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5 Marks
1. The technology matrix is given under.
A B Final demand
A 04 01 6.8
B 07 0.7 10.2
B={07 o7

10 04 0.1 06 —0.1
I_B‘{o 1]_[0.7 0.7}:[—0.7 0.3 ]
-l | 06 -01

“| 07 03

[I-Bl=0.18-0.07=011>0
Since the diagonal elements of (I - B) are positive and |I - B| is positive, the system is viable.

. a._ . 0.3 0.1

(1-BY= radi(f — B) = o | 07 (4

Now X = (I- B! Dwhere D = [££]

X = 1 0.3 0.1 6871 — _1_[0.3x6.8+0.1x10.2
T 07 06 [m] = o1l [m]

__1 r204+1.027 _ _1 [3.067 _ r2781

—W[W] = W[m] = [w}

Gross production of commodity A and B are 27.81
Gross production of B is 98.91 tonnes

2. an = 30, dpp = 40, Xy = 120
dy = 20, dy = 10, Xy = 60

bni"j,‘;":%:%
blzzﬂr‘f % %
b21:%:% %
=== 2=t

The technology matrixis B = {

00 i 2
I-B= 7=

[0 1} [— }

1

6

2
3 3
Since diagonals of I - B are positive and | I - B | is positive, the system is viable

|

sofen ————1
cr.lj_ aks

(I-B)'=r5adi(I-B)=%|]

sl o

X =(1-B)'DwhereD = {80]

40
o [ : } [80}
AR 40
_ o 6667 +26.67 \ _ 75 (9334
T\ 1333 430 T3\ 43.33
(18163
T\ 8432
The output for production section X and Y are 181.63 and 84.32 respectively.
3. Letx,V, z denote the cost of 1 kg of Wheat, Sugar and Rice respectively.

2x+y=70
x+z=170
3x+2y+z=17
The given system can be written as
[2 1 o'l [z'l [70"

10 1llyl=1n

s 21| [ [m]
AX=B=X=A"'B

210 P 70
Whered=|1 0 1|,X= yj|B 70}
32 1 p 170
2 L0 01 11 10
4] = ; g i :2‘2 1‘71‘3 1‘+0‘3 2‘
=200-2)—1(1-3)+0=—4+2+0=-2+£0

. Alexists
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Co-factor matrix = (
( 1
adjA =

2 -1

| N——— =

-2
-1
A= 1ad _Tl{

NN
]
o |
-
=
[
-

[ 1 1 70] [740] {20]
X=A'B=31| 2 -2 0] ==1-601 =130

|_ 2 -1 -1 J |_170J |_7100J LsoJ
.. Cost of 1kg of Wheat, Sugar and Rice are Rs. 20, Rs. 30 and Rs. 50 respectively.
. an =50, a2 = 75,x1 = 200
a1 =100, ay; = 50, x5 =200
bnz%:% %?bu:% ==

_ e 100 _ 1. _
bZl_ z, 200 27b22_

N

gz — 50

L
S 200 1
L 3
*. The technology matrix is B { o ]
7T 7
bog =
I—-B= I e
2 4 2 4
3=
Now, X = (I - B)"' D Where {300]
2 (300)
11 600
75+225 \ (800
150+ 150 J — \ 800
The output of P and Q must be 800 each.
3z —y+22=13;2z+y—2=3

z+3y—5z=-8
The given system can be written as

(V[
IR A

>
I
colon

wloo

Il

—
< 8
—

(3 -1 2\
Where A = , X

s )\
(%)
\-s)

|A] = 3(=5+3) + 1(—10+ 1) + 2(6 — 1)
= —6-9+10=-5#0

. A lexists

A, = Co-factorof 3 = (—5+3) = —

Ay, = Co-factorof —1=—(-10+1)=9
A3 = Co-factorof 2= (6 —1) =5

Ag = Co-factorof 2 = —(5—-6) =1

Az = Co-factorof 1 = —15 — 2 = —17
Ags = Co-factorof —1=—(9+1)=-10
A; = Co-factorof 1 =1—-2= -1

Ay = Co-factorof 3= —(-3—-4) =7

Ajy = Co-factorof —5=3+2=5

-2 9 5
Co-factor matrix = 1 -17 -10

-1 7 5



()= (%)
-/ \v)

r=3,y=—-2,z=1

. Given equations are
X-y+2z=32x+z=1and3x + 2y +z = 4.

The given equations can be written in matrix form as

i H .
[s 2 o] [:] 14

AX=B=X=A"'B

(1 -1 2\l (z\|
Where A=12 0 1 ,X:\y

\3 2 1
(1)
\1)

|4 =1(0 - 2) +1(2 — 3) + 2(4 — 0)
=-2-1+8=5#0

- A exists
-2 1 4
Co-factor matrix = ( 5 -5 -5 )
-1 3 2
-2 5 -1
Al%adJA%( 1 -5 3 )
4 -5 2
X=A1'B
[l I Y el vl R ] B
=1l 1 -5 1l=2313-5+12l=21lw0l=12
L 4 -5 2 4J [1275+8 15J [BJ

r=—-1y=2,2=3
. Given equationsare2x-z=0,5x+y=4andy + 3z = 5
Given equations can be written in matrix form as

2 0 —1] [z 0
5 1 0 yl = |4
01 3 P 5

0

andB= |4

5

=AX =B
2 0 -1
51 0 |, X=
01 3}
|A|=2(3-0)-0-1(5-0)=6-5=14£0
. Alexists.

T

Y
z

Where A =

( 3 -15 5 \
Co-factor matrix = | -1 6 —2
!
4]

[ 3 -1 1"
At=ZdadjA=L1] 15 6 75J

cxeane [ ST
l I

5 -2 2 5
[x] [ 0—-4+5 ] [1]
yl=10+24-25 | = 1-1

z 0-8+10 |_2J

r=1Ly=-1z=2
. We consider selling the units to be a positive earning and buying as a negative earning
3z + 5y — 4z = 6000
2z — 3y + z = 5000
—z + 4y + 6z = 13000
The given system can be written as
(3 5 74\(7)\ (6000\
2 -3 1 =1 5000
\ooa oo )G Lusono)

AX=B=X=A"B

3 5 —4 T
Where A = ( 2 -3 1 )7X_ (y)
-1 4 6 z
6000
B = 5000
13000



|A| = 3(—18 —4) —5(12+ 1) — 4(8 — 3)
= —66— 65— 20 = —151 £ 0

( —22 13 5 \|
Co-factor matrix = —46 —-17
-7 11 -19 /

—22 —46 \ (6000\
-13 14 -11 5000
- 13000 }

—132000 7230000 —91000 \
—78000 470000 —143000
30000 —85000  —247000

( z\ ( —453000 \| ( 3000\|

y | =31 151000 1000

\z } 7302000 2000

r = Rs.3000,y = Rs.1000,z = Rs.2000

9. Let the 3 numbers be x, y and z.
Givenx +y+z=20

2x+y-z=23
3x+y+2z =46
It can be rewritten as
11 1 z 20
2 1 -1 |y|=]23
{3 1 1 :| L:I 46

= AX=B=X=A"1B

11 1 z 20
Whered= |2 1 -1|,X=|y|,B= |23
3.1 1 z 46

=1(1+1)-1(2+3)+1(2-3)
=2-5-122-6=-4#0
- A exists.

Co-factor matrix

Il
—
ISEEN)
U
oo
e L
~———

[ 'I [ 40+ 0 — 92
=1 -100-46+138
L —20 + 46 — 46

r=13,y=2,2=5
.. The 3 numbers are 13, 2 and 5.
10. Let x,V, z be the salary of each type of staff in A, B and C categories
4x + 2y + 3z = 4900
3x + 3y + 2z = 4500
4x + 3y + 4z = 5800
4 2 3
In matrix form [ 33 2
4 3 4
=AX=B=X=A"'B

T 4900
y| = | 4500
z 5800

4 2 3 z 4900
WhereA = [ 3 3 2 ,X:L],B:[%oo]
4 3 Lz 5800
=4(12-6)-2(12-8)+3(9-12)
=4©6)-2l)+3(3)=24-8-9=7=1
- Aexists.

6 -4 -3
Co — factormatriz = | 1 4 -4
-5 1 6



[ 6 1 -5 '| [4900'| [ 20400 445000 —29,000 '|
L X=A"B=1]-4 4 1 45000 | = + —19600 +18000  +5800
-3 -4 6 5800 —14700 —18,000 434800

z 49000 700
(y\ =1 [4200] = [600]
\z 2100 300

Salary for each type of staff under category A, B and C are respectively Rs 700,Rs 2600 and Rs 7300
. Let %, yand 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

43 2] [z 320
2 4 6| |y| =560
6 2 3| |z 380

AX=B

where A = [3 i 2],X: [z}andB_ [223]

4 3 2
\A\:[z 4 6-|=50¢0
6 2 3
Alexist
An=0A1=30A13=-20
A21 =5 A22 = 0A23 =10
A31: 10A32:—20 A33:10
[ 0 30 72()}
[Agl=1 -5 0 10
[10 —-20 10 J
ade:[Ai]-]T

0 -5 10 320
=%| 30 o -20 [|560
-20 10 10 380

20
-5 10 32
0 -20 56
0 10 10 38
0

3

0 —280 +380
6! 0 —760
—640 +560 +380
0

0

0

1
5 0
2

1
5 9l
2]

1
5 |-20 J

E
|

300
[o]- 1]
y1=140
] [w]
x=20,y=40,z =60
Cost of 1 kg onion is Rs.20, cost of 1 kg wheat is Rs.40 and cost of 1 kg rice is Rs.60.
. Here the technology matrix is given under
Steel Coal Final demand
Steel 04 01 50
Coal 07 06 100
Labourdays 5 2 -

The technology matrix is B = [0'4 0'1}
0.7 06
I-B= {1 0]_ [0.4 0.1} - [ 0.6 7041}
01 0.7 0.6 -0.7 04
06 0.1
IT- Bl _‘ 0.7 04 ‘

=(0.6)(0.4) — (-0.7)(-0.1)
=0.24-0.07=0.17
Since the diagonal elements of I — B are positive and value of |I-B| is positive, the system is viable.

. 04 0.1
adj(I - B) = [0.7 0.6]

(I-B)11= Aradil-B)



. o4 01
T 0T |07 0.6

o ma _[50
X=(1-B) D,whereD-[100
. [o4 01750
T 07 06 ||100
o {30}

T |95

_[176.5

T | 5588

Steel output = 176.5 tonnes

Coal output = 558.8 tonnes

Total labour days required

= 5(steel output) + 2( coal output)

=5(176.5) + 2(558.8)
=882.5 + 1117.6 = 2000.1

~ 2000 labour days.
3 Marks
1. AB:[3 71] [3 0]:[971 0+2]:[8 2}
2 1|1 -2 6+1 0-2 7 -2
=-16-14=-30
~.1AB| = 30
14. Expanding the given determinant along R; we
7 411
-3 5 z|=0
-z 3 1

15.

16.

17.

18.

=2705B-3X)-4(3B+x2)+11(-9+5x)=0
=235-21x+12-4x2-99 +55x = 0
>-4x*+34x-52=0

+ by-2

20— 17z +26 =0

222 —4x — 132 +26 =0

2e(x —2) —13(x—2) =0

(2z —13)(z —2) = 0

z=22

z 2 -1

2 5 z |=0

-1 2 =z

xX(5% - 2X)2(2x +X)-1 (4 +5) =0
3x2-6x-9=0

x2 - 2x - 3 = 0 (Divided by 3)
x-3)x+1)=0
z=43,-1

10041 10042 10043
10045 10046 10047
10049 10050 10051

Applying the elementary transformation Ry — Ra—Ri, R3 — R3—R2 we get

10041 10042 10043
4 4 4 = 0 Since Ry ~ Ry
8 8 8
5 5 5
— 52 53 54
54 5 58

Taking 5 and 52 common from R;and R,
1 5 5

5x5% 1 5 5 |=0(Since R, = R,)
5% 5 5

2x+3y=5

X-2y=-1

The given system can be written as

2 3 ][x]_[5
AR

AX=B=X=A'B

2 3 T 5
WhereA:[1 72},X: |:y:|’B:|:71:|

A= -4-3=-T7%0
. ATexists.

_ . _ -2 -3
Al:ﬁadJA:T%fl 2)
X=4"'B



19.

Solutionisz =1,y =1
an = 500 ap = 1600 Xp = 2500
a1 = 1750 ay, = 1600 X, = 8000

__ay __ 500 _ . _ap _ 1600 _
bu= 3t = 55 =0.20b = 2 = 55 =0.20

by = 2 = 48 = 0.70;b2s = & = 45 = 0.20
.. [02 02
The technology matrixis| . ',
10 02 0.2
I'B:[o 1] - [0.7 0.2}
0.8 —0.2 o .
=[ 07 08 ] ,elements of main diagonal are positive
08 02
Now, II-Bl=| 00 o4
= (0.8)(0.8) — (-0.7)(-0.2)
=0.64 - 0.14
=0.50 >0

Since diagonal elements of I - B are positive and |I — Bl is positive,
Hawkins — Simon conditions are satisfied
Hence this system has a solution.

2 Marks
20. a;;, =15, a;, =10, z; =35

21

22.

23.

24,

ay =20, ay =230, z,=065

_oan _ 15 _ 3, — oz _ 10 _ 2
bu=3 =5 7 b= =gF =g
_ ey _ 20 _ 4, _ap _ 30 _ 6
b21*1,*35 79 b22*zz*65*13
3 2
_ 7 13
B= i &
7 13
3 2 4 —2
I_B=|Y 0 _|7 m|_|7T ®
o 1 4 8| T |4 L
7 13 7 13

IS

I-B=%x%—(Fx7)=5" =%

Since the diagonal elements of I - B are positive and |I -B|.is-positive/the'system is@tailable

Z 2
(1B = rlmadj(pB):g—%< )
= = 81136
Now,X:(I—B)—lthereD:[iz}:?_é[lj Z]EZ}:%<Q>
7 7 7

(a2
~\ 8
The gross output for two sectors X and Y are 42 and 78 respectively

0.50 0.30
B=
0.41 0.33

I-B= [1 0] B [0.50 0.30} _ [ 0.50 —0.30 ]
0 1 0.41 0.33 —0.41 0.67

=(0.50) (0.67) - (0.30) (0.41)

I —B|=0335-0123=0.212> 0

Since the main diagonal elements of I - B are positive and |I-B| is positive. Hawkins Simon conditions are satisfied. Therefore given system is viable

_[ o6 o9
B= [0.20 0.80]

[-B= [1 0] _ [ 0.6 0.9 ] _ [ 0.4 70.9]
01 0.20 0.80 —0.20 0.20
I1-BI :[ 04 —09 ]
020 0.20
=0.08-018=-01<0
Since |1 - B| is negative, Hawkins - Simon conditions are not satisfied.
Therefore the given system is not viable.

The technology matrix is
0.50 0.25
b= [0.40 0.67]

[-p=|! 0] _[os0 025] [ 050 -0.25
“lo 1 0.40 0.67 | | —0.40 0.33

I B|=0.165 - 0.1= 0.065 > 0

Since the diagonal elements of (I - B) are positive and |1 - B| is positive, Hawkins - Simon conditions are satisfied.

Therefore the given system is viable.

_|5 20
LetA= 0 71‘
Minor of 5 = My; = -1
Minor of 20 = My, = 0




25.

Minor of 0 = My; = 20
Minor of -1=M,,=5
Co-factor of 5= Ay = -1
Co-factorof 20=A;, =0
Co-factor of 0 = Ay = 20
Co-factorof -1=Ax =5

-2

Main diagonal element in I - B are positive
I-Bl=+-%2=%>0

20

.2 Hawkin-Simon conditions are satisfied.

Hence the system is viable.
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