2 2

enquiry@surabooks.com

3 -1 1
Al = ﬁade=%—15 6 -5
5 =2 2
3 -1 1{/0
X = A'B=[-15 6 5|4
5 =2 2|5
0-4+5 1
= |0+24-25|=|-1
| 0-8+10 2
1
y| = 1| ~x=1y=-1,z=2
z 2

3. A sales person Ravi has the following record of

sales for the month of January, February and
March 2009 for three products A, B and C He has
been paid a commission at fixed rate per unit but at
varying rates for products A, B and C.

Months iales ;;l Unlés Commission
January | 9 | 10 | 2 800
February | 15| 5 | 4 900
March 6 10 3 850

Find the rate of commission payable on A, B and C
per unit sold using matrix inversion method.

Let x, y, z represent the rate of
commission payable on A, B and C respectively.

Then 9x+ 10y +2z =800
15x + 5y +4z = 900

6x + 10y + 3z = 850
The given equations can be written in matrix form as

9 10 2|[x 800
15 5 4] y|[=]|900
6 10 3|z 850
= AX = B
9 10 2 X 800
Where A =[15 5 4|,X=|y|and B=|900
6 10 3 z | 850
9 10 2
5 4 15 4 15 5
[A|=115 5 4|=9 -10 +2
10 3 6 3 6 10
6 10 3

= 9 (15 —40) — 10 (45 —24) + 2 (150 - 30)
9 (—25)— 10 (21) +2 (120)
~225-210+240=—195#0 = A" exists.

PH: 8124201000 /8124301000
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BE 15 5|

10 6 10
10 ‘9 10

aiA= 10, 6 10

10 9 10
NER _‘15 15 5
(+(15-40) —(45-24) +(150-30)]"
= [-(30-20) +(27-12) —(90-60)
| +(40-10) —(36-30) +(45-150)
=25 21 120]' [-25 -10 30
= |-10 15 30| ={-21 15 -6
30 -6 -105| [120 -30 -105

| | 25 -10 30
—adjA=—|-21 15 -6
Al

195
120 -30 -105

N W D W B

4
3
2
3
2
4

Al =

Also, X=A"B
30 (| 800
-6 {1 900
—105 | 850

1 -10
= —| =21 15

195
120 =30

[ 20,000 —9,000 + 25,500

= —L -16,800+13,500 - 5,100

195 | 96,000 —27,000 - 89,250
@ﬂ

[ -3s00 195
- — —8400 |= 8400
195

195 20,250
L= 20,250

17.95 @ -

y 43.08
z 103.85

[Hence the rate of commission payable on A,B and C
are 17.95, 43.08 and 103.85]

The prices of three commodities A, B and C are
% x, % y and X 7 per unit respectively. P purchases
4 units of C and sells 3 units of A and 5 units of B.
Q purchases 3 units of B and sells 2 units of A and
1 unit of C. R purchases 1 unit of A and sells 4 units
of B and 6 units of C. In the process P, Q and R earn
36,000 , 35,000 and 13,000 respectively. By using
matrix inversion method, find the prices per unit of
A, B and C.

enquiry@surabooks.com

' Sol : By the given data

—4z+3x+5y = 6000
=3y+2x+z = 5000
—x+4y+6z = 13,000
=3x+5y-4z = +6000
2x=3y+z = +5000
—~x+4y+6z = 13,000
It can be written in matrix form as
3 5 —4|[x] [+ 6000
2 =3 1| y|=] +5000
-1 +4 +6|[z| |13,000
3.5 —4
= AX = BWhereA=| 2 -3 1],
-1 +4 +6
X + 6000
X = |y|,B=]|+5000
z 13,000
= X=A'B
3 5 -4
Al= |2 -3 1
-1 +4 +6
-3 2 1 2 -3
T4 +6 ‘—1 +6| -1 +4
=3 (-18—-4)—5(12+1)—4 (+8-3)
= 3(-22)-5(13) -4 (5)
= —66—65-20=—151# 0= A exists
(-3 1 |2 1 |2 -3
Tlea 4 _‘—1 vo| -1 44
adjA =] |5 -4 +3 —4 _‘3 5
+4 +6 -1 +6 -1 +4
5 —4 3 -4 35
= _‘2 | Tk o)
+(-18-4) —(+12+1) +(8-3)]"
= | —(+30+16) +(+18—-4) —(+12+5)
+(5-12) —(3+8) +(-9-10)
22 -13 + 5| [-22 —46 -7
=1-46 +14 —17| =[-13 +14 -11
-7 - 11 -19 +5 —17 —19
—22 —46 - 7
Al = Ladez_— ~13 +14 -11
|Al 151
+5 —-17 -19
PH: 8124201000/ 8124301000
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_ Al
Now, X = A" B » —5 T > 0 -2
| (22 —-46 7] 6000 =10 2 2|=(-5 =2 3
X = —|-13 14 -11|| 5000 -2 3 -l -1 2 -1
151 0
5 =17 -=191{13000 1 1 -
v N I TR W
[ 132000230000 -91000 SAT T adjA= -5 2 3
= —| -78000+70000 143000 12 o4
151 2 0 =21[20
30000 — 85000 — 247000 | -1
[-453000] [3000 X = AB== =2 32
-1 -1 2 -1 46
X = 51 —151000 |=| 1000 1 N o 1 5
| -302000] {2000 _ |-100-46+138|=—| -8
= The prices of per unit of A, B, C are T 3000, 5 200+ 46— 46 220
T 1000 and X 2000 respectively. _
5. The sum of three numbers is 20. If we multiply the X =1 2| . The required numbers are 13, 2 and 5.
5

first by 2 and add the second number and subtract
the third we get 23. If we multiply the first by
3 and add second and third to it, we get 46. By
using matrix inversion method find the numbers.
[Hy. - 2019; Mar. - 2024]

Sol : Let the required numbers be x, y and z.

Givenx+y+z = 20
2x+y—-z = 23
3x+y+z = 46
These equations can be written in matrix form as
11 1][x] [20
2 1 —1||ly|=|23| =AX=B
31 1)lz] |46
(11 1 N 20
WhereA=12 1 -1[,X=|,]|,B=|23
31 1 z 46
11 1
A= 2 1 al=) e !
— — — o +
Al L 14 3 1 |31
31 1
=1(1+D)=-1(2+3)+1(2-3)
=2-5-1=2-6=-4#0= A" exists.
(- F i 2 ]
+ - +
1 1 3 1 31
adjA = ‘1 1 11 11
p— + p—
11 31 31
11 ‘1 1 11
+ - +
L [ P | I P
+1+1)  -2+3) +2-3)]
= -1-) +(1-3) —-(1-3)
| +(=1-1) —(-1-2) +(1-2)

enquiry@surabooks.com

Sol :

Weekly expenditure in an office for three weeks
is given as follows. Assuming that the salary in all
the three weeks of different categories of staff did
not vary, calculate the salary for each type of staff,
using matrix inversion method.

Number of
Total weekly
Week employees Salary (in %)
A|B|C Y
15t week 4 2 3 4900
2" week 3 3 2 4500
3 week 4 3 4 5800

Let the salary for each type of staff be x, y and z

respectively.
Then, by the given data,
4x +2y+3z = 4900
3x+3y+2z 4500
4x+3y+4z = 5800
These equations can be converted into matrix form as
4 2 3| x 4900
3 3 2(y|=]4500] = AX=B
4 3 4|z 5800
4 2 3 X 4900
WhereA=|3 3 2|, X=]|y|,B=[4500
4 3 4 z 5800
4 2 3
3 2 3 2 33
|A|I=13 3 2/=4 - +3
3 4 4 4 4 3
4 3 4

=4(12-6)—-2(12-8)+3(9-12)
= 4(6)-2(4)+3(-3)=24-8-9=70
- A1 exists.

PH: 8124201000 /8124301000
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adj A

AT

s X

29400 + 4500 —29,000
—19600+ 18000 + 5800 |= 1 4200 (=] 600
—14700 —18,000 + 34800
Hence, the salary for each type of staff are ¥700, I600

1
7

[ 6 -4 -3
1 4 -4
-5 1 6]
1 1
—adjA=—
|Al 7
6
1
A'B= |4
7
-3

and 3300 respectively.

1. The technology matrix of an economic system of
0.50 0.30

0.41 0.33

system is viable as per Hawkins Simon conditions.
[Qy.-2018; Sep. - 2021]

two industries is |:

Sol : The technology matrix is B = [

I-B =

=B

|
|

(0.50) (0.67) — (0.30) (0.41)=0.335—0.123

[ 13 2 I3 2 I3 3]
+ - +
4 4 |4 4 |4 3
2 3 |4 3 |4 2
+ + -
3 4| (4 4 |4 3
2 3 |4 3 |4 2
+ - +
3201323 3

[+(12-6)—(12—-8)+(9—12)]"
—~(8-9)+(16-12)—(12-8)

| +(4-9)—(8-9)+(12-6)
4T

6 1 -5
=l-4 4 1
3 4 6
6 1 -5
-4 4
3 -4 6
1 -5][4900
4 1/4500
—4 6| 5800
4900

2100

EXERCISE 1.4

0 1
0.50

-0.41

0.41

-0.30
0.67

= 0212>0

Since the diagonals elements of I — B are positive and
[l — B| is positive. Hawkins - Simon conditions are

satisfied.

1 0] [0.50 0.30] [ 0.50
033| |-0.41

0.50 0.30
041 0.33

Hence the given system is viable.

enquiry@surabooks.com

] . Test whether the

-0.30
0.67

' 2. The technology matrix of an economic system of

Sol : The technology matrix B is [

Sol : The technology matrix is B = [

Sol : The technology matrix B is [

0.6 09

0.20 0.80
system is viable as per Hawkins-Simon conditions.
[May - 2022]

two industries is [ ] Test whether the

0.6 09
0.20 0.80

. [1 o]_[ 0.6 0.9]:[ 0.4 —0.9]
0 1| (020 0.80| |-0.20 0.20

04 —-0.9
1-B| = [_0'20 0'20]=(o.4)(o.20)—(o.20)(0.9)

0.08—-0.18=-0.1<0

Since |I — B| is negative, Hawkins — Simon conditions
are not satisfied. Therefore the given system is not
viable.

The technology matrix of an economic system of
0.50 0.25

0.40 0.67
system is viable as per Hawkins-Simon conditions

0.50 0.25
0.40 0.67

1 0] 1050 025 [ 0.50 -0.25

0 1| (040 067| |-0.40 033
(0.50) (0.33) — (0.40) (0.25)

= 0.165-0.1=0.065>0

Since the diagonal elements of (I — B) are positive and
| I - B is positive,
Hawkins — Simon conditions are satisfied.
Hence the given system is viable.

two industries is [ } Test whether the

I-B

Two commodities A and B are produced such that
0.4 tonne of A and 0.7 tonne of B are required to
produce a tonne of A. Similarly 0.1 tonne of A and
0.7 tonne of B are needed to produce a tonne of B.
Write down the technology matrix. If 6.8 tonnes of
A and 10.2 tonnes of B are required, find the gross
production of both of them. [Qy.-2019; GMQP-2018]

04 0.1
0.7 0.7

1 0] [o4 01] [ 06 -0.1

[o 1]_[0.7 0.7]:[—0.7 0.3]
0.6 0.1

[_ 0 o 3] = (0.6) (0.3)— (0.7) (0.1)

0.18—-0.07=0.11

I-B =

1B

PH: 8124201000 /8124301000
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RS BN 1 [03 01] ] 1 2] [3 =2
B T BTG 07 0] B - 10]_4 3] 4 3

1
Since the diagonal elements of (I — B) are positive and ! [0 1 11 -5
Il - B| is positive, the system is viable. : 6 6 6 6
6.8 : 3 -2
_ -1 N T A
Now X = (I - B) thereD—|:10.2:| ! g |43 Z[E]F]_[l}[z]
- | -1 5] L41L6 613
< - 1 103 0.1]] 6.8 X 6 6
0.1110.7 0.6][10.2 | 15 2 5 1 _45-8 37
- I = P PN = >
1 [03%x6.8+0.1x10.2 ! 24 18 8 9 72 72
T 011107%6.8+0.6x%102 | Main diagonals of I — B are positive and | I — BJ is
L 1 I
- . positive.
— 1 2.04+1.02 ! .. The problem has a solution
0.11]4.76+6.12 : |
- _B)Y! = :
1 [306] [2782 IR TR A
~ 0.11]10.88] | 98.91 : 5 2 5 2
X 5 - z z
.. Gross production of commodity A and B are 27.82 1 _ e 3|_72]6 3
and 98.91 tonnes. : 3701 3| 37|1 3
5. Suppose the inter-industry flow of the product of | 7216 4 6 4
two industries are given as under. [Hy. - 2023] ! 30
1
Consumption 1 X = (I-B)y!Dwhere D= |:4 ]
Production sector Domestic | Total | |
sector demand | output | ! [5 2 5 2
X 30 40 50 120 ! 3701 3 37 1 % 3 40
Y 20 10 30 60 | s z Fakaairie
1
Determine the technology matrix and test Hawkin’s ! 7400 801 400+160
-Simon confiitions for the viability of the system.'If E _n T 3 7 —
the d01¥1estlc demand changes to 80 and 40 units | 37 80 120 |~ 371 320 + 720
respectively, what should be the gross output of , —+— —_—
each sector in order to meet the new demands. ! 6 4 24
| 2 y 560 40320
Sol : a,, 30, a,, =40,x, =120 : B 3776 _ )
ay = (20345 =10,x,=60 ' T 37 1040 721040 || 74880
1
b AR _ 30 _1 - 1377 24 888
1
! x 120 4 . B 181 62
v ap, _ 40 _ 2 : - 84 32
T L Te0 s |
2 | The output for production section X and Y are 181.62
a,; 20 1 .
b = 2= __ ! and 84.32 respectively.
21 x 120 6 : . . . .
a 10 1 . 6. You are given the following transaction matrix for
b, = —E=—=-— ' atwo sector economy. [GMQP - 2019]
x, 60 6 ! o
ales Final
12 | Sector ! Gross output
. |4 3 , 1 |2 | demand
The technology matrix is B = 11 ! 1 4 |3 13 20
6 6 ! 2 5 |4 3 12

enquiry@surabooks.com
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i) Write the technology matrix.

ii) Determine the output when the final demand
for the output sector 1 alone increases to 23

units.

Sol:a,,=4,a,=3,x,=20

az] = 55022:4,)62:12
a 4 1 a
b, = L=—n>—.p =2
1 x, 20 57712 x
a5 1 ay
I TR,
1 2
11
i) The technology matrix is B = f 41‘
4 3
L[
S S I I T O
URIR T
4 3] L4
4 -1
oo s R
-1 2| [5]13]
4 3
8 1 _128-15 113
15 16 15x16 240

(i1) Since the diagonals of (I — B) are positive and
[T — B| is positive, the system has a solution.

~(1-B)'=

dj(1-B
1-B| adj (I-B)

| — W

(90 [ N N

Also, X

Where D

(I-B)y' (D)

23
3

[ 2

113] 1

—x240
3

—x 240
4

[ 60][23
| 60 192]| 3

_ 240
113

._.
A= N
n|lh A~

r
o}
W W
| R

4 % 240 3
5

160

enquiry@surabooks.com

>0

1
|

1
|

160x23+60x3
60x23+192x3

[34.16
1956 | |17.31

3860

IE

|

1 [3680+180
1380+576

The output for sector 1 is 34.16 units and 23 is 17.31

units.

7. Suppose the inter-industry flow of the product of
two sectors X and Y are given as under.

Production | Consumption | Domestic | Gross
sector Sector demand | output
X Y
X 15 10 10 35
Y 20 30 15 65

Find the gross output when the domestic demand
changes to 12 for X and 18 for Y. [Qy. - 2018 & 2023;

CRT -2022]
Sol:a, =15,a,,=10,x =35
a, = 20,a),=30,x,=065
poo— w_ 1 3., _ap 10_2
1 v 35 7712 x, 65 13
p o= G _20_4 . _ap 30_6
2 35 7772 x, 65 13
X 2
32
.. The technology matrix is B = 471 163
7 13
3 4 2]
1o i I =
[_B = |7 By_| 7 13
AU I A I
7 13 7  13]
4 2
co- 3 MR
-4 71 [7]113 710113
7 13
_ 8 8 _20
91 91 91

Since the diagonal elements of (I — B) are positive and
[T — B| is positive, the system is viable

(1-B)' =

I1- B

adj (1 - B)

PH: 8124201000 /8124301000



www.surabooks.com

16 Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 m#» Matrices and Determinants
7 02] [1 2 2 3 5
_ 3139113 13 3. The co-factor of —7 in the determinant (6 (0 4
2004 4] 200 4 4 is 15 7
L7 7 L7 7
Now, X = (I-B) ! (D) (a) -18 (b) 18 [May - 2022]
7 2] (c) -7 d 7 Ans: (b) 18
12] 91|13 13|12
here D = =— 2 3
where [18] 20( 4 4|18 Hint: = (-1)*3
7 ; 6 0

_1[49 14]12 =2x0-[(-3)x6]=0-(-18)=18
- 20]52 52|18

1 [49x12+14x18 123 SN 4
15884252 1| 840 . Ql 231
20| 624+936| 20[1560 (@) A (b) A
_ |42 (c) 3A (d -3A Ans: (b)-A
78
.. The gross output for two sectors X and Y are 42 \ 23 312
and 78 respectively. Hint: A =3 1 2=-1 2 3R, =R,
2 31 2 31
=-A
CHOOSE THE CORRECT ANSWER: 40 o
010 5. The value of the determinant [0 b5 0| is
1. Thevalueofxif [x 2 x[=0is [May - 2022] 0 0 ¢
1
3 ox (a) abc (b) 0 [ CRT - 2022]
(a 0,-1 () 0,1 . 12 o
© -1 @ -1,-1 Ans: (b)0, 1 (¢) a*bc (d) —abcAns: (¢) a*b*c
Hint: —1[x*—x] = 0 Hint: = [a(bc — 0)]* = a*b?c?
0 = x*—x
xx—x) = 0 6. If Ais a square matrix of order 3, then |kA| is
x = 0;x=1 [First Mid - 2018, Sep. - 2020; CRT - 2022]
, 2ty Xy (a) KAl (b) KAl
. Thevalueof 2y+z y z|is [GMQP-2018,
(c) KA (d) —K£|A| Ans: (c) F|A|

27+x 7 X First Mid - 2018]

Hint: [kA|= (k) (k) (k) |A| = ©|A|

(@) xyz (b) x+y+z
() 2x+2y+2z (d 0 Ans: (d) 0 | 7. adj (AB) is equal to [June - 2019; Qy. - 2023]
2x x y vy ox oy (a) adjAadjB (b) adj AT adj BT
int: = |2y zZ|+|z y z [C, =] (c) adjB adjA (d) adj BT adj A"

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
ExXERCISE 1.5 |
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
2z z x| |x z x :
1

1

Ans: (¢c) adj B adj A

0+0=0

enquiry@surabooks.com PH: 8124201000/ 8124301000
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10.

4 5
The inverse matrix of 5 12 is
2 1
5 2
[GMQP-2018; Qy.-2019; Aug. - 2022]
L3 1S
712 12 712 12
- b -
@ 302 4 ® 352 1
5 5 5 5
L5 1S
3012 12 300 2 12
c) = d —
@ =2 " @ 75,
5 5 5 5
1 5
4 =5 519
5 1 Ans: (c)E 2 12
Hint: A = 7 Z i
-2 1 5 5
5 2
N oo 211226 7
Al 5 6 30 30
1S
Al = Loagja=302 12
] P
5 2

such that ad — bc # 0 then A~! is
[Hy.-2019]

(1)
awls ) ®
o

1 d b
a
@) ad—bc(c a)
d 1 d -b
(© ad — bc ) (d) ad—-bc\c a
d -b
Hint: |A|= ; Ans: (¢) !
ad —bc ad—-bc\—c a
Al - 1 d -b
ad —bc\—-c a

The number of Hawkins-Simon conditions for the

viability of an input — output analysis is

[First Mid - 2018; Sep. - 2021; Mar. - 2023]
(b) 3
(d 2

(a) 1

() 4 Ans: (d) 2

enquiry@surabooks.com

11.

12.

13.

14.

The inventor of input—output analysis is
[Hy.-2019; CRT & Aug. - 2022; Qy. - 2023; Mar. - 2024]
(a) Sir Francis Galton (b) Fisher
(c) Prof. Wassily W. Leontief
(d) Arthur Caylay

Ans: (c) Prof. Wassily W. Leontief
Which of the following matrix has no inverse

-1 1 b 2 -1
@1 4 ® 14
© (co.sa sina) @ ( sina sina)
—sina cosa —cosa cosa

4 2

)

-2023]

2
‘=4—4=O Ans: (b) (_4

1) .
is
2

Hint: ‘

3
The Inverse matrix of (5 [July

p
(a) 5 3

3 -1
o (53

Hint: |A|

2 -1
Al =
-5 3

Il
(@)
I

-1 2
IfA=(1 _4) then A (adj A) is  [First Mid - 2018]
-4 =2 b 4 =2
(a) R (b) '
20 d 0 2
() 0 2 (d) ) 0
2 0
Ans: (©) | g »
Hint: A= 4-2=2

. 2 0
A(adjA) = |A|I:(O 2)

PH: 8124201000 /8124301000
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Hint: Since [adj A|= |A]"" ! [n=3]=3?=9

Hint: If any two rows of a determinant is identical

18 Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 m#» Matrices and Determinants
15. If A and B non-singular matrix then, which of the : v xP— yo 1
following is incorrect? [Qy.-2018] ! )
(a) A2=IimpliesA' =A . 20. The value of |V V" —2X 1l is
(b) I''= ! 2 -xy 1
(c) IfAX=B,thenX=B'A o @ 1 (b) 0 (c) -1 (d) —xyz
(d) IfAis square matrix of order 3 then [adj A| = |AP | cos8  sinf Ans: (b) 0
Ans: (¢) IfAX =B, then X=B'A | 21.IfA= [ . ] then [2A] is equal to
Hint: X — A-B = B1A . —sin©® cosO
. = A~ - 1
nt: i : [Qy.-2019; Sep. - 2021]
5 5 5 I (a) 4cos20 (b) 4 [First Mid - 2018]
1
16. The value of |4x 4y 4z |is ! () 2 (@ 1
-3x -3y -3z ! Ans: (b) 4
@ 5 (b) 4 © 0 d) -3 i Hint: =2%[cos’0 + sin’0] = 4
1
1
Ans: (¢) 0 : ay 4, 4y
1 1 1 ' 22.1f A=|a, @y a5 and A, is cofactor of a,, then
Hint: = (5@ 3) |x » 2z [C,=GC] | a4y 4y Ay
Xy oz : value of A is given by [Sep. - 2021]
1
17.1f A is an invertible matrix of order 2 then | @) @) Ayt aphy tas Ay
det (A™") be equal to : (b) a A Fa, Ay TaAy
@ det(A) ) 1 ! (©) ay Ay tanAptayAg
a) de
det(A) | (d) ay Ay Fay Ay Tag Ay
(c) 1 (d 0 : Ans: (d) ay; Ay +ay Ay +ay Ay
! ! Hint: Expanding along C1, we get
AR TN det(A) : apAy T ay Ay tay Ay
Hint: AA' =1 : x 2
_ ! . =V then the value of x is
AAT = 1 23.1f |¢ /=0 then the value of x i
: [Mar. - 2019 & 2024; July - 2023]
AlJAT] = 1 :
5 —-16 16
Al = ﬁ L@ ®e ©5 @7
A ! 16 16
! Hint: 5x-16 = 0 =>x= — Ans: (d) —
18. If Ais 3 x 3 matrix and |A| = 4 then |A7!| is equal to | 5 5
1 1 | 4 3 20 15
a) — b) — c) 2 d) 4 =-5 i -
(a) (b) 16 (©) (d ! 24.1f ‘3 1 then the value of 15 5|18 [Qy.-2018]
1
Hint: |A”| = ﬁ _1 Ans: (2) L ! (@) -5 (b) -125 (¢) =25  (d) 0
Al 4 4, 4 3
. Hint: 55 —5%x5=(-5)=—125
19.If A is a square matrix of order 3 and |A| = 3 then ! 31 Ans: (b) -125
. . 1 .
ladj A| is equal to [GMQP -2018; Qy. - 2023] ! 25. If any three rows or columns of a determinant are
(@) 8l (b) 27 © 3 d) 9 1 identical then the value of the determinant is
1
I [Mar. - 2023]
Ans: (d) 9 : (@) 0 (b) 2 () 1 (d) 3
1
1
1

enquiry@surabooks.com

then the value it is zero. Ans: (a) 0
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MISCELLANEOUS PROBLEMS

x 2 -1
1. Solve:| 2 5 x|=0. 5
-1 2 «x
Sol : Expanding along R, we get é\
5 x 2 x 2 5 -3 1
x - -1 =
2 x -1 x -1 2
=x(B5x-2x)-22x+tx)-14+5) =0
= x(3x)-23x)-1(9) =0
= 3x2-6x-9 =0
= x>—-2x-3 = 0 (Divided by 3)
= x=3)x+1) =0
= x = 3or-1

10041 10042 10043
2. Evaluate (10045 10046 10047
10049 10050 10051

Sol : Applying the elementary transformation R,— R, —

R, R; > R, —R, we get
10041 10042 10043

4 4 4 =0
4 4 4
3. Without actual expansion show that the value of
5 5% 5
the determinant|5> 5% 5%| is zero.
54 55 5°

Sol : Taking 5, 5% and 5* common from R,, R, and R

respectively we get

5 5% 5 15 5°
52 53 54 =5%x52x54 5 57
5% 55 5 1 5 5°
=5x52x54x0 =0 [-R,=R,=R]

0 ab® ac?

4. Show that [a’h 0 bc?| =243 6% S

a’c b’ 0
0 ab®> ac*
Sol : LHS = | 0 bc?
a’c b’ 0

enquiry@surabooks.com

[R2 = R3]

3

Taking @?, b*> and

02

respectively we get,

LHS

common from C,, C, and C;

0 a a

= a2b%*b 0 b

c ¢ 0

Again taking @, b, ¢ common from R, R, and R,
respectively we get,

LHS

Expanding along R, we get

LHS

Hence proved.

1 1
3 4
1 -1
= Al L.

IfA=

Sol : Given A =

Al

11+4

adj A

[ 11

4 7

a3

b33

P3|
a*b3c3 (
2a3b3 3

3
1

‘_1

-7=28
7

1
1
1
1
7

[ (4+7)
— 1)
| +(7 -

+
4)

4 -7

—_— = O

1
0
1

[ e S

0 1 1 1 1 0
0 -1 +1

1 of |1 o 1 1
-1(0-1)+1(1-0)]

1+1)
=RHS.

verify that A (adj A) = (adj A) (A)

7
1

+1

3 4
1 -1

4+7H-13-7+1(-3-4)

7
1
1
1
1
7

-3-7

(1-D
-(7-3)
T

PH: 8124201000 /8124301000
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Now ! 25 0" [2 0 -1
(1 1 1|11 -2 3 | B
1 —
A@diA>- |3 4 7] 4 0 -4 | ol R B D
Lol s ! -1 0 3 01 3
L 1
H+4-7 224042 3-4+1] 1 Now A = —adiA
1 b
= 3341649 —6+0+14 9-16+7]| 1 Al
1
| 11-4-7 24042 34441 R B ER
(8 0 0 I = 45 1 o551 0
- lo 8 0 L) o1 3/ lo1 3
1
00 8 - 1 -
- 1 7. IfA= |: :| show that A2 — 4A + 51, = 0 and also
1 -2 311 11 ! 2 3
(ajA)A= | 4 0 —4(|3 4 7 + find AL
7 2 11 -1 ! Sol - _ [1 —1]
11-6+3 11-8-3 11-14+3] [8 0 0 ! 2 3
—| 4+0-4 4+0+4 4+0-4(=[0 8 0[..(2) ' A2 1 —IMI —1} :{1—2 —1—3"_[—1 —4}
—7+6+1 —7+8-1 —7+14+1| |0 0 8 ! (2 312 3] [2+6 -2+9] [8 7
10 0] [8 00 . LHS =A2-4A+5],
! h _ .
ALL, = 8{0 1 0|=[0 8 0 NON [ 4_4[1 1}5[1 0
00 1] [0 08 | (8 7] |2 3 0 1]
1 _ -
From (1), (2) and (3) A (adj A) = (adj A) A= |A| I;. 1 -1 4[4 4[5 0
3 -1 1 : __8 71 [8 12 0 5
6. If A=|-15 6 -5| then, find the Inverse of A. (-1 4] [1 4] [0 0
5§ 2 2 : “ls 7]7|-8 7|0 o) TOTRHS
3o Coat = Loadia
Sol: |Al=|_15 ¢ _; ! |Al 31
5 2 2 | |A| =3+2=5¢0:>A*1=§ 5 1]
! _
6 -5 |-15 -5 |-15 6 | -
= 3‘_2 2‘4—1‘ < 2‘+ 5 _2‘ :8. Solve by using matrix inversion method:
= 3(12-10)+ 1 (=30 +25) +1 (30 — 30) L XyrE ey =0,y ==l
_ _ Al 1 Sol : The given equations can be written in matrix form as
= 6-5=1#0 .. A7 exists. |
) T 1 -1 1[x 2
T e I | 2 -1 0 0| = AX=B
_ ! _ _ _
2 2 5 2 5 2 . Y =
| 0 2 -1z 1
adj A = _“1 - ‘3 o ‘3 -1 I (1 -1 1] x 2
=22 52 > 2 ' WhereA = |2 -1 0|.X=|y|.B=]0
— _ 1
Nt _‘ 3o ] 3 A | 0 2 -1 . |
_ — 1
+(12-10) —(-30+25) +(30-30)]" : Al = |2 21 o
_ | =(=2+2) +6-5) —(=6+5) | 0 2 -1
1
+(5-6) —(-15+15) +(18-15)]| ! 1_1 12 0 | -1
= + +
! 2 -1 o -1 Jo 2

enquiry@surabooks.com
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1(1-0)+1(=2-0)+1(4-0)

= 1-244=3%20
- Al exists.
[ -1 o 2 o |2 -1
+ - +
2 -1 o -1 o 2
adia = | [T 1 +1 i
2 -1 o =1 o 2
-1 1 1 1 -1
+ - +
-1 0 2 0 2 -1
[ (1-0) —(=2-0) +(4-0)
= |-(1-2) +(-1-0) —=(2-0)
| +(0+1) —(0-2) +(~1+2)
1 2 41" 71 11
_ 1 -1 =2| =|2 -1 2
1 2 1 4 -2 1
1 11
1 1
LA = mad]A=§2 -1 2
4 -2 1
11 1]2]
NowX = Al'B=-|2 -1 2|0
-2 1|1
2+0+1 13 1]
= —4+0+2:§6=2
8+0+1 9] [3]
. 1
y = 2 le,y—2,2=3
z 3

9. The cost of 2 Kg of Wheat and 1 Kg of Sugar is I70.
The cost of 1 Kg of Wheat and 1 Kg of Rice is I70.
The cost of 3 Kg of Wheat, 2 Kg of Sugar and 1 Kg
of rice is T170. Find the cost of per kg each item

using matrix inversion method.

Sol : Let the cost of 1 kg of wheat, sugar and rice be x, y,z

respectively.
By given data,

2x+y =
xtz =
3x+2y +z =
2 1 0ff x

=1 0 Ifly
3 2 1|z

enquiry@surabooks.com

70
70
170

70
=170
170

= AX=B

1 1 0
+0
1 3 2

qT

2 10 x
WhereA=|1 0 1|,X=|y|,B
321 z
= X=A'B
210
Al=1[1 0 1—20 ! 11
4] = "B
321
=2(0-2)—1(1-3)+0=-4+2+0=-2%0
~ A1 exists
o 1 |11 |1
+ - +
2 1 31 3
adia=|_|" % 29 _]?
2.1 31 |3
10 2o 2
+ - +
o1 1o
+0-2) -(1-3) +2-0)]
=|-(1-0) +(2-0) -(4-3)| =
+1-0) -(2-0) +(0-1)
-2 -1 1]
2 -1 -1
(2 -1
a0 . -1
A =madJA=7 2 2
| 2 -1
1—2 -1 1
><=/le=_7 2 2 2
2 -1 -1
~140-70+170 1
= | 140+140-340 |= —
140-70—-170

= Cost of 1 kg of wheat is 320.
Cost of 1 kg of Sugar is 30.

Cost of 1 kg of Rice is %50.

0
2
1
2
1
0
2 2 2T
12 -
12 -
|
)
=

70

70

170

—40 20
—60|=130
—100| |50

10. The data are about an economy of two industries
A and B. The values are in crores of rupees.

User Final Total
Producer
A B | demand output
A 50 75 75 200
B 100 | 50 50 200

Find the output when the final demand changes to
300 for A and 600 for B.

PH: 8124201000 /8124301000
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[l — B| is positive, the system is viable

(I_B)—l — L
- Bl
33133
1 1{6 3
IR PR 225[4 6}
8l2 4 2 4
Now, X = (I-B)™' D Where D=|:300]
’ 600

x| 6 37[3007] 1[1800+1800
T 314 6600 3[1200+3600
~1[3600] _[1200
~ 34800 |1600

.. The output is 1200 crores for A and I1600 crores

The sum of the diagonal elements of a square matrix is :
(a) Trace (b) Zero
(d) All the above

If A is 3 x 3 matrix and |A| = 16, then |A7!| is equal

[Sep. - 2020]

(c) Triangular Ans: (a) Trace

22 Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 m#» Matrices and Determinants
. — — — 1
Sol : “n 50, a1, =175, % =200 ! Govt. Exam Questions & Answers
a,, = 100, a,,=50,x,=200 I
¥ I
- @:ﬂ:l,b :ﬂzﬁzg | 1 a a*-bec
11 x, 200 47712 x 7;%6 8 ! The valueof 1 b 5% —cal is [GMQP-2019]
8 | 1 ¢ ¢*-ab
14 ! (a 0 (b) 1
b = ay _100 _1 b ay _ 50 _1 () (a=b)(b—c)(c—a) (d) 2 Ans: (a) 0
= =—=—:p = = ==,
2 x 200 2 2 X ’24%6 4 : 1 a & 1 a & |l a —-be
1 3 v Hint: 02\ =0 b 2T b —ca
o 4 8 ! 1L e Al el e —ab
... The technology matrix is B = 11 | | a & d @ —abd | 4 &
- - 1
2 4 =l b B+ —1b b —abd=]l b B
I 1 ¢ ¢ $ ¢ & —abc N1 2
13 3 -3 : ae e e
o) fa s (e s 0 e flediiad
B = 0o 1710 1|7] 13 S R il R NS
- P - 2 2 )
2 4 2 4 ! c el ¢ ¢
3 3 : If n is the order of the matrix A, then |adjA| =
I-B| = 4 8 _[E][é]_[l][é] : [Qy. & Hy. & Mar. 2019]
-1 3p Lall4] L2118 ! (a) |A (b) [A]"!
2 4 \ : () |A]*! (d) |A]"  Ans: (b) |A]"!
1
X x+2
= %—%=£=§>0 : Thevalueofxifx ) xis: [Mar. - 2020]
| _
8 | (a) x? (b) +4 () 0 (d 1
Since the diagonal elements of (I — B) are positive and Ans: (¢) 0
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

for B.

enquiry@surabooks.com

to . [CRT - 2022]
1 1
@57 O ©2 (@4
1
Ans: (b) —
16
x 3
If 4 5‘=0then the value of x is : [Qy. - 2023]
-12 5 12 -5
il b — it d) —
w5 OF ©F o7
Ans: (¢) s
IfA= [; ‘1’] then A (Adj A) = [Hy. - 2023]
(@ 1, ® 1, © L (d) |A]
Ans: (a) ],

PH: 8124201000 /8124301000
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. .. Since A is a non - singular matrix, A~! exists
The required 3 x 2 matrix isA=| ay; day,

Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 msMatrices and Determinants 23
1
! 5. IfA= then, find AL [May - 2022]
x—1 X | -3 2 _
1. Solve 0 x—-2 x-3=0 [GMQP-2019] ; Sol : A = _i ;]
0 0 | )
1 _ 2 4 _
o1  x-2 | Al = B 2‘—16;&0
Sol : 0 x-2 x-3=0 : Since A is a nonsingular matrix, A~ exists.
00 x3 R
S -1 (r-2)(x-3)=0x=1,x=2,x=3 ' owaat Ty,
1 1 1
X x+2 l Al = —adiA= _[2 —4]
. . 7
2. Evaluate : PP [Hy.2019]: IN 16/3 2
1
1
x  x+2 16. IfA= ‘_2 6 , then find A, [CRT - 2022]
Sol : =xX>—(x-2)(x+2) ! 3 -9
x—2 X :
—2 (2= P+ 4 ! Sol : Refer Textbook Example 1.15
x  x+2 ! 8 2
s N =4 : 7. Show that [ 4 3] is non - singular. [July - 2023]
1
X Y < \ Sol : LetA = [8 2:|
3. Showthat |2x+2z 2y+2b 2z+2c|=0. : 4 3
p b c [Mar-2019] ! A = |:8 2]
X y z ! 4 3
Sol: |2x+2z 2y+2b 2z+2c : ‘ = 24-8=16#0
. . A is a non-singular matrix
a b c I
1 2 4
Xy z x oy =z ' 8. IfA= s 5 then, find AL [Qy. - 2023]
=12x 2y 2z +{2a 2b 2| =0+0=0 I -
1
a b Cc a b C 1 Sol : A = ‘ 2 4‘
1 —
4. Construct 3 x 2 matrix whose elements are: 5 2
— s ~ 2 4
a;=|2i—jl. [Sep. 2020]: A] = . 2:47(720)
Sol : a, = |2i—j| ! -
ij ! = 4+20=24=24%#0
ayp dyp :
| 2 4
ay Ay ! Now, adjA = )
ag, = |2(1)_1|:|2_1|:1 1 | 1 112 -4
1 - = _ 1 =
ap = [2()=21=12-2|=0 ' A il *9AT s o
ay = |2()-1]=[4-1]=3 :9 Findxand vitxs vz |? Mandc_vz|® °
- — |2(2)72|:|472|:2 : . maxanayumxry= 2 5 andx —y= 0 3
a,, = |12(3)-1|=]6-1]=5 :Sl ) )// (2)/ 7 013 0
- _9l=16_2|= Xt ptx— p = Hy. - 2023
ay = 1203)-2/=]6-2/=4  So 2 s o 3 (- 20231
1 0 ! 10 0
A= |3 2 ! = 2 8
5 4 !

enquiry@surabooks.com PH: 8124201000/ 8124301000
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100 3. 1fA=|> " |then prove that (A1)~ = A, [Mar.- 2020]
o122 [5 0] 3 4
2 8 [1 4 Sol : Al = 20-(21)=-20+21=1=1
| 2 2 - -
- Al = -4 7
7 0 50 7 0 3 5
xty = = 1 4 ty= ) s L _
12 AT = 20— (21)=-20+21=1
—7 0 50 20 —5 _7_
Yoo 2 5 1 4| |1 1 Ah! = 3 4 =A
1 3 4 4. The technology_matrix_ of an economic system of
. s i 0.8 0.2
10. Evaluate (102 18 36 [Mar. - 2024] two industries is L) S 7:| .Test whether the system
17 3 6

is viable as per Hawkins - Simon conditions.

Sol : Refer Textbook Example 1.8 [ CRT - 2022; Mar. - 2024]

1. If A = (1 2), B = (0 _1) then show that
3 4 1 2
-1
2

Sol : Refer Textbook Example 1.23

X x+1

. Evaluate [Aug. - 2022; Mar. - 2023]

5 x—-1 x
Sol : Refer Textbook Example 1.6
6

(AB) =B 1A [Qy.-2019] 1 ©- Solve by using matrix inversion method :
12 0 2x+5y=1;3x+2y=17 [July & Hy. - 2023]
Sol : A= L 4J B= (1 Sol : The given system can be written as
3 2 5] [
Al=-2 = 3 2|y T |7
(2 3) :
AB = k J |AB|=-2 1e,AX = B
45 5 . X = A'B
- - - (2 5 x 1
adj(AB) [_ 4 ] Where A = | 2},x= [ y] and B = H
1(-5 3)
I 25
(AB) 4 o) A = 5 2‘=—11¢0
BlAl = :1[ 2 (4 2) A~ exists.
2\ OJL—3 IJ diA (2 -5
a =
B—l A—l — l(_s 3\ ! _—3 2
ZL 4 2J 1 12 -5
AT S AT T
2. For A= (al.j » x , defined by a; = 2i — j. Prove that Al B
AA1=1. [Mar. - 2019] X = A'B
a, a 1 0 112 =51
Sol : A=(“ 12)=( ) = —
ayp Ay 32 1113 2 ||7
Al =2

1(2 0
-1 — 2
A 2(—31)
G L1 02 012 0)_(1 0)_,
AA 2(32—31202_01_

enquiry@surabooks.com PH: 8124201000/ 8124301000
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x=3andy=-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
1
1
BI=1 '
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
1
1
1
1
1
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1
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1
1
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In an economy, there are two industries P
and the following table gives the supply and the

demand position in crores of rupees.

1

and P2

Consumption
Production Sector Final Total
Sector P Demand | output
2
P, 25 15 50
P, 30 10 60

Determine the outputs when the final demand 35

for P, and 42 for P,.
(i) Write the technology matrix

(ii) Test Hawkin’s - Simon conditions for the

viability of the system.

[First Mid - 2018; Mar. - 2019, Sep. - 2020; July - 2023]

ap

a4y

Now, b, =

by =

a, 20 2

X, _5)6_5, 2

.. The technology matrix is

B

- [I-B|

I

- (I-B)y'=

NN =

|
LlllN [V RN

VN |-

12

A FSES
(O8]
(e}

Now, X = (I-B)'D

_ifis 2

712 24

25

15 —
12 24

The output of the industry P, should be I 150 crores

H

Sol : With the usual notation we have,
=10,a,,=25,x, =50
= 20, a,, =30, x, = 60

a W _1 p
x, 58 5

5

—ap 25 _
Xy ﬁd
12
1

_ay 30 _
x, 60
2
4 -5
5 12
-2 1
5 2

and that of P, should be ¥ 204 crores.

enquiry@surabooks.com

75+75
60+144

H

W | =

150
204

The cost of 4 kg onion, 3 kg what and 2 kg rice is
3320.Thecostof2kgonion,4kgwheatand 6 kgriceis
%¥560.Thecostof6 kgonion,2kgwheatand 3 kgriceis
¥ 380. Find the cost of each item per kg matrix
inversion method. [June - 2019; Mar. - 2023]

Sol : Letx, y and z be the cost of onion, wheat and rice per

kg respectively.

Then, 4x + 3y +2z = 320
2x+4y+6z = 560
6x+2y+3z = 380.

It can be written as

4 3 2|x 320
2 4 6|y = [560
6 2 3|z 380
AX = B
4 3 2 X 320
where A= |2 4 6|, X=|yland B= {560
6 2 3 z 380
4 3 2
Al = |2 4 6/=50%0
AT exist 623
A =0  A,=30 A,=-20
Ay =- Apy= Ay =10
A,=10  A,=-20 A, =10
0 30 =20
Al = |-5 0o 10
10 —-20 10
0 -5 10
adiA = [Al'=]30 o0 20
—-20 10 10
1 . 0 -5 10
A-l=—adiA= " 30 0 -20
| A 50
—-20 10 10
0o -5 101|320
X=A"B=1]3 o _20/|560
% 50 10 10 (]380
! 0 =5 10 {[32 0—280+380 100
% 30 0 —20||56| = 960 +0— 760 ZéZOO
—20 10 10 ||38 —640 + 560 + 380 300
X 20
y = 140
z 60

x =20,y =40 and z = 60.
Cost of 1 kg onion is X 20, cost of 1 kg wheat is ¥ 40
and cost of 1 kg rice is ¥ 60.

PH: 8124201000 /8124301000
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0 a-b (a—b)a+b)

=0 b—c (b—c)b+o)

From (1) and (2), (AB)' =B A"

Hence proved.

26 Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 m#» Matrices and Determinants
137 | 0 1 a+b
3. Show that the matrices A = (4 2 3 : =(a-b)(b-c)|0 1 b+tc
1
-4 11 -5 1 21 ! 1 ¢
35 35 35 I
-1 -6 25 | =(a-b)(b-c)[0-0+{b+c—
B = 33 35 35 are inverse of each other. , (a +b)}] [Expanding along C,]
1
6 1 _10 [Qy-2019, May-2022] : — (a_b) (b_c) (C_a)
35 35 35 |
5. If A [l 2}3 [0 _1} then show that
. = = en sho a
-4 15 : 117 T 2] v
1 3 7 351 32 ;5 ! (AB)'=B1AL [May - 2022]
-1 -6 25
Sol: AB=|4 2 3||= = = | Sol : Al = ! 2‘:1_2=_1¢o
{ 2 1 35 35 35 I 11
6 1 =10 | - A1 exists.
s s Ta e 1
35353 ! Bl = ° ‘1‘:o+1=1¢0
35 0 0 - )
B | . B! also exists.
35 ! 1 2o -1]_[2 3
v ! AB =, 1}[1 _2]=[1 1]
1 00 | -
AB = |0 1 0|=I : IAB| = 71 i‘:—lgéo
o0t | . (AB)! exists
Y, BA = 1 | " _'1 .
. AB = BA=I : adj (AB) = | _2]
1 L
.. A and B are inverse of each other. : 1 |
. (AB)! = —— adj (AB) = —[ ! ‘3]
1 a a* 1 |AB| =1-1 2
1
4. Evaluate[1 p p2|=(@-b)(b—c)(c—a) | _ [_1 3] 0
1 ¢ [Mar. - 2020; CRT -2022] | 1 =2
1
1 - 1 =2
1 a & : adjA = [—1 1]
Sol : Consider|; ;, p2|= ! o 1 Al Sl [ 2
| 2 I T AT B _
c c X [A| 1 1 -1
1
0 a—b a*—b* : adjB = [2 1]
, LHIRi=”R =R, 1 -1 0
0 boe b =clp LR,-R : 1
| Ra Ry Ry Bl=—adB—-[2 1]:[2 1]
A c ! BT 1 o e o
1
Taking (a — b) (b — ¢) common from R, and R,, | BIA — [2 1] [_1 2] _[_1 3] 2
X
, -1 oJL 1 -1 1 -2
|
1
1
1
1

1 c c?

enquiry@surabooks.com
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2 3 | | -2 -1 1
— . . 2 — —
6. IfA= 1 2 satisfies the equation A — kA +1,=10 Al = madj A= 5 )
then, find & and also A\, [ CRT - 2022] 2 -1 -1

Sol : Refer Textbook Example 1.17

7. Solve by using matrix inversion method

X =A—113=_—1 2 2 2 70
2x +y =170, x +z =70, 3x + 2y + z = 170.[Qy. - 2023] 2

Sol : 2x+y =70
x+z 70
3x+2y+z 170

2
1
3

[\ I e R

—_ = O

N X
I
B
(e}
Il
vs}

Where A

Il
W - N

Al

2
1
3

2.1 B 1 32
=20-2)-1(1-3)+0
-4+2+0=-2+%0

0 1 |1 1

2 -1 -1][170
[-140-70+170
= —| 140 +140—340
| 140—70-170
[ —40] [20
= —| —60|=|30
| -100] |50

An economy produces only coal and steel. These
two commodities serve as intermediate inputs in
each other’s production. 0.4 tonne of steel and 0.7
tonne of coal are needed to produce a tonne of steel,
Similarly 0.1 tonne of steel and 0.6 tonne of coal
are required to produce a tonne of coal. No capital
inputs are needed. Do you think that the system is
viable? 2 and 5 labour days are required to produce
a tonnes of coal and steel respectively. If economy
needs 100 tonnes of coal and 50 tonnes of steel,
calculate the gross output of the two commodities
and the total labour days required. [Mar. - 2024]

Sol : Refer Textbook Example 1.26

ADDITIONAL PROBLEMS

-~ Al exi 1 MARK
R exists
- T FIND THE ODD ONE OUT OF THE FOLLOWING
O 1 (1 1 |1 0 -1 1 2 -1
ool " 1. (a (b
2 1 31 |3 2 . 1 _4 4 2
adjA = | _ 1 0‘+‘2 0‘_‘2 1‘ cosa sina q sina  cosa
2. 0B 32 © —sina cosa @ —cosa sina
. 1 0‘ 2 on 1‘ » 1
- Ans: (b
L0 1 {1 1 |1 0f] ( )(—4 ZJ
+(0-2) -(1-3) +2-0) T[22 2 2T Hint: (a), (¢) and (d) are nonsingular and (b) is
=-(1-0) +2-0 -@-3)| =|-1 2 -1 singular.
+(1-0) +(2-0) +(0-1) 1 2 -1 (@) Minor (b)  Cofactor
- (c) Adjoint (d) Determinant
-2 -1 1 L
Ans: (¢) Adjoint
=12 2 2 Hint: (a), (b) and (d) represent number and (c)
2 -1 -1 represent matrix.

enquiry@surabooks.com
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CHOOSE THE INCORRECT PAIR. Low ORrDER THINKING SKILLS (LOTS)

1
1
1. : 1
i Ay g3
(a) _|aM—a;,Myta Mz |1y 1p A=|—4| and B=[-1 2 1], verify that
dyy Ay Ay i mi
where Ml.j is minor of ag | 3
a3; Ay Ay :
I (AB)T=BT.AT
a4 a3 . ! (1 -1 2 1
® e an a _ |y "12.A12fr aphs |
G where A is minorof a;. || g . AB = |—4|[-1 2 1]=|4 -8 —4
a3 4z Ay ' !
I | 3 -3 6 3
Q. Gy dg3 : -1 4 =3
(©) Ay Ay Apy = yM,—a, My +a; My, : ~ABT =12 8 6 (D)
431 93 933 | 1 -4 3
4 G A3 : -1
d) lay, ay, a =|la A —a A +a A !
21 Gy A3 et %2121 %31 : BT = [_1 o) l]T =2
d3; 4z dsz |
X 1
41 Ay Ay : LT
Ans: (¢) [f1 4 Ay| = a M, —a, M, +a, M, | and AT = | 4 :[1 4 3]
a3 a3 Az |
Hint: Expanding along first column I 3
a a4 : —1] -1 4 3
1
Ay Ay Ay = apMy—ay M, Fay My, ! ~BTAT=| 2 |1 4 3]=|2 -8 6
431 d3p  ds3 ! 1| 1 -4 3 ~(2)
ASSERTION & REASON : . From (1) and (2), (AB)" = B" - AT,
2 _1 1 -
1. Assertion (A) : The inverse of does not [ 4 2:| : 2. If A:|:1 2 then show that [2A| = 4/A|.
exist. v ! 4 2 -
! - 2 4
Reason (R) : The matrix in non singular. ' Sol : Given A = 1 2]’ then 2A :[ ]
(a) Both A and R are true and R is the correct (4 2 8 4
explanation of A. ! 2 4
(b) Both A and R are true and R is not a correct S2AL = |g 4m8-32=-24 (D)
explanation of A. ! |
(c) Adistrue but R is false. \ _ —h e—
(d) Ais false but R is true. ! Also, A} = |, 5/ =2-8=-6
Ans: (a) Both A and R are true and ! } Al A —
R is the correct explanation of A | ~4lAl 4-6)=-24 ~(2)
2. Assertion (A) : A is a square matrix of order 3, then | From (1) and (2),
|kA| is A I Al = 4IA
Reason (R) : Multiplying a row by 3 result in 3A. | 2A] Al
There are 3 rows in A. ! 2 -1 -2
(a) Both A and R are true and R is the correct | 3. Evaluate [0 2 —1|.
explanation of A. ! 3 .5 0
(b) Both A and R are true and R is not a correct |
explanation of A. ! 2 -1 =2
(c) Ais true but R is false. : Sol : Let|A|]= [0 2 -
(d) Ais false but R is true. | 3 .5 0

Ans: (a) Both A and R are true and !
R is the correct explanation of A 1

enquiry@surabooks.com PH: 8124201000/ 8124301000
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6. Using the+ property of determinants show that From (1) and (2), Aadj A) = (adj A) A= |A] . I,
X a x+a

> -1 5
y b y+b|=0. 9. Find the inverse of [ ]

Sura’s = X[ Std - Business Mathematics and Statistics - Chapter 01 msMatrices and Determinants 29
Expanding along R, we get, ! 7. Write the minors and co-factors of the elements of
2 -1 0 -1 0 2 ! 5 3
Al =2 +1 - ! .
=5 0 30 3 -5 1 -6 2 5 3
1
=20-5+10+3)-20-6)  'Sol:  LetA = ‘_6 2‘
=-10+3+12=5 \ Minor of 5 = M11=2ar1dA11=(—1)1+1 M, =2
. — 1
Al =5 ' Minorof3 = M,=-6andA,=(-1)'">M,=6
_ o4 x4 i Minorof-6 = M, =3and A, = (~1)>! M,, =3
4. Find the values of x if s 11716 . I
X ! Minorof2 = M,,=5andA,, =(-1)**M,,=5
P4 x4 ' 8. Verify that A(adj A) = (adj A) A = |A[I for the
Sol : Given 1= !
5 6 x 1 . 3
1 matrix A =
= 2-20 = 2x2-24 ! -1 4
_ = 2y2_ 2 3
= 18 = -2 \ Sol : Given A = [ ]
= —18+24 = 247 ! -1 4
= 6 = 22’ ! 2 3
> _ |A| = =8+3=11
= X 3 : -1 4
— 1
= x = =3 o Now AL = A A, =(D)= LA, =34, =2
5. Using the property of determinant, evaluate ' ] 4 11 [4 =3
6 5 12 : cadiA = =
s 44 X -3 2 1 2
1
21 4 ' A (adj A S I
1 . =
6 5 12 o ARTA =yl
1
Sol : Let|A] = |2 4 4 ) 8+3 —6+6 11 0 1 0
I — = =11 =|All,
2 1 4 | —4+4 3+8 0 11 0 1 )
Taking 2 common from C, and 4 common from C, | 4 372 3
we get, ! Also  (adjA)A =
3 5 3 ! 1 2]-1 4
Al=2x4[l 4 1/=8x0 [-C,=C]=0, 8+3 12-12] [11 0 1 0
11 A PR o T e O A
- +
: (2)
1
1
1
1
1
! -3 2
Z ¢ ztc¢ 1
X a x+a ! 1 s
Sol : LetA = |y b y+b | Sol : LetA = 3 9
z ¢ z+c !
) ) ! -1 5
Applying the elementary transformation, | LAl = =-2+15=13
C, = C, +C, we get, I -3 2
x+a a x+a : Now, A = 2,A,=~(3)=3,A, =5, A,, =1
! r T
= |y+b b y+b|= = I 2 3 2 -5
A y y 0[C,=C,] ! S adjA = _
z+c ¢ z+4c ! -5 -1 3 -1
Al =0 ! 1 I 12 s
X NowA™ = — adjA=
| |Al 13|13 -1

enquiry@surabooks.com PH: 8124201000/ 8124301000
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10. Solve: 2x + 5y = 1 and 3x + 2y = 7 using matrix

method.
Sol : Given equations are 2x + 5y =1;3x + 2y =7
This system of equations can be written in matrix
2 5)\(«x 1
form as = Ax=B
3 y 7
1
where A 3 9 , X = and B= 7
s X A'B.
25
Al =4-15=-11
3 2
Ay 2,A=3,A=5,A,=2
_ 2 3] -5
soadj A 5 2 B
= 2 -5
. Al —. —
A Al s 2
2 =501
x - amo"!
111-3 2|7
—1[+2-35| -1|-33] |3
11| -3+14] 11] 11 —
SoX 3and y=-1.

11. The data below are about an economy of two industries

P and Q. The values are in lakhs of rupees.

1. Show that a x+b

Producer User Final Total
P Q Demand output
P 16 12 12 40
Q 12 8 4 24

Find the technology matrix and check whether the
system is viable as per Hawkins-Simon conditions.

Sol : With the usual notation we have

an

a =

21

Now b11 =

enquiry@surabooks.com

12, a

2

16, a,, =12, x, = 40
8, x,= 24

The technology matrix is

21
B =15 2
31
10 3
2 1) (3 of
- = [P 0|5 2| 2
o3 11|13 2
10 3 10 3

The main diagonal elements in (I — B) namely % and

2
3 are positive.

3 -1

Also, [[-B| = 5 2 :(EJ(Z)_(l)(i)
-3 2 (5)(3) (2o
10 3

1
2 3 8-3_ 4

1
5 20 20 20 4
4
= [I—BJ is positive.
.. The two Hawkin’s Simon conditions are satisfied.
Hence the system is viable.

MippLE ORDER THINKING SKILLS (MOTS)

xX+a b c

cl=x*(x+a+b+c)

a b x+c
x+a b c
LHS = a x+b c
a b x+c

Applying C, — C, + C, + C; we get,

x+a+b+c b c
LHS = |[x+a+b+c x+b c
x+a+b+c b x+c

Taking (x +a + b + ¢) common from C, we get,
1 b c
= (x+a+b+o)l x+b ¢

1 b x+c

Applying R, - R, - R, and R, — R, - R, we get,
1 b ¢
= (x+a+b+c)0 x O
0 0 x

PH: 8124201000 /8124301000
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Expanding along C, we get, 3
0 Now M,, = ‘ ‘=—9—(—8):—1
= (x+a+b+c) 11" Vl+o+0 2 -2 3
0 x 6 5
= (x+a+b+c)(x*)=RHS M, = ‘_2 _3‘ =-18—-(-10)=-8
Hence proved. 6 5
a a+b a+b+c M, = 3 4‘:24_15:9

2. Show that 2a 3a+2b 4a+3b+2c=d’.
3a¢ 6a+3b 10a+6b+3c

Now expansion of |A| using co-factors of elements of
second column we get,

a a+b a+b+c Al = apAptay Ay tay Ay
Sol: LHS =]2q¢ 3a+2b 4a+3b+2c A, = D'TML=EDED=1
3a 6a+3b 10a+6b+3c Ay = CIPTPM,=1(-8)=-8
Applying R, - R, — 2R, and R; — R, — 3R, we get, Ay = P TPMy,=—(9)=-9

1
1
I
1
1
1
1
:
1
1
1
1
1
I
1
1
1
1
I
1
4 a+bh a+btc | SJA = =1(1) +0(=8) + 7(-9) =-1 - 63 = —64.
1
=10 a 2a+b ! 2 -1 3
0 30 Ta+3b i 5. Find the adjoint of the matrix ([0 5 1].
1
Expanding along C, we get ! 3 6 8
a 2a+b I 2 -1 3
= a -0+0 !
3a Ta+3b ! Sol : LetA = |0 5 1
= a(7a® + 3ab — 6a* — 3ab) : 3 6 8
= a(7a® - 6a) = a(a*) = a* = RHS | A = 40-6=34
Hence proved. I AH 0-3) 3’
1 = — =
. . . 12 ’
3. Using the properties of determinants, show that ! A, = 0-15=-15
2 7 65 | A, = ~(-8-18)=26,
3 8 75=0. : A, =16-9=7,
5 9 86 : A, = ~(12+3)=-15
) 765 | A, = —1-15=-16,
! = p— J— =
Sol: LetA =|3 8 75 : /:32 - 182 00) 102,
! 33— HUTUE
9 80 ! 34 3 -15]" [34 26 -16
Applying C, — C, +9C, we get, | sadjA = |26 7 -15| =| 3 7 =2
2463 7 65 (65 7 65 | -16 -2 10 -15 -15 10
A=13+72 8 75 =75 8 T5=0[-C =C,] :6 Ao 3 2 4B 4 6
5481 9 86 [86 9 86 1 0. 17 5] ™3 2
1
4. Using co-factors of elements of second column | Verify that (AB)™! = B~AL.
6 -1 5 ! , 3 2
' Sol : GivenA =
evaluate |3 0 4| | 73
— — 1
S ! > I5_14=15 A exist
- =15-14= exists.
6 -1 5 | Al 7 5
Sol : LetA = |3 0 4 — - - —
° 5 3 : Ay = AT Ay =24, =3
-2 7 !
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32
o [5 —7T [5 —2]
sadjA = =
2 3 -7 3
LA = Ladj
| Al
Ca[s 2] [5 =2
- I[—7 3]2[—7 3}
[4 6
NowB = 3 2:|
4 6‘ Lo
Bl = =8-18=-10= B exists.
3 2
B, = 2,B,=-3,B,=-6,B,,=4
. (2 3] [2 -6
~adjB = 6 4:| _[_3 4:|
BT = L adj B
| B
12 6] 1[2 6
- _B[—s 4}5[3 —4]
L [_z 6][5 —2]
. 1003 —4|-7 3
1 [-10-42 4+18
- 5[15+28 —6—12]
1[-52 22
- 5[43 —18} = (D)
3 2][4 6
AB = [7 5}[3 2]
1246 18+4] [18 22
- [28+15 42+10]:[43 52}
AB| = ‘18 22‘=936—946
43 52
= —10= (AB)' exists.
52 -43] [52 22
adj AB - = [—22 18] :[—43 18]
~(AB)T = e adi (AB)
_ 52 22 1[-52 22
B[—43 18:|:E|:43 —18]
-2)

From (1) and (2), (AB)'=B A"l
Hence proved.

enquiry@surabooks.com

: 7. Find the numbers a and b such that

Sol :

3 2
A2 + gA + bl = 0 for the matrix A = [ ]

1 1
. 3 2
leenA—11
_118
14 3

(3 213 2
1111

B 9+2 6+2
13+1 2+1
Given AZ+agA +bI1=0
11 8 (3 2] 1 0
= +a +b
4 3 (1 1] 0 1

[11+3a+b 8+2a+0:| 0 0
ey =
0 0

4+a+0 3+a+b

Equating the like terms we get,
4+a =0

= a -4
3+a+b
3-4+5bh
—1+b
b =

x sinO® cos6

LAT=AA=

=0

|
- o © O

=
=
=

Prove that [-Sin6  —x 1) is independent of 6.
cos9 1 X
X sin® cos6
Sol : LetA =|-sin® —x 1
cos9 1 X
Expanding along R, we get
—X ~ |-smm06 1 —sin® —x
Al = x —sin0 +cos0
1 x cosO x cos® 1

9.

=x (—x? = 1) —sin 0 (—x sin 6 — cos 0)
+ cos 0 (—sin 0 + x cos 0)
=} —x+xsin’0 + S/il”lﬂﬁ@f W +x cos?0
=—x> —x + x (sin?0 + cos0)
=3 —x+x(1) [ sin®0 + cos?0 = 1]
= —x* which is independent of 0.

Using matrix method, solve x + 2y + z
x+3z=11and 2x-3y=1.

7,

Sol : The system of equations can be written in the form

AX = B where,
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1 2 x 7
A=11 0 3[,Xx=|Y[,B=|1l
2 =30 | Z 1
bzl 0 3 1 3 1
Now,|Al = |1 ¢ 3=1‘ —2‘ +1
-3 0 2 0 2
2 30
=10+9-20-6)+1(-3-0)
= 9+12-3=18#0= A ! exists.
A, = 0+9=9,
A, = «0-6)=6,A;=-3-0=-3
A, = (0+3)=-3,A,,=0-2=-2,
A,y = —(-3-4=7
A, = 6-0=6,
A, = -3-1)=-2,
Ay = 0-2=-2
9 6 -3 6
adiA = |3 2 7 )
6 -2 7 =2
9 -3 6
Al = LadA—i 6 -2 =2
INESRT:
-3 7 2
| 9 -3 6][7]
X = A’1B=E 6 -2 2|11
3 7 =21
63-33+6 1 36] [2
= —| 42-22-2 ZE 18 (=1
214772 54| |3
sLx = 2,y=1l,andz=3.
coso.  sino
10.IfA=| . is such that AT = A1, find o.
—sina.  cosa
Sol : Given that AT=A"!
= AAT = AA™!
= AAT =1
N AAT . COos oL SlIl o || cosa
oW, " |=sina. coso || sino
A cos> 0L +sin®0,  —SiRercos oL + Sinercos oL
| =sineccos o + sinercoso +sin’ o+ cos’

[0 ]

[ sino + cos?o. = 1]

Thus, AAT =1 is true for all c.
Hence o can take any real value.
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—sino
Ccos o

oS

HiGcH OrDER THINKING SKILLS (HOTS)

1.

Sol :

Sol :

Determine the values of x for which the matrix

x+1 -3 4
A=| 5 x+2 2| is singular.
4 1 x-6
Given matrix A is singular, if |[A] =0
x+1 -3 4
Al = -5 x+2 2|=0
4 1 x-6
Expanding along R, we get,
|A|:x+1x+2 2 ‘+ -5 2 ‘+ =5 x+2| _
1 x—6 4 x-6 4 1

S+ [(x+2)(x=6)—2]+3[-5 (x—6)— 8]
+4[-5-4(x+2)]=

= (x+ 1) [x? —4x— 12— 2]+ 3[-5x + 30 - 8]
+4[-5-4x-8]=

= (x+ 1) (> —dx — 14) + 3(-5x +22) + 4(-4x - 13) =0

—14x+x*—4x— 14— 15x + 66 — 16x —52=0

—49x=0= x(x*-3x—-49)=0

= x> — 4x?

= x> —3x2

3+(=3) — 4(1)(—49)

=x=0o0r x=

2a
—b++b* -4
xo PEND ZAab 3 o9
2a
3+49+196 3+4/205
=x=0or x=—=x=00r x=—m
2 2
Without expanding show that
cosec’0  cot’6 1
A=| cot’0 cosec’0 -1/=0
42 40 2
cosec’ 0 cot’0 1
Given A = cot’® cosec’® —1/=0
42 40 2
Applying C, — C, - C,, we get,
cosec’O—cot’0  cot’® 1 1 cot’® 1
A= |cot’ 0 —cosec’® cosec’® —I1| =|-1 cosec’® —1
42 — 40 40 2 2 40 2
[. cosec?® — cot?0 = 1]
=0 [ C] = C3]
A=0
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34 Sura’s m XI Std - Business Mathematics and Statistics - Chapter 01 m» Matrices and Determinants
3. Ifa, b, carein A.P, find the value of = (a-bl+(b-c’+(c-a)P’=0
2y+4 Sy+7 8y+a = a-b=0,b—c=0,c—a=0
3y+5 6y+8 9y+b|. = a=b=c = AABC is equilateral.
4y+6 Ty+9 10y+c e
L A=B=C=7%
2y+4 Sy+7 8y+a 3
Sol : LetA = [3p+5 6y+8 9y+b - sin?A + sin?B + sin’C

Sol :

4y+6 Ty+9 10y+c
Applying R, — 2R, and dividing by 2 we get,

2y+4 Sy+7 8y+a
A = l6y+10 12y+16 18y+2b
4y+6 7y+9 10y+c
Applying R2—>R2—(R1+R3) we get
2y+4 Sy+7 8y+a
A = 5 0 0 2b—(a+c)
4y+6 Ty+9 10y+c
Givena,b,cinAP.=2b=a+tc=2b—-(a+c)=0
2y+4 S5y+7 8y+a
LA = T 0 0 0 =0
4y+6 Ty+9 10y+c
Al = 0
Let a, b and ¢ denote the sides BC, CA and AB
1 a b
respectively of A ABC. If 1 ¢ a|=0, then find
1 b ¢
the value of sin?A + sin?’B+sin*C.
1 a b
GiveA = ¢ 4d|=0
1 b ¢
Applying R, - R, —=R, and R, — R, - R, we get
1 a b
A =10 c—a a—-b=0
0 b—-a c-b

Expanding along C, we get
c—a a-b
b—a c—-b

1 =0

= (c—a)(c-b)—(b—a)(a-b)=0
= 2—bc—ac+ab—(ab—b*—a*+ab)=0
= a*+b*+c*—ab—bc—ca=0

Multiplying both sides by 2 we get,
2a% +2b* +2¢* — 2ab — 2bc — 2ca =0
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Sol :

2 2

= 3sin2 = =3(sin£) =3 ﬁ :3><§=2

3 3 2 4 4

1 tanx

IfA= , then show that

—tan x 1
AT Al = cos2x —sin2x

sin2x  cos2x |
1 tan x
Al = =1 + tan’x
—tan x 1

secix # 0 = A ! exists
Let Cl.j be the co-factor of a; inA

C]] = (_1)1+1 Mllz(_l)z (1):1
C, = (-D)"?(~tanx)=tanx
C,, = (-1)*''tanx=—tanx
C,, = (D=1
) |: 1 tanx]T [ 1 —tanx]
sLadjA = =
—tanx 1 tan x 1
Al = ﬁade
1 —tanx
1 I —tanx| |1+tan’x I+tan’x
:1+tan2x_tanx 1 :|_ tan x 1
l+tan’x 1+tan’x
1 —tanx
L ATA = 1 —tanx] I+tan®x 1+tan’x
| tan x 1 tan x 1
l+tan*x 1+tan’x
i 1 —tanx —tanx —tanx
_ l+tan” x 1+tan’x 1+ tan”x 1+ tan® x
tan x tan x —tan® x 1
| 1+tan’x 1+tan’x 1+tan’x1+tan’x
[ 1-tanx —2tanx
l+tan®x l1+tan®x | [cos2x —sin2x
" | 2tanx  1-tan’x :|:sin2x cos2x]
[ 1+tan’x 1+tan’x

(Using multiple angle formulae)
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