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Chapter

APPLICATIONS OF
MATRICES AND
DETERMINANTS

4 CHAPTER SNAPSHOT  [§

The rank of a matrix A is the order of the largest non-zero minor of A and is denoted by p (A).
(i) p(A)=0.
(if) If Alis 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 < nis “n”.
Elementary transformations :
(i) Interchange any two rows (or columns)
R~ R (C;C)
(if) Multiplication of each element of a row (or column) by any non-zero scalar K.
R, —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).
Ri—>Ri+kRj (orC; = C, +kC)
Equivalent matrices:

Rank of a matrix :-

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=Dh
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.

(if) 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, E ij =1forallj
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y| FORMULAE TO REMEMBER |\

1. Linear equations can be written in matrix M
form AX = B, then the solution is X = A™!' B,
provided |A| £ 0.

2. Consistency of non homogeneous linear
equations by rank method.
() Ifp([AB]) =p(A), then the equations are
consistent.

(i) If p([A.B]) =p(A)=n, where n is the
number of variables then the equations are
consistent and have unique solution.

(iii) If p ([A,B]) = p(A) <n, then the equations
are consistent and have infinitely many
solutions.

(iv) If p((A,B]) # p(A), then the equations are
inconsistent and has no solution.

O — = — e — — ————— -

TEXTUAL QUESTIONS °
1
L 1 -1
‘;:!a:zaaill | (i) LetA = 3 ¢
_ ) _ . Orderof Ais2x 2
1. Findthe rank of each of the following matrices. |
1 - p (A) £2 [Since minimum of (2, 2) is 2]
_ 1
i I3 6 (i) ! 1] ! Consider the second order minor,
7 8 3 -6 I b=l = 63y
2 -1 1 ! 3 6
(i) (1 4] W3 1 -5/ = -6+3
28 1 1 1 ! = -3z 0.
! . . -
1 2 3 1 1@V & ! There is a minor of order 2, which is not zero
1
v) |4 -3 4 (vi)|2 4 1 2| Lp(A) =2
1
-2 4 —4 36 3 -7 o | 4
, (i) LetA = [ ] [QY-2019]
31 -5 -1 1 -2 3 43 1 . ,28,, .
i) |1 —2 1 _s (vii) |, 4 _3] ! Order of A is 2 x 2 [Since minimum of (2,2) is 2]
rs -7 2 1276 : Consider the second order minor
. 5 6 ' 2 8
Sol : (i) LetA = [7 8] : =8-8
Order of Ais2 x 2 : ~ 0
X :
- p (A) £2 [Since minimum of (2, 2) is 2] ! ] ] )
_ _ ! Since the second order minor vanishes, p(A) # 2
Consider the second order minor, :
3 g = 40—42 ! Consider a first order minor [1]| # 0
= 22 0. : There is a minor of order 1, which is not zero
1
There is a minor of order 2, which is not zero | L p(A) = 1.
S p(A) = 2 :
:
1
1
6
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w Sura’s " Xl Std - Unit 1 = Applications of Matrices and determinants o
)
2 -1 1 : Matrix A Elementary
(iv) LetA = |3 1 -5 [PTA-1] | Transformation
11 1 : 1 -2 2
The order of Ais 3 x 3 | -lo 5 —4 R, — R, 4R,
- p(A) <3 [Since minimum of (3, 3) is 3] : 2 4 4
Let us transform the matrix A to an echelon form
! 1 -2 2
. Elementary !
Matrix A Transformation -0 Ry =Ry + 2R,
! 0O 0 o0
2 —1 1 !
A=(3 1 -5 | The matrix is in echelon form and the number
1 1 1 1 of non-zero rows is 2.
' " p(A) = 2
111 | - p( ‘
27 -1 1 L (vi) LetA = (2 4 -2
Ll ! 36 3 -7
R, > R,-3R, ! The order of Ais 3 x 4
~0 -2 -8 R, >R, 2R, ' p(A) <3 [Since minimum of (3, 3) is 3]
1
0 -3 -1 I Let us transform the matrix to an echelon form.
1
1 1 1 I Matrix A Elementary
1o -1 -4 R, >R,+2 : Transformation
1
0 -3 -1 : 1 2 -1 3
1 1 1 : A=12 4 1 =2
~10 -1 —4 R, — R, 3R, : 36 3 7
0 0 11 : 12 -1 3
- — o R R, - 2R
This matrix is in echelon from and number of non- ! 00 3 -8 272 1
Zero rows is 3. : 36 3 -7
~op(A) = 3. | 1 2 -1 3
-1 &2 =00 3 -8 R, - R, - 3R,
V) Let A -3 4 : 00 6 —16
pl 4+ 4 | 1 2 -1
The order of A is 3 x 3 | -3
. p(A) <3 [Since minimum of (3, 3) is 3] | ~10 0 3 I8 R, > R;-2R,
Let us transform the matrix to an echelon form. | 00 0 O
. A Elementary :
atrix Transformation . The matrix is in echelon form and the number of
| 2 5 | non- Zero rows is 2.
. s ! L p(A) = 2.
A= D 4 s ! 301 -5 -1
B B | (vii) A=11 -2 1 -5
1 -2 2 ! 15 -7 2
~| 4 -3 4 R, =R, (1) | The order of Ais 3 x 4
-2 4 -4 . . p(A) < 3 [Since minimum of (3, 4) is 3]
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o Y Sura’s = XII Std = Business Mathematics and Statistics
Let us transform the matrix A to an echelon form.‘:' 1 1 -1 1 -2 3
: 3 -2 3 5 1 -1
3o = -l : then find the rank of AB and the rank of BA.
A={1 =2 1 =5 ' Sol -
15 -7 2 T 11 -1 1 -2 3
1 5 -7 2 : GivenA=[2 -3 4 |andB=|—2 4 —6
~l1 2 1 =5 Ry &R, | 3 -2 3 51—l
1
31 =5 —1 : 1 1 -1 1 -2 3
1 5 -7 2 | AB = _ _ 1
o 5 s R, >R, R, ! 2 -3 4 2 4 6
! 3 -2 3 5 1 -1
3 1 =5 -1 :
s 1 | 1-2-5  —2+44-1 3-6+1
~lo -7 8 _7 R, >R, 3R, | =|24+6+20 —4—-12+4 6+18—4
0 —14 16 -7 | 344415 —-6—-8+3 9+12-3
15 -7 2 | -6 1 -2
~lo -7 8 -7 R, >R,~ 2R, . AB=[28 —12 20
00 0 7 : 22 —11 18
The matrix is in echelon form and the number of | Elementar
non-zero matrix is 3. | Matrix (AB) y
- p(A) = 3. : Transformation
1 -2 3 4 | 6 1 -2
(viii) A=|-2 4 -1 -3 | AB={28 —12 20
1
-1 2 7 6 1 22 —11 18
The order of Ais 3 x 4 | 1 -6 -2
- p(A) £ minimum of (3,4) = p(A) <3 ! ~1_12 28 20 C. & C
Let us transform the matrix A to an echelon form. 1 11 22 18 ! 2
X _
. Elementary !
Matrix A Transformation | =6 =2
. 2 3 4 ! ~| 0 —44 —4 R, >R, +12R,
=2 4 -1 -3 | —11 22 18
-1 2 7 6 ! 1 -6 -2
1 -2 3 4 ! ~10 —44 —4 R, >R, +1IR,
~10 0 55 R, > R,+2R, ! 0 —44 —4
1_1—22 37 f : Lo 2
~lo 0o 5 s R. 5R.+R | ~ |0 —44 4 R 2Ry =Ry
3 3 1 ! 0 0 0
0 0 10 10 !
1 -2 3 4 ! The matrix is in echelon form and the number of
~lo o0 5 5 R, >R, 2R, ! non-zero rows is 2.
o 0 0 0 ! - p(AB) = 2.
1
The matrix is in echelon form and the number of 1 =2 3t 1 -1
non- zero rows is 2. : Now, BA=|-2 4 —6{|2 -3 4
Sp(A) = 2 . 5 1 13 -2 3
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given equations.

4. Show that the equations 5x + 3y + 7z = 4,
3X + 26y + 22 =9, 7x + 2y + 10z = 5 are
consistent and solve them by rank method.

Sol : Given non-homogeneous equations are

5x+3y+7z

4

w Sura’s " Xl Std - Unit 1 = Applications of Matrices and determinants o
1-4+9 1+6—6 —1-84+9 T Augmented matrix Elementary
“|-248-18 —2-12+12 2+16-18] | [AB] Transformation
542-3 5-342 —5+4-3], 19
6 1 0 : 2 5 7 52
1 21 -1 0
= |—-12 =2 0 1
4 4 4 : 1 1 1 9
- lo~lo 3 s 34 R, =R, —2R,
! R, > R,-2R
. Elementary ! 0 -1 -3 I8 Y
Matrix (BA) : !
Transformation I 111 9
1
6 1 0 : 0 3 5 34 R3 - 3R3+ R2
0 0 —4 -20
BA=|-12 -2 0 :
4 4 4 | 11 1
N (U =P(A)=3
1 6 0 | 00 —4
~1=2 =12 0 C,eC, : 11 1 9
4 4 4 . Since augmented matrix [A, B]~ [0 3 5 34
: 0 0 —4 —20
16 0 ! has three non-zero rows, p([A,B]) = 3.
= 0 0 R, >R, +2R, 1 That is, p(A) = p([A,B]) = 3 = number of unknowns.
4 —4 | So the given system is consistent and has unique
: solution.
I 6 0 1 To find the solution, we rewrite the echelon form into
-0 0 0 R, — R, - 4R, . the matrix form.
0 —-20 —4 ! I 1 1}|x _ 9
| 03 5|y 34
1
The number of non-zero rows is 2. I 0 0 —4)\z -20
- p(BA) = 2. L > X+y+z = 9 (1)
1
3. Solve the following system of equations by ! Jy+sz = 34 ~(2)
rank method x +y +2=9, 2x + 5y + 72 =52, ! -4z = 20 -(3)
2X-y-2=0 1 B)= -4z = =20
1 =20 5
Sol : The given equations are x +y +z =9, : L= 4T
2X+5y+72=52,2x-y—2=0 ! (2)= 3y+5(5) = 34
_ _ _ oo = 3y+25 = 34=3y=34-25
The matrix equation corresponding to the given ! v = 9 _ 9
system is ! = y B ; = Y73
11 1)x 9 - y '
5 1 (1)= x+3+5 =9
= 1
25 Ty | = X+8 = 9 =>x=9-8=x=1
2 N = % : . x=1, y=3,z=5is the unique solution of the
1
I
1
1
1
1
1
1
)
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0 Y Sura’s = XII Std = Business Mathematics and Statistics
3x+26y+2z = 9 T Here p(A) = p(A, B) = 2 <Number of unknowns.
7X+2y+10z = 5 I .. The system is consistent with infinitely many

The matrix equation corresponding to the given | solutions let us rewrite the above echelon form
system is 1 into matrix form.
5 3 7)(x 4 : L 262 3
326 2|yl = |9 : 30 3[x] |
7 2 10)z 5 ! o Lo
_ : 3 3z 0
A X = B X 0 0 0
3 7 1
26 2
Augmented matrix [A, B]=1{3 26 2 | X+ —y+—-z =3 .. (1)
1 3 3
2 10 5 | 0 1
X _
Augmented matrix Elementary ! 3 YF3% 7 -1 +(2)
[A, B] Transformation : let z = k; where k € R
5 3 7 4 | —11 k
320 2 9 o @=gyrg = -l
1
7 2 10 5 : 11 k 3k
326 2 9 .= NV T 3Ty
1
5 3 7 4 R, <R, : N Ty = 3k
721005 LS 11y = 3+k
: % 30 : = y = 1 (3 +Kk)
7 2 10 5 | Substituting y =E(3 + k) and z =k in (1) we
26 2 L
1 — = 3
3 3 | x+§[3+k]+zk=3
Tl o2t R, - R,-5R, ! 3 11 3
33 : o - 26 (3+k) 2k
7 2 10 5 | 3 11 3
! —78— 2k —78 —26k —
1 26 2 3 : _—78 26k__+3: 78 — 26k — 22k +99
~ 1321 131 ' > ; >
0 % 3 ~11 R3%R3—7R1 : _ 21—48k _ 3(7—16k)
~176 16 ! 3 33
0 —2 AW L x=g (716K
. 1 1
, %02, | . Solution set |s{1—1 (7—16K), 1 (3+k),k}ke R.
3 3 1
~lg 211 R, >R, + 11 ! Hence, for Fjiﬁerent values of k, we get infinitely
3 3 R, >R, + 16 ! many solutions.
0 _Tll % -1 . 5. Show that the following system of equations
6 o ! have unique solution: X +y+z=3, X + 2y + 3z
1 3 3 3 I =4, x + 4y + 9z = 6 by rank method. [QY-2019]
1
- 0 ~11 1 » R, >R, —R, ! Sol : Given non-homogeneous equations are
33 ! X+y+z = 3
0 0 0 0 - X+2y+3z = 4
| X+4y+9z = 6
¢
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o

For what values of

the parameter A, will

the following equations fail to have unique
solution: 3x—y + Az =1, 2x +y +z = 2,
X + 2y — Az = -1 by rank method.

Sol : Given non-homogeneous equations are

w Sura’s " Xl Std - Unit 1 = Applications of Matrices and determinants
The matrix equation corresponding to the given
system is

I 1 1)x 3
1 2 3|yl = |4
1 4 9z 6
A X =B
Augmented matrix Elementary
[A, B] Transformation
1 113
1 2 3 4
1 4 9 6
s R,—>R,-R,
~8 ; z ; R, - R, R,
1 113
~{0 1 21 R, > R;-3R,
0 020
Clearly the last equivalent matrix is in echelon
form and it has three non-zero rows.
s p(A)=3and p([A,B])=3
=p(A) =p([A, B]) = 3=Number of unknowns.
.. The given system is consistent and has unique
solution.
To find the solution, let us rewrite the above
echelon form into the matrix form.
1 1 1)fx 3
0 1 2|yl = |1
0 0 2]z 0
= X+y+z =3 .. (1)
y+2z = 1 .. (2)
2z = 0 ..(3)
B)=2z=0=>1z = g =0
Q)=y+20)=1=y+0=1=y=1-0=1
1= x+1+0 =3
= Xx+1 =3
= X = 3-1
= X = 2
.. Solution is {2, 1, 0}

orders@surabooks.com
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IXx-y+iz =1
2X+y+z = 2
X+2y—-Az = -1
The matrix equation corresponding to the given
system is
3 -1 A)(x 1
2 1 1 ||yl=1]2
1 2 Az -1
A X = B
Augmented matrix Elementary
[A, B] Transformation
3 -1 A 1
2 1 ],
1 2 A -1
1 2 -A -1
~l2 1 1 2 R, <R,
3 -1 A 1
1 2 -A -1
~10 =3 1+20 4 R, >R,-2R,
3 -1 A 1
1 2 -2 -1
~10 =3 1+21 4 R, —> R, -3R;
0 -7 41 4
1 2 -A -1
o 1+2) 4 R,—>R,+3
3 3 Ry,—>Ry+7
o 1 24
7 7
1 2 -\ -1
1+2A 4
~10 -1 3 3 R, > R;-R,
0 0 -7-20 -16
21 21
Ph:9600175757 | 8124201000
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o Y Sura’s = XII Std = Business Mathematics and Statistics
Since T The matrix equation corresponding to the given
4 1423 ! system is
73 ! 2 3 —6)(x) (5000
12A—7—14A -7 -2\ |
= = X 3 -1 2|fy|= 12000
2! 2! ' 1 3 1 5500
4 4 12-28 | - ’
and 7-3 = ! A X =8
~16 : Augmented matrix Elementary
= o0 : [A, B] Transformation
1
! 2 3 -6 5,000
. L . o
S.lnce 'Fhe system is fall. to have unique _solutlo_n V13 21 2 2,000
either it can have infinitely many solution or it !
. . -1 3 1 5,500
may be inconsistent. S 1
—/ — 1
-~ This can happen only when =0. I -1 3 1 5500
21 o3 -1 2 2000 R, &R,
= 721 = 0 | 2 3 -6 5000
1
= —7 = 20 (P >0 R, —R,+3R,
_7 '~ 0 8 5 18500 R, >R, + 2R,
- A = - : 0 9 —4 16000
7. The price of three commodities X,Y and Z are : y I 3500 R, —9R,
x,y and z respectively Mr. Anand Purchases | |~ | 0 72 45 166500 R, — 8R,
6 units of Z and sells 2 units of X and 3 units of | 0 72 =32 128000
Y. Mr. Amar Purchases a unit of Y and sells 3 1 1 3 1 5500
units of X and 2units of Z. Mr. Amit Purchases |
a unit of X and sells 3 units of Y and a unit of ! 0 72 45 166500 Ry =R -R,
Z. In the process they earn T 5,000/-, ¥ 2,000/- 0 0 -77 -38500
: . . |
anq < 5,500/- respectlvgly Find the prices per , p(A) = p([A, B]) = 3 = number of unknowns
unit of three commodities by rank method. ! so the system has unique solution.
[PTA-5] . The given system is equivalent to the matrix
Sol : Given that the price of commodities X, Y and Z : equation.
are X, y and z respectively. | -1 3 1\ x 5500
By the given data, | 0 72 45| y| = |166500
Transaction X |y | z Earning | 0o 0 -77\z —38500
Mr. Anand +2 | +3 | -6 Rs. 5000 I B
MrAmar | 3 | 1 | +2 | Rs.2000 | | —xHdy-z = 5500 ()
Mr. Amit 1 [+3[+1] Rs.5500 ]! 72y +45z = 166500  ...(2)
Here, purchasing is taken as negative symbol and , —77z = 38500 - (3)
selling is taken as positive symbol. : ()= —77z = :}8500
! 38500
Thus, the non-homogeneous equations are : = 7 = W =500
2x+3y—6z = 5000 | Q)= 72y +45(500) = 166500
IX—y+22 = 2000 S 72y +22,500 = 166500
I = —
X+3y+z = 5500 = 72y = 166500 — 22500
| = 72y = 144000
é
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. _ 144000 —5.000 T Augmented matrix Elementary
72 oS ! [A, B] Transformation
(1) = —Xx +3(2000) + 500 = 5500 Tl 1 1 5000
= —x £ 6500 = 5500 16 7 8 35800
1
_x = -5500-6500 |\ 7 8 7000
1
I 1 1 5000
x = /£1000 ' _
/ / ‘[~]lo 1 2 5800 22 : EZ 2§1
x = 1000 | Lo 1 —14 —23000 3 G
1
. The prices per unit of the three commodities ! 11 1 5000
are 1000, % 2000 and ¥ 500. vl~lo 1 2 5800 R,—>R, R,
1
8. An amount of ¥ 5,000/- is to be deposited , 0 0 -16 —28800
in three different bonds bearing 6%, 7% | The last equivalent matrix is in echelon form and
and 8% per year respectively. Total annual 1 p(A) = p([A, B]) = 3 = Number of unknowns.
. . R |
:E\C/Zgﬁqfngsif/% %}!’er;gﬁgl?ﬁaf;ogeﬁir:gxg | Thus, the given system is consistent with unique
. ! solution. To find the solution, let us rewrite the
from the third, then find the amount of ! b helon f . h o f
investment in each bond by rank method. | aDog P O 1nto the matrix form.
Sol :Let the amount of investment in each bond be | L Tfx 5000
3 X, yand X zrespectively. | 0 1 2 |ly|= 5800
Givenx+y+z = 5000 () 00 —I6)\z 0‘025800 0
1 = X+y+z =5
Also X4 TV 82 g SN y+22 = 5800 ()
100 100 IOOPNR = . 16z = —28800 .. (3)
XX 1% X _
- Interest = - X )= ~16z = 28800
100 100 100 | 28800
| . 7 = ——— =1800
6x+7y+8z 358 | -16
100 a ! Substituting  z = 1800 in (2) we get,
X z
Giventhat —+—— =70+ — ! =
TARK T 100 B y +3600 = 5800
_ 6x+7y . 7000+ 8z I = y = 5800-3600
160 160 N y = 2200
j— I - -
= 6x+7y = 700+ 8z . Substituting y = 2200 and z = 1800 in (1)
= 6X+7y—8 = 7000 (3! we get
The matrix equation corresponding to the given | X +2200 + 1800 = 5000
system is. |
I 1 1 \(x 5000 . = Xx+4000 = 5000
I p—
6 7 8 |ly| = |35800 ! = X = 5000 -4000
6 7 -8)\z 7000 L= X = 1000
A X = B I Hence, the amount of investment in each bond is
1
I % 1000, ¥ 2200 and %1800 respectively.
1
1
1
¢
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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.
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 matrixA

A(0.45 0.55
T= 3 (0.30 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

LA B A(045 055) -
(040 0.60) 51030 070

((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?
(if) What percent of commuters will be using
the transit system in the long run? [HY-2019]
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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
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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
¢

3.

Sol : Transition probability matrix

A B

A(0.70 0.30
T = B10.30 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
(0.60 0.40)
0.30 0.70

=((0.6)(0.7) +(0.4)(0.3)  (0.6)(0.3)+(0.4)(0.7))
= (042+0.12 0.18+0.28)= (0.54 0.46)

LA = 54%and B=46%

(1) The percent of Commuters using the transit
system after one year is 54% and the percent
of commuters using the metro train after the
next year is 46%

(i1) Equilibrium will be reached in the long run.
At equilibrium we must have

(A B)T = (A B)
where A+B =1
0.7 0.3
=(A B)(0.3 07) = (A B)

= (0.7A+03B 03A+0.7B) = (A B)
Equaling the entries on both sides, we get
0.7A+03B = A
=TA+03(1-A)= A
[A+B=1=B=1-A]
=0.7A+03-03A= A

= 03 = A-07A+03A
= 03 = A(1-0.7+0.3)
= 03 = A(0.3+0.3)
= 03 = A(0.6)

03 1
= A= o= =050

. The percent of commuters using the transit
system in the long run is 50%.
Two types of soaps A and B are in the market.
Their present market shares are 15% for A and
85% for B. Of those who bought A the previous
year, 65% continue to buy it again while 35%
switch over to B. Of those who bought B the
previous year, 55% buy it again and 45%
switch over to A. Find their market shares after
one year and when is the equilibrium reached?
[PTA-2; Govt. MQP & QY- 2019]
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Sol : Transition probability matrix

A B
0.65 0.35
(0.45 0.55)
Where A represents the percent of people those
who bought soap A and B represents the percent
of people those who bought soap B.
By the given data,
A 15%=0-15
and B 85% =0-85
Percentage after one year is
0.65 0.35
0.45 0.55
=(0.15)(0.65)+(0.85)(0.45) 0.15(0.35)+0.85(0.55))
=(0.0975+0.3825 0.0525+0.4675)=(0.48 0.52)
Hence, market share after one year is 48% and
52%
At equilibrium,
(A B)T
0.65 0.35
(A B)( ]
0.45 0.55
(0.65A+0.45B 035A+0.55B) = (A B)
Equating the corresponding entries on both sides
we get,
0.65A+0.45B A
=0.65A + 0.45(1-A)=A
[SinceA+B=1=B=1-A]
=0.65A+0.45-045A=A
0.45 A—0.65A+045A
045 = A(1-0.65+0.45)

045 = A(0.35+0.45)
045 = A(0.8)

T =0.5625 = 56.25%

1-A

1 -0.5625=0.4375

43.75%

.. Equilibrium is reached when A = 56.25% and
B =43.75%

Two products A and B currently share
the market with shares 50% and 50%
each respectively. Each week some brand
switching takes place. Of those who bought A
the previous week, 60% buy it again whereas
40% switch over to B. Of those who bought B

A
B

(0.15 0.85)(

(A B)
(A B)

A

A
B =
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So

the previous week, 80% buy it again where as
20% switch over to A. Find their shares after

one week and after two weeks. If the price war
continues, when is the equilibrium reached?

[Sep. - 2020]
: Transition probability matrix
A B
A(0.6 04
_ T B (o.z 0.8]
By the given data
A = 50%=0.5
B = 50%=0.5
Shares after one week
(05 0.5)(0.6 0.4)
02 0.8

= ((0.5)(0.6) + (0.5)(0.2) 0.5 (0.4) + 0.5 (0.8))

=(0.30) + 0.10 0.20 + 0.40) = (0.40 0.60)

.. Shares after one week for products A and B
are 40% and 60% respectively.

Shares after two weeks

0.6 04
(0.4 0,6)(
02 08

= ((0.4)(0.6)+(0.6) (0.2) (0.4) (0.4) + 0.6 (0.8)
—(024+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

(B 05 )= (2 B

=(0.6A+0.2B 0.4A+0.8B) = (A B)
Equating the corresponding entries on both sides

where

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 = A(0.4+0.2)
= 02 = A.6)
= A= =033
= A = 33%

and B=1-A=1-033=0.67=B=67%
.. Equilibrium is reached when A = 33% and
B=67%
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e 0-4A+02-02A = A
m : = 02 = A-0-4A+0-2A
CHOOSE THE CORRECT ANSWER T 02 = Q%.S)O 4+02)
1
1. 1fA=(123), then the rank of AAT is : . Az 221
(a) 0 (b)2 (©)3 (dr 2 o 08 4
AnsS @114 yfa= then p (A) is
1 . 0 8
Hint: AAT=(1 2 3) [2|=(1+4+9)=14 : () 0 (b1 (c)2 (d)n
3 ! 20 [Ans: (c) 2]
. Rank of AAT is 1 1 Hint: IfA = (0 8)
1
2. Therank of m x n matrix whose elements are ! 0
unity is I Al = 0 8‘=16—0:16¢ 0.
1
(2)0 (®) 1 (cym ((_1) n ! Since the second order determinant does not
[Ans: (b) 1] ! .
! vanish. p (A) =2
1 1 1 1 1o——— 1)} 111
_ 1 1 1 1 1 —— 1 | . .
Hint: A=| _ _ _ _ _  ___ _ |15, Therankofthematrix [1 2 3|is
1
e 1 409
L1111 1 1)y (@) 0 ()1 (c)2 (d)3
m rows and n columns applying the elemen- )
. I [Ans: (d) 3]
tary transformation. ) 1 1 1 11 1
R,>R,~R, Ry =R, ..R =R ~R,Weget | pint: LetA= [1 2 3|~[g o o |R2 7 Re"R
1
(S IS EN 1) 14 9) |g 3 g) 8RR
0 0 0 = - 0 | 11
1
A=| 0 0 === == 1 =0 1 2|R,>R,-3R,
— — - @ ———a= 4 1
1 0 0 2
R R N A\ R R : Since there are 3 non-zero rows, p (A) =3
0 0 0 0 0 0 | _
. p(A) =3
~. Rankis 1 . 6. The rank of the unit matrix of order n is
A B | (ayn—1 (b)n (c)n+l1 (d) n?
1
) o . [PTA - 3; QY - 2019]
3. IfT= A[OA 0‘6j isatransition probability : [Ans: (b) n]
Bl0.2 0.8 . . .
matrix, then at equilibrium A is equal to , Hint: Th_e rank of the unit matrix O.f order n .
. | . - [Since the rank of a non-singular matrix of
1 PP
(a) ;. (b) 3 (c) 5 (d) g ! ordern xnis ‘n’]
1 V7. If p(A) = r then which of the following is
[Ans: (@) =] ! correct? [Sep-2020]
Hint: At equilibrium, 4 (a) all the minors of order r which does not
0-4 0-6 : vanish.
(A B)( ) = (A B) | (b) A has at least one minor of order r which
0-2 0-8 | does not vanish.
WhereA+B = 1 I (¢) Ahas at least one (r + 1) order minor which
(04A+02B 0-6A+0-8B)=(A B) o+ vamshes .
0-4A+02B = A ! (d)a (rfl}?an igher order minors shou
0-4A+02(1-A) = A ! ot vanish :
i B 3 I [Ans: (b) A has at least one minor of order r
[sinceA+B=1=B=1-A] | which does not vanish.]
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1
8. IfA=|2 | thenthe rank of AAT is

3
(a)0 (b) 1 ()2 (d)3
[Ans: (b) 1]

1

Hint: IfA =|2]|then AT=(123)
3
1 1 23
AA=[2[@123)=|2 4 6|.-.~|0
3 36 9
. Rank of AAT is 1

S O N

A -1 0
9. Iftherankofthematrix| 0 A -1]is2,

-1 0 X
then A is [Govt. MQP - 2019]

(a) 1 (b)2
()3 (d) only real number
[Ans: (a) 1]
A -1 0
Hint: Rankof | 0 A —1[=2
-1 0 A
Since the rank is 2,
A -1 0
0O A -1 =0
-1 0 A

ro—1 0 -1 0 A

0 Al |[-1 A -1 0

AAH+1(0-1)+0 = 0

V-1 =0=M=1
A =1

:7\« +0

-0

10. The rank of the diagonal matrix

(@0 (b) 2 (©3 (d)5
[Ans: (c) 3]
Hint: Since there are 3 non-zero rows, rank is 3

orders@surabooks.com
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A B
11. IfT=A(0-7 0-3)isatransition probability
B [0-6 X j
matrix, then the value of X is [PTA-6; QY-2019]
(a) 0.2 (b) 0.3 (c)0.4 (d)0.7
[Ans: (c) 0-4]
A B

Hint: T=A(0-7 0-3
B\0-6 X
Since this is a transition probability matrix,
06+x = 1=>x=1-06=04
12. Which of the following is not an elementary
transformation? [March - 2020]
(@) RioR,; (b) R—2R;+2C;
(©) Ri—>2Ri—4Rj (d) Ci—>Ci-|-5Cj
[Ans: (b) R, — 2R, + 2Cj]
Hint: R,—2R;+2C.isnotanelementarytransformation
since it includes rows and columns.

13. If p(A) = p(A, B) then the systemis  [PTA-4]
(a) Consistent and has infinitely many solutions
(b) Consistent and has a unique solution
(c) Consistent (d) inconsistent
[Ans: (c) 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

(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: Ifp(A)=p(A, B) =Number of unknowns then the
system is consistent and has a unique solution.

15. If p(A) # p(A, B), then the system is
(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
(a)2 (b) 1 ()0 (d)3
[Ans: (c) 0]
Hint: [-0<p<1]
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17. If the number of variables in a non- ¢ Here p(A) =3 and p(A,B)=3
homogeneous system AX = B is n, then the | . p(A) = p(A, B) = 3 = Number of unknowns.
system possesses a unique solution only when 1 )
(a) p(A)=p(A, B)>n [Hy-2010] | 20. If|A[= 0, then Ais
(b) p(A) =p(A, B)=n I (a) non- singular matrix  (b) singular matrix
(©) p(A)=p(A,B)<n  (d)noneofthese | (c) zero matrix (d) none of these
[Ans: (b) p(A) = p(A, B)=n] [Ans: €)) non- singular matrix]
. 1 21. The system of linear equations X +y +z = 2,
18. The system of equations 4x + 6y =5,6x + 9y = 7 ! 2x +y—27=3 3x+2y+k = 4 has unique
has ~ [PTA-3; Govt. MQP - 2019] ! solution, if k is not equal to [March -2020]
(a) a unique solution . (b) no solution ! (a) 4 (b) 0 (c) 4 @)1
(c) infinitely many solutions (d) none of these 1 [Ans: (b) 0]
- 1 "
[Ans: (b) no solution] + pint: Given x +y + 2 =2 2x+y -z =3,
Hint: Given 4x+6y = 5 : 3x+2y+k=4
6x+9y = 7 ! 11 1 2y (1t 1 1 2 ~
46 5 V[AB]=|2 1 -1 3|<l0 -1 3 1 iz_)iz ;ﬁl
[A.B] = | 4 - : 32 k 4f (0 -1 k=3 o) 7T
1
65 | 11 1 2
~ 4 4R, >R +4 ! =10 -1 3 ~1|R;>R;~R,
6 9 7 : 0 0 k -l
32 : For unique solution p(A) = p(A, B) =3
B 41 R, —>R,-6R, | This can happen only when k # 0
0 0 > | 22. Cramer’s rule is applicable only to get an
Here p(A)=1  and p(A,B)=2 ! unique solution when
Since p(A) # p(A, B), the system has no solution | Ea; iZ: 00 28 iX: 8
C
19. For the system of equations x + 2y + 3z = 1, | [yAns: (©) A #0]
2x+y+32=2 5x+5y+9z=4 :
(a) there is (.)nlylonelsolution . ' 23. |fﬂ+ﬁ = ¢, a_2+b_2 =, A, = a; b ;
(b) there exists infinitely many solutions I x y x y a, b,
(c) there is no solution  (d) None of these | b, ¢ g a ]
[Ans: (a) there is only one solution.] ! Ay = b, ¢, A3 = ¢ a then (x, y) is
Hint: Givenx+2y+3z=1,2x+y+3z=2, ! Al A A A
5x + 5y + 97 = 4 RO B b) |2
1 A A A A
1 2 3 1 ! A A A —A
[A,B]=|2 1 3 2 ! (©) (—1,—1J (d) —1—1)
559 4 : i B &
I A, A
Ans: (d) | =L,
(1) 23 33 (1) R2—>R2—2R1 : [ ()(Az A3 ]
—_ — — 1
R; > R;-3R,; 1 Hint:  Given ﬂ+ﬂ:cl; a—2+b—2:c2
0O -5 -6 -1 : X y X y
1 2 3 1 - a b b ¢ a a
! and A, = b VA, = ;A=
-0 -1 -1 0|R,5R,+5 ! a4 b b, ¢ Q @
0 -5 -6 -1 ! gy
1 2 3 1 1 = AZ _Cz b, [ Clﬁcz]
1
~[0 -1 -1 0|R,>R,-5R, A A = | b
0 0 -1 -1 i ¢ b
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1 -3 4 0
~ R, >R, 9R,

0 28 -34 —-63 X+y+z=7,X+2y+32=18,y+22=6.

Sol : Given non homogeneous equations are
1 -3 4 0 28 X+y+2=7,x+2y+32=18,y+27=6.
~ + — 2
0 0 1o -63 R,—R, 3 Ry Augmented matrix Elementary
3 [A, B] Transformation
The last equivalent matrix is in echelon form and 11 1 7
there are 2 non-zero rows. 318
pA) = 2. 0126
-2 1 3 4 111 7
2.  FindtherankofthematrixA=| 0 1 1 2 ~lo 1 2 11 R, > R,~R,
1 3 47 01 2 6
-2 1 3 4 1 3 47 1 11 7
Sol:glven A=lo 11 2(~|0 11 2fRpei o 5 R,—>R,-R,
3 1 347) 2134 00 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.

R, >R, + 2R,

l
[ R
~N = W
—
—
—
[oe]

w Sura’s " XII §td - Unit T » Applications of Matrices and determinants @
iacle @ a al . e ! 1 3 4 7
an = = J—
37 e, @ a, ¢ 12 : ~[0 1 1 2|R,>R,-7R,
O SO R 00 4 4
X A y 4 : The last equivalent matrix is in echelon form and
- « = A and v = —A | there are 3 non - zero rows.
- A, YEA : p(A) = 3.
24. If|A, | =3and |adjA|=243 then the value n is 4 5 2 2
1
[PTA-5; QY-2019] , 3. FindtherankofthematrixA=|3 2 1 6
1
(a) 4 (b)5 (c)6 d7 45 0 o 4 4 80
1
) . . [AnS: (C) 6] : Sol: GivenA = 321 6
Hint: Gl-ven Al = 3, |_adJA|—243. | 448 0
If Ais a square matrix of order n, then | 45 2 2
[adj Al =A™ : ~13 21 6|R,>R,+4
243 = 30! : 11 2 0
3° = 3! ' 1120
1
5 = nl - ~[{3 21 6/R, &R,
n=5+1=6 | 45 2 2
1
25. Rank of a null matrix is [PTA-2] 1 11 2 0 B
(@) 0 (b) -1 (c) o0 @1 ~10 -1 =5 F:j_ﬁ:; jil
[Ans: (a) 0] ! 0 1 -6 23 7R3y
! 1 1 2 0
Miscellaneous problems ! ~10 -1 =5 6|R; > R;+R,
1 0 0 -11 8
. . 1 -3 4 7)! The last equivalent matrix is in echelon form and
1. FindtherankofthematrixA= X 4. | there are 3 NON-ZEro TOWS.
Given A 1 =3 4 7 : ~op(A)= 3.
sol:GlvenA= 9 1 2 0 [P1A-2] \ 4. Examine the consistency of the system of
| equations:
:
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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5. Find Kk if the equations 2x + 3y —z =5, ¢ Here clearly p(A) = 2.
- 1 . . - . -
3X—y+4z=2,x+7y—6z=kare consistent. , Since the given system is inconsistent,
Sol : Given non-homogeneous equations are : p(A) # p(A, B)
2Xx+3y—z=53X-y+4z=2,x+7y-6z=k | This can happen only when k = 0.
Augmented matrix Elementary . 7. The subscription department of a magazine
[A, B] Transformation | sends out a letter to a large mailing list
> 3 -1 5 | inviting subscriptions for the magazine. Some
! of the people receiving this letter already
3 -1 4 2 | subscribe to the magazine while others do
1 7 =6 k I not. From this mailing list, 60% of those who
| already subscribe will subscribe again while
7 -6k ! 25% of those who do not now subscribe will
-3 -1 4 2 R <R : subscribe. On the last letter it was found
> 3 -1 5 ! ? - that 40% of those receiving it ordered a
: subscription. What percent of those receiving
1 7 -6 k ! the current letter can be expected to order a
R. >R —-3R X subscription?
~|0 22 22 2-3k R2—>R2—2R1 ! Sol :Let A represents the percent of people who
0 -11 11 5-2k ’ ’ Pl subscribe the magazine and B represents the
! t of people who do not subscribe the
1 7 -6 k R,—>2R,-R 1 percen’
o oo » - ’ A magazine.
| Given 60% of people subscribe again implies
0 0 0 25-2-(2-3k) I 40% of people do not subscribe. And 25% of
1 7 -6 k | people are going to subscribe implies 75% of
~10 22 22 2-3k I people are not going to subscribe.
0 0 0 10-4k-2+3k | . Transition probability matrix
1 7 -6 k : A B
~10 22 22 2-3k : T - Al 0.6 04
OH 0 z 82"‘ ! - Blo2s 075
ere = o .
Sincept(he) given system is consistent, p(A, B) : Also, it is given that 40 % of those received the
must be equal to 2. ’ ’ | order of subscription implies 60% are not going
This can happen only when 8 —k=0=k=8 to receive the order.
6. Find k if the equations x +y + z = 1, | (04 0,6)( 0.6 0-“)
3x-y-z=4,x +5y+5z=kare inconsistent. ! B 0.25 075
Sol X+y+2=1.3x—y—2=4 x+5y +51=k ! = ((0.4)(0.6)+(0.6)(0.25)  (0.4)(0.4)+(0.6)(0.75))
7 v T lementar ! = (0.24+0.15 0.16+0.45) = (0.39 0.61)
ugmente Transformat)i/on I . 39% of people who received the current letter
[A B] \ can be expected to order a subscription.
1 1 1 1 :
3 -1 -1 4 : @1» Questions & Answers
1 5 5 k !
1
1 1 1 1
R, >R,~3R, |1 1 MARK
~10 -4 -4 1 R 5R _R I
0 4 4 k-1 3 31 . L If O(A) = 3 x 3 and p(A) = 2 then p(adjA)
1 is . [PTA-1]
1
bt @1l 2 ©3 (@0
~|0 4 41 Ry—>Ry+R, | [Ans: (a) 1]
0 0 0 Kk 1
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2.

2.

Sol :

If A is matrix [A,B] is the augmented matrix
then which of the following is true?  [PTA-2]

(@) p([A.B])=p(A)
(b) p([A.B]) 2 p(A)
() p([A.B])=p(A)>n
(d) p([AB]) <p(A)
[Ans: (b) p([A.B]) 2 p(A)]
1

If A= |2|then the rank of AAT is : [PTA-4]
3 [HY-2019]

@1 (b2 (@ 3 d 0

[Ans: (a) 1]
If A is matrix of order 4 and |A| = -2 then the
value of |adj (A)|is [PTA-6]
(@ 4 ()4 (o) -8 (d) 8
[Ans: (c) — 8]
Hint: |adj A| = A" = (-2)*! = (-2)* = -8

2 MARKS

X X X
IfA=14 -2 1| findxifp(A)=3 [PTA-3]
2 3 4

—_
|

= X [-8 3]-x[16-2]+x [12+4]
= —1Ix— 14 x+ 16X
= —OXx-9x#0
X #0
2 4 X
Find the rank of the matrix |4 -8 2Xx

5 7 1
[PTA - 4]

2 4 X R 2
4 -8 2x|R, »>—L|4 -8 2x
5 7 1 5 7 1

1 2
R, >R, - 4RI
R, >R, -5R,
0 17

0
2-5x%

Rank 2 p(A)=2
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Sol

=

Sol :

“o

Sol

: The transition probability matrix is T =

Parithi is either Sad (S) or happy (H) each
day. If he is happy in one day, he is sad on the
next day by four times out of five. If he is sad
on one day, he his happy on the next day by
two times out of three. Over a long run, what
are the chances that Parithi is happy on any
given day? [PTA - 5; QY - 2019]

Wi |
W~ | —

At equilibrium, (S H)
whereS+H=1

=(SH)

Wi |

On solving this, we get
10 3
S= —andH=—
13 13

In the long run, on a randomly selected day, his

chances of being happy is %

2 3 4
Find the rank of the matrix |[-1 2 1
1 2 2
[PTA- 5]
2 3 4
12 1| =2[-4-2]3[2-1]+4[-2 2]
1 2 =2

=2 [-6]-3[1]+4[-4]=-12-3 - 16=-31
~p(A)=3

Six men and five women can jointly finish of
work in 12 days, whereas five men and seven
women can jointly finish the same work in
10 days, represent data as a system of linear
equations. [PTA - 6]

:One man finish work in X days

One woman finish work in y days.

Work done by one man in one day 1
X

Work done by one woman in one day 1
y

6.5 _ 1
x y 12
I A |
x oy 10
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) i ‘a’ ‘b’
3 MARKS . 2. Invest!gate for what valugs of ‘a’ and ‘b’ the
| following system of equations
1. Considerthe matrix of transition probabilities : X+y+z=6,Xx+2y+32=10,x+2y+az=b
of a product available in the market in two have
A B : (i) no solution (ii) a unique solution
brands Aand B. A(0.9 0.1 | (iii) an infinite number of solutions.
B (0.3 0.7) : _ _ [PTA-_3, March - 2_020]
i .1 Sol :The matrix equation corresponding to the given
Determine the market share of each brand in 1 system is
equilibrium position. [PTA-1] | L1
Sol : Transition probability matrix | x 6
A B | 12 3|lyl=]10
1
_A(09 0.1 ! b2 a)z) (b
- Blo3 07 ! A X=B
At equilibrium, (A B) T=(AB) where A+B=1 | Augmented matrix Elementary
09 0.1 ! A B Transformation
(A B) = (A B | 2Bl
0.3 0.7 ! 1 1 6
09A+03B = A ! 1 2 3 10
0.9A+0.3(1-A) = A | ,
0.9A-0.3A+03 = A ! “
0.6A+03 = A ! 1 1 6
04A = 03 '
03 3 : ~o 1 2 4 Ry=R~ Ry
A= a2 | 01 a=1 b—6] |R->R,~R,
3 1 1
B = l-==— 11
4 | 6
Hence the market share of brand A is 75% and | ~0 12 4
the market share of brand B is 25% ! 0 0 a—3 b»-10) |[R3>R,—R,
1
5 MARKS ! Case (i) For no solution:
1. Solve by using rank method x +y + 2z = 4, ! The system possesses no solution only when
2X+2y+42=8,3x+3y+b6z=12  [PTA-3] p(A)£p([A,B]) which is possible only when
Sol : The matrix equation corresponding to the given , a=3=0and b—10 =0
1 1 2 !
) * 4 ! Hence for a=3, b # 10, the system possesses no
systemis|2 2 4jy| =8 I solution.
33 6){z) 12 : Case (ii) For a unique solution:
112 4[R—>R-2R |1 1 2 4 The system possesses a unique solution only
[AB]=12 2 4 8 R, >R, - 3R, 0 0 00 : when p(A) = p([A,B]) = number of unknowns.
336 12f———>[0 0 0 0 ! i.e when p(A) = p([A,B]) =3
Back substituting we get | Which is possible only when a—30 and b may be
X+y+22=4 I any real number as we can observe .
. 1
X =4 -y -2z, wherey and z are arbitrary | Hence for a # 3 and be R, the system possesses
| a unique solution.
| Case (iii) For an infinite number of solutions:
| The system possesses an infinite number of
! solutions only when
¢
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Sol

pP(A) = p([A,B])< number of unknowns

i,e when p(A) = p([A,B])=2<3 ( number of
unknowns) which is possible only

when a—3=0, b—10=0

Hence for a = 3, b =10, the system possesses
infinite number of solutions.

Metro rail transit system has just gone into
operation in a city. Of those who use the
transit system this year 15% will switch
over to using their own car next year and
85% will continue to use the transit system.
Of those who use their cars this year, 70%
will continue to use their cars next year and
30% will switch over to the transit system.
Suppose the population of the city remains
constant and that 60% of the commuters use
the transit system and 40% of the commuters
use their own car this year,
(i) What will be the change in commuter's
usage after one year.

(i)  What percent of commuters will be using
the Metro train system in the long run?

: Transition probability matrix [PTA - 4]

A B

A(.85 .15
B|.30 .70

Where A represent the percentage of people
using metro rail transit system and B represents
the percentage of people using car.

A=60% = 0.60 and B = 40% = 0.40
0.85 0.15]

0.30 0.70
= [(0.6)(0.85) + (0.4)(0.3) (0.6)(0.15) + (0.4)(0.7)]

=(0.63  0.37)
A=63% B=37%

(0.60 0.40)

(i) The percentage of commuters using the
metro rail system after one year is 63%
and the percent of commuters using the car
after one year is 37%

(i) Equilibrium will be reached in the long
run. At equilibrium we must have

orders@surabooks.com

(A B)T =(A B)
Where A+B =1

085 015) _ \ g
0.30 0.70

(0.85A+0.30 B0.15A + 0.70B) = (A B)
0.85A+0.30B = A
0.85A+ (0.3)(1-A) = A
0.85A+03-03A =A

03 =A+03A-085A
03 =A(l+.3-0.85)
0.3 = A(0.45)
_ 3 30 2
45 45 3
The percent of commuters using the transit

2
system in the long run is 66 3 %

= (A B)[

4. Find x, y, z for the following system of
equations [PTA-5]
£+§+i=14’3_£+l=3 l+l+l:5
X y z X y z X y z

Sol :Put l:a,l:b,l
X y z
2a+3b+4c= 14 (1)
3a-2b+c= 3 ..(2)
atb+c= 5 ..(3)

Matrix form of the system

2 3 4 14

3 =2 1ilbl=13

1 1 e 5

Augmented matrix

2 3 4 14 2 3 4 14
3 =2 1 3[R, —R4(3 =2 1 3
1 1 1 5 1 1 1 5

11 1 5
RomRe=2Ril 1 2

R R, —-3R

BT TR s 0 12
0

R, — R, +5R, [0
0

=C

S = =

15
2 4
8 8

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
¢
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Equival ’
quivalent sys;em g I Govt. Exam Questions & Answers
c = 1
= c =1 :
b+2c =4 | SUCAEE
= =4-2= 1. e system of equations 2x—y =1, 3x + 2y =
b 4-2=2 ! 1. Th f i 2 1,3x+2y=12
a+tb+c =5 I has [QY-2019]
= a =5-2-1=2 | (a) aunique solution
1 1 (b) no solution
N 2 | (c) infinitely many solution
N < = 1 I (d) none of'these [Ans. (a) a unique solution]
- - 1
2 1 4 X
1 _, Sy 1 1 2. If|A|=13and |Adj A| = ‘5 7‘,then the value
y 2 : of xis : [March - 2020]
1
1y | @3 ()4 () 2 ) -5
z [Ans. (a) 3]
= 1
- ‘ . 1 Hint: [.-]AdjA| = |A|™" ordernxn
5. 80% of students who do maths work during
one study period, will do the maths work at | AR = 4 X
the next study period. 30% of students who > 5 7
dq english Work_ during one study period, | IA| = 28 — 5x
will do the english work at the next study 5x = 28— 13 =15
period. Initially there were 60 students do | 5x = 15
maths work and 40 students do english work. 1 15
Calculate, N _ | X = 5 =3
(') The transition probability matrix  [PTA-6] | 3. The system has a unique solution when two
(i) The number of_ students who do , lines : [Sep.-2020]
maths work, english work for the next | (a) L, and L, intersect exactly at one point
subsequent 2 study periods. ! (b) L,and L, coincides o
Sol :(i) Transition probability matrix I (c) L,and L, are parallel and distinct
M E ! (d) Both (a) and (b) [Ans. (d) Both (a) and (b)]
1
M(0.8 0.2
= E[07 03] : 2 MARKS
. . 1
After one study period, | 2 3 4 5
M E M E !
M(08 02 M E . 1. Ifthe rank of the matrix |3 4 5 6js2.
(60 40) [ ']=(76 24) ! 45 6
E(0.7 03 ! 9 10 11 12
So in the very next study period, there will be 76 Find the value of ‘K’ [HY - 2019]
students do maths work and |
24 students do the English work. | 2305
After two study periods, ' Sol 34 6/=0=k=7
M E ME ! 405k 0121
(76 24) M[Og 02] — (608 +16.8 152+72) : 2. Find the rank of the matrixA=1|1 2 3 2
E(0.7 03 ! 31 1 3
=776 224 | [Sep. - 2020]
After two study periods there will be 78 (approx) ! Sol : The order of A is 3 x 4
students do maths work and 22 (approx) students 1 C o(A)<3
do English work. 1 ~p(A) =
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Let us transform the matrix A to an echelon form. ® 2. Show that the equations x +y =5, 2x +y =8
Elementary | are consistent and solve them. [QY - 2019]
Matrix A . I 3ol - Th i i di he i
Transformation | Sol : The matrix equation corresponding to the given
! system is
01 2 1 : L 1)(x) (5
A=|1 2 3 2 ! 2 1) s
3113 !
I . Augment Elementary
232 : Matrix A matrix [A, B] | Transformation
A~|0 1 2 1 RioR, |
31 1 3 SR s
! 2 1 2 1 8
2 3 2 ! R, >R, 2R,
~lo 1 2 1 Ry —R;—3R, ! N[l 1] N[l ! 5]
1
0 5 8 3 | 0 —1 1 -1 =2
1232 Llp@A)=2 p([A,B]) =2
~0 1 2 1 R, > R,-5R, : Number of non-zero rows is 2.
00 2 2 ! p(A) = p([A,B]) = 2 = Number of unknowns.
| The given system is consistent and has unique
The number of non zero rows is 3. .. p(A) =3. 1 solution.
: Now, the given system is transformed into
3 MARKS l L1« :[5]
: 0 -1y -2
1 —_
1. Find the rank of the matrix | Xty = g
_ . y =
245 ! S()x+2 = 5
A=|2 1 36 [Govt. MQP - 2019] | X =3
8 1 9 7 . Solutionisx=3,y = 2
Sol :The order of Ais 3 x 4 ' 3. Show that the equations x — 4y + 7z = 14,
- p(A < min (3,4) : 3x + 8y -2z = 13, 7x — 8y + 262 = 5 are
p(A) < 3 : inconsistent. [HY - 2019]
1 _
Consider the third order minor, 1 ! 4 7 14
2 -1 3 :1‘_1 3‘—2‘2 3‘—4‘2 _1‘ : 782605
s 1 . 1 9 "8 9 |8 1 ! | -4 7 14]R,—>R,-3R,
=1(-9-3)-2(18 —24)—4(2 + 8) E =0 20 -23 —29|R,—>R,-7R,
=1(-12)-2 (- 6)—4(10) | 0 0 0 64|R 5R,-R,
1
=—12+12-40=—-40% 0. ! —p(A)=2,p(A,B)=3
There is a minor of order 3, which is not zero ! = p(A) #p(A, B)
p(A) = 3. I The system is inconsistent and had no solution.
1
|
1
1
1
1
1
1
1
¢
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L)
1 1 -1 - .
1 1 -1 : Matrix (AB) Elementary
4. IfA=|2 3 4land BT =|2 -3 4/, , Transformation
3 2 3 3 -2 3) . -6 1 -2
then find the rank of AB. [March - 2020] T8 1220
I 22 —11 18
bl o : 1 -6 —2
Sol:A=|2 -3 4|andB=|"2 4 —6 | _ I
5 1 - I —12 28 20 C, G,
3 -2 3 : 11 22 18
1 1 -1 1 -2 3 : | 6
ABEIZ 3 a4 6 |0 e R, = R, +12R,
3 -2 3)(5 1 -1 ! ~11 22 18
1
! . Elementary
1-2—-5 —2+44-1 3-6+1 ! Matrix (AB) Transformation
=246+20 —4—12+4 6+18—4 ! | 4 W
3+44+15 —-6—-8+3 9+12-3 ! N
I ' b @ R, >R, + 1R,
-6 1 -2} (=6 1 =2 ! 0 —44 —4
=28 —12 20|=1|28 —12 20 :
2 —11 18) |22 —11 18 ! ) 6 2
- g —44 4 R, > R,—R,
1
. 0 0 0
1
1
1 The matrix is in echelon form and the number of
: Non-zero rows is 2.
! - p(AB) = 2.
1
é
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