Chapter 01

DETERMINANTS & MATRICES

DETERMINANTS

1. INTRODUCTION TO DETERMINANTS

1.1 Definition

(1) The determinant consisting two rows and two columns is

a, b .
D=1 "' Its value is given by :
a Dy
D=ab,—a,b,

(i) A determinant which consists of 3 rows and 3 columns is
called a 3rd-order-determinant and is of the following form.

a;; dpp a3
D=lay a, ay
a3 d3 das
It’s value is :
D: all a22 a33+ a'12 a23 a31+ a21a32a13

—a.a.a

138285, — d,,8,,a,,—4,,8,a

23732711 712721733

1.2 Minors and Cofactors

a4 A
LetA=la,; a, ay

a3; A3z as3
Here a, = Element in irow and j®column of A.
Minor of a;:

It is defined as the value of the determinant obtained by
eleminating the i"row and j® column of A.

We donote the minor of a,by M, .

a a
22 43
eg. M =a,a,-a,a,

,, =minorofa =
a3 Ay

Cofactor ofa,:

Denoted by C,

Cofactor of a, (C))= (=1)*iMinor of a,

e.g. Cofactorofa (C)=(-1""M =M

.2

1.3 Evaluation of Determinant

Value of any determinant can be obtain by adding product of all
elements of a row (or column) to their corresponding cofactors.

a 34 a3
eg. A=la, ay ay

a3 azp a3

A :allcll+a12C12+al3C13

C.+a.C

22 722 23 723

C, +a.C

32 732 33 733

= a21C21+ a
= a31C3l+ a
= allcll + a21 C21+ a3l C31

C +a_,C

= +
a12C12 a22 22 32 732

= a13 Cl3 + a23 CZ} + a33 C33

2. PROPERTIES OF DETERMINANTS

(1 The value of a determinant remains unaltered; if the rows
and columns are interchanged,

a; b ¢ a; a; a3

a3 by ¢ € C G

(i) If any two rows (or columns) of a determinant be
interchanged, the value of determinant changes in sign only.

a; b ¢ a, by ¢

D=, by, ¢landD'=|a; by ¢

a; by ¢ a; by cj
'=_D.

(i) If a determinant has all the elements zero in any row (or
column) then its values is zero.

0O 0 0
D=[a2 by ¢l=9
a3 by ¢
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(v)

V)

(vi)

(vii)

If a determinant has any two rows (or columns) identical or
proportional, then its values is zero.

D= |ka, kb

G & G

kel =0

If all the elements of any row (or column) are multiplied by
the same number, then the determinant is multiplied by that

number.
a, by ¢ Ka, Kb, Kc
D=, by ¢ :andD'=|2, b, ¢,
a; by ¢ as b; C3
Then D'=KD

If each element of any row (or column) can be expressed as
a sum of two terms then the determinant can be expressed
as the sum of two determinants, i.e.

a,+x b+y c+2z |a; b ¢| |x y z
a4 b, ¢ |_ P2 b

as b; C3 az by c3 faz by ¢

The value of determinant is not altered by adding to the
elements of any row (or column) a constant multiple of the
corresponding elements of any other row (or column).

e.g.
R, — R, +mR, (change R, as sum of R, and m (R,)).

R; — R;+nR, (change R, as sum of R, and n (R,)).

a; b ¢
D= 22 b, ¢ and

a3 by ¢

a;+ma, b;+mb, c;+mc,
D'= a b, €y

a;+na, by+nb, c3+nc,
ThenD'=D.

3. CRAMER’S RULE

(Notin CBSE Syllabus)

()

(i)

Two Variables
If ax+tby=c, ()
ax+tby=c, .. (i)
D D
then x=—2,y=—2
D D
. . a, b
values of x, y are unique, if D # 0. where, D = ,
ay b,
¢ b a, ¢
D, = v D, = 1 G
¢ b ah G

Similarly ‘n’ equations in ‘n’ variables can be solved.

Three Variables

Let, ax+by+tciz=d; 6]
ax+by+tc,z=d,y .. (ii)
aX+tbyy+ciz=dy (iit)

D D D
Then, x= —>,y = —>,z = —~
D D D
a b1 Cq dl bl ¢
Where, D=[a, b, c¢,[;D =|d2 by ¢yf;
as b3 C3 d3 b3 C3
al dl Cl al bl d]
D=2 d, ¢, andD,= (32 b, d,

Consistency of a System of Equations

()

(i)

(iii)

(iv)

If D # 0 then the given system of equations are consistent
and have unique solution.

If D = 0 but at least one of D, Dy, D, is not zero then the
equations are inconsistent and have no solution.

IfD=D, = Dy =D, = 0 then the given system of equations
are consistent and have infinite solution except the case of
parallel planes when there is no solution.

If d,= d, = d; = 0 then system of equation is called
Homogenous system of equations.
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V)

(vi)

(vii)

Solution of Homogenous Equations is always consistent,
as x = 0 = y = z is always a solution. This is known as
TRIVIAL solution.

For Homogenous Equations, if D # 0. Then

x =0=y=zis the only solution.

For Homogenous Equations, if D = 0, then there exists non
zero solutions [NON TRIVIAL SOLUTONS] also.

4. APPLICATION OF DETERMINANTS

Following examples of short hand writing of large expressions

are:

Q)

(i)

(iii)

(v)

V)

Areaoftriangle whose vertices are (x,,y,) ;1=1,2, 3, is:

N on ol
D=|—-|x 1
|2 > »
xon ]

If D = 0 then the three points are collinear.

Equation of straight line passing through (x;, y;) &

x y 1
Xy yy)is X1 Y1 1 =0
Xy ¥y |1
The lines :
ax+by+tc =0...... €))
ax+by+c,=0............ 2)
X Tby+cy; =0 3)
a; b ¢
are concurrent if, a, b, ¢,|=0
az by ¢

This is condition for the consistency of simultaneous linear
equation in two variables.

ax®+ 2 hxy + by? + 2 gx + 2 fy + ¢ = 0 represents a pair of
straight lines if :

a h g
abc +2 fgh—af? ~bg? —ch?>=|h b f|=0
g f ¢

To find the variable (x, y, z etc) in linear equations (Cramer’s
rule)

Sd

5. SOME MORE PROPERTIES OF DETERMINANT

@

(i)

(iii)

(v)

V)

(vi)

Determinant of a skew-symmetric matrix of odd order is zero.

0 2 9
eg.D=|-2 0 log, bl =0

-9 loga(%j 0

Determinant of a skew-symmetric matrix of even order is
always a perfect square.

0 5

5 0 25

eg. D= =
2x2

A™!, where n is order of the determinant is equal to the
determinant made from cofactors of elements of A.

3-1

a; b ¢ A B G
e.g. [12 by ¢ _|Ay By G
ag by ¢y, A; By G

Where A;’s are co-factors of a;’s

Determinant of a diagonal matrix is product of its diagonal
elements

5 0 0

eg. D=0 2 0=5x2x6=60
006

If a determinant considered as a polynomial becomes zero
when x =a, then x — a is factor of this. (This is an application
of Factor Theorem)

2

a
X2

w)
Il
S ® »
Hox ®

a

Because D =0 when x =a so x —a is factor of D.

The sum of the products of the elements of the i row/
column with the co-factor of the corresponding elements of
k row/column is zero provided i # k.
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L 4

ie. ()

(i)

Zaijij =0;ifi#k

j=1

D> a,C, =0ifj %k
i=1

(vi) |AB[=|A[|B|

5

ie. A=
ne’

|Al==7

-2
-1

|B|=- 14

-2

6

|A||B|=-7x-14=098,
|AB|=—4+102 =|AB|=98.

(viii) Determinant of a triangular matrix is product of its

diagonal elements only.

32 1

D=0 4 3|=3x4x-1=-12
0 0 -1
50 0

D'=4 9 0/=5x9x1=45
321

6. SPECIAL DETERMINANTS

(1)  Circulant Determinants :
The elements of the rows (or columns) are in cyclic
arrangement
a b c
b ¢ al=_ (a3+b3+c? - 3abo).
c ab
=—(a+b+c)(a®+b2+c?—ab—bc—ac)
1 1 1
i |a b cl=@-b)(b-c)(c—a)
a’? b? ¢?

-17
2

1 1 1

@ [a b c|=(@-b)(b-c)(c—a)(a+b+c)
a’ b
1 1 1

(iv) la> b*> c¢? =(a—b)(b-c)(c—a)(ab+bc+ca)
ad b

7. MULTIPLICATION OF TWO DETERMINANTS

a; byl |4 m a/l,+b/l, am +bm,

@ o, by|*|e, myT|ayl, +b,t, a,m, +b,m,

ap byoo |4y m o n

(b) fa, b,

a; by ¢ |(3

m; 1,

m; 1nj

al;+bly+cl; am +bm,+cm; amn;+bn,+cn,

—|ayl; +byly +cyl5 a,m;+b,m, +c,m;  a,n; +b,n, +c,n;,

azl; +bsl, +c3l5 asm;+bym, +c3my  azn; +biyn, +csn;

8. SUMMATION OF DETERMINANTS

f(r) a ¢
LetA = (8(r) b m
h(r) ¢ n

Where a, b, ¢, /, m and n are constants independent of r, then

=
~
=)
~
[
~

]
=
2
1)
=
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&

Here functions of r can be the elements of only one row or column.
None of the elements other than row or column should be
dependent on r.

9. DIFFERENTIATION AND INTEGRATION
OF DETERMINANT
fix) Hx) )

A —[E®) 8200 &)
hy(x) hy(x) hs(x)

Then

fi'x) £,'x) f'&) [fix) fH(x) f3(x)
Ax)=81(X) g (x) g3(X)|+[g'(x) g,'(x) g3'(x)

hy(x) hy(x) hiy(x)| |hy(x) hy(x) h;(x)
fix)  f,(x) f3(X)
L) g gi(x)

hy'(x) hy'(x) hy'(x)
Integration of determinant

f(x) g(x)

IfA(X) =
) A A,

>

b b b
then IA(X) dx = !f(x)dx !g(x)dx '

A Ay

Here f(x) and g (x) and functions of x and A, A, are constants.

NOTES:

This formula is only applicable if there is a variable only in
one row or column, otherwise expand the determinant and
then integrate.

3 2 4
X cos“x 2% /2
Example : If f{x) = [tan’ x 1 sec2x| then J.f (x)dx =
sin® x x4 5 -n/2
(a)2 ®-2 (c)0 (d) none of these

Sol. We have
4
-x3 cos’x 2%
fi-x)= —tan” x 1 seC2X| =_f(x)
—sin’ x x* 5

/2
J.Tt f(x)dx = 0. (since f(x) is an odd function)
-n/2

x> sinx a
Example: Ifft)=| |, |.then j £(x) dxis
-a
0 by 3 d) -+
@ OF © @ 3
a a
b Ix3dx Isinxdx 0 0
Sol. If(x)dx= =l /=0
—a —a
b 1 2

Hence (a) is correct answer.

MATRICES

1. INTRODUCTION TO MATRICES

A set of (m X n) numbers arranged in the form of an ordered set of m
rows and n columns is called a matrix of order m x n.

Az[aij]mxn
a; ap Ay
ay Ay oy
or A=|ay asyp .. ag, |isamatrixofordermxn.
_aml Am2 amn_
NOTES:

The matrix is not a number. It has no numerical value. But it is
an arrangement of numbers.
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2. TYPES OF MATRICES

2.1 Row Matrix

A matrix having only one row is called a row matrix or a row vector.

eg. A=[1 2 -1 -2]isarow matrix of order 1x4.

2.2 Column Matrix

A matrix having only one column is called a column matrix or a
column vector.

1
eg A=|2
-1

and B= are column matrices or order 3x1 and

3
2
5
4
4x1 respectively.

2.3 Square Matrix

A matrix in which the number of rows is equal to the number of
column, say (n x n) is called a square matirx of order n.

2 1 -1
eg. thematrix |3 —2 5 |issquarematrix of order 3.
1 5 -3

Sum of diagonal elements of a square matrix is called its trace (tr
(A)). Here tr(A)=2-2-3=-3

2.4 Diagonal Matrix

A square matix is called a diagonal matrix if all the elements,
except those in the leading diagonal, are zero.

A= [aij]an s = 0foralli#]

2.5 Scalar Matrix

A diagonal matrix in which all the diagonal elements are equal is
called the scalar matrix.

Asquare matrix A= [ is called a scalar matrix if.

aij]n><n
@ a;; = Oforalli#jand

(i) a;=Cforallie {1,2,..,n}
2.6 Identity or Unit Matrix

A square matrix each of whose diagonal element is unity and each
of whose non diagonal element is equal to zero is called an identity
or unit matrix.

L4

A square matrix A= [aij] is called identity or unit matrix if

nxn
1) a;= 0 for alli=j, and
(i) a;=1forallie {1,2,..,n}

The identity matrix of order n is denoted by I_..

2.7 Null Matrix

A matrix whose all elements are zero is called a null matrix or a zero
matrix, represented by O.

0 0 0 00
“& 1o 0]’l0 0 0
2.8 Upper Triangular Matrix

A square matrix A = [aij] is called an upper triangular matrix if
2= 0V i>j.

5 43
eg A=|0 2 1
0 0 6
2.9 Lower Triangular Matrix
A square matrix A= [aij] is called lower triangular

ifa;=0 Vi<j.

eg A=

EENENVS T 8

00
20
53

2.10 Singular Matrix

A square matrix with zero determinant is called a singular matrix.

3. EQUALITY OF MATRICES

Two matricesA=[a and B= [bij] are equal if

ij]m><n rxs

(1) m=r,i.e., the number of rows in A equals the number of rows
inB.

(i) n=s,i.e., the number of columns in A equals the number of
columns in B.
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(iit) aij=bij fori=1,2,...mandj=1,2,..,n.

Iftwo matrices A and B are equal, we write A= B, otherwise
we write A = B.

4. SUM OF MATRICES

Let A= [aij], B= [bij] be matrices of the same order mxn.
ThenC=A+B= [cij], is a matrix of order mxn.

Where, [cij] = [aij + bij]

1 2 4 7 3 2
e.g.A=053andB:519

1+7 2+3 4+2 8 5 6
A+B= =

0+5 5+1 3+9 5 6 12

1-7 2-3 4-2 -6 -1 2
A-B=lg_5 5.1 329/ |=5 4 -6

Properties of Matrix Addition

(i) Matrix addition is commutative
A+B=B+A

(i) Matrix addition is associative

A+B+C)=(A+B)+C.

5. SCALAR MULTIPLE OF A MATRIX

If Abe a given matrix and k is any scalar number real or complex.

Then matrix kA is a matrix of same order, where all the elements of
kA are k times of the corresponding elements of A.

2 31
e.g.IfA=524

32 33 317 [6 9 3
Then3A=135 35 34| |15 6 12

Properties of Multiplication by a Scalar

IfA= [a,] andB= [bij] are matrix of the same order and o and 3 are
any scalars, then

1) a(A+B)=cA+aB

(i) (a+B)A=aA+BA

(i) o (BA)=(ap)A.

(iv) IfAisasquare matrix of order ‘n’

Then |kA|=k" |A]

6. MATRIX MULTIPLICATION

If A=[a;] . andB= [bjk]

1J-mX*p

ThenAmXp x Bpxn =(AB)

pxn

mxn

p
or  C=AB=[c,] ., Wherec, = Zaijbjk
i1

For multiplication number of columns of first matrix should be
equal to number of rows of second matrix.

ie. ¢y =a; by ta,by +o.. aipbpk
In other words ¢;, = Sum of the products of it row of A (having p
elements) with k'™ column of B (having p elements).

1 -2 3 2
eg IfA= - and B=|4 5
-4 2 5], -

3x2

Compute AB and show that AB = BA. Ais 2x3 type and B is 3x2
type and hence both AB and BA are defined because the number
of columns in pre factor is equal to the number of rows in post
factor.

Sol.

[12-24+32 13-25+3.1 0 -4
AB=| 42124452 43425451 |10 3,
(2 3 1 - -10 2 21
BA=|4 5 {4‘2 5} - |-16 2 37

_2 1 3x2 >3 -2 -2 1 3x3

Hence AB #BA.

7. PROPERTIES OF MATRIX MULTIPLICATION

(i) Multiplication of matrices is distributive with respect to a
addition of matrices.

A(B+C)=AB+ACand (A+B)C=AC+BC

(i) Matrix multiplication is associative if conformability is
assured.
ie. A(BC)=(AB)C.
(iii) The multiplication of matrices is not always commutative.
i.e. AB is not always equal to BA.
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(iv) Multiplication of a matrix A by a null matrix conformable
with A for multiplication is a null matrix i.e. AO=0.

In particular if A be a square matrix and O be square null
matrix of the same order, then OA=A0 = 0.

v) If AB = O then it does not necessarily mean that
A=0o0orB=0.

0 0|1 O 00
0 1[]0 0| |0 0
None of the matrices on the left is a null matrix whereas their

products is a null matrix.

(vij Multiplication of matrix A by a unit matrix I :
Let Abe am X n matrix.

Then Al =A andI A=A.
(vii) IfA and B are square matrices of order ‘n’
Then |AB|=|A|B]
(viii) Positive Integral Powers of Matrix
Let A be any square matrix of order n.
Then A’=A.A
A’=AAA
Am"=A.A.A...mtimes
All are square matrix of order n.
@H A" A"=(A.A.A...mtimes) (A.A.A ... ntimes)
=A.AA....(m+n) times
— Amn
(i) (A" =A™
Also, we define A°=1

8. TRANSPOSE OF A MATRIX

If A be a given matrix of the order m X n then the matrix obtained
by changing the rows of A into columns and columns of A into
rows is called Transpose of matrix A and is denoted by A' or AT.
Hence the matrix A'is of order n X m.

3 25
T —A'—
then A' =A [4 1 9LX3

o — K

3
eg A=|2
5

3x2

Properties of Transpose

o (A)Y=A.

@) (kA)'=kA' kbeingascalar.
(i) (A+B)=A'+B"

(iv) (AB)=B'A"

(v) (ABC)Y=CB'A.

9. SYMMETRIC AND SKEW SYMMETRIC MATRICES

(1) Asqaure matrix A= [aij] will be called symmetricif AT=A.

i.e. every ijth element = ji element.

a h g
eg.A=|h b f
g fc 3x3
(i) A square matrix A [aij] will be called

skew symmetric if AT=—A.
i.e. every ij element = -(ji" element).

(i) For any square matrix A, A + AT is symmetric and
A—ATis skew - symmetric.

(iv) Any square matrix can be uniquely expressed as a sum of a
symmetric matrix and a skew-symmetric matrix.

%(A + AT) is symmetric

1
and E(A A" ) is skew-symmetric

(v) LetA and B be symmetric matrices of the same order. Then
the following hold:
1. A" is symmetric for all positive integers n.
2. AB is symmetric if and only if AB =BA.
3. AB + BAis symmetric.
4. AB — BA is skew - symmetric

NOTES:

For a skew symmetric matrix :
a;; =— a; for all values of i

[i =j when elements are diagonals].
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2a.=0

il a;= 0

Hence the diagonal elements of skew symmetric matrix are
Zero.

0 h g
eg.|-h 0 f|isaskewsymmetric matrix
-g —-f 0

10. ADJOINT

If A is a square matrix, then transpose of a matrix made from
cofactors of elements of A is called adjoint matrix of A. It’s denoted
by adj A.

Properties of Adjoint Matrix

@O A (AdGA)=|All,=(adjA).A
(i) |adjA[=[AF!

(i) adj(adjA)=]AP2A

(iv) (adjA)" =adj (AT)

(v) adj(AB)=(adjB).(adjA)

(iv) Adj(A)=(adjA)"!

(vil [(ad ad (A)) = [AI™”

11. INVERSE OF MATRIX (A)

11.1

A square matrix A of order n is said to be invertible or non-
singular if there exists a square matrix B of order n such that

AB=1,=BA

where [ is the identity matrix of order n, B is called inverse of A
and is denoted by A~!.

1
Al= m adj(A)

11.2 Properties of Inverse Matrices
@) @AhT=@hT

(i) (AB)'=BlA"!

(i) A=A

-1
|A™]

Y

&

1
W) (kAY!= - ATtifk=0.

(vi) LetA, B, Cbe square matrix of the same order n. If A is non—
singular matrix then

(a) AB =AC = B=C (left cancellation law)
(b) BA=CA = B=C(rightcancellation law)

(vi) If A is non singular matrix such that A is symmetric then
A7lis also symmetric.

12. ELEMENTARY TRANSFORMATIONS

Any one of the following operations on a matrix is called an
elementary transformation.

(1) Interchanging any two rows (or column).

(i) Multiplication of the elements of any row (or column) by a
non zero scalar quantity.

(iii) Addition of constant multiple of the elements of any row (or
column) to the corresponding element of any other row (or
column).

Two matrices are said to be equivalent if one is obtained from the
other by elementary transformation. The sysmbol = is used for
equivalence.

Method to Find Inverse by Elementary Transformations :

Row Transformation

(i) A lexistsif|A]#0.

(i) To find A by row transformation, then we write IA = A.

(iii) Apply row transformations to the pre-factor I on L.H.S. & to
A on R.H.S. such that A becomes a unit matrix.

(iv) Now equation becomes BA=1,so B=A"!

13. SOLUTION OF A SYSTEM OF LINEAR

EQUATION BY MATRIX METHOD

Consider a system of linear equation

A X T aX T a,, x,=b,
By X; FAyXy i a X, b2
A, X T a X T a, X, =b,
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We can express these equations as a single matrix equation.

a;; Apgeee a, X, b,
Ay Agpeeen. A, X, b,
_anl ) Ann _Xn_ _bn_

A X B

Let | A|# 0 so that A lexists uniquely
pre-multiplying both sides of AX = B by A™! we get
AT(AX)=A"'B = (AAH)X=A'B
= IX=A"B = X=A"B
Criterion of Consistency

Let AX =B be a system of n linear equation in n variables.

(1) If|A|=# 0 then the system of the equations is consistent and
has a unique solution given by X =A~! B.

(i) If|A|=0and (adjA)B = O then the system of equations is
consistent and has infinitely many solutions except the case
of parallel planes when there is no solution.

@) If|A|=0and (adj A) B # O then the system of equations is
inconsistent i.e. it has no solution.

Homogeneous Equation

The system of equations AX = B is said to be homogeneous if the
constants b, by, b,..... b are all zero. That is if the matrix B is a
zero matrix and the system is of the form

AX=0
Where O is the null matrix of ordern x 1.

(1)  If|A|# O thenits only solution X =0 is called trivial solution.
(x=y=2z=0)

@) If|A|=0then AX =0 have both trivial and non trivial type
solutions. In this case number of solutions will be Infinite.

(i) The condition for
ax+by+c,z=0;
a,x +byy+c,z=0 and
a;x +byy+cyz=0

to have non-zero or non-trivial solutions is :

a; by ¢

a, by ¢ =0
ay by ¢

14. SOME OTHER TYPES OF MATRICES

(@ Orthogonal Matrix : A square matrix Ais called an orthogonal
matrix if the product of the matrix A and its transpose A’ is
identity matrix.

AA'=1

NOTES:

@i IfAA'=IthenA'=A'
(i) IfA and B are orthogonal then AB is also orthogonal.
(iif) All above properties are defined for square matrix only.

(iv) Elements of all 3 rows (or columns) of orthogonal matrix

of order 3 X 3 represent unit vectors.
(®) Idempotent Matrix : A matrix ‘A’such that A2= A is called
idempotent..
®  Only square matrix can be idempotent matrix.

®  [dentity matrix (unit matrix) is also idempotent matrix.

1 00
Example: A=0 1 0
000
1 0 0L 0O 1 00
A2:010010:010
0 0 0|10 O O 0 00

(¢) Periodic Matrix :.Amatrix ‘A’will be called a periodic matrix if
AK = Awhere k is +ve integer and k is least positive integer
for which AK™! = A then k is said to be the period of A.

(d Nilpotent Matrix :.A matrix ‘A’ will be called nilpotent matrix
if Ak = 0 (null matrix), k is least positive integer and k is
called index of the nilpolent matrix.

(¢) Involutary Matrix :.A matrix ‘A’ will be called an involutary
matrix if A2=I (Unit Matrix). Unit matrix is also involuntary
matrix.
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&

15. SOME IMPORTANT APPLICATIONS

15.1
Let f(x)=a,+a,x+a,x’ +...+a,x" beapolynomial inx where

a,,4a,,q,,.......,a, are real numbers, such that ¢, #0. IfAis a

non-singular matrix such that f{A) = 0, then

-1 2 m-1
A =a—(al +a,A+a;A" +...+a,A )
0

15.2

To find the inverse of a square matrix A, or to express A! in terms
of A, the concept of a characteristic polynomial of a square matrix
and the much known Cayley-Hamilton Theorem are useful,
especially for 2x2 and 3x3 matrices.

15.3

IfAis a square matrix and I is the corresponding unit matrix, then
the polynomial |A—xI| in x is called characteristic polynomial of A
and the equation |A —xI| =0 is called the characteristic equation of
the matrix A.

15.4

(Cayley-Hamilton) Every square matrix satisfies its characteristic
equation; that is, if A is a square matrix of order n and

f(x) :|A—x1| =a, +ax+a,x +...+a,x" =0
is its characteristic equation, then
f(A)=a,l, +aAd+a, A +..+a,4" =0

Also if a, # 0, then
-1

A7 = —(all—i-azA va, At .+ anA”'l)
4

Note that A! exists if and only if the constant term of the
characteristic of A is non-zero.
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Example—1

Find minors and cofactors of elements of the following

determinants

01 2
Sol. ()D=|3 0 1
230

Minors
" 0 1]
73 o
=0-3=-3
v P 1.
12 — 2 0’
=0-2=-2
v ]2 9.
B 3
=9-0=9
w. |t 2.
21 3 0>
=0-6=-6
]
270 o
=0-4=—4
o [0 1.
BT o3

0 4
1 3
0 —4 2

Cofactors

A11: GO M11

=3

A,= (1M,
A= (DM,
A, = (1M,
A= (1M,

=4

A23 =1 M23

SOLVED EXAMPLES

1 2 3+1
M31 = 0 1 5 A31:(_1) M31
=1-0=1 =1

0 2
M32 _‘3 1‘; A32: (_1)3+2M32
=0-6=-6 =6

0 1 "
M;; = ‘3 0 5 A33: -1y 3M33
=0-3=-3 =-3

-1 0 4
i@D=—2 1 3

0 4 2
Minors Cofactors

1 3 "
My, :‘ 4 2‘? A“=(—l)1 11\/111
=2+12=14 =14

-2 3 . — 142
Mlz - 0 2 s A12_ (_1) MlZ
=4-0=-+4 =4

-2 1 .
M3 —‘ 0 _4‘§ Alzz(fl)l 3Ml3
=8-0=8 =8

0 4 .
M,, _‘_4 ’ > A, = =1y 1M21
=0+16=16 =-16

-1 4 .
M,, —‘ 0 2 5 A22: (71)2 2M22
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=-2+0=-2 =2

-0 . 243
M23 - 0 -4/ A23: (_l) M23
=4-0=4 =4

0 4 . 3+1
M31 = l 3 N A31: (—l) M31
=0-4=-4 -4

-1 4 .
M32 = ‘_2 3‘; A32: (_1)3 21\/[32
=—-3+8=5 =-5

-1 0 .
M33 _‘_2 1‘; A33: (_1)3 31\/[33
=—1+0=-1 =-1

Example-2

Sol.

X-y y-z z-X
Show that y—z Z-X X-Y, =0

Z-X X-Yy y-z

X-y y—-z z—-X
D=|ly-z z-x x-Y

Z—-X X-y y-zZ
C,—> C,+C,+C gives

x-y y-z 0
D=|y-z z-x 0

z—-x x-y 0

=0

[ - all elements of C, are zero.]

Example-3

Sol.

Evaluate

16 29 35
® 150 100 110
82 158 180

5 13 17
(i) 30 68 105
25 66 84

16 29 35
() D=|50 100 110
82 158 180

Using (L sza
10

16 29 35
D=10|5 10 11
82 158 180

R,=R,-3R,,R,>R,~ 16R,

1 -1 2
D=10|5 10 11/ =0
2 2 4
(R, =2xR))
5 13 17
(i) D=[30 68 105
25 66 84

R,>R,~6R,R,>R,~5R,

5 13 17

D=0 -10 3
0 1 -1

=5(10-3)

(Expanding along 1 column) =35
g g
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Example—4

10 24 36
Show that (36 10 24| is divisible by 35.
24 36 10

10 24 36
Sol. D=36 10 24
24 36 10

R, ->R +R,+R,

70 70 70
D=|36 10 24
24 36 10

1
Using 35 R, we get

2 2 2
D=3536 10 24
24 36 10

All elements in determinant are natural numbers
Its value will be whole number

D is multiple of 35 i.e. it is divisible by 35.

Example—5

x x* 1+x°

Ifx,y, z are different and A= |y y' 1+y'| =0,

z 7z° 1+7°

then show that 1 + xyz =0

Sol. We have

x x° 1+x°

A=y y2 1+y3

z 7 1+7°

x x° 1 |x x° X
3

— 2
=y Yy Iy vy (Using Property 6)
z 22 1 |z 22 72

ot
oy
Take common x, y, z fromR , R, R resp.
1 x x’ 1 x x°
:(—1)21 y yl+xyz[l y ¥’
1 z 7 1 z 7

(Using C, <> C,and thenC, <> C))

1 x x?
=1 vy y2 (1+xyz)
1 z 22
1 X x?

:(1+xyz) 0 y-x y —-x’

2 2
0 z—x z —-Xx

(UsingR, >R, -R andR, ->R,-R))

Taking out common factor (y —x) from R, and (z—x) fromR_,

we get
1 x x
A=(1+xyz)(y—x)(z—x) |0 1 y+x
0 1 z+x

=(1+xyz) (y—x) (z—x) (z—Yy) (on expanding along C )
Since A=0and x, y, z are all different, i.e., x—y #0,

y—z#0,z —x#0,weget 1 +xyz=0

Example— 6

If, m, nare p*, qand r'terms of an arithmetic progression

I p 1
respectively, prove that |m q 1/=0

n r 1

Sol. In arithmetic progression
T =a
T,=a+d
(where d is constant difference)
T,=a+2d
T=a+(m-1)d
l:Tp:a-i-(pf l)d=a+pd-d
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o
m=T =a+(q-1)d=a+qd-d
Using L C3,we get
n=T=a+(r-1)d=a+rd-d Xyz
I p 1 ,
LHS=m q 1 I x= 1
n r 1 p =22 Yl
Xyz
1 22 1
a+pd-d p 1
=la+qd-d ql =0(-C,=Cy)
a+rd—-d r 1
0 b ¢
gives C,— C,—d xC, i) D=[-b 0 a
—-c —-a 0
a-d p 1
LHS.=la-d q 1
a—-d r 1 30 b -
= (-D’|b 0 -—al (Taking—1 common fromR ,R &R,)
c a O

1
Using (—d) C,, we get
a—

0 -b —c
1 p 1 SoD= - b 0 —a
0
LHS.=(ad) [l q ! © @
I r 1
0 b ¢
=0 (~C=C) =—|-b 0 a| (Interchanging rows with columns & vice-versa).
Example —7 < a0
Without expanding the determinants, show that =-D
-.2D=0 =D=0.
I/x x vyz 0 b ¢
(M)|l/y y zx|=0 @)|-b 0 a/=0 Example -8
Vz z xy < a0 Show that
1/x x yz 1 x yz
Sol. i)D=[l/y y zx 1y zx|=x-y)(y-2)(z—%)
1/z z xy 1Lz xy
using xR, yR, and zR , we get 1 x yz
Sol. D=1 y =z
1 x? Xyz 1
| Z Xy
D=—-I|1 y2 Xyz

Xyz .
1 2% xyz R, >R —-R,R,—>R,—R,, gives
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o
s
1
0 x-z -y(x-2) Using[ ! jCland (—)Czweget
D=|0 y-z —-x(y-2) a+c b+c
1 z Xy
1 -1 -b
D=(a+c)(b+c)|-1 1 —-a
Using( leand[—JRz,weget 1 1 a+b+c
Z—X -z
R, —>R +R, gives
0 -1 vy
D=(z-x)(y-2|0 1 —x 0 0 —(a+b)
1z xy D=(b+c)(c+a)|-1 1 -a
1 1 a+b+c
R,— R +R gives
Expanding along R,
0 0 y—-x
=(b+c)(ct+a)x[(atb)(-1-1
Do-0G-2|0 1 (b+0) e+ a) [-(a+b) (-1 -1)]
1 z «xy =2(atb)(b+c)(ct+a)
=RH.S.
Expanding along R,
Example—10
0 1
D=(zx%)(-2) (yx) |, Show that
z
=(2%) (y-2) (%) (0-1) fra 11 L1
1 14b 1 |=abe|l+—+—+—|=
=(x-y) (y—2) (z—x) | U Lee ( a2 b c] abc+bc+ca+ab

=R.H.S.
Example—-9
Show that
a+b+c —C -b
—C a+b+c -a
-b -a a+b+c
=2(a+b)(b+c)(c+a)
a+b+c —C -b
Sol. D=| - a+b+c —a
-b —a a+b+c

C,—->C+C,;C,—»C,+C,gives

a+c —(b+c) -b
D=|-(a+c) b+c -a
a+c b+c a+b+c

Sol. Taking out factors a,b,c common from R , R, and R,, we get

l_;,_l _ l
a a a
l —+1 l
L.H.S.=abc b b b
11 1,
C C C

1 11 1 11 1 11
I+—+—+— 1+—4+—+— 1+—+—+—
a c a b ¢ a b c
1 1
A =abc — —+1 —
b b b
1 1 1
- - —+1
c c c
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1 1 1
Taking (1 +—+ 5 + —j common fromR,
a c

=abc(l+l+l+lJ

a b ¢

o |l— o= ~
(ox

1 00
A:abc(l+l+l+lJl 1 0
a b c)|b
Lo
c
Expanding along C,
1 1 1
=abc| l+—+—+—||I(1-0
(1414441 ]00-0)]
1 1 1
=abc|1+—+—+—| =abc+bc+ca+ab=R.H.S.
a b ¢
Example-11
Prove that
a+bx c+dx p+gx a ¢ p
A=|ax+b cx+d px+q :(l—xz)b d q
u A% W

Sol. ApplyingR — R —xR, to A, we get

a(l—xz) c(l—x)2 p(l—xz)
A=| ax+b cx+d px+q

u \% w

Taking 1 — X’ common from R,

a c p
:(1—x2) ax+b cx+d px+q

u \% w

Applying R, > R, —x R, we get

a ¢
A=(1-x*)|b d q

=RHS

Example—12

Sol.

Find x, if

1 2 1 2x 4x°
) 1 =0 @i 1 4 16|=0
4 1 1 1

o N M
© &~ %

1 x2
® |1 41=0
4 9

AN N X

Expanding along R,
1(18-24)-x(9-16) +x*(6—8)=0
—6+7x-2x*=0

2x2-T7x+6=0

(2x-3)(x-2)=0
2x-3=0o0rx-2=0

X == =2
2orx

1 2x 4x°
(ii))Given|l 4 16|=0
1 1 1

Method I: Here a ,= (a,)* (element in third column is equal
to square of respective element in 2" column)

We know, when two rows are identical then the determinant
is zero.

forR =R, 2x=4ie.x=2

1
forR =R, 2x=1ie.x= E

solution is x = 2

1
2 b
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Method II: if we expand the given determinant by R |, we get

1(4-16)—2x(1-16)+4x*(1-4)=0
—12-2x+32x—12x>=0
-12x*+30x-12=0
4x*—10x+4=0
(4x-2)(x-2)=0
4x—-2=00rx—-2=0

1

XZE orx=2

Example—13

Sol.

Solve the following equations using Cramer’s Rule
x+2y—-z=3,3x-y+2z=1,
2x—2y+3z=2

The given equations are

x+2y—z=3

3x—y+2z=1

2x—2y+3z=2

1 2 -1
D=3 -1 2
2 2 3

Expanding along R,
=1(3+4)-2(9-4)-1(-6+2)
=1-10+4=-5

3 2 -1
D =1 -1 2
2 2 3

Expanding along R,
=3(3+4)-23-4)-1(2+2)
=5

I 3 -1
D,=]3 +1 2
2 2 3

Expanding along R,
=13-4)-309-4)-1(6-2)

.2
=-20
1 2 3
D,=[3 -1 1
2 -2 2

=1(-2+42)-2(6-2)+3(-6+2)

=-20
By Cramer’s Rule
X = 2 = —_—= —1
D -5
_Dy_-20
D -5

,=Dz_20_,
D -5

Solutionisx=-1,y=4,z=4

Example—14

Sol.

Show that the following equations are consistent
2x+3y+1=0,x+2y+1=0,x+y=0

Given

2x+3y+1=0

x+2y+1=0

x+y=0

By condition of consistency

a, b ¢
a, b, c,/=0
a; by ¢

2 31
Now, (1 2

1 10

R, — R, —R, gives

11
=1 2 1|=0
11

("R =Ry)

The given equations are consistent.
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Example - 15 Example—17

Find k, if the following equations are consistent

Find the area of the quadrilateral whose vertices are
k=2)x+(k-1)y=17, P(-3,1),Q(1,-1),R(2, 1), (0, 3).
(k-1)x+(k-2)y=18,
x+ty=5

Sol. The given equation are
k2)x+(k-1)y-17=0
(k-1 x+(k-2)y—18=0
x+ty-5=0

Sol.

The equations are consistent
A(PQRS)=A(APQR)+A(APRS)

a, b ¢| k-2 k-1 -17
a, b, c¢y|=k-1 k-2 -18=0

a; by c3 1 1 -5 1 -3 11
A(APQR)E= I -11
R,— R —R,gives 2 1
-1 1 1
=k-1 k-2 -1§=0
1
1 1 -5 =5 [[3(-1-1)-1(1-2)+1(1+2)]

C,—»C,+C,C,—»C,+C, gives

- 1
! 0 0 =—(6+1+3)
k-1 2k-3 k-19 2
1 2 —4
=5 Sq. units
Expanding along R,
-1 (-8k+12-2k+38)=0
1—3 11
10k=50=0 A(APRS)= 2 11
k=5 0 31
Example—16
Find k if the area of the triangle ABC is 35 sq. units, where |
A=(2,6),B=(5,4)and C=(k,4) =3 [-3(1-3)—1(2-0)+1(6-0)]
2 6 1
Sol. Areazls 4 1| =35 sq. units |
ko4 = [6-2+6]
2
= %(k—5)2=i35 =5 s5q. units
o k_5-+35 A(PQRS)=5+5=10Sq. units.

= k=40,-30.
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Example—18 By Cramer’s Rule

The sum of first and second numbers is greater than the D, -24

third number by 5. The sum of first and third numbers is x= D -4 6
more than the second number by 7. The sum of second
and third numbers is greater than the first number by 2. D, -14 7
Find such three numbers. Y= p "4 7>
Sol. Let the numbers be x, y, z respectively. We get the following
equations. Db, -18_9
Xx+ty-z=5 b =4 2
x—y+tz=7 7 9 :
The numbers are 6, 3 and 3 respectively.
—Xx+ty+tz=2
Example—19
1 1 -1 |2 0 O
D={1 -1 1|=|1 -1 1
2 2 6 2
-1 1 1| |-1 1 1 i
If A=|-3 1|andB=|1 3|, find matrix C such that
Expanding along R, 40 0 4
=2(-1-1) A+ B+ C=0, where 0 is the zero matrix.
=_4 Sol. Given,A+B+C=0
C=-[A+B]
S 1 -1 12 0 0
D,=7 -1 1|=|7 -1 1 ) 6 2
2. 1 12 1 1 A+B=[-3 1|+|1 3
4 0 0 4
Expanding along R,
=12(-1-1)
8 4 -8 —4
=-24 =—[A+B]=-|2 4|=|2 —4
4 4 —4 -4
1 5 -1
D,=|1 7 1
Y Example—20
-1 2 1
Find matrices A and B, where
Expanding alongR,
—1(7-2)-5(1+1)-12+7) oas-|" anaara-|* !
0 1 -1 0
=—14
. 1 -1 .
I 15 Sol. Given2A-B= ()
D,=|1 -1 7 01
-1 1 2
0 1 ..
A+3B= [ } ... (i1)
Expanding along R, -1 0

=1 (2-7)-1 (+2+7)+5(1-1) From 3 x (i) + (ii), we get
=—18
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o
3 3 0 1 Example —22
TA = +
0 3 -1 0 _
IfAle—12 ify that |AB|=|A| B
7_0 3_, =13 , verify that |AB|=|A| [B|.

[3+0 -3+17 [3 =2

lo-1 3+0| |-1 3

Al 32 [3/7 =207
701 3| |-1/7 3/7

1 -1 .
B:2A—[O 1} .. ()

3/7 2/7] [1 -1
B=2 -
-1/7 3/7] |0 1

[6/7 -4/7] [1 -1
-2/7 6/7 |

(—1/7 3/7]
|-2/7 -1/7]

Example-21

coso  sina

If A, = ; ,show that A A =A
—sino  cosa o B e

o

coso sina
Sol. A = .
—sina  cos a

then A, :[ cosp sin [3}

—sinf3 cosf

cosa sina} { cosP sinﬁ}

A A =
P [ —sinf  cosf

—sino.  cosal

[ cosocosB—sinasinB  cososinB+sinacosp
| —sinocosP—cosasinB —sinosinf+cosa cosf

[ cos(a+P) ﬁn@1+ﬁ)}

| —sin(a.+PB) cos (a+f3)

= Aup

|

2 1][1 2
Sol. AB=

0 3|3 2
[2+3 4-2
10+9 0-6

(5 2
AB =

9 -6

2 1
|A|= =6-0=6
0 3

1 2

=2-6=-8
3 -2

5 2
|AB| = =-30-18=-48
9 —6

Also, |A|.B|=6(-8)=-48
Hence, |AB|=|A]. |B|is verified.

Example—23

5 }, show that A2~ 5A—141=0

oA a3 S][3 s

' -4 2|-4 2
[9+20 -15-10] [29 -25
1-12-8  20+4 | |20 24

29 25 3 -5
A= 5A—141= -5 ~14
20 24 4 2
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L 4

[29 25] [15 -25] [14 0 - AB=BA
120 24] [-20 10] [0 14 3 9

) B N [

[29-15-14 —25+25+0}
[-3+2y —3x+0}_[—3+2x 2—4x}

| —20+20-0 24-10-14

| 2-4y  2x+0 | |-3y+0 2y+0
(oo
1o o Comparing corresponding elements.
A2—4A+31=0 -3x=2-4xand-3y=2-4y

x=2 y=2

Example — 24
P [ x=y=2]
0 1 0 -1 Example—26
IfA= L o and B=

1 0

2
show that (A+B).(A-B) = A>~ B2 If A= {3 2} , find A®

Sol. (A+B)(A-B)=A’>-AB+BA-B?

S S b

1 0|1 O 0+0 -1+0
Lo o A {z _1}[2 _1}
= ' 3 2|3 =2
o)
4-3 242 1 0
_1 O 1 = = :I
And, BA = 6-6 -3+4 0 1
0|1 0
2 -1
0-1 0+0 -1 0 A3=A.A2=A.I=A=[3 2}
“lo+0 1+0| |0 1
AB #BA Example—27
—-AB+BA %0

(A+B)(A-B)#A> B

Example - 25

-3 2 I x show that AB and BA are both singular matrices.
IfA= ,B= , and (A+ B).(A-B)=A>-B?,
2 4 0
1 -1 1
findx andy

Sol. Condition given
(A+B) (A-B)=A?-B?
A’-AB+BA-B’=A’-B? 1-6-6  —1+4+3 1-2+0
—-AB+BA=0 =12-12-12 -2+8+6 2-4+0

1-6-6 -1+4+3 1-2+0

12 3
So. AB=[2 4 6[[-3 2 -1
12 3|2 1 0
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-11 6 -1 i .
-2 12 2 2 ‘73 —73
-1 6 -1 3
Now P'=|— 3 1 |=P
2
-11 6 -1 B0 5
|[AB|=|-22 12 -2|=0 (-R;=Ry) L J
-1 6 -1
Similarly, Thus P = %(B +B') is a symmetric matrix.
-yt 23 Also, let
BA=|-3 2 -1(|2 4 6
2 1 o0ll1 2 3 ) Lo
0o — =
i | ot 2
1-2+41  2-4+42  3-6+3 Q=+B-B)=1|1 o 6|-|L 3
=| -3+4-1 —6+8-2 -9+12-3 2 25 6 ol |?
|—2+2+0 —4+4+0 -6+6+0 % -3 0
[0 0 0
=0 0 O _0 1 é_
1000 )
, | -1
IBA|=0 (- itiszero matrix) Then Q' = > 0 -3/=-Q
Hence, AB and BA both are singular. —_5 30
2

Example—28 ) B

2 2 Thus Q :i(B—B’) is a skew symmetric matrix.
Express the matrix B= | -1 3 4 | as the sum of a 2
1 -2 -3
Now
symmetric and a skew symmetric matrix.
Sol. Here - 3 31T _—
2 = = 0o — =
2 -1 1 3 2 2 : 2 2 2 4
B'=|-2 3 =2 P+Q:_73 Ll+|7 0 3|=-1 3 4/|=B
4 4 -3 - 1 -2 -3
= 1 3 3 -3 0
L 1 L2 i
_ , o3 .
i 3 3 P Thus, B is represented as the sum of a symmetric and a
-3 skew symmetric matrix.
LetP:l(B+B’):l -3 6 2|=— 3 1
2 2 2
-3 2 -6 _3
21 03
L 2 i
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Example—29 Example—30

The sum of three numbers is 6. If we multiply third number

by 3 and add second number to it, we get 11. By adding I -1 2)-2 0 1

first and third numbers, we get double of the second Use product ([0 2 -3|| 9 2 -3| to solve the

number. Represent it algebraically and find the numbers 3 2 416 1 =2

using matrix method.

Sol. Let first, second and third numbers be denoted by x, y and system of equations

z, respectively. Then, according to given conditions, we x—y+2z=1

have
2y—-3z=1

Xt+ty+z=6
3x—2y+4z=2

y+3z=11

xtz=2yorx—-2y+z=0 1 -1 27— o0 1

This system can be written as A X = B, where Sol. Consider the product |0 2 -3|| 9 2 -3

3 -2 446 1 2
I 1 1 X 6
A=|0 1 3|,X=|y|and B=|11
1 21 z 0 —2-9+12 0-2+2 143-4] (1 0 O

=| 0+18-18 0+4-3 0-6+6|=/0 1 0

Here |A|=1(1+6)—(0-3)+(0—1)=90.Now we findadj A —6-18+24 0-4+4 3+6-8| (0 0 1

A, =1(1+6)=7,A =—(0-3)=3,A =—1
A, =—(1+2)==3,A,=0,A =—(2—1)=3

-1

1 -1 2 2 0 1
A, =G-1)=2,A,=—(3-0)=-3,A,,=(1-0)=1 Hence |0 2 3| 2l o 2 -3
3 2 4 6 1 -2
7 -3 2
Hence adjA=| 3 0 -3 ) . ) ) .
L3 Now, given system of equations can be written, in matrix
B form, as follows
| q7 302 11 27x] [1]
Thus A’I:Tadj(A):a 3.0 -3 0 2 -3|y|=|1
Al -1 3 1 3 2 4]z| [2]
SinceX=A'B
x] [1 -1 27'1] [-2 0 171
g7 32 o |Y[=0 2 3] {159 2 -3
X=53 0 31 z] |3 2 4] [2] |6 1 22
-1 3 1]0
-24+0+2 0
X 42-33+0 97 [1
1 1 = 9+2-6 |=|5
yl=—| 18+0+0 [=—| 18 |=|2
or 9 6+1-4 | |3
z —6+33+0 27| |3

Thusx=1,y=2,z=3 Hencex=0,y=5andz=3
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Example-31

. 1 0 1
Find P such that BPA = L) } .

. 1 0 1
Sol. Given BPA= .
010

Pre-multiplying both sides by B

B'BPA=B"' Lot
B 01 0

1101
:>IPA—B010

{1 0 1} ,
= PA=B" .. ()

010
To find B.
Now B= 23
3 4
|B|=

‘2 j‘—8—9——1¢0.As|B|¢O

so it is non-singular matrix and hence inverse of B exists.

L g _AdB_[4 3
B |3 -2

NOTES:

For a 2x2 matrix, adjoint can be obtained by swapping
diagonal elements and changing the sign of non-diagonal

elements.

Now from (i),

(-4 3 1 0 1
PA = X
3 —2} {0 1 o}

(-4 3 -4
3 2 3

= PA=

Post-multiplying both sides by A

I T T
PAA™ = A
3 2 3
-4 3 -4
= PI= A
3 23
-4 3 4] .
P= A ... (i1)
3 2 3
ForA™:
1 11
since A=|2 4 1|.Now|A|=-1=0
2 31

= itis non-singular matrix and hence A~' exists

1 2 -3
adj.(A)=| 0 -1 1
-2 -1 2
) -1 -2 3
At =AUA Ty
| Al
2 1 =2
Now From (ii),
-1 -2 3
-4 3 -4
= X 0 1 _1
[3 -2 3}
2 1 =2
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Example — 32

Solve the system of equations :

2 3 01 0
or 0 1 2i=/1 0 O|A(applyingR,>R,-3R))

x+2y+z=2 0 -5 -8 0 -3 1
2x—3y+4z=1
3x+6y+3z=6 0 1 51 0
Sol. 1*and 3" equations are integral mutiple of each other. or 0 1 2(=|1 0 O0fA(applyingR, >R —2R)
(dependent equations) 0 -5 -8 0 -3 1

= D=D,=D,=D,=0

= infinite solutions 1 0 -1 -2 1 0
considerx +2y +z=2 or 01 2|=[1 0 0|A(applyingR,—>R,+5R)
00 2 5 31
2x—3y+4z=1
Let z=k
x+2y=2-k
1 0 -1 -2 1 0
2x -3y =1-4k . 1
or 01 2(=1 0 |A (applyingR, — 5 R,)
00 1] |s 31
=3+2kandx=8_11k > >
Hence: | x = 8_11k, = 3+2k andz=k
7 -1
1 00 2 2 2
where k is an arbitrary constant. or 0 1 2|=|1 0 O0]|A(applyingR, >R +R))
00 1 5 3 1
Example - 33 - — =
2 2 2
Obtain the inverse of the following matrix using elementary
operations
01 2 -l
A=|1 2 3 - .
- or 01 0j={4 3 -1|A(applyingR,—>R,-2R))
2 2
Sol. WriteA=1A,i.e.,
K 21 [1 0 0]
2 3= A 11
3 1 0 2 2 2
- - - - Hence A" =| 4 3 —1
> 31
(1 2 3] 0o 1 0] 2 2
or 0 1 2=|1 0 O|A (appplyingR, <> R))
13 1 1] [0 0 1}
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Example —34

Sol.

IfMisa3 x 3 matrix, where M'M =1 and det (M) =1, then
prove that det M —1) =0.

M-D)'=M"-1=M"- M™M= M"(I- M)
|(M=-DT=|M-1|=|M"|I-M]
=|1-M|= M-I =0.

Alternate Method :

=

det (M —T) = det (M —T) det (M")
= det (MMT— M)

=det (- MT)=—det (M"—T)
=—detM—I)T=—det (M -1I)
det M —T)=0.

Example —35

Sol.

If S is a skew-symmertric matrix of order n and I + S is
non-singular, then prove that

A=1-S)d+ S)'isan orthogonal matrix of order n.

AT :[(I+S)TT [1-s]"

=(1-9)"'(1+9),

[since S'=—S; S being skew symmertric].
A'A=(1-S) I+S)I-S)(1+S)"

=1-S)" I-S)I+S)(I+8S)",

since (I+S)(I-S)=I-S)(I+S)

=1

A is orthogonal, I — S is a square matrix of order n.

A=1-S)I+ S)f1 is a square matrix of order n.

Example—36

Sol.

=

If A and B are n-rowed non-zero square matrix such that
AB =0, then show that both A and B are singular. If both
A and B are singular and AB = 0, does it follows that
BA=0.

Justify your answer.

(i) AB =0 and A non-singular implies
A'AB=A"(0)=0

(A'A)B=0

(i)

(iii)

IB=0 = B=0[Note true]

AB =0 and B non-singular implies
ABB'=0(B)'=0 = AI=0

A =0[Not true]

Both A and B are singular.

Consider the counter example

0 1 1 0
A= and B =
o o)men=(y o)
0 1)1 O 0 0
AB= =
(o ollo o)< o)
1 0)(0 1 0 1
whereas BA = = #0
(o o)0 o0 o)

Example—37

Sol.

Let A and B be matrix of order n. Prove that if (I - AB) is
invertible, then (I — BA) is also invertible and
(I-BA)' =1+B(I-AB) A.

1-BA=BIB'~BABB"

=B(I-AB)B' Q)

Hence, |- BA|=|B||I-AB||B |

=[-AB|[B||B"|

=[1-AB|[B|[B

=|[-AB]| (i)

Since [B|[B'|=BB'|=[1]=1

If1-AB is invertible, [I — AB| has to be non-zero.

Hence, |[ - BA|# 0 and therefore I — BA is also invertible

Now (I-BA) {I+B(I-AB) 'A}

=(I-BA)+(I-BA)B(I-AB)'A

=(I-BA)+{B(I-AB)B '} B(I-AB) 'A
(Using (1))

=(-BA)+B(I-AB)(I-AB) 'A

=1-BA+BA=1

Hence, 1-BA) '=1+B(I-AB)'A
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Example - 38 Example—39

0 sin®
IfA:{CO,s st },provethat a 01 a 11 f a’
—sin®  cos® A=[1 ¢ b|,B=|0 d c|,U=|g|,v=|0 | abz1
1 d b f g h h 0

AD :[ cosnd sin ne} foralln e N

—sinn® cos nd If there is vector matrix X, such that AX = U has infinitely

many solutions, then prove that BX = V cannot have
cosnd  sin ne} unique solution. If afd # 0 then prove that BX =V has no

solution.

Sol. Consider A" =|
—sinn® cos nb

Sol. AX = U has infinite solutions

forn=1,Al= colse sin © ’ = |A|=0
—sin® cos©O
a 0 1
it is true as given 1 ¢ bl=0
Aris true forn=1 1 d b

Let A"is true forn=r, wherer e N
= ab=lorc=d

AT | 08 0  sinr0 0 f
= a
—sin1® cos 10
and A=l ¢ g/=0
then, 1 d h

1— r
AT=A.A = g = h; [Here A is actually D, for A : Cramer’s Rule in

Determinants section]

[ cos® sine}[cosre sinre}

| —sin® cos0 || —sint® cos 10 a f 1

i |A,|=|1 g bj=0=g=h

_ cos Bcost0 —sin Bsinr6 cosGsinr9+sin9sinr9} 1 h b

| —sin0.cosr@—cosOsinr® —sinOsinrd+cosOcosrd

[ cos(0+10)  sin(0+10) ot

:_fZisll(e+re) (szos(9+r9)} - |A3|:i . i:O:g_h’c_d
[ cos(r+1)0 sin(r+l)9} = c=dandg=h

[—sin(r+ D)0 cos(r+1)0 So, for infinite solutions c=d and g=h
i.e. Atistrue forn=r+1, BX=V
Aris true forn=1 a 1 1

And A"istrue forn=r+ 1, ifitis true forn=r IB|=[0 d c¢|=0 (Since C,and C, are equal)

Aristrue foralln e N f g h

cosnb sinnd = BX =V has no unique solution
A = foralln e N.

—sin n® cos nO

a® 1 1
and |B,|=|0 d c¢|=0 (sincec=d,g=h)
0 g

c
h
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a a’ 1 [ A 0 ][A Oj
IB,|=[0 0 c|=a’cf=a’df (sincec=d) and -C'BA C')\B C

f 0 h

AT'A 0 ) (T 0

a 1 a2 -C'B+C'B C’'C 0 1
|B,|=|0 d 0|=a’df

£ 0 A 0 A 0

& Hence C'BAT ! is the inverse of B C =L

Since ifadf# 0 then [B | =| B,| # 0. Hence no solution exists.

Example —40

. A 0), A 0
Prove that the inverse of is
B C -C'BA

Second Part :

—_ = =
_—— = O
_— - O O
- o O O
Il
N
o >
o=}
Ne—

where A, C are non-singular matrix and hence find the

e here A bo B bl C ro
w = = = )

bhoo 1 1) 1 1) 11

inverseof |1 1 1 O

b 1 000 1 0 0 O
Sol. First part : Inverse of oo f=11.0°0
1 110 0o 1 1 0
11 11 0 0 -1 1

A O A 0
As
B C/|-Cc'BA!

e ML e

—cc'BAT cct') (0 1
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EXERCISE - 1 : BASIC OBJECTIVE QUESTIONS

Properties of determinants 7.
210 220
1. IfP=|3 1 2[,then|9 6 6| isequalto
52 3 543
(a)2P (b)3P
(c)5P (d) 6P
11 12 13
2. |12 13 14 is equal to 8.
13 14 15
(@1 (b)0
(-1 (d)67

3. Ifevery element of a third order determinant of value A is
multiplied by 5, then the value of new determinant is

(A ()5 A
(©)25A (d)125A 9,
18 40 89
4. A=]|40 89 198| isequal to
89 198 440
(@1 (b)—1
(c) zero (d)2
1 o o
5. Thevalueof |® ®> 1|, ®beinga cube rootof unity, is

o 1 o

(@) 0 (b) 1

(©) w? d) o

0 p—-q a-b

6 A=|q-p 0 X — Y| is equal to
b-a y—x 0
(@0 (b)at+b
(©x+y (dp+q

10.

If o, B & y are the roots of the equation X+ px+q=0then
the value of the determinant

a B vy

B v =

y a B

(@p bq
(©)p'-2q (d) none

Given a, b, ¢ are in A.P. Then determinant

x+1 x+2 x+a

X+2 Xx+3 Xx+b| initssimplied formis:
x+3 x+4 x+c

(a)x*+3ax+7c (b)0o
(©)15 (d) 10x2+5x+2¢

Ifa+b+c=0,onerootof :

b a c—X
(@x=1 (b)x=2
(c)x=a’+b’+c? (d)x=0

b +c, ¢ +a;, a;+b;
The determinant by, +c, Cy+a, a,+b,|=

by+c; cy3+a; a;+by

a; b ¢ a; b ¢
(@fa, b, c (b)2la, b, ¢,
a; by ¢ a3 by ¢

a; b ¢
(©3la, b, ¢, (d) none of these

a; by ¢
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11.

r 2r—1 3r-2

If then the
n—1 a

2
%n(n—l) (n-1) %(n—l)(3n+4)

n—1
value of 2. Ar:

r=1

(a) depends only on a
(b) depends only on n
(c) depends both on a and n

(d) is independent of both a and n.

Algebra of matrices

12.

13.

14.

Amatrix A= [aij] oforder 2 x 3 whose elements are such that

aij:i+j is -
2 3 4] ) F 3 ﬂ
@13 4 s ®s 4 3
2 | d f th
(©) 5 5 3] (d) none of these

If A and B are 3 x 3 matrices, then AB = O implies :
(a)A=0andB=0

(b)|A]=0and B|=0

(c) either |A|=00r|B|=0

(d)A=0OorB=0

If X and Y such that

two matrices are

3 2 1 =2 .
X-Y= and X+Y = then Y is given by
-1 0 3 4
(2 0
(a) 1 2

-1 -2
(©) )

(d) None of these

15.

16.

17.

18.

19.

21.

e%%
4 1 2

IfA+B= o and A-B= 0 3 then the value of A
is-

(3 1] (4 3]
(@) 4 3 (b) 4

(6 2] (7 6]
(© 8 6 (d) 8 6

IfA= [aij] is a square matrix of order n X n and k is a scalar,
then | kA |=

(@ KA]
(©) kn™'|A|

If A, B, C are matrices of order 1 x 3,3 x 3 and 3 X 1
respectively, the order of ABC will be -

(b)k[A]

(d) none of these

(a)3x3 (b)1x3
(c)1x1 (d3x1
a h gl||x
The orderof[xyz] |h b f||y]|is
g f c||z
(a)3x1 (b)1x1
(c)1x3 (d)3x3
2 3 1][x
If[1x2]|0 4 2|| 1 |=0,thenthevalueofxis
0 3 2||-1
(a)-1 ()0
(©1 (d2
1 2||x 5
If = then
2 1|y 4
()x=2,y=1 (b)x=1,y=2
(0)x=3,y=2 (d)x=2,y=3
-1 2 .
IfA= { 3 } then element a,, of A% is -
()22 (b)-15
(c)-10 @7
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0 sin6
2. IfE(0) =[ cost s } then value of E (a) . E (B)is-  28.
—sin® cos0
(@) E(0°) (b)E(90°)
(c)E(atp) (d) E (a—P)
0 1 1]lx
23.  The root of the equation [x 12]{1 0 1|[-1[=0'is
1 1 0}l 1
29.
(a)1/3 (b)-1/3
()0 (d1
0 1
24. IfA= ,the A%=
1 0
1 0] 1 1]
(a) 0 1] (b) 10 0] 30.
[0 0] [0 1]
(© 11 (d) 11 0]
25. IfA{p q},B{ S}then
-q p - T
31.
(a)AB=BA (b) AB = BA
(c)AB=-BA (d) none of these
0 1 .
26. If A= {0 0} and a and b are arbitrary constants then
(al + bA)2 =
(a) @’ + abA (b) a1 + 2abA
(c) a’I+b%A (d) none of these 32.
1 2 3 4
27. If A= and B= then (AB)T equals -
30 1 6
(5 16 5 9
33.

©

(5 9
14 3

(d) none of these

2 -1 4 1

If A= and B = then BTAT is equal to —
-7 4 7 2

(a)

0 1 1 0
(C)IO (d)oo

1 2
30

4
If A= [ } B= E 6} then which of the following

statements is true -

(a)AB=BA

() (AB)T:[5 9}

(b)A’=B

(d) none of these
16 12

1 1
IfA= [1 ﬂ and [ = [0 ﬂ, then which one of the following

holds for all n* 1, by the principle of mathematical induction?
(a)Ar=2""A—(n-1)1 (b)A"=nA-(n-1)1

©A"=2""A+(n-1I  (d)A"=nA+(@m-1)I

Type of matrices

In the following, singular matrix is -
(2 3 3 2
(a) 13 (b) 2 3
2 2 6
(C) _1 0 (d) _4 12
1 -3 2
IFA=12 k 5|isa singular matrix, then k is equal to
4 2 1
(a)-1 (b8
©4 ()-8
IfA=] aij] is a skew-symmetric matrix of order n, then
2. =

1

(a) 0 for some i (b)Oforalli=1,2,...... n

(c) 1 for some i (d)1foralli=1,2,
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o s -7
34. Matrix|-5 0 11 |isa-—
7 -11 0
(a) diagonal matrix (b) upper triangular matrix

(c) skew—symmetric matrix (d) symmetric matrix

35. IfAand B are square matrices of same order, then which of

the following is skew—symmetric —

A+AT AT +BT
b -
(a) 5 (b) 3
A" -B' B-B'
© = @ —

36. IfAissymmetric as well as skew symmetric matrix, then -

(a) Ais a diagonal matrix (b) Ais a null matrix

(c) Ais aunit matrix (d) Ais a triangular matrix

-1 7
37. If A:[ ) 3} , then skew—symmetric part of A is —
-1 9/2 -0 -5/2
@ 9/2 3 ®ls2 o

1 —9/2 0 5/2
©lg9/2 3 @i 50 o

Adjoint of matrix and its properties

1 35
38. If A=|3 5 1]|,thenadj. Aisequalto-
513

(14 -4 -22] -14 4 22
@| 4 22 14 by 4 22 -4
22 14 -4 22 -14 4
14 4 -2
(| 4 22 -l14 (d) none of these
22 14 —4 |

39.

40.

41.

i%w:%i
1 2 3
If A=|5 0 4| thenadjAisequalto-
2 6 7
-24 4 8 24 4 8
@l| 4 1 2 by| 4 1 11
8 11 -11 30 -2 -10
24 4 8
(©)|-27 1 11 (d) none of these
30 -2 -10
1 2 3
If A=|0 3 1],thenA(adjA)equals -
21 2
9 0 0 9 0 0
@1{0 9 0 (b)—{0 9 0
009 009
009
(|09 0 (d) none of these
900
If A is an invertible matrix of order n, then the determinant of

Adj. A=
(a) [A]" (b) AP

(©) |AF (d) |A]**2

Inverse of a matrix and Its properties

42.

43.

If A and B are invertible matrices of the order n, then

(AB)'is equal to
(a) AB"! (b)A'B
(c)B'A! (A B!

IfA?2— A+ 1= 0, then the inverse of A is
(@A (b)A+I

(©I-A (dA-1
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44, IfA=|:§ 32},thenl9A1isequa1to
(a)A’ (b)2A
lA dA
© @
-6 5]
45. 76l =
-6 5 6 -5
@|_7 ¢ ®1_7 ¢

6 5
(C)76

2 -3
46. Inverse matrix of {_ 4 9 } is-

6 -5
@7 -6

112 3 12

12 3
©7%la 2

01
47. IfA:[O = 2},}3:1
2 20 -
equal to —
P ) [1/3
@1y ®1 /3

©

[1/3 -1/3 ‘ [1/3
13 1/6 @13

1/3
1/6

-1/3
1/6

0| and M = AB, then M is

|

48. If A:[l 2 }, B:[(l) g} and X is a matrix such that

3 5

A =BX, then X equals -

11-2 4 b 112 4
@515 s ® 315 s
2 4
(© (d) none of these
3 -5
A -1 4
49, Matrix| -3 0 1| isnotinvertible if -
-1 1 2
(a)A=-15 (b)yr=-17
(c)r=-16 (dAr=-18

1 0
50. If A= L J then A™ is equal to -

1 0 1 0
(a) n 1 (b) 0 -]
1 0
(¢ 01 (d) none of these
-1
51. 1 —tan©0/2 1 tan0/2 is equal to
tan©/2 1 —tan©/2 1

sin® —cos0 cosO® sinB
@) cosO sinB )| _ sin® cosO

cos® —sin0
© sin® cosO

Consistency of simultaneous Equations

(d) none of these

52. The system of linear equations x +y +z=2,2x +y—z=3,

3x + 2y + kz =4 has a unique solution if
(@ k=0 (b)-1<k<1

(b)—2<k<2 (k=0
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e
i

53.

54.

55.

56.

Ifthe system of equations x +y +z=6,x +2y+3z=10 and

x+ 2y + A z=phas no solution, then the values of A and pLare
(aA=3,u=10 (b)yA=3,u=10
()A=3,u=10 (A=3,n=10

Consider the system of equations a;x + by + ¢,z =0,

ax+b,y+c,z=0,a.x +byy+cyz=0if

a; by ¢

a, by ¢C,| =0, then the system has

ay by ¢

(a) more than two solutions

(b) only non trivial solutions
(c) no solution

(d) only trivial solution (0, 0,0).
Consider the system of linear equations
X, +2x,+x,=3

2x,+3x,+x,=3
3x,+5x,+2x,=1

The system has

(a) Infinite number of solutions
(b) Exactly 3 solutions

(¢) A unique solution

(d) No solution

If the trivial solution is the only solution of the system of

equations
x—ky+z=0
kx+3y—kz=0
3x+y-z=0
Then, the set of all values of k is
() {2,-3}
(c)R—{2}

(b)R—{2,-3}

() R-{-3}

57.

58.

59.

60.

é:‘zﬁ!

s

The number of values of k, for which the system of equations
(k+1)x+8y=4k
kx+(k+3)y=3k-1

has no solution, is

(a) infinite (b)1
(©)2 (d)3
If a, b, ¢ are non-zero real numbers and if the system of
equations
(a-Dx=y+z,
(b-Iy=z+x,
(c-Dz=x+ty,

has a non-trivial soltuion, then ab + bc + ca equals:
(a)a+tb+c
(©)1

With the help of matrices, the solution of the equations

(b) abc
(d)-1
3x+y+2z=3, 2x—-3y—z=-3,
x+2y+z=4is given by
(@)x=1,y=2,z=-1 b)yx=-1,y=2,z=1
©)x=1,y=-2,z=-1 (dDx=-1,y=-2,z=1
Solution of

x+3y-2z=0

2x-y+4z=0

x—11y+14z=0is

X 'y z X y z
@ %~ "1077 ® T7 577
X 'y z
—_—=_—=—= 7\1
(©) 7% 210 (d) None of these
Numerical Value Type Questions
cos’0  cosOsin® —sin®
61. Letf(9)=|cosBsin®  sin’O cos 0 | then f(%] =
sin 0 —cos 0 0
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62. Iff(x)=tanxandA, B, C are the angles of 67.  Ifl,m,narethep® q"and r" term of a GP. all positive, then
log¢ p 1
S ) f(z/4) f(z/4) | |
Al SEIH FB) f(xld ogM 4 Yequals
fz14) f(z14)  f(C) fogn v 1
then is equal to 2 1]
68. If A= L > and A>—4A—nl =0, then —n is equal to -
109 102 95 )
63. |6 13 20| isequalto 3 0 P 87 2y
I -6 -13 69. If\5 | ¢o||y|=|1|+| 2 |-then find the value of
) ) 4 0 2|z 41 |3y
64. If o (# 1) is a cube root of unity, then -
1 1+i+ (1)2 (,l)2 x4+ Z + E
i -1 o -l|= 23
-1 -ite-1 -1 70. If p and q are real so that the system of equations
px+4y+z=0,2y+ 3z=1and 3x — qz =-2 has infinite
y+z X X solutions then /¢ — p* is equal to -
65. If| y z+x y |=k(xyz), thenkisequalto 71.  The system of equations Ax +y+z=1,x +Ay+z=Aand
z z X+y X +y+ Az = A? have no solution. Then the value of A* is
72.  Thesystemofequationskx+y+z=1,x+ky+z=kandx
2 . .
+y+kz= -
3 x4l x—1 y +kz =k have no solution if —k equals
66. Ifar+b+cx+d=|x=3 =2x x+2 73.  Leta,b, c be any real numbers. Suppose that there are real
x+3 x—4 5 numbers X, y, z not all zero such that x = cy + bz,
y=az+cx and z=bx +ay. Thena’+ b*>+ ¢?+ 2abc is equal to
be an identity in x, where a, b, ¢ are constants, then the  74. The number of values of k for which the linear equations
value of —d is 4x+ky+2z=0,kx+4y+z=0and 2x +2y+z=0posses a
non-zero solution is
11
75. IfA= 11 and det (A"—I)=1-2A" neN, then A is equal

to
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1. The system of linear equations (2016) 5. Let Abe a 3 x 3 matrix such that A?-5A+7I=0.
X+Ay-2=0
1
Statement—1: A'=— (5]-
Ax—y—2=0 A= (1A,
-Az=0
xTy-iz Statement — II : The Polynomial A’-2A*-3A+I can be
has a non-trivial solution for : reduced to 5 (A —41). Then : (2016/Online Set-2)
(a) exactly one value of A, (a) Statement-1I is true, but Statement-II is false.
(b) exactly two values of 3. (b) Statement-I is false, but Statement-II is true.
(c) exactly three values of ). (c) Both the statements are true.

(d) infinitely many values of . (d) Both the statements are false.

-4 -1
Sa —b = i i
2 If 4 :{ ; ) } and A adj A= AAT, then 5a + b is equal 6. If A _[ 3 1 }, then the determinant of the matrix
to: (2016) (A2016 _2A2015 _A2014) is:
@35 (b)4 (2016/Online Set-2)
©13 @-1 (2)2014 (b)-175
A (c)2016 (d)-25
> 3 11 7. IfS is the set of distinct values of ‘b’ for which the following
3. If P= LAl A= [0 J and Q = PAP", then P* system of linear equations (2017)
3 x+y+z=1
) xtay+tz=1
QM5 P s (2016/Online Set-—1)
ax+by+z=0
[0 2015 b [2015 1 has no solution, then S is :
@|o o ® 1 o 2015
- - (a) an empty set
2015 O 1 2015 (b) an infinite set
() 1 2015 (d) 0 1 (c) a finite set containing two or more elements
(d) a singleton
4. The number of distinct real roots of the equation,
8. Let ® be a complex number such that 2m + 1=z where
cosx —sinx sinx T z=+-3.1If (2017)
sinx cosx sinx|=0 inthe intervals [—Z’Z} is:
sinx sSinx CoSXx 1 1 1
2 2 .
(2016/Online Set-1) b0 =1 =3k then kis equal to:
1 o o
(a)4 (b)3
(c)2 (d1 (a)—z (b)z

(c)-1 (1
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i%g:%—!
9. Let Abe any 3x3 invertible matrix. Then which one ofthe 14,  If the system of linear equations
following is not always true ? (2017)
. x+ky+3z=0
(a)adjA)=]|Al.A™!
(b) adj (adjA))=]A]. A 3x+ky—-2z=0
¢) adj (adjA)) =]AP (adj(A))™!
(c) adj (adjA)) = |AF%. (adj(A)) dx+dy—3z=0
(d) adj (adj(A)) = |A]. (adj(A)) !
0  cosx —sinx has a non-zero solution (x, y, z), then Ez isequal to :
B y
10. If S=<x¢€[0,2xn]{sinx 0 cosx |=0}, then 018
cosX sinx 0 ( )
(2)30 (b)-10
T -
Ztan[§+xj is equal to : (2017) (©10 (d)-30
xeS
x—4 2x 2x
-2+4/3
@ 4+23 (6) 2+3 15. If [2x x-4 2x |=(A+Bx)(x-A)’, then the
(©) 2-+3 (d) -4-23 X 2x x-4
2 3 ordered pair (A, B) isequalto : (2018)
11. If A= { } then adj (3A?+ 12A) is equal to:
-4 1 (@)(4,5) (b) (-4,-5)
(201 7) (C) ('4s 3) (d) ('45 5)
r r 1
72 -84 b 5163 16.  Let A be matrix such that A[ } is a scalar matrix and
@63 51 ®) 84 72 03
= . Then A*equals : (2018/Online Set-1)
3A|=108. Then A% equal 2018/Online Set—1
[51 84 (72 -63 i i
(© 163 72 (d) | -84 51 4 -32 b 36 0
@0 36 ® 32 4
12. For two 3 x 3 matrices A and B, let A+ B = 2B’ and
3A + 2B =1, where B' is the transpose of B and [, is 4 0 (36 =32
3 x 3 identity matrix. Then : (2017) © 1] _3 36 Do 4
(@) SA+10B=2I, (b) 10A+5B =31,
(C)B“I‘ZAA:I3 (d)3A+6B:2I3 COS X X 1 , )
13.  The number of real values of A for which the system of 17.  If S (x) =|2sinx x* 2x{,then }15)%

linear equations
2x+4y—Az=0

4x+Ay+2z=0

Ax+2y+2z=0

has infinitely many solutions, is ~ (2017/Online Set-1)
@0 (b)1

©2 (d)3

X
tanx x 1

(2018/Online Set-1)
(a) does not exist
(b) exists and is equal to 2
(c) exists and is equal to 0

(d) exists and is equal to -2
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18.

19.

20.

21.

22,

Let S be the set of all real values of k for which the system
of linear equations

X+ty+z=2
2x+y-z=3
3x+2y+kz=4
has a unique solution. Then S is :
(2018/Online Set—1)
(b) equal to {0}
(d) equaltoR -{0}

(a) an empty set

(c)equaltoR

Suppose A is any 3%3 non-singular matrix and

(A-3D)(A-51)=0, whereI=1,and 0=0,.

If aA+pA4" =41 then a+f isequal to :
(2018/Online Set-2)

@38 (b)7

(©13 @12

If the system of linear equations

x+tay+z=3

X+2y+2z=6

x+5y+3z=Db

has no solution, then : (2018/Online Set-2)

(a)a=-1,b=9 (b)a=-1,b=9
(c)az-1,b=9 (da=1,b=9

1 00
Let A=|1 1 O]and B = A®. Then the sum of the

I 1 1

elements of the first column of B is :

(2018/Online Set-3)
(2)210
(c)231

(b)211
(d)251

The number of values of k for which the system of linear
equations,

(k+2)x+10y=k

kx+ (k+3)y=k-1

has no solution, is :

@]l (b)2
©3 (d) infinitely many

(2018/Online Set-3)

23.

24.

25.

26.

éﬁ;ﬁ{'
The greatest value of ¢ e R for which the system of linear
equations

x-cy-cz=0
cx-y+cz=0
cx+cy-z=0

has a non-trivial solution, is : (2019-04-08/Shift-1)

1
@ -1 ® 5

() 2 (d o
Let the numbers 2, b, ¢ be in an A.P. and

1
A= 2 b ¢ If det(A) € [2, 16], then c lies in the
4 b
interval : (2019-04-08/Shift-2)
(@ [2,3) b) 2+2",4)
(c) [4, 6] (d) [3,2+2"]
If the system of linear equations
x-2y+hkz=1
2x+y+z=2
3x—y—kz=3

has a solution (x,y,z),z # 0, then (x,y) lies on the

straight line whose equation is :  (2019-04-08/Shift-2)

(a) 3x—4y-1=0 (b) 4x-3y—-4=0

(¢c) 4x-3y—-1=0
Lo 2] 3 1on-1] 178
o 1o 1{lo 1] o 1 | |o 1| then

1 n
the inverse of 0 1 is

10 1-13
@1 ® 1y

1 -12 1 0
©lo 1 @113 4

(d) 3x—4y—4=0

(2019-04-09/Shift-1)
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30.

0 2y 1
27.  The total number of matrics 4= 2x y -1
2x -y 1

(x,y € R,x # y) for which ATA = 31, is:
(2019-04-09/Shift-2)
(@2 (b)3

©6 d) 4

28.  Ifthesystemofequations 2x+3y-z=0,x+ky-2z=0and

2x - y + z = 0 has a non-trivial solution (x,y,z), then 31

XY 2 ks equal to (2019-04-09/Shift-2)
y z X
(a) 3 (b) .
Yy 2
( 1 d)-4
9 @-
32.
x sinf cos@
29. IfA =|-sinf —x 1 | and
cos @ 1 x
X sin26 cos 26
A, =|-sin20 —x 1 [,x=0
cos 20 1 X
then forall A; =0 € (O,%) : (2019-04-10/Shift-1)
33.

(@) A, —A, =-2x°

(b) A; —A, = x(cos20 —cos40)
(c) A xA, :—2(x3 +x—1)

(d) A +A, =-2x°

Let A be a real number for which the system of linear
equations:
X+y+z=06

Ax+Ay—Az=1-2
3x+2y—-4z=-5

has infinitely many solutions. Then A is a root of the

quadratic equation: (2019-04-10/Shift-2)
(@ A*+31-4=0 (®) 22 -31-4=0
© A’ +1-6=0 (d 2*2-21-6=0

The sum of the real roots of the equation

x -6 -1
2 3x x-3|=0,isequalto: (2019-04-10/Shift-2)
-3 2x x+2

(@6 (b) o

©1 (d) -4

If A is a symmetric matrix and B is a skew-symmetric

2
matrix such that A+B—{5 31} , then AB is equal to :

(2019-04-12/Shift-1)

(-4 -1 (4 -2
@11 4 ®)) 1 4
(4 2 -4 2
©) 1 -4 (d) 1 4
5 2a 1
If B={0 2 1 |istheinverse ofa3 x 3 matrix A,
a 3 -1

then the sum of all values of o for which det (A)+1=0,

is (2019-04-12/Shift-1)
@0 (b)—1
©1 (d) 2
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37.  If the system of linear equations
34.  Avalueof G [o,f) , for which
3 x-4y+7z=¢g
l+cos* @ sin’* @ 4cos 60 3y-5z=h
cos’@ 1+sin*@ 4cos6d | =0is .
cos’ @ sin>@  1+4cos60 "X+ 5y-9z=k
(2019-04-12/Shift-2) is consistent, then : (2019-01-09/Shift-2)
(@g+2h+k=0 (b) g+h+2k=0
Vil Vil
@3 ®) 13
(¢)2g+h+k=0 (dg+h+k=0
77 b3
© 24 d 36 e e ' cost e 'sint
) _ 38. If A=|e' —e'cost—e'sint —e'sint+e ' cost
35.  The system of linear equations
e 2¢7" sint —2e™ cost
xty+z=2
then A is: (2019-01-09/Shift-2)
2x +3y+2z=35 (a) invertible for all t e R
2x+3y+@> —lz=a+1 (2019-01-09/Shift-1) (b) invertible only if t =z
(c) not invertible for any t e R
(a) is inconsistent when a =4
T
. . P
(b) has a unique solution for | a |= \/§ (d) invertible only if 2
(c) has infinitely many solutions for a =4 39. Ifthe system of equations
x+y+z=5
(d) is inconsistent when | a|= NE)
x+2y+3z=9
cos@ —sinf x+3y+oaz=
36. Ifd= Lin 0 cosO } , then the matrix A* when 6 = % 4 p
has infinitely many solutions, then 3 —q equals:
is equal to (2019-01-09/Shift-1)
(2019-01-10/Shift-1)
| NG NG | 40.  The number of values of 8 € (0,7) for which the system
5 T B of linear equations
@ ﬁ 1 (b) 1 ﬁ x+3y+7z=0
2 2 2 2
—x+4y+7z=0
(sin38)x +(cos28)y +2z =0 has a non-trivial solution,
NER 13 is (2019-01-10/Shift-2)
2 2 2 2
(a) three (b) two
© 1 3 @] B3 1
5 ) (c) four (d) one
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41.

42.

43.

44.

2 b 1
Let A=|b b’>+1 b | where b > 0. Then the minimum
1 b 2
det(4)
value of is: (2019-01-10/Shift-2)
@ 23 (b) —24/3
© -3 @3

Let a),a;,as,...,a)

i=1,2,...,10 and S be the set of pairs (r, k), r, k € N (the
set of natural numbers) for which

be in G.P. with g; >0for

log, alrazk log, azra3k log, asra4k

log, a, as* log, as"as" log,as a’|=0

r _k r _k r k
log,a; ag”  log,ag ay”  log, ay ay,

Then the number of elements in S, is :
(2019-01-10/Shift-2)

@4 (b) infinitely many

(c) 2 (d) 10

If the system of linear equations

2x+2y+3z=a
3x-y+5z=b
x-3yt2z=c

where, a, b, ¢ are non-zero real numbers, has more than

one solution, then : (2019-01-11/Shift-1)

(a)b—-c+a=0 (b)b—c—-a=0
(c)a+b+c=0 (db+c-a=0
a-b-c 2a 2a
Il 2 b-c-a 2b
2c 2c c—a-b

=(a+b+c)(x+a+b+c)’,x=0and a+b+c#0,

then x is equal to : (2019-01-11/Shift-2)

45.

46.

47.

(a) abc (b) ~(a+b+c)

(¢) 2(a+b+c) (d) 2(a+b+c¢)
Let A and B be two invertible matrices of order 3x3 . If

det(ABAT) =8 and det(AB")= 8 then det (BA™ BT) is

equal to : (2019-01-11/Shift-2)
@ b
a7y ()1
L d
© 1¢ (@ 16

An ordered pair (o, B) for which the system of linear

equations
(I+a)x+By+z=2,
ax+(1+ﬂ)y+z=3,

ax+fy+2z=2

has a unique solution, is: (2019-01-12/Shift-1)

(@) (2.4) (b) (-3,1)

©) (=4,2) @ (1.-3)
1 siné@ 1

It A=|—-sin@ 1 Sine; then for all
-1 —-sin@ 1

37 Sx
0e (T ’Tj ,det(A) lies in the interval :

(2019-01-12/Shift-2)

5 5
o0 e

3
o[o3]
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48.

49.

50.

The set of all values of A for which the system of linear
equations

x-2y-2z=7Ax
x+2y+z=A2y
—-Xx—-y=4z

has a non-trivial solution : (2019-01-12/Shift-2)
(a) is a singleton
(b) contains exactly two elements

(c) is an empty set

(d) contains more than two elements

Let A be a 2 x 2 real matrix with entries from {0,1} and

| A|#0. Consider the following two statements :
P)If A#1,,then|A4|=-1

(QIf | 4]=1,then tr(4)=2,

Where I, denotes 2 x 2 identity matrix and tr (A) denotes

the sum of the diagonal entries of A. Then :
(2020-09-02/Shift-1)

(a) Both (P) and (Q) are false

(b) (P) is true and (Q) is false

(c) Both (P) and (Q) are true

(d) (P) is false and (Q) is true

Let S be the set of all 4 € R for which the system of linear

equations

2x—y+2z=2
x-2y+Az=-4

x+Ay+z=4

has no solution. Then the set S  (2020-09-02/Shift-1)
(a) is an empty set.

(b) is a singleton.

(c) contains more than two elements.

(d) contains exactly two elements.

51.

52.

53.

54.

Let A={X=(xy.2)'PX=0 and x>+y’+7>=1}, where

1 2 1

P|-2 3 —4/|,then the set A :
1 9 -1

(2020-09-02/Shift-2)

(a) contains more than two elements
(b) is a singleton.
(c) contains exactly two elements

(d) is an empty set.

Let a, b, ¢ €R be all non-zero and satisfy

a b c

@ +b +¢ =21f the matrix 4=|b ¢ a |satisfies
c a b

ATA =1, then a value of abc can be :

(2020-09-02/Shift-2)

2 b)3
(@) 3 (b)
1
(c)a-b (d) 3
x—-2 2x-3 3x-4
If A=|2x-3 3x—4 4x-5|=AxX +Bx*+Cx+D,
3x-5 5x-8 10x-17

then B+ C isequal to : (2020-09-03/Shift-1)

(@1 (b)-1
(©)-3 (d)9

1
LetA {x } xeRand 4* =[a, |.1f a,, =109, then
10

a,, isequalto......... . (2020-09-03/Shift-1)
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55.

56.

57.

58.

2 -1 1
LetAbea 3x3 matrixsuchthat adj4A=|-1 0 2
1 -2 -1

and B = adj(adjd) . If |A|= A and

(B’1 )T‘ =p then the

ordered pair, (|A|, ) isequalto: (2020-09-03/Shift-2)

1 1
o (>3] o (%)

1
© (3’5) (d) (3.81)

Let S be the set of all integer solutions, (x,y, z), of the

system of equations
x—=2y+5z=0
—2x+4y+z=0

—Tx+14y+9z=0

such that 15<x* + y* +2z> <150. Then, the number of

elements in the set S is equal to ........

(2020-09-03/Shift-2)

isin@ T s |a b
,0=—1_and 4 = R
cos@ 24 c d

where ; =,/ then which one of the following is not

cos @
IfA:{ )
isin @

true ? (2020-09-04/Shift-1)
(@)a’—d* =0 (b) a’-c’ =1

1
(©)0<a®>+b* <1 (d) az_b2:E

If the system of equations
x—=2y+3z=9
2x+y+z=>b
x=Ty+az=24

has infinitely many solutions, then a —b isequal to......

(2020-09-04/Shift-1)

59.

60.

61.

Suppose the vectors x, x, and x, are the solutions of the
system of linear equations, Ax = b when the vector b on
the right side is equal to b, b, and b, respectivly.

1 0 0
X1 = 1 , X = 2 , X3 = 0 .
|1 |1 1]
1 K Kt
b1: 0 ,bzz 2 andb3= 0 .
0

If then the determinant of A is equal to:

(2020-09-04/Shift-2)

1
@2 ®) 5

©3 @4
If the system of equations
xX+y+z=2

2x+4y—-z=6
3x+2y+Az=u

has infinitely many solutions, then

(2020-09-04/Shift-2)
(@) A-2u=-5 (b) 27+ =14
©)A+2u=14 ) 2.-pu=5

If the minimum and the maximum values of the function

T m
f: {Z’E} — R defined by

—sin?0 -1-sin?0 1
[ = —cos’0 -l1-cos’0 1
12 10 -2

are m and M respectively, then the ordered pair (m,M) is

equal to:

(2020-09-05/Shift-1)
(a) (0.4) (b) (-4,0)
(©) (-4,4) () (0,242)
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62.

63.

64.

Let X e R .The system of linear equations
2x; —4xy + x5 =1

X —6xy +x3 =2

Ax) —10x5 +4x3 =3

is inconsistent for: (2020-09-05/Shift-1)

(a) exactly two values of ),

(b) exactly one negative value of ),
(c) every value of ),

(d) exactly one positive value of ),

a+x=b+y=c+z+1, where a,b,c,x,y,z are non-zero

X a+y x+a
distinct real numbers, then |y b+y y+b|is equal to:

Z c+y z+c

(2020-09-05/Shift-2)
(a) y(a-b) (®) o

(¢) y(b-a) (d) y(a-c)

If the system of linear equations
Xx+y+3z=0

x+3y+ k%z=0

3x+y+3z=0

has a non-zero solution (x,y,z) for some k € R ,then

).
X+ (;j is equal to: (2020-09-05/Shift-2)

@-9 (b9

(c) -3 (d)3

65.

66.

67.

68.

69.

éﬁﬁi
The values of A and p for which the system of linear
equations

X+y+z=2
x+2y+3z=5
x+3y+Az=u

has infinitely many solutions are, respectively:
(2020-09-06/Shift-1)

(b) Sand 8

(d)4and9

(a)6 and 8
(c)5and 7

Letm and M be respectively the minimum and maximum

cos?x l+sin®x  sin2x
2 ) .
values of |[I+cos“x  sin“x sin 2x
cos® x sinx  1+sin2x

Then the ordered pair (m, M) is equal to:
(2020-09-06/Shift-1)

(@ (-3,-1) (®) (4,-1)

(© (1,3) (d (-3,3)

Let 0= EandA = CO_SB sin@ If B=A+ A% then
5 —siné cos@

det(B): (2020-09-06/Shift-2)
(b) liesin(1,2)

(d) is zero

(a) is one
(c) liesin (2, 3)

The sum of distinct values of A for which the system of
equations

(ﬂ—l)x+(3/1+l)y+2/12=0
(A-1)x+(42-2)y+(2+3)z=0

2x+ (3/1 + l) v+ 3(/1 - 1) z=0, has non-zero solutions,

is (2020-09-06/Shift-2)
Let o be the root of the equation x> +x+1=0 and the
1 1 1
matrix 4= L 1 « o?|,thenthematrix A®'is equal
V3 2 4
l ¢ «
to, (2020-01-07/Shift-1)
(a)A (b)A?
(c)A? DL
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70.

71.

72.

73.

If the system of linear equations

2x+2ay+az=0
2x+3by+bz=0
2x+4cy+c=0

Where a, b, ceR are non-zero and distinct; has non-

zero solution, then (2020-01-07/Shift-1)

(a) a+tb+c=0 (b)a,b,carc A.P.

111 ) )
(c) 2'p e e inA.P. (d)a,b,careinG. P.

A= [a,-j] and B= [b,]] be two 3 x 3 real matrices such

that b; = (3)"/ " a; where ,j = 1,2, 3. If the determi-

Ji>
nant of B is 81, then the determinant of A is :

(2020-01-07/Shift-2)

1

1
@3 ®) 5

1
©3 @3
If system of linear equations
xX+y+z=6

x+2y+3z=10

3x+2y+Az=u

has more than two solutions, then,u—i2 is equal to
(2020-01-07/Shift-2)

For which of the following ordered pairs(p,8), the

system of linear equations

x+2y+3z=1
Ax+4y+5z=u

Ax+4y+4z=0

is inconsistent?
(a)(4,6)
(©(1,0)

(2020-01-08/Shift-1)
(b)(3,4)
(d)(4,3)

74.

75.

76.

77.

78.

The number of all 3x3 matrices A, with entries from the
set {-1, 0, 1} such that the sum of the diagonal elements
of (AAT)is 3, is . (2020-01-08/Shift-1)

2 2 10 .
Ifd= and [ = , then 10A"! is equal to:
9 4 0 1

(2020-01-08/Shift-2)
@614 (b) 4-61
(c) 41-4 (d) 4-41
The system of linear equations

Ax+2y+2z=5
2Ax+3y+5z=8

4x+ Ay +6z=10has: (2020-01-08/Shift-2)

(a) no solution when A =2

(b) infinitely many solutions when A =2
(¢) no solution when 4 =8

(d) a unique solution when 4 = -8

If for some aand B in R, the intersection of the following
three planes

x+4y-2z=1
x+T7y-5z=p4
x+5y+az=>5

is aline in R3, then o+ f is equal to:

(2020-01-09/Shift-1)

(@0 (b) 10
(c)-10 (d)2
1 1 2
If the matrices A=|1 3 4|, B=adjA and C =34,
1 -1 3

(2020-01-09/Shift-1)

(b)2
(©38 (d)72
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%%,
()24 (b) 18
x+a x+2 x+1
79.  Leta-2b+c=1.Iff(x)=|x+b x+3 x+2|,then: (©)45 (d)36
x+c x+4 x+3 83. Let ab,c,d be in arithmetic progression with common
difference A.
(2020-01-09/Shift-2)
(a) f(-50)=501 (b) £(-50)=10 x+a—-c x+b x+a
If| x-1 X+c X+b|=2, then value of A? is equal
(c) £(50)=1 (d) f(50)=-501 x-b+d x+d x+c
80.  The following system of linear equtions
to . (2021-07-20/Shift-1)
Tx+6y—-2z=0,
3x+4y+22=0, -0
84. LetA=[0 1 -—1|and B=7A% -20A7 +2I,where
x=2y-62=0, has (2020-01-09/Shift-2) 0 0 1
(a) infinitely many solutions, (x,y,z) satisfying y=2z
(b) infinitely many solutions (x,y,z) satisfying x=2z | isenidentity metrix of order 3x 3.1f B = [bii ] > then b,
(¢) no solution is equal to (2021-07-20/Shift-1)
(d) only the trivial solution 85.  The value of k e R, for which the following system of
linear equations
81. LetA= [aij J be a 3 x 3 matrix,
3x—y+4z=3,
1 ifi=j X+2y-3z=-2,
where ay =4 —x, if |l—_]| =1 6x +5y+kz = -3,
2x+1, otherwise
has infinitely many solutions, is: (2021-07-20/Shift-2)
Let a function f:R — R be defined as f(x) = det (A). @3 (b)-3
Then the sum of maximum and minimum values of fon R (©) 5 (d)-5
is equal to: (2021-07-20/Shift-1)
86. Let A= {aij} be a3 x 3 matrix,
2 o) 88
@ 5, (b) =5 .
(=) ifi<j,
2 " where a;; =12 if i=j, then det(3Adj(2A‘1)) is
2 °° i+ ifi>
© ™7 @ % (- mred
equal to ? (2021-07-20/Shift-2)
2 3
82. Let A= ,a € R be written as P + Q, where P is a n
a 0 0 i a b a b
87. Let S={neN = Va,b,c,de R},
. . . . . 1 0)\c d c d
symmetric matrix and Q is a skew-symmetric matrix. If

det(Q) = 9, then the modulus of the sum of all possible
values of determinant of P is equal to:

(2021-07-20/Shift-1)

where i=+/~1. Then the number of 2-digit numbers in
the set S is ? (2021-07-25/Shift-1)
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88.  The values of a and b, for which the system of equations 111
2x+3y+6z=8 93. IfA=|g 1 1|and M=A+A*+A’+...+A% then
0 01
Xx+2y+az=>5
the sum of the all the elements of the matrix M is equal to
3x 45y 492 =b (2021-07-27/Shift-2)
Has no solution, are ? (2021-07-25/Shift-1) 0 10
94, Let A=|1 0 O0]. Thenthenumberof 3 x 3 matrices B
(a) a=3,b=13 (b) a#3,b=13
0 01
#3,b=3 d)a=3,b#13 . . o
(c) @ a with entries from the set {1,2,3,4,5} and satisfying AB=BA
is . (2021-07-22/Shift-2)
sinx  —2+cos’x  cos2x .
) ) 95. Let A= [au} be a real matrix of order 3 x 3 such that
89. f(x)=|2+sinx  cos”x cos2x [,x €[0,7]
sin? x cos? x 1+ cos 2x a;; +a;, +a;; =1, for i=1,2,3. Then, the sum of all the
entries of the matrix A3 is equal to:
2021-07-22/Shift-2
Then the maximum value of f(x) is equal to ( He-2)
(@l )3
(2021-07-27/Shift-1)
(©)2 @9
90. Forreal numbers and consider the following system of .
. . 96.  The value of A and p such that the system of equations
linear equations:
X+y+z=6,3x+5y+52=26, Xx+2y+Az=phas no
x+y-z=2,x+2y+oz=12x-y+z=J. solution, are: (2021-07-22/Shift-2)
If the system has infinite solutions, then o.+f is equal to (@) A=3,u=10 (b) A #2,u=10
(2021-07-27/Shift-1) ©) L=3u=5 d) A=2,u%10
1 2 97. The number of distinct real roots of
91. LetA= JIf AT =al+BA, a,BeR,lisa2 x2 ,
-1 4 sinX C€OSX COSX
cosx sinx cosx|=0 inthe interval —% <x S% is:
identity matrix, then 4((1_[3) is equal to: COSX  COSX  Sin X
(2021-07-27/Shift-1) (2021-07-25/Shift-2)
(@5 (b)4 (@1 (b)2
g (©)3 (d)4
©2 @3
1 0
, 98. If P=| , then P is: (2021-07-25/Shift-2)
92. LetAand B be two 3 x 3 real matrices such that (A%2— B?) 5

is invertible matrix. If A>=B%and A3B? = A?B?, then the
value of the determinant of the matrix A3+ B? is equal to:

(2021-07-27/Shift-2)
(@) 0 (b)2
(©1 (d)4
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i

99.  Consider the system of linear equations
—X+y+2z=0
3x—ay+5z=1
2x—2y—az=7

Let S, be the set of all a €R for which the system is

inconsistent and S, be the set of all a € R for which the
system has infinitely many solutions. If n(S ) and n(S))
denote the number of elements in S, and S, respectively,
then (2021-09-01/Shift-2)

(a) n(S;)=0,n(S,)=2

2

(d)n(S,)=2.n(S,)
(©) n(S;)=2,n(S,)=0
(dn(S;)=1Ln(S,)=0

172 n

100. Let J = I mx—ldx, Vn>m and n,m € N . Consider
o X =

Jeis =1 1<
. 6+i,3 33> 1%
a matrix A =[aij]3 5 where a;; {0 +1 it 1=

x 1> ]

>

Then ‘ade*“ is (2021-09-01/Shift-2)

(a) (15)* x2* (b) (105)° x 2%

(©) (15)* x2% (d) (105) x2%¢

101. Two fair dice are thrown. The number on them are taken
as A and p and a system of linear equations

X+y+z=35
Xx+2y+3z=p
x+3y+Aiz=1

Is constructed. If p is true probability that the system has
a unique solution and q is the probability that the system
has no solution, then: (2021-08-26/Shift-2)

1 1
(by p=—andq=—

5 5
—2andg=— _2
(@) p="candq =1 6 36

5 1
@ p:gandq:—

p—landq—i
©P=g 36 36

102.

103.

104.

105.

106.

v,
i
L]

Let Abe a3 x 3 real matrix.

If det(2Adj(2Adj(Adj(2A)))) = 2", then the value of

det(Az) equals . (2021-08-26/Shift-2)

1 00
Let A=|0 1 1| Then A% — A% jsequal to:
1 00
(2021-08-26/Shift-2)
(@) A° (b) A"
(c)A-A (d)A-A

0 2
If the matrix A = [k J satisfies A(A3 +3I) =721,

then the value of k is:

@1

(2021-08-27/Shift-1)
(b)-1

1 1
(©) i) (d) 5

If the system of linear equations
2x+y—-z=3

X—-y—z=0

3x+3y+pz=3

has infinitely many solutions, then o+ —ap is equal to
(2021-08-27/Shift-1)

Let 6 ¢ (0, g) If the system of linear equations,

(1+cos” 0)x+(sin”0)y+(4sin30)z=0
(0052 G)X +(1 +sin’ 6)y+(4sin 30)z=0

(cos® ) x+(sin® 0)y+(1+4sin30)z=0
Has a non-trivial solution, then the value of 0 is:

(2021-08-26/Shift-1)

4
@ ® 15

Sn T
(© 18 (d) 18
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110. Ifthe following system of linear equations
12 2x+y+z=5
10
107, 1 A= V5 VS ,B=|. _|,i=+/-1 and
2 ol xoyre=3
NERNG
Xx+y+az=>b
Has no solution, then ? (2021-08-31/Shift-1)
Q = ATBA , then the inverse of the matrix A Q2021 ATis
s 1 7 1 7
equal to : 2021-08-26/Shift-1 —b== az——b=—
q ( ) (a) a# 30=3 (b) 3 3
1 1 7 1 7
—  =2021 a:—,bi— d a:__’b¢_
OIRE ® oo R R
1 20211 1
2021 —5 111.  The number of elements in the set
a b 3 3
A= 0 d ;a,b,d e {—1,0,1} and (I—A) =1-A ,
1 0 1 -2021i . . . o
where [ is 2 x 2 identity matrix, is
© [—20211 1) (d) [0 1 j Y —
(2021-08-31/Shift-2)
108. Let[)\] be the greatest integer less than or equalto A. The  112. If o+ +y = 2m, then the system of equations
set of all value of A for which the system of linear equations
x+(cosy)y+(cosp)z=0
X+y+z=4,3x+2y+5z=3, 9x+4y+(28+[k])z :[k]
(cosy)x+y+(cosa)z=0
has a solution is (2021-08-27/Shift-2)
(cosp)x +(cosa)y+z=0
—0,-9)U|-8 —0,-9)U (-9
@ (-0, ~9)[-8.0)  (b) (-0 -9)(-9.0) has: (2021-08-31/Shift-2)
(a) exactly two solutions (b) a unique solution
(©) [-9,-8] @R . o :
(c) no solution (d) infinitely many solutions
113.  Let A be the set of all points (c,B) such that the area of
[x+1] [x+2] [x+3]
109. Let A= [x] [x T 3] [x + 3] , where [x] denotes triangle formed by the points (5,6), (3, 2) and (oc, B) is12

[x] [x+2] [x+4]

the greatest integer less than or equal to x. If

det (A) = 192, then the set of values of x is in the interval:
(2021-08-27/Shift-2)
(2)[62,63) (b) [60, 61)

() [68, 69) (d)[65, 66)

square units. Then the least possible length of a line
segment joining the origin to a point in A, is:

(2021-08-31/Shift-2)

16 12
@ 5 ® 75

8 4
© 5 @7



DETERMINANTS & MATRICES

114.

115.

116.

117.

Consider the following system of equations:

x+2y-3z=a
2x+6y—1lz=b

x—-2y+7z=c,

where a,b and ¢ are real constants. Then the system of
equations: (2021-02-26/Shift-2)
(a) has a unique solution when 5a=2b +c¢

(b) has no solution for all a, b and ¢

(c) has infinite number of solutions when Sa=2b +¢

(d) has a unique solution for all a, b and ¢

1 0

If the matrix A=[0 2 0 | satisfies the equation
30 -1
1 00

A +0A” +BA=|0 4 0] forsome real numbers o

0

[«

1

and f3, then B — a is equal to
(2021-02-26/Shift-2)
Let Abe a symmetric matrix of order 2 with integer entries.

If the sum of the diagonal elements of A? is 1, then the

possible number of such matrices is :
(2021-02-26/Shift-1)
(a)12 (b)4

©6 @1

(a+D(a+2) a+2 1
The value of |(a +2)(a+3) a+3 1| 1s:
(a+3)a+4) a+4 1

(2021-02-26/Shift-1)
@@+2)(@+3)@+4) (O

()2 (d@+1)(@a+2)(a+3)

118.

119.

120.

121.

122.

123.

-b
a } , then 13 (a?+b?) is equal

(L +A) (L, —A) " = [Z

to . (2021-02-25/Shift-1)

Let , where and are real numbers such that and . If ,
then the value of is (2021-02-25/Shift-1)

If the system of equations

kx+y+2z=1

3x-y—-2z=2

—2x—-2y—-4z=3

has infinitely many solutions, then k is equal to

(2021-02-25/Shift-1)

1 -
If for the matrix, A = { ¢

},AAT =1, , then the value
a P

of o +p*is: (2021-02-25/Shift-2)
(b1

)2

@3
©4

The following system of linear equations

2x+3y+2z=9
3x+2y+2z=9

x—y+4z=38 (2021-02-25/Shift-2)
(a) does not have any solution

(b) has infinitely many solutions

(c) has a unique solution

(d) has a solution (o, B,y) satisfying o + B>+ y*=12

LetAbea 3 x 3 matrix with det(A)=4.Let R, denote the
i row of A. If a matrix B is obtained by performing the

operation R, — 2R, +5R; on 2A, then det (B) is equal
to: (2021-02-25/Shift-2)
(a) 80 (b) 128

(c)64 (d)16
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e
i

124.

125.

126.

127.

For the system of linear equations:
x-2y=1,x-y+kz=-2,ky+4z=6,k eR
consider the following statements :

(A) The system has unique solution if k # 2, k # —2.

(B) The system has unique solution if k = -2.

(C) The system has unique solution if k =2.

(D) The system has no-solution if k = 2.

(E) The system has infinite number of solutions if k = 2.

Which of the following statements are correct ?
(2021-02-24/Shift-2)

(a) (B)and (E) only (b) (A) and (E) only

(¢) (A) and (D) only (d) (C) and (D) only

Let Aand B be 3 x 3 real matrices such that A is symmetric
matrix and B is skew-symmetric matrix. Then the system

of linear equations (AZB2 —BZAZ ) X =0, where Xisa

3 x 1 column matrix of unknown variablesand Oisa 3 x 1

null matrix, has (2021-02-24/Shift-2)

(a) a unique solution (b) exactly two solutions
(c) no solution (d) infinitely many solutions

The system of linear equations
3x-2y-kz=10

2x —4y-2z=6
X+2y—-z=5m

is inconsistent if: (2021-02-24/Shift-1)

4
(@) k=3m=— (b) k=3, meR

4
(c)k¢3,m¢§ (d)k=3,m¢§
Let M be any 3 x 3 matrix with entries from the set
{0, 1, 2}. The maximum number of such matrices, for which

the sum of diagonal elements of M™ is seven, is
(2021-02-24/Shift-1)

128.

129.

130.

131.

éﬁﬁi

3 -1 =2
Let P=|2 0 o |, where aeR. Suppose
3 -5 0

Q= [qij J is a matrix satisfying PQ = kI, for some non-

k k? 2,12 ;
zero ke R . If da3 =—§ and |Q|=7,then o +k”is
equal to (2021-02-24/Shift-1)

The solutions of the equation

1+sin® x sin? x sin’ x
cos’x  1+cos’x cos’x |=0, (0<x<m),are:
4sin2x  4sin 2x 1+4sin2x
(2021-03-18/Shift-1)
Tn iln N
SATRED) ®72%
or T L
© 210 D
1 2 0 2 -1 5
Let A+2B=| 6 -3 3|and2A-B=|2 -1 6.
-5 3 1 0o 1 2

If T, (A) denotes the sum of all diagonal elements of the
matrix A, then T,(A) — T,(B) has value equal to :

(2021-03-18/Shift-1)

(@3 (b1
©2 @o
Let o,B,y be the real roots of the equation

x> +ax? +bx+c=0, (a,b,ceRanda,b=0). If the
system of equation (in u, v, w) given by

au+Pv+yw=0; Bu+yv+aw =0;

yu+ v + Bw =0 has non-trivial solution, then the value

2

of % is : (2021-03-18/Shift-1)
@5 (b1
(©3 (@0
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132. Let the system of linear equations
-30 20 56 2 7
4x +Ay+2z=0
137. Let P=| 90 140 112| and A=|-1 - 1
2x—y+z=0 120 60 14 0 -0 -0+l
px+2y+3z =0, A, neR.

h m—ﬂ d 1, be the identity matrix of ord
has a non-trivial solution. Then which of the following is where ©= 2 7 and 1, be the identity matrix of order
true ? (2021-03-18/Shift-2)

. . -1 2, 2
(a) L =3, peR (b) A =2, peR 3. If the determinant of the matrix (P AP —13) s oo,
then the value of a is equal to
(c) p=—-6, AeR (d) p=6, LeR
(2021-03-16/Shift-1)
133. Define a relation R over a class of n X n real matrices A _
and B as “ARB iff there exists a non-singular matrix P 138 The maximum value of
such that PAP™! = B".
sin?x  1+cos’x cos2x
Then which of the following is true? .2 2 .
f(x)=|1+sin"x cos"x cos2x|,xeR 1s
(2021-03-18/Shift-2) sin? x cosx  sindx
(a) Ris reflexive, symmetric but not transitive
(b) R is an equivalence relation (2021-03-16/Shift-2)
(c) R is symmetric, transitive but not reflexive, @ 5 ®)5
(d) Ris reflexive, transitive but not symmetric
3
o _ 2 -1 © 7 @ 7
134. LetIbe anidentity matrix oforder2 x2and P = s 3
. n . a b] . .
Then the value of n e N for which P* =51— 8P isequal 139, Let A= and B = y be two 2 x 1 matrices with
a
to . (2021-03-18/Shift-2) ? ?
. . 11 -1
i . ) real numbers such that A=XB, where X =— ,
135. Let A=| .  |,i= J-1. Then, the system of linear \/5 1 k
-1 i
J[x] [8 and k eR. Ifaf+a§:3(bf+b§) and
equations A =l 4 has:  (2021-03-16/Shift-1) 3
y
(a) A unique solution (k2 + 1)b§ # —2b,b, then the value of k is )
(b) Exactly two solutions e
(2021-03-16/Shift-2)
(c) Infinitely many solutions .
140. The system of equationskx +y+z=1,x+ky+z=k and
(d) No solution x+y+zx=k> hasno solution is k is equal to :
136. The total number of 3 x 3 matrices A having entries from

the set {0, 1, 2, 3} such that the sum of all the diagonal
entries of AAT is 9, is equal to

(2021-03-16/Shift-1)

(2021-03-17/Shift-1)
@1
©-1

(b)-2
)0
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0 sina 1 a b o 0
141. If A=| . and det | A>——1|=0, thena 144. Let A= and B= # such that AB = B
sinaa 0 2 c d B 0
possible value of a is: (2021-03-17/Shift-1) and a+ d=2021, then the value of ad — bc is equal to
................. (2021-03-17/Shift-2)
T T
@75 ®73 18
145, If 1, log,, (4" —2) and log,, (4" +?j are in arithmetic
(©) n () T progression for a real number x, then the value of the
3 6
1 2
2 3 2l x—=| x-1 x
142. If A= , then the value of 2
0 -1 determinant 1 0 x | isequal to:
X 1 0
det (A*) + det (A"’ (Adj (2A))') is equal to ........ .
(2021-03-17/Shift-1)
143. If x, y, z are in arithmetic progression with common (2021-03-17/Shift-2)

difference d, x #3d, and the determinant of the matrix

3 42 x

4 5V2 Y| is zero, then the value of k?is :
5 k z

(2021-03-17/Shift-2)
(2)36
(©)6

(b)12
d)72
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EXERCISE - 3 : ADVANCED OBIJECTIVE QUESTIONS

Objective Questions I [Only one correct option|]

1.

IfA=diag(d,, d,, ds, ........ d,), then A" is equal to

(a)diag (dI",d5",d5..dm

(b) diag (d},d3,d3,..dy)
(©)A
(d) none of these

If f(x), g (x) and h (x) are three polynomials of degree 2,
then

f(x) gx) hEx)
o(x)=|f'(x) g'(x) h'(x)| isapolynomial of degree
f"(x) g"(x) h"(x)

(@2 (b)3
(©4 (d) none of these

Ifn is not a multiple of 3 and 1, ®, ®” are the cube roots of
unity, then

1 o o
2n n
A=|® I o' jsequal to
o" o 1
(@0 (b)o
(c) »? @1
a 1 1
1 1 |
D=1 b 1] =0, then the value of + + is:
l-a 1-b 1-c¢
1 1 ¢
(a)-1 ()0
(©1 (d) none of these
x2—-2x+3 Tx+2 x+4
If| 2x+7 x2—x+2 3x =
3 2x—1 x2—4x+7

ax®+bx> + cx*+ dx> + ex? + fx + g the value of g is

()2 (b)1
()2 (d) none of these

10.

Which one of the following is correct ? If A is non-singular
matrix, then, :

(a) det (A1) = det (A) (b)det (A1) =

1
det(A)

(c)det(AH=1 (d) none of these

1 tan x
IfA=]_..« 1 | thenthevalueof IATA7Y| is

(b) sec?x

(c)—cosdx (d1

(a) cos 4x

For what value of x, the matrix

3-x 2 2

2 4-x 1 |issingular.
2 -4 —1-x
@)x=1,2 (b)x=0,2
©)x=0,1 (d)x=0,3.

If m is a positive integer and

2r—1 mC
A= m?-1 om

T

1
m+1

T

sin®(m?) sin’(m) sin*(m+1)

m
Then the value of z A; s

r=0
@0 (bym?—1
(c)2m (d) 2™ sin2 (2™)
a 2 216 _q

Let D, = [b 3(4") 2(4'°-1)|, then the value of

c 7(8) 4@8°-1)

16
sz is
k=1

@0 (b)a+b+c

(c)ab+bc+ca (d) none of these
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4 x+2
11. IfA= 2x—3 x+1 is symmetric, then x =

(@3 (b)5
(c)2 (d)4
x 3 6 2 x 7 |4 5 x
12 If|3 6 x|{=[x 7 2|=|5 x 4|=0thenxisequalto
6 x 3] |7 2 x| |x 4 5
@9 (b)-9
©)0 (d) None of these
p 2-i i+l
13. A=[2+i q 3+i| isalways (where p,q,r € R)
I-i 3-1 1
(a)real (b) imaginary
(c) zero (d) none of these

1abclaa2

14. IfA=|l b ca=[1 b b?.then
1 ¢ ab 1 ¢ C2

(@)A=(a-b)(b—c)(c—a)
(b)a,b,carein G.P.
(c)b,c,aarein GP.
(d)a, c,barein GP.

cos’0®  cosOsin®

.26

15. IfE©)= )
cosOsin®  sin

} and 6 and ¢ differ by an

odd multiple of /2, then E(0). E(¢p)isa

(a) Null matrix (b) Unit matrix
(c) Diagonal matrix (d) none of these.
n 1 5 N
2 .
16. IfU =|n° 2N+1 2N+1 then ZUH is equal to
n’  3N® 3N+l "

N N
(a) ZZn (b) 22112
n=l n=l

1 N
CEIRY (@0
n=l1

17.

18.

19.

20.

21.

Ifa?2+b%+c2=-2and

l+a’x  (1+bH)x (I+cH)x
f(x)= (I+a”)x  1+b°x  (I+c?)x
(1+at)x (1+b3)x 1+¢%x

Then f (x) is a polynomial of degree :

(@2 (b)3
©0 @1

cosx -sinx 0
IfF(x)=|sinx cosx O0]|and
0 0 1

cosy O siny
G(y)= 0 1 0 |then[F(x)G (y)]isequal to

—siny O cosy

@F ()G (-y) OFxHGy)

© G F(x) @Gy HFx

If the system of linear equations

x+2ay+az=0

x+3by+bz=0

x+4cytcz=0

has a non-zero solution, then a, b, ¢ :

(a)are in AP (b) arein GP

(c)arein HP (d) satisfya+2b+3¢c=0
The system of equations

oxty+tz=o-1

x+taytz=a-1

xtytoz=o-1

has no solution, if . is :

@1 (b) not—2

(c) either—2 or 1 (d)-2

The system of equation -2x +y+z=1,

x =2y + z=-2,x+y+Az=4will have no solution if
(a)A=-2 (b)yr=-1

(c)A=3 (d) none of these
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22.

23.

24,

25.

26.

The system of equations x + 2y +3z=4,2x +3y+4z=35,
3x+4y+5z=6has

(a) Infinitely many solutions

(b) No solution

(c) A unique solution

(d) None of these

Ifa,b,c>0 & X, Y, z € R then the determinant

2 2

(cZ +c_z) (cZ —c"z) 1
(a)a"b’c’ (bya*b’c”
(c)a™b” ¢ (d) zero

p q-y -7
Ifjp—-x q I—=Z =(,thentheval f£+g+£'
=0, then the value o Xy le

p—x q-y r

(@0 (b1
(©2 (d) 4qpr
a; by ¢
Suppose D = [*2 by and
ay by ¢
a;+pb; by+qc, ¢ +ra;
D'=[a; +pb, b,+qc, ¢, +ray|. Then
a;+pby by+qc; cy+ra,
(a)D’=D (b)D’=D (1 —pqr)

(©)D'=D(l+p+q+r) (d)D'=D(I+pqr)

Letax’ +bx®+cx® + dx*+ex? + fx2+gx +h

(x+1) (x*+2) (x*+x)
=|(x*+x)  (x+1) (x*+2)|.Then
(x?+2) (x*+x) x+1

(a)g=3andh=-5
(c)g=—3andh=-9

(b)g=-3andh=-5
(d) None of these

Objective Questions II

[One or more than one correct option]

27.

28.

29.

30.

31.

x% +x x+1 x-2

If2x? +3x-1  3x  3x-3 =Ax+ B, where Aand B

x?+2x+3 2x-1 2x-1
are constants, then
(a)A+B=12 (b)A—-B=36
(c)A2+B2=720 (d)A+2B=0

Let A be a symmetric matrix such that A3 = O and

B=I+A+A%2+A3+A* thenBis
(a) symmetric (b) singular

(c) non-singular (d) skew symmetric

a?+x?2 ab ac
The determinant A = ab b? +x’ be is
ac be ¢ +x?
divisible by
(@x (b)x?
(©x° (d)x*
1 1 -1
1tf0)={1 € 1 |then
1 -1 —e™
/2 /2
(a) If (0)do =2 J.f (0)do
—n/2 0
(b) f(0) is purely real

(c)f(n/2)=2
(d) None of these

The value of the determinant

J6 2
V120 3 +4f8i
V18 V2 +412i

3+\/€
372 +6i . .
wherelz\/—_l is
\/E+2i ’ ’

(a) complex number (b) real number

(c) irrational number (d) rational number
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32. Ifa>b>c and the system of equations ax + by + cz =0,
bx +cy +az=0, cx +ay+ bz=0 has anon trivial solution,
then both the roots of the quadratic equation at> + bt + ¢ =0

are
(a)real (b) of opposite sign
(c) positive (d) complex

e sinx 1

33. If A=|cosx log,(1+x°) Il=a+bx+cx’.... then

X x2 1
(a)a=0 (b)a=1
(c)b=-1 (db=-2
34, If f(x) and g(x) are functions such that
f(x+y)=1(x) g(y) + g(x) f(y), then
f(a) gla) f(o+6)
fB) &@) f(+0) is independent of
f(y) &) flv+96)
(ao (b)p
©y (d)0
1 a a’
35. cos(xz—yz) cosxz cos(xz—yz) depends on
sin(xz—yz) sinxz sin(xz-—yz)
(@x (b)y
(©)z (d)a

36. Ifx € Nand *C,¥ C; and ° C,, (i=1,2,3) are binomial

coefficients, then

X Cl X C2 X C3
X2 X2 X2
1210 G C, Cs| is divisible by

X3 X3 X3
G "G TG
@x° (b)x°
(©x’ (d)x'?

37.

38.

39.

40.

41.

é%ﬁ-ﬁ
The digits A, B, C are such that the three digit numbers A
88, 6B8, 86C are divisible by 72, then the determinant

A 6 8
8 B 6| isdivisible by
8 8 C
@72 (b) 144
(c)288 (d)216
a a’ 0
Letf(a,b)=|1 (2a+b) (a+b)’|,then
0 1  (2a+3b)

(a) (a+Db)isafactor of f(a,b)
(b) (a+2b) is a factor of f(a, b)
(c) (2a+Db)isafactoroff(a,b)
(d) aisa factor of f(a, b)

a, b, ¢ are non-zero real numbers. Then

bc ca ab
ca ab bc| =0,if

ab bc ca

(a) l.}.i_{_L:O

b l.}.L.}.L—O
a bo ce? ()a

bo’ co

1 1 1
(c) — +_+Z =0 (d) none of these

a0 b’
I/x Imx x" g
Letf(x)=| 1 —1/n (~1)"|>then o f(x)atx=11is
X
1 a a’

(a) independent of a (b) independent of n
(c) independent of a and n (d) zero

Ifa2+ b2+ c2=1, then

a? +(b%+c?)cosd ab(1—cos ¢) ac(l1—cos¢)
ba(l—cos ¢) b%+(c? +a%)cosd be(1—cos ¢)
ca(l—cos ) cb(l1—cosd) ¢ +(a? +b2)cos¢

is independent of

(a)a (b)b

(©)c de
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42. Let A and B be two matrices different from I such that
AB=BAand A"-B"is invertible for some positive integer I+sin®x  cos®x 4sin 2x
nIfAM—Bi=AN*1_BotloAn+2_Bn+2 then 46. Iffx)=| sin’x l+cos’x  4sin2x |,
o sin? x cos’x  1+4sin2x
(a) I —Ais singular
(b) I-Bis singular f(a) and f (b) be the least and greatest value of f (x), then
(©)A=B (a)f(a)=2,f(b)=6 (b)f(a)=—2,f(b)=6
(d) 1-A) (I-B) is non-singular (c)f(a)=2,f(b)=-6 (d) period of f (x) is 1
43.  Letf, (x)=x+a,f,(x)=x>+bx+cand
S a b c
47. Eliminating a, b, ¢ from x = , Y= ,Z= ,
b-c c—a a-b
1 1 1
we get
A= |fi(x)) (%) f1(x3)|, then
f,(x)) fr(x5) fr(x3) 1 —x x 1 —-x  x
@f-y 1 y/=0 ol 1 -y=0
(a) Ais independent of a 1 1 z 1
-z z
(b) A is independent of b and ¢
(c) Aisindependent of x,, X,, X4 1 —-x x
(d) none of the above ©]Y I —-y=0 (d) none of these
4. Let0<0<m/2and -z oz |
X tan® cot Numerical Value Type Questions
A (x,0)=|-tan® —x 1
cot6 1 X x 3 6/ 2 x 7 |4 5 x
48. If36X:X72:5X4:0,
then 6 x 3 |7 2 x [x 4 5
@4(0,6)=0 thenx?isequalto.................
(b) A (x, m4)=x>+1
. 1 a a’-bc
(©) Ol\é[n}z A(,0)=2 ) 5 )
<o=T 49.  The value of the determinant I b b” —ca| is..............
P 1 ¢ c¢?-ab
(d) A (x, 0) is independent of x
45. Let A, B and C be 2 x 2 matrices with entries from the set of
real numbers. Define * as follows : 1+x 1 1
! 50. Ifx#0,y#0,z#0and |l+y 1+2y 1 |=0,then
A*B:E(AB'+A'B) 1+z 1+z 143z
(a) A*B=B*A —(x'+y+z)isequal to
(b)A*A=A? )
X sinX CosX
@©A*(BFC)=A*B+A*C 5. IFf()=|x> tanx —x°| then lim—C i

(A)A*T=A+A’

. x—0 X
2x sin2x  5x
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Assertion & Reason

A

(B)

©
D)

52.

53.

54.

55.

If both assertion and reason are correct and reason is
the correct explanation of assertion.

If both assertion and reason are true but reason is not
the correct explanation of assertion.

If assertion is true but reason is false.

If assertion is false but reason is true.

fix) Hx)

Assertion : If A (x) =
g1(x) 2:()

, then

fi'(x) £,'(x)

Ny x) (%)

Reason : % {f(x)g(x)} = %f(x)ig(x)

(a)A
(©C

(b)B
(d)D

Assertion : The system of equations possess a non
trivial solution over the set of rationals x + ky + 3z =0,
3x+ky—2z=0,2x +3y—4z=0, then the value of k is 31/2,

Reason : For non trivial solution A= 0.

@A (b)B

(©C (d)D

Let A (6) = cosO+sin® x/Esine
—/2sin® cosO—sin6

Assertion : A (1/3)3=-1
Reason : A (0)A(¢p)=A(0+¢)

(a)A (b)B
(©C (d)D
a?+x? ab—cx ac+bx| |x ¢ —t’
Assertion :[ab+cx b2+x? bc—ax|=|-¢ x a
ac—bx bc+ax ¢ +x> b -a x

Reason : A°= A" where n is order of determinant, and A°
is the determinant of cofactors of A.

(@A (b)B
©C (D

56.

57.

58.

59.

60.

1+x)? 1+x)*? (1+0)*
Assertion :  (x) =|(1+x)*"  (1+x)” (1+x)®|, then

A+x)" 1+x)* 1+x)®
coefficient of x in f (x) is zero.

Reason : If F (x) = A  + A x + Ax>+ ... +A X", then
A, =F'(0), when dash denotes the differential coefficient.

(@A (b)B
©C D

cos(0+a) cos(0+P) cos(B+7)
sin(6+p)
sin(y — o)

Assertion : [sin(0+ o)
sin(B—7v)

independent of 6.

Reason : If £ (0) = c, then f(0) is independent of 6.

sin(0 +y)| is
sin(a —3)

(a)A (b)B
©C (dD
Suppose a, b, ¢ are distinct real numbers.
x’+a’ x’-a’ x+a
Letf(x)=[x’+b> x’-b> x+b
X +c¢’ x*-c¢® x+c

Assertion : f(x) is a polynomial of degree 3.
Reason : a, b, ¢ are zeroes of f(x).
(a)A (b)B
(©C (d)D

a b
Suppose X:[ dj satisfies the equation
c

X2-4X+31=0.
Assertion : Ifa+d 4, then there are just two such matrix X.

Reason : There are infinite number of matrices X, satisfying
X2-4X+31=0.

@A (b)B
©C (dD
Leta;, b, c;e Nfori=1,2,3 and let
1+ab] 1+ab) l+a;b;
l+ab, 1+ab, 1+ab,
A:1+a§bf l+a)b) 1+ajb;
1+a,b, 1+a,b, 1+a,b,
l+ajb’ l+ajb) 1+ajb;
1+ab, 1+a;b, 1+a,b,

Assertion : A=0

Reason : A can be written as product of two determinants.
(@A (b)B

©C (d)D
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Match the Following

Each question has two columns. Four options are given

representing matching of elements from Column-I and Column-

I1. Only one of these four options corresponds to a correct

matching.For each question, choose the option corresponding

to the correct matching.

61.  Match the following List-I and List-II
Column-I Column-II
1 tan x
P IfA= , then the @10
—tan x 1
value of [AT A"l is
(Q Ifx,y, z are cube root of unity and ?2)1
xZ + yZ ZZ 2
D=| x’ y+z° x’
yZ yZ ZZ + xZ
then real part of ID is
. b +c
(R)  Ifany triangle the area A, < , 34
then largest possible numerical
quantity A is
S) The equation x*- 4x + chasnoreal  (4)0
roots, then minimum integral value
of ¢ can be
Codes :
P Q R S
(A) 2 4 1 3
B) 1 2 3 4
© 4 3 2 1

62.

Match the following List-I and List-II

Column-I Column-II
(A)  If2is the root of the equation P)e
|A—xI|=0, (where A is a non singular
o, 1Al _
matrix), 5 aroot of B—xI|=0,
then B can be
B)  Ifel*is the root of |JA-yl| = 0 then (Q) adj(A)

aroot of |Z'—XI| =0 is (where A is

anon singular matrix)
C) Let Aij be a 2x2 non singular matrix

where i,j € Nand

|AL AL |AL
0 |Ay].]A,,
-0 0 |As]- A,
(R |A,,

then |B - AI| = 0 has root as

(D) Consider a matrix such that A=A
then the equation |A —xI| =0 can
have root as (where A is a non
singular matrix)

The correct matching is
(a) A—Q; B-R; C-S; D-P
(b) A-R; B—Q; C-S; D-P
(c) A—Q;B-S;C-R; D-P
(d) A-Q; B-R; C-P; D-S

(R) cos a-isina

S) Al
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Paragraph Type Questions

Use the following passage, solve Q. 63 to Q. 67

Passage

Let A= 0 and A° denotes the determinant of cofactors, then

A®= A"~ where n (> 0) is the order of A.

On the basis of above information, answer the following

questions :

63.

64.

65.

Ifa, b, c are the roots of the equation x3 — px% + 1 =0, then

the value of

bc—a’ ca-b? ab-c’
ca—b> ab—c? bc-a? is

ab—c?> bc-a’ ca—b?

(a) p? (b) p*
(c)p® (dp°

If /;, m, n, ; I, my, n, ; L;, my, n; are real quantities

satisfying the six relations :
(3 +m? +n?= (3 +m;+n;=/(3+m3 +nl=
Lilz+mymy+nyny =[5/ +mym, +nyn, =

[, l,+m; m, +n, n, =0, then the value of

4 myp oy
l, my ny g

f3 m3 nj

()0 (b)+1
(©)+2 (d)£3

Ifa, b, c are the roots of the equation x> — 3x2+ 3x+7=0,

then the value of

2bc—a’ c? b2
c? 2ac—b? a’ is
b2 a’ 2ab—¢?
@9 (b)27
(c)81 (d)0

66.

67.

émﬁ

If a2 + b2 + ¢2 = A2, then the value of

a2 +2%> ab+ch ca—bi A ¢ -—-b
ab—ch bZ+2? betar - A al.
ac+bh bc—ak c*+A} |b —a A
(a) 816 (b)27)°

(c) 87 (d)2716

Supposea,b,c e R,a+b+c>0,A=bc—a? B=ca—b?2
and C = ab —c? and

A B C a b ¢

B C Al—49 then|b ¢ a equals
C A B c a b

(a)-7 (b)7
(c)-2401 (d)2401

Use the following passage, solve Q. 68 to Q. 70

Passage

Elementary Transformation of a matrix :

The following operation on a matrix are called elementary
operations (transformations)

1. The interchange of any two rows (or columns)

2. The multiplication of the elements of any row (or
column) by any non zero number

The addition to the elements of any row (or column)
the corresponding elements of any other row (or
column) the corresponding elements of any other row
(or column) multiplied by any number

Echelon form of matrix :

Note :

A matrix A is said to be in echelon from if

(i) every row of A which has all its elements 0, occurs
below row, which has a non-zero elements

(i) The first non zero element in each non-zero row is 1.

(iii) the number of zeros before the first non zero elements
in a row is less than the number of such zeroes in the
next row.

[A row of matrix is said to be a zero row if all its elements
are zero|]

Rank of a matrix does not change by application of any
elementary operations.



DETERMINANTS & MATRICES

()

(i)

S N W

11 3] (1 1
Forexample |0 1 2|,/0 1
0 0 0|0 O

The number of non-zero rows in the echelon form of a
matrix is defined as its RANK.

1 2 3

For example we canreduce thematrix A=|2 4 7 |into g9,

36 10

echelon form using following elementary row
transformation.

R, > R272R1andR3 — R3f3 R

1

(e
S O N
—_ =

1 2 3
R,—>R,-2R |0 0 1
0 0 0

This is the echelon form of matrix A
Number of non zero rows in the echelon form = 2

Rank of the matrix A is 2

6
2 | are echelon forms ~ 68.
0

70.

Rank of the matrix

()1
(©3

Rank of the matrix

(a1
(©3

—

(b)2
(d)4

The echelon form of the matrix

@]0

© 0

(=]

(=

(b)

(d)

1
3

L

2k

=

e.{gjae:

12

[

9|is
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EXERCISE - 4 : PREVIOUS YEAR JEE ADVANCED QUESTIONS

Objective Questions I [Only one correct option|]

1. The number of distinct real roots of

sinX C€OSX COSX
. . . e .
cosx sinx cosx|=0 inthe interval _Z <x< Z 18

COSX COSX SInX

(2001)
(@0 (b)2
©1 (d)3
2. The number of values of k for which the system of
equations
(k+1)x+8y=4k
kx+(k+3)y=3k-1
has infinitely many solution, is (2002)
@0 (b)1
(©)2 (d) infinite

a 0 10
3. IfA= and B = > then value of a for which

11 51
A?=B,is (2003)
(@1 (b)—1
()4 (d) no real values
4. If the system of equations x + ay =0, az+y =0 and
ax +z =0 has infinite solutions, then the value ofa is
(2003)
(-1 (b)1
©0 (d) no real values

5. Given2x —y—z=2,x—2y+z=—4,x+y+Az=4thenthe
vaue of A such that the given system of equation has no
solution, is (2004)

@3 (b)-2
©0 (d)-3

o 2
IfA= [2 oc} and |A’| = 125 then the value of a is

(2004)
(a)x1 (b)£2
(c)+£3 (<5
1 0 0
IfA=|0 1 1|, 6A'=A>+cA+dI, then(c,d)is
0 -2 4
(2005)
(@) (-11,6) (b) (=6, 11)
(c)(6,11) (d)(11,6)
RERN
IfP= 1 ﬁ’ 0 1| and Q = PAP', then
2 2
PT (Q*) P is equal to (2005)
1 g [1 2005}
a b
@ 10 2005 Olo 1
/3 2005 1 2005
(] 2 (d) ﬁ 1
|1 0 2

The number of 3x3 matrices A whose entries are either

X 1
0 or 1 and for which the system A|y |=| 0 | has exactly

Z 0
two distinct solutions, is (2010)
@0 (b)2°-1
(c)168 (d)2
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10.

11.

12.

Let = 1 be a cube root of unity and S be the set of all non-

1
singular matrices of the form | ® , where each of

0)2

g — =
- o o

a, b and c is either ® or ®?. Then, the number of distinct

matrices in the set S is (2011)
()2 (b)6
(c)4 (d)8

How many 3x 3 matrices M with entries from {0, 1, 2} are

there, for which the sum of the diagonal entries of M™ is

5? (2017)
(a)126 (b) 198
(c)162 (d)135
sin*@ —1-sin’@
LetM = :a1+IBM‘1, where
l+cos’d  cos'd

a=a(f)and g = B(0) arereal numbers and I is the 2x2

identity matrix.

If ¢ is the minimum of the set {a(0):6 [0,27)} and

ﬂ* is the minimum of the set {#(0):60 €[0,27)}, then

the value of @ + 8 is (2019)
=37 b 29
—31 d -

© T6 @ 76

Objective Questions II

[One or more than one correct option]

13.

Let M and N be two 3x3 non-singular skew-symmetric
matrices such that MN = NM. If PTdenotes the transpose

of P, then M2N?(MT N)' (MN)Tis equal to (2011)
(a) M? (b) -N?
(c)-M? (d) MN

14.

15.

16.

17.

18.

1 4 4
If the adjoint of a 3x3 matrix Pis |2 1 7|, then the
1 1 3
possible value(s) of the determinant of P is/are  (2012)
(a)-2 (b)-1
(©1 (d)2

For 3x3 matrices M and N, which of the following
statement(s) is (are) not correct ? (2013)

(&) N™ N is symmetric or skew-symmetric, according as
M is symmetric or skew-symmetric

(b) MN —NM is skew symmetric for all symmetric matrices
M and N

(¢) M N issymmetric for all symmetric matrices M and N

(d) (adj M) (adj N) =adj (MN) for all invertible matrices M
and N

Let M and N be two 3 x 3 matrices such that MN = NM.
Further, if M # N? and M? = N*, then (2014)

(a) determinant of (M*>+ MN?)is 0

(b) thereisa 3 x 3 non-zero matrix U such that (M?+ MN?)
U is the zero matrix

(c) determinant of (M?>+MN?) > 1

(d) fora 3 x 3 matrix U, if (M?+ MN?) U equals the zero
matrix then U is the zero matrix

Let M be a 2 x 2 symmetric matrix with integer entries.
Then M is invertible if (2014)

(a) the first column of M is the transpose of the second
row of M

(b) the second row of M is the transpose of the first
column of M

(c) Misadiagonal matrix with nonzero entries in the main
diagonal

(d) the product of entries in the main diagonal of M is not
the square of an integer

Which of the following values of a satisfy the equation

(1+a)”  (1+2a)" (1+3a)’
(2+a)" (2+2a)" (2+3a)’|=-6480.?

(2015)
(3+a)” (3+2a)" (3+3a)

(b)9
(d)4
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19.

20.

21.

22.

Let X and Y be two arbitrary, 3 X 3, non-zero, skew-
symmetric matrices and Z be an arbitrary 3 x 3, non zero,
symmetric matrix. Then which of the following matrices is

(are) skew symmetric ? (2015)
(a) Y37 - Z*Y? (b) X* +Y*
(0)X*Z* - Z°X! (HX¥-Y*
3 -1 =2
LetP=|2 0 o |, where a € R. Suppose Q = [qij]

3 -5 0

is a matrix such that PQ =kI, where ke R, k # 0 and I is

k
the identity matrix of order 3. If q,, = ) and det

2

Q= % then (2016)

(a)a=0,k=8 (b)4a—k+8=0
(c)det (P adj (Q)) =2° (d)det(Qadj (P))=2"
Which of the following is(are) NOT the square of a 3x3

matrix with real entries? (2017)
0 0 -1 0 0
@10 0 b)|0 -1 0
0 -1 |0 0 -1
10 0 1 0 0]
(©) 010 (d 0 -1 0
10 0 1 10 0 -1
by
Let S be the set of all column matrices | b, |such that
b;

b, b, b, e R and the system of equations (in real
variables)

—Xx+2y+5z=b,

2x—4y+3z=b,

X—2y+2z=b,

has at least one solution. Then, which of the following

system(s) (in real variables) has (have) at least one
b,

solution for each | b, | € S?
b;

(2018)

23.

24.

iﬁ_ﬁ{'
(a)x+2y+3z=b,4y+5z=b,andx +2y+6z=b,
(b)x+y+3z=b,5x+2y+6z=b,and-2x-y—3z=b,
(€)—x+2y-5z=b,2x-4y+10z=b,andx -2y +5z=b,
(d)x+2y+5z=b,2x+3z=b,andx +4y—-5z=b,

01 a -1 1 -1
LetM=|1 2 3|andadjM=|8 -6 2 | Wherea
3 b 1 -5 3 -1

and b are real numbers. Which of the following options

is /are correct? (2019)
(a) det (adj M?)=81
(b)a+b=3
a 1
() IfM |B|=|2]|,then a—B+y=3
¥ 3
(d) (adjM)!' +adjM '=-M
Letx € Rand let
1 1 1 2 x x
P=/0 2 21,Q=/0 4 0 and R =PQP"
0 0 3 x x 6
Then which of the following is/are correct (2019)

(a) There exists a real number x such that PQ= QP
2 x x

(b)detR=det |0 4 0| +8forallx eR

x x 5

(c) For x = 1 there exists a unit vector a;+ ﬁ} + ;/I:r for

a 0
whichareR | f|=|0
14 0
1 1
(d)Forx=0ifR | @ |=6|a |thena+b=5
b b
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25.

26.

27.

Let
1 0 0 0 0 010
P=I=|0 1 0,B=[0 0 1,PR=[1 0 0
0 0 1 010 0 0 1
01 0 0 0 0 0 1
P=[0 0 1[,P=[1 0 0,R=[0 1 0
1 0 0 01 0 1 00
. 2 1 3
andX:ZﬂIOZﬂT
3201

Where PKT denotes the transpose of matrix P,. Then which
of the following options is/are correct? (2019)
(a) X is a symmetric matrix

(b) The sum of diagonal entries of X is 18.

1 1
(c) if X|1|=a| 1|, theno=30
1 1

(d) X—30I is an invertible matrix

Let M be a 3 x 3 invertible matrix with real entries and let
I denote the 3 x 3 identity matrix. IfM ' = adj (adj M), then
which of the following statement is/are ALWAYS TRUE ?

(2020)
(ayM=1

(cyM?=1

(b)det M =1
(d) (adj M)* =1

For any 3 x 3 matrix M, let M| denote the determinant of

2 4 3

If Q is a non-singular matrix of order 3 x 3, then which of

28.

the following statements is(are) TRUE? (2021)

10
(a) F=PEPandP?=|0 1
00

— O O

(b) ‘EQ +PFQ’1‘ - |EQ|+‘PFQ’1‘
© |(EFY [ > [EFP

(d) Sum of the diagonal entries of P'EP+Fis equal to
the sum of diagonal entries of E +P~'FP

For any 3 x 3 matrix M, let [M| denote the determinant of
M. Let I be the 3 x 3 identify matrix. Let E and F be two
3 x 3 matrices such that (I — EF) is invertible. If
G = (I - EF)"', then which of the following statements is
(are) TRUE? (2021)

(a) [FE| =|1-FE||FGE|
(b) (I-FE)(I+FGE) =1
(c) EFG = GEF

(d) (1-FE)(I-FGE)=1

Numerical Value Type Questions

a b ¢
. _|b ¢ a ..
29. If matrix A = where a, b, ¢ are real positive
c ab
numbers, abc = 1 and AT A=1, then find value of
ad+bi+cd. (2003)
30. Letkbe apositive real number and let
2k-1 2vk 2k 0 2k-1 Jk
A=l 2k 1 =2k |andB=[1-2k 0 2k

2Jk 2k -1

~Jk 24k 0

If det (adj A) + det (adj B) = 109, then [k] is equal to....
(2010)
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sz

31.

32.

33.

34.

3s.

36.

The number of all possible values of §, where0< 9 < &,
for which the system of equations

(y+2) cos 30 = (xyz) sin 30

2cos 30 N 2sin 36
y z

xsin30 =

and (xyz) sin 30 = (y +2z) cos 30+ y sin 30 have a solution
(Xg Yor Z,) With y 7 = 0, is ... (2010)

Let o be the complex number cos % +1sin % . Then the

number of distinct complex number z satisfying

2

z+1 0] ®
o z+o 1 [=0 isequalto.... (2010)
o’ 1 z+o
Let M be a 3x3 matrix satisfying
0 -1 1 1 1 0
M|1l|= ,M|-1|=| 1 [,andM|1|=| 0
0 3 0 -1 1 12
Then, the sum of the diagonal entries of M is..... (2011)

Let ZZ_T’ where j =+/—1, andr, s € {1, 2, 3}.

r 2s
—Z V4
Let P= |:( 2) } and I be the identity matrix of
AR A

order 2. Then the total number of ordered pairs (r, s) for
which P2=-TI s (2016)

The total number of distinct x € R for which

x x> 1+x
2x  4x* 1+8x’|=10is (2016)
3 9x* 1+27x°
For a real number «, if the system
1 o o 1
1 al|ly|=]|-1|of linear equations, has
a’ o 1 |-z 1

infinitely many solutions, then 1 + o + o= (2017)

37.

38.

ko

The trace of a square matrix is defined to be the sum of its
diagonal entries. IfAis a2 x 2 matrix such that the trace
of Ais 3 and the trace of A’is -18, then the value of

the determinant of A is (2020)

Let a, B and y be real numbers such that the system of

linear equations

Xx+2y+3z=a
4x +5y+6z=0
Tx+8y+9z=vy-1

is consistent. Let M| represent the determinant of the matrix

a 2 v
M=|p 1 0
-1 0 1

The value of [M] is . (2021)

Assertion & Reason

GV

B)

©

D)
39.

If ASSERTION is true, REASON is true, REASON is
a correct explanation for ASSERTION.

If ASSERTION is true, REASON is true, REASON is
not a correct explanation for ASSERTION.

If ASSERTION is true, REASON is false

If ASSERTION is false, REASON is true
Consider the system of equations
x—2y+3z=—1,=x+y-2z=k,x-3y+4z=1

Assertion : The system of equations has no solution for
k#3.

1 3 -1
Reason : The determinant. -1 —2 k| #0,fork=3
1 4 1
(1997)
(a)A (b)B
(©C (d)D
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Paragraph Type Questions

Using the following passage, solve Q.40 to Q.42

Passage
1 00
A=|2 1 0|, IfU, U, are U, are columns matrices
3 21
1 2 2
satisfying AU, =|0|, AU, =|3 |and AU; =|3| and U is
0 0 1

3 % 3 matrix when columns are U, U,, U, then answer the
following questions.

40.  The value of |U] is (2006)
(@3 (b)-3
(©)32 (d)2
41.  The sum of the elements of U™ is (2006)
(@)—1 (b)0
©1 (d)3
3
42.  Thevalueof[320]U |2 |is (2006)
0
@5 (b)5/2

(c)4 (d)372

Using the following passage, solve Q.43 to Q.45

Passage

43.

44.

45.

Let p be an odd prime number and Tp be the following set
of 2x2 matrices

a b
T, :{A:[ };a,b,ce{o,l, 2,...p—l}}
c a

The number of Ain T such that A is either symmetric or
skew-symmetric or both, and det (A) is divisible by p is

(@ (-1 (b)2(p-1)
(©(p—1)+1 (d2p-1

The number of A in Tp such that the trace of A is not
divisible by p but det (A) is divisible by p is

(2010)

[Note : The trace of a matrix is the sum of its diagonal
entries]

@ @E-DE-p+1) (b)p*=(p-1y

©) (-1 (d (-1 (P-2)

The number of A in Tp such that det (A) is not divisible by
p, is
(a)2p?
(©)p’=3p

() p’-5p
(d)p*-p?



Answer Key

CHAPTER -1 | DETERMINANTS & MATRICES

EXERCISE-1:
BASIC OBJECTIVE QUESTIONS

1. (d) 2.(b) 3.(d) 4. (b)

6. (a) 7.(d) 8.(b) 9. (d)

Nn(d) 12.(a) 183.(c) 14.(c)
16.(a) 17.(c) 18.(b) 19.(a)
21. (b) 22.(c) 23.(a) 24.(a)
26.(b) 27.(b) 28.(a) 29.(c)
31.(d) 32.(d) 33.(b) 34.(c)
36.(b) 37.(d) 38.(a) 39.(c)
AN (c) 42.(c) 43.(c) 44.(d)
46.(a) 47.(c) 48.(b) 49.(b)
51. (c) 52.(a) 53.(b) 54.(a)
56.(b) 57.(b) 58.(b) 59.(a)
61.(1) 62.(2) 63.(0) 64.(0)
66.(6) 67.(0) 68.(3) 69.(3)
Nn.(e) 72.(2) 73.(1) 74.(2)

5. (a)

10. (b)
15. (b)
20. (b)
25. (a)
30.(b)
35.(d)
40. (b)
45. (a)
50. (c)
55.(d)
60. (b)
65.(4)
70.(4)

75.(2)

EXERCISE - 2:
PREVIOUS YEAR JEE MAIN QUESTIONS

1. (c) 2. (a) 3.(d) 4. (c) 5.(c)
6. (d) 7.(d) 8.(a) 9. (d) 10. (d)
1. (b) 12. (b) 13.(b) 14.(c) 15.(d)
16.(d) 17.(d) 18.(d) 19.(a) 20.(b)
21. (c) 22.(a) 23.(b) 24.(c) 25.(b)
26.(b) 27.(d) 28.(b) 29.(d) 30.(d)
3.(b) 32.(b) 33.(c) 34.(a) 35.(d)
36.(c) 37.(c) 38.(a) 39.(8.00) 40.(b)
41.(a) 42.(b) 43.(b) 44.(d) 45.(c)
46.(a) 47.(d) 48.(a) 49.(d) 50.(d)
51.(c) 52.(d) 53.(c) 54.(10.00)55.(c)
56.(8.00) 57.(d) 58.(5.00) 59.(a) 60.(b)
61.(b) 62.(b) 63.(a) 64.(c) 65.(b)
66.(a) 67.(b) 68.(3.00) 69.(c) 70.(c)
71. (a) 72.(13.00) 73.(d)  74.(672.00)
75.(b) 76.(a) 77.(b) 78.(c) 79.(c)
80.(b) 81.(b) 82.(d)  83.(1.00)

84. (910.00) 85.(d) 86.(108.00)
87.(11.00) 88.(d) 89.(6.00) 90.(5.00) 91.(b)
92.(a)  93.(2020.00) 94. (3125.00)
95.(b) 96.(d) 97.(a) 98.(b) 99.(c)
100.(b) 101.(a) 102.(4.00)103.(c) 104.(d)
105.(5.00)106.(d) 107.(c) 108.(d) 109.(a)
M0.(c) M.(8.00) N2.(d) m3.(c) M4.(c)
N5.(4.00) n6.(b) M7.(c) mn8.(13.00)1M9.(7.00)
120. (21.00) 121.(b) 122.(c) 123.(c)
124.(a) 125.(d) 126.(d) 127.(540.00)

128. (17.00) 129.(a) 130.(c) 131(c)
132.(d) 133.(b) 134.(6.00)135.(d)

136. (766.00) 137.(36.00) 138. (a)
139.(1.00) 140.(b) 141.(a) 142.(16.00) 143.(d)

144.(2020.00) 145. (2.00)



ANSWER KEY

CHAPTER -1 | DETERMINANTS & MATRICES

EXERCISE - 3: EXERCISE-4:

ADVANCED OBJECTIVE QUESTIONS PREVIOUS YEAR JEE ADVANCED QUESTIONS
1. (b) 2.(d) 3.(a) 4.(c) 5. (d) 1. (c) 2.(b) 3.(d) 4. (a) 5. (b)

6. (b) 7.(d) 8. (d) 9. (a) 10. (a) 6.(c) 7. (b) 8.(b) 9.(a) 10.(a)

1. (b) 12.(b) 13.(a) 14.(a) 15.(a) n. (b) 12. (b) 13.(c) 14.(ad) 15.(cd)

16.(b) 17.(a) 18. (c) 19. (c) 20. (d) 16. (a,b) 17.(cd) 18.(bc) 19.(cd) 20.(bc)

21.(a) 22.(a) 23.(d) 24.(c) 25.(d) 21. (ab) 22.(a,c,d) 23. (b,c,d) 24. (b,d)

26.(d)  27.(abcd) 28. (a,c) 25. (a,b,c) 26. (b,c,d) 27. (a,b,d)

29. (a,b,c,d) 30. (0,bc)31 (bd) 32.(ad) 28.(gbc)29.(4) 30.(4) 31.(3) 32.(1)
33.(ac) 34. (abcd) 35. (b,c,d) 33.(9) 34.(1) 35.(2) 36.(1)

36. (ab,c)37. (a,b,c) 38. (a,b,d)39. (a,b,c) 37.(5.00) 38.(1.00) 39.(a) 40.(a)

40. (ab,c) M. (ab,c) 42. (ab,c)43. (ab) 44.(a) M. (b) 42.(a) 43.(d) 44.(c) 45.(d)
45.(c) 46.(bd) 47.(bc) 48.(81) 49.(0)
50.(3) 51.(4) 52.(a) 53.(d) 54.(a)
55.(a) 56.(b) 57.(b) 58.(c) 59.(b)
60.(d) 61.(d) 62.(a) 63.(c) 64.(b)
65.(d) 66.(c) 67.(a) 68.(b) 69.(c)

70.(a)
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