Matrices

Case Study Based Questions

Case Study 1

A manufacturer produces three stationery products pencil, eraser and sharpener
which he sells in two markets. Annual sale is mentioned below:

Products (in numbers)
Market
Pencil Eraser Sharpener
X 15,000 6.000 8.000
Y 9,500 17,000 12,000

If the unit sale price of pencil, eraser and sharpener are ¥ 3.50, 1.75 and % 2.00
respectively, and unit cost of the above three commodities are 3.25, 2 1.50 and 0.75

respectively.

Based on the above information, solve the following questions:
Q1. Total revenue of market X is:

a. 64,000 b. 60,000
c. 79,000 d. 81,000
Q2. Total revenue of market Y is:

a. ¥ 35,000 b. 87,000
¢. 53,000 d. 81,000
Q 3. Cost incurred in market X is:
a.313,000 b. % 30,100

€. 347,400 d. 263,750



Q4. Profit in markets X and Y respectively are:
a.% 15,250 and % 21,625
b. % 17,000 and ¥ 15,000
¢.% 10,000 and 2 20,000
d.% 51,000 and % 71,000

Q5. Gross profit in both market is:

a. ¥23,000 b. ¥32,000
c. 336,875 d. 40,200
Solutions

1. Given data can be written in matrix form as below:

Pencil Eraser Sharpener SalePrice CostPrice

Marketxraooo 6000 B,DDO} ?75; ?525
vy| 9500 17000 12000 | |
2x3{200J, ,|075],,
(15000 6000 8000
Let A= :
9500 17000 12000
3,50 325
B=|175 | C=|150
2.00 075
15000 6000 8000 7|20
Now. AB=| 9200 17000 1éDDD} 75
L= | | 200
1| 15000 x350+ 6000 x1.75 + 8000 x2
- ~| 9500 x3.50 + 17,000 x1.75 + 12,000 x2
[52500+10500+160007] [79000
~|33250+ 29750+ 24000 ~ | 87000
15000 6000 8000 1|22
and AC:[SJ,BUO 17,000 12,000} >0

0.75

15,000 x3.25 + 6,000 x1.50+ 8000 x0.75
{9,500 x3.25 + 17.000 x 1.50 + 12,000 x 0.75}
48750+9000+60007 [63750
- {30,875+25,500+ 9,000} :{65,375}



. Total revenue of market X is ¥ 79,000.
So. option (c) is correct.

2. From the above data, total revenue of market Y is
¥ 87.000.
So, option (b) is correct.

3. From the above data, cost incurred in market X is
¥ 63,750.
So, option (d) is correct.

4.

From the above data, profit = AB - AC
[79.000] [63750 79000-63750] [15250
1 87000 |1 87.000-65375| |21625

65375

= Total revenue of market X is 79,000 and cost incurred in market X is % 63,750.
~ Profit in market X =% (79,000-63,750) = % 15,250

= Total revenue of market Y is 87,000 and cost incurred in market Y is % 65,375.
= Profit in market Y = % (87,000 - 65,375) = ¥ 21,625

So, option (a) is correct.

5. Gross profit in both markets

= Profit in market X + Profit in market Y

=% (15,250 + 21,625) = ¥ 36,875

So, option (c) is correct.

Case Study 2

Three schools A, B and C organised a mela for collecting funds for helping the
rehabilitation of flood victims. They sold handmade fans, mats and plates from
recycled material at a cost of ¥ 25, % 100 and % 50 each. The number of articles sold
are given:




School/Article A B C
Hand-fans 40 25 35
Mats 50 40 50
Plates 20 30 40

Based on the above information, solve the following questions:

Q1. The fund collected by school A if they sold 45 hand-fans, 40 mats and 25 plates,
is:

a.%6,375 b. X 14,000

€. 321,000 d.X 18,000

Q2. The fund collected by school B and Cis:
a.314,000 b.< 18,000

€. 321,000 d.% 6,375

Q3. The total fund collected by all the schools is:
a.36,375 b. % 14,000

€. 18,000 d. 21,000

Q4. If the number of hand-fans and mats are interchanged for all the schools, what is
the total fund collected by all schools?

a.%21,000 b.% 18,000
€. 314,000 d.%6,375

Q5. The total number of all articles sold is:

a.% 230 b.< 280
¢.T 330 d. Z350
Solutions

1. As we have to find the funds collected by each school. We write table as:

Hand-fan Mats Plates
40 50 20 25

A
B|= 25 40 30 100
C



1,000 + 5,000 + 1,000 7,000
=| 625+ 4,000+ 1500 |=| 6125
875 + 5,000 + 2,000 7875

Funds collected by schools A, B and C are ¥ 7,000, % 6,125 and X 7,875 respectively.
Fund collected by school A if they sold 45 hand-fans, 40 mats and 25 plates
=45x25+40 % 100 + 25 x50

=1,125+4,000 + 1,250 =% 6,375

So, option (a) is correct.

2. Fund collected by schools B and C

=6,125+7,875 =3 14,000

So, option (a) is correct.

3. Total fund collected by all the schools

=7,000 + 6,125 + 7,875 =% 21,000

So, option (d) is correct.

4. According to the given condition,

50 40 20|| 25
40 25 301|100
50 35 40|(| 50

1250+ 4,000+1000 6.250
=| 1000+ 2,500+1500 | =| 5000
1250+ 3500+ 2,000 6,750

Total fund collected by all schools

=6,250 + 5,000 + 6,750 = ¥ 18,000

So, option (b) is correct.

5. Total number of all articles sold

= (40 + 25+ 35) + (50 + 40 + 50) + (20 + 30 + 40)
=330

So, option (c) is correct.



Case Study 3

Two farmers Ramakishan and Gurucharan Singh cultivate only three varieties of rice
namely Basmati, Permal and Naura. The sale (in rupees) of these varieties of rice by
both the farmers in the month of September and October are given by the following
matrices A and B.

~

'.'Jl,,‘-".

AR - " L

%‘n?%m AL S W

September sales (in )

10,000 20,000 30,000} Ramakishan

150,000 30,000 10,000

A=
Gurucharan

October sales (in )
5,000 10,000 6,000 |Ramakishan
120,000 10,000 10,000

B =

Gurucharan

Based on the above information, solve the following questions:

Q1. The total sales in September and October for each farmer in each variety can be
represented as:

a.A+B b.A-B

c.A>B d.A<B

Q2. What is the value of A» ?

a. 10,000 b. 20,000

¢. 30,000 d. 40,000

Q3. The decrease in sales from September to October is given by:
a.A+B b.A-B

c.A>B d.A<B

Q4. If Ramakishan receives 2% profit on gross sales, compute his profit for each
variety sold in October.

a.%3100,%3200and X120
b. 2100, %200 and X130



¢. 100,%3220and X120
d. ¥110,%200and 2120

Q5. If Gurucharan receives 2% profit on gross sales, compute his profit for each
variety sold in September.

a.3100,% 200,120
b.Z 1,000, X 600, 2 200
€. 3400,% 200,120
d.% 1,200, 200,% 120
Solutions

1. Total sales in September and October for each farmer in each variety can be
represented as A + B.

So, option (a) is correct.

2. The value of A;3in A=10,000

So, option (a) is correct.

3. The decrease in sales from September to October is given by A - B.

So, option (b) is correct.

4 2% of B= -2 xB=002 xB
100

5000 10000 6000
20,000 10,000 10,000

_{100 200 120}Ramaki5han

=0.02

400 200 200 /|Gurucharan

= Required profit of Ramakishan for each variety sold in October are X 100, ¥ 200 and
% 120.

So, option (a) is correct.

5. 2% of A= 2 xA=0.02xA
100



50,000 30,000 10,000
B 200 400 600 |Ramakishan
11,000 600 200

10,000 20,000 30.000
:0.02{ }

Gurucharan

= Required profit of Gurucharan for each variety sold in September are 1,000, 600
and 200.

So, option (b) is correct.
Case Study 4

To promote the making of toilets for women, an organisation tried to generate
awareness through (i) house calls, (ii) emails and (iii) announcements.

b

The cost for each model per attempt is given below:

()50 (i) 20 (iii) T 40

The number of attempts made in the villages X, Y and Z are given below:
(i) (ii) (iii)

X 400 300 100

Y 300 250 75

Z 500 400 150

Also, the chance of making of toilets corresponding to one attempt of given model is:

(i) 2% (i) 4% (iii) 20%

Based on the above information, solve the following questions:

Q1. The cost incurred by the organisation on village X is:

a.310,000 b. X 15,000

€.% 30,000 d. 20,000



Q2. The cost incurred by the organisation on village Y is:
a. % 25,000 b. % 18,000
¢. % 23,000 d. 28,000
Q3. The cost incurred by the organisation on village Z is:
a.319,000 b. % 39,000
c. 245,000 d. ¥ 50,000

Q 4. The total number of toilets that can be expected after the promotion in village X,
is:

a.20 b. 30
c.40 d.50

Q5. The total number of toilets that can be expected after the production in village Z,
is:

a. 26 C. 46
b. 36 d. 56
Solutions

1. Let A, B and C be the cost incurred by the organisation for villages X, Y and Z
respectively. Then A, B, C will be given by the following matrix equation:
300 250 75

50 A
20|=|B
500 400 150(| 40 C

{A] 400 x50 + 300 x20 + 100 x40]
=

{400 300 100]

B |=| 300 x50 + 250 x20 + 75 x40
C|] [500x50+ 400 =20 +150 x40

(20,000 + 6,000 + 4,000] [30,000
| 15,000 + 5,000 + 3,000 | =| 23,000
| 25,000+ 8,000 + 6,000 |39,000]

The cost incurred by the organisation on village X is ¥ 30,000.
So, option (c) is correct.

2. From the above data, the cost incurred by the organisation on village Y is X 23,000.



So, option (c) is correct.
3. From the above data, the cost incurred by the organisation on village Z is % 39,000.
So, option (b) is correct.

4. Total number of toilets that can be expected in each village is given by the following
matrix:

X| [400 300 100][ 2/100
=300 250 75 || 4/100
| 500 400 150(|20/100

v
Z

X1 [8+12+207 [40
V|=| 6+10+15 |=| 31
|Zz| [10+16+30] |56

The total number of toilets that can be expected after promotion in village X is 40.
So, option (c) is correct.

5. The total number of toilets that can be expected after the production in village Z is
56.

So, option (d) is correct.
Case Study 5

Assume X, Y, Z, W and P are matrices of order 2xn,3xk,2xp,nx3and p xKk,
respectively.

Based on the above information, solve the following questions: (NCERT EXERCISE)
Q1. The restriction on n, k and p, so that define the order of PY + WY.

Q2. If n = p, then find the order of the matrix 7X - 5Z.

Solutions

1. Given, order of the matrix P =p x k

order of the matrix Y =3 x k

and order of the matrix W=nx3

PY is defined when,

Number of columns of matrix P = Number of rows of matrix Y



k=3 (1)
Also, WY is defined when,

Number of columns of matrix W = Number of rows of matrix Y
=3=3 (True)
Now, PY+WY is defined when both PY and WY have same order.
=~ Order of matrix PY=p x 3

and order of matrix WY =n x k

Here, restriction for PY + WY arep=nand k = 3.

2. Matrix X is of the order 2 x n.

Therefore, matrix 7X is also of the same order.

Matrix Z is of the order 2 x pi.e., 2 x n (Since, n = p)

Therefore, matrix 5Z is also of the same order.

Now, both the matrices 7X and 5Z are of the order 2 x n.

Thus, matrix 7X - 5Z is well-defined and is of order 2 x n.

Case Study 6

Sanjeev, Amit and Nitika were given the task of creating a square matrix of order 3. X,
Y and Z are the matrices created by Sanjeev, Amit and Nitika respectively, which is
given below:

2 -1 J2 1 -1 3 1 0]
X=l0 3 1 |,Y:‘1 0 3 |,Z: 12 1]
{—1 0 2J \‘2 1 —1J 0 1 2J
Based on the above information, solve the following questions:
Q1. Ifa=5and b =-3, then find the value of (bX)" + (az) .
Q2. Find the value of (XY - YZ).
Q3. Ifa=-4 and b =-2, then find the value of (a - b) (YZ).

Solutions



1 0 -1 3 10
1 Here, X'=|2 3 0landZ"=|1 2 1
11 2 01 2

Now, (bX)" +(aZ)" =bXT +az’
1 0 -1 3 -1
~(-3) 2 3 0 +5)1

0
2 1
-1 01 2
3 0 3 2 -5 3
:—6—90+5 ]{115
3 3 -6 3 2 4
12_121_

2. Here, XY=(0 3 1||1 0 3
-1 0 22 1

(2+2—2 1+0-1 —1+6+T‘ 2 0 6
= 0+3+2 0+0+1 0+9-1 :{5 1 B—I
L—2+D+4 -1+0+2 1+D—2J 12 1

[2 1 —THB 1 D—‘
and VZ=[1 0 3 12 1

2 1 —ME] 1 ZJ

[6-1+0 2+2-1 0+1-2] [ 3 -1
=|3+0+0 1+0+3 0+0+6|=|3 4 6
6-1+0 2+2-1 0+1-2 5 3 -1

2 0 6 5 3 -1 -3 -3 7

L XY-YZ=|/5 1 8|-|3 4 6|=|2 -3 2

2 1 - 5 3 -1 -3 -2 0

5 3 -
3. Here,YZ=|3 4 6 (from Q. 2)
5 3 -
5 3 -1
Now, (a-b)(YZ)' =(-4+2)|3 4 6
5 3 1
5 10 6 40}
:—2{3 4 3 6 -8 -6
16 —1J {2 12 2J

Case Study 7

If A =[a;j]is m x n matrix, then the matrix obtained by interchanging the rows and
columns of A is called the transpose of A.



A square matrix A = [a;] is said to be symmetric, if AT= A for all possible values of i and
-

A square matrix A = [a;] is said to be skew-symmetric, if AT = -A for all possible values
ofiandj.

Based on the above information, solve the following questions:
Q1. Evaluate (ABC)", by using transpose properties.
Q2. What is the relation between symmetric and skew-symmetric matrices?

Q3. For any square matrix A with real number entries, show that (A + A) T is symmetric
matrix and (A - A)Tis a skew-symmetric matrix.

Or
r [0 -1 2 -1
If A" = 5 3 and B= 1 a4l then evaluate

A+B)".
Solutions

1. (ABC) ={(AB)C} =C"(AB) =C'BAT

2. Any square matrix can be expressed as sum of a
symmetric and skew-symmetric matrices.

3. (A+ AT =(AT + (AT =AT + A [ (AT) = A)
=(A+A")
and (A-AN) =(A) —(AT) =AT-A=—(A-AT)
So, (A + AT) is symmetric matrix and (A-A') is a
skew-symmetric matrix.

Or
0 T
Given, Al =
ven p 3_
0 -1
AT T=
(A") 2 3
(0 2] 2
= A= and B=
-1 3 1 4

wn B
(296

RN



Case Study 8

Three car dealers, say A, B and C, deals in three types of cars, namely Hatchback cars,
Sedan cars, SUV cars. The sales figure of 2019 and 2020 showed that dealer A sold
120 Hatchback, 50 Sedan, 10 SUV cars in 2019 and 300 Hatchback, 150 Sedan, 20 SUV
cars in 2020; dealer B sold 100 Hatchback, 30 Sedan, 5 SUV cars in 2019 and 200
Hatchback, 50 Sedan, 6 SUV cars in 2020; dealer C sold 90 Hatchback, 40 Sedan, 2
SUV cars in 2019 and 100 Hatchback, 60 Sedan, 5 SUV cars in 2020.

Based on the above information, solve the following questions:
Q1. Find the matrix summarising sales data of 2019 and 2020.

Q 2. Find the matrix form of the total number of cars sold in two given years, by each
dealer.

Or
Find the matrix form of the increase in sales from 2019 to 2020.

Q3. If each dealer receive profit of * 50,000 on sale of a Hatchback, Z 1,00,000 on sale
of a Sedan and % 2,00,000 on sale of a SUV, then find the matrix form of the amount
of profit received in the year 2020 by each dealer.

1.1n 2019, dealer A sold 120 Hatchback, 50 Sedan and 10 SUV; dealer B sold 100
Hatchback, 30 Sedan and 5 SUV and dealer C sold 90 Hatchback, 40 Sedan and 2 SUV.
=~ Required matrix, say P, is given by
Hatchback Sedan SUV
A 120 50 10
P=B 100 30 5
C 90 40 2

Solutions



In 2020, dealer A sold 300 Hatchback, 150 Sedan, 20 SUV dealer B sold 200
Hatchback, 50 Sedan, 6 SUV and dealer C sold 100 Hatchback, 60 Sedan, 5 SUV.

= Required matrix, say Q, is given by

Solutions

Hatchback Sedan SUV
A 300 150 20

Q=8B 200 50 6
C 100 60 5

2. Total number of cars sold in two given years, by each dealer, is given by
Hatchback Sedan SUV
A[120+300 50+150 10+20

P+0=B|100+200 30+50 5+6
C| 90+100 40+60 2+5

Hatchback Sedan SUV

Al 420 200 30
=B 300 80 1

C 190 100 7

3. The amount of profit in 2020 received by each dealer is given by the matrix

Hatchback Sedan SUV
A 300 150 20 50,000

B 200 50 6 100,000
C 100 60 5 || 200000

A{150,00,000 + 1,50,00,000 + 40,00,000
=B| 1,00,00,000 + 50,00,000 + 12,000,000
C| 50,00,000 + 60,00,000 +10,00,000

A|3,40,00,000

=B 162,00,000
C | 1.20,00,000



Solutions for Questions 9 to 18 are Given Below

Case Study 9

In a city there are two factories A and B. Each factory produces sports clothes for boys

and girls. There are three types of clothes produced in both the factories, type I, IT and I11.

For boys the number of units of types L, Il and III respectively are 80, 70 and 65 in factory

A and 85, 65 and 72 are in factory B. For girls the number of units of types I, IT and III
respectively are 80, 75, 90 in factory A and 50, 55, 80 are in factory B.

— —_—

- -

Based on the above information, answer the following questions.

(i) If P represents the matrix of number of units of each type produced by factory A for
both boys and girls, then P is given by

Boys Girls
1 85 so0 I II 111
Girls|85 65 72
m|72 8o
Boys Girls
I I1 111 1 [80 80
(© E’t[i ;g :g] @ w7 75
ir mfles 90

(ii) If Q represents the matrix of number of units of each type produced by factory B for
both boys and girls, then Q is given by

Girls
IB‘;}; 5;} I I Im
{.’-1] nles ss {b} B-D}'S 50 55 80D
Girls| 85 65 72

nry72 80


user
Typewritten text
Solutions for Questions 9 to 18 are Given Below


Boys Girls

I I m I |80 80
(c) Bﬂ}'ﬁlﬂﬂ 75 9“] @ {70 75
Girls| 80 70 65 miles 9o

(iii) The total production of sports clothes of each type for boys is given by the matrix

I I I ooom I nm o m I o
(a) [165 130 137] (b) 130 165 137) (c) [165 135 137]  (d) [137 135 165]

(iv) The total production of sports clothes of each type for girls is given by the matrix

| I 111 1 11 I | 11 11
(a) [130 130 170] (b) [170 130 130] () 130 170 130] (d) none of these

(v) Let R be a 3 x 2 matrix that represent the total production of sports clothes of each type for boys and girls,
then transpose of R is

6 0 168
165 135 137 y [130 130 0] 13: i;‘i “ :;ﬂ :35
130 130 170 165 135 138 o

137 170 170 137

Case Study 10

To promote the making of toilets for women, an organisation
tried to generate awareness through (i) house calls (ii)
emails and (iii) announcements. The cost for each mode per
attempt is given below :

(i) T 50 (ii) T 20 (iii) T 40

The number of attempts made in the villages X, Y and Z are

given below :

(i) (ii) (iii)

X 400 300 100

Y 300 250 75

Z 500 400 150
Also, the chance of making of toilets corresponding to one attempt of given modes is
(i) 2% (ii) 4% (iii) 20%

Based on the above information, answer the following questions.
(i) The cost incurred by the organisation on village X is

(a) ¥ 10000 (b) T 15000 (c) T 30000 (d) T 20000
(ii) The cost incurred by the organisation on village Y is

(a) ¥ 25000 (b) T 18000 (¢) < 23000 (d) ¥ 28000
(iii) The cost incurred by the organisation on village Z is

(a) T 19000 (b) T 39000 (c) T 45000 (d) T 50000
(iv) The total number of toilets that can be expected after the promotion in village X, is

(a) 20 (b) 30 (c) 40 (d) 50
(v) The total number of toilets that can be expected after the promotion in village Z, is

(a) 26 (b) 36 (c) 46 (d) 56

Case Study 11

Three car dealers, say A, B and C, deals in three types of cars, namely Hatchback cars, Sedan cars, SUV cars.
The sales figure of 2019 and 2020 showed that dealer A sold 120 Hatchback, 50 Sedan, 10 SUV cars in 2019 and



300 Hatchback, 150 Sedan, 20 SUV cars in 2020; dealer B sold 100 Hatchback, 30 Sedan, 5 SUV cars in 2019 and
200 Hatchback, 50 Sedan, 6 SUV cars in 2020: dealer C sold 90 Hatchback, 40 Sedan, 2 SUV cars in 2019 and
100 Hatchback, 60 Sedan, 5 SUV cars in 2020.

Based on the above information, answer the following questions.

(i) The matrix summarizing sales data of 2019 is

Hatchback Sedan SUV Hatchback Sedan SUV
Al300 150 20 Af120 50 10
@ gl =0 6 (b) B |100 30 5
clwo 30 5 c|% 0 2
Hatchback Sedan SU_V Hatchback Sedan SUV
A [100 30 5 Al 200 50 6
© Bli2o s0 10 (d pf100 30 5
C |90 40 2 C| 300 150 20
(ii) The matrix summarizing sales data of 2020 is
_Halchback Sedan suv Hatchback Sedan SUV
Al 300 150 20 A 120 50 10
C _lﬂﬂ 60 5 | C |90 40 2
Hatchback Sedan SUV Hatchback Sedan SUV
Al100 60 5 Al 200 50 6
© gli20 50 10 (@ gli00 60 5
C |90 40 2 C| 300 150 20
(iii) The total number of cars sold in two given years, by each dealer, is given by the matrix
Hatchback Sedan SUV Hatchback Sedan SUV
Al190 100 7 A| 300 80 11
@ gl 300 0 11 () pf190 100 7
Cl 420 200 30 Cy 420 200 30

_Halchback Sedan SL"'I-'_'
Al 420 200 30

(©  B|300 80 11
C|190 100 7

(iv) The increase in sales from 2019 to 2020 is given by the matrix

(d) None of these

Hatchback Sedan SUV Hatchback Sedan SUV
Al 180 100 10 Al10 20 3

C| 100 20 3 C|180 100 10



Hatchback Sedan SUV Hatchback Sedan SUV

A|180 100 10 Al 100 20 3
(c) B|100 20 1 (d) B|180 100 10
cl|10 20 3 C|10 20 3

(v) If each dealer receive profit of ¥ 50000 on sale of a Hatchback, T 100000 on sale of a Sedan and ¥ 200000
on sale of a SUV, then amount of profit received in the year 2020 by each dealer is given by the matrix.

A| 30000000 A| 12000000 A| 34000000 A| 15000000
(a) B| 15000000 (b) B|16200000 (c) B|16200000 (d) B} 30000000
C| 12000000 C| 34000000 C| 12000000 C| 12000000

Case Study 12

A trust fund has T 35000 that must be invested in two different types of bonds, say X and Y. The first bond pays
10% interest p.a. which will be given to an old age home and second one pays 8% interest p.a. which will be given
to WWA (Women Welfare Association).

Let A be a 1 x 2 matrix and B be a 2 x 1 matrix, representing the investment and interest rate on each bond
respectively.

Women Empowerment

Based on the above information, answer the following questions.

(i) If T 15000 is invested in bond X, then

Investment X Y
_Xx|[15000]
(a) A-y 5 :E—[ﬂ'.l u.us]lmemst rate
Int_ﬂcslr_alt:
b) A =Invest tlﬁgﬂﬂzt;}ﬂﬂﬂx 01
= lnvesimen =
(b) estment | } Y |0.08
Interest rate
X v X [o0.08
() A=Investment [20000 15000} B=_ |

(d) None of these
(ii) If ¥ 15000 is invested in bond X, then total amount of interest received on both bonds is

(a) ¥ 2000 (b) T2100 (c) 3100 (d) T 4000
(iii) If the trust fund obtains an annual total interest of ¥ 3200, then the investment in two bonds is

(a) T15000in X,<20000inY (b) T17000in X, 18000 in Y

(c) <20000in X,<15000in Y (d) <18000in X, 17000 in Y

(iv) The total amount of interest received on both bonds is given by
(a) AB (b) A'B (c) BFA (d) none of these



(v) If the amount of interest given to old age home is ¥ 500, then the amount of investment in bond Y is
(a) 20000 (b) ¥ 30000 (c) T 15000 (d) 25000

Case Study 13

Three schools A, B and C organized a mela for
collecting funds for helping the rehabilitation of
flood victims. They sold hand made fans, mats and
plates from recycled material at a cost of ¥ 25,3 100
and ¥ 50 each. The number of articles sold by school
A, B, C are given below.

School| A B C
\\\\
Article
Fans 40 25 35
Mats 50 40 50
Plates 20 | 30 | 40

Based on above information, answer the following questions.
(i) If Pbea3 x 3 matrix represent the sale of handmade fans, mats and plates by three schools A, B and C, then

Fans Mats Plates Fa_ns Mats Plates
Al40 50 20 A 25 40 20
(aQ) P=B |25 40 30 (b) P=B |35 40 30
C |35 50 40 C [40 50 20|
F:l_.ns Mats Plales Fa_ns Mats P]al_.es
Al40 25 35 Al 35 2
(c) P=B |50 40 50 (d) p=B {40 40 50
C [20 30 40 C |20 30 20

(ii) If Q bea 3 x 1 matrix represent the sale prices (in T) of given products per unit, then

25 | Fans Fans Mats Plates Fans Mats Plates 25 | Fans
(@) Q=| 50 | Mats (b) Q=25 50 100] () @=[25 100 50] (d) Q=|100|Mats
100 | Plates 50 |Plates
(iii) The funds collected by school A by selling the given articles is
(a) T7000 (b) I6125 (c) 7875 (d) <8000
(iv) The funds collected by school B by selling the given articles is
(a) 5125 (b) Te6125 (c) 7125 (d) T 8125
(v) The total funds collected for the required purpose is
(a) < 20000 (b) < 21000 (c) < 30000 (d) < 35000
Case Study 14

Two farmers Shyam and Balwan Singh cultivate only three varieties of pulses namely Urad, Masoor and Mung.
The sale (in ¥) of these varieties of pulses by both the farmers in the month of September and October are given
by the following matrices A and B.



September sales (in ¥) October sales (in )

Urad Masoor Mung Urad Masoor Mung
A_[mum 20000 3-:}000] Shyam B 5000 10000 6000 | Shyam
50000 30000 10000 Balwan Singh ~ 120000 10000 10000 Balwan Singh

Using algebra of matrices, answer the following questions.

(i) The combined sales of Masoor in September and October, for farmer Balwan Singh, is

(a) ¥ 80000 (b) ¥ 90000 (c) ¥ 40000 (d) ¥ 135000
(ii) The combined sales of Urad in September and October, for farmer Shyam is
(a) ¥ 20000 (b) ¥ 30000 (c) ¥ 36000 (d) ¥ 15000
(iii) Find the decrease in sales of Mung from September to October, for the farmer Shyam.
(a) ¥ 24000 (b) ¥ 10000 (c) ¥ 30000 (d) No change
(iv) If both farmers receive 2% profit on gross sales, compute the profit for each farmer and for each variety sold
in October.

Urad Masoor Mung

Urad Masoor Mung
@ [10{] 200 zzu]Shyam -
da

_ (b) [100 200 1207 Shyam
400 300 200]Balwan Singh (400 200  200] Balwan Singh
Urad Masoor Mung Urad Masoor Mung
(c) [150 200  220]Shyam (d) [100 200  120]Shyam
400 200 280 | Balwan Singh 250 200 220 | Balwan Singh
(v) Which variety of pulse has the highest selling value in the month of September for the farmer Balwan Singh?
(a) Urad (b) Masoor
(c) Mung (d) All of these have the same price

Case Study 15

A manufacturer produces three types of bolts, x, y and z which he sells in two markets. Annual sales (in T) are
indicated below :




Markets Products
x ¥ z
I 10000 2000 18000
I1 6000 20000 8000

If unit sales prices of x, y and z are ¥ 2.50, ¥ 1.50 and ¥ 1.00 respectively, then answer the following questions
using the concept of matrices.

(i) Find the total revenue collected from the Market-1.

(a) T 44000 (b) ¥ 48000 (c) T 46000 (d) T 53000
(ii) Find the total revenue collected from the Market-II.
(a) T 51000 (b) ¥ 53000 (c) T 46000 (d) T 49000

(iii) If the unit costs of the above three commodities are ¥ 2.00, ¥ 1.00 and 50 paise respectively, then find the
gross profit from both the markets.

(a) ¥ 53000 (b) T 46000 (c) ¥ 34000 (d) ¥ 32000
(iv) If matrix A = [a,],,,, where a, = 1, if i # jand a, = 0 if i = j, then A is equal to
(a) I {b} A (c) O (d) none of these

(v) If A and B are matrices of same order, then (AB'- BA") isa
(a) skew-symmetric matrix (b) null matrix (c) symmetric matrix  (d) unit matrix

Case Study 16

If A = [ayl,, ., and B = [b;],, , , are two matrices, then A = B s of order m x n and is defined as
(AL B);=a;+bywherei=1,2,..,mandj=1,2, ..., n
IfA = [ﬂU]m «nand B = [byl, . , are two matrices, then AB is of order m x p and is defined as

(AB)y = 2 Ay by = aybyg +agbyg +.....+ a4,y

i oy ol el Yoo

Using the concept of matrices answer the following questions.

(i) Find the product AB.
43 2 22 43
(@) [43 11] (b) [22 43] © [u 3] d [3 u]

(ii) If A and B are any other two matrices such that AB exists, then
(a) BA does not exist (b) BA will be equal to AB
(c) BA may or may not exist (d) None of these

(iii) Find the values of a and ¢ in the matrix D such than CD - AB=0.
(a) a=77,c=-191 (b) a=-191,¢=77 (c) a=191,c=77

(iv) Find the values of b and d in the matrix D such that CD - AB=0.
(a) b=44,d=-110 (b) b=110,d =44 (c) b=-110,d=44 (d) b=-44,d=110

(v) Find B+ D.
186 108 —186 —108
(c) [ ] (d) [ ]

80 200
(®) [115 1u5] ®) [ 84 48 84 48

(d) a=91,c=70

180 181



Case Study 17

Consider 2 families A and B. Suppose there are 4 men, 4 women and 4 children in family A and 2 men, 2 women
and 2 children in family B. The recommend daily amount of calories is 2400 for a man, 1900 for a woman, 1800
for a children and 45 grams of proteins for a man, 55 grams for a woman and 33 grams for children.

Based on the above information, answer the following questions.

(i) The requirement of calories and proteins for each person in matrix form can be represented as

Cﬂlﬁnes Pmtems Calories Proteins
Man 2400 45 b Man 1900 55
@ \Woman | 1900 55 ®) Woman | 2400 45
Children | 1800 33 Children | 1800 33 ]
Cﬂlﬁnes Pmtems Calories Proteins
Man 1800 33 d Man 2400 33
(©) Woman 1900 55 @ Woman 1900 55
Children | 2400 45 Children | 1800 45 |
(ii) Requirement of calories of family A is
(a) 24000 (b) 24400 (c) 15000 (d) 15800
(iii) Requirement of proteins for family B is
(a) 560 grams (b) 332 grams (c) 266 grams (d) 300 grams
(iv) If A and B are two matrices such that AB = B and BA = A, then A* + B? equals
(a) 2AB (b) 2BA (c) A+B (d) AB
(v) IfA=(a; )m w2 B= {E:II}}" xp and C = (c.) then the product (BC)A is possible only when

(a) m=gq

Case Study 18

Three shopkeepers A, B and C go to a store to buy stationary.
A purchase 12 dozen notebooks, 5 dozen pens and 6 dozen pencils. B
purchases 10 dozen notebooks, 6 dozen pens and 7 dozen pencils. C
purchases 11 dozen notebooks, 13 dozen pens and 8 dozen pencils. A
notebook costs ¥ 40, a pen costs ¥ 12 and a pencil costs ¥ 3.

Based on the above information, answer the following questions.

(b) n=gq

() p=q

(d) m=p




(i) The number of items purchased by shopkeepers A, B and C represented in matrix form as

Notebooks pens pencils Notebooks pens  pencils
144 60 72]A 144 72 60]A
(a) (120 72 84|B (b) {120 84 72(B
132 156 9% |C 132 156 9 |C
Notebooks pens  pencils Notebooks pens pencils
144 72 72]A 144 60 60 | A
(c) {120 156 84 |B (d) (120 34 72|B
132 84 9% |C 132 156 9% |C
(ii) If'Y represents the matrix formed by the cost of each item, then XY equals
5740 6696 5916 6740
(a) |6780 (b) |5916 (c) |6696 (d) |5740
| 8040 7440 | 7440 8140
(iii) Bill of A is equal to
(a) T6740 (b) ¥ 8140 (c) ¥5740 (d) ¥ 6696
(iv) If A* = A, then (A + )’ - 7A =
(a) A (b) A-1 () I (d) A+1

(v) If A and Bare 3 x 3 matrices such that A> - B> = (A - B) (A + B), then

(a) either A or B is zero matrix
(c) A=B

(b) either A or B is unit matrix
(d) AB=BA

p
L HINTS & EXPLANATIONS )

9. (i) (d):In factory A, number of units of types I,
IT and III for boys are 80, 70, 65 respectively and for
girls number of units of types I, IT and III are 80, 75, 90
respectively.

Boys Girls
[ |80 80
P=11|70 75

Irfes 90

(ii) (a):In factory B, number of units of types I, II
and III for boys are 85, 65, 72 respectively and for girls
number of units of types I, Il and III are 50, 55, 80
respectively.
Boys Girls
I8 50
Q=165 55

Iry72 80

(iii) (c) : Let X be the matrix that represent the number
of units of each type produced by factory A for boys,
and Y be the matrix that represent the number of units
of each type produced by factory B for boys.

| In 1 | I
Then, X:[BU 70 65] and Y:[sﬁ 65 ?z]

Now, required matrix = X + ¥ = [80 70 65 + [85 65 72]
= [165 135 137]

(iv) (a): Required matrix = [80 75 90] + [50 55 80]
=[130 130 170]

(v) (a):Clearly, R=P+Q

80 s0] [85 s50] [165 130

~ |70 75|+|65 55|=[135 130

65 90| |72 80| [137 170
e 165 135 137
1130 130 170

10. (i) (c): LetT A,< Band T C be the cost incurred by
the organisation for villages X, Y and Z respectively. Then
A, B, C will be given by the following matrix equation.

400 300 100 (|50 A
300 250 75 ||20|=|B
500 400 150||40 C



A 400 = 50 + 300 x 20 +100 = 40
= |B|=| 300x50+250x20+75x40
C 500 = 50 + 400 x 20 +150 < 40

20000 + 6000 + 4000 30000
={ 15000 + 5000 + 3000 {=| 23000
25000 + 8000 + 6000 39000
(ii) (c) (iii) (b)
(iv) (c) : Total number of toilets that can be expected
in each village is given by the following matrix

X|400 300 100( 2/100
Y300 250 75| 4/100
Z)500 400 150|20/100

X| 8+12+20 X140
=Y| 6+10+15 |=Y|31
Zl10+16+30| Z|56

(v) (d)

11. (i) (b):In 2019,
dealer A sold 120 Hatchback, 50 Sedan and 10 SUV:
dealer B sold 100 Hatchback, 30 Sedan and 5 SUV
and dealer C sold 90 Hatchback, 40 Sedan and 2 SUV
Required matrix, say P, is given by
Hatchback Sedan SUV
Al120 50 10
P=B\|100 30 ]
C| 90 40 2
(i) (a):In 2020,
dealer A sold 300 Hatchback, 150 Sedan, 20 SUV
dealer B sold 200 Hatchback, 50 sedan, 6 SUV

dealer C sold 100 Hatchback, 60 sedan, 5 SUV
Required matrix, say Q, is given by

Hatchback Sedan SUV

Al 300 150 20
Q= RB|200 50 b
C| 100 60 5

(iii) (c) : Total number of cars sold in two given years,
by each dealer, is given by

i Hatchback Sedan SuUv
Al120+300 50+150 10+20
P+Q=E|100+200 30450 5+6
C_9ﬂ+ll}ﬂ 40+ 60 245

Hatchback Sedan SUV

Al 420 200 30
= B| 300 80 11
Cl190 100 7

(iv) (c): The increase in sales from 2019 to 2020 is
given by

_Hatchback Sedan suv
A|300—-120 150-50 20-10
Q—-P=B|200—100 50-30 6-5
C| 100-9 o60-40 5-2

Hatchback Sedan SUV
A|180 100 10

=B|100 20 1
C| 10 20 3

(v) (c): The amount of profit in 2020 received by
each dealer is given by the matrix

Hatchback Sedan SUV

Al 300 150 20 50000
B| 200 50 6 |-| 100000
C|100 60 5 200000

A[ 15000000 + 15000000 + 4000000
B| 10000000 + 5000000 + 1200000
C| 5000000+ 6000000 + 1000000
Al 34000000
B| 16200000

C] 12000000

12. (i) (b):If T 15000 is invested in bond X, then
the amount invested in bond Y = ¥ (35000 - 15000)

=< 20000.
X Y

A = Investment [15(](](} zunm]

Interest rate Interest rate

X |10% X 0.1
and B= =
Y 8% Y 0.08

(ii) (¢): The amount of interest received on each
bond is given by

0.1
AB=[15000 20000] x
0.08

= [15000 x 0.1 + 20000 x 0.08] = [1500 + 1600] = 3100

(iii) (c): Let T x be invested in bond X and then
¥ (35000 - x) will be invested in bond Y.
Now, total amount of interest is given by

0.08

But, it is given that total amount of interest =¥ 3200
0.1x + 2800 — 0.08x = 3200
= 0.02x=400 = x= 20000

[x 3500!1—1][ ]=[D.1x+{35m0—x}0.08]



Thus, ¥ 20000 invested in bond X and ¥ 35000 — 20000
=T 15000 invested in bond Y.

(iv) (a): AB will give the total amount of interest
received on both bonds.

(v) (b):Let ¥ x invested in bond X, then we have
XX E =500 = x = 5000
100
Thus, amount invested in bond X is ¥ 5000 and so
investment in bond Y be ¥ (35000 - 5000) =¥ 30000

Fans Mats Plates
A 140 50 20

13. (i) (a):Clearly, P=B [25 40 30

C|35 50 40
(ii) (d): Since Qisa 3 x 1 matrix, therefore
25 |Fans
Q=100 [Maths
50 |Plates

(iii) (a) : Clearly, total funds collected by each school
is given by the matrix

40 50 20| 25
PQ={25 40 30| 100
35 50 40| 50

1000 + 5000 + 1000 | | 7000
=| 625+ 4000 +1500 |=]6125
8§75+ 5000 + 2000 7875

Funds collected by school A is T 7000
Funds collected by school BisT 6125
Funds collected by school Cis T 7875

(iv) (b)

(v) (b): Total funds collected for the required purpose
=T (7000 + 6125 + 7875) =T 21000

14. Combined sales in September and October for
each farmer in each variety is given by

Urad Masoor Mung
15000 30000 Jmm] Shyam

70000 40000 20000| Balwan Singh

(i) (c):Combined sales of Masoor in September and
October for farmer Balwan Singh = ¥ 40000

(ii) (d) : Combined sales of Urad in September and
October for farmer Shyam = ¥ 15000

(iii) (a) : Change in sales from September to October is

given by

A+E=l

Urad Masoor Mung
A_p~| 3000 10000 24000] Shyam
77130000 20000 O | Balwan Singh

- Decrease in sales of Mung from September to
October for farmer Shyam = ¥ 24000.

(iv) (b) : Required profit is given by
2% of B= 2 xB=002xB
100

Urad Masoor Mung
5000 10,000 ﬁ.ﬂﬂﬂ] Shyam

20,000 10,000 10,000 | Balwan Singh

Urad Masoor
100 200 120 | Shyam
“l400 200 200 | Balwan Singh

Thus, in October Shyam receives ¥ 100, ¥ 200 and
¥ 120 as profit in the sale of each variety of pulses,
respectively and Balwan Singh receives a profit of
¥ 400, ¥ 200 and ¥ 200 in the sale of each variety of
pulses respectively.

(v) (a)

15. Let A be the 2 x 3 matrix representing the annual
sales of products in two markets.

= ﬂ.ﬂl[

Mung

x ¥ z
. 10000 2000 18000 | Market I
| 6000 20000 8000 |Market II

Let B be the column matrix representing the sale price
of each unit of products x, y, z.

2.5
s B=|15

1
Now, revenue = sale price x number ol items sold
_[10000 2000 180001 |%
T1 6000 20000 8000 ||
_ | 25000+3000+18000| [ 46000
| 15000+ 30000+8000 | | 53000

Therefore, the revenue collected from Market I =¥ 46000
and the revenue collected from Market IT = ¥ 53000.

(i) (¢ (i) (b)

(iii) (d): Let C be the column matrix representing cost
price of each unit of products x, y, z.

[ 2
Then, C=] 1
0.5

Total cost in each market is given by

Ac=[10000 2000 18000]f

| 6000 20000 8000 | '
_ [ 20000+2000+9000 | [31000
~| 12000+ 20000+ 4000 | ~ | 36000



Now, Profit matrix = Revenue mairix — Cost matrix
46000 [31000( |15000

- [530{]{]]_[36000] :[1?um

Therefore, the gross profit from both the markets

=¥ 15000 + ¥ 17000 = T 32000

(iv) (a) : We have, A = [{1’ {1]]

o 1]fo 1] [1 o
Azz[l {1][1 c}]:[n 1]:"
(v) (a): Wehave, (AR —BA"Y = (B'YA' - (AP’

=BA' - AB'=-(AB -BA")
Thus, AB’ - BA" is a skew-symmetric matrix.

Lo 2 —1)[5 2
0. 0w a2 ][5 ]
[10-7 4-4] [3 o0
“|15+28 6+16] |43 22
(ii) (c)

(iii) (b) : We have, CD- AB=0

=}_25ab_3 o] [o o
3 8||c d| |43 22| o o
[2a+5¢ 2b+5d] [3 o] [0 0

= [3a+8c 3b+8d| |43 22|7[o0 o

[ 2a+5c-3  2b+5d | [0 0O
3a+8c—43 3b+84-22|7|0 0

By equality of matrices, we get 2a + 5c - 3=10
Ja+8c-43=0

2b+5d=0

3b+84-22=0

Solving (i) and (ii), we geta=-191,c=77
(iv) (c) : Solving (iii) and (iv), we get b= -110, d = 44

(v) (d):Wehave, B+ [}:[? i]+[_;_?l _;;0]
_[-186 -108

] 84 48

17. (i) (a) : Let F be the matrix representing the
number of family members and R be the matrix

representing the requirement of calories and proteins
for each person. Then

(i)
(i)
-.(iii)

(V)

Men Women Children
g Family A |: 4 4 4 j|
FamilyB | 2 2 2
Calories Proteins
Man 2400 45
R= Woman 1900 55
Children 1800 33

(ii) (b) : The requirement of calories and proteins for
each of the two families is given by the product matrix
FR.

. 4
12 2 2
1800 33

B 4(2400 +1900 +1800) 4(45+55+33)
B | 2(2400 + 1900 +1800) 2(45+55+33)

Calories Proteins
R 24400  532| Family A
“|12200 266 | Family B

(iii) (<)

(iv) (c): Since, AE=EB
A’+B’=A-A+BB

= A(BA) + B(AB)

(i) and BA=A (i)

[using (i) and (ii)]

= (AB)A + (BA)B [Associative law]
=BA + AB [using (i) and (ii)]
=A+B

(%) @:A= (@) n-B= By p C= ()

BC= (b p X (5)p g = dg)nxq

(BOA=(dy),, % (@)

Hence, (BC)A is possible only when m =g

18. (i) (a):Number of items purchased by

shopkeepers A, B and C can be written in matrix form as
Notebooks pens pencils

144 60  72]A
X=1120 72 84!B
132 156 9 |C
40 | Note book
(ii) (b): Since, y =12 | Pen
3 | Pencil

144 o0 72| |40
XY=|120 72 84|12
132 156 96| | 3

5760+720+216 6696
=| 4800 +864+252 |=| 5916
5280+1872+288 7440

(iii) (d) : Bill of A is T 6696.
(iv) (©:(A+D*=A2+24+1=3A+1
= (A+D’=0CGA+D(A+]
=3A2+4A+I1=7A+1

(A+I°-7A=1
(v) (d):A>-B*=(A-B)(A+B)=A>+AB-BA-B*
. AB=BA.



	3. Matrices.pdf (p.1-15)
	3. Matrices - 2.pdf (p.16-27)

