Long Answer Questions-I (PYQ)

[4 Mark]

Q.1. Find the inverse of A = (_34 11) using elementary transformations.

Ans.

Given, A= [ . ﬁl]
—4 1

For elementary row operations, we write

A=1IA = [3 ﬁ1]=[1 OJA

4 1 01
1 —1/2 1 1/2 : |
[ —4 1/]:[0 {]A [Applying R1 — Ry + 5 Ry |

1 —1/2] [1:u2

A Applving Ry — Ry + 4R
ER i 3 ] |Applying R, 2 1

1 —1/2 [ 1 l/z]A |Applying Ry — - R

0 1 —4:: —3
1 0] [-1 -1 ) :
o 1] 3 _3]A |Applying By — By + 3R |

3 [1 O]A,::[—l —1] ol Al::[—l ~1]
01 -4 -3 -4 -3

Q.2. Using elementary transformations, find the inverse of the matrix

1 3 =2
=3 0 -1
20 N

Ans.



1 3 -2
Let A=]-3 0 -1
21 0

For finding the inverse, using elementary row operation we write

44=lx4
1 3 =d 1 0.0

= -3 0 -1|=(010|A4
21 0 g 01

Applying &y — Ry + 3R, and Ry — R; — 2R, we get

1 3 -2 100
= |0 9 -7|=| 3104
|0 -5 4 o I |
1,0 118 0 -1/3 0
= 0 9 —7 = 3 1 0| A |Applying By — Ry — %Rz |
[ 0 -5 -2 01
1/3 0 -1/3 0
= 1 —7/9 =11/3 1/9 0,,4 [Applying Ry — g Ry |
0 -5 -2 0 1
[1 0 1/3 0 -1/3 0
= |01 -7/9|=|1/3 1/9 0| A |[Applying R3 — Ry + 5K, |
00 1/9 -1/3 5/9 1
(1 O 0 1 -2 -3
= |01 0 |=|-2 4 7 ]|A [Applying Ry = Ry - 3R;, Ry = Ry +TR;]
[0 0 1/9 -1/3 5/9 1




100 1 -2 -3
= |01 0|=|-2 4 7|A |Applying Ry — 9R; |
001 -3 5 9
1 -2 -3
714
9
1 -2 -3
Hence, A —19 & ¢
-3 &5 9

Q.3. Using elementary row operations (transformations), find the inverse of the
following matrix:

01 2
T2 3
310
Ans.
03 2
FebA—="|T 2: 3
3 4.0

For elementary row operations, we proceed as A = /A

012 100
123|={010}A
338 001
2. 2 3 010
= 01 2|=|100|A [Applying R; < R,|
13 18 01
1 2 3 1 0
= 0 1 2{=|1 0 0fA |Applying R; — R; - 3R,|
0 -5 -9 0 -3 1]
1 0 -1 -2 1 0]
= 0 1 2|=|1 0 0|A Applying R} — R - 2R;|
0 -6 -9 -3 1




[1 0 —1 -2 1 0
= 1 2l=11 0 0}4 llApplying Ry — Ry + 5R_>_|
[0 0 1 5 -3 1
1 0 0 3 21
= 1 2l=1]1 0 0l]A [Applying Ry — Ry + Rs|
[0 0 1 5§ -3 1
100 3 -2 1
= 010({=]-9 6 —2|A [Applying Ry — Ry - 2R;]
001 5 -3 1
3 -2 1
Hence, A'=]|-9 6 -2
5 -3 1
-1 -2 -2
A= 2 1 =2
Q.4. Find the adjoint of the matrix 2 -2 1/ 4nd hence, show that A.

(adj A) = |A|ls.

ANS.



4‘1]1=(l—4)=—3Ag|=—(—2—4)=6/"‘]_>=—(2+4>)=—6

Ajy = (4+2) =6As == (2+44) ==-6Ag3= (-1 +4) =3
g g =g]7 =8 8 6]
adiA=|6 3 —6| =|-6 3 -6
6 =6 3 -6 —6' 3 |
—3 —9i=97 [[=8: /8 1@
Again;Aadj A= 92 1 —3§+]=6 3§ =6
2 -2 1 | -6 —6 3 |

(3412412 —6-6+12 —6+12—6
=|-6-6+12 1243412 12-6—6
| —6+12—-6 12-6—6 12+12+3

(27 0 0 100
=10 271 0|=27|01 0
L 0 0 27 001

= |A)l; = RHS.

-1 0
3
1

S N =

5
Q5. If 2 find A%, using elementary row transformations.
Ans.



For using elementary row transformations, we take

A = IA, where [ is identity matrix of order 3 x 3.

0 100
3|=1010}4
1 001

1 —1 0 1 00
0 7 3|=1-210|]4
0 2 1 0 01

I =1 1 0 0
01 0|=|-21 -3|4
k2 4 0 0 1

100 -1 1 -3
010|l=1-2 1 -3}|4
001 4 -2 7
-1 1 -3
Hence, A'=|—-2 1 =3
4 -2 7

Q.6. Find the inverse of the following matrix using elementary operations :

1. 2 =2
A=1-1 3 0
0 -2 1

Ans.



A=|-1 3 0
0 -2 1
Let A=A
1. 2 -2 100
= -1 3 0|=]010]|4
g -2 1 001
1 2 -2 100
= 0 5 -2|{=|11 0| A |Applying R; — Ry + K]
0 -2 1 001
1. 0-=1 L0 1
= |0 1 0{=1{11 2| A |Applying R; — R; + R3, R, — R; + 2R;|
0-=2' 1 001
(10 -1 1@ @
= 01 0|=1|11 2| A|Applying Ry — R; + 2R, |
[ 0 1 2.2 B
i 0 32 6
= 1 =111 2| A |Applying Ry — R, + R;|
L0 4 2 25

2 6
Hence, A1=111 2
2 5

2
173

fA=| 0 -1 4|,fnd (4)"
2 21

Q.7.

Ans.



1 —2 3 |

GivenA=| 0 -1 4}andA'=|-2 -1 2
-2 21 3 4 1
A= 1(-1-8)-0-2(-8+43)=-9+10=1%#0
Hence, (A")~" will exist.
S 5 -2 2
An = —1- 8=-0; A = =%if—2=9) =8
9 1' ' = ‘ 3 1‘ ( /
5 _F 0 -2|
Ay = =8 + 3=5; An= ==(0+8}=-8
13 3 4' 21 '4 1} ( )
Ay =1 -—2’:”6:7; A23:_|1 ot:_m“ 0)=14
3 i 3 4
0 -9 1 -2
A =0- 2=-2; Agy = =(2-4)=2
31 1 2' ’ 32 '2 2’ ( )
1 0
j— =1-0=1
S I
-g §=8F" [=0—8-=7]
adj (A)=1-87-4] =|8 7 2
-2 2 -1 -5 -4 -1
-9 -8 2] [-9 -8 -2]
(A)'=118 7 2|=|8 7 2
-5 -4 -1 | -6 —4. —1]

Q.8. The management committee of a residenti

al colony decided to award some

of its members (say x) for honesty, some (say y) for helping others and some
others (say z) for supervising the workers to keep the colony neat and clean. The
sum of all the awardees is 12. Three times the sum of awardees for co-operation
and supervision added to two times the number of awardees for honesty is 33. If
the sum of the number of awardees for honesty and supervision is twice the
number of awardees for helping others, using matrix method, find the number of

awardees of each category.

Ans.



According to question, the system of equations is
x+y+z=12; 2x+3y+3z=33 and x-2y+z=0

The above system of linear equation can be written in matrix form as AX = B

L 1 3 T 12
where, A= |2 3 3|, X=}y},B=]33
1 21 z 0

P E A
Now, |A]=[2 3 3|=1(3+6)—1(2—-3)+1(-4-3)=9+1-7=3
1 1

-2
“”=q ;‘il'¥=| A[,=-—
4wl=—3 “3_3=0 4‘\—3
“;] = 4\_‘ =-1 “45.‘ = 1
g A =7 g =3 0
AdjA=|-3 0 3|=]1 0 -1
n —1 3 -7 3 1
9 =3 0
Al=zl1 0 -1
=T 3 I

Putting the value of X, A" and Bin X = A™' B, we get

9 -3 0 12 T 108 — 99
yl=3]1 0 -1 33| = |y|l=312+0+0
| %] | =7 3 1 0 z —84 1+ 99
[z ] [ 9 3
yl=312| =14
.z} | 15 5

Sx=3 y=4.x=95

Number of awards for honesty = 3

Number of awards for helping others = 4



Number of awards for supervising = 5.

Q.9. The monthly incomes of Aryan and Babban are in the ratio 3 : 4 and their
monthly expenditures are in the ratio 5 : 7. If each saves ¥ 15,000 per month, find
their monthly incomes using matrix method.

Ans.
Let monthly incomes of Ayran and Babban be X 3x and < 4x while their monthly expenditure be ¥ 5y and

% 7y respectively.
According to question

3x -5y = 15000 (1)

4x - 7y = 15000 o 10)
Above system of linear equations (/) and (i) may be written in matrix form as follows
AX = B where
i [3 5J"X= [I];Bz [15000]
- P § y 15000
AX=B =X=A'B o (H1)

Now |~\| =-214+20=-1

p i
ws-[7 -2
5 3 —4 3

7 5 T -6
g ol =
=% 4 -3

[7 ~5] [15000] a [10.5000—75000]

4 —3]| [ 15000 60000 — 45000
= [I] L [30000] ~ 2= 30000,y = 15000
] = L 15000

Hence monthly income of Aryan = X 90,000

and monthly income of Babban = < 1,20,000

Q.10. A typist charges ¥ 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.



Ans.
Let the charges of English and Hindi typing per page be X x and X y respectively. The information given in

the question can be written in matrix form as

[10 3] [:c]_[MS] g |:10:c#3yJ _[145]
3 10] [y] |180]) 7 |3z+10y] [180

Equating, we get

10x+ 3y =145 (1)
3x+ 10y =180 (1)
Applying (f) x 10 and 3 x (i), we get

100z + 30y = 1450
— 9z 430y =—540

91z =910

(
= r= “ulo =10

Putting x = 10 in ({), we get

y =—3

Hence, charges for English and Hindi typing are 10 and <15 respectively.

Q.11. Ishan wants to donate a rectangular plot of land for a school in his village.
When he was asked to give dimensions of the plot, he told that if its length is
decreased by 50 m and breadth is increased by 50 m, then its area will remain
same, but if length is decreased by 10 m and breadth is decreased by 20 m, then
its area will decrease by 5300 m?2. Using matrices, find the dimensions of the plot.

Ans.

Let length and breadth of rectangular plot be x and y.

According to question

(x=50) (y +50) = xy = 50x — 50y = 2500 = X-y=50 (1)
And  (x-10) (y—-20)=xy—-5300 = 20x + 10y = 5500 => 2X+y=
550 ...(ii)

Linear equations (i) and (ii) may be written in matrix form as follows



AX = B, where

A:[l 1],xzm andB:[SO]
2 1 Y 550
B

AX=B = X=A'B _(ii)

;m:[ll]:1+2:3¢0
2 3

[t ][4 ]
[ A | -2 1

£ 1
e[y
¥ =2 1

From (i)

Now,

X=A'B

= [2]=3[% 1 [on)
[oal =]

= x=Length =200 m and y= Breadth =150 m.

4
G
< 8
—)

If

L]

Q.12. A coaching institute of English (subject) conducts classes in two batches |
and Il 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 I, it
has 5 poor and 25 rich children and total monthly collection is ¥ 26,000. Using
matrix method, find monthly fees paid by each child of two types.

Ans. Let % x and R y be the fees for rich and poor children respectively.

According to question
5x + 20y = 9000
25x + 5y = 26000

Above system of equation is written in matrix form as



AX = B, where A= [ ; 20],X= [z:I,B: [ 9000]

25 5 y 26000
Now |4 :' 2 20’ — 95 500 = —475 £ 0
25 5
5 -251° 5 —20
Again, adj A= [ ] = [ :l
20 5 25 5
PR [ 5 ~20]
w1-25 5
\X =8B => X=A'B

o

[r] . [ 5 20] [9000]_ i [ 4.5000520000]
' | _98 K 26000 475 | 92925000 + 130000

P H T [—475000] . H - [1000]
"y 175 | 95000 - y| | 200

= x= 1000 and y = 200

Hence, fee for rich children = < 1000.

Fee for poor children = T 200.

Q.13. 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 got ¥ 10
more. However, if there were 16 children more, every one would have got ¥ 10
less. Using matrix method, find the number of children and the amount
distributed by Seema.

Ans. Let the number of children be % x and the amount donated by Seema to each child
beXy.

~ From question

(x=8)(y +10) =xy and (x + 16)(y — 10) = xy

= xy+10x-8y—-80=xy and xy—10x + 16y — 160 = xy
= bx—-4y=40 (1)

and 5x -8y =-80 (1)



Equation (i) and (i) may be written in matrix form as

AX =B = X = AB ...(Gii)

Where A= [D —4],B: [ < ],X-—— [17]
5 —8 —80 Y

Now, (Al = - 40 + 20 = - 20

T
waae[2 3T -[21
4 D —5: D

8 4
SER
B| 5 5

Putting A~ in (fif), we get

z] _ . [-84][4] . [=z]_ . [~320 ~4320]
y] 2®|-55/|-8] ~ |yl *|-200 —400

G- l] = ([

Q.14. 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 ¥ 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.

Ans.



Let X x and X y be the amount of money invested in st and 2nd bond respectively.
According to information given in question

z X 4 +y x 2% = 2800

zx%+yx%=2700

= 10x + 12y = 280000 ()
and 12x + 10y = 270000 ..o (1)

Above system of equation can be written in matrix form as

AX = B, where

A 10 12 Fe T e 280000
12 10 Y 270000

AX=B = X=A'B.. (i)
- |A|='10 12':100~144=~44
12 10
i =T 10 —12
A‘:L,ad'A=L,[ = ] =;[ . ]
w VT @ 19 10 il 12 10

Putting the value of X, A~" and B in (iii), we get

[’3] A [ 10 —12] [280000] - [z] _ 1 [ 2800000 — 3240000 ]
y “ 112 10 | [270000 y # | —3360000 + 2700000

ol M R e 3]~ oo

= x= 10000, y= 15000.

4

Hence, invested amount in 1st and 2nd bonds are ¥ 10000 and % 15000.

Long Answer Questions-| (OIQ)

[4 Mark]



Q.1.If A, B are square matrices of the same order, then prove that adj (AB) =
(adj B) (adj A).

Ans.
We know that
(AB) adj (AB) = |AB|I = adj (AB)(AB) (D)

=  (AB)(adjB.adjA)=A.BadjB.adjA=A(B adj B) adj A

= A(IB|I) adj A [~ BadjB =Bl
= |BI(A . adj A)

= [BIIAIl [~ AadjA=|A|l

= [AlIBII

= |AB]I ...(ii)

From (i) and (ii), we get

(AB) (adj AB) = AB (adj B . adj A)

Pre-multiplying both sides by (AB)™, we get

(AB)™ ((AB) adj AB) = (AB)™* ((AB) adj B . adj A)

= adjAB =adjB . adj A

Q.2. In a survey of 20 richest persons of three residential society A, B, Citis
found that in society A, 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 ¥ 32,500, ¥ 30,500, ¥31,000

respectively, then find the per day income of each type of people by matrix
method.

Ans.



Let x, v, z be the per day income of person believing in honesty, hard work and unfair means respectively.

The given situation can be written in matrix form as AX = B

5 30 5 T 32500
Where, A=|5 8 7|,X=|y|, B=|30500
6 8 6 z 31000
5 10 5
Now, |[A| =[5 8 7|=5(48-56) - 10(30 — 42) + 5(40 — 48) = 40 # 0
6 8 6

Hence, A~ exists and system have unique solution.

57

Cu=(-1p|8 7':(48—56)=—8, Cro=(—1)? ':—(30—42):12
Also, a4 649
cu=(-1p4]% 8= a0-19)= -8 on=(-1p2|" 2= (s0-40)= 20
6 8 8 6
Co=(—1p2|° 5':(30—30):0,- Cu=(-12*|% 11— _40-60)=20
6 6 6 8
Cn=(—1p |10 3’:(70—40):30,- Cp = (— 12 Z :|=_(35—25)=—10
Cu=(-1p3|° 10’:(40—50):—10
5 8
g A% =8FF [=8 =28 30
Adj(4)=|-20 0o 20| ={12 0 -10
30 —10 —10 -8 20 10
8 20 30 1 1 < T
ol 5 B X
_adj(4) | 12 1Al P 3 1
Al= T 0 w|=|w 0 =
8 20 10 1 1 1
W W W ¥ 3 YT




Putting the value of X, A™', Bin X = A™'B, we get

1 1
T S5 2 3 32500 T 1500
3 1
= — —_— —_— = —
y 5 9 30500 = Y 2000
z =L T =3 31000 z 1000
5 2 B
= x= 1500, y=2000, z= 1000
Hence, per day income of person who believes in honesty = < 1,500
Per day income of person who believes in hard work = < 2,000
Per day income of person who believes in unfair means = X 1,000

Q.3. Two Trusts A and B receive ¥ 70000 and ¥ 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.

Ans.

Let x, y» z be amount of prize to be awarded in the field of agriculture, education and social service

respectively. The given situation can be written in matrix form as AX = B

100 .5 15 z 70000
Where A= 1|15 10 5 |, X= |y |, B= | 55000
[ I | z 6000
10 5 15
Now, |A|=|15 10 5
1 1 1

=10 (10-5)-5(15-5)+(15-10)=75#0
Hence, A™! exists and system have unique solution.

10 5

1 1‘:(104):5; Crn=(—-1)'? =={15-35)=-10

15 5‘

C = ___lln]
W= 11

Also,



15 10

Op=f=18 l=(15— 10)=5; Cn—=(—1p" ‘: 115|=—(5- 15)= 10
Cyn=(—-1P2 110 115 = (10 - 15) =-5; Cu=(—-1P° 110 ‘;’} = (10- 5)=5
5 15 10 15

Cn = (—1p1 = (25— 150) =125; Ci=(—1p*2 ‘:— 50 — 225) =175
31()3105( ) 32()3155( )
10 5
Cyu=(—-1p3 ‘: 100 - 75) =25
w=(—1p & 46 ( )
B =8 51" 5 10 —125
Adj|Al=| 10 -5 -5| =|-10 -5 175
~-125 175 25 5 —5 25
5 -1 51717 5 10 —125
Adj|4|=] 10 -5 -5| =|—-10 -5 175
—125 175 25 5 —5 25
5 10 125
® B Bm 1 2 -25
adj (A) 10 5 175 1
5 == B 1 -1 5
5] (5] (E)
Putting the value of X, A, Bin X= A~ B, we get
T 1 2 -25 70000 T 70000 + 110000 — 150000
= y|=31-2 -1 35 |.|55000| =5 | 740000 — 55000 + 210000
z 1 -1 5 6000 | 70000 + 55000 + 30000
30000 T 2000
= y| =5 [15000 = y| = |1000
z 45000 z 3000
= x = 2000, y=1000, z=3000.

Hence, prize in the field of agriculture = ¥ 2000
prize in the field of education =% 1000

prize in the field of Social service = ¥ 3000



