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CHAPTER

15

Fill in the Blanks

AZ430 A-1 A+3
Let pA*+gA+m2+sh+r=A+1  —20 A—4
A=3  A+4 3

be an identity in ), where p, g, r, s and ¢ are constants.
Then, the value of ¢is .................. (1981 - 2 Marks)

1 4 20
. . 1 -2 5 .
The solution set of the equation =01s
1 2x 5x%

.................. (1981 - 2 Marks)
A determinant is chosen at random from the set of all
determinants of order 2 with elements 0 or 1 only. The
probability that the value of determinant chosen is positive
i (1982 - 2 Marks)

x 3 7
Given that x =-9 isarootof| 2 x 2 [=0 the other
7 6 x
tworoots are ................. and .............. (1983 - 2 Marks)
The system of equations
M+y+z=0
-x+Ay+z=0
-x—y+Az=0

Will have a non-zero solution ifreal values of A are given by
(1984 - 2 Marks)

1 a a? —be
The value of the determinant |1 b b2 - ca
1 c cZ—ab

(1988 - 2 Marks)
For positive numbers x, y and z, the numerical value of the

1 log,y log,z
log,, x 1 log,, z

log, y 1

determinant
log, x

(1993 - 2 Marks)

Matrices and
Determinants

JEE Gdvanced/ IIT-JEE

True/ False
The determinants (1983 - 1 Mark)
1 a bc 1 a a°
1 b caland|1 b b? |arenotidenticallyequal.
1 ¢ ab 1 ¢ cz
n on 1 |a b 1
If X2 WM 1|= a b2 1
x3 y3 1] a3 by 1

then the two triangles with vertices

(xlayl )a (x2ay2)a (x3ay3)a and (a]ab] )a (aZabZ)a (03,b3)
must be congruent. (1985 - 1 Mark)

C MCQs with One Correct Answer

Consider the set 4 ofall determinants of order 3 with entries
0 or 1 only. Let B be the subset of 4 consisting of all
determinants with value 1. Let Cbe the subset of 4 consisting
ofall determinants with value—1. Then
(@ Cisempty

(b) B has as many elements as C

() 4=BuC

(d) Bhas twice as many elements as elements as C
If o (# 1) is a cube root of unity, then

(1981 - 2 Marks)

1 l+ito? o?

1-i -1  e*-1= (19955)
i —ito-1 -1
@ 0 ®) 1 (© i d o

Let a, b, ¢ be the real numbers. Then following system of

equations in x, y and z (1995S)
2 2 2 2 2 2
D AP S S
a b ? a2 b c?
2 2 2
z
_x_z + y_2 +t— =1has
a b c

(a) no solution (b) unique solution
(c) infinitely many solutions(d) finitely many solutions
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10.

11.

12.

@
If 4 and B are square matrices of equal degree, then which
one is correct among the followings? (1995S)
(a) A+B=B+4 (b) A+B=A-B

() A-B=B-4 (d) AB=BA

The parameter, on which the value of the determinant
1 a a®

cos(p—d)x cospx cos(p+d)x 4 o depend

sin(p—d)x sinpx sin(p+d)x
upon is (1997 - 2 Marks)
@ a ®) p © d @d x
1 X x+1
Iffix)=| 2x x(x-1) (x+1)x then

3x(x—-1) x(x-1)(x-2) (x+1)x(x-1)

f(100) is equal to

@ 0 (b) 1 ©
If the system of equations
x—ky—-z=0,kx—y—-z=0,x+y—z=0 has a non-zero

(1999 - 2 Marks)

100 (d) -100

solution, then the possible values of & are (2000S)

(@ -1,2 () 1,2 (© 01 @ -11

Let o= —%+i g Then the value of the determinant
1 1 1
1 ~l-? o?| is (2002S)
1 o2 o?

@ 30 0 300-1)© 30 @ 3ol-o)

The number of values of £ for which the system of equations
(k+1)x+ 8y=4k; kx+ (k+3)y=3k—1 has infinitely many
solutions is (2002S)

@ 0 (d) infinite

(b) 1 © 2

If A= [T ﬂ and B= E ﬂ, then value of o for which

A?=B,is (2003S)
@ 1 (b) -1
(c) 4 (d) no real values

If the system of equations x + ay =0, az + y = 0 and

ax + z=0 has infinite solutions, then the value of a is
(2003S)

@ -1 (b 1

(© 0 (d) no real values

Given 2x—y+2z=2,x-2y+z=—4, x+y+Aiz=4

then the value of A such that the given system of equation

has NO solution, is (2004S)

@ 3 (b) 1 © 0 d -3

13.

14.

16.

17.

Topic-wise Solved Papers - MATHEMATICS

o 2
IfA=[2 a} and | 43| = 125 then the value of o is

(2004S)
(@ =+l (b) *2 (© =*3 @ =+5
1 0 0 1 00
A={0 1 1|ands=|0 1 0/ and
0 -2 4 0 01

1
A= [E(Az +ed+ dl)} , then the value of ¢ and d are

(2005S)
(@ 6,-1)() 6,11) (o 6,11) (d) (6,-11)
B
2 2 1 1}
If P= and 4= and Q = PAPT and
1B {0 1
2 2
x = PTQ?05P then x is equal to (2005S)
1 2005
@ lo 1
(4420053 6015
® 2005  4-2005V3
12443 1 ]
© 2 -1 2-43]
1[ 2005 2-43]
@ 4|2+43 2005 |
Consider three points

P=(-sin(B-a),—cosB), Q=(cos(B—a),sinf) and

R=(cos(B—a+0),sin(B—0)), where 0<a,p,0< % .

Then,

(a) Plies on the line segment RQ
(b) Qlies on the line segment PR
(c) Rlies on the line segment QP
(d) P, Q, Rarenon-collinear

The number of 3 x 3 matrices A whose entries are either 0 or

(2008)

x 1
1 and for which the system Ay [=|0| has exactly two

zZ
distinct solutions, is

@ 0 ®b) 2°-1

(2010)

(c) 168 @ 2
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Matrices and Determinants

18. Let o #1 be a cube root of unity and S be the set of all

19.

20.

21.

1 a b
non-singular matrices of theform [ ® 1 ¢
o’ o 1

where each of g, b and c is either ® or ®?. Then the number
of distinct matrices in the set S is (2011)
@@ 2 (b) 6 (c) 4 @ 8

Let P.= .[a,.j] be a 3 x 3 matrix and let Q = [b,-j], where
b;=2' *J g, for 1<i,j<3. Ifthe determinant of Pis 2, then
the determinant of the matrix Qis (2012)
(a) 210 (b) 211 (C) 212 (d) 213

If Pis a3 x 3 matrix such that PT=2P + I, where P is the
transpose of P and / is the 3 x 3 identity matrix, then there

x 0
exists a column matrix X =| y [#| 0| such that
z 0
(2012)
0
@ PX=|0 (b) PX=X
0
(©) PX=2X (d Px=-X
1 00
Let P=| 4 1 O/ and/be the identity matrix of order 3.
16 4 1
9;, +9
If Q = [q,] is a matrix such that P —Q =/, then = q =
21
equals
(JEE Adv. 2016)
(@ 52 (b) 103
(© 201 (d 205

1) I MCQs with One or More than One Correct

a b
The determinant b c

aa+b
ba+c
aoa+b bo+c 0

is equal to

zero, if

(@ a,b,careinA.P.
(b) a,b,careinG.P.
(¢ a,b,careinH.P.

(1986 - 2 Marks)

(d) a is aroot of the equation ax? +bx+c=0
(¢) (x— o)isafactor ofax®+2bx +c.

o
6i -3 1
4 3 -1 _ .
If =x+iy, then (1998 - 2 Marks)
20 3 i
(@ x=3,y=1 (b) x=1,y=3
() x=0,y=3 (@ x=0,y=0

Let M and N be two 3 x 3 non-singular skew- symmetric
matrices such that MN = NM. If PT denotes the transpose

of P, then M2N2 (MTN)"! (MN-1)T is equal to (2011)
@@ M2 (b) -N? (© -M2  (d MN
1 4 4
.. o121 7
If the adjoint of a 3 x 3 matrix P is , then the
11 3

possible value(s) of the determinant of Pis (are) (2012)

(@ -2 b -1 (© 1 @ 2

For 3 x 3 matrices M and N, which of the following

statement(s) is (are) NOT correct? (JEE Adv. 2013)

(@ NTMN is symmetric or skew symmetric, according as
M is symmetric or skew symmetric

(b) MN —NM is skew symmetric for all symmetric matrices
Mand N

(¢) MN s symmetric for all symmetric matrices Mand N

(d) (adjM) (adjN)=adj (MN) for all invertible matrices M
and N

Let @ be a complex cube root of unity with 0= 1 and P= [sz]

bea n > n matrix with p;;= o/ Then p? # 0, whenn =

(JEE Adv. 2013)

@ 57 b) 55 (c) S8 d 56

Let Mbea 2 x 2 symmetric matrix with integer entries. Then

M is invertible if (JEE Adv. 2014)

(@) 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

(¢) Misadiagonal matrix with non-zero entries in the main
diagonal

(d) Theproduct of entries in the main diagonal of M is not
the square of an integer

Let M and N be two 3 x 3 matrices such that MN = NM.

Further, if M # N2 and M2 = N*,then (JEE Adv. 2014)

(@) determinant of (M2 + MN?)is 0

(b) thereis 3 x 3 non-zero matrix Usuch that (M2 + MN2)U
is the zero matrix

(c) determinant of (M?+ MN?%)> 1

(d) fora3 x 3 matrix U, if (M2 + MN?)U equals the zero
matrix then Uis the zero matrix



M-92 ®

9.

10.

11.

12.

Which of the following values of a satisfy the equation
(1+a)? (1+20)? (1+3a)?
Q2+a)? (2+20)% (2+3a)?
G+a)? (3+2a)° (+3w)?

=—6480.?

(JEE Adv. 2015)
(@) 4 ® 9 (¢ -9 d 4
Let X and Ybe two arbitrary, 3 x 3, non-zero, skew-symmet-
ric matrices and Z be an arbitrary 3 x 3, non zero, symmetric
matrix. Then which of the following matrices is (are) skew

symmetric? (JEE Adv. 2015)
(@) Y’z*-7¢7 (b) X¥+y4
(© X7 -7x (d xB+y5
3 -1 =2
LetP= 20 «a ,where oo € R . Suppose Q= [qij] isa
3 50

matrix such that PQ =kI, wherek e R , k # 0 and I is the

k 2
identity matrix of order 3. If q,; = -3 and det(Q) = k? ,

then (JEE Adv. 2016)
(@ a=0k=8 (b) 4a-k+8=0
(© det(Padj(Q)=2° (d) det(Qadj(P)=2"13
Let a,A,u,€ R. Consider the system of linear equations
ax+2y= )
3x-2y=M
Which of the following statement(s) is (are) correct?
(JEE Adv. 2016)
(@) Ifa=-3,then the system has infinitely many solutions
for all values of ), and .
Ifa # -3, then the system has a unique solution for all
values of ) and L.
(c) If A+un=0, then the system has infinitely many
solutions for a =-3.
If ) +1 #0, then the system has no solution for
a=-3.

(b)

(d

E Subjective Problems

For what value of £ do the following system of equations
possess a non trivial (i.e., not all zero) solution over the set
of rationals Q?

x+ky+3z=0

3x+ky—2z=0

2x+3y—-4z=0
For that value of £, find all the solutions for the system.

(1979)

Let a, b, c be positive and not all equal. Show that the value

a b c

b ¢ a

of the determinant is negative.

c a b

(1981 - 4 Marks)

Topic-wise Solved Papers - MATHEMATICS
Without expanding a determinant at any stage, show that

x*+x x=-2

2x*+3x—1 3x  3x—3|=x4+ B where dand Bare

X +2x+3 2x—1 2x-1

x+1

determinants of order 3 not involving x. (1982 - 5 Marks)
Show that

+1 +2

xCr xCr+l JCCr+2 JCcr ¥ Cr+l ¥ Cr+2
+1 +2

yCr yCr+l yCr+2 = yCr 7 lCr+l 7 Cri2
z z z z z+ z+2

G, Cr Cri2 C, Cr Cri2

(1985 - 2 Marks)
Consider the system of linear equations inx, y, z :

(sin 30) x—y+z=0
(cos 20) x+4y+3z=0
2x+Ty+7z=0

Find the values of 9 for which this system has nontrivial
solutions. (1986 - 5 Marks)

a-1 n 6
Let Aa=|(a-1)° 2n* 4n-2

@-1° 30 3x2-3n

n
Show that )’ Aa = c, a constant.

a=1

Let the three digit numbers 4 28, 3B9, and 62 C, where 4, B,
and C are integers between 0 and 9, be divisible by a fixed

(1989 - 5 Marks)

4 3 6
integer k. Show that the determinant | 8 9 C| isdivisible
2 B 2

by k. (1990 - 4 Marks)

o

p b
Ifa # p,b 2q,c # rand |@ ¢
a b

=(. Then find the

N 9

r (1991 - 4 Marks)
r—c

value of —2 + q +
p—a q-b
For a fixed positive integer n, if

(1992 - 4 Marks)

nl o (n+D! (n+2)!
D=|(n+1)! (n+2)! (n+3)!
(n+2)! (n+3)! (n+4)!

then show that [ D 3

—4 | is divisible by n.
(n!)
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Matrices and Determinants Py
10. LetA and a bereal. Find the set of all values of A for which ~ 13.  Prove that for all values of 9,
the system of linear equations
Ax+(sina)y+(cosa)z =0, x+(cosa)y+(sina)z=0, sind cosd sin20
—x+(sina)y—(cosa)z=0 I o . 4n
has a non-trivial solution. For A= 1, find all values of a.. Sin (9 + T) cos(e + T) Sin (29 + T) =0
(1993 - 5 Marks) 5 5 4
11. Forall values of 4, B, Cand P, Q, R show that : (9__“) (9__“) ; (29__n)

(1994 - 4 Marks) Mt UTE) TS
cos(4—P) cos(A—Q) cos(A—R) (2000 - 3 Marks)
cos(B—P) cos(B—-Q) cos(B—R)[=0 a b c
cos(C—P) cos(C-Q) cos(C—R) 14. Ifmatrix 4=|b c¢ a| where a, b, c are real positive

12. Leta>0, d>0.Find the value of the determinant c a b
(1996 - 5 Marks)
. : . numbers, abc = 1 and 474 = I, then find the value of
= A+ +33 (2003 - 2 Marks)
@ a(a+d) (a+d)(a+2d) 15. IfMisa3 x 3 matrix, where det M= 1 and MMT = I, where ‘I’
1 1 1 is an identity matrix, prove that det (M —1)=0.
(a+d) (a+d)(a+2d) (a+2d)(a+3d) (2004 - 2 Marks)
1 1 1 X
(a+2d) (a+2d)(a+3d) (a+3d)(a+4d) al0 e 11 f a x
16. If A={1 b d|,B=|0 d c|U=|g|V=|0]|X=|y
1 b ¢ f g h h 0 z

I 3 Match the Following

and AX = U has infinitely many solutions, prove that
BX =V has no unique solution. Also show that if afd » 0,
then BX = V has no solution. (2004 - 4 Marks)

Each question contains statements given in two columns, which have to be matched. The statements in
Column-I1 are labelled A, B, C and D, while the statements in Column-II are labelled p, q, 1, s and t. Any
given statement in Column-I can have correct matching with ONE OR MORE statement(s) in Column-
II. The appropriate bubbles corresponding to the answers to these questions have to be darkened as

illustrated in the following example :

If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

PqgQr s t

00000
®00O®®
Q0OOO®
©OOOO

oaow >

1.  Consider the lines given by
L :x+3y-5=0;L,:3x—ky—1=0;L;:5x +2y-12=0

Match the Statements / Expressions in Column I with the Statements / Expressions in Column IT and indicate your answer by

darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS.

Column 1
(A) L,,L,,Lyareconcurrent,if

(B) OneofL,,L,, Lyisparallel to at least one of the other two, if

© L, L, Lyfromatriangle, if

(D) L,,L,,L;donot formatriangle, if

(2008)
Column I1
) k=-9

@ k=-3%

® k=
(s) k=5



e Topic-wise Solved Papers - MATHEMATICS

2. Match the Statements/Expressions in Column I with the Statements / Expressions in Column II and indicate your answer by

darkening the appropriate bubbles in the 4 x 4 matrix given in the ORS. (2008)
Column1 Column I1
2
(A) Theminimum value of %296;4 is () O
X
(B) LetAand Bbe 3 x 3 matrices of real numbers, where A is (@ 1
symmetric, B is skew-symmetric, and
(A+B) (A-B)=(A-B) (A+B).If(AB)! = (-1) AB, where
(AB)' is the transpose of the matrix AB, then the possible
values of k are
(C) Leta=log,log, 2. An integer £ satisfying T 2
1< 20537 <2 must be less than
1
(D) If sin® = cos¢, then the possible values of ;(9 19— g) are (s) 3
] ] has a unique solution, is (2009)
(¢l Comprehension Based Questions @ less than 4
PASSAGE-1 (b) atleast 4 but less than 7
10 0 (c) atleast 7 but less than 10
Let 4=|2 1 0|, andU,, U, and U, are columns ofa 3 x 3 matrix (@ atleast10
13 21 6.  The number of matrices 4 in . %/ for which the system of
U. If column matrices U,, U, and U, satisfying linear equations
1 2 2 X 1
AUy =|0|, AU, =| 3|, AU;3 =| 3| evaluate as directed in the 4lyv|=lo
10 0 1 E 0
following questions. L ) )
1.  Thevalue|U]is (2006 - 5M, -2) 1s inconsistent, 1s (2009)
3 @ O (b) more than2
@@ 3 (b -3 © 3 @ 2 (c) 2 @ 1
2. The sum of the elements of the matrix U!is PASSAGE -3
(2006 - 5M,=2) " Let p be an odd pri ber and T, b i
p be an odd prime number an e the following set of
@ -1 ®0 © 1 @ 3 2 % 2 matrices - g
3
i - - b
3. Thevalueof[3 2 0]U g is (2006 - 5M, -2) Io= {A ) [a }:a,b’c ol 2,'”,p_1}} o1
ca
b 5 4 d 3 7.  Thenumber ofAin T » such that A is either symmetric or
@ 3 () ) © @ 2 skew-symmetric or both, and det(A) divisible by p is
PASSAGE-2 @@ (p-1)* ) 2(p-1)
. . © @-1*+1 d 2p-1
Let ./ be the set of all 3x 3 symmetric matrices all of whose 8. Thenumber of A in T_ such that the trace of A is not divisible
entries are either 0 or 1. Five of these entries are 1 and four of them by p but det (A) is divisible by p is
are 0. / [Note: The trace of a matrix is the sum of its diagonal
4. Thenumber of matrices in . 2/'is (2009) entries. ]
(@ 12 (b) 6 () 9 d 3 @ @E-D@E*-p+1) ® pP-@-17
5. The number of matrices 4 in . 2/ for which the system of © @-17 @ @-)(@E*-2)
linear equations 9. Thenumber of A in T} such that det (A) is not divisible by p
is
1
, 1 . a) 2 ®) p*-5p
y|= ’ © pP-3p @ p*-p?
z
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Matrices and Determinants

Let a, b and c be three real numbers satisfying

10.

11.

12.

PASSAGE -4
(2011)
19 7

8 2 7|=[000] .{(E)
7 3 7

[abc]

Ifthe point P(a, b, c), with reference to (E), lies on the plane
2x +y +z=1,thenthe valueof 7a + b + c is

@ 0 (b) 12 © 7 @ 6

Let @ be a solution of x> — 1 =0 with Im (0) > 0, ifa =2 with

b and c satistying (E), then the value of ia +— ic is
o o o

equal to

(@ -2 ) 2 © 3 @ -3

Let 5=6, with a and ¢ satisfying (E). If a.and B are the roots
of the quadratic equation ax? + bx + ¢ = 0, then

(1 1)
E}(;Jfg) is
6
@ 6 ) 7 © 7 d o

;M Assertion & Reason Type Questions

1.

Consider the system of equations

x=2y+3z=-1

—x+y-2z=k

x—3y+4z=1
STATEMENT - 1 : The system of equations has no solution
for k#3 and

1 3 -1
STATEMENT-2 : The determinant |-1 -2 k|#0,for
1 4 1
k#3. (2008)

(@) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is a correct explanation for
STATEMENT -1

(b) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is NOT a correct explaination for
STATEMENT -1

(¢) STATEMENT - 1is True, STATEMENT - 2 is False

(d) STATEMENT - 1 is False, STATEMENT - 2 is True

| Bl Integer Value Correct Type

Let o be the complex number cos 2% +isin % Then the

number of distinct complex numbers z satisfying

z+1 0 o’

o z+o2> 1 |=0isequalto (2010)

o? 1 zZ+®

Let k& be a positive real number and let
%-1 2k 2k 0 2k-1+k

A=|20Jk 1 2k |and B=|1-2k 0 2Jk
2k 2% -1 ~Jk -2Jk 0

If det (adj 4) + det (adj B) = 10°. then [k] is equal to
[Note : adj M denotes the adjoint of square matrix M and [£]

denotes the largest integer less than or equal k. (2010)
Let M be a 3 x 3 matrix satisfying
0 -1 1 1 1 0
M\l \=2 |, M]-1}=|1 ,andM1=0 . Then the
0 3 0 - 2
sum of the diagonal entries of M is (2011)

The total number of distinct x € R for which

x  x? 1+x°
2x 4x*  1+8%° [=10is (JEE Ady. 2016)
3x 9x% 1+27x°
—1++3i .
Letz= Zﬁl,where1=\/__1,andr,se {1,2,3}. Let

(_Z)l' ZZS
P=] o : | and I be the identity matrix of order 2.
zZ z

Then the total number of ordered pairs (r, s) for which
PZ=Tis (JEE Adv. 2016)



Topic-wise Solved Papers - MATHEMATICS

| Sectons

1.

If a > 0 and discriminant of ax2+2bx+c is —ve, then

a b
b ¢ bx+c|isequal to
ax+b bx+c 0

ax+b
[2002]

(@) +ve ®) (ac-b¥)(ax*+2bx+c)
(c) -ve @ o

If the system of linear equations 12003]

x+2ay+az=0; x+3by+bz=0; x+4cy+cz=0;
has a non - zero solution, then a, b, c.

(a) satisfy a+2b+3c=0 (b) areinAP

(c) arein G.P (d) arein HP.

2

If ,w,»“ are the cube roots of unity, then

1 o o

A=lo" o™ 1 is equal to [2003]

o 1 o

@ o> ® 0 © 1 d o

i£4=? %land £2=|% P| then
b a B a

(@) o =2ab,p=a’+b?

[2003]

(b) o=a®+b%, B=ab
() a=a’+b% B=2ab
(d) a=a®+b%, p=a®-b>.

[0 0 -1\
Let 4= L 0 -1 OJ . The only correct
-1 0 0

statement about the matrix 4 is

@ 42=1

(b) A=(-1)1, where /is a unit matrix
(©) 4! does not exist

(d) Aisa zeromatrix

(1 -1 1) (4 2 2)
IﬁtA=L2 1 —1.mm103=t—5 0 aJJfBB
111 1 =2 3

[2004]

the inverseof matrix 4, then o is
@ 5 (b -1 (¢ 2

[2004]
@ -2

10.

11.

12.

13.

,....are in G.P,, then the value of the
[2004]

If a1,a;,05,......,a,
determinant

loga, log 2

loga,;
log Any3 log Ania
log n+6 log Any7 log n+g

@ -2 (b) 1 (© 2

If A2 —A+1=0 , then the inverse of 4 is

@ A+I (b) 4 © A-I

The system of equations
axty+tz=a -1
x+ay+z=oa -1
x+ty+toaz=a-1

has infinite solutions, if o is

@ -2

(c) not—2

d o

[2005]
d I-4

[2005]
(b) either—2or1
@ 1

If a® +b* +c* =—2 and [2005]

1+b6%)x (1+c*)x
fx)=|(+a)x  1+b%x
1+a®)x (1+b%)x

1+a’x
(1+cP)x|,
1+ c%x
then f(x) is a polynomial of degree
@@ 1 ® o (¢ 3 @ 2

If a;,a5,05, ............ , Gy, ......arein G P, then the determinant

log a,,
_|logay.s

loga, ¢

loga.»
loga 5

loga, g

loga,
logay,. 4
loga, 7

is equal to

@ 1 (b 0
(c) 4 @ 2
If 4 and B are square matrices of size n x n such that

[2005]

A% — B2 = (4- B)(4 + B) , then which of the following will
be always true? [2006]
@ 4=B

(b 4B=B4

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

(d) either of A or B is identity matrix

LtA—(l ﬂ dB (“ ﬂ beN.Th
e—34an_0b,a,e.en

[2006]
(a) there cannot exist any B such that AB=BA
(b) there exist more then one but finite number of B’s such
that AB=BA
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14.

16.

17.

18.

19.

20.

(c) there exists exactly one B such that AB=BA
(d) there exist infinitely many B’s such that AB=BA
1 1 1
IfD=|1 1+x 1
1 1 1+yp

for x#0,y#0,thenDis

(a) divisible by x but not y

(b) divisible by y but not x

(c) divisible by neither x nor y
(d) divisible by both x and y

[2007]

5 5o a 5
Let A=0 o Sa .If‘A ‘= 25, then |o| equals
0 0 5

[2007]
@ 15 b)) 5 (c) 5 @ 1
Let 4 be a 2 x 2 matrix with real entries. Let /be the 2 x 2
identity matrix. Denote by tr(4), the sum of diagonal entries
of a. Assume that 42 =1. [2008]
Statement-1 : If 4 # /and 4 # -1, then det(4) =-1
Statement-2 : If 4 = Iand A #—I, then tr (4) #0.
(a) Statement -1 is false, Statement-2 is true
(b) Statement-1 is true, Statement-2 is true; Statement -2 is
a correct explanation for Statement-1
(c) Statement -1 is true, Statement-2 is true; Statement -2
isnot a correct explanation for Statement-1
(d) Statement -1 is true, Statement-2 is false
Let a, b, c be any real numbers. Suppose that there are real
numbers x, y, z not all zero such thatx=cy + bz, y = az + cx,
and z= bx + ay. Then a? + b? + ¢* + 2abc is equal to
[2008]
(@ 2 b -1 (© 0 @ 1
Let 4 be a square matrix all of whose entries are integers.
Then which one of the following is true? [2008]
(@) Ifdet4 == 1,then 4! exists but all its entries are not
necessarily integers
(b) IfdetA==+1,then A" exists and all its entries are non
integers
(c) Ifdetd == 1, then 47! exists but all its entries are
integers
(d) IfdetA==1,then 47! need not exists
LetAbea2 x 2 matrix
Statement-1: adj (adj A)=A
Statement -2 : jadj A |=|A|
(a) Statement-1istrue, Statement-2 is true.
Statement-2 is not a correct explanation for Statement-1.
(b) Statement-1is true, Statement-2 is false.
(c) Statement-1 is false, Statement-2 is true.
(d) Statement-1 is true, Statement -2 is true.
Statement-2 is a correct explanation for Statement-1.

[2009]

Leta, b, c be such that b(a + ¢) # 0 if [2009]
a a+l a-1 a+l b+1 c-1

b b+1 b-1 + a-1 b-1 c+l |=0,
I c_l c+1 (_1)ﬂ+2a (_1)ﬂ+1b (_l)nc

21.

22.

23.

24.

26.

27.

then the value of n is :
(a) any even integer (b) any odd integer
(c) any integer (d) zero
The number of 3 x 3 non-singular matrices, with four entries
as 1 and all other entries as 0, is 12010]
@ 5 (b 6
(c) atleast?7 (d) less than 4
Let 4 bea 2 x 2 matrix with non-zero entries and let 42=1,
where /is 2 x 2 identity matrix. Define
Tr(4) = sum of diagonal elements of 4 and
|A| = determinant of matrix A.
Statement-1: Tr(4)=0.
Statement-2 : |4|=1. [2010]
(a) Statement-1 istrue, Statement -2 is true ; Statement -2
is not a correct explanation for Statement -1.
(b) Statement -1 is true, Statement -2 is false.
(c) Statement -1 is false, Statement -2 is true .
(d) Statement- 1 is true, Statement 2 is true ; Statement -2
is a correct explanation for Statement -1.
Consider the system of linear equations ;
X, +2x,+x;3=3
2x;+3x,+x3=3
3x;+ 5xy + 2% =1
The system has
(a) exactly 3 solutions (b) a unique solution
(c) no solution (d) infinitenumber of solutions
The number of values of & for which the linear equations
4x+ky+2z=0,kx+4y+z=0and 2x + 2y +z =0 possess
a non-zero solution is |2011]
(@ 2 b) 1 (c) zero @ 3
Let 4 and B be two symmetric matrices of order 3.
Statement-1: 4(BA4) and (4B)A are symmetric matrices.
Statement-2: AB is symmetric matrix if matrix multiplication
of 4 with B is commutative. [2011]
(a) Statement-1 is true, Statement-2 is true; Statement-2 is
not a correct explanation for Statement-1.
(b) Statement-1 is true, Statement-2 is false.
(c) Statement-1 is false, Statement-2 is true.
(d) Statement-1 is true, Statement-2 is true; Statement-2 is
a correct explanation for Statement-1.

[2010]

100
Let A=|2 1 O0|.Ifu, and u, are column matrices such
3 21
1 0
that Auj =| 0 |and Aup =| 1 |, then u; +u, isequal to:
0 0
[2012]
-1 -1 -1 1
@ | ®»|' ol ol
0 -1 0 -1
Let Pand Q be 3 x 3 matrices P# Q. If P>= Q% and P2Q=

02P then determinant of (P?+ 0?) is equal to :
(@ -2 ® 1 () O @ -1

[2012]



28.

29.

30.

31.

e Topic-wise Solved Papers - MATHEMATICS
I a 3 1 2 2
IfP=|1 3 3| istheadjointofa 3 x 3 matrix Aand 32. If A=|2 1 -2|is a matrix satisfying the equation
2 4 4 a 2 b
|A]=4, then acisequal to : [JEEM 2013] AAT =91, where I is 3 x 3 identity matrix, then the ordered
(@ 4 ® 11 () 5 @ o pair (a, b) is equal to: [JEE M 2015]
2,1) b 2,-1)
If a,B#0, and f(n)=a"+p" and @ (
(n) (© @-1 @ 21)
3 I+ f (1) I+ f ( 2) 33. The s)zf.s'.te;n of lmt:,)ar equations
_Z —3
1+ (1) 1+£(2) 1+/(3) ;bx_z,l_z=0
1+ £(2) 1+£(3) 1+f(4) x+y— hz=0
has a non-trivial solution for: [JEE M 2016]

=K (1-a)’ (1-B)* (@—B)’, then K is equal to:
[JEE M 2014]

(b) -1 GB

If 4 is a 3 x 3 non-singular matrix such that 44' = 4'4 and
B=A714', then BB' equals: [JEE M 2014]

@ 1 © of @

@ B ) (B') © 1+B @ I

The set of all values of A for which the system of linear
equations :
2X; 2%, + X3 =AX;
2x; 3%, +2X; = AX,
X, +2X, =AX3
has a non-trivial solution
(a) contains two elements
(b) contains more than two elements
(c) is an empty set
(d) 1isa singleton

[JEE M 2015]

34.

(a) exactly two values of A .

(b) exactly three values of A .
(c) infinitely many values of A .
(d) exactlyone value of A .

Sa -b
IfA=[::l 2}andAadjA=AAT,then5a+bisequal

to: [JEE M 2016]
(@ 4 ® 13
© -1 d 5
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Determinants

Section-A : JEE Advanced/ IIT-JEE

A 1 t=0 2 x=-1,2 3. 3/16 4. 2,7 5. A=0 6. O 7. 0
B I. F 2 F
C 1L (b 2. () 3. @ 4. @ 5. (b 6. () 7. (d)
8. (b) 9. (b 10. (d) 1. (a 12. () 13. (0 14. ()
15. (a) 16. (d) 17. (a) 18. (a) 19. (d) 20. (d) 21. (b)
D 1 (be) 2. (d) 3. (© 4. (a,d) 5. (c,d) 6. (bed 7 (cd)
8. (ab) 9. (b,c) 10. (c,d) 1. (b0 12. (b,c,d)
E 1 xzb,yz%gz%,beR 5. nmornn+(-1)'n/6,neZ
8. 2 10. nm or nm+7/4
4q*
12. a(a+d)*(a+2d)?(a+3d)*(a+4d) 14. 4
F 1. A)->s5B)-pqCO)>rD)>p.qs 2. (A)->r5B)—>q,s(0)—>rs;(D)—>p,r
G L (@ 2 ( 3 @ 4 @ 5 ® 6 @® 7 @ 8 @© 9 (@ 10. @ 1. (@
12. (b)
H 1. @
I 1. 0 2. 4 3. 9 4, 2 5. 1

Section-B : JEE Main/ AIEEE
1. () 2. (d) 3. b 4. (o) 5. (a 6. (a) 7. (d)

8. (d 9. (a) 10. (d) 1. (b 12. (b 13. (d) 14. (d)
15. (@ 16. (d) 17. () 18. (¢) 19. () 20. (b) 21. (¢)
22. (b) 23. (¢) 24. (a) 25. (a) 26. (d) 27. (¢) 28. (b)
29. (a) 30. (d) 3. (2 32. (b) 33. (b) 34. (d)

J section-A SEEITLLANS[ES

A. Fill in the Blanks - It has 2 roots. We observe that R; becomes identical to

1.  Asgiven equation is an identity in A, it must be true for all R, ifx =.2 - thus atx = 2=A=0
values of A. - x=21isaroot of given eq.

0 -1 3 Similarly R, becomes identical to R, if x=—1.
thusatx=-1=>A=0
- x=—11is aroot of given eq.
Hence equation has roots as —1 and 2.

3.  With 0 and 1 as elements there are 2 x 2 x 2 x 2 =16

.. For A=0also. PuttingA=0wegett=(1 0 —4{=0
-3 4 0

. o b4 20 determinants of order 2 x 2 out of which only
2. Givenequationis, I -2 5 |=0
2 O IO are the three det whose value is +
1 2x 5x o 1Mo 1Pl1 1 are the three det whose value 1s +ve.

Clearly on expanding the det. we will get a quadratic

equation in x. .. Req. prob. =3/16
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x 3 7
x 2(=0
7 x
Operating R, —» R, + R, + R, we get

x+9 x+9 x+9
2 x 2 [=0
7 6 X

1 11
= (x+9)[2 x 2|=0
7 6 x
Operating C, —» C,—C,, C; —» C;-C;
1 0 0
= x+92 x-2 0 (=0
7 -1 x-7
Expanding along R,
= x+tYE-2)x-7)=0
= x=-9,2,7
Other roots are 2 and 7.

The given homogeneous system of equations will have non
zero solution if D=0

A1 1
= [-1 A 1|=0
-1 -1 A

= AO2+1)=1(<A+ 1)+ 1(1+1)=0=>43+31=0
= AA2+3)=0,butA2+3=0forreal A=>A=0

1 a a®—bc
1 b b*-ca
1 ¢ c*—ab

Operating R,— R, - R,; R,—> R, - R,

0 a-b (a-b)a+b+c)
0 b-c (b-c)la+bdb+c)
1 c c? —ab

0 1 a+b+c
=(@-b(b-¢)|0 1 a+b+c|=0
1 ¢ c*-ab
Given x, y, z and + ve numbers, then value of
1 log,y log,z
D =|log, x 1 log, z
log,x log,y 1

o M-S-227
1 logy logz
logx logx
oga)
logx logz L logy a = J
= logv 1 — logh
ogy log y
logx logy 1
logz logz

Takin

g , ! ,and ! common from R,, R, and R,
logx logy logz

respectively

logx logy logz
logx logy logz|=0
logx logy logz

1
b= logxlogylogz

B. True/False
2

1 a bc a a° abc
1 b ca =L b b% abc
abc
1 ¢ ab ¢ ¢ abe

a a2 1 1 a a2
=b B* U=¢1*1 b b
c 1 1 ¢ ¢

[C, & Cjandthen C, < C5]
.. Equal. Hence statement is .

n n 1 (e b 1

D |x» »n li=|a b 1
3 oy 1| |a3 b3 1
n n |1 a b
:>lx l—la b 1
RIRE 5| %
oy 1 a3 by 1

Ar(A)=Ar(Ay)
Where A, is the area of triangle with vertices (x,, y,), (x,, y,)
and (x3,y,); and A, is the area of triangle with ; vertices (a;,
b)), (a,, b,) and (a4, b;). But two A’s of same area may not be
congruent.

Given statement is false.

C. MCQs with ONE Correct Answer

(b) For every ‘det, with value 1’ (€ B) we can find a det.
with value — 1 by changing the sign of one entry of ‘1°.
Hence there are equal number of elements in B and C.
.. (b) is the correct option

1 1+i+o)2 (o2
@ [1-i -1 -1
—i —-itw-1 -1

Operating R,—> R, - R, + R4
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5. M

® Topic-wise Solved Papers - MATHEMATICS
Expanding along C,, we get
galong C, wege
0 0 0 A=(1+a*-2acos dx)[sin (p + d) x cos px
o 2 — sin px cos (p + d)x]
=|1—i -1 o =1 (.1+0+a?=0) = A= (1+a?-2acosdyx) [sin {(p+d)x—px}]
-i —ito+l -1 = A=(1+a?-2a cos dx) [sin dx]
=0 which is independent of p.
2 y2 2 6. (@
Let s=X,>5=Y,—5=2Z 1 x x+1
a b c - —
Then the given system of equations becomes )= 2x Xx=1) (x+1)x
X+Y-7Z=1 3x(x-1) x(x-D(x-2) (x+Dx(x-1)
X-Y+7Z=1, -X+Y+Z=1
This is the new system of equations x+1 x x+1
For new system, we have =l (x+Dx x(x-1) (x+1)x
1 1 -1 (x+Dx(x-1) x(x-D(x-2) (x+Dx(x-1)
D=|1 -1 1|=1(-1-D)-1(1+1)-1(1-1) o [C,—>C + G
101 1 =0 [-- C,and C,areidentical]
which is free of x, so the function is true for all
=420 vegues of x. Therefore, atx= 100, f(x)=0, i.e., f(100)
.. New system of equations has unique solution. =
7. () For the given homogeneous system to have non zero
1 -l solution determinant of coefficient matrix should be
D =|1 -1 1|=1-1-D)-1(1-1)-10+1)=—-4 zero; l.e.,
1 1 1 1 -k -1
L1 =k -1 -1|=10+D)+k(-k+1D)-1(k+1)=0
1 1 -1
Dy={1 1 1/=10-D-10+)-11+1)=-4
2 1 (=D-1+D-10+D S2-R+k-k1=0R=1=k=+1
. 1 .
1 1 1 8. ® G1venthatm=—l+ig, w2=—§—1§
Dy=|1 -1 1|=1(-1-)-10+D)+1(1-1)=-4 Also 1+ o+w?=0and o’ =1
101 1 Now given det. is
D 4 D 4 1 1 1 1 1 1
_ _
Now, X =—t=—r=1¥=—t=—= A=l -1-0? o?|=|l o o
2 4 2
1 1
4 D, -4 | ® ® ' o o .
=D "4~ = x=ta, y=1b, z=%c Onerating € C CEUsucl‘g(o=—l—c02and0)=1]
eratin —->C,+C,+
If A4 and B are square matrices of same degree then P g b
matrices 4 and B can be added or subtracted or 3.1 1
multiplied. By algebra of matrices the only correct _ 2 5 _
optionis4+B=B+A4 A= o o @sl+ot+ae’=0)
. 2 0 0 o
a a Expanding alor:‘icl, we get
Let A=|cos(p—d)x cospx cos(p+d)x 3 (- 0*) =3 (0 - 0)=30 (0-1)
sin(p—d)x sinpx sin(p+d)x 9. M E(;)r itr}ﬁrllitely many solutions the two equations become
identica
ApplyingC; - C, +C; kel 8 4k
1+ az a a2 k k+3 3k-1
= A=|[2cos pxcosdx cospx cos(p+d)x 10. @ Giventhat 4= [a 0} and B [l 0}
2sin pxcosdx sinpx sin(p+d)x 11 51
and42=B
C, > C, - (2cos dx)C, 0 o1 M1 o ) Lo
o o
e s M
A= 0 cos px  cos(p+d)x >ol=land a+1=5=>a=+1anda=4
0 sin px sin(p+d)x -+ There is no common value

. There is no real value of . for which 42=B
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11. (@) The given systemis,x+ay=0
az+y=0
ax +z=0
It is system of homogeneous equations therefore, it
will have infinite many solutions if determinant of
coefficient matrix is zero. i.e.,

1 a 0
01 al=0
a 01

=1(1-0)-a(0-a®)=0=>1+a%=0
>dd=-1=a=-1

12. () Since the system has no solution, A = 0 and any one
amongst A , A | A, is non-zero.

Yy Tz

2 -1 2

1 2 1|=0=>A=1

11 2
2 -1 2

Also, A, =1 =2 -4[=6%0
11 4

2
13. © A:[‘; }and|A3|=125:>|A|3=125

a
Now, |4 |= a2 -4
= (2-4)P3=125=5 > a?-4=5=0a=1+3
0 0 0
14. (¢) Given4=|0 1 1
0 2 4
.. Characteristic eqn of above matrix 4 is given by
I-» 0 0
[A-M|=0 =] 0 1-A 1 [=0

0 =2 4-

= (1-A)@-50+22+2)=0=A3-6A2+111-6=0
Also by Cayley Hamilton thm (every square matrix
satisfies its characteristic equation) we obtain
A3-642+114-61=0
Multiplying by A~!, we get

A2 —64+111-6471=0 =471 = %(A2—6A +11))
Comparing it with given relation,

A1 =%(A2—cA +dI)

wegetc=—6andd=11

NE
15. (@) Giventhat, P = z 2
14
2 2

11
A =[0 1] and Q=PA PTand X=PT Q?905 p

16.

17.

@

@

We observe that 0 = P4 PT

= @P=PAPHPAP)
=PAMPTP)APT=P4(14)PT

L PA*PT

Proceeding in the same way, we get
(2005 = p 42005 pT

Al A—1 1:>A2_12
I “lo 1
2005}

1
and proceeding in the same way 42005 = [ 0 1
Now, X = PTQ2005 p
= PT(PAZOOS PT)P= (PTP) 42005 (PTP)
2005
1

= J42005 [— 42005 = [(l)

The given points are P(— sin(f — a),— cos ,B) ,
O(cos(B —a),sinB)

R(cos(B—a + 0),sin(p —0))

Where 0< a, 8,0 < %

1 1 1
~ A=|-sin(B—a) cos(B—a) cos(B—a+8)
—cosf sinf3 sin(f —0)

Operating C; — C; sinf—C, cos8 , we get

1 1 1-sin@—cos 6
A=|-sin(f—a) cos(f-a) 0
—cos B sin 8 0

= (1-sin@ - cosB)[cos fcos(f— a) —sin Bsin(f - a)]
= A=[1-(sinf+cosb)|cos(2f—a)

T
0<a,ﬂ,9<z . sin@+cos@ #1

T
Also 2B-a< ik cos(2B-a)#0
-. A # (0 = thethree points are non collinear.

a b ¢

Letd=|a, b,c, | wherea;,b;,c; have
a; by ¢, valuesOorlfori=1,2,3.

Then the given system is equivalent to

ax+by+cz=1,

ax+byy+c,z=0,

ax+byy+cz=0

Which represents three distinct planes. But three

planes can not intersect at two distinct points, therefore
no such system exists.

) M-S-229
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18. (a) For the given matrix to be non-singular 5 0
a
I ab b c 0 =0
o 1 ¢=0 ao+b bo+c —(ao® +bo+bo+c)
o’ o 1

19.

20.

21.

1.

D l-(a+c)o+taca?z0=(1-am)(l-co)=0

= a # ®? and ¢ # ®* where o is complex cube root of
unity.

As a, b and ¢ are complex cube roots of unity

.. a and c can take only one value i.e. @ while b can
take 2 values i.e. ® and w?.

.. Total number of distinct matrices=1x1x2=2

d We have
22011 23ﬂ12 24013
1Q=|2%a2 2%y 2%y
2%a3 2%a3 2°a3
m1 M2 a3
_p293,4 |2M1 20 203
22ﬂ31 22032 22ﬂ33
M1 M2 43
=29.2.22 a1 4y 4ay3
az1 433 433
=212 |p|=212x2=213
@ Wehave PT=2P+]
= P=2PT+] = P=2QP+I)+I
= P=4P+3] = P+I1=0
=PX+X=0=PX=-X
1 00 0 00
® P={4 1 0[=1I+4 0 0|=I+A
16 4 1 16 4 0
0 00 0 00
A2={0 0 O0|land A’=|0 0 O
16 0 0 0 00
s A"=0,¢yn2>3
NOW P50=(I+A)50=50C0 ISO+50CII49A+50C2 I48A2+O
=14+ 50A+25x49 A2

5 Q=PV_1=50A+25x49A2
= ¢, =50x4=200=>q, =50 16+25x 49 x 16=20400
= q,=50x4=200
q31+432 _ 20600
da1 200

=103

D. MCQs with ONE or MORE THAN ONE Correct

a b ao+b
(b,e) ATQ| b ¢ ba+c|=0
av+b bo+c 0
Operating C;— C; -C, a—C,, we get

a b 0
= (aa?+2batc)| b c 0[=0
ao+b ba+c 1
= (ac—-b?) (a0 +2ba+c)=0
= eitherac—b*=0o0raa?+2ba+c=0
= eithera, b, carein GP. or (x —a) is a factor of
ax?+2bx+c
= (b)and (e) are the correct answers.
6 -3i 1
d [4 3 -1|=x+iy (given)
20 3 i
6 1 1
= 3|4 -1 -1|=0
20 i i

[ C,and C;are identical]

= x+iy=0 =>x=0,y=0

(c) [Asa skew symmetric matrix of order 3 cannot be non
singular, therefore the data given in the question is
inconsistent. ]
We have
M_?Nz (MT N)—l (MN—I)T — MZNZN—I (MT)—I (N—I)T
M

— M2 N (MT)—I (N—I)T MT - _MZNM—I N—IM
( MT= -M, NT=_Nand (N—I)T = (NT)—I
=-M (NM)(NM)' M (- MN=NM)
=—MM=-M?2
(a,d)
We know for a third order matrix P, |Adj P|=|P]?
Where |Adj Pl=1(3-7)-4(6-7)+4(2-1)=4
|P2=4=|P=20r-2
(c,d)
@ (N MNY=(MNYN=NM'N=NMNor-NMN
According as M is symm. or skew symm. .". correct
(b) (MN-NM) = (MN) —(NMY = NM - M'N'
= NM - MN=—(MN - NM)
.. Itis skew symm. Statement B is also correct.
(©) (MNY =N'M'=NM+MN
.. Statement Cis incorrect
(d) (adj M) (adj N)= adj (MN) s incorrect.

(b,c,d)
wr oW W 00 0
Forn=3, P= w w' w |and P2=|0 0 0
whowd Wb 0 00

It shows P2 =0 if n is a multiple of 3.

So for P2 # 0, n should not be a multiple of 3 i.e. n can
take values 55, 58, 56
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a b
7. (c,d) Let M = [ b c} where a, b, ¢ are integers.

8.

9.

10.

b ¢0:>ac¢b2
c

a b
Then b = ¢ =Sa=b=c=ac=h%.

.. (a) is not correct.

If[b c]=[a b] >b=a=c=ac=0
.. (b) is not correct.

a 0

IfM= [0 J ,then |[M|=ac#0

.. Misinvertible.
(c) is correct

Mis invertible if Z

As ac # (integer)2 = ac +b*
.. (d) is correct.

(a,b) Given MN=NM, M # N?> and M?=N*.

Then M%=N*= (M+ N2 (M-N?)=0
= (@()M+N2=0andM-N2%0

(ii) M+ N?|=0and [M-N?|=
In each case |M + N?|=
o |M%+MN?|=|M||M+N?%=0
.. (a) is correct and (c) is not correct.
Also we know if |A| =0, then there can be many matrices
U, such that AU=0
. (M2 + MN?)U= 0 will be true for many values of U.
Hence (b) is correct.
Againif AX=0and|4|=
.. (d) is not correct.

0, then X can be non-zero.

(b, ¢) R,—-R,, Ry-R,
(+a)® (1+20)> (1+3a)?
200+3 4o.+3 60+3 |=-648a
200+5 4o +5 60+ 5
R3_R2
(+a)? (+20)* (1+3a)?
2] 200+3 4o +3 60+3 |=-648a
1 1 1
CZ_CI’ C3_C2
(1+a)® aBo+2) ala+2)
200+3 200 200 =-324a
1 0 0
= 20320)=-324a = o> -8la=0=>a=0,9,-9
(c,d
X'=-X,Y'=-Y,2'=Z

(Y3z4 _Z4y3)v - (Z4)v(Y3)v _ (Y3)v(Z4)v
— (Zv)4(Yv)3 _ (Yv)3(Zv)4

=-Z4Y3+Yy3z4=Y3Z4-Z74Y3

Symmetric matrix.

SlmllarlyX 44 + Y#is symmetric matrix and X 473 _73x4
and X 23 + Y23 are skew symmetric matrices.

PQ 1_Q
(b,¢) PQ=kI= —==1=P" ==

Also [P|=120.+20
Comparing the third elements of 2"d row on both sides,

we get
_( 3a.+4 ) 1.k
120+ 20 k 8 =240+32=120+20=>0=-1
- [P|=8
AlsoPQ=kI=|P||Q|=
2 2

= 8><k7 =k*=k=4=Q= k? =

(b)do—k+8=4x(-1)-4+8=0
(c)NowdetG’adJ Q) [Pladj Q|
=|P[|Q?=8x8%=

(d)Qadj P|=|Q| IPI2 2°

12. (,c,d)

ax+2y=A»
3x-2y=pu
. . 2
For unique solution, 3 * o =>a#-3
(b) is the correct option.
For infinite many solutions anda=-3
=3 i &:& =] orA+pu=0
3 2 p u
(c) is the correct option.
- A
if A+ —=—#—
Alsoif A +pu#0, then 3 2.
= system has no solution.
(d) is the correct option.

E. Subjective Problems
We should have,
1 £ 3
3 k 2|=0
2 3 4
=1 (-4k+6)—k(-12+4)+3(9-2k)=0
33

=>-2k+33=0=>k =5

L 33 .
Substituting & = > and putting x = b, where b € Q, we get

the system as

33y+62=-2b (1)
33y—4z=—6b -
3y—dz=-2b -03)

2
(D-(2) >10z=db=>z =5 b

126 22b —2b
)=>33y=-2b- — =" = y=—no
(1) y s 5 T
.. The solution is x = b, y=ib,z= 26

15 5
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2. The given det, on expanding along R, we get
a b c
b ¢ a|=qgbc—a®)-b{B*-ac)+c(ab-c?)
c ab

=3abc—a*-b -3 =—(a>+ b3 + 3 - 3abc)
=—(a+b+c)[a®+b*+c2—ab—bc—ca]

=_% (a+b+c)[2a%+2b2+2c2—2ab—2bc —2ca)

=2 @b+ O a-bP + (b- 0P+ (c-aP]

Asa, b, c>0

at+tb+c>0
Alsoa #b #c¢

(@a—b2+(b-c)* +(c—a)’*>0
Hence the given determinant is — ve.

x*+x x+1 x-2

3. |2x*+3x-1 3x 3x-3|=x4+B
x2+2x+3 2x-1 2x-1

x* +x x+1 x-2

LHS=|2x*+3x—-1 3x 3x-3

x> +2x+3 2x-1 2x-1

Operation R, — R, — 2R, and R;—R; - R,

x? +x x+1 x-2

x—-1 x-2 x+1

x+3 x-2 x+1

xr x+1 x=2 x  x+1 x-2
=10 x-2 x+1|+[x-1 x-2 x+1

0 x-2 x+1| |x+3 x-2 x+1

x  x+1 x-2
=0+{x-1 x-2 x+1
x+3 x-2 x+1

Operating R;— R;—R,and R, > R, - R,

x x+1 x-2 X x X 0o 1 2
=|-1 -3 3 | =(-1 -3 3|+|-1 3 3
4 0 0 4 0 0 (4 0 O

1 1 1, (0 1 =2
=x{-1 3 3|+|-1 3 3
4 0 0/ (4 0 O

=x4A+B=RH.S
Hence Proved.

OnL.HS=D, 'flpplying operations C,— C, + C, and C;—
C; + Cyand using "C, +"C,,, =""1C,_,, we get

¥ Cr x Cr+l o Cr+2

D= yCr v Cri1 i ()

z Cr z+1 Cr+] z+1 Cr+2

Operating C; + C, and using the same result, we get

X Cr x+1 Cr+l x+2 Cr+2
D=\’ G yH G y+2 Gn

z z+1 z+2
Cr Cr+l Cr+2

=RHS

Hence proved
The system will have a non-trivial solution if

sin30 -1 1
cos20 4 3(=0
2 7 7

Expanding along C,, we get
(28-21)sin30—(-7-7)cos20+2(-3-4)=0
7sin30+14 cos20-14=0

sin 30+ 2 ¢c0s260-2=0
3sin—4sin30+2(1-2sin20)-2=0
45sin0+4sin20-3sin0=0
sin@(2sinf—-1)(2sin0+3)=0

sin © =0 or sin 6 = 1/2 (sin 6 =— 3/2 not possible)
O=nnor@=nn+(-1)"n6,n € Z.

We have

(a-1) n 6
Aa=|(@-1% 22*> 4n-2
(a-1° 3n® 3n’-3n

U Juygduy

a-1n n 6
n
Then Y Aa=|(1-1* 2n* 4n-2
a=1 A-1° 3n> 323

Q2-1) n 6
+H@-1% 2n?
@-1> 30 3n?-3n

(n-1) n 6
+(n-1% 2n* 4n-2
(n-1° 3n° 3n2-3n

1+2+3+...+(n-1) n 6
=(12422 432+, +(n—1)2 20 4n-2

P+2+3+. +m-1° 32° 3n*-3n
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n(n-1) 6
2
_|r(r=D@2n-1) o An—2
6
n(n-1) 2
(—) 3n° 3n*-3n
2
2 16
=% 20n-1) 2n 2Q2n-1)
3n(n—-1) 3n> 3n(n-1)
(Taking 21 common from C, and n from C,)

12
=0(as C, and C; are identical)

n n
Thus, z Aa=0 = ZAa = ¢ (a constant) where c =0

a=1 a=1

7.  Given that 4, B, Care integers between 0 and 9 and the three
digit numbers 428, 3B9 and 62C are divisible by a fixed

integer k.

Now, D=

N 0
> © w
N O o

On operating R, — R, + 10 R, + 100 R, we get
4 3 6 4 3 6
=428 3B9 62C| =|knmy kny, km
2 B 2 2 B 2

[As per question A28, 3B9 and 62C are divisible by £,

therefore,
A28=kn,
3B9=kn,
62C =kn,]
A 3 6
=k\m nmp ny _
2 B 2
= Dis divisible by £.

p b c

k x some integral value.

8 Consider |a g ¢|=0
a br
Operating R;,—R;—R, and R,— R, —R; we get
p—a —Hg-b) ¢
0 qg-b c¢-r|=0

a b r
Taking (p—q), (¢—b) and (r— c) common from C}, C, and C;
resp, we get
1 -1 0
S@-a)@-hHe-a| 0 1 -1|_
a b r

|p—a qg-b r-c

Expanding along R,

=@-a)(@-b(r-c {l( ALE P ]=0

U= g=)"
r-c q-b) p-a
Asgiventhat p#a,q=b, r#c

- b +—2 =0

r-c g-b p-a

r ,4-@-b)_ p--a_,

=
r—c q-b p-a

- L4+ 9 142 -9
r-c q-b p-a

= P, 4,1 -

p-a q-b r—c

n! m+1)! (n+2)!
D=[(n+])! (n+2)! (n+3)!
(n+2)! (n+3)! (n+4)

1 n+l (n+2)n+])
=pl(n+ D (r+2)! |1 n+2 (m+3)(n+2)
1 n+3 (n+4{n+3)
Operating R, - R,— R, and R; >R, — R,, we get
1 n+l n®+3n+2
D= (n+12m+2)|0 1 2n+4
0 1 2n+6

Operating R;—>R; - R,

1 n+l n®+3n+2
D=’ n+1)’(n+2) |0 1 2n+4
0 0 2

=(n)’ (n+ 172 (n+2)1[2]

:% =2 (n+1)2(n+2)

(nh)
D =9 (3 + A2
= 3 —4=2m+4n“+5n+2)-4
(nh)
=2(m+4n2+5n)=2n(n*+4n+5)
= —4 is divisible by n.
(n!)? g

Given that A, o € R and system of linear equations
Ax+(sina) y+ (cosa)z =0
x+(cosa)y+(sina)z=0
—x(sina)y—(cosa)z=0
has a non trivial solution, therefore D=0

A sino  coso
= |1 cosa sina [=0

-1 sina —cosa

= A (- cos? oL — sinot) —sin o (— cos o + sin o)

+cos asin o +cos o) =0

L ] M-S-233
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= — A +sin a cos o —sin? a + sin o cosa + cosZo =0
= A = cos?o.— sino + 2 sina cos o

= A=cos2o +sin 2a

For A=1, cos2a.+sin2a.=1

L cos 20 +L sin 2o —L
NG V2 2
1
= cos 2a. cos /4 +sin 2o sin T/4 = —
2

= cos 2a—m/4)=cos /4 = 20— /4 =2nm+ 11/4
=20=2nr+m/4+m/4; 2nn—n/4+ /4
=a=nn+mn/4ornn

11. LHS.

cosAcos P+sin Asin P cos(A—Q) cos(4—R)
=|cosBcos P+sinBsinP cos(B—Q) cos(B—R)
cosCcos P+sinCsinP  cos(C—Q) cos(C—R)

cosd cos(A-Q) cos(4-R)
=cosP|cosB cos(B—Q) cos(B-R)
cosC cos(C—-Q) cos(C—-R)

sin4 cos(4—Q) cos(A—R)
+sinPlsinB cos(B—Q) cos(B—R)
sinC cos(C—Q) cos(C—R)

C;—> C;=C (cos R) on
first determinant and C,— 82 - (sin Q)C, and

Operating; C,— C, - C| (cos Q);

C;— C;—(sin R)C, on second determinant, we get
cosAd sinAsinQ sinAsinR
=cosP|cosB sinBsinQ sinBsinR
cosC sinCsinQ sinCsinR

sin4 cosAcosQ cosAcosR
+sin PsinB cosBcosQ cosBcosR
sinC cosCcos@Q cosCcosR

cosd sinA sinA
=cosPsinQsinR{cosB sinB sinB
cosC sinC sinC

sind cosA cosA
+sin Pcos QcosR|sinB cosB cosB
sinC cosC cosC

=0+ 0 [Both determinants become zero as C, = C;]
=0=RHS.
12. Letus denote the given determinant by A. Taking

1
ala-+d)(a+2d)
1

R,
(a+d)a+2d)a+3d)

!
(a+2d)(a+3d)(a+4d) TOm Rs, we get

1

A= A
a(a+d)(a+2d) (a+3d)(a+4d) |

as common from

from R, and

where
(a+d)a+2d) a+2d a
Ay =|(a+2d)a+3d) a+3d a+d
(a+3d)a+4d) a+4d a+2d
Applying R; - R, —R,and R, > R, — R, we get
(a+d)a+2d) a+2d a
A =| (a+2d)(2d) d d
(a+3d)(2d) d d
Applying R; — R, —R,, we get
(a+d)a+2d) a+2d a
Ay =| (a+2d)(2d) d d
2d? 0 0
Expanding along R,, we get
a+2d a
d d

Ay = (2d%) =Q2dy?(d)(a +2d-a)=4d*

4q*
a(a+d)*(a+2d)*(a+3d)*(a+4d)
R, >R, +R,,

Thus, A=

sin @ cos0 sin 20

25in90052—21c 2cos(9cos2?1C 25i112900$4?n =0

sin[9—2—n) cos[e—z—n) sin[29—4—n)
3 3 3

sin® cosO sin 20
= —sin0 —cos0 —sin 20 =0

sin(e _2_11:] cos (9 - 2—”) sin(29 - 4—“]
3 3 3

Giventhat ATA =1

=|AT4|=14T||4|=14]]14|=1 [ [1]=1]
=|AP=1 (1)
a b ¢
Fromgivenmatrix A=|b ¢ a
c a b
a b c
[4|=|b ¢ a|=a+b3+3-3abc 2
c ab
s (@+b +3-3abc)?’=1 (From(1)and (2)]

>a3+b+c3-3abc=1o0r-1
But for a3, b3, ¢3 using AM > GM

3 3 3
We get % >33 =3+ +3-3abe>0

. We must have a3+ b3 + ¢3 —3abc=1
S>a+b+3=1+3x1=4 [Usingabc=1]

GP_3480



Matrices and Determinants

15. We are given that MMT = I where M is a square matrix of

16.

order 3 and det. M=1.
Consider det (M—I)=det (M- M M") [Given MMT=1]
=det [M (I- MT)]
= (det M) (det (I MT))
[--4B|=|4]|BI]
=—(det M) (det (MT—1))
=—1[detMT=D] [--det(M)=1]
=—det(M-1])
[ det(MT—I)=det[(M—DT]=det(M-1)]
=2det(M-N)=0= det(M-1) =0
Hence Proved

Given that,
aloO x f
A=|1 b d |, X=|y | U=| g
1 b ¢ z h

and AX = U has infinite many solutions.
=[4[=0=]4,]=|4,|=|4;]
Now, |4|=0
al 0
=> |l b di=a(bc-bd)-1(c-d)=0
1 b ¢
=>(@ab-1)(c-d)=0
=ab=lorc=d

f 10
And|4,|=|g b d|=0
h b ¢

= f(bc—bd)y—1(gc—hd)=0
=>fb(c—d)y=gc—hd

al f
[4,|=|1 b g|=0
1 b h
=a(ge—hd)—f(c-d)=0=a(gc—hd)=f(c-d)
al f
|45l =|1 b g|=0
1 b h
=albh—-bg)—1(h—g)+f(b-b)=0
=abh-g)-(h-g)=0
=>ab=lorh=g .. )]

Takingc=d=h=gandab = 1 (from (1), (2) and (3))
Now taking BX =V

a 1 1 a®
where B=[0 d c|,V=|0
f g h 0
a 1 1
Then|B|=({0 d c|=0
/g h

[--Invewof c=dand g = h, C, and C; are identical]
= BX =V has no unique solution

& 11
And|B,|=|0 d c|=0
0 g &

(wc=dg=h

N

a a
|B,|=[0 0
f 0

1
c|=a*cf=d*df (~-c=d)
h

a 1 4

|B;|=|0 d O|=d%df
S g 0

= Ifadf# 0 then |B,|=|B;|#0
Hence no solution exist.

F. Match the Following
The given lines are
Li:x+3y-5=0
Ly 3x-ky—-1=0
Ly :5x+2y-12=0
(A) Threelines L;,L,, L are concurrent if

1 3 5
3 -k 1[=0=13k-65=0=>k=5
S 2 12
S (A)—>(s)
1 -3
B) F0rL1||l/z:>§=7:>k=—9
3 —k 6
A, SEN
andlqlllg:>5 2 5
. (B) - @), @

(©) Threelines Ly, L,, L, will form a triangle if no two of
them are paraﬁlel and no three are concurrent

k#5,-9,-6/5 . (C)>r

(D) L;,L,,L; donot form a triangle if either any two of
these are parallel or the three are concurrent i.e.

k=5,-9,-6/5
= (D) > (p)(q).(s)
_x2+2x+4:>a’_y_x2+4x_O
(A) Let” x+2 dx  (x+2)2
= x=0,-4
dy__ 8
d? (x+2)
d2y

Atx=0, —2is true
dx

yismin whenx=0, .. ymin=2
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As A is symmetric and B is skew symmetric matrix, we
should have

At=Aand B'=-B Q)

Also given that
(A+B)(A-B)=(A-B)(A+B)

= A% - AB+BA-B?=A?+AB-BA-B’
= 2BA=2ABorAB=BA -(2)

Now given that

(AB)' = (-1)*AB

= (BA) = (-1)* AB (using equation (2))

= A'B' =(-1)*AB

= -AB= (_1)" AB [using equation(1)]
= k should be an odd number

- (B) > (@,()

Given that a = log; logs 2

=3% or log,3=37"

= log;2=3* =
083 log, 3

> 3=207 D)
Now 1<20F3™ ) cn = 5k 3

=>1<27%3<2 (using eq (1))

1 & 2
- =.<2 o
3 < < 3
.. k1sless than 2 and 3

S (C) =5 (), ().
r_

Given that sinf=cos¢ = cos( 5

:%<2k<3 =k=1

0)=cos¢
= %—9=2n7z’i~¢, nezZ = 9i¢—g=—2nn
(oxo-3)

—10+tdp——=|=-2

- 6x¢ 5 n

Here possible values of l(e +o- g) are 0 and 2 for

T
n=0,-1.
D — (p),@.
G. Comprehension Based Questions
a 1 0 Ofla 1
LetU, =|b|then|2 1 0||b|=]|0
c 3 2 1lc 0
a 1
=| 2a+b |=|0|=a=1,b=-2,c=1
3a+2b+c 0
1 2 2
s Uy =| =2 | Similarly, U, =| -1 |,U; =| -1
1 —4 -3

b

@

@

b

b

and
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1 2 2
“U=|22 -1 -1| =|U|=3
1 4 3
-1 2 0
vi=tg s 3
o 6 3

1
= Sum of elements of U~ = 5(0) =0

1 2 273 7
[320]| 2 -1 —1{/2|=[320]|-8|=5
1 -4 3]0 =3

Each element of set 4 is 3 x 3 symmetric matrix with five
of its entries as 1 and four of its entries as 0, we can
keep in diagonal either 2 zero and one 1 or no zero and
three 1 so that the left over zeros and one’s are even in
number.

Hence taking 2 zeros and one 1 in diagonal the possible

31 3! 9
cases are ax 21
and taking 3 ones in diagonal the possible cases are
!
1x 3 =3
21

. Total elements 4 can have =9 +3 =12

The given system will have unique solution if | 4 | 0
which is so for the matrices.

1 01 (1 1 0]
0 0 Ifand |1 O 1 |;
110 01 0
0 01 [0 1 1]
01 1ljand|1 1 O |;
110 10 0]
011 010

1 0 Ojand|1 O 1

1 01 011

which are 6 in number.

For the given system to be inconsistent |4| = 0. The
matrices for which | 4 |=0are

(1 0 0 1 01 110
01 1(,]0 1 0,1 10
(0 11 1 0 1 0 0 1

@) (i) (i)
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7. @
8. (©
9. @

x 1
Onsolving 4| y [=|0

z 0
We find for 4 = (i)
ByCramer’srule D; =0=D, =D;
-, infinite many solution
For 4 =(i1)
By Cramer’srule D; # 0
=> no solution i.e. inconsistent.
Similarly we find the system as inconsistent in cases
(iii), (v) and (vi).
Hence for four cases system is inconsistent.
If A is symmetrie then b=c
= |4=a’ -b* = (a+b)a-b)
Which is divisible by p if (a + b) is divisible by p or
(a - b) is divisible by p.
Now (a + b) is divisible by p if (a, b) can take values
Lp-1),2,p-2).3,p-3)...(p-1.1)
- (p—Dways.
Also (a — b) is divisible by p onlywhen a —b=0
1.e. a=b, then (a, b) can take values (0,0) (1,1), (2,2).....
®Y.p-2)
.. p ways.
If 4 is skew symmetric, thena=0and b=—cor b+c=0
which gives |4|=0when 52 = b=0,c=0
But this possibility is already included when 4 is
symmetric and (a, b) = (0, 0).
Again if 4 is both symmetric and skew symmetric, then
clearly A4 is null matrix which case is already included.
Hence total number of ways=p+(p—-1)=2p—1
Trace A =a+ a=2ais not divisible by p
= aisnot divisiblebyp =a = 0
But |4| is divisible by p = a? — bc is divisible by p

. . e l
It will be so if on dividing a? by p suppose we get m—
p

then on dividing be by p we should get ni for some
p

integeral values of m, nand /.
1.e. the remainder should be same in each case, so that

a® —bc ! !
=|m+—|=| n+—| =(m—n)=aninteger
p p p

For this to happen a can take any value from 1 to p—1,
also if b takes any value from 1 to p—1 then ¢ should
take only that value corresponding to which the
remainder is same.

. No.ofways=(p—1)x (p—1)x1=(p-1)~

Total number of matrices

= total number of ways a, b, ¢ can be selected
=pxpxp=p’.

Number of ways when det (A) is divisible by p and
trace (A) # 0 are equal to number of ways det (A) is
divisible by p and trace (A) is not divisible by

p=(-1y

10. @

1. (@)

12. ()

1. (@

Also number of ways when det (A) is divisible by p
and trace A =0 are the ways when bc is multiple of p
=>b=0o0rc=0
for 5=0, ¢ can take values 0, 1,2, ....... ,p—1
For ¢c=0, b can take values 0, 1,2, ............ ,p—1
Here (b, ¢)=(0, 0) is coming twice.
.. Total ways of selecting bandc=p+p—1
=2p-1

.. Total number of ways when det (A) is divisible
byp=(p-17+2p—1=p?
Hence the number of ways when det (A) is not divisible
by p=p* - p*.
From equation (E), we get

a+8b+7c=0

9a+2b+3c=0

atb+c=0

1 8 7
Here |9 2 3|=0,
1 1 1

Therefore system has infinite many solutions.
Solving these, we get b=6a and c =—T7a
Now (a, b, c)lieson2x+y+z=1=>b=6,c=-7
. 2a+6a-Ta=1=a=1
w Ta+tb+c=7+t6-7T=6=>b=6,c=-17
Ifa=2thenb=12,c=-14

3 1 3 3 1 3
- a)_a”g”g o o2 o
=30+1+3@?=1-3=-2
Ifb=6thena=1,¢=-7
.. Equation becomes x2+ 6x—7=0or (x+7) (x—1)=0
whose roots are 1 and —7.
Leta=1landB=-7

N l_l):w[é)n:Lﬂ
g(l 7 ,; 7 1—2

H. Assertion & Reason Type Questions

The given equations are
x-2y+3z=-1
—x+y-2z=k
x=3y+4z=1
1 -2 3
Here D=|"1 1 -2/=0
1 -3 4
1 -1 3
and Dy=-1 k 2/=k-320ifkz3
1 1 4

If k # 3, the system has no solutions.

Hence statement-1 is true and statement-2 is a correct
explanation for statement - 1.
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I. Integer Value Correct Type

(0) We haveo = cos%ﬂsin% = = +21\/§

l+o+o’ =0ando’ =1

2

z+1l w
2
+ 1 =
Then w2 zZ+ 0
0] 1 zZ+w

Cl(—) C1+C2 +C3

z+l+ o+’ 0] »?

= z+l+o+0?  z+0® 1 |=0
z+1+0+0? 1 zZ+w
1 ® ?

=zl z+o® 1 |=0

1 1 zZ+w

= z[l(z2 +ZO+20° +@° —1)—a)(z+(o—l)+

w? (1—z—w2)=0

2

= z[zz+zw+zw2—zw—w2+w+w2—zw —w4]=0

:z[zz]=O:z3=O:z=0
. z=101s the only solution.
2k-1 2k 2Vk

@ |4=pvk 1 -2%
20 2k -1

2%k-1 0 21k

=2Vk 142k 2 o e -,
2k 142 -1
2%-1 0 2k

=k 0 1-2 R R,-R,

2k 142k -1
= (1+2k) 8k —4k +4k% +1) = 2k +1)°
Also|B| = 0as B is skew symmetric of odd order.
- |Adj Al+|Adj B|=|A]* +[B* =10°
= 2k+1)=10° = 2k+1=10 = k=45
L [k]=4

(&)]
q b ¢
a b g
[ay B ¢ [0] [-1] B=-1
then a b2 (%)) 1 — 2 = b2 =2
_a3 b3 C3 O_ L 3 b3 =3
[a; & ¢ ][1 1] a-b =1
a b2 (4] -1(=11 = a2—b2=1
_a3 C3 C'3 0 _—l_ a3 —b3 =-1

=a;=0,a,=3,a,=2

aq b
and a bz C 1 — 0
as b3 C3 1 12

. Sum of diagonal elements =a, +b, +¢;=0+2+7=9

q ||l
! Say+byt+c3 =12

=3 =7

2 3

X X 1+x
@ |2x 4x? 1+48x3 =10
3x 9x% 1+27%3
1 11 1 1 1
=x2 4 1+x%2 4 8|=10
391 3 9 27
Operating C,—C;, C;—C, for both the determinants,
we get
1 0 0 1 0 0
=>x32 2 -1|+x%2 2 6|=10
36 2 3 6 24

=>x3(4+6)+x6(48-36)=10
=23+ 12x0=10= 6x0+x3-5=0
1

:>(6x3—5)(x3+1)=o:>x=(%)5,—1

ay z- —1+2ix/§

, (_Z)I' Z2S (_Z)I' ZZS
Pe=
zZs 2 zZs s
ZZr +Z4S

Z2s ((_Z)r + Zr) Z4s + ZZr

For P2 =—1 we should have
72 +7%=_1and 225 ((-2)" +z")=0
=z¥+75+1=0and (—z)' +z'=0
= ris odd and s =r but not a multiple of 3.
Which is possible when s=r1 =1

-. only one pair is there.

=z3=1land1+z+22=0
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| IEZ -2 JEE Main/ AIEEE

1. (¢
2. @
KA )
4 (o)
5. @

a b ax+b clearly 4 0. Also|4|=-1%0
We have | ¢ bx+c (-1 0 0
ax+b bx+c 0 .'.A_l exists,further (—1)]= 0 -1 0|#4
ByR; - R;— (xR, +R,); [0 0 -1
a b ax+b [0 0 -1][0 0 -1
=6 ¢ bx+c Also £2=/0 -1 0|0 -1 0
0 0 —(ax*+2bx+C) -1 0 of[-1 0 o©
= (ax? +2bx + c)(b? — ac) = (+)(-) =-ve. 10 0
For homogeneous system of equations to have non
zero solution, A=0 =0 1 0|=1
Il 2a a [0 01
1 36 b[=0C,>C,-2C, 4 2 2
bde e 6. @ Giventhat 10B=|-5 0 «
I 0 a 1 -2 3
i 2b b=0R3—)R3—R2,R2—)R2—R1 1_4 2 9
©° =B=—|-5 0 «
10
1 0 a |1 -2 3
0 b b-a=0 Also since, B=A"'=4B=1
O Zemb et 11 1][4 2 2] [t 0 0
b(c—b)-(b—-a)2c-b)=0 1 B
3521—3—50a=010
2 1 1
On simplification, —=—+— 11 1|1t =2 3] (001
b a ¢ )
. a,b,c are in Harmonic Progression. . 10 0 5-2 1 00
" n = EOIO—5+0L=OIO
oo o 0 0 S5+a |0 01
A=| 0" o 1 5
-a
O)Zn 1 ®" = T=0:0L=5
7. () Letrbethecommon ratio, then
_ 3n _q\_ n( 20 _  2n 2n( n __4n
= 1(0) 1) ® (0) ® )+0) ((o ® ) loga, loga,, loga,,,
=m3n_1_0+m3n_m6n logan+3 loga,,+4 10ga,,+5
=1_1+1_1=0|:.'. 0)3n=1:| 10gan+6 10gan+7 10gan+8
logayr™™!  logap"  logayr™!
Az—aB—abab gln+2 gln+3 gln+4
B al |k allb a =|logar log ayr logayr
n+5 n+6 n+7
) 2+ 2ab logayr loga;r loga;r
2ab  a* +b? loga; +(n—1)logr loga; +nlogr loga; +(n+1)logr
a=a2+b2;l3=2ab =|loga; +(n+2)logr loga;+(n+3)logr loga; +(n+4)logr
loga; + (n+5)logr loga;+(n+6)logr loga, +(n+7)logr
0 0 -1 | |
A=0 -1 0 =0 [Applyczﬁcz—gcl—z%}

-1 0 O
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8. (@ Given 42-4+71=0
A - ara =40
(Multiplying A" on both sides)
= A-1+4"'=00r 47 =1-4.
9. (@ ox+y+z=a-1

Xxtaytz=a-1;
xtytza =a -1

a 1

1
A=|1 o 1

1 1 a
= a(a?-)-1(a-1)+1(1-a)

=o (a—-D(a+)-l(a-1)-1(a—1)
For infinite solutions, A=0

= (@ -Da?+a-1-1=0
= (@ -Do?+a-2]=0 = a=-2,1;
Butazl.. a=-2
10. d Applying, C] — G+ Gy +Cywe get
4@ +b2+2+2)x  (1+6%)x (1+cP)x
f@={1+@® +b* +2+2x  1+b%x  (1+c*x)

1+(@ +b* +c* +2)x  (1+4b%)x  1+cx

1 (1+6H)x (1+cP)x
=1 1+b*x (+c%x)
1 (1+6%)x  l+cx
[As given that a®+ b + 2 =-2]
s at b +ct+2=0
Applying R >R —Ry, Ry > Ry, — R4
0 x-1 0
L fx)=(0  1-x x-1
1 (l+b2)x 1+c%x

fa) = (x-1)? Hence degree =2.
1. ® -a,a0,a,.... arein GP.

o Using g, = ar"~! ;we get the given determinant,

as
logar"  logar" logar"*!
logar™? logar™3 logar™*
logar™> logar™® logar™’

Operating C; — G, and C, —C; and using

m
logm —logn =log— we get
n

12. ()
13. @
14. @
15. (@
16. @
17. @

Topic-wise Solved Papers - MATHEMATICS

1

logar"™ logr logr
=|logar™? logr logr
logar™ logr logr

= 0 (two columns being identical)
A*> - B%*=(A-B)(4+B)
A -B*=4*+4B-BA-B*> = AB=BA

1 2 a 0
A= B=
3 4 0 b
a 2b
AB =
3a 4b

a 0f1 2 a 2a
B4 = =
0 b||3 4| [3b 4b
Hence, AB=BA onlywhena=5
.. There can be infinitely many B’s for which AB = B4

1 1 1

Given,D=|1 1+x 1
1 1 14y

ApplyR, > R,—R,andR = R;—R,
1 11

~D=[0 x 0|=xp
0 0 y

Hence, D is divisible by both x and y

1
|42 =25 | 4P=25 = (250) =25 = |al=3

Let A=[a b]thenA2=I
c d

=a?+bc=1 ab+bd=0

ac+cd=0 bec +d*=1

From these four relations,
a’?+bc=bc+d? = a*=d?

and bla+d)=0=c(at+d)=>a=-d

Wecantakea=1,6=0,c=0,d =-1 asone

possible set of values, then 4 = [(1) OJ
ClearlyA#Iand 4 #—I and det4=-1
.. Statement 1 is true.
Alsoif 4 # I'then tr(4)=0
.. Statement 2 is false.
The given equations are
—x+cy+bz=0
cx—y+az=0
bx+ay—z=0
-+ x,y, zarenot all zero
.. The above system should not have unique (zero)
solution
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18.

19.

20.

L ] M-S-241

-1 ¢ b
=>A=0=>|c -1 a|=0
b a -1

=-1(1-a?)—c(-c—ab) + b(ac + b)=0
=>-1+a?+b*+?+2abc=0
= a?+b?+c2+2abc=1

(¢) -- Allentries of square matrix A are integers, there-
fore all cofactors should also be integers.
Ifdet A =+ 1 then 4! exists. Also all entries of 47!
are integers.

d Weknow that | adj (adj A) | = |adj A|2 1

=14| =14

.. Both the statements are true and statement -2 is a

correct explantion for statement-1 .

a a+l a-1 a+l1 b+1 c—1

-b b+1 b-1|+| a-1 b-1 c+1 |=0
(b)

¢ c¢—-1 c+1

(_1)n+2a (_1)n+1b (_l)nc

n+2
0 asl astl |t oa-1 (-)2a
= |-b b+1 b-1+ [p+1 b-1 (-1)"'b|=0
c+l l (_l)nc

c —
(Taking transpose of second determinant)
Cl L C3

(_1)n+2 a
(-1)"*2(-b) b-1 b+1|=0
(_1)n+2c

¢ c-l c+1

a a+l a-1 a-1 a+l

= [-b b+1 b-1-

¢ c—1 c+l1

c+l c¢c-1

C2 ©C3
a+l a-1

b+1 b-
c—1 c+1

a a+l a-1 a
b b+l b-1|+(=D)"? |-b
¢ c¢—-1 c+1 c

a a+l a-1

-b b+1 b-1|=0
c c-1 c+l
G,-C, GG-C

a 1 -1

-b 2b+1 2b-1(=0
c -1 1

= :1+ (-1)"*2]

- [1+(_l)n+2]

R+ R,

a+c 0 0

-b 2b+1 2b-1|=0
c -1 1

> [1+(- l)”+2](a+c)(2b+l+2b 1)=0
= 4b(a+c)[1+(1)""2]=0

= 1+(1)"*2=0asb(a+c) =0

= n should be an odd integer.

- |:1+(_1)n+2]

11=0

21.

22.

23.

24.

25.

26.

©

b

©

@

@

@

1 ..|are 6 non-singular matrices because 6
1

blanks will be filled by S zeros and 1 one.

1
Similarly, | = " | are 6 non-singular matrices.
1

So, required cases are more than 7, non-singular 3 x 3
matrices.

Let A=(a bj wherea,b,c,d 0
c d

2[e b)fe b 2 [a*+bc ab+bd
¢c dlec d) =4 = 2
ac+cd bc+d

= az+bc=1,bc+a’2 =1

ab+bd =ac+cd =0
c#0andb#0 = a+d =0=>Tr(A)=0

| A|=ad —bc =—a® —bc = -1

1 21 321
D=2 3 1|=0 D=3 3 1{#0
352 152

= Given system, does not have any solution.
= No solution

4 k 2
A=0= |k 4 1|=0
2 21

=4(4-2)-k(k-2)+2(2k-8)=0

= 8-k +2k+4k-16=0 k*-6k+8=0

= (k—4)k-2)=0,k=4,2
~A'=A,B'=B

Now (A(BA))' =(BA)'A’

= (A'B)A’'=(AB)A=A(BA)

Similarly ((AB)A)' =(AB)A

So, A(BA) and (AB)A are symmetric matrices.

Again (AB) =B'A’=BA

Now if BA = AB, then AB is symmetric matrix.

1 0

Let Au; =| 0 |and Auy =| 1

0 0

1) (0

Then, Au1 +Au2 =10 (+|1

0) 10
1

= A(u1 +Uy ) =1 (D

0

EBD_7202
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27. (c)

28. (b

29. (@

30. @

100
Also, A=|2 1 0|=4=1(1)-0Q2)+0(4-3)=1
321

We know,
ATl= ﬁad]‘A = A7 =adj(A) (- |A|=1)
Now, from equation (1), we have
1
i =47 (1) = U+ =A7L

1 0 01y |1

=2 1 0|l1|=]1

1 -2 1t0) |1
Given P3= (3 (D)
and P20 =Q?P Q)
Subtracting (1) and (2), we get

PP~ PQ=0’- 0°P

= P*(P-Q)+0*(P-0)=0
= (P2+0H)(P-Q)=0=|P*+ Q% =0asP=Q
|P|=1(12-12)— (4 —6) +3(4—6)=2a—6
Now, adjA=P = J|adjA|=|P|

= |AP=|P|=|P|=16
= 2a-6=16 = a=11
Consider

3 1+ £()
1+/1)  1+£(2)
1+£2) 1+10)

1+ £(2)
1+ £(3)
1+ f(4)
1+a? +p?
1+o> +p°

1+a4+[34

I+1+1 I+a+p
1+a2+[32

l+0t3+[33

1+a+p
1+ + [32
1 1 1 1 1 1
=1 «a B [x{1 «a B
1 o B2 |1 o p?

=1 o B |=[1-a)1-B)-P)>
1 az Bz
So, [k=1

BB'= B(4'4")' = B(4) (47} =BA (4

= (47 4™
=414 .A'.(A“)'
=K4~'4)
=1I1=1?=]

{as AA'=A'A}

31. (@

32. (b

33.

34. d

Topic-wise Solved Papers - MATHEMATICS

2X1 —2X2 +X3 = }\,Xl
2X1 —3X2 + 2X3 = }\,Xz
X1+ 2X2 = }\,X3
=  (2-Mx-2x,*t%;=0
2X,—(3+A)x, +2x,=0
=X, t2X,—2AX3=0
For non-trivial solution, A=0
2-) -2 1
Le.| 2 —B+A) 2(=0
-1 2 -\
= Q2-M)[M3+A)—-4]+2[2A+2]+1[4-(3+A)]=0

SAM+A-50+3=0=A=1,1,3
Hence, A has 2 values.

1 2 21 2 al |9 00
2 1 =2{2 1 2(=|0 9 0
a 2 b2 -2 bl [0 09
1+4+4 2+42-4 a+4+2b 900
N 2+2-4  4+1+4 2a+2-2b|=|0 9 O
a+4+2b 2a+2-2b a’+4+b*| [0 0 9
—>a+4+2b=0=>a+2b=-4 1)
2a+2-2b=0=2a-2b=-2
=>a-b=-1 (11
On solving (i) and (ii) we get
—1+b+2b = -4 (1)
b = —landa=-2
(a,b)=(-2,-1)
For trivial solution,
1 A -1
A -1 -1|=0
1 1 -

=-MA+D)(A-1)=0
=A=0,+1,-1

Aadj A)=A AT

= A'A(adjA)=ATAAT

adjA=AT
2 b 5a 3
= =
-3 5Sa -b 2
=>a=—andb=3
5
=5a+b=5
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