Adjoint and
Inverse of a Matrix

BASIC @

1. Adjoint of a Matrix: If A = [a;] is a square matrix of order 1 and C;; denote the cofactor of 4;;in A, then
the transpose of the matrix of cofactors of elements of A is called the adjoint of A and is denoted by

adj A.
ie,adj A=[Cy"
Ay Gy g Ch Gy Gy
If A=|a, a,, a,|thenadjA=|C, C,, C,,
31 O3y O35 Cis Gy G

2. The adjoint of a square matrix of order 2 can be obtained by interchanging the diagonal elements and
changing the signs of off-diagonal elements.

If A= b,thenade= 4 "b].

a
cd -c a
3. If Ais a square matrix of order n, then A (adj A) = |A|I, = (adj A) A.

4. Following are some properties of adjoint of a square matrix:

If A and B are square matrices of the same order 7, then
(i) adj (AB) = (adj B) (adj A) (ii) adj AT = (adj A)"
(i) adj(adjA)=|A|""2A (iv) |adjA|=|A|""!
5. Invertible Matrix: A square matrix A of order # is invertible, if there exists a square matrix B of the
same order such that AB = I, = BA.
In such a case, we say that the inverse of matrix A is B and we write A'=B.
Following are some properties of inverse of a matrix:
(i) Every invertible matrix possesses a unique inverse.
(ii) If A is an invertible matrix, then (A7) = A.

(iif) A square matrix is invertible, if it is non-singular.

1
(iv) If Ais a non-singular matrix, then Al= A (adj A).

(v) If A and B are two invertible matrices of the same order, then (AB)™" =B A™".
(vi) If A is an invertible matrix, then (A7) = (4™

(vii) The inverse of an invertible symmetric matrix is a symmetric matrix.

1
(viii) If A is a non-singular matrix, then |A™'| = AT
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6. Elementary Operation of Matrix: The following are three operations applied on the rows (columns)
of a matrix.

(i) Interchange of any two rows (columns) R; <> R; Cie C]-).
(if) Multiplying all elements of a row (column) of a matrix by a non-zero scalar R; — kR; (C; = kC]-).

(iii) Adding to the elements of a row (column), the corresponding elements of another row (column)
multiplied by any scalar R; - R; + kR; (C; > C; + kC;).

7. A matrix obtained from an identity matrix by a single elementary operation is called an elementary
matrix.

8. Elementary Row Operations: To find the inverse of an invertible matrix ‘A’ by elementary row
operations, at first we make an equation as

A=1IA ..

On this equation (i) we apply sequence of row operations successively on ‘A’ on the LHS and on ‘I’
on the RHS till we get I = BA like as

A = 1A

1

Sequence of elementary row operations gives

-

1 = BA
Bis called inverse of A i.e., A" =B

Elementary Column Operations: To find the inverse of A by using elementary column operations
we write an equation as

b

= Al

1

Sequence of elementary column operations gives

B is called inverse of Ai.e., A" =B
9. System of Linear Equations: A system of n simultaneous linear equations in 7 unknowns
X1, X, X3, o, X, 1S
A11X1 + AppXy + oo + A7,X, = by

azlxl + 1122x2 + ...+ tl2nxn = b2

A,1X + Xy + o+ a,,X, =D,

This system of equations can be written in matrix form as

Ay Ay ay x| (b

) Byn |[*2 b,

anl an2 ann xn bn
or, AX =B
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10.

11.

12.

13.

14.

15.

Ay Ay e 4, X, b,
Ay (o o d X b
21 Y2 2 2 2
where A=| 7 ¢ M X=|."|land B =
Ay Gy e a4, X, bn

A set of values of the variable x;, x,, ..., x, satisfying all the equations simultaneously is called a
solution of the system.

If a system of equations has one or more solutions, then it is said to be a consistent system of
equations, otherwise it is an inconsistent system of equations.

A system of equations AX = B is called a homogeneous system, if B = O. Otherwise, it is called a
non-homogeneous system of equations.

System of linear equations may or may not be consistent, if consistent may or may not have unique
solution.

It can be, decided by following flow chart:

At first system of linear equations is written in matrix form as AX = B. Then | A |.adj A is obtained

|41
[4]#0 |[4]=0

System is consistent and

has unique solution given by /

X=A1B v Y

(adjA4).B =0 (adjA4).B =0

System of equations have System of equations
infinite many solutions. is inconsistent.

A homogeneous system of n linear equations in # unknowns is expressible in the form AX = O.

If |A|#0, then AX = O has unique solution X =0i.e., x; = x, = ... = x,, = 0. This solution is called the
trivial solution.

If |A| =0, then AX = O has infinitely many solutions.
Thus, a homogeneous system of equation is always consistent.

If A is a square matrix of order 1, then |adj A| = |A|"™.

Selected NCERT Questions

1. Let A= 37 dB= 68 ify that (AB) ' = B!A™!
- Let A=| _landB=|_ ||, verify tha = .
col as]? 7|[6 8|_[e7 87
ok “|2 sl|7 9| |47 61

138

| AB| = 67 x 61 —47 x 87 = 4087 — 4089 = -2
AB is invertible.
Cofactors of elements of determinant AB are,
ABy; =61, ABy, =—47, AB,, =—87, AB,, = 67

, 61 —47" [61 -87

AOl](AB):I—EW 67] :[47 67]
(AB) = 1 Adj(AB) = 1 [ 61 —87]= 1[—61 87]
|AB| 2|47 67| 2|47 67
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37—15 14=1
2 5 7T

Cofactors of elements of A are
Ay =5 Ap=-2, Ay =-7, Ap=3

|A|=‘

aginzl 2 [5 7
14717 3| T|=2 3
1 1[5 —7] [5 -7
1= 1 = — =
AT TayAdA 1[—2 3] l—z 3}
B1=1% 8lo54_56=12
| |_7 9_ - -

Cofactors of elements of B are
By1=9, Bp=-7, Byy=-8, Bp=6

N

-8 6 -7 6
1 119 -8 1|9 8
-1 R 1 = — = —
B =ppada —2[—7 6] 2[7 —6]
B_lA_l—l_g 815 7| _1|-45-16 63+24|_ 1|-61 87
2|7 -6||-2 3| 2|35+12 —49-18] 2|47 -67
Thus, (AB)'=B'A"L
2 11
2. If A=[-1 2 -1[, then verify that A> - 6A + 9A — 4I = 0 and hence find A™. [HOTS]
1 -1 2

2 -1 1|[2 =1 1
Sol. A*=[|-1 2 -1||]-1 2 -1 [ A?=AA]
1 -1 2|{1 -1 2

4+1+1 2-2-1 2+1+2 6 5 5
=2-2-1 1+4+1 -1-2-2|=|-5 6 -5
2+1+2 -1-2-2 1+1+4 5 -5 6

2 1 1l[l6e -5 5
Ad=|-1 2 -1||-5 6 -5 [ A®=A.A%
1 -1 2|5 -5 6

12+5+5 -10-6-5 10+5+6] [22 -21 21

=[-6-10-5 5+12+5 -5-10-6|=-21 22 -21
6+5+10 -5-6-10 5+5+12 21 21 22

22 21 21 6 -5 5 2 -1 1 1
Now, A%-6A%2+9A—-4I=|-21 22 -21|-6|-5 6 -5|+9|-1 2 -1|-4|0
21 21 22 5 5 6 1 -1 2 0

O = O
_ o O

I
o O O
o O O

0
0|=0 (zero matrix)
0

A’ —6A%+9A-41=0
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Pre-multiplying by A™, we get
ATA AT 6ATTAA+9ATA-4AT=0
= A’-6A+91-4A'=0 = 4A'=
6 -5 5 2 -1 1 10
4A7 =5 6 -5|-6|-1 2 -1[+9[0 1
5 -5 6 1 -1 2 00
3 1 1| [3/4 1/4 -1/4
1 3 1|=|1/4 3/4 1/4
-1 1 3| [-1/4 1/4 3/4
2 -3 5

3. If A=(3 2 4|, find A™". Using A™" solve the system of equations.
1 1 -2

A*—6A +9I
0
0
1

—_

Al=

~

2x-3y+5z=11; 3x+2y-4z=-5; x +y—-2z =-3.
2 3 5
Sol. |A]=|3 2 —4|=2(4+4)+3(-6+4)+5B3-2)=0-6+5=-1=#0
1 1 =2
Therefore A is non-singular matrix and A™ exists.
Cp=0; Cp=2 C3=1 Cyy=-1, Cpp=-9;
Cy=-5 C45=2; C33=23;, C;3=13

o 2 11" o -1 2

adjA=|-1 -9 -5 =|2 -9 23
2 23 13 1 5 13

. ot 2 jor 2
A—1=|A|ade=—2 9 23|=|-2 9 -23

-1
1 5 13] |-1 5 -13

The given system can be expressed as AX = B, where

2 3 5 X 11
A=[3 2 4|, X=|y|, B=|-5
1 1 =2 z -3
Now, AX=B = X=A"'B
x] [0 1 =211 X 0-5+6 1
= yl=|-2 9 -23||-5 = y|=[-22-45+69|=2
z| |-1 5 -13||-3 z| [-11-25+39| |3

On equating, wegetx=1,y=2and z = 3.

Multiple Choice Questions S 1717}

Choose and write the correct option in the following questions.

-2 0 0
1. If A=|0 -2 0 |, then the value of |adj A]| is [CBSE 2020 (65/3/1)]
0 0 -2
(a) 64 (b) 16 (¢) 0 (d) -8
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10.

11.

12.

13.

The adjoint of matrix A = [ai].] = [f Z] is
s —q s q 00
Soeld ek
If A is square matrix of order 3 x 3 such that |A| = 2, then write the value of |adj (adj A)|.
(a) -16 (b) 16 (c) 0 (d) 2

(@) (d) None of these

If A is a square matrix of order 3, such that A(adj A) =10 I, then |adj A| is equal to
[CBSE 2020 (65/5/1)]

@) 1 ) 10 (c) 100 (d) 101

€ B|r 2=° Ym trix B i
1 4 —06 en martrix 1S

4 2 b 4 2 00 @ 1
@ |, ; ® | ] © |y o )
Let A be a 3 x 3 square matrix such that A (adj A) = 2I, where I is the identity matrix. The value
of |adj A]| is

(a) 4 (b) -4 (© 0 (d) None of these
5 10 3
The matrix (-2 -4 6| is singular matrix, if the value of b is
-1 2 b
(a) 3 (b) 3 ()0 (d) Any real number
x 00
If x, y, z are non-zero real numbers, then the inverse of matrix A=|0 y 0] is
00z
x'0 0 x'0 0 L [roo L[roo
@ |0 y' o ® xyz[ 0y 0 © 3yz[0 ¥ O @) wyz]0 10
0 0 z! 0 0 z! 00 z 01
2 A -3
If A=[0 2 5 |, then A™ exists if [NCERT Exemplar]
11 3
(@) Lr=2 (b) L#2 () A==-2 (d) None of these
If A~ A + I = 0, then the inverse of A is
(a) A (b I-A () 0 d) A
1 tanx T a-1-
IfA= then the value of A" A7 is
—tanx 1
cos2x —sin 2x b cos X sinx " N7 i
@) sin2x  cos 2x ®) 1 0 ©) (4) Zero matrix
The value of (A7 is
(@) (AT (b) A™ 1 (d) A"
If A is an invertible matrix of order 2, then det(A™) is equal to
1
(a) detA (b) det A ()1 (d 0
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14.

15.

16.

If A is a singular matrix, then A(adj A) is
(@) Null matrix (b) Scalar matrix (c) Identity matrix  (d) None of these

If A is a matrix of order 3 x 3, then the value of |3A]| is

(a) 27]A]| ) 27| A| (c) 9|A| (d) None of these

The sum of the products of elements of any row with the co-factors of corresponding elements
is equal to

(a) cofactors sum (b) value of the determinant

(c) O (d) Adjoint of matrix

17. Using matrix method to solve the following system of equations: 5x — 7y = 2, 7x - 5y = 3, value
ofx, yis
1 -11 1 10 1
(a) x_ﬂ/y_ﬂ (b) x—ﬁ/]/_ﬂ (C)X—l,y_l (d) x_ﬁ/y_ﬂ
18. If the value of a third order determinant is 12, then the value of the determinant formed by
replacing each element by its cofactor will be
(a) 12 (b) 144 (c) -12 (d) 13
2 A -3
19. If A=|0 2 5|, then A exist if
1 1 3
(a) A=2 ) =2 () A # 2 (d) None of these
20. If A and B are invertible matrices, then which of the following is not correct.
(@) adjA=]A|. A (b) det (A" = [det (A)]™
(c) (AB)'=B1A"! d (A+B)'=B1+A"
Answers
1. (a) 2. (a) 3. (b) 4. (c) 5. (b) 6. (a)
7. (d) 8. (a) 9. (d) 10. (b) 11. (a) 12. (a)
13. (b) 14. (a) 15. (a) 16. (b) 17. (a) 18. (b)
19. (d) 20. (d)

Solutions of Selected Multiple Choice Questions

1.

We have a matrix A of order 3 x 3 given by
20 0
A=[0 2 0| = JA|=-2((-2)x(-2)-0)
0 0 -2
= |A|=-8
ladjA| = [A|"" "= A>T =(-8)" = 64

3. We have,

2
ladj (adj A)| = |A["" = 26-1° (where 7 is order of matrix A)
=2*=16

4. We have,

142

AdjA)=|A| I

= 10I=|A|I = |A|=10



ladj A| = |A]""'= |A]P7 (v n=3)

= |A|*=(10)* = 100
5. If B= [ bthen
a+b 2a+4b| |6 0
[ H1 4 [ ] 7 le+d —2c+4d =[0 6]
. On comparing , we get
a+b=6 = a=6-b (1)
-2a+4b=0
Using (i), we get
-2(6-b)+4b=0
= -12+2b+4b=0 = 6b=12 =b=2
Using in (i), we geta =4
c+d=0 = c¢=-d ()]
And 2c+4d =6
2(-d)+4d=6 = 6d=6 = d=1
Put in (i7), we get
c=-1
. 32[4 2]
-1 1
13. AA" =1
= |AA-1|—|1| = |A|.]A7] =1
= |A‘1|—7| [ A]#0]
1
BE
14. A(adjA)=|A|I (Using properties of adjoint of matrix)

As it is singular
|A] =0 = 0xI=0

So, it is null matrix.

Fillin the Blanks S (777]

1. If Ais a matrix of order 3 x 3, then (A%~ =

2. The value of k for which the system of linear equations:

X+y+z=2
2x+y-z=3
3x + 2y + kz = 4 has a unique solution, is
3. If Ais a non-singular matrix such that A= 1 2} then (A")™ =

103
4. If A=|2 1 1|, then |adj (adj A) |=
002
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Answers

21
“1y2
1. (A7) 2. k#0 3. [3 2] 4. 16
Solutions of Selected Fill in the Blanks
4. We have,
103
[Al=1211|=2
002
|adj(adj A)| =1 A"V = AV =1 A
=2)*=16
Very Short Answer Questions Y (1T
. Co . 2 -1
1. Findadj A, if A= [4 3] [CBSE 2020 (65/4/1)]
Sol. We have,
2 -1
A=l 5]
Co-factors of matrix A are
C11 :3, C12=—4
C21 = 1, C22 = 2
o [31
2. If A is a square matrix of order 3, with |A| =9, then write the value of |2.adj A]|.
[CBSE 2019 (65/4/1)]
Sol. v [2.adjA|=2%|adjA| [ For any matrix A of order n,

|kA| =K"| A|, where k is some constant]
=8 |adjA|=8 |A|>"" [+ |adjA|=|A|"", for any square matrix of order 7]
=8 x (9)*=8x 81 =648
3. If A is a square matrix of order 2 and |A| = 4, then find the value of |2AA”|, where AT is

transpose of the matrix A. [CBSE 2019 (65/5/1)]
Sol. Wehave |A|=4and A is a matrix of order 2.
[2AAT| = 22| AAT| [ Ais a matrix of order 2]
=4|AAT| =4|A[|AT|
For any square matrix A, |A”| = |A|
[2AAT| =4 x4 x4=64
4. Ais asquare matrix with |A|=4. Then find the value of |A.(adj A) | [CBSE 2019 (65/4/3)]
Sol. ~ |A.(adjA)|=IAl|L,|=1Al=4 [ AadjA=|A|L]
8 2
5. If A= [3 2] then find |adj A]|. [CBSE 2019 (65/5/3)]
Sol. Weh A= 5 2
ol. Wehave =15 2
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|A] =16-6=10
Now, |adjA|=]A|>"1= (101" =10

6. If A is a matrix of order 3 x 3, then find (A)™". [NCERT Exemplar]
Sol. (A%)'=(A.A)"
— A—l . A—1 — (A_l)2 [ (AB)—l — B—1 A—l]
Short Answer Questions-1 N 7T
o a1 25 .
1. Write A™ for A= 13l [CBSE Delhi 2010, 2011]
Sol. For elementary row operations, we write
25 |10
A=A = [1 3]— 0 1].A
[13]_[01 :
= E 5] = [1 0]. A [Applying R; <> R,]
1 3]_[01 ,
= 0 _1] = [1 _2]A [Applying R, = R, — 2R|]
[1 0 3 -5 .
= 0 _1] = [1 5 ]A [Applying R; — R; + 3R,]
[1 0 3 -5 .
- 0 1] B [-1 2]A [Applying R, > (-1)R,]
13 =5 4|3 =5
S S N
[Note : B is called inverse of A, if AB = BA =1]
2 3
2. If A= [5 _2], write A™ in terms of A. [CBSE (AI) 2011]
Sol. |A|= 2 =-4-15=-19 20
ol | | - 5 -2 = %= = =
NOW, Cll =—2, C12=—5, C21 =—3andC22=2
saz|? 5" [2 -3
A8 2 Tl 2
1 1 (-2 3| 1]2 3| 1
-1 = 1 = — = — = —
A= TATAdA= g5 2] 19[5 —2] 194
3. If Ais invertible matrix of 3 x 3 and |A| =7, then find |A™]. [NCERT Exemplar]
1
Sol. = A= .adj A
A
U I Ly ; .
|A™ | = mad]A = A1) | adj A | [ |KA|=K".|A|, where n is order of A]
1 1 1
= AT =
|A |3 Al A 7
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2 A3

4. If A=|0 2 5 |, then find the value of ) for which A™ exists. [NCERT Exemplar]
11 3
Sol. For existence of A™!
2 A3
|[A|#0 = |0 2 5|#0
11 3
= 2(6-5-M0-5)+(-3)(0-2)%0 [Expanding along R;]

S 245046205 SLx-8 = Ao

8
Hence, A can have any value other than 5

Short Answer Questions-11 N LT

1. Using elementary transformations, find the inverse of the matrix

1 3 =2
-3 0 -1 [CBSE Delhi 2011]
21 0
1 3 2
Sol. Let A=|-3 0 -1
21 0

For finding the inverse, using elementary row operation we write
13 -2 |1 00

A=IA = -3 0 -1|=|0 1 0fA
21 0] [0 01

Applying R, - R, + 3R; and R; — R; - 2R;, we get

1 3 =2 100
= 0 9 -7[=]3 1 0[|A

0 5 4 |-2 0 1
1/3 0 -1/3 0 1
-71=|3 1 0|A [Applying R, — R, _ERZ]
-5 4 -2 01
1 0 1/3] [0 -1/3 0 1
= 0 1 -7/9(=(1/3 1/9 0|A [Applying R2—»§R2]
0 -5 4| |2 0 1

1 0 1/3 0 -1/3 0]
= 01 -7/9(=|1/3 1/9 0|A [Applying R; — R; + 5R,]
00 1/9 -1/3 5/9 1]
10 0 1 -2 3]
= 01 0f=| 2 4 7|A [ApplyingR, - R,-3R; R,—> R, +7R,]
0 0 1/9] |-1/3 5/9 1|
100 [1 =2 -3
= 01 0f=|2 4 7(A [Applying R; — 9R; |
001 |-3 5 9
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1 -2 3

= I=|2 4 7|A
-3 5 9
1 -2 3
Hence, Al=2 4 7
-3 5 9
1 -2 3
2. If A=| 0 -1 4, find(A)™. [CBSE Delhi 2015]
-2 21
1 -2 3 1 0 2
Sol. Given A=|0 -1 4 and A=2 -1 2
2 21 3 4 1
|A"| =1(-1-8)-0-2(-8+3)=-9+10=1%0
Hence, (A')_1 will exist.
12 a -2 2 _ B
A= 41 =-1-8=-9; A, 3 1 =—-(-2-6)=38
=2 -1 B 0 -2 _ _
A= 3 4 =-8+3=-5; A, 4 =-(0+8)=-8
=2 a 1 0 _ _
Azz—3 1 =1+6=7; A,, 3 4 =-4-0)=-+4
|0 2] 3 1 20 _
A31—_1 ’ =0-2=-2; A, o o =-2-4=2
Ay = 5 =-1-0=-1
9 8 5[ [9 8 -2
adj(A")=|-8 7 4| =8 7 2
-2 2 - -5 -4 -1
1 -9 -8 2| |9 8 =2
(A’)‘1=T8 7 2|=|8 7 2
-5 4 -1] |5 4 -1
0 2y =z
3. Findx,yandzif A=|x y -z|satisfiesA’=A"" [NCERT Exemplar]
X -y z
0 2y =z 0 X
Sol. We have, A=|x y —z|and A'=|2y Yy -y
X -y oz z z
Also, A =A"
= AA = AA™ [ AAT =1]
0 2y z||[O0O x x| |1 0O
= x y —z||12y y —y[=|0 1 0O
x -y z|lz -2 z| |0 01
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a7+ 2r -2 22+ | 1 0 0
- 2222 Pyt A2opo22=[0 10
—2y2+zz xz_yz_zz x2+y2+zz 001

By comparing the corresponding elements, we get

= 28 -22=0 = 22 =72
= 47 +22=1
1
= 227+7°=1 = z=i—3
22 L
¥ =" = Y=*/s
Also, x2+y2+zzz 1
1 1 3 1 1
2: — —_ 2: —_———= - — = — =4 —
= x=1-y -z 6 1 6= =X 7
+ ! + d + !
x:_—’ =+ an 7z =4—
V2 Y e

4. On her birthday Seema decided to donate some money to children of an orphanage home. If there
were 8 children less, every one would have got3 10 more. However, if there were 16 children more,
every one would have got X 10 less. Using matrix method, find the number of children and the
amount distributed by Seema. [CBSE (East) 2016]

Sol. Let the number of children be x and the amount donated by Seema to each child be X y.
. According to question,
(x-8)(y +10) =xy and (x + 16)(y — 10) = xy
= xy +10x — 8y — 80 = xy and xy —10x + 16y — 160 = xy

= 5x —4y =40 ..(0)
and 5x -8y =-80 ..(ii)
Equation (i) and (i) may be written in matrix form as
AX=B = X=A'B ...(ii)
Wh A= 5 4 B = 40 X = X
e A5 8 P =80 T |y
Now, |A|=-40+20=-20
agin|® 5|" [-8 4
12714 5] 7|5 5
11-8 4
-1
AT= [—5 5
Putting value of AVin (ifi), we get
x| 1[-8 4] 40 _ x| 1[-320 -320
y|  20[-5 5]|-80 y|  20[-200 —400
x| 1 -640 - x| |32
= y|~ "20|-600 y] |30

= x=32, y=30
= Number of children = 32 and amount donated to each child =% 30.
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5.

Sol.

A trust invested some money in two type of bonds. The first bond pays 10% interest and
second bond pays 12% interest. The trust received X 2,800 as interest. However, if trust had
interchanged money in bonds, they would have got ¥ 100 less as interest. Using matrix method,
find the amount invested by the trust. [CBSE (Central) 2016]

Let X x and X y be the amount of money invested in 1st and 2nd bond respectively.

According to information given in question

x X % +yx % = 2800
12 Aty X 10 2700
*100 100
= 10x + 12y = 280000 ...(0)
and  12x + 10y = 270000 ...(i0)
Above system of equation can be written in matrix form as
AX = B, where
A [10 12] =" p= [280000]
12 10f f 270000
AX=B = X=A"B ....(ii)
Now, |A|=’10 12‘=100—144=—44
12 10
1 1 -12 [ 10 -12
AT Tar ad]A'W[ ] v P 10]

Putting the value of X, A7 and B in (iii), we get

x| 110 —12 280000] - 1 [ 2800000 — 3240000
yl —Adl-12 270000 4 [—336000O+27000OO
x| 1 [-440000 x]_[10000

= y|” —660000] =y _[15000]

= x =10000, y = 15000.
Hence, invested amount in 1st and 2nd bonds are 310000 and %15000.

Long Answer Questions N 17T 5]

1.

Sol.

Using elementary row transformations, find the inverse of the matrix
2-35
32 -4 [CBSE 2019 (65/4/1)]
11 -2
2 -3 5]
3 —4
1 2|
We know that A = IA

A=

— N

2351100
ie., 3 2 —4|=|010]A

11 2] [001
Applying R; — R; — R3, we have
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1 -4 7 00 -1
= (3 2 -4(=|01 0]A
1 1 -2 |00 1

Apply R, - R, - 3R; and R; — R; - R, we have

1-4 7 10-1
= |0 14 -25(=(-31 3J|A
0 5 -9] |-10 2
Apply R, - — (R, - 3R,), we have
1-47 1 041
= (0 1 2(=| 0-1 3|A
0 59| [-1 0 2
Apply R; = Ry + 4R, and R; — R; —5R,, we have
10-1 1 4 11
= (01 2|=[0 -1 3 |A
001 -1 5 -13

Apply R; = Ry + Ry and R, = R, + 2R3, we have

100] [01 -2
= |010]|=[-29 -23]A
001 [-15-13
01 -2
At=[-29 -23
-15-13
3 -1 1 1 2 =2
2. f A'=|-15 6 -5/and B=|-1 3 0/, find (AB)™. [CBSE (F) 2012]
5 2 2 0 2 1
Sol. For B™
1 2 =2
|IB|=|-1 3 0/=18-0)-2(-1-0)-22-0)=3+2-4=1%0
0 2 1
i.e., Bis invertible matrix = B! exists and have unique solution.
30 -10
— 1+1 — — Q9. _ 1+2 — —
Now, C,=D"" > 1‘ =3-0=3; C,=(1) 0 1| =-C1-0=1
-1 3 2 -2
— 1+3 — — o. — 2+1 — —
Cp=ED'" 0 _2‘ =2-0=2 Gy =D 1‘ =_-(2-4)=2
1 -2 gisl 2
— 2+2 _ — 1. _ 2+3 — —
C,, = (-1)*" 0 1‘ =S1-0=1 Gy = 17| 5| =-(2-0)=2
2 2 1 -2
— 3+1 — . — 3+2 — —
Cy = (1) 3 0‘ 0+6=6; Cyp=(1"""| | | =-(0-2)=2
1 2
— 3+3 — —
Cpp = (17 3‘ 3+2=
312 [326
adjB=[2 1 2| =|]1 1 2
6 25 [2 25

150 Xam idea Mathematics—XII



3 2 6 3 2 6
A 1 . 1
= B _m(ad]B) Tl 1 2|=(1 1 2
2 25 2 25
3 2 6 3 -1 1
Now, (AB) =BlA7l=[1 1 2||-15 6 -5
2 25 5 2 2
9-30+30 -3+12-12 3-10+12 9 3 5
=|3-15+10 -1+6-4 1-5+4 |=|-2 1 0
6-30+25 -2+12-10 2-10+10 1 0 2
cosa -sina O
3. If A=|sina cosa 0], find adj A and verify that A(adj A) = (adj A)A =| A |I;. [CBSE (F) 2016]
0 0 1
cosa -sina 0
Sol. Given,A=|sina cosa 0
0 0 1
_|cosa Of _ |sina O | 3
A11_ 0 1 = Cos Q; AlZ__ 0 1 =-—sinaq; A13—0
_|=sina O | _|cosa O _ |cosa sina|
A21—— 0 1 =sinq; Ay, = 0 1 = cosq; A23—— 0 0 |17
_|=sina 0 _ o A = cosa 0] ) _|cosa —sina|
31" | cosa 0] 7 2 |sina 0| 3B lsina  cosa |
cosa —sina OT cosa sina 0
adjA =[sina cosa 0| =|-sina cosa O
0 0 1 0 0 1
cosa -sina Of| cosa sina 0
Now A.adjA =|sina cosa Of|-sina cosa 0
0 0 1 0 0 1
cos’a +sina coso.sina —sina.cosa 0 1 00
=|sin@.cosQ — sin . cos o sina + cos’a 0|={0 1 0
0 0 1 0 01
cosa -sina 0
A.adjA=|AllL (D) - |Al=|sina  cosa 0|=cos?a+sin’a =1
0 0 1
cosa sina Offcosa —sina 0
Again, adjA.A=|-sina cosa Of|sina cosa O
0 0 1 0 0 1
cos’a +sina —sino.cosa +sina.cosa 0 1 00
=|—sin@.cosa + sin . cos o sina + cos’a 0|=10 1 0
0 0 1 0 01

= adj A.A =

1Al I, ... (i)

From (i) and (ii), we get
A.adjA=adjA. A= |A|L.
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4.

Sol.

Sol.

1 -1 2|2 0 1
Use product ([0 2 -3|[ 9 2 -3] to solve the system of equations:
3 -2 4|16 1 2

x-y+2z=12y-3z=1, 3x-2y+4z=2 [CBSE (F) 2011]
OR
1-1 21201
Use product |0 2 =3[ |9 2 -3| to solve the system of equations
3-2 4|16 1-2
X+3z=9, x+2y-2z=4, 2x-3y +4z=-3. [CBSE Delhi 2017]

Given system of equations are

x-y+2z=1, 2y-3z=1, 3x-2y+4z=2
Above system of equations can be written in matrix form

as AX=B =X=A"'B
1 -1 2 x 1
where, A=(0 2 3| X= y}B= 1
3 2 4 z 2
20 1
Let C=|9 2 -3
6 1 -2

1 -1 2|2 0 1 —2-9+12 0-2+2 1+3-4| |1 0 O
Now, AC=|0 2 3| 9 2 -3|=|0+18-18 0+4-3 0-6+6(=|0 1 0O
3 2 4|6 1 -2 [6-18+24 0-4+4 3+6-8| |0 0 1

= AC=1 = A'(AQ)=A"I [Pre-multiply by A™]
= (At A)C=A" [By Associativity]
= IC=A= A'=C
2 0 1]
= Al=l9 2 -3
6 1 -2
Putting X, A™ and B in X = A™'B, we get
x| [2 0 1])1 x| [2+0+2
y|I=19 2 =3||1 = y|={9+2-6
z| |6 1 2|2 z 6+1-4
x| [0
= y|=|5 = x=0y=5and z=3
z| |3
OR

Solution is similar as above. Ans.:x=0,y=5and z =3

Using matrices, solve the following system of equations:

4x + 3y +2z=60; x +2y +3z=45; 6x+ 2y +3z=70 [CBSE (AI) 2011]
The system can be writtenas AX=B = X-= A'B ...(0)
4 3 2 X 60
where A=|1 2 3|, X=|y| and B=|45
6 2 3 z 70
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|A| =4(6-6)-3(3-18)

+2(2-12)=0+45-20%0

For adj A
Ay=6-6=0 Ay =—(9-4)=-5 Ay =(9-4)=5
A,=—(3-18)=15 Ay =(12-12)=0 Ay =—(12-2)=-10
Ap=(2-12)=-10 Ay =—(8-18)=10 Ay =(8-3)=5
0 15 -10]' | 0 -5 5
adjA=-5 0 10| =[ 15 0 -10
5 -10 5 -10 10 5
0 5 5 0 -1 1 0 -1 1
A-lzL 15 0 10| =23 0 =2|=3 0 =
25 25 5
-10 10 5 2 2 1 2 2 1
Now putting values in (i), we get
x] 0 -1 1][60
y=% 3 0 -2|[45
z| -2 2 1]|70
x] 0-45+70 x| 25| [5
= y|=5|180+0-140 = y|=5|40]=|8
z| -120+90 + 70 z 40| |8

Hence, x=5, y=8, z=8.

X-y+z=4,x-2y-2z=9,2x+y+3z=1.

—4
6. Determine the product |-7
5
-4 4 411 11 —4
Sol. -7 1 3|1 =2 2|=|-7
5 -3-12 1 3 5-
8
=10
0

1—44 4111 -1 1
<17 1 3|1 -2 =2

= 3
5 3 -1f[2 1 3

-3 -1]12 1

4 4111 -1 1

1 3|1 -2 -2| and use it to solve the system of equations
3

[CBSE (AI) 2017]

+4+8 4-8+4 4-8+12
+1+6 7-2+3 —7-2+9
3-2 5+6-1 5+6-3
00] [100
8 0l=8/010[|=8I
08l loo1
1-1 1" R
=1 - 122 =471 3
21 3 5 -3 -1

Given system of equation can be written in matrix form as

AX=B=X=A"'B,
1 -1 1

1 -2 2| x=
21 3

—4
-7
5

where, A=
4 4
1 3
-3 -1

®|—

We have A™ =

Now from (7)

(i)

x 4
y,B=19
z 1
-16+36+4 24
= 4| 28+9+3 |=1|-16
20-27-1 -8
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= y|=(2 = x=3,y=-2,z=-1

7. A shopkeeper has 3 varieties of pens ‘A’, ‘B’ and “‘C’. Meenu purchased 1 pen of each variety for a
total of X 21. Jeevan purchased 4 pens of “A’ variety, 3 pens of ‘B’ variety and 2 pens of ‘C’ variety
for X 60. While Shikha purchased 6 pens of ‘A’ variety, 2 pens of ‘B’ variety and 3 pens of ‘C’
variety for ¥ 70. Using matrix method, find cost of each variety of pen. [CBSE (Central) 2016]

Sol. Let the cost of varieties of pens A, B and C be % x, Ty, and R z respectively.

From question
x+y+z=21, 4x+3y+2z=60, 6x+2y+3z=70
The given system of linear equation in matrix equation is as follows

111 x 21
AX=B,where A=(4 3 2|, X=|y|and B=|60
6 2 3 z 70
AX=B = X=A"B ()
111
Now [Al=]4 3 2|=1(9-4)-1(12-12)+1(8-18))=5-0-10=-5#0
6 2 3
A=09-4)=5 Ay=-(3-2)=-1 Ay =(2-3)=-1
Ap=-(12-12)=0 Ay=(B-6)=-3 Ap=-(2-4)=2
A;3=(8-18)=-10 Aypy=-(2-6)=4 Ap=(3-4)=-1
5 0 -0 [ 5 -1 -1
AdjA=|-1 -3 4| = 0 3 2
-1 2 - -10 4 -1
5 -1 -1
A‘1=ﬁ.ade=—% 0 -3 2
-10 4 -1
Now from (i) X = A™"'B
x 1 5 -1 -1{|21 x 1 -25 x] [5
y:—g 0 -3 2|60 = y:_§_40 = |y|=|8 = x=5y=82z=38
z -10 4 -1||70 z —40 zl 8
= Cost of pen A =% 5; costof pen B=X8 and cost of pen C =38
3 2 1
8. If A=[4 -1 2|, then find A" and hence solve the following system of equations:
7 3 -3
3x+4y+7z=14,2x-y+3z=4,x+2y-3z=0
3 2 1
Sol. Given A=|4 -1 2
7 3 3
|A] =303-6)+(-2)(-12-14)+1(12+7)=62#0
Hence, A™ exists. Let Cj; be the cofactor of a; (ijth element of A)
Now, C;;=(3-6)=-3 Cy=-(-6-3)=9 Cy=(@+1)=5
Cp=—-(-12-14)=26 Cyp=-9-7=-16 Cp=—-(6-4)=-2
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Ci3=(12+7)=19 Cp=—(9-14)=5 Cy=(-3-8)=-11
-3 26 19 [-3 9 5

adjA=| 9 -16 5[=|26 -16 -2
5 -2 11| (19 5 -11

1 -3 9 5
-1 _ - _ _
AT = ) 26 -16 -2
19 5 -11
The given system of equations can be written in matrix form as
3 2 1 x 14
A'X=B, whereA=|4 -1 2| X=|y| B=|4
7 3 3 z 0
= X=@A)'B =X=(A")B [ (A) " =@A™]
x 1 -3 9 5|14 X] 1 -3 26 19|14
= y=6—226 -16 -2|| 4 = vy 9 -16 5|| 4
z 19 5 -11|[0 z] 5 2 -11fl o
x| —42+104+0 x] . 62 x] [1
= Y= 5 126 -64+0 = =6 62 = |y|=|1
z 70-8+0 Z] 62 zl 1

= x=1lLy=1z=1

9. A mixture is to be made of three foods A, B, C. The three foods A, B, C contain nutrients P, Q,

R as shown below: [HOTS]
Food Grams per kg of nutrient
P Q R
A 1 2 5
B 8 1 1
C 4 2 1

How to form a mixture which will have 8 grams of P, 5 grams of Q and 7 grams of R?

Sol. Let food needed be x kg of A, y kg of B and z kg of C. Therefore x kg of A contains 1 gram of
nutrient P. So, x kg of A will contain x grams of nutrient P. Similarly, the amount of nutrient P in
y kg of food B and z kg of food C are 3y and 4z grams respectively. So, total quantity of nutrient
P in x kg of food A, y kg of food B and z kg of food C is x + 3y + 4z grams.

x+3y+4z=8
Similarly, 2x+y+2z=5 [For Q]
and Sx+y+z=7 [For R]
The above system of simultaneous linear equations can be written in matrix form as AX = B.
1 3 4f|x| |8
or, 2 1 2||ly|=1|5
51 1|z |7

13 4
Now, |Al=[2 1 2[=1(1-2)-3(2-10)+4(2-5))=-1+24-12=11#0
51 1
S

So, A™ exists and system have unique solution.
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Let Cj; be the cofactor of 4;; in A = [a;]. Then,

Cy=-1; Cp=8§ Ciz=-3
Cau=2; Cn=6; Cy=-5

-1 8 3" [.1 1 2
adjA=1 -19 14| =| 8 -19 6
2 6 -5 3 14 -5

1 1 2
= Al=—adja=——|8 19 &
AP 4T
-3 14 -5
Putting value of X, A™" and B in X = A™'B, we get

x 1 -1 1 28 X 1 -8+5+14 1 11 1
y=ﬁ8 -19 6 (|5 = YI=1q 64 —95+42 =H11=1
z -3 14 -5(|7 b4 -24+70-35 11] 1

= x=1,y=landz=1.
Thus, the mixture is formed by mixing 1 kg of each of the food A, B and C.

I PROFICIENCY EXERCISE A

B Objective Type Questions: [1 mark each]

1. Choose and write the correct option in each of the following questions.

() If A= [; _32] be such that A™ = kA, then k equals
(@) 19 ®) -5 (©) 19 @
19 L 19
(if) Tf [taile _tine —t:ne ta?e - [Z _ub] , then
@a=1b=1 (b) a=cos26,b=sin26
(c)a=sin20,b=cos20 (d) none of these
(iif) If A is an invertible matrix of order 3 and |A| =5, then |adj A| =
(@) 5 (b) 125 (c) 25 (d) none of these
(iv) If A satisfies the equation x> = 5x% + 4x + A =0, then A™! exists if
(@ r=1 by A2 () A=-1 (d) all of them

10 0
(v) For any 2 x 2 matrix, if A (adj A) = [ , then |A]| is equal to

0 10]
(a) 20 (b) 10 ()0 (d) 100
2. Fill in the blanks.

. N
(i) If adj.A = 41 31

3 1 -2
and adj B =[

], then adj (AB) =

> 3] ,than (AT)_1 =

(i) If A is a non-singular sequence matrix such that A™ = [_2 1

(i) If A= 2 0

then adj A =
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B Very Short Answer Questions: [1 mark each]

i k
5. 1A= S and A (adj A) = 0 , then find the value of k.
—sinx cosx 0 k
4. Aisasquare matrix of order 3 and |A| =7. Write the value of |adjA]|. [CBSE (AI) 2010]
If A is a square matrix of order 3 such that |adj A|=64, find |A].
a b 10 . .
6. If A= cd and B = 01 then find adj (AB).
B Short Answer Questions—I: [2 marks each]

12 3 4_ 1

7. If A= 5 o ,show that A™ = 19A
1 tan%
8. Find the adjoint of the matrix
—tan 1
2

9. Solve the following system of equations by matrix method

3x+y=19

3x-y=23

10. Using elementary transformations, find the inverse of the following matrix
21
7 4
B Short Answer Questions-II: [3 marks each]

11. A typist charges X 145 for typing 10 English and 3 Hindi pages, while charges for typing 3 English
and 10 Hindi pages are ¥ 180. Using matrices, find the charges of typing one English and one

Hindi page separately. [CBSE (North) 2016]
12. If A, B are square matrices of the same order, then prove that adj (AB) = (adj B) (adj A).
2 0 -1
13. Using elementary transformations, find the inverse of the matrix |5 1 0 |. [CBSE (F) 2011]
01 3
2 3 4 -6 i i
14. Let A= [ 1 2 ,B = [_2 4] . Then compute AB. Hence, solve the following system of equations :
2x+y=4, 3x+2y=1 [CBSE Sample Paper 2016]
B Long Answer Questions: [5 marks each]
2-3 5
15. If A=|3 2 —4|find A™. Use it to solve the system of equations
1 12

2x -3y +5z=11
3x+2y—4z=-5

X+y-2z=-3 [CBSE 2018]
16. Using elementary row transformations, find the inverse of the matrix
1 2 3
A=|2 5 7 [CBSE 2018]
-2 -4 -5
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17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

111
If A=|1 0 2|.Find A™. Hence, solve the system of equations
311
X+y+z=6x+2z=73x+y+z=12. [CBSE 2019 (65/1/1)]
Using matrix, solve the following system of equations:
2x-3y+5z=11, 3x+2y-4z=-5, x+y—-2z=-3 [CBSE Delhi 2009]
Obtain the inverse of the following matrix, using elementary operations:
30 -1
A=(2 3 0 [CBSE (AI) 2009]
0 4 1
Using elementary operations, find the inverse of the following matrix:
-112
123 [CBSE Delhi 2011]
311
1 2 2
If A=[2 1 2|, verify that A*>—4A -5I=0. [CBSE Delhi 2008]
2 21
Using elementary transformations, find the inverse of the following matrix:
2 53
3 41 [CBSE (AI) 2008]
16 2
Using matrices, solve the following system of linear equations:
3x-2y+3z=8, 2x+y-z=1, 4x-3y+2z=4 [CBSE (F) 2009]
Using matrices, solve the following system of equations:
x+2y+z=7 x+3z=11 and 2x-3y=1 [CBSE (AI) 2011]
2 01
If A=|2 1 3|, find A>-5A + 4l and hence find a matrix X such that A>—5A4 + 4I + X = 0.
1 -10

[CBSE Delhi 2015]

Using elementary row operations (transformations), find the inverse of the following matrix:

012
123 [CBSE Ajmer 2015]
310
-1 2 2
Find the adjoint of the matrix A=| 2 1 -2| and hence, show that A.(adj A) = |A| L.
221 [CBSE Allahabad 2015]
3 -1 1
Find the inverse of matrix A =|-15 6 -5| and hence show that A™\. A = I. [CBSE Chennai 2015]
5 2 2
8 4 3
Using elementary transformations, find the inverse of the matrix A ={2 1 1| and use it to solve
. . . 122
the following system of linear equations:
8x+4y+3z=19; 2x+y+z=5and x+2y+2z=7 [CBSE Delhi 2016]
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30. Using matrices, solve the following system of equations:
X-y+z=4 2x+y-3z=0; x+y+z=2

31. Using elementary row operations, find the inverse of the following matrix:

2 -1 3
A=|-6 3 1
-3 2 3
32. Using matrices, solve the following system of equations:
2x+3y+3z=5 x-2y+z=-4, 3x-y—-2z=3
33. Using matrices, solve the following system of equations:
x+y-z=3;, 2x+3y+z=10; 3x-y-7z=1
34. Solve the following system of equations by matrix method:
X-y+2z=7
2x -y +3z=12

3x+2y-z=5

Answers

[CBSE (F) 2012]

[CBSE (South) 2016]

[CBSE (AI) 2012]

[CBSE (AI) 2012]

[CBSE 2020 (65/3/1)]

1. (i) (b)

2. (0 [:g jo

(i )
o [2 3]

49

(iti) (c)

(1if) [_02 :1))]

5.

(iv) (d) (@) (b)

d -b
—< a

3.1 4. +8

. % 7]

4 -1
11. ¥ 10 and R 15 respectively

9. x=7,y=-210. l_7 5

|

3 -1 1
13. A'=|-15 6 -5
5 2 2

0
L, x=7,y=-10

14. AB= 02

—_—
N

01 -2

29 -23|; x=1,y=2,z=3

-1 5 -13

2 0 2

5 2 -1f;, x=3,y=1,z=2
1 2 -1
-4 3

3 2

-12 9

15.A7' =

17. Al = 18. x=1,y=2,2z=3

N

1 -1 1
20. A'=|-8 7 -5
5 -4 3

1

19. |2 22. A7l =

21
-1 -1 3

23.x=1,y=2,2z=3 24. x=2,y=1,2z=3 25.

5 4 2

Adjoint and Inv

-1 -3 -10| x

—tan—+

2 8 -7
—|-5 1 7
14 -7 -7

11 3
=1 3 10
5 4 2
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3 21 -3 6 6 20 -1
26. AM=|-9 6 -2 27. adjA=|-6 3 -6 28. A'=[51 0
5 31 -6 -6 3 01 3
2 1
0 3 =3
29. Al= 1 13 2 ;x=1y=2and z=1 30. x=2, y=-1,z=1
3 3
-1 4 0
-7 -9 10
31. A7 =|-12 15 17 32. x=1,y=2,z=-1 33.x=3,y=12z=1
1 1 -1

34.x=2,y=1 and z=3

I, SELF-ASSESSMENT TEST A

Time allowed: 1 hour Max. marks: 30

1. Choose and write the correct option in the following questions. @4x1=4)

(1) The sum of three numbers is 6. If we multiply the third number by 2 and add the first number
to the result, we get 7. By adding second and third numbers to three times the first number,
we get 12. Using matrices, then the numbers are

(@ x=3,y=1,2z=2 ) x=-3,y=1,z=2
(©)x=3,y=-1,z=1 (d) x=3,y=2,z=5
g . P .21 (-3 2| |1 0],
(i1) The matrix A satisfying the equation 3 2] A[ 5 _3] = [O 1118
41 b 1 4 11 g i
(a) 10 (b) 10 (c) 10 (d) zero matrix
21 C oA
(i) If A= 7 5],then |A.adjA]| is equal to
(@) 3 ®)9 (c) 27 (d) 81
1 2 -
(v) If A=|-1 1 2|, then |adj(adjA)| is equal to
12 -1 1
(a) 14 (b) 14? (c) 14° (d) 14*
2. Fill in the blanks. 2x1=2)

(i) If A is an invertible matrix of order 3and |A| =4, then |adjA| =
(if) If A is an invertible matrix of order n then |adj (adj A)| =

B Solve the following questions. 2x1=2)
2 -1
3. Write the adjoint of the following matrix: 4 3 } [CBSE (AI) 2010]
a00
4. If A=|0 a 0|, find the value of |adj A|.
00a
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m Solve the following questions. @4x2=8)

3 10
5. If A= , then write A\,
27
. . 192 . .
6. Find the inverse of the matrix 5 1| using elementary transformations.
_ 2 3 -1 _ L
7. If A_[S 5 , show that A™ = 19A
8. Solve the following system of equations by matrix method
3x+y=19
3x-y=23
m Solve the following questions. B3x3=9)

9. Inasurvey of 20 richest persons of three residential society A, B, C it is found that in society A4,
5 believe in honesty, 10 in hard work and 5 in unfair means while in B, 5 believe in honesty, 8 in
hard work and 7 in unfair means and in C, 6 believe in honesty, 8 in hard work and 6 in unfair
means. If the per day income of 20 richest persons of society A, B, C are X 32,500, % 30,500, X 31,000
respectively, then find the per day income of each type of people by matrix method.

10. A coaching institute of English (subject) conducts classes in two batches I and II and fees for rich
and poor children are different. In batch I, it has 20 poor and 5 rich children and total monthly
collection is ¥ 9,000, whereas in batch II, it has 5 poor and 25 rich children and total monthly
collection is X 26,000. Using matrix method, find monthly fees paid by each child of two types.

843

11. Using elementary transformations, find the inverse of the matrix A ={2 1 1| and use it to solve
the following system of linear equations: 122

8x+4y+32=19; 2x+y+z=5 x+2y+2z=7

m Solve the following question. (1x5=5)

12. Two Trusts A and B receive X 70000 and X 55000 respectively from central government to award
prize to persons of a district in three fields agriculture, education and social service. Trust A
awarded 10, 5 and 15 persons in the field of agriculture, education and social service respectively
while trust B awarded 15, 10 and 5 persons respectively. If all three prizes together amount to
%6000, then find the amount of each prize by matrix method.

Answers
1) @ (i) (c) (i) (b) (iv) (d) 2. ()16 i) 1A
.31 6 7 -10 1 2 B B
3. ad]A—[_4 2] 4. a 515 3] 6. [_2 5] 8.x=7,y=-"2
9. Per day income who believe in honesty, hard work, and unfair means are 1500, 2000, I 1000
respectively.
10. Fee for rich children and poor children are ¥ 1000 and < 200.
0 2/3 -1/3
11. A7 =|1 -13/3 2/3 |x=1,y=2andz=1
-1 4 0

12. Prizesin the field of agriculture, education and social service are ¥ 2000, ¥ 1000 and ¥ 3000 respectively.
(]
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