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PREFACE

The woods are lovely, dark and deep.
But I have promises to keep, and

miles to go before I sleep
- Robert Frost

Respected Principals, Correspondents, Head Masters / Head Mistresses, Teachers, and
dear Students.

From the bottom of our heart, we at SURA Publications sincerely thank you for the support
and patronage that you have extended to us for more than a decade.

It is in our sincerest effort we take the pride of releasing SURA’S Business Mathematics
and Statistics for +2 Standard. This guide has been authored and edited by qualified teachers
having teaching experience for over a decade in their respective subject fields. This Guide has
been reviewed by reputed Professors who are currently serving as Head of the Department in
esteemed Universities and Colleges.

With due respect to Teachers, I would like to mention that this guide will serve as a teaching
companion to qualified teachers. Also, this guide will be an excellent learning companion to
students with exhaustive exercises, additional problems and 1 marks as per new model in
addition to precise answers for exercise problems.

In complete cognizance of the dedicated role of Teachers, I completely believe that our
students will learn the subject effectively with this guide and prove their excellence in Board
Examinations.

I once again sincerely thank the Teachers, Parents and Students for supporting and valuing
our efforts.

God Bless all.
Subash Raj, B.E., M.S.

- Publisher
Sura Publications

AU the Pest
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Chapter

APPLICATIONS OF
MATRICES AND

DETERMINANTS
) cnapreR snapsor T

Rank of a matrix :-

The rank of a matrix A is the order of the largest non-zero minor of A and is denoted by p (A).
i pA)=0.
(i) If A is a matrix of order m X n, then p (A) < min {m, n}.
(iii) Rank of a zero matrix is 0.
(iv) The rank of a non - singular matrix of order n X nis “n”.
Elementary transformations :
(i) Interchange any two rows (or columns)
R, < RJ C e Cj)
(ii) Multiplication of each element of a row (or column) by any non-zero scalar k.
R, 2 kR, (orC, - kC)
(iii) Addition to the elements of any row (or column) the same scalar multiples of corresponding
elements of any other row (or column).

Rl.—>Rl.+kRj(orCl.—>Ci+kCl.)
Equivalent matrices:

Two matrices A and B are said to be equivalent if one is obtained from the another by applying a
finite number of elementary transformations.

A=bh
Echelon form :

A matrix A of order m x n is said to be in echelon form if
(i) Every row of A which has all its entries 0 occurs below every row which has a non - zero entry.

(ii) The number of zeros before the first non - zero element in a row is less than the number of such
zeros in the next row.

Transition matrix :

The transition probabilities ij satisfy ij >0, % ij =1 for all j

enquiry@surabooks.com Ph:8124201000/8124301000
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. Linear equations can be written in matrix

form AX = B, then the solutionis X =A"' B

y| FORMULAE TO REMEMBER |\

3. Solving non-homogeneous linear equations
by Cramer’s rule.

|
|
provided |A| # 0. : If ax+by+cz=d,
2. Consistency of non homogeneous linear : ax+by+tcz=d,
equations by rank method. : dx byt ezmd
(i) Ifp([A.B]) = p(A), then the equations are ! 3 PR
consistent. I a b ¢ d b ¢
| Then A = b 0. M= \d, b o
(i) If p([A,B]) = p(A) =n, where n is the | Zz b2 Zz - d2 b2 02
number of variables then the equations are ! s A
consistent and have unique solution. ! a d ¢ a b d
(iii) If p([A,B]) = p(A) < n, then the equations | Ay=la, dy s Bz=la, b, d,
are consistent and have infinitely many ! ay dy ¢ ay by dy
solutions. |
| Thenx= 2%, =2 and =22
(iv) If p([A,B]) # p(A), then the equations are | A YT A
inconsistent and has no solution. é
TEXTU AL QU E STIONS T There is a minor of order 2, which is not zero
I p(A) =
m | 1 -1
1 (i) LetA = |; ¢
1
1. Find therank of each of the following matrices. ! Order of Ais 2 x 2
G (56 (i) -1 [Qy.-2023] | . p (A) £2 [Since minimum of (2, 2) is 2]
7 8 3 -6 I Consider the second order minor,
2 -1 1 I b=l = 6 (3)=—6+3=-3%0.
.o (1 4 . ! 3 —6
(iii) 2 8 [FRT-2022] (iv) |3 1 =S : There is a minor of order 2, which is not zero
1 1 1 ! “p(A) = 2.1 A
-1 2 =22 [June-2023] | (ii1) LetA = [2 8} [Qy. - 2019]
— July - 2022; Hy. - 2023 | . ) - .
Y 4 34 4 D8 Y : | Order of A is 2 x 2 [Since minimum of (2,2) is 2]
-2 4 —4
1 2 -1 3 | Consider the second order minor ! 4‘
31 -5 -1 ! _ _ 2 8
(Vi) 2 4 1 -2 (Vii) 1 -2 1 _5 : = 8-8=0.
36 3 -7 | s - \ Since the second order minor vanishes, p(A) # 2
: Consider a first order minor |1]| # 0
[Qv-24] | . . S
r -2 3 4 X There is a minor of order 1, which is not zero
(viii) |—2 4 —1 —3| [FRT-2022] | p(A) 1.
-1 2 7 6 ! 2 ~1 1
Sol : (i) LetA — [5 6 ! (iv) LetA = (3 1 =5
. 8 ! 1 1 1
Order of Ais 2.X 2 o ‘ I [PTA - 1; Aug.-2021; June-2023]
. p (A) £2 [Since minimum of (2, 2) is 2] I The order of A is 3 x 3
o . 1
Consider thse sgcond order minor, ! - p(A) < 3 [Since minimum of (3, 3) is 3]
— — 1
‘7 g = 40-42=-2=0. .

enquiry@surabooks.com Ph:8124201000/8124301000
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Let us transform the matrix A to an echelon form

Matrix A Elementar?'
Transformation
2 -1 1
A=13 1 -5
1 1 1
1 1 1
~13 1 =5 R, <R,
2 -1 1
1 1 1
“lo 2 g R2 %R2—3R1
R,—>R,-2R
0 -3 -1 3 3 1
1 1 1
~10 —1 -4 R2 - R2 =2
0 -3 -1
1 1 1
~10 -1 —4 R3—>R3—3R2
0 0 11

This matrix is in echelon from and number of non-
Z€ero rows is 3.

~p(A) = 3.
-1 -2
v) LetA = |4 -3 4
-2 4 —4

The order of Ais 3 x 3
- p(A) £ 3 [Since minimum of (3, 3) is 3]
Let us transform the matrix to an echelon form.

Matrix A Elementary
Transformation
-1 2 =2
A=|4 -3 4
-2 4 —4
1 -2 2
~l4 -3 4 R, =R, (1)
2 4 -4
1 -2 2
~lo 5 -4 R, >R, -4R,
2 4 -4
1 -2 2
~10 5 —4 R, - R, + 2R,
0 0 0

The matrix is in echelon form and the number of non-
ZEro rows is 2.
~p(A) = 2.

enquiry@surabooks.com

L 4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

(vi)

1
LetA = |2
3

The order of Ais 3 x 4

2 -1 3
4 1 =2
6 3 -7

- p(A) £ 3 [Since minimum of (3, 3) is 3]
Let us transform the matrix to an echelon form.

Matrix A Elementary
Transformation
1 2 -1 3
A=12 4 1 =2
36 3 -7
1 2 -1 3
~10 0 —8 R,—R, - 2R1
3 6 —7
1 2 -1 3
~10 0 3 =8 R3 - R3 — 3R1
00 6 -—16
1 2 -1 3
~10 0 3 —18 R, > R, - 2R,
0 0 O 0

The matrix is in echelon form and the number of

non- zero rows is 2.

~p(A) = 2
3
(vii) A =1
1

The order of Ais 3 x 4

- p(A) £ 3 [Since minimum of (3, 4) is 3]
Let us transform the matrix A to an echelon form.

Matrix A Elementary
Transformation
31 =5 -1
A=|1 =2 1 =5
1 5 =7 2
1 5 -7 2
~11 22 1 _s R1 ~ R3
3 1 -5 -1
1 5 =7 2
~l0 -7 8 -7 R2 - R2 — R1
31 -5 -1

Ph:8124201000/ 8124301000
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*
Matrix A Elementar?f ! 1-2-5 —-244-1 3-6+1
Transformation | =|2464+20 —4—-12+4 64+18—4
15 =7 2 : 3+4+15 —6-8+3 9+12-3
~lo -7 8 -7 R, >R, -3R, ! 6 1 -2
0 —14 16 -7 : AB=[28 —12 20
s =7 2 : 22 —11 18
~0 =7 8 -7 R, —>R,-2R, | o :
0O 0 0 7 | . ementary
! Matrix (AB) Transformation
The matrix is in echelon form and the number of , 6 1 )
non-zero matrix is 3. ! AB = N -
- p(A) = 3. ! 28 —12 20
1 -2 3 4 | 22 —11 18
(vii) A=1]"2 4 -1 -3 | =6 -2
| 2 7 6 1 ~ =12 28 20 CIHC2
1
The order of Ais 3 x 4 : —11 22 18
= p(A) < minimum of (3,4) = p(A) <3 I 1 -6 2
Let us transform the matrix A to an echelon form. | ~| 0 —44 -4 R, > R, +12R,
1
. Elementary | -1 22 18
Matrix A Transformation : 1 -6 =2
1 -2 3 4 : ~10 —44 —4 R, > R, +11R,
A=|-2 4 -1 -3 ! 0 —44 —4
-1 2 7 6 : 1 -6 -2
1 -2 3 4 1 ~10 —44 -4 R, —>R,-R,
~lo 0 55 R, > Ry+2R, |1 0 0 0
1
276 | The matrix is in echelon form and the number of
=234 ! non-zero rows is 2.
1
ol Ry >R +R, ] - p(AB) = 2.
b2 | Now,BA=|-2 4 6|2 -3 4
T 03 Ry—>Ry-2R, | 501 13 —2 3
0O 0 0 0 1
— | 1-4+9 1+6—-6 —1—-8+9 6 1 0
The matrix is 1n.e(;dhelon form and the number of =] 24818 —2-12412 2416-18|= |12 2 0
non- zero rows is 2.
542-3 5-34+2 —-5+44-3 —
Sop(A) = 2. | + + + 4 4 -4
1 1 -1 1 -2 3 : £l :
2. If A= 2 -3 4 and B = 2 4 —6| , ! Matrix (BA) emen ar?’
1 Transformation
3 -2 3 5 1 -1 | B : o
1
then find the rank of AB and the rank of BA. : BA=|_1» 5 o
bl R 4 4 4
Sol :GivenA=|, _3 4|andB=|-2 4 -6/ ,
5 | 1] 1 6 0
3 -2 3 - 1 | 2 o c c
! e &
1 1 —-1(1 -2 3 ! 4 4 4 1 2
AB=12 -3 4||-2 4 -6 I
3 2 3)15 1 -1 .

enquiry@surabooks.com Ph:8124201000/8124301000
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w Sura’s " Xl Std - Unit 1 = Applications of Matrices and determinants o
’
. Elementary X Lro1)fx) 9
Matrix (BA) Transformation ! 0 3 5|y |34
1 6 0 : 0 0 —4)\z —20
= x+ty+z =9 .. (1)
~10 0 0 R, >R, +2R !
2002 : ! 3y+5z = 34 (2
44 4 . 4z = 20 .3)
b6 0 L= -4z = 20
~10 0 0 R; - R, -4R, ! =20
0 —20 —4 , z = —5 =5
1
The number of non-zero rows is 2. ! 2)= 3y+506) = 34
- p(BA) = 2. : = 3y+25 = 34=3y= 34-25
3. Solve the following system of equations by ! Iy = 9 o p= 9
rank method x +y+z=9,2x+ 5y + 77 =52, , = Y ~ 3 Y3
2x+y-z=0 1 y W .
Sol : The «i . fyis=9 I ()= x+3+5 =9
ol : The given equations are x +y +z =9, ! - Y18 = 9 —yx=0_8—sx=1
2x + Syf 2= 52.’ xty-z= 0. . I s~ x=1, y=3,z=>5is the unique solution of the
The matrix equation corresponding to the given ! given e (,]uati or;s.
system 1s 1 4. Show that the equations 5x + 3y + 7z = 4,
I 1T 1})x | 3x + 26y + 2z =9, 7x + 2y + 10z = 5 are
2 5 7|y = |52 ! consistent and solve them by rank method.
)1 1 0 | Sol : Given non-homogeneous equations are
—\z ! Sx+3y+7z = 4
A X = B I 3x+26y+2z = 9
Augmented matrix Elementary | Tx+2y+10z = 5 . _
[AB] Tiemma el ! The matrix equation corresponding to the given
. system is
11 1 9 | s 3 7\(x A
25 7 52 ! 326 2|y = |o
1
21 =10 | 7 2 10)|z 5
1 1 1 9 !
_ A X =B
~lo 3 s 34 Ry2R=2R, 1 s 5
0 -1 -3 —18 R, >R, -2R, !
- T | Augmented matrix [A, B]={3 26 2
I 1 1 9 1 7 2 10 5
~lo 3 5 34 R,—>3R+R, | .
0 0 —4 —20 1 Augmented matrix Elementary
L1 | [A, B] Transformation
1
~lo 3 s S P(A)=3 . 53 7 4
0.0 —4 : 326 2 9
: 7 2 10 5
11 1 9).
Since augmented matrix [A, B] ~ |0 3 5 34 ! 32629
00 —4 —20) ! > 3 7 4 R, <R,
has three non-zero rows, p([A,B]) = 3. I 721005
That is, p(A) = p([A,B]) = 3 = number of unknowns. , % o
So the given system is consistent and has unique | 1 3 3 3
solution. ! ~ 3 7 4 R —R =3
To find the solution, we rewrite the echelon form into , ! b
the matrix form. ! 2 105
1
¢

enquiry@surabooks.com
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o Y Sura’s = XII Std = Business Mathematics and Statistics
Augmented matrix Elementary T 26 (34+-k 2
[A, B] Transformation ! Xt 11 T3 k=3
! 2 2
1 & g 3 1 x = — _6 {ﬂ] _ —k +3
303 : 301 3
~ B B e ) e B
o 12t 1 R, - R,-5R, o _-78-26k 2k o —78-26k—22k+99
3 3 ! 33 3 33
1
72 10 ! 2048k 30160 Lo o
= = X=— —
1 ? % 3 | 33 | 33 . 11
- _ ! .. Solution setis { — (7—16k), — 3+k),k} ke R.
R N tis 7y 0~ 160 57 G0
I Hence, for different values of k, we get infinitely
o Z176 16 ¢ : many solutions.
3 3 : Show that the following system of equations
%2 I have unique solution: x +y+z=3,x+2y+37=4,
31 . ? R R = 11 : x + 4y + 9z = 6 by rank method. [Qy. - 2019]
~ 1o _T 3 -1 R2 - R2 _ 16 . Sol :Given non-homogeneous equations are
111 37T ! xty+z = 3=>x+2y+3z=4
0 5 3 -1 . x+4y+9z = 6
! The matrix equation corresponding to the given
1 26 2 3 i system is
3 3 1
~ 1 1 1)fx 3
L Ry >Ry —R, : = |4
3 3 1 1 2 3y
0 0 0 0 | 1 4 9z 6
— — ! A X = B
Here p(A) = p(A, B) = 2 <Number of unknowns. 1
. The system is consistent with infinitely many | Augmented matrix Elementary
solutions let us rewrite the above echelon form | [A, B] Transformation
into matrix form. I
T I
3 3|x 1
o =1t 1yl T : 1496
3|z 0 ! 1 1 1 3
0 0 0 ! R, —R,-R,
! ~10 1 2 1
26 2 : 0 3 8 3 R3_>R3_R1
x+?y+gz=3 (1)
AV | 1113
AR () ~lo 1 21 R, —> R, 3R,
—1 ok : 0020
let z = k; where k € R:>(2):>Ty+ §=—1 X
—11 k —3—k | Clearly the last equivalent matrix is in echelon
= 3 Yoo T3 7 3 | form and it has three non-zero rows.
= ly = 3-k=1ly=3+k , - PA)=3andp((A,B])=3
1 ! =p(A) = p([A, B]) = 3=Number of unknowns.
= T G +h ! .. The given system is consistent and has unique
1
1 | solution.
Substituti =—@B+kandz=kFkin (1 . .
lelt sututing y 11( ) and 2 in (1) we : To find the solution, let us rewrite the above
geh | echelon form into the matrix form.
¢
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w Sura’s " Xl Std - Unit 1 = Applications of Matrices and determinants 0
1 1 1)fx 3 T Augmented matrix Elementary
01 2|yl = |1 : [A, B] Transformation
0 0 2|z 0 : 1 2 A -1
1
=3 x+ty+z =3 .. (1) ! 0 =3 1+2). 4 R, >R, -3R,
2z = 0 (3
0 X 1 2 |
N=2z2=0=z = — =0 !
() Z z 2 : 0 -1 1+22 i R2—>R2—I—3
@=y+20)=1=y+0=1=y=1-0=1 43x i Ry >R, +7
(1):> x+1+0 = 3 : 0 -1 7 ;
= x+1 =3 1
1
= x = 3-1 otz A -l
= x = 2 : 0o -1 2 4
. Solution is {2, 1, 0} | 3 3 R, = R;-R,
6. For what values of the parameter A, will : 0 0 —71-2) __16
the following equations fail to have unique | 21 21
solution: 3x— y + Az =1, 2x + y + 7 = 2, ! Since
x + 2y — Az = -1 by rank method. [July -2022] , AN 1420
Sol :Given non-homogeneous equations are [QY-'24] : 7 - 3
3x-y+iz = 1 | 12A-7-14%  —7-2)
2x + yt+tz = 2 : = 21 - 21
x+2y-hz = -l : 4 4 12-28
The matrix equation corresponding to the given 1 and 773~ o1
system is |
3 o1 A )(x I ! _ ‘2_116
21 1 ||y|=12 :
12 -A\z -1 : Since the system is fail to have unique solution
A X = B : either it can have infinitely many solution or it
- ! may be inconsistent.
Augmented matrix Elementary | ] —7 =2\
A, B] Terratramean | .. This can happen only when T 0.
1
2 1 1.2 ! = -7 = 2A=> 7»=7.
2 A -1 ! . o
! The price of three commodities X,Y and Z are
.2 A -1 I x, y and z respectively Mr. Anand Purchases
12 1 1 2 R, &R, | 6 units of Z and sells 2 units of X and 3 units of
3 -1 A 1 ! Y. Mr. Amar Purchases a unit of Y and sells 3
) units of X and 2units of Z. Mr. Amit Purchases
1 2 -x -1 | a unit of X and sells 3 units of Y and a unit of
1o =3 1+20 4 R. 5 R._2R ! Z. In the process they earn < 5,000/, 2,000/-
3 1 { 2 2 ! | and ¥ 5,500/- respectively Find the prices per
| unit of three commodities by rank method.
I [PTA - 5; FRT - 2022]
1
1
¢
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Sol :Given that the price of commodities X, Y and Z

are x, y and z respectively.
By the given data,

Transaction
Mr. Anand
Mr. Amar +3 Rs. 2000
Mr. Amit -1 Rs. 5500
Here, purchasing is taken as negative symbol and
selling is taken as positive symbol.
Thus, the non-homogeneous equations are
2x+3y—6z 5000
3x—y+2z = 2000
—X+3y+z 5500
The matrix equation corresponding to the given
system is
2 3
3 -1
-1 3 z
A X

Earning
Rs. 5000

X
+2

z
-6
+2
+1

N4
+3
-1
+3

—6
2
1

5000

2000

5500
B

X

y

Augmented matrix
[A, B]

Elementary
Transformation

2 3 -6 5,000
3 -1 2 2,000
-1 3 1 5,500
-1 3 1 5500
3 -1 2 2000
3 -6 5000

-1 3 1 5500
& 5 18500
9 -4 16000

-1 3 1 5500
72 45 166500
72 =32 128000

R, >R, +3R,
R, — R, + 2R,

R2 - 9R2
R3 - 8R3

-1 3 1
0 72 45
0o 0 =77

5500
166500
—-38500

R, >R, -R,

p(A) = p([A, B]) = 3 = number of unknowns
so the system has unique solution.

. The given system is equivalent to the matrix
equation.

-1 3 1
0 72 45
0o o0 -77

—x+3y—z

5500
166500
-38500

5500

X

y
z

(D)

E’ﬂ Sura’s ' Xll Std " Business Mathematics and Statistics
* 72y +45z = 166500 .. (2)
| 77z = 38500 ..(3)
! 3)= 77z = -38500
: 438500
: = z = /77 =500
| Q)= 72y +45(500) = 166500
! = 72y +22,500 = 166500
| = 72y = 16650022500
1 = 72y = 144000
1
| = y = 14‘7‘200 =y =2,000
: (1) = —x + 3(2000) + 500 = 5500
L = —x £ 6500 = 5500
| —x = -5500 - 6500
! Ax = £1000
) x = 1000
: . The prices per unit of the three commodities
| are 31000, ¥ 2000 and T 500.
. 8. An amount of X 5,000/~ is to be deposited
i in three different bonds bearing 6%, 7%
| and 8% per year respectively. Total annual
1 income is I358/-. If the income from first two
| investments is ¥ 70/- more than the income
] from the third, then find the amount of
| investment in each bond by rank method.
1 [May & July - 2022; QY-"23 & '24]
1
1 Sol :Let the amount of investment in each bond be
: % x,%T yand Xz respectively.
| Givenx+y+z = 5000 (1)
D Alse DX 87 s
: *® 100 100 ' 100
: Hierest = PNR _ xx1x6 _ 6x
- Interest = _ 2

! T 00 100 100
1
1 6x+7y+8z 358
1 —_— =
) 100
1
X = 6x+7y+8z = 35800 . (2)
| Giventhat -+ —70+ 2
1 iven —t— = —
. Vet 100 " 100 100
| 6x+7y 7000 + 8z

= =
! 160 160
1 = 6x+7y = 700+ 8z
: = 6x+7y—8z = 7000 .. (3)
| The matrix equation corresponding to the given
! system is.
1 I 1 1)\(x 5000
1
! 6 7 8 |ly| = |[35800
1 6 7 8)\z 7000
1
é A X = B
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Augmented matrix Elementary
[A, B] Transformation
1 1 1 5000
6 7 8 35800
6 7 -8 7000
1 1 1 5000
01 2 5800 R, =R, - 0K,
- R, > R, - 6R,
0 1 -14 -=-23000
11 1 5000
~lo 1 2 5800 R3 - R3 — R2
0 0 -16 -28800

The last equivalent matrix is in echelon form and
p(A) = p([A, B]) = 3 = Number of unknowns.
Thus, the given system is consistent with unique
solution. To find the solution, let us rewrite the
above echelon form into the matrix form.

I 1 1 )\(x 5000
01 2|yl = 5800
0 0 —-16)\z —28800
= x+y+z = 5000 .. (1)
= y+2z = 5800 - (2)
= —16z = —28800 . (3)
3)= —16z = —28800
28800
= z = ———— =1800
Substituting z = 1800 m (2) we get,
y+2(1800) = 5800
= y+3600 = 5800
= y = 5800-3600= y=2200
Substituting  y = 2200 and z = 1800 in (1)
we get,
x+2200+ 1800 = 5000
= x+4000 = 5000
= x = 5000 —-4000
= x = 1000

Hence, the amount of investment in each bond is
< 1000, X 2200 and 1800 respectively.

o EEEE

1.

Solve the following equations by using
Cramer’s rule.
(i) 2x+3y=7, 3x+5y=9
[Govt. MQP - 2019; QY-'24]
(ii) Sx+3y=17;3x+7y=31
(i) 2x+y—-z=3, x+y+z=1,x-2y-3z=4
[June-'24]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

(iv) x+y+z=6,2x+3y—z=5,6x—-2y-3z=-7
V) x+4y+3z=2,2x—-6y+6z=-3,
5x-2y+3z=-5

Sol:(i))2x+3y=7, 3x+5y=9

2 3
A = ‘ =10-9=1= 0.

35
Since A # 0, we can apply Cramer’s rule and the
system is consistent with unique solution.

7
9 5
= 35-27=8
2 7

Ax = ~7(5)-9(3)

=2(9)-3(7)

y = 2 -2
.. Solution is x =8 and y = 3.
(i) 5x+3y=17; 3x+7y=31
53
3 7‘ =5(7)-303)

= 35-9=26
Since A # 0, we can apply Cramer’s rule and the
system is consistent with unique solution.
17 3
31 7
119-93=26
5 17
3 31
= 155-51=104.

[Hy.-2019]

A ) ‘

Ax = =17(7)-31(3)

=531)-17(3)

v N T

- Solutionis x =1 and y = 4.

(iii)2x+y-z=3,x+y+z=1,x-2y-3z=4

2 1 -1
Sol:A=11 1 1
1 -2 3
1 1 11 1 1
=2 -1 -1
-2 =3 1 =3 |1 =2

enquiry@surabooks.com Ph:8124201000/8124301000



www.surabooks.com

0 Y Sura’s = XII Std = Business Mathematics and Statistics
= 2(=3+2)— 1 (-3-1)-1(-2-1) ' 1 6 1 b b s
= 24N (H=2+443=5 1 Ay 5 =1‘ ‘H 1, ‘

Since A # 0, we can apply Cramer’s rule and the 1 6 —7 -3 73 e e
system is consistent with unique solution. : =1(-15-7) —6(-6 +6) + 1(-14 -30)
301 -1 : = 1(=22) -6(0) + 1 (-44)
e L L AR PR A
=2 3 4 -3 4 -2
4 -2 3 | Az=235=13 5_12 5+623
=3(:3+2)-1(34)-1(-24) | - e A A%
=3CED-1EN-1(6)=-3+7+6=10. L = 1(21+10) —1(~14 -30) +6 (-4 —18)
2 3 -1 L1 L1 L1 | =1(-11) -1(-44) +6(-22)
Ay=11 11 _2‘4 3‘—3‘1 3‘—1‘1 4‘ ! = -11+44-132 = -99
1 4 -3 : R
=2(-3-4)-3(3-1)-1(4-1)=-5 ! A 73:;
213, | I b ~66 _,
X = r Z_— _
=1 1 1/=2 -1 +3 A
Az ‘—2 4‘ ‘1 477 —2‘ : -3
1 2 4 ! A 3
1
= +2)-14 - +3(=2-1)= =— = Z— =3
24+2)-1(4-1) 3(22 =0 | 2= — ;7;9
x_ﬂ _ E:z : Hence the solution is (x, y, z) = (1, 2, 3).
' A 5 : V)x+4y+3z=2,2x—-6y+6z=-3,
A é:,l | S5x-2y+3z=-5
YT A 5 - 1 4 3
Az _ 0 'solia=2 =6 o=1 0 Yaf® Ousf O
x 750 :°'_523_—23 s 3 s 2
. Solution is (x, y, z) = (2, -1, 0) L =118 + 12) — 4(6 — 30) +3 (— 4 + 30)
I —_—
(V) x+p+z=62x+3y—z=56x-2p-3z=—7. 1 10424 +3(26)
Ol ' = 6+96+78=168% 0.

Sol: A=]2 3 -1 _ ! Since A # 0, the system is consistent with unique

orsAz 6 2 3 [PTA-6; Qy. -2019] | solution and Cramer’s rule can be applied.
< 4 | 2 43
~ B ! I T N O o B TR o B

_13112123 | Ax=|-3 -6 6 5ol 3T o
T 3 e 3T 2 ! -5 -2 3
=1(=9 -2) =1(-6 +6) + 1(—4 —18) I =2(-18+12)—-4(-9+30) +3(6-30)
L =2(-6)—4(21) + 3(~24)
= _ _ +1(—
- 1(11”;21_(0)33532) L = 12-84-72=—168
- - - - 1
Since A # 0, Cramer’s rule can be applied and | 23 -3 6 2 6 2 =3
the system is consistent with unique solution. | Ay=12 -3 6= 1_5 3 -2 5 3 +3 5 _5
JO L B B O O E R T 5 =53
G T | PN ol IS b R I =1(=9+30)—2(6-30)+3(- 10+ 15)
-7 =2 -3 | =1(21) - 2(-24) + 3(5)
=6(-9-2)-1(-15-7) + 1(-10 +21) ! —21+48+15=84
=6(-11)=1 (-22) + 1 (11) ! 14 2 6 3 o3 b
=—66+22+11=-133 ! Az=12 6 —3—1‘ ‘—4‘ +2 ‘
| s o o 28 s o8 =2
¢
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=1(30 — 6) — 4(— 10 + 15) + 2(— 4 + 30)
=24 — 4(5) + 2(26)
=24-20+52=56

=1

1
2

1
3

S

Hence the solution is (x, y, z) =(_1,l lj

273
2. A commodity was produced by using 3
units of labour and 2 units of capital,
the total cost is ¥ 62. If the commodity
had been produced by using 4 units of
labour and one unit of capital, the cost is
% 56. What is the cost per unit of labour and
capital? (Use determinant method). [June-2023]
:Let T x represents the cost per unit of labour and
% y represents the cost per unit of capital

3x+2y = 62
4x +y 56

3 2

4 1

Since A # 0, the system is consistent with unique

solution and Cramer’s rule can be applied.

62 2‘

So

Given

3(1)-4(2)=3-8=-5

Ax = = 62(1) - 56(2) =62 — 112 =— 50

‘3 62

56 1

A = |y 56

168 —248 =-80

‘ = 3(56) — 4(62)

> &

> &

y:

.. Cost per unit of labour is ¥ 10 and the cost per

unit of capital is X16.
3. Atotal of ¥ 8,600 was invested in two accounts.

»n

One account earned 4 %% annual interest

and the other earned 6 — % annual interest.

If the total interest for one year was I 431.25,
how much was invested in each account? (Use
determinant method). [Hy. - 2023]

Sol :Let the amount invested in the two accounts be
% x and X y respectively
By the given data, x +y = 8600

435X pelu Y —43125

4 100

(1)

27100

R
]

. Interest = ——
[.-. Interes 100

19_x+13_y = 431.25

400 200

19x+26y
= - =
400

19x + 26y =
_‘19 26‘ _
8600 1]
‘172500 26‘:

431.25
172500 - (2)

1(26) - 1(19)
26-19=7

8600(26) — 1(172500)
223600 — 172500= 51100

= 1(172500) — 19(8600)
= 172500 — 163400 = 9100

Av 51100
A 7

20 5
A 7

1 8600 ‘

A =
d ‘19 172500

By Cramer's rule
x =

y:

3
Hence the amount invested at 4Z % 1is 37300

1
and amount invested at 6 5 % 1s T1300.

=

At marina two types of games viz., Horse
riding and Quad Bikes riding are available
on hourly rent. Keren and Benita spent I 780
and T 560 during the month of May. [PTA-3]

Total
amount

Number of Hours

Name

Horse
Riding

Quad Bike
Riding

spent
(in %)

Keren

3

4

780

Benita

2

3

560

T T T T T T T T T ISR Y

Find the hourly charges for the two games

(rides). (Use determinant method).
Sol :Let the hourly charges for horse riding be I x

and the hourly charges for quad bike be X y from

the given data, 3x + 4y = 780

2x+3y = 560
3 4
A= ‘2 3‘ = 33)24)=9-8=1=# 0

Since A # 0, the system is consistent with unique
solution and Cramer’s rule can be applied.
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780 4 T =11(24 —25)—2(126 — 135) + 3(105 — 108)
Ax=lseo 3| — 780(3)~4(560) L SHED =269 43 (3 =11+ 18-9=-2
Ay = ‘2 560‘ = 3(560) - 2(780) : 3 07 ¢ P76 B 6 32
= 1680 — 1560 =120 : =1(126 — 135) — 11(12 —-15) + 3(54 — 63)
x:% _ @:100 E — 9 11(-3)+3(-9)=-9+33-27=-3
1 2 11
Ay 120 T A Y s Y s T}
== = — = = = - +
Y= T 7 1 ! Loy 15232l
.. Hourly charges for the two rides are 100 and :
. " =1(108 — 105) —2(54 - 63) + 11(10—-12)
3120 respectively. X
X =13)-2(-9)+ 11(-2)=3+18-22=-1
5. In a market survey three commodities A, , Ax -2
B and C were considered. In finding out | -y - . A 2
the index number some fixed weights were 1 Ay -3
assigned to the three varieties in each of the | YA T 3
commodities. The table below provides the | Az -1
information regarding the consumption of and z = A -1 1
oge . 1
:fl;"ieztigg:llﬁlloa(i;t(:etsheatc()ct(:lli(izflelig httoretche(;v:l(;rlfe ! Hence, the weights assigned to the three varieties
the commodit g M are 2, 3 and 1 respectively.
- Y - : 6. Atotal of T 8,500 was invested in three interest
Commodity Variety Total : earning accounts. The interest rates were 2%,
Variety [ |[II I | Weight |, 3% and 6% if the total simple interest for one
A 1 3 11 | year was < 380 and the amount invested at
I 6% was equal to the sum of the amounts in
B 2 4 21 : the other two accounts, then how much was
C 3 5 27 ! invested in each account? (Use Cramer’s rule).
. . . ! [PTA-2; Mar. - 2024]
Find the weights assigned to the three ! . . .
varieties by using Cramer’s Rule, : Sol : Let tl})e amount invested in the ra.te of 2%, 3%
Sol : Let the weight assigned to the three varieties be ! and 6% be X x, X y and X z respectively.
% x, Iy and %z respectively. | By the given data,
By the given data, | x+y+z = 8500 (1)
x+2y+3z = 11 : 2x 3_y+2 = 1380
2x+4y+5z = 21 ! 100 100 100
3x+5p+6z = 27 ! 2x+3—y+6z = 380
123 : 100
4 5 25 2 4
A=12 4 5=15 6_23 6+33 s ! Interest PNR  xx1x2  2x
*." Interest = = = —
35 6 : 100 100 100
1
— 124 =25 -2(12 - 15+ 3(10-12) | = 2x+3y+6z = 38000 ()
=11 -2(3)+3(=2) : Also, z = x+y
=—1+6-6=-1=% 0. 1 x+ty-—z = 0 (3)
Since A # 0, the system is consistent with unique : 11 1
solution and Cramer’s rule can be applied. | A= 3 6l= 1‘-;’ 61 _1 ‘? 61‘“ ‘? i‘
11 2 3 1 - -
Av=lo1 4 5=t =2t asP LT
B s 677 6 P hy sl =1(-3-6)-1(-2-6)+1(2-3)
275 6 L) T I =948 -1=-2% 0
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Since A # 0, Cramer’s rule can be applied and

the system is consistent with unique solution.

8500 1 1
Ax={38000 3 6
0 1 -1
%500 ‘3 6‘_1‘38000 6‘“38000 3‘
1 -1 0 -1 0 1

=8500 (— 3 — 6) — 1(~38000 — 0) + 1(38000 — 0)

= 8500 (-9) — 1(~38000) + 1(38000)
= 76500 + 38000 + 38000 = — 500

1 8500 1
Ay=[2 38000 6
1 0 -1
38000 6 2 6 2 38000
=1 —-8500 +1
0 -1 1 -1 1 0

=1 (~38000 — 0) — 8500 (—2 —6) + 1(0 — 38000)

=—38000 — 8500 (-8) — 38000
=—38000 + 68000 — 38000 = — 8000

1 1 8500
Az=12 3 38000
11 0
3 38000 2 38000 2 3
= - +8500
1 0 1 0 1

=1 (0 - 38000) — 1(0 ~38000) +85000 (2 — 3)
= 38000 + 38820 +8500(—1) = — 8500

0
Ax —
x=X=%=+250
N 4000
I
A #
Az —
f= =2 = Y~ 4250
A 2

Thus, the amount invested at 2% is ¥250 at 3% is

34000 and at 6% I 4250.

B EERCISE 1.3 [

1. The subscription department of a magazine
sends out a letter to a large mailing list inviting
subscriptions for the magazine. Some of the
people receiving this letter already subscribe
to the magazine while others do not. From
this mailing list, 45% of those who already
subscribe will subscribe again while 30% of
those who do not now subscribe will subscribe.

T T T I T T T T T T T T

On the last letter, it was found that 40% of
those receiving it ordered a subscription.
What percent of those receiving the current
letter can be expected to order a subscription?

Sol : Transition probability matrix

i

So

A B
A[O.45 0.55

B10.30 0.70
Where A represents the percentage of subscribers
and B represents the percentage of non-
subscribers. By the given data, 40% received the
order of subscription = 60% are non-subscribers.

A = 40% =0-40 and B=60% = 0-60
A B

A B A[045 055
(040 0.60) B{0.30 0.70

= ((0.40)(0.45) + (0.60)(0.30) (0.40) (0.55) +
(0.60) (0.70))
=(0.18+0.18 0.22+0.42)=(0.36 0.64)
= 36 % of those receiving the current letter can
be expected to order a subscription.
A new transit system has just gone into
operation in Chennai. Of those who use the
transit system this year, 30% will switch
over to using metro train next year and 70%
will continue to use the transit system. Of
those who use metro train this year, 70%
will continue to use metro train next year
and 30% will switch over to the transit
system. Suppose the population of Chennai
city remains constant and that 60% of the
commuters use the transit system and 40%
of the commuters use metro train next year.
(i) What percent of commuters will be using
the transit system after the next year?
(ii) What percent of commuters will be using
the transit system in the long run?
[Hy. - 2019; Aug. - 2021]

T =

: Transition probability matrix

A B
A(0.70 0.30
T = Bl0.30 0.70

Where A represents the percentage of people
using transit system and B represents the
percentage of people using metro train.
By the given data

A = 60% =0-60 and B =40% = 0-40

0.70 0.30
0.30 0.70

= ((0.6)(0.7) + (0.4)(0.3) (0.6) (0.3)+(0.4) (0.7))
= (0.42+0.12 0.18+0.28) = (0.54 0.46)

(0.60 0.40)(
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= A=54% and B =46% e =(0.0975+0.3825 0.0525+0.4675)=(0.48 0.52)
(i) The percent of Commuters using the transit : Hence, market share after one year is 48% and 52%

system after one year is 54% and the percent | At equilibrium,
of commuters using the metro train after the 1 (A B) T = (A B)
next year is 46% ' 0.65 0.35
| eR YR BRI . | (A B) - (A B)
(i1) Equilibrium will be reached in the long run. , 0.45 0.55
At equilibrium we must have | (0.65A+045B 035A+0.55B) = (A B)
(A B) T = (A B) | Equating the corresponding entries on both sides
where A+B =1 ! we get,
0.7 03) I 0.65A+045B = A
=(A By 7] = (A B) | S0.65A+0.45(1-A) = A
= (0.7A+0.3B 0.3A+0.7B) = (A B) : [SinceA+B=1=B=1-A]
Equaling the entries on both sides, we get ! =0.65A+0.45 - 0.45A=A
0.7A+03B = A | = 045 = A-0.65A+0.45A
=7A+03(1-A)= A 1 = 045 = A(1-0.65+0.45)
[A+B=1=B=1-A], = 0.45 = A(0.35+0.45)
=0.7A+0.3 - 0.3A= A = 045 = A(08)
= 03 = A-07A+03A ! = A = 045 _ 0.5625 = 56.25%
= 03 = A(1-0.7+0.3) | B - 1°~8A
— 1 - -
= 0.3 = A(03+03) - = 1-0.5625=04375
= 03 = A(0.6) ! = 43.75%
N A = E _ l = 0-50 : .. Equilibrium is reached when A = 56.25% and
0.6 2 I B =43.75%
.. The percent of commuters using the transit , Two products A and B currently share
system in the long run is 50%. ! the market with shares 50% and 50%
Two types of soaps A and B are in the market. , each respectively. Each week some brand
Their present market shares are 15% for A and ! switching takes place. Of those who bought A
85% for B. Of those who bought A the previous the previous week, 60% buy it again whereas
year, 65% continue to buy it again while 35% ! 40% switch over to B. Of those who bought B
switch over to B. Of those who bought B the , the previous week, 80% buy it again where as
previous year, 55% buy it again and 45% | 20% switch over to A. Find their shares after
switch over to A. Find their market shares after , one week and after two weeks. If the price war
one year and when is the equilibrium reached? | continues, when is the equilibrium reached?
[PTA - 2; Govt. MQP & Qy. - 2019; May - 2022; ! [Sep. - 2020; July - 2022; June-2023]
Qy. & Hy. - 2023] i o )
1 Sol: T t babilit t
Sol : Transition probability matrix , DO Hransition probabtitly matrix
A B ! A B
1
1 A(0.6 04
;oo A[065 035 ! T - ( ]
Bl045 0.55 ' , Bl02 0.8
1 By the given data
Where A represents the percent of people those ! _ epos
I A = 50%=0.5
who bought soap A and B represents the percent , .
of people those who bought soap B. ! B = 50%=0.5
By the given data, ' 06 04
A = 15%=0-15 I Shares after one week (0_5 0,5) 05 08
1
andB = 85% =0-85 ! ’ :
Percentage after one year is ! =((0.5) (0.6) + (0.5) (0.2) 0.5(0.4)+0.5(0.8))
065 035 I =(0.30+0.10 0.20 +0.40)=(0.40 0.60)
(0.15 0.85)( ' ' ] ! .. Shares after one week for products A and B
045 0.55 I are 40% and 60% respectively.
=(0.15)(0.65)+(0.85)(0.45)0.15(0.35)+0.85(0.55)) 1
¢
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0.6 04

0.2 0.8
= ((0.4)(0.6)+(0.6) (0.2) (0.4) (0.4) + 0.6 (0.8)

=(0.24+0.12 0.16 +0.48)=0.36 0.64)
.. Shares after two week for products A and B
are 36% and 64% respectively.
At equilibrium, we must have
(A B)T = (A B)
A+B =1
0.6 04
(A B) (0.2 0.8) = (A B)
—(0.6A+0.2B 0.4A+0.8B) = (A B)
Equating the corresponding entries on both sides
we get,
0.6A+02B = A
=0.6A+02(1-A) = A
=0.6A+02-02A = A
02 = A-0.6A+02A
02 = A(1-0.6+0.2)
02 = A04+0.2)
02 = A(0.6)
0.2

ﬁ =0.33

= A = 33%

and B=1-A=1-0.33=0.67=>B=67%

.. Equilibrium is reached when A = 33% and
B=67%

Shares after two weeks (0.4 0.6)

where

GG ey

A

I =XERCisE 1.4 N

CHOOSE THE CORRECT ANSWER

1.

Hint: AAT=(1 2 3) |2

Hint:

If A= (1 2 3), then the rank of AAT is
[July - 2022]
(©3 (d)1
1 [Ans: (d) 1]

(a)0 (b) 2

=(1+4+9)=14

3
- Rank of AAT is 1

The rank of m X n matrix whose elements are
unity is [Mar. - 2023; QY-"24]
(@0 (c)ym (d)n
[Ans: (b) 1]
-— 1
1 1 1 | |

(b) 1

A=

enquiry@surabooks.com
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Hint:

m rows and »n columns applying the

elementary transformation.

R,—»R,-R,,R;—>R,..R —R -R, weget

1 1 1 —— ——= 1
0 0 0 -—— —— 0
A]| O 0 0 ——— —— 0
0 0 0 0 0 0
- Rankis 1
A B
r= A 0.4 0.6 is a transition probability
B(0.2 0.8

matrix, then at equilibrium A is equal to
[June-2023]

(a) L (b) . (c) L (d) L
4 5 6 8
Hint: At equilibrium, [Ans: (a) ‘11]
(A B>(0-4 0~6J _ (A B)
0-2 0-8

Where A+ B 1
(0-4A+0-2B 0-6A+0-8B) = (A B)
0:4A+02B = A
0:4A+02(1-A) = A
[Since AtB=1= B =1-A]
0-4A+02-02A = A

= 02 = A—04A+0-2A
= 02 = A(1-04+0-2)
= A(0-8)
02 1
= A= 0872

2 0
4. IfA= then p (A) is
(0 8] p(A)

[FRT & May - 2022; Qy. 2023]

(@) 0 (b) 1 (c)2 (d)n
’ 0 [Ans: (¢) 2]
IfA = 0 8
— 0 j— —
Al = 0 3 =16-0=16% 0.

Since the second order determinant does not
vanish. p (A) =2
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111 ' A1 0
5. The rank of the matrix |1 2 3 [is . 9. Ifthe rank of the matrix | 0 A —1|is2,
1 409 : -1 0
(@) 0 (b) 1 (c)2 (d)3 | then A is [Govt. MQP - 2019]
[Ans: (d) 3] | (a) 1 (b) 2
1
111 {11 ! ()3 o (d) only real number
Hint: LetA= |1 2 3|~|¢ o o [R2?Re"R
1 49) 1o 3 g R, —>R;—R 1 Hint: Rankof | 0 A -1|=2 [Ans: (a) 1]
1
111 ! -0
=10 1 2 R, >R, -3R, : Since the rank is 2,
00 2 I
Since there are 3 non-zero rows, p (A) =3 (P 0 - -1 0 A
WS, p o A -1=0=A +1 +0 =0
p(A) = 3 :10k 0 A -1 A -1 0
6. The rank of the unit matrix of order » is ! -
[PTA - 3; QY-2019 & '24; Aug.-2021] 1 A(A)+1(0-1)+0 = 0
@n-1  (O)n ©n+l  (n ! Mol = 0 B=1oA=1
[Ans: (b) n] ! 1
Hint: The rank of the unit matrix of order n I 5
[Since the rank of a non-singular matrix of :
ordern x nis ‘n’] . 10. The rank of the diagonal matrix| — 3
7. If p(A) = r then which of the following is | 0
correct? [Sep. - 2020; Mar. - 2024] : 0
(a) all the minors of order » which does not , 0
vanish. !
(b) A has at least one minor of order » which : @0 (®)2 ©3 >
does not vanish. — . [Ans: (¢) 3]
(¢) A has at least one (+ + 1) order minor which , Hint: Since there are 3 non-zero rows, rank is 3
vanishes. | A B
(d) allt(r * lh) and higher order minors should ' 11. IfT=A (0~7 0~3j is a transition probability
not vanish.
[Ans: (b) A has at least one minor of order r | B\0-6 x
which does not vanish.] | matrix, then the value of x is
1 1 [PTA - 6; Qy. - 2019; Aug. - 2021; FRT - 2022; June-'24]
1
8. IfA=|2| then the rank of AAT is ! (2)0.2 (b)0.3 (c)0.4 (d)0.7
3 [PTA - 4; Hy - 2019; FRT - 2022] | A B
1
int: T=A(0-7 0-3 : .
(a) 0 () 1 (©)2 (d)3 ! Hint: T [Ans: (c¢) 0-4]
1 1 B\0-6 «x
. - | Since this is a transition probability matrix,
Hint: IfA=|2|then AT=(123) [Ans: (b) 1] ! 06+x = 1=5x=1-06=04
3 1 12. Which of the following is not an elementary
: transformation? [Mar.-2020; FRT-2022;
1 123 2 3\ June & Qy. & Hy. - 2023]
AAT=[2[(123)=|2 4 6|~~|0 0 of (2) RoR, (b) R—2R+2C;
3 369 0 0) (c) R—2R~4R, (d) C—-C+5C,
. Rank of AAT is 1 ! [Ans: (b) R; — 2R; +2C}]
¢
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Hint: Rl.%2Rl.+2Cjisnotanelementarytransformation
since it includes rows and columns.
13. If p(A) = p(A, B) then the system is
Qy. - 2023]
(a) Consistent and has infinitely many solutions
(b) Consistent and has a unique solution
(c) Consistent (d) inconsistent
[Ans: (¢) Consistent]
Hint: If p(A)=p(A, B) then the system can have a
unique solution or infinitely many solutions.
.. The system is consistent.
14. If p(A) = p(A, B) = the number of unknowns,
then the system is [May - 2022]
(a) Consistent and has infinitely many solutions
(b) Consistent and has a unique solution
(c) inconsistent (d) consistent
[Ans: (b) Consistent and has a unique
solution]
Hint: If p(A)=p(A, B) = Number of unknowns then
the system is consistent and has a unique
solution.
15. Ifp(A) # p(A, B), then the system is [FRT -2022]
(a) Consistent and has infinitely many solutions
(b) Consistent and has a unique solution
(c) inconsistent (d) consistent
[Ans: (c¢) inconsistent]
Hint: If p(A) # p(A, B), then the system is
inconsistent.
16. In a transition probability matrix, all the
entries are greater than or equal to

[FRT & July - 2022]
(a)2 (b) 1 (©0 (d)3
Hint: [ 0<p<I] [Ans: (c) 0]
17. If the number of variables in a non-
homogeneous system AX = B is n, then the
system possesses a unique solution only when
(a) p(A)=p(A,B)>n [Hy.-2019]
(®) p(A) = p(A, B)=n
(©) p(A)=p(A,B)<n (d) none of these
[Ans: (b) p(A) = p(A, B) = ]
The system of equations 4x+ 6y =5, 6x+ 9y =7
has [PTA-3; Govt. MQP - 2019; QY-'24]
(a) a unique solution (b) no solution
(c) infinitely many solutions (d) none of these
[Ans: (b) no solution]
Hint: Givendx +6y=15;6x+9y=7

5
4 1 —

B =(* ¢ - 4|R, >R, + 4
69 7) |g ;

[PTA - 4;

18.

4
9
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3
‘2
~ > R, - R, -6R,
0 0 >
Here p(A) =1 and p(A,B)=2
Since p(A) # p(A, B), the system has no solution

19. For the system of equations x + 2y + 3z =1,
2x+y+3z=2 Sx+5y+9z=4
(a) there is only one solution
(b) there exists infinitely many solutions
(c) there is no solution ~ (d) None of these
[Ans: (a) there is only one solution]

Hint: Given x + 2y + 3z =1, 2x + y + 3z = 2,

NGV

Sx+5y+9z=4
1 2 3 1
[A,B]=(2 1 3 2
55 9 4
12 3 1\R,->R,-2R
S0 B P 0 R SR-3R,
0 -5 -6 -1
1 2 3 1
-0 -1 -1 0/ R, >R, +5
0 -5 -6 -1
1 2 3 1
~lo -1 -1 o |R;—>R;-5R,
0o 0 -1 -1

Here p(A) =3 and p(A,B)=3

- p(A) = p(A, B) =3 = Number of unknowns.
20. If|A|# 0,then A is

(a) non- singular matrix

(c) zero matrix

(b) singular matrix

(d) none of these
[Ans: (a) non- singular matrix]

21. The system of linear equations x + y + 7 =2,
2x +y —z=23,3x + 2y + k = 4 has unique
solution, if & is not equal to [Mar. -2020]
(a) 4 (®)0 (c)—4 (d)1

[Ans: (b) 0]
Hint: Given x + y + z =2, 2x + y — z = 3,
3x+2ytk=4
11 1 2 1 1 1 2 R R.— 2R
[A,B]=|2 1 -1 3|~[0 -1 -3 —1[ 27 27"%
R, >R, -3R,
32 k 4 0 -1 k-3 2
I 1 1 2
~10 -1 -3 -1[R;—>R;—R,
0 0 k£ -1

For unique solution p(A) = p(A, B) =3
This can happen only when £ # 0
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22. Cramer’s rule is applicable only to get an ¢ Miscellaneous problems
1
unique solution when [June-'24] 1
1
@ &2 9 O A= 0 | 1. FindtherankofthematrixA=| = > * '
(C) Az 0 (d) Ay;t 0 X . m eranko ematrixA= 9 1 2 0
[Ans: (¢) A#0] , , 1 -3 4 7
, Sol :Given A = [PTA-2; FRT - 2022]
a b a, b a, b i 9 1 2 0
Y Xy @ b ; ~ R, - R, - 9R
b, ¢ ¢, a ! (0 28 34 —63) 27 N N
A, = A= th i
[Mar. & QY-'24] ' ~ R,-R,+— R
| 0 0 L g TN
(@ [22.22 () [22,22 | y
AT A, A1 "A, | The last equivalent matrix is in echelon form and
1 there are 2 non-zero rows.
A A 1 A ! p
(c) , (d) - p(A) =
Bz B A2 4 : 21 3 4
-A A
[Ans: (d) (1,1J] ' 2. FindtherankofthematrixA=| 0 1 1 2
o o A A 1 3 47
Hint: Given —1+—1=c1; —2+—2—02 : 2 1 3 4 3 4 7
ry ry :SoIleenA—0112 11 2|Re
a b b ¢ ¢ ay| . 1 347) 213 4
andAl—a b ;Az—b ;A= 1
2 D H Gy C, a : 1 3 4 7
o b f ~lo1 1 2|R,—>R +2R
= A, = - [.C,e Gl | 0 7 11 18
& b - 13 47
¢ b !
= N L ! ~[0 1 1 2|R,»R,-7R
2 b 1 3 3 2
2 % ' 00 4 4
1
and A a 4 - _ |4 a C e (j2 : The last equivalent matrix is in echelon form and
G 4 a & I there are 3 non - zero rows.
1A 1A p(A) =
X A, Yy HA | 4 5 2 2
-A, —A . 3. Findtherank of the matrixA=|3 2 1 6
= x = _A andy=A— |
2 3 I 45 2 9 4 4 8 0
24. If|A,, | =3 and |adjA|=243 then the value # is | Sol: GivenA = 3901 6
[PTA-5; Qy.-2019; FRT - 2022; Mar. & Hy. - 2023] | 4 4 8 0
@4 s @6 @7 s
Hint: Given |A | =3,]adjA|=243. [Ans:(c)6] | _ 321 6|R>R,+4~|3 2 1 6|R, &R,
If A is a square matrix of order n, then : 1120 45 2 2
. _ —1 1
ladj A| = [A]" 1 1 1 2 0 R R _3R
243 = 31171:>35:3n71 : ~l0 =1 =5 2 2 1
5 =n-1=>n=5+1=6 : 0 1 -6 2JRs=>R;—4R
25. Rank of a null matrix is [PTA-2] | 1 1 2 o
@)0 (®)-1 (c) o0 @1 1 1o -1 -5 6|R,>RR
3 3%
[Ans: (a) 0] i 0 0 —-11 8
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The last equivalent matrix is in echelon form
and there are 3 non-zero rows.
~op(A)= 3.

4. Examine the consistency of the system of
equations:
x+y+z=7,x+2y+3z=18,y+27=6.

Sol :Given non homogeneous equations are
x+ty+tz=T7,x+2y+3z=18,y+2z=6.

Augmented matrix Elementary
[A, B] Transformation
1 1 7
1 2 3 18
01 2 6
111 7
~10 1 2 11 R2 — R2 — Rl
012 6
111 7
~lo 1 2 11 R, >R,-R,
0 0 0 =5
Here p(A) =2 and p(A, B) =3
Since p(A) # p(A, B), the given system is
inconsistent and has no solution.

5. Find k if the equations 2x + 3y — z = 5,
3x —y+4z=2,x+ Ty — 6z =k are consistent.

Sol :Given non-homogeneous equations are
2x+3y—z=53x—y+4z=2,x+Ty—6z=k

Augmented matrix Elementary
[A, B] Transformation
2 3 -15
{3 -1 4 2
1 7 -6 k
1 7 -6 &k
~ [3 -1 4 2} R1 &~ R3
2 3 -1 5
~ g 2; ;2 2 3]; R, =R, 3R,
0 —11 11 5-2k R; >Ry —2R,
1 7 -6 k R3 - 2R3 — R2
~0 =22 22 2-3k
[0 0 0 2(5—2k)—(2—3k)]
1 7 -6 k
~ [0 22 22 2— 3k]
0 0 0 10-4k—-2+3k
1 7 -6 k
~ [O 22 22 2- 3k]
0 0 0 8-k

enquiry@surabooks.com
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
[}
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

6.

Sol

Here p(A) =2

Since the given system is consistent, p(A, B)
must be equal to 2.

This can happen only when 8 —k=0= k=28

Find k if the equations x + y + 2
3x—y—z=4,x + 5y + 5z =k are inconsistent.

1,

x+y+z=1,3x—y—z=4,x+50+5z=k

Augmented matrix
[A, B]

Elementary
Transformation

—

111
-1 -1 4

R, >R, - 3R,
R, >R, R,

1
0
0
1
0 R, >R, +R,
0

0 0 &

7.

Sol

A

Here clearly p(A) = 2.

Since the given system is inconsistent,
p(A) # p(A, B)

This can happen only when £ # 0.

2 2

-1 2
1 2

I =2

. k can take any value other than zero.
Solve the equations x+ 2y +z=7,2x—y+2z7=4,
x +y—2z=-1 by using Cramer’s rule.
1 2
LR
1 1 =2 bl
=12-2)-2(4-2)+12+1)
=10)-2(-6)+13)=12+3=15=% 0.
Since A # 0, Cramer's rule can be applied and the
system is consistent with unique solution.
7 2 1

Av=4 1 2l=7] -2t et !
I I R i S I B S B
—7(2-2)2(8+2)+1(4-1)
~7(0)=2(=6)+ 1(3)=12+3 =15
Ay=1[2 4 2—1‘4 2—7‘2 21l 4‘
-1 =2 =2

1 -1 =2
=1(—8+2)-7(-4-2)+ (-2 -4)
=1(=6)-7(-6)+1(-6)=—6+42-6=30
1 2 7
-1 4
Az=1]p 4=1‘

I 1 -1

2 4
-2 +7

2 —1‘
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=1(1-4)-2-2-4)+72+1) T = 2(-140)-100 (-2)=-280-+200=—80.
=1(3)2(-6)+73)=-3+12+21=30 ! 2 1100

, : Az = [1 0 80
.. By Cramer’s rule ! 3 2 220
A B - ~ ‘o 80‘ ‘1 80‘ 10‘
A I - = -1 +100
5 : 2 220 3 220 3 2
Ay 30 ; = 2(0-160)—1(220-240)+ 1002 - 0)
YTA TR =2 ! = 2(-160) — 1(-20) + 100(2)
5 ! = —320+20+200=-100
a0, : - AW
A /1/5 1 A —2
| y = Y = -8 =40
.. The solution is (x, y, z) = (1, 2, 2) ! AAZ _%00

8. The cost of 2kg. of wheat and 1kg. of sugar | S 50
is ¥100. The cost of 1kg. of wheat and 1kg. of ! <. The cost of 1kg of wheat is T. 30
rice is I80. The co.st o.f 3kg. of Yvheat, 2kg. of | The cost of 1kg sugar is 2. 40 and
sugar and 1kg o.f rice is ?22?. Find the cost of ! The costof 1 kg of rice is Z. 50,
each per kg., using Cramer’s rule. . 9. A salesman has the following record of sales

Sol : Let the cost of 1kg of wheat be X x, 1kg of sugar | during three months for three items A,B and
be X y and 1kg of rice be X z. 1 C, which have different rates of commission.
By the given data, : Sales of units Total

2x+y =100 E Months A B C ;ommis.sion
x+z =80 | rawn (in J)
3x+2y+z =220 : January 90 | 100 |20 800
21 0 ! February | 130 | 50 |40 900
A=11 0 1 ! March 60 | 100 |30 850
3 2 1 ! Find out the rate of commission on the items
0 1 11 1o | A,B and C by using Cramer’s rule.
=2 =1 +0 ' Sol :Let the rate of commission on the items A, B and
‘2 1‘ ‘3 1‘ 3 2‘ | C be x, y and z respectively.
=2(0-2)-1(1-3)+0(2-0) | By the given data, the non-homogeneous
=2(-2)—1(-2) ! equations are
= 442=10=_220 X 90x + 100y +20z = 800= 9x + 10y +2z =280
100 1 0 ! 130x + 50y +40z = 900= 13x+ 5y +4z=90
0 1 80 1 1 60x + 100y + 30z = 850
A" | - 100‘2 1‘—1‘220 1‘+0 ' = 6x+10y+3z = 85
220 2 1 : 9 10 2
= 10000-2)-1(80-220) 1 A=|3 4:9‘5 4‘_1 ‘13 4‘”‘13 5‘
= 100(-2) — 1(— 140) : 6 10 3 10 3 6 3 6 10
, 10_0 _0200“40"60‘ ' =9(15-40)— 10 (39 - 24) + 2(130 - 30)
! =9 (-25)-10(15) +2(100)
Ay = |1 80 1 L =-225-150+200=—175
3 220 1 : Since A # 0, Cramer's rule can be applied and the
80 1 11 | system is consistent with unique solution.
- 2‘220 1‘_100‘3 | o : 8010°2 ‘5 4 190 4 ‘90 5‘
X Ax=l99 5 4/=80 -10 +2
= 2(80—220)-100 (1 -13) X 10 3 85 3 85 10
‘ 8 10 3
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4

10.

Sol

= 80(15 —40)— 10(270 — 340) + 2(900 — 425)
= 80 (- 25)— 10 (— 70) + 2 (475)
= 2000 + 700 + 950 = — 350

2
Ay=193 zg 4=990 4 8013 4+213 90
85 3 6 3 6 85

6 85 3

9(270 — 340) — 80(39 — 24) +2(1105 — 540)
= 9(— 70) — 80(15) + 2(565)
— 6301200 + 1130 =— 700

9 10 80

5 90 13 90 13 5

Az=13 5 90 —910 85—106 85+806 w0
6 10 85

9(425 — 900)-10(1105-540)+ 80(130 — 30)
9(~ 475) — 10(565) + 80 (100)
— 4275 — 5650 + 8000 = — 1925

2
A V75
4
A 00,
YTA 175
11
- %zn
A 175

Thus the rates of commission on the items A, B
and C are ¥ 2, ¥4 and 11 respectively.

The subscription department of a magazine
sends out a letter to a large mailing list
inviting subscriptions for the magazine. Some
of the people receiving this letter already
subscribe to the magazine while others do
not. From this mailing list, 60% of those who
already subscribe will subscribe again while
25% of those who do not now subscribe will
subscribe. On the last letter it was found
that 40% of those receiving it ordered a
subscription. What percent of those receiving
the current letter can be expected to order a
subscription?

:Let A represents the percent of people who

subscribe the magazine and B represents the
percent of people who do not subscribe the
magazine.

Given 60% of people subscribe again implies
40% of people do not subscribe. And 25% of
people are going to subscribe implies 75% of
people are not going to subscribe.

[

e

w

1.

e = Y R\

é

Sol :

.. Transition probability matrix
A B

T Al 06 04
B £0.25 0.75)
Also, it is given that 40 % of those received the
order of subscription implies 60% are not going
to receive the order.
) 06 04
S (04 0.6)( J
0.25 0.75
= ((0.4)(0.6)+(0.6)(0.25)  (0.4)(0.4)+(0.6)(0.75))
= (0.24+0.15 0.16+0.45) = (0.39 0.61)
. 39% of people who received the current letter
can be expected to order a subscription.

@18 Questions & Answers

1 MARK

If O(A) =3 x 3 and p(A) = 2 then p(adjA)
is [PTA-1]

(@) 1

®2 ©3 @0

[Ans: (a) 1]
If A is matrix [A,B] is the augmented matrix
then which of the following is true? [PTA-2]
(@) p([A.B])=p(A)
(®) p([A,B]) = p(A)
(¢) p([A.B]) =p(A)>n

(d) p([A.B]) <p(A)
[Ans: (b) p([A,B]) = p(A)]

If A is matrix of order 4 and |A| = -2 then the

value of |adj (A)]| is [PTA-6]
(@ 4 ()4 (¢ -8 (d) 8

[Ans: (c) — 8]

Hint: Jadj A| = |A]"! = (-2)* 1 = (-2)=-8

2 MARKS

X X X
4 -2 1| findxifp(A)=3 [PTA-3]
2 3 4

IfA=

x [-8-3]-x[16-2]+ x [12+4]
—1lx—14x+ 16x

-9x#0
0
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_ ? 5. Six men and five women can jointly finish of
2 4 x|, :
. . | work in 12 days, whereas five men and seven
2. Find the rank of the matrix |4 -8 2x| , women can jointly finish the same work in
5 7 1/, 10 days, represent data as a system of linear
[PTA - 4] : equations. [PTA - 6]
, X 1 Sol :One man finish work in x days
2 4 x =27 | One woman finish work in y days.
R
Sol:{4 -8 2x|R;,>—1|4 -8 2x | Work done by one man in one day —
2 . X
5 7 1 57 1 ! ' 1
| Work done by one woman in one day —
P2 S 6,5 1 s, 7 L g
R2 - R2 —4R1 0 : X y 12 X y 10
1
Ry > R; —5R, sy | ! 3 MARKS
0 17 |
Rank 2 p(A) =2 ! 1. Consider the matl:lx of tl:ansmon probal.nhtles
| of a product available in the market in two
3. Parithi is either Sad (S) or happy (H) each . A B
day. If he is happy in one day, he is sad on the | brands A and B. A(09 0.1
next day by four times out of five. If he is sad |
on one day, he his happy on the next day by | B\0.3 0.7
two times out of three. Over a long run, what ! Determine the market share of each brand in
af‘e the ch"ances that Parithi is happy on any | equilibrium position.
given day? [PTA - 5; Qy. - 2019] | [PTA - 1; FRT & May - 2022; Mar. - 2024]
1 . Sol : Transition probability matrix
5.5
Sol : The transition probability matrix is T = o ; A B
4 1 — = ! A(09 0.1
o 5 5 | Bl0.3 0.7
At equilibrium, (SH) |, - |=(SH) ' At cquilibrium, (A B) T = (AB) where A+B=1
where S+ H=1 3 2 | 09 0.1
4.2 4, 2 v(A B)| | = (A B)
—S+-H=S= Zg4+2(1_-9)=S ! 0.3 0.7
5 3 4 | 0.9A+ 03B = A=0.9A+0.3(1-A)=A
On solving this, we get ! 0.9A—0.3A+0.3 = A=0.6A+03=A
10 3
S=—andH=— : 04A = 03 = ZEZE
13 13 o 04 4
In the long run, on a randomly selected day, his ! B | 3 01
\ .1 T T
chances of being happy is 10 . : 4 4
13 I Hence the market share of brand A is 75% and
2 3 4 | the market share of brand B is 25%
4. Find the rank of the matrix | -1 2 1 ! 2. The total cost of 11 pencils and 3 erasers is T 64
1 2 =22 1 and the total cost of 8 pencils and 3 erasers is
[PTA - 5] : %49. Find the cost of each pencil and each eraser
2 3 4 | by Cramer’s rule. [PTA-2, Mar. -2020; QY-'24]
Sol:|—1 2 1 :2[_4 _2]_3[2_ 1] +4[_2_2] : Sol :Let ‘x’ be the cost of a penCil
L 2 _2 ' Let ‘y’ be the cost of an eraser
B | .. By given data, we get the following equations
=2[-6]-3[1]+4[-4]=-12-3-16=-31 - 1lx+3y=64; 8x+3y =49
~p(A)=3 : . .
I “lg 4T 9 # 0. It has unique solution.
¢
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0
64 3 11 64 | 3 840 1
A=l 3= A7 I Ay = 2 570 1] =_300
1
. By Cramer’s rule x = = E = : b 630 2
N A 9 ! 32 840
y:f:%: ! Az = 2 1 570 =360
! 1 1 630
. The cost of a pencil is 5 and the cost of an | .. By Cramer's rule
eraser is X 3. ! _24 Ay —
L A0 gy Ay 3004,
3. Using Cramer's rule, solve: 3e* + 2¢¥ = 7, 1 A —2 A —2
de" + 7" =18 Pra-4, 2z —360_ .,
Sol :3e*+2¢"=17; 4e*+7e" =18 ! A =2 . . .
) . .. The cost of a Business Mathematics book is
A= ‘=21—8:13 . 120,
47 ! The cost of a Accountancy book is X150 and
Aex:‘7 2‘ —49_36=13 1 the cost of a Commerce book is X180.
18 7 '
3 7 | 2. Solve by using rank method x + y + 2z = 4,
Aey=‘4 18‘=5428=26 : 2x+2y+4z7=8,3x+3y+6z=12 [PTA-3]
1
e Ae* 13 . Ae¥ 26 . Sol : The matrix equation corresponding to the given
A BT A T : LoL2)fx) (4
! is|2 2 4 =
c=1logl=x=0=e"=2log2 =y 1 Systemls ri=18
X 3 3 6)\z 12
5 MARKS !
5 MARKS 2 amor o[l 2 4
1. The price of 3 Business Mathematics books, , [AB]=2 2 4 8/ R >R _3r |0 0 0 O
2 Accountancy books and one Commerce | 13 6 1 3 3 1 00 0 0
book is I840. The price of 2 Business !
. 1
Mathematics books, one Accountancy book Back substituting we get
and one Commerce book is I570. The price |
of one Business Mathematics book, one ! xt+y+2z=4
Accountancy book and 2 Commerce books , x =4 —y—2z, where y and z are arbitrary
is ¥630. Find the cost of each book by using | . C .
Cramer’s rule. [PTA-1: QY-24] | 3. :‘nl\lfestfgate for wh:t valufas of ‘a’ and ‘b’ the
Sol :Let x’ be the cost of a Business Mathematics , ollowing system of equations
book ! x+y+z=6,x+2y+3z=10,x+2y+az=>b
Let ‘p’ be the cost of a Accountancy book. : have
Let fZ ’3be+tl;e CfSt O_f a8C4c())mmerce book. : (i) no solution (ii) a unique solution
o )Zcx +§ +§ _ 70 ! (iii) an infinite number of solutions.
Tty = 630 I [PTA-3, Mar. -2020]
3y 21 | Sol : The matrix equation corresponding to the given
Here, A=12 1 1|=-2=%0 | system s
ere, A= =2 ! L1 1y 6
11 2 I
840 2 1 ! b2 3 »yi=110
1
Ax = 570 1 1|=—240 b2ajlz) (b
630 1 2 ! A X= B
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Augmented matrix Elementary T will continue to use their cars next year and
[A, B] Transformation ! 30% will switch over to the transit system.
. Suppose the population of the city remains
L1 1 6 ! constant and that 60% of the commuters use
1 2 3 10 : the transit system and 40% of the commuters
12 a b ! use their own car this year,
| (i) What will be the change in commuter's
1 6 ! usage after one year.
| (i) 'What percent of commuters will be using
~0 1 2 4 R,—R,-R, ! the Metro train system in the long run?
01 a-1 b—6 R,>R, - R, . Sol : Transition probability matrix [PTA - 4]
: A B
b6 L L A[85 15
~o b2 4 : B|30 .70
0 0 a—=3 b-10] |R3—R,—R, : Where A represent the percentage of people
. . | using metro rail transit system and B represents
Case (i) For no solution: ! the percentage of people using car.
The system possesses no solution only when : A =60% = 0.60 and B = 40% = 0.40
p(A)=p([A,B]) which is possible only when ! 085 0.15
a—3=0and b—10#0 ' (0.60 (),4()) 0‘30 0'70]
Hence for a =3, b # 10, the system possesses no , ) )
solution. ! =1[(0.6)(0.85) + (0.4)(0.3) (0.6)(0.15) + (0.4)(0.7)]
Case (ii) For a unique solution: | Z(—O6633°/ 03;37)_ 379
- 1] - 0
The system possesses a unique solution only | (i) The percentage of commuters using the
when p(A) = p([A,B]) = number of unknowns. | metro rail system after one year is 63%
i.e when p(A) = p([A,B]) =3 ! and the percent of commuters using the car
. . X after one year is 37%
Which is possible only when a—30'and b may be | (ii) Equilibrium will be reached in the long
any real number as we can observe . I run, At equilibrium we must have
X .
Hence for a # 3 and be R, the system possesses ! (A BT =(A B)
a unique solution.
d Y _ | Where A+B=1=(A B) 085 015\ p)
Case (iii) For an infinite number of solutions: 1 0.30 0.70
1 —
The system possesses an infinite number of ! (0.85A+0.30 B 0.15A+0.70B) = (A B)
solutions only when : 0.85A+0.30B =A
1 0.85A+(0.3)(1-A) =A
A) = p([A,B]) < number of unknowns
P(A) ~p(AB] | 0.85A+03-03A =A
i.e when p(A) = p([A,B]) =2 < 3 (number of 1 03 =A+03A-085A
unknowns) which is possible only | 03 =A(l+.3-085)
when a—3=0, 5—10=0 : 0.3 = A(0.45)
Hence for a = 3, b =10, the system possesses | _ 03 zﬂzg
infinite number of solutions. : 045 45 3
| The percent of commuters using the transit
Metro rail transit system has just gone into | the | S 66 2 o
operation in a city. Of those who use the ! system in the long run is 37°
transit system this year 15% will switch : 5. Find x, y, z for the following system of
over to using their own car next year and : equations [PTA - 5]
85% will continue to use the transit system. | 2 . 3 s 4 14 3 2 s 1 3 1 . 1 . 1 s
. . 0 —_ —_ —_= y ——— —_= — — —_=
Of those who use their cars this year, 70% 1 x y oz x y z x y z
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1
1
1
1
1
1
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1
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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1
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Xl Std - Unit 1 = Applications of Matrices and determinants
Sol :Put l:a,—:b,l:c
X y z
2a+3b+4c = 14 (D)
3a—-2b+c= 3 ..(2)
atb+tc= 5 ..(3)
Matrix form of the system
2 3 4a 14
3 -2 1}|p|=13
1 1 1flc 5
Augmented matrix
2 3 4 14 2 3 4 14
3 21 3|R,—-R53 -2 1 3
1 1 1 5 1 1 1 5
R R. IR 1 1 1 5
SR, —
2o "o 1 2 4
— 0 =5 -2 -12
01 15
R; —=R;+5R,|0 1 2 4
0 0 8 8
Equivalent system
8c 8 = c=
b+2c =4 =b=42=2
atb+c =5 =a=5-2-1=2
1
- =2 =x= .
X 2
y 2
1
- =1"=Z=1
z
80% of students who do maths work during
one study period, will do the maths work at
the next study period. 30% of students who
do english work during one study period,
will do the english work at the next study
period. Initially there were 60 students do
maths work and 40 students do english work.
Calculate,
(i) The transition probability matrix [PTA-6]
(ii) The number of students who do
maths work, english work for the next
subsequent 2 study periods.
Transition probability matrix
M E
M(0.8 0.2
T=
E|0.7 03

After one study period,

M E ME o
M(0.8 0.2

(60 40) = (76 24)
El07 03

So in the very next study period, there will be 76
students do maths work and

24 students do the English work.
After two study periods,

M E
) M(0.8 0.2
E(0.7 0.3

=776 224

M E

(76 24 ]—(60.8+16.8 15.247.2)

After two study periods there will be 78 (approx)
students do maths work and 22 (approx) students
do English work.

Govt. Exam Questions & Answers

Hint:

1 MARK

The system of equations 2x —y =1, 3x + 2y =12
has [Qy. - 2019]
(a) aunique solution

(b) no solution

(c) infinitely many solution

(d) none of these [Ans. (a) a unique solution]

4 x
If|A|=13 and |Adj A| = ‘5 o then the value
of xis : [Mar. -2020]
(@) 3 (b) 4 (o) 2 (d -5
[Ans: (a) 3]
[ |Adj A| = |A"" order n x n
LA = ‘4 .
5 7
|A] = 28 —5x
S5x =28-13=15
5x = 15
1
x= 2=
The system has a unique solution when two
lines : [Sep.-2020]

(a) L, and L, intersect exactly at one point

(b) L, and L, coincides

(c) L, and L, are parallel and distinct

(d) Both (a) and (b) [Ans: (d) Both (a) and (b)]
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2 MARKS ' 0 -1 5
: 6. Find the rank of the matrix [2 4 —6].
2 3 4 5 1
I 1 1 5
1. If the rank of the matrix |3 4 3 6 |js2. | Sol : Refer Text Book Example 1.3 [Mar. - 2023]
4 5 6K 7. Show that the equations 3x —2y =6, 6x—4y=10
. o 9 10 11 12 i are inconsistent. [Mar. - 2024]
1721nd3the5 value of ‘K [Hy.-2019] | g0 : Refer Text Book Example 1.11
-5 -
: 8. Find the rank of the matrix [June-'24]
Sol:3 4 6|=0=k=7 I 5 7
4 5 k 012 1 . Sol : Refer Text Book Example 1.2 [QY-'24]
1
2. Find the rank of the matrix A= |1 2 3 2| | 3 MARKS
3 1 1 3| | 1. Find the rank of the matrix
Sol :The order of Ais 3 x 4 [Sep. - 2020] : I 2 435
1
S p(A)<L3 I A=|2 -1 36 [Govt. MQP - 2019]
1
Let us transform the matrix A to an echelon form. 1 8§ 1 97
! Sol : The order of Ais 3 x 4
Matrix A Elementary !
Transformation | ~ p(A<min (3,4) = p(A)<3
01 2 1 E Consider the third order minor,
1 2 -4
A=112 3 2 : -1 3] 2 3 2 -1
I g 1 9 1 9 8 9 8 1
1232 :
A~10 1 2 1 RIHR2 : :1(—9—3)—2(18—24)—4(2+8)
3113 L =1(-12)-2(-6)—-4(10)
1 2 3 2 | =—12+12-40=—-40% 0.
X . . S
“lo 1 2 1 R, — R, - 3R, | There is a minor of order 3, which is not zero
0 -5 -8 -3 : p(A) = 3.
1 2 3 2 1 2. Show that the equations x +y=5,2x +y =38
| are consistent and solve them. [Qy. - 2019]
~0 1 2 1 R, —>R,-5R X . . . . .
3 3 2 Sol : The matrix equation corresponding to the given
00 2 2 | 1 1)(x 5
The number of non zero rows is 3. .. p(A) =3. | system 1s [2 1}[3,] N [8}
1
3. Show that the equations 3x -2y =6, 6x -4y =10 !
are inconsistent. FRT - 2022
1 [ 1 ! Matrix A Au:gmznt Elelpentary
Sol : Refer Text Book Example 1.11 ! matrix [A, B] | Transformation
4. Show that the equation x + y=5,2x + y =8 are , 1 11 5
consistent and solve them. [FRT - 2022] : ( j ( J
Sol : Refer Text Book Example 1.9 ! 21 218 R, >R, 2R,
1 2 3 I 1 1 1 1 5
5. Find the rank of the matrix A={2 3 4|. : 0 -1 1 -1 =2
1
3 57 ! _ _
Sol : Refer Text Book Example 1.6 [May - 2022] | p(A)=2 p(ABD =2
1 Number of non-zero rows is 2.

enquiry@surabooks.com Ph:8124201000/8124301000



www.surabooks.com

w Sura’s

Xl Std - Unit 1 = Applications of Matrices and determinants

@

p(A) = p([A,B]) = 2 = Number of unknowns.

The given system is consistent and has unique

solution.
Now, the given system is transformed into

1o1)(x) [5}
[0 -1 y] =2
xty =5
y =2
~(DHx+2 =5
x =3
Solutionisx=3,y = 2
1 1 -1 1 1 -1
3. IfA=|2 -3 4|and BT ={2 _3 4|,
3 2 3 3 2 3
then find the rank of AB. [Mar. -2020]
1 1 -1 1 -2 3
Sol:A=[2 -3 4 |andB=|"2 4 -6
3 _2 3 5 1 -1
1 1 -1(1 -2 3
AB=12 -3 4||-2 4 -6
3 -2 3 5 1 -1
1-2-5 —-2+4-1 3-6+1
=|12+6+20 —4-12+4 6+18—4
3+4+15 —6-8+3 9+412-3
-6 1 =2 -6 1 =2
=28 —12 20|=|28 —12 20
22 —11 18 22 —11 18
Matrix (AB) TrEa:f:;:)?:rtlzgon
-6 1 -2
AB=128 —12 20
22 —11 18
1 -6 -2
~ =12 28 20 Cl(—>C2
—11 22 18
1 -6 -2
~1 0 —44 —4 R, - R, + 12R,
—11 22 18

enquiry@surabooks.com

L 4
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
¢

Matrix (AB) TrE:st;:)erl:rtlzlgon
I -6 =2
~10 —44 -4 R, > R, +11R,
0 —44 —4
1 -6 =2
~10 —44 —4 R, —>R;-R,
0 0 0

The matrix is in echelon form and the number of
non-zero rows is 2.
s p(AB) = 2.
Show that the equations 2x + y=5,4x+2y=10
are consistent and solve them.
[Aug. - 2021; July - 2022]

Sol : The matrix equation corresponding to the given

()

temis | >
sySstem 1S
Y 4

4 mi:i“};‘:tm Tr]iilesli':)erl:lt;zon
2 1 2 1 5
(4 2) (4 2 10)
)1 21 s R, - R, -2R,
- (o 0] - (0 0 0)

p(A)=1

p([AB) =1

Number of non-zero rows is 2.

p(A) =p([A,B]) = 1 < Number of unknowns.

.. The system is consistent with infinitely many
solutions let us rewrite the above echelon form
into matrix form.

Now, the given system is transformed into

o o)) - o)

2x+y =5
Letustakey=k keR =2x+k=5
1
= —(5%
x = SGb

1
x= E(S—k),y=kforallke R

Thus by giving different values for &, we get
different solution. Hence the system has infinite
number of solutions.

Ph:8124201000/ 8124301000



www.surabooks.com

4

E’ﬁ Sura’s

Sol :

Sol :

Sol :

Sol :

Sol :

Sol

Akash bats according to the following traits. If
he makes a hit (S), there is a 25% chance that he
will make a hit his next time at bat. If he fails to
hit (F), there is a 35% chance that he will make
a hit his next time at bat. Find the transition
probability matrix for the data and determine
Akash’s long - range batting average. [FRT - 2022]

Refer Text Book Example 1.27 [June-'24]
Show that the equation are inconsistent
x—4y+7z=14,3x+8y—-27=13,7x -8y +26z=5.

[Hy - 2019; FRT - 2022]

Refer Text Book Example 1.14

Show that the equations 3x — 2y =6, 6x — 4y =10
are inconsistent. [Qy. - 2023]
Refer Text Book Example 1.11

Solve the equations 2x + 3y =7,3x+ S5y=9 by
Cramer’s rule. [Qy. - 2023]
Refer Text Book Example 1.19
Find £, if the equations x +y +z=7,x + 2y
+ 3z =18, y + kz = 6 are inconsistent.[Hy. - 2023]
Refer Text Book Example 1.16

5 MARKS

The values of a quadratic polynomial of
f(x) = ax* + bx + c are given by f (1) = 0;
f(2)=-2and f(3) =— 6. Using Cramer’s rule

find the value of @, b and c. [Sep. - 2020]

Letf(x)=ax’+bx+c

Givenf(1) =0,f(2)=-2 andf(3)=-6
f(1) =0
= 0 =a(l)+b()+c
= at+tb+c =0 .. (1)
f@) =-2
= 2 =aH)+b@)+c
= -2 =4da+2b+c
=4a+2b+c = -2 .. (2)
f3) =6
= -6 =a(3)+b3)+c
= -6 =9a+3b+c
=9 +3b+c= -6 ..(3)
1 11
2 1 4 1 4 2
LA=1402 1=1‘ ‘—1‘ ‘4—1‘ ‘
31 9 1 9 3
9 31
= 1(2-3)-14-9)+1(12-18)
= —-1+5-6=-2
Since A # 0, Cramer’s rule is applicable

?

2™ U

Xl Std ' Business Mathematics and Statistics
0 11
-2 1 -2 2
A =-2 2 1l=0-1 +1
a -6 1 -6 3
-6 3 1
= -1(2+6)+1(-6+12)=—4+6=2
1 0 1
A = |4 2 1:1‘—2 1‘_0“4 —2‘
— 9 -6
9 -6 1
= 1(2+6)-0+1(24+18)=4-6=-2
1 1 0
A, =42 —2=1‘2 i‘—l‘; _2+o
9 3 -6 N -

1(124+6)—1(24+18)=-6+6=0
By Cramer’s rule,

A
PNV
A 2
A, =2
h = b=—"-1
b 2
A,
c 2
La =-1,b=1,¢=0

2. Find k£, if the equations x + 2y — 37 = -2,
3x —y—2z=1,2x+ 3y — 5z =K are consistent.
[Aug. - 2021; Mar. - 2023]
Sol : The matrix equation corresponding to the given
I 2 -3\ (x -2
systemis|3 -1 2| |y|=|1
2 3 5)\:z k
A X = B
Augmented matrix Elementary
[A, B] Transformation
2 -3 =2
-1 2 1
3 5 &k
1 2 3 -2 R SR 3R
% —
~10 =7 7 7 2 2 !
R, - R, - 2R,
0 -1 1 4+%
1 2 3 -2
~10 =7 7 7 R, > 7R, -R,
0 0 0 2147k
P(A)=2,p([A,B])=20r3
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For the equations to be consistent, T 7. Solve by Cramer’s rule : x + y + 7 = 4;
p([A,B]) = p(A)=2 ! 2x —y +3z=1; 3x +2y — z = 1. [Mar. & June-2023]
~21+7k = 0 1 Sol :Refer Text Book Example 1.22
— 1
71}; = _231 1 8. Solve: (FP+3xp?) dx+ (3 +3x})dy=0
- — 1
3. Show that the equation 2x + y + 7z = 5, , Sol : dy _ _ © +3x° [Hy. - 20231
x+y+z=4,x-y+2z=1 are consistent and ' ' e ¥ +3x%y
hence solve them [FRT - 2022] ty =
Sol : Refer Text Book Example 1.12 \ puty = w p
v
4. Investigate for what values of ‘a’ and . LHS = v+x e
‘> the following system of equation : 5 x |
x+y+z=6, x+2p+37=10, x+2y+az=>b have RHS = X +3x° _ 1+3v?
(i) no solution (ii) a unique solution (iii) an : 33 +3x? y V4 3y
infinite number of solutions. [FRT -2022] ' 2
1 dv 1+3v
Sol : Refer Text Book Example 1.17 ! VEX— = S
! dx v +3v
5. The total number of units produced (P) is a | 4 2
R R R R dv . Vv +6v-+1
linear function of amount of over times in ! = x— = —3—dv
labour (in hours) (1), amount of additional , dx Vv +3v
machine time () and fixed finishing time (a) | 4dx ~ 4 +12v y
i.e. P=a=bi+cm | v Vi ret+l
From the data given below, find the values of Integrating, we have
constants, a, b and c. : 4logx = —log (v4 1602+ )=logc
Additional E ¥0g [;c“ (1:4 + 6‘2,2 +1)] = logc
Da Production | Labour | Machine |, l‘e’f v 2+ ?V t D= clon
Y |(in Units P) |(in Hrs. )| Time = | ' Y oxTy = c
(in hrs. m) | Additional Questions & Answers
Monday 6,950 40 10 1
1
Tuesday 6,725 35 9 I 1 MARK
Wednesday | 7,100 40 12 :
+ I.  CHOOSE THE CORRECT ANSWER :
Estimate the production when overtime in labour is ' . _ .
50 hrs. and additional machine time is 15 hrs. 1 1. Ifthe mnor of ayy = ﬂ.le co-factor of a,, in Ja,]
Sol : Refor Toxt Bookd Sf " then the minor of a,, is.
ol : Refer Text Book Example 1. [FRT -2022] ! (a) 1 (b) 2 ©0 3
6. 80% of students who do Maths work during | [Ans: (¢c) 0]
one study period, will do the Maths work at 1 2. If AB = BA = |A| I then the matrix B is the.
the next study period. 30% of students who | (a) inverse of A (b) Transpose of A
do English work during one study period, will | (c) Adjoint of A (d) 2A
do the English work at the next study period. | [Ans: (a) inverse of A]
Initially there were 60 students do Maths , 3. If A is a square matrix of order 3, then
work and 40 students do English work. ! ladj A| is
(i) The transition probability matrix ! [Ans: (a) |A]*]
(ii) The number of students who do Maths : 4. If|A| =0, then |adj A| is.
work, Engli.sh work for the next subsequent : (a) 0 ) 1 (c) -1 d £1
2 study periods. ! [Ans: (a) 0]
Sol : Refer Text Book Example 1.28 I
1
¢
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2k ? 6. The system of equation x + y + z = 2,
1
5. For what value of k, the matrix A = (3 5] : 3x—-y+2z= 6and 3x + y — 7 = — 18 has
has no inverse? ! solution [Ans: unique]
3 10
(a) 10 (b) 3 (©) 3 (d 10 | 7. The number of solutions of the system
1
[Ans: (b) 10] ! of equations 2x + y —z=7,x -3y + 2z =1,
3! e .
6. The rank of an n x n matrix each of whose | x+d4y-3z=Sis_. [Ans: 0]
elenlnents is 2 llj 5 Q) 2 . 8. The system of linear equations x + y + z =2,
@ ®) ©) n [An(s-)(ar)l 1 | 2x +y—7=3,3x+ 2y + kz = 4 has a unique
. 1
52 5 5 1 solution if k is . [Ans: Not equal to 0]
1
1
7. Thevalueof |5° 5% 5°|is ! 9. The value of A for which the system of
54 55 & ! equationsx +y+z=5x+2y+3z=9,x+ 3y
(a) 52 (b) 0 (c) 513 (d) 59 : + Az =pis [Ans: A # 5]
[Ans: (b) 0] |
2x 5] le¢ -2 ! 10. A set of values of the variable x, x,,...x,
8. Ifjg L =|7 3|thenx= | satisfying all the equations simultaneously is
+ + 1
@ 3 (®) 3 () £6 () 6 1 called of the system. [Ans: Solution]
[Ans: (¢) £6] ! -
. . . . . 1
9. IfAisa s.lngular matrix, then Ad_] Ais.  III. MATCH THE FOLLOWING
(a) non-singular (b) singular |
(c) symmetric (d) not deﬁn.ed ' [1. [Rank of a matrix . 1
[Ans: (b) singular] , . - ”
. , 2. |IfAisamatrix of order | ii. Nnon-zero row
10. If A, B are two n X n non-singular matrices, ' h A) <
then. ! m % n, then p(A) <
(a) AB is non-singular  (b) AB is singular | 3. |Rank of a zero matrix | iii. | n
(c) (AB)'=A"B"! ! 15
(d) (AB)! does not exit . | 4. | Rank of a non-singular | iv. unique
[Ans: (a) AB is non-singular] : matrix of order n x n is solution
. 1|5, |If Ais of rank 2, then | v. inconsistent
II.  FILL IN THE BLANKS : ! adj A is of rank
a 0 0 . |6. | A row having at least | vi. | infinitely
1. IfA=|0 a 0| then the value of |adj A is , one non-zero element many
00 a [Ans: af] ! 18 solutions
' | 7. [For the system of [ vii. |[<min {m, n}
1 1 —
2. F 2 x 2 matrix, if A (adj A) = equations AX = B, the
ﬂ:’ernﬁyl oo (adj 4) ‘ 0 10‘ I solution is X = A”' B
Ans: 10 | provided
Ans: 1014 TS ™ F (A, B) = p(A) < n | vidl. |0
3. If A is a square matrix of order n, then , then the system has
1
|Adj A| = [Ans: |A|"] 1+ [9. |If p(A, B) = p(A) = n, | ix. |Al# 0
1
4. If A is a matrix of order 3 and |A| = 8 then ! 0 then the system has 5
N . . | If p(A, B) # p(A) then | x. >
ladjAl=____ [Ans: 64] | the system is
. . 2 !
5. If Ais a square matrix such that A® = I, then [Ans: 1 - x, 2 - vii, 3 - vii, 4 - iii,
Al= . [Ans: A]

5-i,6-ii, 7-ix, 8 -vi, 9 -iv, 10 - v]
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4

Iv.

1.

CHOOSE THE ODD ONE OUT:

The system of non-homogeneous equations
will have.

(a) unique solution

(b) Infinitely many solutions

(c) No solution (d) Trivial solution
[Ans: (d) Trivial solution]
Rank of a 2 X 2 matrix may be
(a0 (b) 1 ()2 (d)3
[Ans: (d) 3]
The transition probabilities ij satisfy

() ¥, Py =1 forall)
(d) ij >1 [Ans: (¢) ij <0]

(a) ij >0
(c) ij <0
If |A| = 0, then
(a) Ais a singular matrix
(b) System has either no solution or infinitely
many solutions
(c) No solution (d) non-singular matrix
[Ans: (d) non-singular matrix]

WHICH IS THE FOLLOWING IS NOT
CORRECT IN THE GIVEN STATEMENT:
(a) |A|=|AT| where A = [al.j] 343

(b) [KA| = K3 |A| where A = [aij] <
(c) Ifis a non-singular matrix, then |A| # 0

b d
f h
a c

e 8

a+b c+d a ¢

e+ f g+h e g
a+b ct+d
et f g+h

(d)

—+

+

b d
|

[Ans: (d) foh

For the matrix A = [aij] 1x3
(a) Order of minor is less than the order of |A.

(b) Minor of an element can never be equal to
co-factor of the same element.

(c) Value of a determinant is obtained by
multiplying elements of a row or column by
corresponding factors

(d) Order of minor and co-factors of elements of
A is same.

[Ans: (b) Minor of an element can never be

equal to co-factor of the same element.]|

T T T T T T T T T T T T ey

w

=

“o

[y

If A is an invertible matrix, then which of the
following is not true?

(@) (A% =AY
(© (A '=(AhHt

(b) [A7]=|A[!
(d) |A]# 0

[Ans: (a) (A% = (AT))]

(a) If three planes intersect at a point, then the
system has unique solution.

(b) If three planes intersect along a line then the
system has infinitely many solutions lying
on this line.

(c) If two planes intersect at a point then the
system has unique solution.

(d) If three planes are parallel and distinct and
there is no point in common, then the system
has no solutions
[Ans: (¢) If two planes intersect at a point

then the system has unique solution]

Solution of the system of equations x + 2y =7

and 3x + 6y =21 is

(@) x=5,y=1

() x=0,y=1

(b) x=3,y=2
(d) x=-3,y=5
[Ans: (¢) x=0,y=1]

2 MARKS

Solve: x + 2y = 3 and 2x + 4y = 6 using rank
method.

Sol : The non-homogeneous equations are

x+2y=3, 2x+4y=6
Augmented matrix Elementary
[A, B] Transformation
1 23
2 4 6
1 23
~ 0 0 0 R, >R, 2R,

Here p(A) =1 and p([A, B]) =1

Since p(A) = p([A, B)] = 1 < Number of
unknowns, the given system is consistent with
infinitely many solutions.

To find the solution, let us rewrite the above
echelon form into the matrix form, we get

1 2\(x 3
) - Bavenrs o
lety = k&, ke R
(1= x+2k =3 =
. Solution set is {3 — 2k, k}, ke R.
For different values of &, we get infinite number

of solutions.

x=3-2k
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2. Show that the equations x + y +z=6,x + 2y * 6. Twonewspapers A and B are published in a city .
+3z =14 and x + 4y + 7z = 30 are consistent. , Their market shares are 15% for A and 85%
Sol :Given non-homogeneous equations are ! for B of those who bought A the previous year,
x+y+z=6,x+2y+3z=14,x+4y+7z=30. , 65% continue to buy it again while 35% switch
Elementar ! over to B. Of those who bought B the previous
Augmented matrix T P t?, : year, 55% buy it again and 45% switch over to
ranstormafion |, A. Find their market shares after one year.
1116 | A B
12 3 14 ! » o . A(0.65 035
' Sol : Transition probability matrix T = ’ :
147 30 | P Y B (0.45 0.55)
1 11 6 R.5R. _R ! Given present market shares are 15% for A and 85% for B
~10 1 2 8 R2 N R2 B Rl I ~.Market shares after one year
03 6 24 E I | 0.65 0.35
, = (0.15 0.85)
1116 | 0.45 0.55
~lo 1 2 3 R. >R -3R ! = ((0.15)(0.65) + (0.85)(0.45) 0.15 x 0.35 +0.85 x 0.55)
00 0 0 3 3 2 |, =(0.0975 +0.3825 0.0525+0.4675)=(0.48 0.52)
! ~.Market shares after one year for A is 48% and
Here p(A) =2 and p(A, B) =2 | for B is 52%
p(A) = p(A, B) =2 < Number of unknowns. !
The given system is consistent. : 3 MARKS
3. :lflft illl;d'slsnﬁfles{l,?;-iggmar matrices, prove . 1. Show that the equations 2x — y + z = 7,
i -singular. . T tyt = .
Sol :Since A and B are non-singular, [A| # 0,B|# 0 ! ix p Sz. 13,xl ty ¢ =S are consistent and
Consider |[AB| = |A][B|# 0 : ave a unique solution. -
since |A| # 0 and |B| # 0. = |AB| #0 i Sol : The non-homogeneous equation are
.. AB is non-singular. ; 2x—y+z=7,3x+y-5z=13,x+y+z=5
4. For what value of x, the matrix \ -
1 22 3 | Augmented matrix Elementary
I [A, B] Transformation
A=|1 2 1jj singular? | :
v 2 -3 N ! 2 -1 1 7
! 31 =513
Sol : The matrix A is singular, if [ 2 1| =0 ! L1 s
x 2 -3 : 11 1 5
12 1+21 1+31 2:() : ~13 1 =5 13 RIHR?,
2 -3 x -3 x 2 : 2 -1 1 7
=1 (-6-2)+2(-3-x)+32-2x)=0 1 1 1 1 5
=1 (-8)—6-2x+6—6x=0 ! o 2 8 R, >R, -3R,
= —-8-2x—-6x = 0 =-8-8x=0 1 R3_>R3_2R1
_g 1 0 -3 -1 3
= -8 = & =>x=?=*1 : 1 1 1 5
0 0)x 1 : ~10 =2 -8 =2 R—)R—ER
5. If[0 1 0| y|=|-1|findx,yandz ! 0 0 11 0 HE
0 0 1)z 0 . Clearly p(A) =3 and p(A, B) = 3
1 0 0)x 1 x+0+0 | = p(A) = p(A, B) = 3 = Number of unknowns
Sol:Given |0 1 0|l y|=[-1|=[0+y+0 ! .. The given system is consistent and has unique
' lution.
1 +0+ ' 50
| 0 xO Zl 0 0+0+:2 . 2. Show that the equations x— 3y + 4z = 3,
! 2x—5y+7z=6,3x—8y+11z=1 are inconsistent.
= -l[=|Y]|=|"1|=x=Ly=-1,2=0 1 Sol : Given non-homogeneous equations are
0 z 0 o x-3y+4z=3,2x—5y+7z=6,3x—8y+1lz=1
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So

So

Augmented matrix
(A, B

Elementary
Transformation

:Given

1 -3 43
2 5 76
3-8 111
R, >R, 2R,

R, — R, 3R,

S = O O =
—

R, >R, -R,

0 0
Clearly p(A) =2 and p(A, B) =3

P(A,B) # p(A) '
Hence, the given system is inconsistent and has
no solution.
2 4 n 8
If A= (4 3), X = (1] B = (11) and
AX = B then find .
AX = B
(2 4)(;1) - ( 8) (2n+4)_(8)
= N =
4 3)11 11 4n+3 11
Equating the corresponding entries on both sides,
we get
2n+4 =

2n =
2n =

8
84
4
4
2

n =

n 2.
Two products A and B currently share
the market with shares 60% and 40%
each respectively. Each week some brand
switching latees place. Of those who bought A
the previous week 70% buy it again whereas
30% switch over to B. Of those who bought B
the previous week, 80% buy it again whereas
20% switch over to A. Find their shares after
one week and after two weeks. [July - 2022]
A B

B\0-2 0-8
0.7 03

0.2 0.8)

= (0.6><0.7+0.4><0.2 O.6><0.3+O.4><0.8)
=(0.42+0.08 0.18+0.32)= (0.50 0.50)

= A=50% and B = 50%

. o . A(0-7 0-3
: Transition probability matrix T =

Shares after one week (0.6 0,4)(

enquiry@surabooks.com

T T T T T T T T T e T T Ty

0.7 03
Shares after two weeks (0.5 0.5)(0.2 08)
= (0.5%0.7+0.5%0.2 0.5%x0.3+0.5%0.8)
(0.35+0.10  0.15+0.40) = (0.45 0.55)

A=45% and B =55%

5 MARKS

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. Find the numbers
using rank method.

Sol :Let the three numbers be x, y and z respectively

Given xt+ty+z = 6
x+2z =7
3x+yt+tz = 12
Augmented matrix Elementary
[A, B] Transformation
1 11 6
1 02 7
31 1 12
1 1 1 6 R, - R,-R,
~10 -1 1 1 R, > R, - 3R,
0 -2 -2 -6
I 1 1 6
~10 -1 1 R, >R, -2R,
0 0 4 -8

The last equivalent matrix is in echelon form
p(A)=3and p(A,B)=3
. p(A)=p(A, B) =3 = Number of unknowns

. The system is consistent and has unique
solution.

To find the solutions, let us rewrite the echelon
form into matrix form.

I 1T 1)(x 6
0 -1 1yl =11
0 0 —4)\z -8
xty+tz = 6 (D
—y+tz =1 -2
-4z = -8 ..(3)
-8
From (3), 4z = —8:>z=—4=2
Substituting z = 2in(2) we get
—y+2=1=>-y = 1-2=>-y=-1
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= y =1 T = 1Q2)-3(-1)+8(-3)
Substituting y =1 and z= 2 in (1) we get, I = 2+33-24=11
x+1+2=6=x+3=6=x=6-3 : Ax 11 Ay 11
= x =3 ! S N TR A TR
Hence, the numbers are (3, 1, 2). : Ar 11

2. A mixture is to be made of three foods A, B, : z = —=—=1
C. The three foods A, B, C contain nutrients ! A 11
P, Q, R as shown below. | Hence, the mixture is formed by mixing one

TR o [T o N ! pound of each of the foods A, B and C.
Food P Q R . 3. For what values of k, the system of equations

A 1 5 5 ! kx+y+z=1,x+ky+z=1,x+y+kz=1have

B 3 1 1 ! (i) Unique solution

C 1 (ii) More than one solution

4 2 L ]+ (i) No solution
How to form a mixture which will have 8 | ) . .
ounces of P, 5 ounces of Q and 7 ounces of R? Sol : The given non-homogeneous equations can be
9 . .

(Cramer's rule). : Wr}cttenl \ 1 !

Sol :Let x pounds of food A, y pounds of food Band z | *
pounds of food C be needed to form the mixture. ! Lok L)y = |1
Given x +3y+4z = 8§ I I 1 k)\z 1

2x+y+2z = 5 : -
Sxtytz = 7 ' Augmented matrix Elementary
1 3 4 : [A, B] Transformation
A_2 1 2:1‘1 2‘_3‘2 2‘+ 2 1‘ (e 11
1
s MRl k1
1
= 1(1-2)-32-10)+42-5) 1 1 k1
1
= 1D)-3=8+4(3) ! 11 k1
Since A # 0, Cramer's rule can be applied and the 1 F1o1 1
system has unique solution. :
834wy s o 51 ot kel R,»R,-R,
Ax=15 1 2 28‘ ‘—3‘ ‘+4‘ ‘ l~10 k-1 1-k 0 R, - R, - kR,
11 7 1 7 1 X
71 1 o o 1=k 1=K 1-k
= 8(1-2)-3(5-14)+4(5-7) !
= 8(-1)-3(-9)+4(-2) !
= —-8+27-8=11 ! 0 k-1 R; - R, +R,
4 I 0 0 2-k- k2 1-k
5 2 2 2 2 5 !
Ay = 2= 1 ‘ ‘ -8 ‘ +4 ‘ A
1 71 51 ST 0 k-1 R, > R,(-1)
= 1(5-14)-8(2-10)+4(14-25) | o 0 k2+k 2 k-1
= 1(-9)-8(-8)+4(-11) AT
= —9+64-44=11 P10 k-1 -k 0
1 3 8 s ) s ) 1 1 0 0 (k=D(k+2) k-1
1
Az=12 1 5= 1‘1 7“3‘5 7‘”3‘5 1‘ | Case (i) Whenk# 1,and k= —2
517 | P(A) =p(A, B) =3 = Number of unknowns.
= 1(7-5)-3(14-25+ 82-5)1 .. The system has unique solution.
¢
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Case (ii) T = 12-3)-14-9)+1(12-18)
1 1 1 1 I = -1+5-6=-2#0
1 1 1 .
When k = 1 [A.B]~|0 0 0 0 | SSlrslfeemA ;; soarirtrgesro s1 lilii)encan be applied and the
0000 . Y ((1) o
1
P(A) = p(A, B) = 1 < Number of unknowns. I
. The system is consistent and has infinitely , Aa = |72 21
many solutions. | -6 3 1
Case (iii) When k=2 ! =0 ;1(—62 +26) +1(=6+12)
= _ —+ =
1 1 =2 1 | Lo 1
[A,B]~[0 -3 3 0 | P
00 0 -3 ! ab = .
P(A) =2, p(A, B)=3 =p(A)# p(A, B) ! R
.. The system is inconsistent and has no solution. 1 = 1(-2+6)+0+1(—24+18)
| = 4-6=-2
4. Usingdeterminants,find the quadratic defined | 1o
by fix) = ax? + bx + c i f{1) =0, fi2) =— 2 and | Ac =, (472 2
! 9 3 -6
=6 | 1 (-12+6)—1(-24+18)+0
= 1(-12+6)—1(-24+18)+
G ) I
Sol :Given flx)=ax"+bx+c | . _6+6=0
A =0 I Aa A .
1 = —_— —=—— =
= a(1P+b()+c = 0= a+b+c=0..(1) N
1
f2) = -2 A Ve
= a2)+bQ)+c = 2 ; A A
- da+2b+c = -2 ) oo B _0 _,
f3) = 6 : A2
1
— a(32)+b(3)+c = _6 : f(}’l) = (—1)x2+1(x)+0
= 9a+3b+c = -6 (3, = fix) = x*+x
1 11 !
Now A= |4 2 1 !
9 3 1 !
é

e o 2k
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