Matrices

Questionl

cosx —sinx O
Consider the matrix /(x) = [ sinx cosx O ]

0 0 1

Given below are two statements :
Statement I: f(—x) is the inverse of the matrix f(x).
Statement Il £(x)/ () =f(x+¥).

In the light of the above statements, choose the correct answer from the
options given below

[27-]Jan-2024 Shift 1]
Options:

A.

Statement I is false but Statement II is true
B.

Both Statement I and Statement II are false
C.

Statement I is true but Statement II is false
D.

Both Statement I and Statement II are true

Answer: D
Solution:
cosx sinx 0
f(_l':' o —sinx cosx 0O
0 0 1
1 0 0

== | 01 . | =I



Hence statement- | is correct

Now, checking statement Il

cosy —siny 0
fo)= [ siny cosy 0 ]
0 0 1

cos(x+y) —sin(x+y) 0
fix)-fO) = [ sin (x+3)  cos(x+y) 0 ]
0 0 1
=>1(x) - fly) = fix +y)

Hence statement-Il is also correct.

Question2

Let A be a 2 X 2 real matrix and I be the identity matrix of order 2 . If
the roots of the equation |A — xI| = 0 be -1 and 3, then the sum of the

diagonal elements of the matrix A2 is...............

[27-Jan-2024 Shift 2]

Answer: 10

Solution:
ld—xI|=0

Roots are -1 and 3
Sum of roots =tr(4)=2

Product of roots = | 4| =-3

a b
Letd= [ ]
c d

We havea+d=2

ad —be=-3

Agz[a b]x[a b ] =[ a*+bc ab+bd ]
c d c d ac+ed be+d*
We need a’ +bc+be+d*

=g’ +2bc+d*

=(a+d) —2ad +2bc

=4-2(ad —be)

=4-2(-3)

=4+6

=10



Question3

1 0 0
Let4a=| 0 « p | and |24 =2"" where a, g € Z, Then a value of a is

0 f a

[29-Jan-2024 Shift 1]
Options:

A.

3

B.

Answer: B

Solution:

14| = -

124 P =215 4| =2*

o —f =16

(a+fa—pf)=16=2a=4 or 5

Question4
Let A be a square matrix such that AAT =1. Then %A[{A—-AT}E +(A-AT)]is equal to

[29-]Jan-2024 Shift 1]



Options:
A.

A2 +1
A3 +1

A% + AT

D.

A3 + AT
Answer: D

Solution:

AAT=1=A"A
On solving given expression, we get
%.4[;42 g T

= A2+ (AT =B+ AT

Question>
21 2 1 2 0

Let 4= 6 2 11 and P= 50 2 . The sum of the prime factors of |P'1AP—21| is equal to
3 3 2 7 1 5

[29-]Jan-2024 Shift 2]

Options:
A.
26
B.

27



C.
66
D.
23

Answer: A
Solution:
P lAP-21| =P tAP-2P P
=P {(A-2D)P|
=P Y |A-21||P
= |A-2]]
o

6 0 11
3 3 0

=060

So, Prime factorof 69 is 3 & 23

So, sum =26

Question6

x 00
0y 0
LetR = ( 00 : ) be a non-zero 3 X 3 matrix, where

sin@=ysin [0+ ZE) =zsin (6+ 4Z) 20, 6 € (0, 27).
xsin 0=ysin (0+ 5F) =zsin (0+ 5F) #0,0€ (0, 27) For a square matrix M, let trace (M)

denote the sum of all the diagonal entries of M. Then, among the
statements:

(I) Trace (R) =0

(IT) If trace(adj (adj(R)) = 0, then R has exactly one non-zero entry.
[30-Jan-2024 Shift 2]

Options:

A.

Both (I) and (II) are true



B.

Neither (I) nor (II) is true
C.

Only (II) is true

D.

Only (I) is true

Answer: C

Solution:

e 2y . 4z
xsin 8 =ysin (6‘+ ?) = Z8in (9+ 3 )7:0
=xy, zx0
Also.

2T 4

sin 8+ sin (8+ ?) + sin (H— ?) —0V8ER

ey Lol e B

S
=2xytyztzx=0

(i) Trace(R) =x+y+z
If x+y+z=0 and xy+yz+zx=0
=x=y=z=0
Statement (1) is False

(i) Let P: trace (Adj(Adi(R))) =0

Q : R has exactly one non zero entry
if P isfalse then P — Q is always true

Statement (11) 1s True

Question7

Let 4 be a 3 x 3 matrix and det(4) =2. If
n = det(adj(adj(...... . (adj.4))))

L J /
2024 — times

Then the remainder when n is divided by 9 is equal to

[31-Jan-2024 Shift 2]



Answer: 7

Solution:

|A| =2
. . . _ A (ﬂ o l]ﬂ:']-i-
adj(adj(adj.....(a))) =/

. L
2024 - times

2024

~2024
=22
22024 _ (922022 _ )67 _ g9 1y674
=i 4(mod 9)

2024
=2 =0m+4, m«— even

2"274 =16 (2°Y™ = 16(mod 9)

=7
Question8
V2 1 1 0
If 4= ],B: [ ],C:ABAT and X =ATC?A, then detX is equal to :
-1 V2 1 1

[1-Feb-2024 Shift 1]

Options:
A.

243

729

C.

27

D.
891

Answer: B

Solution:



A= V2 1 :|=:-dct(A)=3
| -1 V2
T 10

B= :|=:-det(B)=1
[ 11

Now C = ABAT = det(C) = (det(A))'x det(B)
IC1 =9
Now [X| = |JATC?A]

=|A"l1CF| Al

= AP | Clz

=0=81

=729

Question9

Let A = I — 2MMYT, where M is real matrix of order 2 x 1 such that the

relation MTM = I holds. If 2 is a real number such that the relation AX

= AX holds for some non-zero real matrix X of order 2 x 1, then the sum
of squares of all possible values of A is equal to :

[1-Feb-2024 Shift 2]

Answer: 2

Solution:

A=1,-2MM'

A’ =(1,—2MM')(I, -2MM")
=1,-2MM' -2MM" +4MM MM’
=1,—4MM" +4MM"

=1,



Sum of square of all possible values =2

Questionl0

If A and B are two non-zero n x n matrics such that A2+ B = AZB, then
[24-Jan-2023 Shift 1]

Options:

A . AB =1

B.A’B =1
C.A°=lorB=1I
D. A’B = BA?
Answer: D

Solution:

A2+ B =A’B
(A’=D)B-1)=1I
A+ B =A’B
A’ B-1)=B
A’=BB-1)"!
A2 = B(A% -1)

A2 =BA’-B

A% + B = BA?
A’B = BA?

Questionll



The number of square matrices of order 5 with entries from the set
{0, 1}, such that the sum of all the elements in each row is 1 and the
sum of all the elements in each column is also 1, is

[24-Jan-2023 Shift 2]

Options:
A. 225
B. 120
C. 150
D. 125

Answer: B

Solution:

Solution:

e e

In each row and each column exactly one is to be placed -
.. No. of such matrices =5x4x3x2x1=120

Alternate :
(0 01 0 0]>5ways
01 0 0 0|->4ways
0 0 01 0|->3ways
0 0 0 0 1]|—>2ways
1 0 0 0 0fj—1ways

Step-1: Select any 1 place for 1 's in row 1. Automatically some column will get filled with 0 's.

Step-2 : From next now select 1 place for 1 's. Automatically some column will get filled with 0 's. = Each time one less
place will be available for putting 1's.

Repeat step-2 till last row.

Reg. ways =5x4x3x2x1=120

Questionl12

Let A be a 3 x 3 matrix such that |adj(adj(adjA))| = 12%. Then
|A'1ade-| is equal to

[24-Jan-2023 Shift 2]

Options:

A.2V3

B. V6



C.12
D.1

Answer: A

Solution:

Solution:
Given |adj(adj(adj . A))| = 12*
S AP = g2t
We are asked
|A™ - adjA|
= |A7! |- |adjA]
1 3-1
A 1A
|A| =2V3

Questionl3

Letx,y,z>1 and

1 logy logz

A= logx 2 loggz .
logx logy 3

Then |adj(adjA?) | is equal to
[25-Jan-2023 Shift 1]
Options:
A. 6*
B. 28
C. 48

D. 2%

Answer: B

Solution:
Solution:
logx logy logz
| A 1 logx 2logy logz =2

- logx -logy -logz
logx logy 3logz

4
=>|adj(ade2)-| - |A2-| = 28

Questionl4



o
o

Let A = , and B = [ . ],wherei=\/—1.IfM=ATBA,
V10 V10
then the inverse of the matrix AM 2°23AT is
[25-Jan-2023 Shift 2]
Options:
A [ 1 —2023i ]
Lo 1 |
B. 1 0
| —2023i 1 |
c. [ 1 o ]
[ 2023i 1
D. [ 1 20231 |
[ 0 1
Answer: D
Solution:
Solution:
1 3
V10 V10
T _ -3 1 1 -3 B 1 ]
AR = Vio vio-°Vio Vio = [
3 1
V10 V10
B2=[1 —1][1—1]=[1—21]
0 1 0 1 0 1
B = [ 1 -3i ]
0 1

2023 _ [ 1 —2023i ]
0 1
M = ATBA
M? =M M =ATBAATBA = ATB?A
M3 = M?-M = ATB?2AATBA = ATB3A

.M2023 I e e ATB2023 7
AM2023AT — AATBZOZBAAT — B2023
: [ 1 —2023i ]
0 1



1 2023i ]

Inverse of (AM2%23AT) is [
0 1

Questionl5

Let A, B, C be 3 x 3 matrices such that A is symmetric and B and C are
skew-symmetric.

Consider the statements

(Sl)Al?’B26 - B2°Al3 is symmetric

(S2) A%eci3 — c13A%% §s symmetric

Then.

[25-Jan-2023 Shift 2]

Options:

A. Only S2 is true

B. Only S1 is true

C. Both S1 and S2 are false
D. Both S1 and S2 are true

Answer: A

Solution:

Given,A"=A,B"'=-B,C' = -C
Let M = Al3B26 _ g26513
Then, M T — (A13B26 _ B26A13)T
— (A13B26)T _ (B26A13)T
— (BT)ZG(AT)B _ (AT)13(BT)26
— B26A13 _ A13B26 — _\
Hence, M is skew symmetric
Let, N = A*°C'® — C'3A%°
then, NT — (A26C13)T _ (C13A26)T
= —(C)13(A)%6 + A6C13 = N
Hence, N is symmetric.
-~ Only S2 is true.

Questionl6

Let a and B be real numbers. Consider a 3 x 3 matrix A such that

A% = 3A + al. If A* = 21A + BI, then
[29-Jan-2023 Shift 1]

Options:
A.a=1

B.a=4



C.p=8
D.B=-8
Answer: D

Solution:

Solution:
A% =3A + ol
A% =3A%+aA
A% =3(3A + al) + aA
A3 = 9A + A + 3al
A = (9 + 0)A? + 30A
= (9 + a)(3A + «l) + 3aA
=A(27 + 6a) + a(9 + o)
=227+b6a=21=>a=-1
>B=u0(9+a) =-8

Questionl?7

The set of all values of t € R, for which the matrix

e’ e Ysint— 2cost) e Y(—2sint — cost)
e' e '(2sint+cost) e (sint—2cost)

et e ‘cost e 'sint

is invertible, is
[29-Jan-2023 Shift 2]

Options:

A. {(2k+1)g,kez}
B. {kn+ g,kez}
C. {km, k € Z}

D. R

Answer: D

Solution:

Solution:
If its invertible, then determinant value #0
So,

e' e Y(sint—2cost) e Y(—2sint— cost)
e' e Y2sint+ cost) e Ysint— 2cost) =0

e' e 'cost e 'sint



1 sint—2cost —2sint— cost

=e'-et-et 1 2sint+cost sint—2cost =0

1 cost sint
Applying, R, » R, =R, thenR, » R, — R,
We get

0 —sint—cost —3sint+ cost
e'| o 2sin t —2cost =0
1 cost sint
By expanding we have,
e 'x 1(2sin tcost + 6cos’t + 6sin %t — 2sin t cos t) =0
e 'x6=0
for Vte

Questionl38

Let A be a symmetric matrix such that |A| = 2 and

2 1
, 3 ] A= [ (1x ; ] . If the sum of the diagonal elements of A is s,
2
then % is equal to .

[29-]Jan-2023 Shift 2]

Answer: 5

Solution:

-]

Now ac —b®*=2and 2a+b =1and 2b +c = 2
solving all these above equations we get

1-Db 2—-2b 2 _
— x( 1 )—b—2
>(1-b)?-b%=2
=1-2b=2
__1 _ 3 _
=>b——§anda—zandc—3
_ 3b_9_3_3
Hence a = 3a + > =1 1 5
- 3c__3,9_
andﬁ—3b+2— 2+2 3
- = 15
alsos=a+c= 1
.._S_%_5
o 2
4><4

Questionl19



Let A = (m“ ),d= |A =0

b q

A — d(AdjA) ‘ =0

Then
[30-Jan-2023 Shift 1]

Options:

A (1+d)?=(m+ q)?
B. 1+ d* = (m + q)?
C.l+d?=m*+q°
D.1+d*=m?+ ¢
Answer: A

Solution:

Solution:

Sol. A= mn], |A—d(ade)|=O

P q
mn]_d[q—n]|
P q -p m

| A=-d(adjA) | =

| m-qd n(l+d)
p(l+d) g—md

(m — qd)(g — md) —np(1 +d)> =0

= mq-m°d —q’d +mgd?-np(1+d)* =0

= (mq—np)+d2(mq—np)—d(m2+q2+2np)=0
= d+d’-d((m+q)?*-2d)=0

> 1+d?’=(m+q)?-2d

= (1+d)?=(m+q)?

Question20

If P is a 3 x 3 real matrix such that PT = aP + (a - 1)I, where a > 1, then
[30-Jan-2023 Shift 2]

Options:

A. P is a singular matrix
B. |AdjP| > 1

C.|AdjP| = 1

D. |AdjP| =1

Answer: D

Solution:



Solution:
PT=aP+(a—1)I
>P=aP +(a—1)I

= PT—P=a(P-P’)
=P=PT, as a=#= -1
Now, P=aP+ (a—1)I
=>P==-I=|P| =1

= |AdjP| =1

Question21
1 0 O

Let A = 04 -1 . Then the sum of the diagonal elements of the
0 12 -3

matrix (A + )1 is equal to:
[31-Jan-2023 Shift 1]

Options:
A. 6144
B. 4094
C. 4097
D. 2050

Answer: C

Solution:

Solution:

10 0 10 0
A= 0 4 -1 0 4 -1
-3 -3

0 12 0 12

10 0
= [ 0 4 -1 ] =A
0 12 -3
sAT=A= ... =
A+nt="caAt +M"c, A"+ . e A+ eI
=(MC,+MCy+ ... MG A+

=M -1DA+1=2047A+1
. Sum of diagonal elements = 2047(1+4—-3)+3
= 4094 + 3 = 4097

Question22

Let A = [aij], a;; €7Zn[0,4],1 =i, j = 2. The number of matrices A such

that the sum of all entries is a prime number p € (2, 13) is
[31-Jan-2023 Shift 2]



Answer: 204

Solution:

Asgivena+b+c+d=3o0or50r7o0rll
if sum =3
(T+x+x2+.. . +x)to%
1-x)'1-x)""*-%
CA4+3-1~ _ 64~ _
o C,="C;, =20
If sum =5
(1 - 4X5)(1 - x)_4 - x°
If sum =7
(1 - 4X5)(1 - x)_4 ->x’
4+5-1 44+0-1 _ 8 _
= C, - C,="C,—4 =52
Ifsum =11
(1 - 4x° + 6x10)(1 — x)_4 - x'1
4+11-1 4+6-4 4+1-1
= C,,—4: Cst+6- C,
='C,, —4-°C,+6.4 =364 — 336 +24 =52
Total matrices = 20+ 52 + 80 + 52 = 204

Question23

Let A be a n X n matrix such that |A| = 2. If the determinant of the

matrix Adj(2 . Adj(2A™1)). is 284, then n is equal to
[31-Jan-2023 Shift 2]

Answer: 5
Solution:

| Adj(2 Adj(2A71))|

= | 2Adj(Adj(2A™ )" !

— 2n(n—1) | Adj(ZA_l)ln_l

— 211(11—1) | (2A—1)|(n—1)(n—1)

— 2n(n—1)2n(n—1)(n—1) | A—ll(n—l)(n—l)

— 2n(n—1)+n(n—1)(n—1) 1

I
2n(n— 1)+nn—-1)(n—-1)

2(n—1)2
— pnn—1)+nm+ 12— (n-1)2
— pn- 1)n?-n+1)

Now 2(n—1)(n2—n+ 1)

2(n—1)(n2—n+1) — 84
So,n=5




Question24

IfA = %[ ] ],then:
-v3 1

[1-Feb-2023 Shift 2]
Options:

A AP — AP =21
B.AY+A® +A=1
C.AY+A® —A=1

D. A30 — A25

Answer: C

Solution:

Solution:
Ao l[ 1_ & ]
2L -v3 1
A= [ cos60° sin 60° ]
—sin 60° cos60°

cosa sina

IfA=[ ]Here(x=

wiA

—sina cosa

_[ cos2a sin2a ]

- —sin 2a cos2a

A0 _ [ cos30a sin 30a ]
—sin 30a cos30«

A30=[10]=I
01

A® =A
A®-A=0

Question25

Let A = [aij]2 x 27

all diagonal elements of Aand b = | A|. Then 3a® + 4b? is equal to :
[6-Apr-2023 shift 1]

where a; # 0 for all i, j and A? = I. Let a be the sum of |

Options:
A. 14
B.4

C.3



D.7

Answer: B

Solution:

Solution:

A’=1=|A|> =1=|A| =+1=D)
o« B

y 6

a B
y 6

[ o>+ By op +B6 ] [ 10
ay +y6 yB + 6% 01
(x+6)p=0=>a+6=0=a
(x+8)y=0

By +6%=0

Now 3a’+4b%=3(0)2+4(1)=4

Let A =

a B |
y 6

A% = I

] o+ By =1

Question26

Let P be a square matrix such that P> =1 - P. For a, B, y, 6 € N, if
P+ PP = yI - 29P and P* - PP = 61 — 13P, then a + B + y — 6 is equal to :
[6-Apr-2023 shift 2]

Options:
A. 40
B. 22
C.24
D. 18

Answer: C

Solution:

Solution:

P°P=1-P

P® + PP = yI — 29P

P*— PP = 61 — 13P
P*=(I-P)?=1+P?>-2P
P!=1+1-P-2P=21-3P
pP® = (PY)? = (21 — 3P)? = 41 + 9P*> — 12P
=41+ 9(I-P) — 12P

P® = 131-21P... (1)

pé =p*. P2 = (21-3P)(I-P)
= 21 — 5P + 3P?
=21-5P+3(I1-P)
=5I-8P...(2)

(1) +(2)

P® + P% = 181 — 29P

(1) —(2)

p® — pPS = g1 - 13P



From(A) a=8, B=6
y=18
6=8
a+Bp+y—-6=32-8=24

Question27
2 1 0

Let A = 1 2 -1 . If |adj(adj(adj 2 A))| = (16)", then n is equal to
0 -1 2

[8-Apr-2023 shift 1]
Options:

A.8

B.9

C.12

D. 10

Answer: D

Solution:

Solution:

|A| =2[3]-1[2]=4

o adj(adj(adJ;ZA)H

= 128" 5|2 P = 16
= (2°| A|)® = 16"

= (28 x 228 = 16"

- 240 — 161'1
=161Y=16"=>n=10

Question28
v3 1
Let P = 22 ,A=[“]andQ=PAPT.If
13 01
2 2

PTQ%%"p = [ e z ] , then 2a + b — 3c — 4d equal to

C

[8-Apr-2023 shift 1]
Options:

A. 2004



B. 2007
C. 2005
D. 2006

Answer: C

Solution:

Solution:

Q = PAPT

PT. Q7. p=Pr.Q-Q...Q P
= PY(PAPT)(P - APY)... (PT)P.

= (PTP)A(P'P)A.. . A(PTP)

BT p o [ V3/2 -1/2 ] [ —V3/2 1/2 ] ~ [ 10 ] _q
1/2 V3/2 -1/2 V3/2 01
. PT_Q2007_P=A2007

NI ES

- A2007 _ [ 1 2007 ] _ [ ab ]

0 1 c d
a=1,b=2007,c=0,d=1
2a+b—3c—4d =2+ 2007 — 4 = 2005

Question29

If A = [ i 150 ],A'1=(xA+BI and(x+B=—2,then4(x2+[32+2xzisequal

to:
[8-Apr-2023 shift 2]

Options:
A. 14
B. 12
C. 19
D. 10

Answer: A

Solution:
Solution:
1-x 5 2
[A-xI|=0= T =0=x"-11x+10-5A=0
— X

=(10 = 50)A = —A + 111

_ -1 _ +11

= To-s5x 2 B= 155



10

«+B=-2=95_52"

—-2=10-5A=-5=A=3

fda? 4 B4l = 24—5+ %+32=14 Ans.

Question30

If A is a 3 x 3 matrix and |A| = 2, then |3 adj(|3A|A2)| is equal to :
[10-Apr-2023 shift 1]

Options:

A 312.gl0
B. 31.gl0
c. 312. 6l
D. 310. g1

Answer: B

Solution:

Solution:
Given |A| =2
Now, |3adj(|3A]A%)]
|3A| =37 |A|
=3%. (2)
Adj. (|3A]A?) = adj{(3%- 2)A%}
= (2.3%)*(adjA)?
=2%.3%. (adjA)?
|3adj(|3A]A%)| = |2% - 3.3%adjA)?|
= (22.37)* | adjA|?
—26. 321(|A|2)2
= 26.321(p2)2
= 910,321
= 910,310 311
|3adj(|3A]A%)| = 60 3!

Question31
5! 6! 7!

IfA= = | & 7 & |, then |adj(adj(2A))| is equal to
7! 8! 9l

[10-Apr-2023 shift 2]
Options:

A. 216



B. 28
D. 220

Answer: A

Solution:

Solution:

1 6 42
1 7 56
1 8 72

1
Al = 75775!6!7!

R; >Ry~ R,
R)»R,» R,
1 8 42
01 14
01 16

| adjadj(2A) | = | 2A|® Y’
= | 2A*

(23 | A|)4

212 | A |4 ﬁ216

|A|= =2

Question32

01 2
Let A = a 03 , where a, c € R. If A3 = A and the positive value of a
1 c O

belongs to the interval (n — 1, n], where n € N, then n is equal to
[11-Apr-2023 shift 1]

Answer: 2

Solution:

01 2
A=[a03]

1 ¢ O
AP =A

01 2 01 2
A* = a 0 3 a 0 3

1 c O 1 ¢c O



F a+2 2c 3 "
A? = 3 a+3c 2a

" ac 1 2+4+3c °

" a+2 2 307 012
A® = 3 a+3c 2a [ a 03 ]

" ac a 2+3c " 1 ¢c O

) 2ac+3 a+2+3c 2a+4+6¢C
A® = a(a + 3c) +2a 3 + 2ac 6+ 3a+9c ]

- a+2+4+3c ac+c(2+3c) 2ac+3
Given A’ = A

2ac+3=0...(1) and a+2+3c=1
a+1+3c=0
9 _
a+1 Z_O
2a’+2a-9=0
f(1l)<0,f(2)>0

a€(l,?2]

n=2

Question33
L L

Let A = 51
0 1

elements of the matrix nsgol B" is equal to
[12-Apr-2023 shift 1]

Options:
A. 50

B. 75

C. 125
D. 100

Answer: D

Solution:

Solution:

-1 =2
O R
-1 -1 1 1

DC=[ 12 ][_1 _2]=[10]=1
-1 -1 1 1 01

B = CAD

B" = (CAD)(CAD)(CAD)...... (CAD)  es

=B"=CA"D ... (1)

3
0 1

IfB = [ _11 _21 ] A [ _11 _12 ] , then the sum of all the



wu
3
o
=
<
>
|
>
w
I
—
-
(@]
|
| e

n n
n n
51 751
25 =50 25 ]_[ 75 25]

—-25 —=25-50 —25 25
Sum of the elements = 100

50
fw-

n=1

Question34

The number of symmetric matrices of order 3 , with all the entries from
the set {0, 1, 2, 3,4, 5,6, 7, 8, 9}, is
[13-Apr-2023 shift 1]

Options:
A.10°
B. 10°
C. 9"
D. 6

Answer: B

Solution:

Solution:

a b c
A= [ b d e ],a,b,c,d,e,fE{O, 1,2,....9}, Number of matrices =10°

c e f
Question35
1 3 «
Let B = 12 3 , a > 2 be the adjoint of a matrix A and |A| = 2. then

a a 4



(0.8
[« 20 « 1B [ -2a ] is equal to
(08

[13-Apr-2023 shift 1]
Options:

A. 16

B. 32

C.0

D. -16

Answer: D

Solution:
Solution:
1 3 «
Given, B = [ 1 2 3 ]
oa o 4
|IB| =4

1(8 — 3a) — 3(4 — 3a) + a(ax — 2x) = 4
—o*+6a-8=0

a=2,4

Given a > 2

So, a = 2 is rejected

134 4
[4 -8 4][ 123 ] [ -8 ] =[-16], ,,

4 4 4 4

Question36

1 2 3
Let for A = a3 1 , | Al =2.1If |2adj(2adj(2A))| = 32", then

3n + a is equal to
[13-Apr-2023 shift 2]

Options:
A. 10
B.9

C. 12
D.11

Answer: D



Solution:

|A] =2

adj(kA) = k™ " 'adjA {m = order of matrix }
adj(2A) = 2%adjA = 4 adj(A)

adj(2 adj(2A)) = adj(8adjA)

= 8%adjadj(A)

| 2adj2adj(2A) | = |27 adjadj(A)]

_ (27)3 | Alz2

— 221 |A|4

=>n=2>5

|A] =2
(6-1)—2(2ax—-1)+3(x—3) =2
=25—-4a+2+3a—-9
=>a=-4

3n+a=11

Question37

Let the determinant of a square matrix A of order m be m — n, where m
and n satisfy4m + n =22 and 17m+ 4n = 93. If

det(nadj(adj(mA))) = 35°6°, then a + b + c is equal to

[15-Apr-2023 shift 1]

Options:
A. 101
B. 84

C. 109
D. 96

Answer: D

Solution:

Solution:

|A| =m-—n
dm+n =22
17m + 4n = 93
m=5n=2
|A] =3
|2adj(adj5A))| = 2° | 5A|'°
=25_580|A|16
— 95.580, 316
= 311.580 65
a+b+c=96

Question38



Let S = { (_012);a,bE{1,2,3.....100}} and let

100

T ={A€ES: A2 *1) = 13 Then the number of elements in nT, is
[24-Jun-2022-Shift-2]

Answer: 100

Solution:

Solution:
it
A:
0 b
A;.:[—la][—].a]
0 b 0 b

_[ 1 —a-‘rab]
0 b

AT = gnesaa™ g
~ b must be equal to 1
- In this case A” will become identity matrix and a can take any value from 1 to 100

~ Total number of common element will be 100 .

Question39

Let A be a 3 X 3 real matrix such that

()] - () (2) - ()

If X = (x,, x,, x3)T and I is an identity matrix of order 3 , then the system

4
(A-2I)X = 1
1

has :
[25-Jun-2022-Shift-1]

Options:
A. no solution
B. infinitely many solutions

C. unique solution



D. exactly two solutions

Answer: B

Solution:
a b c
Lletd= | 4 e F
g h i
= 1 9 - 1 a b c 1 1 a+h=
4= 1 = 1 = d e f 1 = 1 = d+e=1
L 0 . 0 g ki 0 0 gth=10
B = =1 a b ¢ 1 -1 atc=—1
4= ] = ] = d e f 0 = {0 = d+f=1
L 1 = 1 g i 1 1 gt+i=0
= 0 - = 1 a b ¢ 0 1 w=1
4= f] = 1 = d e f 0 = 1 = f=1
- 1 - - 2 g h i 1 2 e

Solving will get

a=—-2b6=3c=1d=-1l.e=2Ff=1.g=-1.h=1i=2

-2 3 1 9 -4 3
A=| 121 | 24=H=| -1
=§ | -1 10
g
(4 —=2)x = 1
1 -4

St b= .
=3 il

I 3

—& = L. i)

So 3(iii) = (i) = (@

~ Infinite solution



Question40

Let A = [ 2 _02 ] . If M and N are two matrices given by M = klgolAzk and
N = 3 A*~' then MN? is :

[25-Jun-2022-Shift-1]

Options:

A. a non-identity symmetric matrix

B. a skew-symmetric matrix

C. neither symmetric nor skew-symmetric matrix

D. an identity matrix

Answer: A

Solution:

Solution:

o -2
o
2 0

Azz[ﬂ —2][0 =2 ]z[—i 0 ]:-_g
2.0 20 g -4
M=A+a'+ 454+ 4%

=—47 +16F — 641 + ... upto 10 terms
=-J[4-16+64. . .+upto 10 terms ]

—4°-17_ 4,

{ 20
=—1_4[ = 2® 1y
—4-1 S
N=A'+42+4+ _+4Y¥
=A-44+164- ... upto 10 terms
Lol R f 202
4[\ —4—1 ] [ 3 ]A
420 _ 432 R .
N = Q{ . _4(2” 1901
- 24
MN?= 18027 _gr (& 211)
125

MNY =D =K1

~A Is correct

Question41

Let A be a 3 x 3 matrix having entries from the set {—1, 0, 1}. The
number of all such matrices A having sum of all the entries equal to 5,
is



[25-Jun-2022-Shift-1]

Answer: 414

Solution:

Solution:
Case-l:
1 — 7 times

and -1 — 2 times

number of possible marrix =36

721
Case-lI:
1 — 6 times,
-1 —1times

and 0 — 2 times

Il
Il
[
[
[

number of possible marrix

Case-llI:
1 — 5 times
and 0 — 4 times

M 495
HIT

number of possible marrix

Hence total number of all such matrix 4 =414

Question4?2

Let A = ( j :f ) and B = ( :1 2 ) . Then the number of elements in the

set {(n,m):n,me€ {1, 2, ........., 10}. and .nA" + mB™ =1} is
[25-Jun-2022-Shift-2]

Answer: 1

Solution:

Sl S S S

AN =AK €1

I
>



[—12][—12] '—12]
—_— =B
-1 2 -1 2 L -1 2

So, B¥ =B, K €1
nA" + mB™ = nA + mB

ol B B By

-m 2m
[ : ]
01

So,2n—-m=1,-n+m=0,2m—-n=1
So, (m, n) = (1, 1)

Question43

Let A be a 3 x 3 invertible matrix. If |adj(24A)| = | adj(3 adj(2A))|, then
|A|2 is equal to :
[26-Jun-2022-Shift-1]

Options:
A. 65

B. 212

C. 26
D.1

Answer: C

Solution:

We know, |adj 4 = | A7}
Mow, adi244| = | adi3(ad;i24)
=244 7' = | 3ad24 !
=244 1= Sc:'a'jl-i“'

Also, we know, K4 =K" | 4|
:?({24):): A i: 2 ((3}3): adi2A

1.2

=008 472 =35 (u4f

=@ |4l =35 |24
= |4t =35 2B 4

=3%. 8% |4 =3%.8% |4




Question44

010
Let X = [ 001 ],Y=(xI +BX +yX?and
00O

Z = a’l - aBX + (B® - ay)X?, a, B, v €ER.

1 =2 1
5 5 5

Ify !'= o 1 2 , then (a — B + y)? is equal to___
0 O %

[26-Jun-2022-Shift-2]

Answer: 100
Solution:
010
X = 0 1
0 0
0 01 =
X = 0 0 0
0 0 0
o B
JY=ad+8X+3X*| 0 o B
= 0 a

,..}.-' ) )_.'_1 :]



s A
v 3
o B ¥ T B & 100
[Oaﬁ] 0%%‘ [010]
00 a ‘1 00 1
0w 2
m P aiity
e 2 000
S |
0o £ -2 =[010]
00 1
0 0 %

(@—B8+7)" =100
Question45
The positive value of the determinant of the matrix A, whose
14 28 -—-14
Adj(Adj(A)) = -14 14 28 , IS
28 -—-14 14

[27-Jun-2022-Shift-1]

Answer: 14

Solution:



Solution:

ladj(adj(A))] = | A ¥ =|A]*
14 28 —-14
S)AP=] 14 14 28 ‘
28 —-14 14
1 2 -1
=(14° | -1 1 2
2 -1 1

=(14)3(3 = 2(-5) - 1(-1))
A = (14)*= |A| =14

Question46

Let A and B be two 3 x 3 matrices such that AB =1 and |A| = . Then

|adj(B adj(2A))| is equal to
[27-Jun-2022-Shift-2]

Options:
A. 16

B. 32
C.64

D. 128

Answer: C

Solution:

Solution:

A and B are two matrices of order 3 x 3.
and AB =1,

1

Now, |A] |B| =1
IB| =8

adj  B(adj(2A)) | =|B(adj(2a)) |~
= | BI* | adj(2A)|®
= 26| 24)2%2

_56.~12. 1 _
=2":2 F—Gél

Question47

Let A be a matrix of order 2 x 2, whose entries are from the set

{0, 1, 2, 3, 4, 5}. If the sum of all the entries of A is a prime number
P, 2 < p < 8, then the number of such matrices Ais
[27-Jun-2022-Shift-2]



Answer: 180

Solution:

Solution:

» Sum of all entries of matrix A must be prime p such that 2 < p < 8 then sum of entries may be 3,50r 7.
If sum is 3 then possible entries are (0, 0, 0, 3), (0,0, 1, 2)or (0, 1, 1, 1).

.~ Total number of matrices =4+4+12 =20

If sum of 5 then possible entries are

(0,0,0,5),(0,0,1,4),(0,0,2,3),(0,1,1, 3),(0,1,2,2)and (1, 1, 1, 2).

.. Total number of matrices =4+ 12+ 12+ 12+ 12+4 =56

If sum is 7 then possible entries are
(0,0,2,5),(0,0,3,4),(0,1,1,5),(0,3,3,1),(0,2,2,3),(1,1,1,4),(1,2,2,2),(1, 1, 2,3)and (0, 1, 2, 4).
Total number of matrices with sum 7 = 104

.. Total number of required matrices

=20+ 56+ 104= 180

Question48

Let A be a matrix of order 3 x 3 and det(A) = 2. Then
det(det(A) adj(5 adj(A3))) is equal to
[28-Jun-2022-Shift-1]

Options:
A.512 x 10°
B. 256 x 10°
C. 1024 x 10°
D. 256 x 10*!

Answer: A

Solution:

Solution:
|Al =2

IA| =adj(5ade3)-|
=25 A|adj(ade3)-|
=253|A|3-|ade3-|2
=253-23-|A3-|4
=25%-23.2'%=10°%-512

Question49



1+1 1

Let A = ( M ) where i = v-1. Then, the number of elements in the

set {n € {1, 2, ......, 100} : A" = A} is
[28-Jun-2022-Shift-2]

Answer: 25

Solution:

Solution:

'A2—[1+il][1+il]—[ i 1+i]
h -i 0 -1 0 1—-i —i

A4_[ i 1+1][ i 1+i]_I
1-i —i 1-i —i

SoA®=A, A’ = A and so on.
Clearlyn=1,5,9,......, 97
Number of values of n = 25

Question50

The probability that a randomly chosen 2 x 2 matrix with all the entries
from the set of first 10 primes, is singular, is equal to :
[29-Jun-2022-Shift-1]

Options:

A 133

" 10t

18
B. =
10°

19

C. =
10°

D. 271
10

Answer: C

Solution:

Solution:

Let matrix A is singular then |A] = 0

Number of singular matrix = All entries are same + only two prime number are used in matrix
=10+10%x9x2

=190
Required probability = 190 _ 19

10t  10°




Questionb1

Let A = [a,] be a square matrix of order 3 such that a;, = 21-1 for all

i,j =1, 2, 3. Then, the matrix A2+ A3 +......+AY%is equal to :
[29-Jun-2022-Shift-1]

Options:

10
NE=S)

3'°-1
2

10
c.| = )a

10
D. 32—+3A

Answer: A

Solution:

Solution:
Given, a; = 2071

20 ot 22
Now, A = [ 271 20 ot ]

272 271t 90
1 2 4
1
_ 2 12
1 1
2 2!
1 2 4 1 2 4
1 1
1 1 1 1
12 2! 72 2!

P ol+1+1 24242 4+4+4

_ %+%+% 1+1+1 2+42+2
b %+%+% %+%+%1+1+1
P 3 6 12

_ 23 6
BER



Il
w
N ST

N| =

=3A

Similarly, AS = 3°A

At =33

A A + A0
=3A+3°A+3%A+...... + 3°A
=AB+3%2+3%+...... + 39

[ 33°=-1)) _ 33°-1) _(310—3)
‘A( 3-1 | = 2 AF 2 1A

Question52

Let A = ( 3 ‘21 ) .If B =1 - °C,(adj A) + °C,(adj A)* — ..... — °C(adj A)°,

then the sum of all elements of the matrix B is
[29-Jun-2022-Shift-2]

Options:
A. -5

B. -6

C. -7

D. -8
Answer: C

Solution:

Solution:

2 -1
0 2
B =1 - 5¢ (adjA) + 5 (adj A)? - 5¢,(adj A) + 5¢,(adj A - 5¢(adj A)®
= (I —(adjA))°

Given A = [ ] and

(_1)1+1_2 (_1)1+2_O ]

Cofactor of A = [
(_1)2+1.(_1) (_1)2+2.2

3 [ 20 ]
1 2
21
Transpose of cofactor of A = [ ]

0 2
21
0 2

Now, I —adjA

Lo ]-152]



| -1 -1 |
0o -1
Nowlet,

-1 -1
P=I—ade=[ ]
0 -1

S A |
-1 1]

e [ 120201

TR P N )

01 0o -1 0o -1
-1 -5
B N ]
Now sum of elements = -1-5-1+0= -7
Question53
Let M = [ 0 _0“ ] , where a is a non-zero real number an N = ﬁ M 2K, 1f
(06 =1

(I - M?)N = -2I, then the positive integral value of a is
[29-Jun-2022-Shift-2]

Answer: 1

Solution:

Solution:

M = [ 0 -« ];M2= [ —a’ 0 ] = -
o« 0 0 —o?
N=M+M+..... +MB =[—a?+a*—ab+...]I
(1-(=0)")
2
1+«
I-M?=(1+dI
(I-M)N = -o?(a®+1)=-2
a=1

= —(xz

Question54
IetS={Vvn:1=n=50andnis odd }.



1 0 a
Leta€ Sand A = -110 .
—a 0 1

If 5 det(adjA) = 1002, then A is equal to : ion:
[24-Jun-2022-Shift-1]

Options:

A. 218

B. 221

C. 663

D. 1717

Answer: B

Solution:

Solution:

1 0 a

Given, 4= [ 110 ] S={vh:1=n=350andnisodd}
=@l ¥Ry

~S=1{1,v3, V5. V7. ... Vag}

We know,

adjd|= |4}

Here, n= order of matrix.

Here, n=3

sladid | =4 =] 47

1 0 a

-1 10
—a 0 1

Now, |4 =

=1(1-0)-0+a(0—(-a))

=a'+1

~|adid|=|4 ] =(@+1)

Now, a% : det{adjd)

- @0

=12+ )7+ (V3 + P+ (V5 + 1Y+ (VagY + 1Y
=2+ 1P+ @+ 12+ 512+ (e 1)
=P+ +6 + . +507

=272 +22+3%+ 4239

100.221

_y B50a51
6

100K =100.221

=K =221




Questionb5

2 —1 -1 __
Let A = 10 -1 and B=A-1.If w = “~!, then the number of
1 -1 0

elements in the set {n € {1, 2, ..., 100} : A" + (wB)" = A + B} is equal to
[25-Jul-2022-Shift-1]

Answer: 17

Solution:
Solution:
2 -1 -1
Here A = 1 0 -1
1 -1 0

We get A% = A and similarly for

1 -1 -1
B=A-1-= 1 -1 -1
1 -1 -1
We getB’= -B=B>=B
A"+ (wB)"=A+ (wB)" for nEN
For w" to be unity n shall be multiple of 3 and for B" to be B. n shell be 3, 5, 7, ... 99
~n= {3,915, .....99}
Number of elements =17

Question56
1aa 1 48 2160
Let A = 01hb ,a, b EC.If for some n €EN, A" = 01 96
001 00 1

then n + a + b is equal to
[25-Jul-2022-Shift-2]

Answer: 24

Solution:



1 00 0 a a
A= 010 + 0 0Db =I1+B

001 000

0 a a 0 a a 0 0 ab
=[00b] [00b]=[000]

00O 00O 00 O

A“— 1+B)"="C/J +"C,B+"C,B*+"C,B’ +

100 0 na na oon(n‘zﬁ
[010] [00nb]+[00 0 ]
001 00 O 00 0
1 na na+ 2@ 1 48 2160
[ [0 ]

0 0
On comparing we get na = 48, nb = 96 and
na+ 20=1ap = 2160

2
=a=4,n=12 and b=38
n+a+b=24

Questionb7

Let A be a 2 x 2 matrix with det(A) = —1 and det((A + 1)(Adj(A)+1)) =4

Then the sum of the diagonal elements of A can be :
[26-Jul-2022-Shift-1]

Options:
A -1

B. 2

C.1

D. —V2
Answer: B

Solution:



(A+1)(adjd+1) =4
= |dadjd+A+adjd+I| =4
= | (A +A+adjA+] | =4

4 =—1=|A+adj4| =4

[a b ] _ [ a —b ]
A= adjd =
c d —c d

(a+d) 0 uy
0 {a+d)
=sa+d ==%2
Question538
1 9% —-10% 11° ,
Let A = 1 and B = 122 132 -14° , then the value of A BA is:
1 -15% 16% 17°

[26-Jul-2022-Shift-2]
Options:

A. 1224

B. 1042

C. 540

D. 539

Answer: D

Solution:

Solution:
92 —10% 11°
ABA=[1 1 11 122 132 -14% | A

-15% 16* 172
1
=[ 92+122-152 —102+13%+16% 112-14%+172 ] [ 1 ]
1

92 4+12%2-152-10%+ 132+ 162+ 112 - 14% + 177]
(92-10%) + (112 + 12%) + (13%2 = 14%) + (16% = 15%) + 177]
—19 + 265 + (—27) + 31 + 289]

585 — 46] = [539]

—_———

Questionb9



The number of matrices A = ( @ ;’ ) , where
C

a,b,c,d €{-1,0,1,2,3,...,., 10}, such that A = A}, is )
[26-Jul-2022-Shift-2]

Answer: 50

Solution:
Solution:
24 +
Ao a®d ]thenA2=[ a*+bc bla+d)
c d cla+d) bc+d?

For A™! must existad —bc = 0...... (i)

andA=A"'=A*=1

cal+bc=d?+bc=1

andb(a+d)=c(a+d)=0

CaseI: Whena =d = 0, then possible values of (b, ¢) are (1, 1), (-1, 1) and (1, —1) and (-1, 1).
Total four matrices are possible.

Case Il: When a = —d then (a, d) be (1, —1) or (-1, 1).

Then total possible values of (b, c) are (12 + 11) x 2 = 46.

.. Total possible matrices =46 + 4 = 50.

Question60

1 2

s ).Leta,BGRbesuchthataA2+|3A=21.Thena+Bis

Let A = (

equal to
[27-Jul-2022-Shift-1]

Options:
A.-10
B. -6
C.6

D. 10

Answer: D

Solution:
Solution:
A2=[1 2][1 2]=[—3—8]
-2 =5 -2 =5 8 21
) [ -30 —8a ] [
A’ +BA =
8a 2la —-2B —SB



-30+p —8a+2p | [ 20 ]
8a—2Bp 2la—5B 0 2
On Comparing

8a =2B, -3a+PB=2,2la—-5B=2
»0=2,p=8

So,a+pB =10

Question61

Let S be the set containing all 3 X 3 matrices with entries from
{—-1, 0, 1}. The total number of matrices A € S such that the sum of all

the diagonal elements of ATA is 6 is
[27-Jul-2022-Shift-1]

Answer: 5376

Solution:

Solution:
Sum of all diagonal elements is equal to sum of square of each element of the matrix.

a; a; a3
. T
ie, A= b, b, b3 thent (A-A")

c, C, C

1 Y2 O3
=a’+a,”+a,’+b +b, +b. >+ ¢, +¢c,” + ¢,
va, b,c,e{-1,0,1}fori=1,2,3
.. Exactly three of them are zero and rest are 1 or —1.
Total number of possible matrices °C, x 2°

9x8x7

= 5376

Question62

Let A = (4_2).
a B

If A® + yA + 18I = O, then det(A) is equal to
[27-Jul-2022-Shift-2]

Options:
A. -18
B. 18

C. =50
D. 50



Answer: B

Solution:
Solution:
Characteristic equation of A is given by
[A—AI| =0
| 4 -7 =2
=0
a PB—-A

SA%— (4 +B)A+ (4B +2x) = 0
So, A= (4+PB)A+ (4B +2a) =0
|A| = 4B + 20 = 18

Question63

o B Y
Consider a matrix A = @ By , where q, B, y are three
B+y v+a a+pB

distinct natural numbers. If (det(g;ilj%dj(a‘i{g"zdjA))))fe = 232 x 315, then the
a— -V y -«

number of such 3 - tuples («, B, v) is .
[27-Jul-2022-Shift-2]

Answer: 42

Solution:
Solution:
a B Y
det(A) = N LR
B+y v+a a+p

R; - R;+ R

a By
=>(+B+y) | o B? y?

1 1 1

~det(A) = (o + B+ ) —B)B — y)(y — )

Also, det(ad j(ad j(ad j(ad j(A)))))

= (det(A))?* = (det(A)'®.

(B Y@ =B B =y y =™ _ a6
(a—B)"B-v)'"y- o)

=sa+B+y=12

=(a, B, y)distinct natural triplets

='C,-1-3C,(4) =55-1-12=42

Question64



01
Let the matrix A = 001 and the matrix B, = AP+ 2A% If
00

B, =Adj(B,_,) foralln > 1, then det(B,) is equal to :
[28-Jul-2022-Shift-1]

Options:
A. 3%8
B. 3%°
C. 3%
D. 33°

Answer: C

Solution:
Solution:
0
A= 0
1

ﬂAZ =

| SE—

RS

HINNG

Now B, = A* + 2A% = (A%)'%- A + 2(A%)**. A2
010 00 2 01 2
B0=A+2A2=[001] [zoo]=[201]
100 020 120
Byl = 9

Since, B, = Adj | B, 1|=|B |_|Bn s
Hence|B|— |B,|°=1|B,|*=|B,|°=|B,|"*=]3*|" =3%

o O O O O -~ O

=>A3 =

S B O B O O O O =

1
0
0
0
1
0

SO O =, O = O
O O = H O O
- O O = O O

Question65

Let A = [;_1 ] and B = [ 5’(1) ],(x,BGR.Letalbethevalueofa

(0

which satisfies (A + B)2 - A%+ [ 2 z ] and o, be the value of a which

satisfies (A + B)®> — B. Then |a, — a,]| is equal to
[28-Jul-2022-Shift-1]



Answer: 2

Solution:

Solution:
(A+B)>=A%>+B?+AB + BA

2 2
o] 2]
2 2

.2 _ 2
~B“+ AB + BA

AB=[H1[B
1[

B 1 [ B2 +1 B ]

10 10

By(l)weget

[BZ+ZB (x+1]_[22]
a+3p+1 2 "l

ra=1p=0=a =1

Similarly if A*> + AB + BA = 0 then

S | AN B P

B—1 1]
a+2p 2
B+2 (x—B]

HOH[\JN

B? =

[ 2B a—5+1—1—a]_[00]
Aa+2B+1+2+2a o> -2+1 “loo
=p=0and a=-1=a,=-1

fog—o, | =12] =2

Question66

Let A and B be any two 3 x 3 symmetric and skew symmetric matrices
respectively. Then which of the following is NOT true?
[28-Jul-2022-Shift-2]

Options:

A. A* — B* is a smmetric matrix

B. AB — BA is a symmetric matrix

C. B’ — A’ is a skew-symmetric matrix
D. AB + BA is a skew-symmetric matrix

Answer: C

Solution:



Solution:

(A)M =A*-B*

MT = (A4_B4)T — (AT)4_ (BT)4
=A*"-(-B)*=A*"-B*'=M

(B) M = AB - BA

MT = (AB-BA)T = (AB)T — (BA)T
=BTAT — ATBT

= —BA — A(-B)

=AB-BA=M

(C)M =B°>—-A°

MT =BT - (AT’ = —(B°+A%) = -M
(D)M = AB + BA

MT = (aB)T + (BA)T

=BTAT + ATBT = —BA-AB=-M

Question67

Let A and B be two 3 X 3 non-zero real matrices such that AB is a zero

matrix. Then
[29-Jul-2022-Shift-1]

Options:

A. the system of linear equations AX = 0 has a unique solution

B. the system of linear equations AX = 0 has infinitely many solutions
C. B is an invertible matrix

D. adj(A) is an invertible matrix

Answer: B

Solution:

Solution:

AB is zero matrix

=|A|=|B| =0

So neither A nor B is invertible

If |A] =0

= |adjA| =0soadjA

AX = 0 is homogeneous system and |A| =0
So, it is having infinitely many solutions

Question68

The number of matrices of order 3 x 3, whose entries are either 0O or 1
and the sum of all the entries is a prime number, is .
[29-Jul-2022-Shift-1]

Answer: 282

Solution:



Solution:
In a 3 X 3 order matrix there are 9 entries.
These nine entries are zero or one.
The sum of positive prime entries are 2, 3, 50r 7 .
9! 9! 9! 9!

Total possible matrices = 2170 + 3!.6! + 514l + 7!"2! =36+84+ 126 + 36 = 282

Question69

Which of the following matrices can NOT be obtained from the matrix

[ _11 _21 ] by a single elementary row operation?

[29-Jul-2022-Shift-2]

Options:
Ao ]
[ 1 -1
B 1 -1 ]
L -1 2

o _1 -
C.

_J _2 -
D. -1 2

] _]- 3 -

Answer: C

Solution:

Solution:
-1
S
1 -1
0 .
(1) R, » R, +Ry; [ . ] possible
1 —_
1
-1
(3) Option is not possible

-1
(2) R, @ Ry; [ ) ] possible

-1 2
] possible

(4)R, - R, +2R;; [
2 2 1 1 3

Question70



1
LetX = [ 1 ] and A -
1

k is equal to .
[29-]Jul-2022-Shift-2]

Answer: 10

Solution:
Solution:
-1 2 3
SRS EEE
0 0 -1
TAKX—33
F -1 2 11 1
[11 1] 1 [1]=33
L 0 -1 °*
F —1 2 " 1
[1111] o 1 [1]
- 0 - 1

-1 2 3 -1 2 3
As A® = 0 1 6 0 1 6
0 0

el

1 0 30
01 0
00 1

" 106 106 10 12
A*= 010][010] [010
" 00 1 001 00 1
" 10 24
A= 1010
- 0 0 .
106 1 10 24
A1°—[01o [010]=[
001 " 00 1
" 1 0 3K
for K » Even AX = 01 O]

XTAXX = 33 (This is not correct)
1 0 3K 1

[1 11 ][ 01 ] [ 1 ]
1

=[11 3K+1][ 1 ] = [3K + 3]

~3K+3=33..K=10

But it should be dropped as 33 is not matrix

If K is odd

1 06
010
001

|

|

|

.For k€N,

if X A¥X - 33, then



XTAKX = 33
XTAAK "X = 33

-1 2 3 1 0 3k—-3 1
[11 1] 0 1 6 01 0 1 =33
0 0 -1

00 1 1

3k -2
[—138][ 1 ]=[33]

1

[-3k + 13] = [33]
k = 20/ 3 (not possible)

Question71

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 MM is seven, is
24 Feb 2021 Shift 1

Answer: 540

Solution:

Solution:
a boc adg
d e f b e h
g hi c f i

a?+b’+c’+d*+e’+fP+g*+h*+i°=7

Case-l : Seven (1's) and two (0's)
9!

ﬁ = 36
Case-ll: One (2) and three (1's) and five (0's)
% = 504
.. Total = 540
Question72
0 —tan( g) _1 a —b
If A= and (I, + A)(I,—-A) "= , then
0 b a
tan( E) 0
13(a? + b?) is ......... .

[25 Feb 2021 Shift 1]



Answer: 13

Solution:
Solution:
0 —tan(?]
- and (I, +A)(1,-A)"'= [
0
tan( 5) 0
= (I,+A)(I,-A)"| =a’+Db?
2 2 I, +A _
= a“+b° = IIZ_Al---(l)

0
10 0 tan(i)
Now,IZ+A= +
01 tan 9 0

(2)
Ny

L n(2) ]

Similarly, I , - A =
—tan( Q) 1
2
Here, [1,+A] = |1,-A| = (1+tan?( 2]
1, +Al
|12_A|
From Egs. (i) and (ii),
a®+b*=1
Now, 13(a2+Db?%) =13 x1 =13

1... (i)

Question73

a B
AAT =1,, then the value of a* + B* is
[2021, 25 Feb. Shift-II]

If for the matrix, A = [ boe ] ’

Options:
A 4
B.1
C.2
D.3

Answer: B



Solution:

Solution:

Given,A=|:1 _a]:AT=[ 1 oc]
a B —a B

Given, AAT =1, i.e.
[1—cx][ 1 (x]_[l
a B —-a B 0
[1+oc2 o — of _[10
o—op o +p? 01
Equating these matrices,
cl=o*+1 gives, a =0

a(l—-p)=0
0(2+[32=1

Put(x=0in(x2+[32=1,weget0+[32=1,gives[3=il
where we take B* = 1
cat+pt=0t+1=1

Question74

Let A be 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, 26 Feb. Shift-I]

Options:
A 4

B.1

C.6

D. 12

Answer: A

Solution:

Solution:
ab

] , since A is symmetric matrix.
b c

Let A be the matrix as follows, A = [

Now,A2=[ab][ab]
b c b c

_ [ a’+Db% ab+bc ]
ab+bc b*+c?
Given that, diagonal entries of A%is 1 .i.e.a®+b*+b*+c* =1
or a?+2b*+c’=1
Casela=0
Then, 2b*+c* =1



1

(a) ¢ = 0 gives, b? = %orb=i\/2 ~a=0,b=1/v2,c=0(2matrices)a=0,b=-1/v2,c=0
(b)b=0,givesc’=1orc=+1.a=0,b=0,c=1
anda=0,b=0,c= -1 (2 matrices)

Case 2b = 0, thena’+c? =1
(a)a=0,thenc=*1a=0,b=0,c=1anda=0,b=0,c=-1

This is repeated case.
(b)c=0,thena=*x1a=1,b=0,c=0anda=-1,b =0, c=0 Again 2 matrices.

Thus, only acceptable matrices are as follows
A_[OO][OO][lO][—lO]
o1 ' Lo-11"lool"L oo

Then possible number of such matrices are 4.

Question75
10 O
If the matrix A = 02 0 satisfies the equation
30 -1
1 00
A% + aA? + BA = 040 for some real numbers a and B, then B — a
001

is equal to
[2021, 26 Feb. Shift-II]

Answer: 4
Solution:
Solution:
10 0
A=[020]
30 -1
10 0 10 0
A2=[020 ][020]
30 -1 30 -1
100
=[o40]
001
" 10 0
A’ = 080]
" 30 -1
" 1 0 0
A' = 0160]
"0 0 1




And so on,

" 1 0 O
A= 029 o
" 3 0 -1
" 1 0 O
A =] o 2% ¢
"0 0 1
cSo, "A? + oA +BA
" 1+a+p 0 0
= 0 220+ a2 + 2B 0
" 30+ 2B 0 1-—a-B
" 100
= 040
" 001
On comparing, we get
l-a-B=1
= a+p=0

and 2%+ a2 +2p=4
=220 4 (2" -2)=4 [use,a + B =0]

20
o= 2227 _
2192
= B=2
LB-—a=2-(-2)=2+2=4

Question76
1 2 0 2 =15
Let A+ 2B = 6 -3 3 and 2A - B = 2 -1 6
-5 3 1 0O 1 2

If Tr(A) denotes the sum of all diagonal elements of the matrix A, then
Tr(A) — Tr(B) has value equal to
[2021, 18 March Shift-1]

Options:
Al
B.2
C.0
D.3

Answer: B

Solution:

Solution:



1 2 0
Given, A+ 2B = 6 -3 3 ... (1)
-5 3 1

2 -15
and 2A-B = 2 -1 6 ... (i)

0o 1 2
Multiply with 2 in Eq. (ii), we get
4 -2 10
4A - 2B = [ 4 -2 12 ] ------ + (iii)
0 2 4

Adding Egs. (i) and (iii),

5 0 10 1
SA = 10 -5 15

-5 5 5 °

1 0 2 9
SA = 2 -1 3
-1 1 1 °

STr(A)=1-1+1=1
From Eq. (i),

([ ][00

-5 3

o 1 -1
= 2 -1 0
-2 1 0

STr(B)=0—-14+0=-1
Hence, Tr(A) - Tr(B)=1-(-1)=2

B=

N|+—

Question77

2 _; ] . Then the

Let I be an identity matrix of order 2 x 2 and P = [

value of n € N for which P" = 51 — 8P is equal to
[2021, 18 March Shift-1I]

Answer: 6

Solution:

Solution:
Method (1)

. 2 -1
Given, P =
5 =3



N R
40 —-24

=>Pn=[_11 8 ] ...... (1)

—40 29
Now, P* =
5 -3 5 =3
B [ -1 1 ]
-5 4
-2
AgainP3=P-P2=[ 3 ]Now,
10 =7

L I |
10 -7 Il 10 -7

= pb= [ -8 ]=Pn [from Eq. (i) ]
-40 29
. nN==06
Method (2)
2 -1 ]
5 -3
Characteristics equationis |[P—2A| =0
| 2-2 -1
5 -3-A
= (2-A)(=3-7)+5=0
> A +A-1=0
By Cayley-Hamilton Theorem,
PP+P-1=0
> P2=1-P
> PP+P°-P=0
> PP=P-P*=P—( -P) [ from Eq. (i) ]
> P°=2P-1
> PP=2P-1
Now, P-P®=P(2P-1)
=P* = 2P =P = 2(1 — P) — P[ from Eq. (i) ]
= P*=-3P+21
Again, P - (P*) = P(=3P + 21)
= P°=—3P*+2P
= —3(1 — P) + 2P[ from Eq. (i) ]
= 5P — 31

Given P = [

and P(P%) = P(5P — 31)
11 = P®=5P>-3P=5(1 —P)-3P
=p® =51 —8P =P" (given)

.n=06
Question78
Let A = [ _1 _,i ] = v—=1. Then, the system of linear equations

[ ]=12] nas

[2021, 16 March Shift-I]

Options:



A. a unique solution.

B. infinitely many solutions.
C. no solution.

D. exactly two solutions.

Answer: C

Solution:

Solution:

i -1
LetA = [ ) ]
—1

[ -2 2 ][ -2 2 ]

I ) 2 =2

[ 4+4 —4—4]_[8—8]
Ll -4-4 2a+4 1 Ll -3 3
Similarly, A® = A*- A*

_[ 8 -8 ][ 8 —8]

[ N ! -8 8

[ 64+64 -64-64 ]

L —64-64 64+64

[ 128 -—128 8
- | wow [ *]=] 2]
L —128 128 y

128 —128][x]_[ 8

-128 128 y 64

128x — 128y = 8
1

S XTy= 16 M

and — 128x+ 128y = 64

= x—y=—l e (i)
2

From Egs. (i) and (ii), we get these two lines are parallel. So, there will be no solution.

Question79

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, 16 March Shift-1I]



Answer: 766

Solution:

Solution:
SetS:{0,1,2, 3}

a
Let A = b, b

N

ara a'b a-c
AAT = b-a b-b b-c

‘a c'b c-c

O

A A A
wherea =a;i+a,j+ajk

A A A
b =b;i+b,j+bk

A A A
c =cji+cyj+cik
Now, as per question
cara+b'b+cc=9
= (a,’+a,”+a,") + (b,° +b,> +b,%)
+(clz+022+032)=9
[ai,bi, ciES]
9=(1+1+1+1+1+1+1+1+1)
or 9=(1+4+4+0+0+0+4+0+0+0)
or 9=(9+0+0+0+0+0+0+0+0)
or 9=4+1+1+14+1+1+0+0+0)

Total permutationsincase 1 =1
|

Total permutations in case 2 = % = 252
o 121

In case 3 = Tl 9
= 9 _

In case 4 = 5131 = 504

Total permutations =1 + 252 + 9+ 504 = 766

Question80

b
Let A = [ Zl ] and a = ' be two 2 x 1 matrices with real entries
such that A = X B, where X = % 1 _kl ] and k E R. If

a,” +a,” = %b,” +b,%) and (k? + 1)b,” # —2b,b,, then the value of k is
[2021, 16 March Shift-II]



Answer: 1

Solution:

Solution:

2
3
Adding, Eq. (i) *+ Eq. (ii) %
3a,% +3a,? = (b, = b,)* + (b, + kb,)?
=2(b,” +b,?%)

= 2b’+b,*(k*+1) +2bb (k- 1)
=b*(k*+1—-2)+2bby(k—1)=0
=(k — 1)[b,*(k + 1) + 2b,b,] = 0

And as given, a,” +a,” = =(b,> +b,?)

So, k=1
Question81
-30 20 56 2 7 o
Let P = 90 140 112 and A = -1 -0 1
120 60 14 0 -—w —w+1
where, @ = '1+N§, and I ; be the identity matrix of order 3 . If the

determinant of the matrix (P"!AP - I 3)2 is (xwz, then the value of a is

equal to.........
[16 Mar 2021 Shift 1]

Answer: 36

Solution:



Solution:
—-30 20 56
Given, P = 90 140 112

120 60 14
2 7 w?
A= -1 —w 1

0 —-w —w+1
|(PT'AP - 1.)]* = aw®
= |(PT'AP-1,)(PT'AP-1.)| = aw’
=P 'APP"'AP - PT'API, - I.PT'AP+1, 1,| = aw’
= PT'A’P - P'AP - P AP +1
[“PP~' =1 and IA = A]
= |PT'A’P - 2P'AP + PP | = aw®
= |PTHA*-2A+1,)P| = aww’
= |PTA-T,|P| = aw’
= |PT'PI|A-I,[° = aw’
=>|A—13|2=ocoo2

N = aw?

Consider,
2 7 w? 100
A-1,= -1 —w 1 —[010 ]
- 0 —w —w+1
1 7 w?
A-1,| = -1 —w—-1 1
0 -w -w

On applying C, - C, —

A-T, =] -1 —w-2 1

On applying C, » C, — C,, we get

1 7-w o

A-1,= -1 —w-2 1
0 0 -w

= —w[(—w—2) = (=7 + w?)]

= —w(-w-2+7-w

=-w(l-2+7)

= —-6w

JA-1,]=-6w

|A - I3|2 = 36w’ = aw?

~a=36

Questiond2

IfA=| °> ° |, then the value of det(A*) + det[A!® — Adj(2A)'°] is equal
0 1

to .....
[17 Mar 2021 Shift 1]

Answer: 16



Solution:

Solution:

2
ra=]2 3]
0 -1

d et(A?) + d et[A!? — [Ad j(2A)]']

R B D e B
R P e

N B

A4 _A3
o S | A N B
0 -1 0 - 0 1
An=[2 20— (=1) ]
0 (=1)"
10 10
A“’:[2 2 _1]=2A=[4 6 ]
0 1 0 -2
adj(2A)=[_2 _6]
4
(=)
X = q
adj(2A) 2(1 3 ) ¢
0 -2 4 b
ad j(x) (
¢ a
[adj(2A)]2=4(1 3 (1 3 )= (1 -3
0 -2 0 -2 0 4
[adj(zA)]3=4( L -3 x(—2)( 13 )=—8(
0 4 0 -2
[adj(2A)]3=4( 1 =3 x(—2)( 13 )=—8(
0 4 0 -2

1 (—1)"[2" = (-1)"] ]
0 (=1)2"
1 —(21°-1) )

0 210
Now, A'® — [ad j(2A)]*°

[ 210 510 _ 4 ] [ 10 _(220_210) ]
0 1 0 220
_ [ 0 2:20-2%-1 ]

0 1-2%

det| A —adj(2A)!°| =0
. det(A*) + det[A' —adj(2A4)'°1 = (16)* + 0 = 16

[ad j(2A)]" = (=2)" [

[ad j(2A)]"" = 21° (

1 9
0 -8

|

Question83



If A = and M =A+A2+A3+.....+A20, then the sum of all

S O -
S =
_ = e

the elements of the matrix M is equal to
[2021, 27 July Shift-II]

Answer: 2020

Solution:

Solution:

We have, A = [ 01

_
| I

" 1117 [F 11171 "1 2 3 1
A’=1 011 011 |=]o012
001" 001 " " 001 *
" 123 7[F 1111 " 1 3 6 1
A= 012 011 |=]o013
001" 001 " " 001 *
1 n>n
An=[01n]
00 1
Now, M = A+ A2+ A3+ ... +A%
111 123
=[011]+[012]+
001 001
1 nn
NEE
00 1
20 >n >(Xr)
= 0 20 3>n
0 0 20
e 20 x 21
Now,r§1n=1+2+...+20=T:zm
Zon=E Mo s e
_ 1[20x21x41  20x21
2 6 2

- %[2870 +210] = 1540



20 210 1540
Hence, M = 0 20 210

0O O 20
Sum of all elements = 2020.

Question84

s= q e | 00 (20) =000

Va b,c,deR

, where i = V—1. Then the number of 2-digit numbers in the set S is
[2021, 25 July Shift-1]

Answer: 11

Solution:

Solution:

LetX=(ab)andA=(01)
cd 10
= AX =1X

A=1

<=0l )-107)

( 10 )
=>A=1

01
= A%=iY =1
. n=38

=n is a multiple of 8.
16, 24, .......96
Number of elements = 26 =16

8

+1=11

Question85

1/2 1
[2021, 25 July Shift-II]

IfP = [ Lo ],thenPSOis

Options:



1 0 ]
A.
| 25 1 |
[ 1 50 ]
B.
L 0 1
[ 1 25 ]
C.
L 0 1
S
D.
| 50 1

Answer: A

Solution:
Solution:
1 0
Given, P = 1
5 1
1 0 1 1 0
5 1 2 1 1
, 10 1 0 1 0
L 11 5 1 5
L pio 10] 10]=[1o]
11 1 2
1 0 1
ﬁPn= n
5 1

1 0
Hence, P°° = [ ]
25 1

Question86

Let A = [a;] be a real matrix of order 3 x 3, such that a;; +a;; +a;; =1,
fori=1, 2, 3. Then,

the sum of all the entries of the matrix A3 is equal to
[2021, 22 July Shift-II]

Options:
A. 2
B.1

C.3



D.9

Answer: C

Solution:

Solution:

a a

11 12

dy1 8y Ay =A

a a a

31 32 33
Sum of elements of each rowis 1.

1
LetXbe[1 ]
1

a1 845 Ay
Then, AX = a,, a,, a,,
d3; 83 dg3
apt oat ag
AX = a,+ ay,t+ a, =
apt Azt ag
AX =X
Replace X with AX.
A-AX = AX = AXX =X
Again, replace X with AX,
A*(AX) = AX
A’X =X
a1 85 843
5 . , .
Let A = a,; a,, a,,
43, a3, a3
Then,
a7 92 83 1
e , , ,
AX = Ay1 8y Ay 1
, , 1
d3; 43 Az
a;t a;,t ag;
5y , . . _
A°X = T a,+ a, =

Azt az,+ ag
So, alll + a12' + a13' =1
a, +a,, +ta,; = 1
ay, +a;, +a,;; = 1
Sum =3

Question87



010
Let A = 100 . Then, the number of 3 X 3 matrices B with entries
00 1

from the set {1, 2, 3, 4, 5} and satisfying AB = BA is
[2021, 22 July Shift-II]

Answer: 3125

Solution:

Solution:

010 a4 a, a3

A=(100)B=(b1a1b3)
001

AB = BA

b, b, b, a, a; ag
( a, a, a, ) = ( b, bl b, )
cl

Number of distinct elements in B is 5 {a,, a,, a;, ¢;, ¢c;} and according to question, a; € {1, 2, 3,4, 5}.
So, number of matrices =5x5x5x5x5 = 3125

Question88
1 -1 0

Let A = 01 -1 and B = 7A%° — 20A” + 21, where 1 is an identity
00 1

matrix of order 3 x 3. If B = [bij], then b, is equal to ...
[2021, 20 July Shift-1]

Answer: 910

Solution:



1 -1 0
A= 0 1 -1
0 0 1

B = 7A%° - 20A7 + 21

1 -1 0 1 -1 0
JAP=AA= 0 1 -1 0 1 -1
0 0 1 0 0 1

1
0 1
1 -2 1 1 -1 0
A3=A2A=(01—2)(01—1)
0 0 1 0 0 1
1 -3 3
=(o1—3)
0 0 1

1 -3 3 1 -1 0
A* =AA=| 0 1 -3 0 1 -1
0 0 1 00 1

1 -4 6
sA*=| 0 1 -4

0 0 1
2—
1 —-n n2n
=Al
0 1 -n
00 1
v o[ 20x19 7 x 6
by =7( 22588) —20( ZX8) 4 200)

=b,, = 1330 — 420 = 910

Question8d9
1 2

IfA = “52 “15 B = (1(1)),i=\/——1,andQ=ATBA,thenthe
5 7

2021

inverse of the matrix AQ AT is equal to

[26 Aug 2021 Shift 1]

Options:
1
— —=2021
V5
A. .
2021 —

V5



B ( 1 0 )
~2021i 1

C.( 1 0)
20211 1

D. ( 1 —2021i )
0o 1

Answer: B

Solution:

Solution:

Ul

u<1||H c§||'\J
§||"
o

-
01
Now, Q% = ATBAATBA
=Q% = ATB*A
Again, Q® = (ATBA)(ATB?A) = ATB?A
Similarly,
Q2021 — ATB2021A
AQZOZIAT — A(ATBZOZIA)AT
= (AAT)B2021(AAT) = B202!
10
i1
1
2i 1

- |

B2=|

1o|

,similarlyB2021 = |
2021i 1

(B2021)-1 = @ (B2 _ 1 0
2021 .
1B~ -2021i 1

Question90

Let A be a 3 x 3 real matrix. If det(2 Adj(2 Adj(Adj(2A)))) = 2*!, then the

value of det(A?) equal
[26 Aug 2021 Shift 2]

Answer: 4

Solution:

Solution:
We have, A is a square matrix of 3 x 3. Now,
2 Adj(2 Adj(Adj(2A)))



= 2Adj(2Adj(2° " tadjA)) [ vadj(KA) = K"~ adj A]
= 2Adj(2 Adj(4 AdjA))

= 2Adj(2 x 43~ 1 AdjAdjA)

= 2 Adj(32 AdjAdjA)

=2 x 328" 1AdjAdjAdjA

= 2" AdjAdjAdj A

= 2" Adj(|A]? ~%A)

= 2! Adj(]A[A)

=2"x APt AdjA

=2Mx |A*AdjA

Now, |2 Adj(2 Adj(Adj(2A)))| = 2*!
= | 2Mx |A? AdjA = 2%
=(21°AR)3 Adja| = 24

733 | A|6 | A |3—1 — o4
s|APx AP =28

S| A |8 — 8

=>|A| =%x2

Now, |[A?| = |A|* = (x2)* =4

Question91

1

Let A = [ i ] IFAT = al + BA, o, B €R,1I is a 2 x 2 identity matrix,

then 4(a — B) is equal to :
[27 Jul 2021 Shift 1]

Options:
A.5

B.

wloo

C.

BN

D.

Answer: D

Solution:

Solution:

1 2
N
-1 4

2 _1 2 _1
A—1=adJ'A=l[4‘2]= 3 3 3 3 =[a0]+[BZB
Al 6l 1 1 11 11 0 « —-B 4B
6 6 6 6
2
a+B==
1 36 6
"6




Question9?2

Let A and B be two 3 X 3 real matrices such that(A2 — B2) is invertible
matrix. If A> = B® andA3B? = A%B3, then the value of the determinant

ofthe matrix A3 + B3 is equal to :
[27 Jul 2021 Shift 2]

Options:
A 2
B.4
C.1
D.0

Answer: D

Solution:

Solution:

C=A*>-B%|C|=0

A5 = B® and AB? = A?B?

Now, A° — A®B? = B® — A?B?
=>A3AZ-B?) +B3A%2-B%) =0
(A3 + B3 (A2-BY) =0

Post multiplying inverse of A — B :

A*+B*=0

Question93
(-1y~! ifi<j,

Let A = {aij} be a 3 X 3 matrix, whereaij = 2 ifi=j, then
(-1)'* ifi>j,

d et(3Ad j(2A™1)) is equal to .

[20 Jul 2021 Shift 2]

Answer: 108

Solution:

Solution:

2 -1 1
A= -1 2 -1

1 -1 2
|Al =4



|3ad j(2A™Y)| = | 3.2%ad j(A™Y)|
=12%|adj(a™!) | =12° A7) = 128 _12° 108
i T R

Question94

2

If the matrix A = ( 12 ) satisfies A(A3 + 3I) = 21, then the value of K

is
[27 Aug 2021 Shift 1]

Options:

A.

N|+—

C. -1
D.1

Answer: A

Solution:

Solution:
Given matrix,

el

Characteristic equation of A is

A2l =0
R

= =O
K -1 -—-2A

SM14+2)-2k=0
>A%24+A-2k=0

" Every square matrix satisfied its own characteristic equation.
LA+ A-2KI=0

A’ =2KI-A

=A% = 4K%1 + A% - 2(2KI)(A)

=>A* = 4K’ 1+ 2KI-A-4KA

=A% = (4K% + 2K)I - (1 + 4K)A ...(i)
Now, A(A3 + 3I) = 21

=A% = 21 - 3A ...(ii)

Comparing Egs. (i) and (ii), we get
1+4K =3

1

Question95



100
Let A = 011 . Then A%9%° — 72020 jq equal to
100

[2021, 26 Aug. Shift-II]

Options:
A A°—A
B. A°
C.A°-A
D. A®

Answer: A

Solution:
Solution:
100
A=(o11)
100
Now,
100 100 100
A2=(011)(011)=(111)
100 100 100
100 100 100
A3=(111)(011)=(211)
100 100 100
100 100 100
A4=(211)(011)=(311)
100 100 100

0

1

0
1 00 1 00
A2025 _ 72020 _ ( 2024 1 1 ) — ( 2019 1 1
0

1 00 1 0
000
=(500
000
Now,
100 100 000
A® A=[511]—[011]=[500]
100 100 000
- A2025 _ 72020 _ A6 _ A



Question96
Let a be a root of the equation x?> + x+ 1 = 0 and the matrix

1 1 1

A= % 1« o , then the matrix A3! is equal to:

1 o o
[Jan. 7, 2020 ()]
Options:
A A
B.1,

C. A?
D. A3

Answer: D

Solution:

Solution:
Solution of x> +x+ 1 =0 is , w
So, a = w and

=l w=1.0=w

Al

1 0w

2

=AY =1
SA30 = A28 A3 = A8

Question97

The number of all 3 X 3 matrices A, with enteries from the set

{-1, 0, 1} such that the sum of the diagonal elements of AAT is 3,
is
[NAJan 8, 2020 (D]

Answer: 672

Solution:

Let A =T[a;l;, 5



It is given that sum of diagonal elements of AA” is 3 i.e., tr(AA") = 3

3112 + a122 + al32 + a212 + ... +a332 =3
Possible cases are
0,0,0,0,0,0,1,1,1 - 1
OIOIOIOIOIOI - ]'I - 1! - 1! _) ]. 9
Cex8=84x%x8=672
0,0,0,0,0,0,1,1,-1 - 3
0,0,0,0,0,0,-1,1,-1 - 3

Question938

IfA = ( 3 i ) and I = ( (1) (1) ) , then 10A™! is equal to:
[Jan. 8, 2020 (I1)]

Options:
A.A-41
B.6I — A
C.A -0l
D. 41 - A

Answer: C

Solution:
Solution:
Characteristics equation of matrix 'A'is [A—2AI| =0
2—-7 2
| =0=)"-61-10=0
9 4-A

“A2—6A—-10I =0
A1 AY) —6A" - 10IA =0
=10A"! = A — 61

Question99

isin® cos6 c

If A = [ cos® 1sin® ], (0=%) and A> = [ a(}; ],wherei=\/—1,then

which one of the following is not true?
[Sep. 04, 2020 (I)]

Options:
A.0=a’+b%=1
B.a’2-d?%=0

C.a’-c*=1



D.a’?-b?*=

N|+—

Answer: D

Solution:

Solution:
[ cos® 1isin® ]
A=

isin® cos©

. [ cosn® isinn®
LAY = ,neN
L isinn® cosn®O
AS = [ a b ]
L ¢c d
\AS = [ cosB isin® ] B [ ab ]
h L isin® cos©6 c d
s.a=co0sb0,b=isin50=c,d =cos56

~a? — b? = cos?50 + sin?50 = 1
a% — ¢? = cos?50 + sin?50 = 1

a?—d? = cos?50 — cos?50 = 1

a’ + b? = cos?50 — sin?50 = cos100 = cos%
and0<cos%<1=>0$a2+bzsl
a?-b?= % is wrong.

Question100
Let A = [ ) (1) ] , X € Rand A® = [a;]. If a,; = 109, then a,, is equal to

[NA Sep. 03, 2020 (I)]

Answer: 10

Solution:

Solution:
A2=[x1]=[x1]=[xz+1x]
10 10 X 1

X4_[X2+1X][X2+1X]
X 1 X 1

[ E+1)2+% x(+1)+x ]
x(x2+1)+x x>+ 1
Given that (x*> + 1)2 + x* = 109
xt+3x2-108=0
>(x2+12)(x2-9) =0



.'.X2=9
a,=x"+1=9+1=10

Question101

Let a, b, ¢ € R be all non-zero and satisfya® + b’ + ¢ = 2. If the matrix

abc
A= b c a satisfiesATA = 1 , then a value of abc can be:

cab
[Sep. 02, 2020 (I1)]

Options:

A —

Wl

B.

W+

C.3

D.

wIinN

Answer: B

Solution:

Solution:
Given : ATA =

NERIERNEN

(o] cab 001

Sa’ Jab yab 100
= Sab Sa’ Sab [010]

Sab Sab Ya? 0 01
So,za2=1andzab—o
Now, a® + b3 + ¢ — 3abc
—(a+b+c)(a2+b2+02—ab—bc—ca)
=(a+b+c)(1—0)
=yJ(@a+b+c)’=3a?+25ab = *1

=>2—3abc=1=>abc=§

or2—3abc=-1=abc=1.

Question102



0 29 r
Let A = p ¢ -« | .IfAAT =1, then |p|is:
p g9 r

[Jan. 11, 2019 (I)]

Options:

A L
V5

B.

§||“

C.

Sl

D.

é|| =

Answer: C

Solution:

Solution:

N
EEIREEEY

p—qQr

4q2+r 2q2—r2 —2q2+1"2
= 23 -1 PP+ @+ pioqd -1
2+ PP PP
Given, AAT =1
A+ =pP+ gt +rt=1
=p>—-3¢°=0andr’ =1 - 4q*
and 2¢® —r* = 0 = r* = 2¢°

-'-p2=%, q2=landr2— 1

>
e
I

6 "3
“lpl = =
V2
Questionl103
1 00
Let P = 310 and Q = [q; ] be two 3 x 3 matrices such that
9 31

Q-P° = I, . Then q Ity g equal to:
[Jan. 12, 2019 (D1

Options:



A. 10
B. 135
C. 15
D.9

Answer: A

Solution:

Solution:

100 100 1
P2=[310][310]=[6

9 31

1

6

00
10
931 27 6 1
$P4=[

DR
I IGHREY

27 6 1 27 6 1 90 12 1
90 12 1 9 31 135 15 1 ]
Q-P° =

2 00
“Q=1,+P°=| 15 2 o0

135 15 2

d;q +Q31 _ 15+ 135 _
= =10
d;, 15

Question104

Let A = [ cosa —sina ] , (@ € R) such that A3? = [ (1) _01 ] Then a value of

ais:
[April 8, 2019 (I)]

Options:

II
A. 355

B.0

II
C. &2

II
D. 75

Answer: C

Solution:



Solution:
cosa —sina
A= [ i ]
sina  cosa
A2 = [ cosa —sina ] [ cosa —sina ]

sina cosa sinx cosa

3 [ cos2a —sin2a ]
sin2a cos2a«

4 —sin4

Similarly, A* = A2, A? = [ cosda -sinda ]
sin4da cosda

cos32a —sin32a ] B [ 0 -1 ]

and so on A% = [
1 O

sin32a cos32a
Thensin32a =1 and cos32a =0

=320 = ni + (—1)"E and 32a = 2nm + Z

2 2
= DI = s
=a—32+( 1)64and(x 16+ L wheren € z
IT

Putn=0,a= )

Hence, required value of a is 6_4

Question105
0 2y 1

The total number of matrices A = 2x vy -1 y (X, YER, x #y) for
2x -y 1

which ATA = 31, is:
[April 09, 2019 (ID)]
Options:

A 2

B.3

C.6

D. 4

Answer: D

Solution:

Solution:
Given, ATA =3I,

0 2x 2x 0 2y 1 A
Zyy—y 2x 'y -1 =31

2x =y 1 °

8x? 300 9
= 06y0 030

003




+\/%

:>8x2=3and6y2=3=>X=i\/%andy +
2=4

Number of combinations of (x, y) = 2 X

Question106

If A is a symmetric matrix and B is a skew-symmetrix matrix such that

3

A+B= [ z 1 ],thenABisequalto:

[April 12, 2019 (D]

Options:

o _4 _1 L
L -1 4

A.

4 -2
b -1 -4 o

. 4 _2 L
. 1 _4 o

I_42l
1 4 |

D.

Answer: B

Solution:

Solution:
0 d ]
-d 0
Then,A+B=[ a ctd ]= [ 2 3 ]
c—d b 5 -1
On comparing each term,

a=2,b=-1,c—d =5,c+d =3
=a=2,b=-1,c=4,d =-1

[2 4 ][0—1] [ 4 —2]
Now, AB = =
4 -1 1 0 -1 -4

Let A = [ ac ] andB=[
cb

Question107
100

Let A = 110 and B = A%°. Then the sum of the elements of the
111

first column of B is?



[Online April 16, 2018]
Options:

A. 211

B. 210

C. 231

D. 251

Answer: C

Solution:

Solution:

1

Here A = [ 1
1

1

SAT=A. A= [ 1
1

|

also A =A% A= [

100
= 310
6 31

100 100
and,A4=A3.A=[ 10][ 10]
1 1
1 00
=[41o]

= O O
| S ]

w N =

N
N — O
— O O
| I
—
e
_ = O
= O O
Rl

A W
=
N

10 4 1
On observing the pattern, we come to a conclusion that,
1 00
A= n 10
nn+1)
—5 nl

~A** =11, 0,0;20,1,0; 210, 20, 1]
Therefore, sum of first column of A% = [1+4+20+210] =231

Question108

For two 3 X 3 matrices A and B, letA + B = 2B and 3A + 2B =1 3» Where
B is the transpose of B and I 3 is 3 x 3 identity matrix. Then : quad



[Online April 9, 2017]
Options:

A.5A + 10B =21,
B. 10A + 5B = 31,
C.B+2A=1,

D. 3A + 6B = 21,

Answer: B

Solution:
Solution:
AT + BT = 2B
“[(A+B)" = (2B")"]
T T T T
_p=AFB _ A, (u) = 28"
2 2
T _ AT
2A+AT =3BT 5 A =3B —A 5 A

Also, 3A+2B =1 .......(i)

T T
:3(3BT—AT2)+2(A B )=I3
=11B" — AT =21, ......(ii)
Add (i) and (ii)
35~B = 71,
sB=onloaso
-5 5T
I I
:11€~°’—213=A=A=§3
“5A=5B=1,
=10A + 5B = 31,
Question109
v3 1
2 2 11 .
IfP = e , A = [ . ] and Q = PAPT, thenP' Q?°"°P is ;
2 2

[Online April 9, 2016]

Options:
o | 0 2015 ]
L 0 0

1 2015

[ 2015 0 ]



'12015]
Lo 1

D.

[ 2015 1 ]
0 2015

Answer: C

Solution:

Solution:

V3 V3
2 2
P= PT =
_1 1
2
PPT =PTP=1

Q**"® = (PAP)(PAP")
= PA2015pT
PTQ2015P — A2015

<=1

o=t

- A2015 _ [ 1 2015 ]
0 1

|G "’|'H
e——

[\S]
<.
lel N =

(2015 terms)

[E—
Il
—
o =
- N
[E—

[ =)

Questionl110

If A = [ (1) _01 ] , then which one of the following statements is not

correct?
[Online April 10, 2015]

Options:

A A*+1 = A(A*-T)
B.A*—1 =A% +1
C.A>+1 =A(A®-1)
D.A*>-1 =AA-1)
Answer: A

Solution:

Solution:
Given that



At | 71 01 ]=>A2=—I
0 —_
FE 1]
-1 0
10
At = ]=1
0 1

-1 +1 =A-A

A% = A

Questionll1l
12 2

IfA= 2 1 -2 is a matrix satisfying the equation AA' = 91, where
a2 b

I is 3 x 3 identity matrix, then the ordered pair (a, b) is equal to:
[2015]

Options:
A. (2,1)

B. (-2,-1)
C. (2,-1)
D. (-2,1)
Answer: B

Solution:

Solution:
Given that AAT = 91

1 2 2 1 2 a 9 0
A= 21 -2 2 1 2 = 0
2 -15b 0

0
9 0
a2 b 09
1+4+4 2+2-4 a+4+2b 900
= 24+2-4 4+1+4 2a+2-2b = [ 090 ]
a+4+2b 2a+2-2b a’+4+Db? 009
=a+4+2b=0=a+2b=-4.... (i)
2a+2—-2b=0=2a—-2b=-2..... (ii)
=a—-b=-1
Subtract (ii) from (i)
a+2b=-4
a—-b=-1
- + +
3b=-3
b=-1
anda=-2

(a, b) = (-2, -1)



Questionl1122

3 -1 2

If A = [ L2 X]andB=

[Online April 12, 2014]

Options:
Ay =2x
B.y=-2x
C.y=x
D.y=-x

Answer: A

Solution:
Solution:
[ 1 2 x ] y
Let A = and B = X
3 -1 2 4

[ 1 2 x ] y
AB = X
3 -1 2 i
[ 6 ] [ Y+ 2X + X ]
= =
8 Jy—x+2
[ 6 ] [ y + 3x ]
= =
8 Jy—x+2

=2y+3x=6and3y—x=6
On solving, we get

X

be such that AB = [ : ] ,then:

X = % andy = %
=y = 2X
Questionl113

Let A and B be any two 3 X 3 matrices. If A is symmetric and B is
skewsymmetric, then the matrix AB - BA is:

[Online April 19, 2014]
Options:
A. skewsymmetric

B. symmetric



C. neither symmetric nor skewsymmetric
D.Ior -1, where Iis an identity matrix

Answer: B

Solution:

Solution:

Let A be symmetric matrix and B be skew symmetric matrix.
~A" =AandB" = -B

Consider (AB — BA)" = (AB)" — (BA)"

=B'AT - A'B" = (-B)(A) - (A)(—B)

= —-BA + AB = AB - BA

This shows AB — BA is symmetric matrix.

Questionl14

If p, q, r are 3 real numbers satisfying the matrix equation,
341

[paqr] 323 =[301]then 2p + q—-r equals:
2 0 2

[Online April 22, 2013]
Options:

A.-3

B.-1

C.4

D. 2

Answer: A

Solution:

Solution:
Given

341

[p q r][ 323 ] =[3 0 1]=[3p+3q+2r 4p+2q p+3q+2r] =[3 0 11
2 0 2

=23p+3gq+2r=3.... (i)

dp+2g=0=qg=—-2p ...... (i)

p+3q+2r=1.... (iii)

On solving (i), (ii) and (iii), we get

p=1,gq=-2,r=3

S2p+gq—r=2(1) +(-2) - (3) = -3.

Questionl115



The matrix A + 4A — 51, where I is identity matrix andA = [ i _23 ] ’

equals
[Online April 9, 2013]

Options:
Aal !
L 2 0

.0_1.
L 2 2

c.32| ?
L 2

pD.32| t!
L 1 0

Answer: A
Solution:

Solution:
A2+ 4A -5 = AX A+ 4A — 51

'12] [12] [12] [10]
= X +4 -5
L 4 -3 4 -3 4 -3 01
_'9—4]+[48]_[50]

L -8 17 16 —12 05

9+4-5 —4+8—0]_[84]_4[21]
L - 8+16-0 17-12-5 8 0 20

Questionl16

a—1 a+1
If A = ( 0 ) , B = ( 0 ) be two matrices, then AB! is anon-
0 0

zero matrix for |a| not equal to
[Online May 7, 2012]

Options:
A 2
B.0
C.1
D.3



Answer: C

Solution:
Solution:
a-—1 a+1
e (5 ) (1)
0 0

be two matrices.

a—1 *-1 00
ABT = 0 (x+1 0 0) = 0 00

0 0 00
Thus, ABT is non-zero matrix for |a] = 1

Questionl117
1 00 1 0 0

If A = 2 10 and B = -2 1 0 then AB equals
-3 21 7 =21

[Online May 26, 2012]
Options:

Al

B.A

C.B

D.0O

Answer: A

Solution:

Solution:

© B O N =R O
- o © - o o
1}

Questionl118



If w # 1 is the complex cube root of unity and matrix H = [ (g Z ] , then

H?is equal to
[2011RS]

Options:
A0

B. -H
C.H?
D.H

Answer: D

Solution:

Solution:
H2=[wO][w0]=[2O]
0 w 0 w w?

We observed that HX = [

Question119

Let A and B be two symmetric matrices of order 3.

Statement-1: A(BA) and (AB)A are symmetric matrices.

Statement-2: AB is symmetric matrix if matrix multiplication of A with B
is commutative.

[2011]

Options:

A. Statement-1 is true, Statement-2 is true; Statement-2 isnot 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 isa correct explanation for Statement-
1.

Answer: A

Solution:



Solution:
Given that A and B are symmetric matrix

A=A
B'=B
Now (A(BA))' = (BA)'A' = (A'B')A' = (AB)A = A(BA)("" product of matrices are associative)

Similarly, ((AB)A)' = A'(B'A') = A (BA) = (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

Question120

The number of 3 X 3 non-singular matrices, with four entries as 1 and
all other entries as 0O, is
[2010]

Options:
A.5

B.6

C. at least 7

D. less than 4

Answer: C
Solution:
Solution:
1 .. "
1 ... are 6 non-singular matrices because 6 blanks will be filled by 5 zeros and 1 one.
pET 1 °F
1 .. .
1 ... are 6 non-singular matrices.
" 1 -

Total =6 + 6 = 12
So, required cases are more than 7, non-singular 3 x 3 matrices.

Questionl121

Let A = ( ;z ) and B = ( 22 ),a,bEN.Then
[2006]

Options:

A. there cannot exist any B such that AB = BA

B. there exist more than one but finite number of B's such that AB = BA

C. there exists exactly one B such that AB = BA



D. there exist infinitely many B¢s such that AB = BA

Answer: D
Solution:
Solution:
Given that A = [ 12 ] B= [ a0 ]
3 4 0 b
AB = [ a 2b ]
3a 4b

BA=[aO][12] =[ a 2b]

0b 3 4 3a 4b

Hence, AB = BA only whena =b

.. There can be infinitely many B's for which AB = BA

Questionl122

If A and B are square matrices of size n X n such that

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

Options:

A.A=B

B. AB = BA

C. either of A or B is a zero matrix
D. either of A or B is identity matrix

Answer: B

Solution:

Solution:

Given that A — B> = (A — B)(A + B)
A’ -B% =A%+ AB - BA — B?

=AB = BA

Questionl123

If A = [ i (1) ] and I = [ (1) (1) ] , then which one of the following holds

for all n = 1, by the principle of mathematical induction
[2005]

Options:



A.A"=nA—-(n-1)I
B.A"=2""1A—(n-1)I
C.A"=nA+(n-1)I
D.A"=2""!A+ (n-1)I
Answer: A

Solution:

Solution:

1
Given that A = [ 0 ]
11

AZ_[IO]A3_[10]
214" 31

10
Therefore we observed that A" = [ ]
nl

NownA—(n—1)I = [nO]_[n—l 0 ]

nn 0 n—1
=[10]=An
n 1l

~nA-(n-1)I =A"

Questionl124

If A = [ ab ] and A% = [ « P ],then
b a B «

[2003]

Options:

A.oc=2ab,[3=a2+b2

B.oc=a2+b2,[3=ab

C.ax =a’+b? B=2ab

D.a=a2+b2,B=a2—b2.

Answer: C

Solution:
Solution:
S PR S 0 I B

[a2+b2 2ab ]
2ab  a’+b?



a=a2+b2;B=2ab




