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Matrices

Questionl

a 2 1 1
For some o, 8 € R, let A = 1 and B = g be such that

A2 = 4A 421 = B® — 3B+ = O.Then (det (adj (4° — B%))) is
equalto .
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Answer: 225

Solution:

Using characteristic equation,
a— A 2

1 o2-a "0
A=2)A—a)=2=0
MA4A(-2~a)+2a—-2=0
= A2+ A(-2—a)+ (2a—2)I=0
> -2—a=-4=>a=2

Similarly,
1-K 2

1 B—~K
= (K-pB)(K—-1)-1=0
K*+K(-1-8)+8-1=0
=>—-1-=-3=>8=2

PR
AT 2T T 1 2
3 20}:0@%(0):-15
67

|‘adj C|* = |C|? = 225

0

Let A® — B3 = [




Question2

Let A be a 3 x 3 matrix such that A + AT = O. If

[1'| 3 1 -3
A—1;y =(3],A%2|-1| = | 19| and

L 0 J 2 0 —24
det(adj(2adj( A +1))) = (2)*- (3)? - (11)7, a, B, v are non-negative
integers, then a + B + ~ is equal to
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Answer: 18

Solution:

A= AT

a=-3,—B+y=

[0 a B][3 -3

—a 0 v 3}[19:|

-8 — 0] [2 B=
1 -3 3

|[A+I= 3 1 5/ =44
-3 -5 1

det(adj(2adj(A + I))) = 2% det(adj(adj(4 +1I))) = 2(44)* = 2 x 11*

Question3

Let |A| = 6, where A is a 3 x 3 matrix. If
adj (3adj(A%-adj(2A)))|=2™-3, m,n € N, thenm + n is equal to
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Answer: 62
Solution:

Let

X = A% adj(24)

so the given expression is

ladj (3 adj(X))|.

Since A is a 3 X 3 matrix and |A| =6:
Step 1: Find |A?|

|A%| = |A]> = 6% =36

Step 2: Find |adj(2A4)|

First,

|24 = 23|A| =8-6 = 48

Fora 3 x 3 matrix M,

ladj(M)| = [ M1 = | M2

So,

ladj(24)| = |24]* = 482

Step 3: Find | X|

| X| = |A2| -]adj(24)| = 36 - 482
Now,

36 =22. 32, 48 =2%.3

So,

48% =28 .32

Hence,

X = (22 - 32)(28 - 32) = 210 . 34
Step 4: Find |3 adj(X)]

First,



adj(X)| < [X]? = (21312 = 2% . 38
Sinee 3adj(X) is a 3 x 3 matrix,

[3adj(X)| = 3° - |adj(X)|

Therefore,

|3adj(X)| = 27-220.3% = 220. 3!

Step 5: Find the required determinant
Again using

ladj(M)| = |M|?

we get

ladj (3adj(X))| = (220-311)% = 210 322

So,

m+n =40+ 22 =62

Question4
0 2 =3

LetA=1|—-2 0 1 | and B be a matrix such that
3 -1 O

B(I — A) = I + A. Then the sum of the diagonal elements of BB is
equal to
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Answer: 3

Solution:

Observing properties of Matrix A



02 -3
A="-2 0 1

3 -1 0

0 -2 -3
AT="12 o0 =1|=-4

-3 1 0|

Rearranging the given equation

B(I-A)=I+A
B=(I+A)(I—-A)"

Finding BT
= [T+ )T = 41"

=((I - ) I+ AT

= (1- AT) I+ A7)
Since AT A

=(I+A4) (I A)
BTB =[I+A4)'(I-4)] [(I+4)T- 4]
BT'B = (I+A){(I+A)I - A)I - A)*
B'B=I1-I=1

I
[1 00
BTB=10.1 0
0 1
the sum of diagonal elements =1+1+1=3

The sum of the diagonal elements of BYBis 3 .

Question5

The number of 3 X 2 matrices A , which can be formed using the
elements of the set {—2,—1,0, 1,2} such that the sum of all the

diagonal elements of ATA is 5, is
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Answer: 312

Solution:



Let matrix A of order 3 x 2 is

b
d|,a,b,c,dse, f € {—-2,-1,0,1,2}
f

a C e
AT:[b d f}

a C e
M = {b d f]

A=

o O Q

B {a2+02+e2 ab+cd + ef
ab+cd+ef b2+d?+f2

o 0 9

f

sum of diagonal elements of ATA =5

a4+l +b24+d>+ f2=5

possible values of squares is {0, 1,4}

Case 1 : one element is 4,1 element is 1 and four elements are O .
one element is 4 = 2 choices {-2, 2}

one element is 1 = 2 choices {—1,1}

4 element is zero = 1 choice {0}

Selecting one element 4 out of 6 choice {a?,b?, c?,d?, €?, f?}, and have 2 choice {2, 2}, total = °C1 x 2 = 12

Selecting one element which is I from remaining 5 element = 5C, and have two choice {-=1,1}, total
=5C;x2=10

Selecting 4 element which is zero from remaining 4 elements = 4Cy = 1 total matrices for Case
1=12x10x1=120

Case 2 : five elements are 1 and one element is O .

squares a2,b% c2,d%, €2, f? € {1,1,1,1,1,0}

selection of 5 one from a?,b?, ¢, d?, e?, f2 = 9C;

and for 1 there are two choice for each elements a, b, ¢, d, e, f = {—1,1}, total = 2°
for 0-only 1 choices

total matrices of case 2 = 6C5 x 25 = 192

total number of such matrices = Case 1+ Case 2

=120 4192 = 312

Question6



3 —4
Let A= . ) and B be two matrices such that A1°° = 100B + I.

Then the sum of all the elements of B1% js

JEE Main 2026 (Online) 28th January Evening Shift

Answer:0

Solution:

Decompose Matrix A We can write matrix A as the sum of the Identity matrix I and a residual matrix C':

PR B RS R P
=EEC= 00 | Tl YT o

C,2_2 —4][2 —4] [4-4 —8+8—00—O
-2l 2] [2-2 —444] |00/
Since C? = 0, C'is a nilpotent matrix. Consequently, C™ = 0 for all n > 2.
Find A'% using Binomial Expansion :
A0 — (] 1 ¢)100 = 1000 7100 | 1000y 799 11000, 982 4. 4 100y oo 100
Since C? = C3 = - .- = C1% = 0, the expansion simplifies to :

A0 _ 1000y 7 1006
A0 —1.74+100-C
A =14 100C

Find Matrix B :
The problem states that A% = 100B + I. Comparing this to our result:

100B+1 =100C + 1
100B = 100C
B=C

Calculate the Sum of Elements of B :
Since B'= Cand we know C? =0, then: B>=0

Consequently, B9 = 0 (the zero matrix).

0 0
B100._
b 4

The sum of all the elements of B9 is 0 .




Question7

. ) 2 3 9 /
Consider the matrices A = 4 and B = 18l If matrices P

and (Q are such that PA = B and A(Q) = B, then the absolute value of
the sum of the diagonal elements of 2(P + Q) is
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Answer: 34

Solution:

RS

.. PA=B

A=

N

= P = BA-!

_1[3 9] [—1 1}_%—21 12]
21 3| |-2 1) 2|7 4
.. AQ =B

= Q=A"'B

-2 ol =5 S

s P+ Q) = {(=21) + (4) + (=2) + (—15)]

o=

= |~ 34/ =34

Question§

[—1 1 -1
LetA= 1 0 1 | satisfy
Lo 0 1



A% + a(adj(adj(A))) + B(adj(A)(adj(adj(A)))) =

some «, B € R.

Then (o — B)? is equal to
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Answer: 4
Solution:

We need to find « and 3 from
2 =2 2
A? + a(adj(adj(A))) + B(adj(A) adj(adj(A4))) = |:2 0 1] >

Let us solve step by step.

1. Given matrix

[—1 1 -1
A="1 0.1
[0 0 1]

2. Find det(A)

Since the third row is (0, 0, 1), expand along the third row:

-1 1

det(A) =1
e 1 0

-~ ()= W = -1

So,

det(A) = -1 # 0.

Hence A is invertible.

3. Use NCERT property of adjoint of adjoint

For an n x n invertible matrix,
adj(adj(A)) = (det A) " 2A.

Here n = 3, s0



adj(adj(A)) = (det A)!A = (~1)A = —A.

Thus,

adj(adj(4)) = —A.

Also, for anyinvertible matrix,

Aadj(A) =det(A)I.

So,

Aadj(A)=—1I.

Multiplying both sides by A~!is not necessary; instead use
adj(A) = det(A)A 1= — A~ if needed.

Now,

adj(A) adj(adj(4)) = adj(4)(<A) = ~(adj(4)4).
And since

adj(A)A =det(A)I = —1,

we get

adj(A) adj(adj(4)) = —(-I) = I.

So the given equation becomes

2 =2 2
A’ +a(-A)+BI=|-2 0 -1f.

That is,

A2 —qA+BI=|-2 o0 -1].

4. Compute A>

-1 1 -1
A=11.0 1
0 0 1

Now multiply A by itself:

-1 1 . -117-1 1 =1
A2=11 0 1 1. 0 1
00 0 1 0 0 1

Entrywise calculation:

e First row:

(1,1) 2 (=1)(~1) 4 (1)(1) + (~1)(0) = 2



(1,2) 5 (~1)(1) + (1)(0) + (~1)(0) = —1
(1,3) : (~1)(~1) +(1)(1) + (~1)(1) = 1
e Second row:
(2,1) = ()(1) + (0)(1) + (1)(0) = —1
(2,2)  (1)(1) + (0)(0) 4 (1)(0) = 1
(2,3) : ()(=1) +(0)(1) + (1)(1) = 0
e Third row:

(3,1) =0, (3,2)=0, (3,3)=1

Hence
2 -1 .1
A2=1-1 1 o0
0 0 1

5.Form A? — aA + BI

First,
a —-a .«
—aA=|-a 0 —a
0 0 —«
and
B 0 0
Bl=10 B 0].
0 0 8
So,
24a+p -l1-a 14+«
A2 A+ BI=| -1—-« 1+ —~a .
0 0 1—a+8

This must equal

2 R\ 2
-2.0 -—1f.
0 0 -1

6. Compare corresponding entries
From the (1, 2) entry:

—1l-a=-2 = a=1.

From the (2, 2) entry:

1+48=0 =  pB=-1

These also satisfy the other entries:



e (1,1):
24 atf=2+1~1=2

e (1,3):

l4+a=2

e (2,1):
—1-a=-2

e (2,3):
—a=—1

e (3,3):

l-a+pf=1-1-1=-1
All correct.

Thus,

7. Find (a — )2
a—pF=1-(-1)=2
Therefore,
(a—B)?=22=4.

So the required answer is

ol

Question9

For the matrices A = o —4 dB = - 8 if
or ¢ matrices = 1 _1 an = _13 ]_8 . |

0
(A¥ + B) r] 3 [O] , then among the following which one is true?
Y
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Options:

A.



z=18,y=11

Answer: C

Solution:

4 [3 —4]’32 {23 49}

1. N} 45 21
Characteristic equation of A,
(3-=X)(-1-X)+4=0
A=3)A+1)+4=X—-22+=0
= A —24+1=0
A =2A - [,A* =24 —A=2(024-1) - A=3A-2I
A* =4A? + T —4A=402A~-1) - 4A+1T
= 4(2A— 1) —3A=5A—4I
(4% = (5A — 41)?
= 1254% — 3 x 254%(4) + 3(54) (4%) — 641
= 125(3A4 — 2I) — 300(2A4 — I) + 240A — 641
= A(375 — 600 + 240) + I(—250 + 300 — 64)
= 15A — 141
= AY 4+ B=15A—-14I +B

< E jﬂ (4% % B) m - [g] =2z =11y

Question10

If the system of equations
3x+y+42=3

20 +ay —z="—3
x+2y+2=4

has no solution, then the value of o is equal to:
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Options:

A.

13

B.

4

C.

19

D.

23

Answer: C

Solution:
31 4

A=12 a -1
1 2 1

det(A) =0

a=19

Questionl11

2 3
IfA = {3 5] , then the determinant of the matrix

<A2025 g A0 A2023) is
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Options:

A.



12
B.
24

C.

28

D.
16

Answer:'D
Solution:

2 3
A= Al=1
(5 2)a

‘A2025 _3A2024+A2023‘ e ‘A2023‘ ‘A2 _3A Tl =16

Question12

x
If X = |y| is a solution of the system of equations AX = B, where

2
4 2 2 4

adjA=|-5 0 5| and B= (0|, then |z + y - z| is equal to :
1 =2 3 2
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Options:

A.

3

B.



C.

3
2

D.
1
Answer: B
Solution:

4% { 4 2 2\ /4 Ll 2
_A-lp_ (2 T L — _
X=A B_( A )Bilo( 5 0 5) (O)ilo( 10)1( 1)

1 =23/ \2 10 1

Slety+z =2
Question13

Let n be the number obtained on rolling a fair die. If the probability
that the system

T—ny+z2==6
z+n—2)y+(n+1)z=38
m—1y+z=1

has a unique solution is %, then the sum of £ and all possible values of n
is :
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Options:

A.

22

B.

20

C.

24



D.
21

Answer: A

Solution:

z—ny+z2==6
z=(n—2y+(n+1)z=28
n—1y+z=1

1 —n 1
1 (n—2) n+1[=0=n=1,20rn = —1(rejected)
0 n—1 1

For unique solutionn = 3,4,5,6
Now P (Probability when system of equations has unique solution) = %
Sok =4

Now required sum =4+ (3+4+5+6) = 22

Question14
Among the statements :
1 cosa cosf3 0 cosa cospf
I: If {cos o 1 cosy| = |cosa 0 cos /|, then
cos 3 cosvy 1 cosB cos~y 0

cos? o + cos? B+ cos? vy = %, and

 + z+1 x—=2
M:If (222 + 32— 1 3z 3z — 3| = pz+q, then p2 = 19643,
22420 +3 22—1 22z—1
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Options:

A.



both are true

B.

both are false

C.

only I is true

D.

only II is true

Answer: B

Solution:

1 cosa. cospf
cosa 1. cosy| =1 (1~ cos?y) —~ cosa(cosa — cos Bcosv) + cos B(cos acosy — cosf3)
cos 3 cos7y 1

2o~ cos? B+ 2cos B+ 2+ cosacos 3cos Y

=1 —cos?vy — cos
0 cosa cospf

cosa 0  cosy| = —cosa(—cosBcosy)+cosB(cosacosy) =2cosacosf — cosy

cosf cos7y 0
= cos®a + cos® B+ cos’y =1

0 1 -2
rg=|-1 0 —3[{=-10—2=-12
3 —-1.-1
0 0 -3
And —p+gqg=|-2 -3 —6/=-36
2 -3 -3
=>p=q+36=24
= p? # 196¢>

Option (4) is correct.

Question15

The system of linear equations

T+y+z==6
2z 4 by +az = 36
r+2y+3z=>

has :
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Options:
A.

unique solution for a = 8 and b = 16

B.

infinitely many solutions for @ = 8 and b = 14

C.

infinitely many solutions for a = 8 and b = 16

D.

unique solution for a = 8 and b = 14

Answer: B

Solution:

For the system to have infinitely many solutions, the determinant of the coefficient matrix ((A ) must be zero.

11
A=1]2 5
1 2

W e M
I
o

1(15—2a)<1(6 —a)+1(4—-5)=0
15—2a—-6+a—1=0
8—a=0=a=28

Now, for infinitely many solutions, A; = Ay = A, = 0.

Check A, :
6.1 1

A, =136 5 8 =0
b 2 3

6(15 — 16) — 1(108 — 8b) + 1(72 — 5b) =0
6(—1)— 108 +8b+ 72 —5b = 0

— 61084 72+3b=0
—4243b=0=>3b=42=b=14

6 1
36 8] = 1(108 — 112) — 6(6 — 8) + 1(28 — 36) = <4+ 12— 8 =0
143
1 6
5. 36| = 1(70 —72) ~1(28 —36) + 6(4 —=5) = —2+8 — 6 =0
2 14

[ = S TR




If a = 8 and b # 14, the system has no solution.
If a = 8 and b = 14, the system has infinitely many solutions.

If a # 8, the system has a unique solution regardless of b.

Questionl6
7294928 . 1
Let f(z) = [ (1%21%9)2 de,z > O,glclg(l) f(z) =0and f(1) = 7.
0 0 1
IfA= |1 #(1) 1| andB = adj(adjA) be such that |B| = 81, then
% 4 1

a? is equal to
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Options:

A.

2

B.

D.
1

Answer: B

Solution:

7210 98
f(x):/ LT
(1+ 22 +229)

_/ 720+ 92 _/ = T oh
(27 (T L)




substitute ;1; + % +2=t

=9 7 7 9
it 1

put value of t

1
fle)= ——+C
() L4 +2

9

T
@) = 229 + 2+ 1 +C

It is given that liII(l) flx) =0
T—
9
lim —— +C =0
20 229 + 22 + 1

0+C=0=C=0
9

x
o) = ey
() 928 (2:L'9 +z? + 1) — (18:E8 + 2:13)
Tr) =
(22° + 22 + 1)
iy~ F RO (0 1) — () (180)° +2(1)
(2(1)9 + (1)2 +1)°
_9x4-20 16
16 16
0 0. 1
Itisgiventhat A = | + “f'(1) 1
a? 4 1
0 0.1
substitute f/(1)=1= A= [$ 1 1
a? 41

It is given that B = adj(adj A)&|B| = 81
|B| = |A|® D" n = 3asAis 3 x 3 matrix

Bl =14|¢" =81
|Ajt =81 = 34
|A| = +3

1-a®=+3{|4A|=1-a%}
l1-a’=-3o0rl—a%?=3
2 2

a® =4 or a” = —2 not possible

so value of a2 is 4




Question17

Let P = [p;;]-and Q = [g;;] be two square matrices of order 3 such that
gy =205 Vp;s and det(Q) = 2'°. Then the value of det(adj(adjP)) is:
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Options:

A.

81

B.

16

C.

124

D.

32

Answer: B

Solution:

Given two 3 x 3 matrices P = [p;;], Q = [¢ij] are given
gij = 2 Vpy;, det(Q) = 2'°.

To calculate det(adj(adj P))

We know det(adj(adj P)) = (det(P))"V*

where n is order of matrix which is 3

so, det(adj(adj P)) = (det(P))* — (1)

Let P matrix

P = (py pa P2
P31 P32 P33

P11 P12 p13]



911 4q12 413
and @ = |g21 g2 @q23
q31 432 433

use g;; = 27 "1p;; to find Q matrix

— 9l+1-1  92+3-1

e.g qi1 P11 = 2D11, 923 P23 = 2%pa3

[2p11 22p1a. 23pus]
Q="2%py 2%py; 2%py;
|23psy 2%p3y 2%pss3)

[ 2p11 2%p12 2°pis]
Q= [2%pa1 2°p22 2%pa3
23ps1 2%psy 2°pss |
2p11 - 2%p1y. 2%pyg
det(Q) = |2%pa1  2%pay  2%pys| = 2"
2%ps31 - 2%psy  2°pss

taking common 2 from R, 22 from R,&23 from R;

pi1 2p12 2%pis
det(Q) =2-22-2% |pgp 2pan  22po3| = 2%

p31 2p32 27pss
taking common 2 from C, and 22 from Cj

P11 P12 P13
2-2%:2%.2.2° P21 D22 P23 =210
P31 P32 P33
= 2. det(P) = 2"
= det(P) =2
from (1) det(adj(adj P)) = (det(P))* =2% =16

Question18

Let A, B and C be three 2 x 2 matrices with real entries such that
B=(I+A)'andA+C=1

1 -5 12
If BC = and CB T , then £ + x5 is
—1 2 L9 §)
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Options:



D.
2

Answer: C

Solution:

We are given:
e B=(I+A) 1= B1=71+4
e A+C=1=—=A=1-C
Substitute A into the first equation:

Bl'=T+(I-0)

from (2) & (3), BC = CB

3. Set up the System of Equations Since BC' = C'B, we use the given matrix for BC' :

1 =5
cs=|" 7]

Now, substitute this into the vector equation :
ERRlHEE
-1 2| |® —6
This results in two linear equations :
o 1, —5xry =12
o —x1+2z0 = —6
1. Solve for x4 and x4

Adding the two equations :



(IEl — CUl) * (—5.’D2 + 2.’D2) = 12 — 6
= Lo = -2
Substitute 5 = —2 into the second equation :

—zy+2(—-2) = —6
—$1—4:—6:>—$1:—2$X1:2

Final result z; + 29 =2+ (=2) =0

Question19

1 2 3.3
Let A = and B = JOf A2 <444+ T =0 and
1 « B 2

B? — 5B — 61 = O, then among the two statements:

snl(B - A A= T

and

(S2) : det(adj(A +B)) = —5
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Options:

A.

only (S1) is correct

B.

only (S2) is correct

C.

both'(S1) and (S2) are correct

D.

both (S1) and (S2) are wrong

Answer: B



Solution:

A:[l 2]
1l «o
A2 —4A+T1=0

trace of matrix

a+1=4

oa=3

B_ 33
B2

B2-5B-6I=0

det. (B) =6 — 38=~6
38=12
B=4

R ) TR i
3. -1 5 5

(B— A)(B+ A) = [173 ig}

adj(A) = [_31 _12},aij = [2 _3]

adj(A+ B) = [_55 _45]

Question20

Let a, 8 € R be such that the system of linear equations

r+2y+2=295
20 +y+az=5
8r + 4y + Pz =18

B

has no solution. Then - is equal to :

JEE Main 2026 (Online) 2nd April Morning Shift
Options:
A.

4



D.
-8

Answer: B
Solution:

c+2y+z2=5
2r+y+oaz=35
8 + 4y + Bz= 18

For a system of three linear equations to have no solution, it is necessary that the coefficient matrix be singular,
i.e. its determinant is zero: A = 0.

1 21
A=112 1 a|=0
4 B
A=1(8—4a) —2(28—8a) +1(0) =0
=p—4da— 48+ 16a =10
=da=p

Now substitute 8 = 4« in the third equation. Then the left side of the third equation becomes 8x + 4y + 4az,
which is exactly 4 times the left side of the second equation 2z + y + ac.

But the constants do not match: 4 x 5 = 20, whereas the third equation has 18. So we get
4 X (2z+ y+ az) = 20 but 8z + 4y + 4az = 18, which is a contradiction. Hence, the system is inconsistent and
has no solution.

4
Therefore, ﬁ - 2Q 4.
o a

Question21

If the system of equations
x+oy+6z=4
2¢ + 3y +4z =7

x+6y+az=>=



has infinitely many solutions, then the point (a,b) lies on the line
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Options:
A.
y—z=3
B.

Ty =
C.
z+y=11
D.
T+y=12
Answer: B
Solution:

The given system of equations is:

T+ 5y+62=4

2r+3y+42=17

z+6y+az=0>

Find the determinant of the coefficient matrix (A)

The coefficient matrix is formed by the coefficients of z, y, and z.

1
A =2
1

S W ot
Q B O

Let us expand this determinant along the first row:
A=13-a—6-4)—5(2-a—1-:4)+6(2-6—1-3)
A =1(3a—24) —5(2a —4) + 6(12 - 3)

A =3a—24—10a + 20+ 6(9)

A=—-Ta—4+54

A =—-Ta+50



For the system to have infinitely many solutions, we equate A to 0:
~7a+50=0 — 7a=50 — a= 2
Find the determinant A ,

To find A, we replace the z-column (third column) with the constant terms from the right-hand side of the
equations.

1
A, =12
1

S L ot
o =T

We again expand along the first row:
A,=13-b—6-7)=5(2:b—-1-7)+4(2-6—-1-3)
A, =1(3b—42) =5(2b—7) +4(12 —3)

A, =3b—42 —10b+ 35+ 4(9)

A,=-Tb—T7+36

A, =-Tb+29

Equating A, to zero for infinitely many solutions, we get:
—7b4+29=0 — 76=29 — b==2

Check the options for the point (a,b)

We have obtained the point coordinates as (a,b) = (3, 2).

Let us evaluate the difference a — b to find out which linear profile equation matches our outcome:
0—b=% -2
a—b= M

a—b=3% =3

Writing this relation in terms of « and y (where x = a and y = b), it perfectly satisfies the line equation:

r—y=3

Thus, the point (a, b) lies on the line given in Option B.

Question22

1 1 2
Let A= [—=2 0 1|.Then the sum of all elements of the matrix
1 3 5

adj (adj (2(adj A) 1)) is equal to:
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Options:
A.

3

3

Answer: D

Solution:

Given

We have to find the sum of all elements of
adj (adj (2(adj A)_l))

01
3.5

-2 1

A=1
det ‘ 1 5

-2 0
SRR

1 3
=1(0-5—-1-3)—1((-2)-5—=1-1)+2((—-2)-3—-0-1)
=-3—(-11) +2(-6)

==-3+11~-12= -4

So,

det A =—4

Foran n x n matrix,

det(adj A) = (det A)""1

Since A is 3 x 3,

det(adj A) = (det A)? = (—4)%> = 16



Now let

B=2(adjA)!

We need adj(adj B).

For a 3 x 3 matrix, the property is:
adj(adjB) = (det B) B

Since

B =2(adj A)™!

and for a3 x 3 matrix,

det(2M) = 23 det(M) = 8det(M)
therefore,

det B = 8det ((adj 4) 1)

Also,

1

1
det(adj4) 16

det ((adj4) ') =
Hence,

det B=28- % . %

So,

adj(adjB) = (det B)B= + B

But

B =2(adj A)~!

Thus,

adj(adj B) = 3 - 2(adj.A)~! = (adj 4)*
So the required matrix is simply

(adj.A)~

We know,

adjA = (det A)A™1

Hence,

(adjA)' =5 A

Since det A = —4,

(adj A)~! = 714—A = —i—A

Therefore the required matrix is

—%A



First find the sum of elements of A:
1+142—-2404+1+14+3+5=12

Therefore sum of elements of — %A is

1
-3¢ 12 = -3
Final Answer

So, the correct option is D.

Question23

b
LetS = {A: [a d] :a,b,c,d €40,1,2,3,4} and
c

A2 —4 A+ 31 = 0} be a set of 2 x 2 matrices. Then the number of

matrices in S , for which the sum of the diagonal elements is equal to 4,
is :
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Options:

A.

20

B.

17

C.

21

D.
19

Answer: D

Solution:



b
A:[“ ] a,b,¢,d € {0,1,2,3,4}
c d

and it satisfies
A? —4A 431 =0.
We have to count those matrices for which the sum of diagonal elements is
a+d=4.
So we must find the number of matrices satisfying both:
1.A> ~4A+3I=0
2.tr(A) =a+d=14

Step 1: Factor the matrix equation

We write

A2 —4A+3I=(A—-1)(A~3I)=0.

So the matrix A satisfies the polynomial

(z —1)(z —3) =0.

Hence the only possible eigenvalues are 1 and 3.

Now the trace is given to be 4. Since trace is sum of eigenvalues, the eigenvalues must be
1 and 3.

So every such matrix has distinct eigenvalues 1 and 3, hence it is diagonalizable.

Step 2: Use trace and determinant

For a2 x 2 matrix with eigenvalues 1 and 3,
e trace=1+3 =4
e determinant=1-3 =3
So we need all matrices with entries in {0, 1,2, 3,4} such that
a+d=4, ad — bc = 3.
Letd =4 —a. Then
a(4 —a) —bc=3
that is,
bc =a(4—a)—3.

Now check all possible values of a € {0,1,2,3,4}.

Step 3: Case-wise counting



Casel:a=0
Thend = 4, and
bc=0-4—-3=-3
not possible.
Case2:a =1
Then d = 3, and
bc=1-3-3=0
So we need ordered pairs (b,¢) with b, ¢ € {0,1,2,3,4} and bc = 0.
That means at least one of b, ¢ is 0.
Number of such ordered pairs:
e b= 0:5 choices for ¢
e ¢ = 0:5 choices for b
 but (0, 0) counted twice
So total
5+5—-1=9
matrices.
Case3:a =2
Then d = 2, and
bc=2-2-3=1
So
bc = 1.
Since b, ¢ € {0, 1,2, 3,4}, this is possible only for
(b,c) = (1,1).

So total matrices in this case:

1
Cased4:a =3
Thend = 1, and

bc=3-1-3=0
Again, number of ordered pairs (b, ¢) with be =0'is

9.
CaseS5:a =14

Then d = 0, and



bc=4-0~3=-3

not possible.

Step 4: Total count

Total number of matrices is
94149 =19.

Hence the required number of matrices is

So, the correct option is:

Question24
1 2 7

Let A= |4 -2 8 | and det(A — al) = 0, where « is a real
3 8 =7

number. If the largest possible value of a is p, then the circle
(x —p)? + (y — 2p)? = 320, intersects the co-ordinate axes at
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Options:

A.

1 point

B.

2 points

C.

3 points

D.

4 points

Answer: C



Solution:

We need the largest real value of « such that
det(A —al) =0

That means « is an eigenvalue of the matrix

12 7
A=14 -2 8
3 8 -7

So first we find the eigenvalues of A.

Step 1: Form A — o

1l -« 2 7
A—al = 4 -2 -« 8
3 8 -7 -«
Now,
11—« 2 7
det(A—al)=| 4 -2 -« 8 =0
3 8 -7 -«

Step 2: Expand the determinant

Expanding along the first row:

s 8
8 -7 —«

4

det(A — al) = (L— ) ]

24 8
3 T—«

Now calculate each minor:

‘_2_" S o (-2 a)(-T-a)-6d

8 —7—«

=(a+2)(a+7) ~64=0a’+9a+14 — 64 = a® + 9a = 50
Next,

2 ; = 4(-7 24 = —28 —4a—24 = 52— 4
3. -T—a| QU= R dacM =52 4o

And,

4 2—-«
3 8

=32 —3(=2—0a)=32+6+3a =38+ 3

So,
det(A — al) = (1 — a)(a® + 9a'—50) —2(—52 — 4a) + 7(38 + 3a)
Now simplify:

(1—a)(a?+9a —50) = a® + 9a — 50 —a® — 9a? + 50«

—2—a
8




= —a® —8a? + 59a — 50

Also,

~2(—52 — 4a) = 104 + 8«

and

7(38'+ 3a) = 266 + 21

Therefore,

det(A — al) = —a® ~8a? + 59a — 50 + 104 + 8a + 266 + 21«
= —a® = 8a® + 88a + 320

So the equation becomes

—a’ —8a? + 88+ 320=0

Multiplying by —1:

ad +8a% —88a—320=0

Step 3: Factorise

Try integer roots. On putting a = 8:

83 4+ 8(82) — 88(8) — 320 = 512 + 512 — 704 -~ 320 = 0
So (o — 8) is.a factor.

Divide:

a® +8a% — 88a — 320 = (a — 8)(a? + 16a + 40)

Now solve

a?+16a+40=0

o = —16:t«/§56—160 _ —16?@ - —16ﬂ2t4V6 = —8+26

Hence the eigenvalues are

8, —8+2v6, —-8-2V6

So the largest possible value is

p=28

Step 4: Put p = 8 in the circle

Given circle:

(z —p)2 + (y — 2p)? = 320
Substitute p = 8:

(z —8)% + (y~ 16)% = 320

Its centre is (8, 16) and radius is



r=+/320 = 85
Step 5: Find intersections with the coordinate axes

On the x-axis

For points on the z-axis, y = 0.
(z —8)%2+ (0 — 16)? = 320
(z — 8)% +256 = 320

(x —8)% =64

r—8==£8

So,

z=16 or =0

Thus the circle meets the z-axis at
(16,0), (0,0)

On the y-axis

For points on the y-axis, z = 0.
(0—8)2+ (y=16)2 = 320

64 + (y— 16)% = 320

(y—16)2 = 256
y— 16 = £16
So,

y=32 or y=0
Thus the circle meets the y-axis at

(0,32), (0,0)

Step 6: Count distinct intersection points

The distinct points are
(16,0), (0,0),(0,32)
So the circle intersects the coordinate axes at

Hence, the correct option is:




Question25

If the system of equations :

T+Y+z=27
r+2y+3z2=9
x+3y+Az=pu

has infinitely many solutions, then the value of \ + p is :
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Options:

A.

16

B.

18

C.

19

D.
21

Answer: B
Solution:

D=X-5
Dy =4A =24+ 6

D3:,LL—]_3

. D, D, D3
erer — — 1y = —2ip= 2
y D'YT D D

For the system to have infinitely many solutions, the determinant of the coefficient matrix and all the
corresponding determinants must be zero.

D:D1:D2:D3:0

First, set D= 0:



A=5=0=A=5

Next, set D3 = 0:

p—13=0=pu=13

Now check Dy = 0 using A = 5 and p = 13:
A+tp—-18=5+13-18=0

Also check Dy = 0:
AN—2u+6=4(5)-2(13)+6=20-26+6=0
So the values are consistent. Therefore,

SA+p=5+13 =18

Question26

Consider the system of linear equations in z,vy, z :

r+2y+tz=20
6z +vy+ 5tz =0
3z + t*y+ f(t)z =0

where f : R — R'is a differentiable function. If this system has
infinitely many solutions for all ¢ € R, then f
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Options:
A.

1s a constant function

B.

is strictly increasing on R

C.

is strictly decreasing on R

D.



has two critical points

Answer: B

Solution:

For a homogeneous system of three linear equations in , y, 2 to have infinitely many solutions, the coefficient
matrix must be singular for every t € R.

So, we form the coefficient matrix:

12 t
A=16 1 5t
34> f(t)

Since the system has infinitely many solutions for all ¢, we must have
det(A) =0 forallt e R.

Now compute the determinant.

1 2 t
det(4) =16 1 5t

3t f(t)
Expanding along the first row,

1 5t 6 5t 6 1

det(4) =1 — t
a =1y ol -2 el
Now evaluate each minor:
1 5t

= f(t)— 5t
6 o ‘—6f(t) 15t
3 f(®)

_ @2
.2 =6t —3

So,

det(A4) = (f(t) — 5t3) — 2(6£(t) — 15t) + t(6t*> — 3)
= f(t) — 5t = 12f(t) + 30t + 6t3 — 3t

= —11f(t)+t3 + 27t

Since this is zero for all ,

—11f(t) +t*+27t =0

Hence,

ft) = £

Now differentiate:



32427 3(t2+9
f’(t): 1J:I = (11 )

Since t? + 9 > 0 forall t € R, we get
f'(t) >0 forallt e R.
Therefore, f is strictly increasing on R.

Hence, the correct option is:

Question27

Let A be a 3 X 3 matrix such that

1 5 0 3 1 3
AT (o] = |2|,AT {0 = |1|,A |0| = [4] and A
1 2 1 1 1 4

If det(A) =1, then det (adj (4% + A)) is equal to:
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Options:

A.

16

B.

25

C.

49

D.
64

Answer: D

Solution:



Let
1 0
u= (0], v= (0
1 1

We are given

5 3
ATy =21, ATy = |1
2 1
and
3 1
Au = {41, Av="13
4 1
We have to find

det (adj(A? + A))
given that

det(4) =1

Step 1: Use the relation A(u — v)

First note that
1 0 1
u—v= [0 —|0] =|0
1 1 0
So,

Now,
3 1 2
Au— Av= 4| — [3]| = |1
4 1 3

Hence the first column of A is
1 2

A0l = |1
0 3

Also, since

0 1
A0 =13
1 1



the third column of A4 is

1
3
1
Now use
1 1 0
A0l =A|0|+A4|O0
1 0 1

which gives
3 2 1
4 =111 + 13
4 3 1
This is consistent.

So let

A:

w = N
o o e

1
3
1
Now use det(A4) = 1.

Step 2: Find the second column using determinant

Compute determinant:

det(A4) =

W = N
o <o Q

1
3
1

Expanding along the first row,

b 3
det(A) =2 ‘
c 1

13+11b
—-a
3 1 3 ¢

=2(b—3c) —a(l—9)+ (c— 3b)
=2b—6¢c+8a+c—3b

=8a —b—5c

Given det(4) = 1,
8a—b—-5c=1

But we still need more information. For that use the conditions involving AT.

Step 3: Use transpose conditions

Since



this means the third column of AT is | 1|, so the third row of A is

3 1 1]
Thus,
c=1

Now A becomes

2
A=]1
3

— o Q

1
3
1

Next, use

1
AT |0} =

N DN Ot

But

1 1 0
AT o = AT |o| + AT |0
1 0 1

1

Now AT |0} is the first column of AT i.e. the first row of 4, which is
0

b
N
I

So,

5
a+1| = |2
2



Now use det(A) =1:
8a—b—-5c=1

witha =1, ¢c=1,

8—b-56=1
3-b=1
b=2

Thus,

2.1 1
A=11 2 3
3 1 1

Step 4: Find A% + A

First compute A2:
2 1 17112 11
A*=1{1 2 3| |1 2 3
3 1 1143 1 1
Multiplying row by column:

8 5 6
A2 =113 8 10
10 6 7

So,
8 5 6

2 1 1
A2+ A=113 8 10|+ |1 2 3
31 1

10 6 7

Step 5: Use determinant property

For a3 x 3 matrix M,

det(adj M) = det(M)3~1 = det(M)?

So we first find
det(A% 4 A)

Now,

A+ A= A(A+1T)

Hence,

det(A? + A) = det(A) det(4 + 1)

Given det(4) =1, so

10 6
1410
13 7

13



det(A? +A) =det(A+ 1)

Now

3
A+TI=11
3

N SUR
N W=
—_ =

Its determinant is

3
1
3

1.1
det(A+ 1) = 33
1 2

Expanding along the first row:

3 3

:3‘1 2

1
ol

3 2 3 1
=36-3)—(2=9)+(1-9)
=3-3—(-7) -8

=9+7-8=28

So,

det(A?2 +A) =8

Therefore,

det(adj(A4% + A)) = det(A%+ A)? =82 =64

Final Answer

So, the correct option is D.

Question28
1 0 0
Let M be a 3 x 3 matrix such that M ) 2 11 =11
3 0 2
0 —1 T 1
andM |0 =1 1 |.fM|y] =17 |,thenz+ y-+ zequals:

1 1 z 11
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Options:
A.

4

D.
11

Answer: B

Solution:

Since the images of the standard basis vectors are given, the columns of matrix M are exactly these vectors.

So,

T 1
Mlyl|l=17
z 11
So,
10 -1 T 1
2 1 yl =17
3 2 z 11

This gives the system:
z—2z=1
2c+y+z2="7

3z +2y+z=11
Now solve step by step.
From the first equation,

r=1+2



Substitute into the second equation:
2L+ 2)+y+z="7
243z+y="7

y+3z=56 = y=5—-3z

Now substitute z = 1 + z and y = 5 — 3z into the third equation:

31+2)+2(5—-32)+2z=11
3+32z+10-62+42=11
13 -2z=11

—2z=-2

y=>5—-3z=2
Therefore,
T+y+z2=2+24+1=5

So the correct answer is:

Option B
Question29
If f : N — Zis defined by
n —1 ~bH
f(n) =|-2n%? 3(2k+1) 2k+1 |,k € N,

~3n3  3k(2k+ 1) 3k(k+2)+1

k
and > f(n) = 98, then & is equal to :
n=1
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Options:

A.
3
B.
4
C.
5
D.
6
Answer: A
Solution:
n Q- -5
f(n) =|-2n% 3(2k+1) 2k +1
—3n3 8k(2k+1) 3k(k+2)+1
k k(k2+1) 1 5
S f(n) = |—22ELEHD 50k 4 1) 2% +1 |=098

n=1

—3BED gpok 1) Sk(k+2) +1

k

N (k+1)(2k+1) Z
2 3

=k(k+1)2k+1) =84

=k=3

=98

Question30
1 00
LetA= {31 0 andB= |b;],1<4,j<3.1fB =A% —1, then

b31 _b21 3

the value of 2 Is :
32
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Options:

A.

99

B.

199

C.

149

D.

159

Answer: C

Solution:

A=P+1
0 0O 1 0 0

A=13 0 0| +1]|0 1 0
9 3 0 0 01

A=P+IwhereP3=0
A% =1+ 99P + 9C,P2

0 0 0 000
A —1=99(3 0 0| +%C,(0 0 O
9 3 0 9 0 0
0 0 0
=199%x3 0 o0
44550 99 x 3 0

b31 = 44550,b21 =99 x 3, b32 =99 x 3

. bs;—bo; _ 44550—297
* by 297 = 149

Question31

The sum of all possible values of § € [0, 27|, for which the system of
equations :



xcosd0 — 8y —12z2=0
xcos20+3y+3z=0
zT+y+3z=0

has a non-trivial solution, is equal to :
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Options:

A.

T
B.
2m
C.
3
D.
4m

Answer: D
Solution:

cos360 —8 —12
cos20 3 3
1 1 3
cos30 -8 —4
cos20 3 1
1 1 1

=0

=0

(Cr— C1 — C9)&Cy — Cy — C;
cos30+8 -4 —3
cos20—3 2 1

0 0 1

=0




2cos30 +16+4cos20 —12=0
(400530—3c059) + 2 (200529— 1) +2=0
4c0s®0 + 4cos?0 — 3cosh =0
c059(4cos29—|-4c0s0—3) =0

cosB(2cosf +3)(2cosf —1) =0

1 3
cosf = 0, —, —— (rejected
5~ 5 (rejected)

T 3w m 5w

R RS =

Sum = 4w

Question32
a1 2 1 0 0

Let A= |2 3 0OfandB= {0 —5a 0 [ +adj(4).If
0 4 5 0 4a —2a

det(B) = 66, then det(adj(A)) equals :
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Options:
A.

289

361

441

D.
529

Answer:.C

Solution:



A:

> W =

o N O

2
0
5
= |A| =15a — 10 + 16 = 150 + 6

15 3 —6
Nowadj4d= |—-10 5« 4
8  —da 3a-—-2

1 0 0
.B=10 b« 0 + adj(A)
0 4a 2«

16 3 -6
B=([-10 0 4
8 0 a—2

&| B| = 6(ba + 6) = 66 (given in question)
=a=1
=|A|=21

A-Adj(A) = AT = |A- Adj(A)| = |AI| = (|AP)|I] = |Af

= |A[|Adj(A)| = |AP = |Adj(A)| = |A]* = (21)? = 441

Question33

If the system of linear equations :

T+y+z==6
T+ 2y+52=10
2¢ 4 3y + Az = U

has infinitely many solutions, then the value of A\ + i equals:
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Options:

A.

12

B.



16
C.
22
D.
28

Answer: C

Solution:

To find the condition for infinitely many solutions, we first calculate the determinant D of the coefficients of
x,y; 2

1 11
D=1 2 5/=X—-6
2 3. A
For infinitely many solutions, D = 0. So,A — 6 =0 = \ = 6.

Now, let us find D4, the determinant obtained by replacing the first column with the constants:

6

1 1
D;=1{10 25/ =2XA+3u—60
3 A

t’—‘

Next, the determinant D3 is obtained by replacing the second column with the constants:

1 6 1
Dy=11 10 5/=4(A—p+10)
2 A

=

Finally, D3 is obtained by replacing the third column with the constants:

11 6
Dy=|1 2 10/ =u—16
2 3

=

For the system to have infinitely many solutions, all the determinants must be zero:
D=Dy=Dy=D3=0

Substitute A = 6:

FromD3 =0, 4 =16 =0 = p = 16.

Thus,

A+ p=06+ 16 =22

Question34



Let A be a square matrix of order 3 such that det(A) = —2 and
det(3adj(—6adj(34))) = 2™ . 3™" m > n. Then 4m + 2n is equal to
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Answer:.34

Solution:

As Aadj A = |A|T,det(AA) = A" det A
det(3adj(=6adj(34))) = 3° det(adj(—6 adj(34)))
— 3*(—6adj(34))?

= 3%(—6)°[34*

—3920.312. (—2)¢

_ g2l 910
Now comparing with given condition

omtngmn _ 210 . 321
m+n =10,mn = 21
=m="7,n=3(m >n)

SAm+2n =28 +6 =34

Question35

Let A be a 3 x 3 matrix such that XTAX = O forall nonzero 3 x 1
T 1 1 1 0

matrices X = |y|.IfA (1| =| 4 |,A |2 =] 4 |,and
z 1 -5 1 —8

det(adj(2( A +1))) = 223%57, a, B,y € N, then o2 + 5% + 2 is
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Answer: 44

Solution:

XTAx =0
/al as as T
(zyz) yb1 b2 b3 ||y =0
\cl cy c3 z
/alw + asy + azz
(zyz) | biz +bay +b3z | =0
\clac + coy + c32

z (a12 + a2y + a3z) + y (biz + bay + b32)
+ z(ci1x + coy+c32) =0

a1 =20,bp =0c3 =0

a2 +b; =0,a3+c¢1=0,b3 =co=0

A = skew symm matrix

/0 x 1 1
A=11]=14
\ ~y —z O 1 -5
/0 x Yy 1 1
=A== z 11=14
\ —y. =z 0 1 -5
x+y=1
—x+z=4
Yy+z=5

SRV G
\y—zoj\ —8

2z 4+y=20 z=-—1
—r+2z=4 y=2
—y—2z=-8 z=3

/o —12
A=11 0 3
\—2 ~3 0

2 -2 4
sain- |3

\2—62

2(A +1) =120 = det|adi(2( A +1))|
=120%2 = 26.32%.52
a=6,=2,7v=2



Question36

Let M denote the set of all real matrices of order 3 x 3 and let
S = {—3, —-2,—1,1, 2}. Let

S = {A=Ta;] € M: A =AT and a5 € S, Vi, j},
Sz—{A JeM: A= —-ATanda; € S,VI,J},
S3_{A_[ 13] EM.a11—|—a22—|—a33:03ndaij S S,Vi,j}.

If n (S1 U S2 U S3) = 1250, then a equls
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Answer: 1613

Solution:

a;1 Qaiz a3
a1 Qa2 a23
[a31 as2 ass

No. of elementsin S; : A = AT = 53 x 53
No. of elements in Ss : A = —AT = 0
since no zero in So

No. of elements in S3 =

a+ a2+ a3 =0=(1,2,—3) = 31)
or
(1,1,-2) =3 = 12 x 55
or
(=1,-1,2) = 3

n(S;N S;) =12 x 5°

n(S, U S,U Sg)=5%1+12) —12 x 5°
= 5% x [13 x 5° —12] = 125a
o = 1613




Question37

2 2 —1
LetS:{mEZ:Am +Am:3I—A_6},WhereA: [1 O]'

Then n(S) is equal to
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Answer: 2
Solution:

=[]

L {4 _3} e {5 _4}

12 —1] 3 -2 4 -3
and so on
G
AS =
_6 _5_
Am - m—+ 1 —m
m —m+1]
m? m?+1 —m? ]
A" = 9 )
m — (m — 1)
A™ pA™ =3 AO
m? +1 —m? +[m+1 —m ]
m2 o (m2 _ 1) m —m + 1

3o 1) =4% 7
o

m’+1+m+1=8

=m’+m-6=0=m=—3,2
n(s) =2

Question38



Let I be the identity matrix of order 3 x 3 and for the matrix

l-)\ 2 3

A= 4 5 6]|,|A| = =1.Let B be the inverse of the matrix
[7 102

adj (Aadj (A?)). Then |(AB + I)| is equal to
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Answer: 38

Solution:

B = [adj(4adj (4%))]
Adj(A?) = (adj A)? = Aadj (A?) = Aadj(4) - (adj A)
—A(AAT) =4 (A1) =4

5B (i (A1) = (4 )4) = S -

= B=-A"1
A 2 3
Al=-1=4 5 6
7 =1 2

=—-1=X=3

A||I -84 -
3B+ 1| = 1-347" = bl | _ 143

|A] |Al
0 2 3
4 26
k| e M | P
—1 —1

= [3B+1| =38

Question39

[cos 6. 0 —sind
Let A= 0 1 0 |.Ifforsome6 € (0,7), A> = A7, then the
[sin @ 0 cosb

sum of the diagonal elements of the matrix (A +1)° + (A —I)? —6 A is
equal to
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Answer: 6
Solution:

Note that A is orthogonal:

AAT = ATA =Tand AT = A~}

Given A2 = AT then:

A3 =1

Tr(A+1)%+ (A—1)° — 64 =Tr (24° + 64—~ 6A4)
= Tr (24%) = Tr(2I)

(Using (A+1)> + (A —1)? =24% + 64 and 24° = 2I) =
6

Question40

The number of singular matrices of order 2 , whose elements are from
the set {2,3,6,9}, is .
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Answer: 36

Solution:
a b
A=
Let [c d]
for A to be singular matrix
ad = be
Case 1: exactly 1 number is used = *C; ways

Case 2 : exactly 2 numbers is used = *C5 ways



Case 3 : exactly 3 numbers used = none will be singular.
Case 4: exactly 4 numbers is used

=>ab=cd=>2x9=3x6
= 40, x 2! = 8 matrix .

.. Total ways = 4 + 6 x 4 + 8 = 36 matrices.

Question41

For a 3 x 3 matrix M, let trace (M) denote the sum of all the diagonal
elements of M. Let A be a 3 x 3 matrix such that |[A| = + and trace
(A) = 3. If B = adj(adj(24)), then the value of | B|+ trace (B) equals :
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Options:

A. 56

B. 132

C. 174

D. 280

Answer: D
Solution:

B = adj(adj(24)) = det(24) - (24)

Since A is.a 3 x 3 matrix with

det(4) = 1,

the determinant of 24 is computed as

det(24) = 23 det(A) = 8- 1+ =4.

Thus,

B=4-(24)=8A.

Now, compute the determinant and the trace of B:

Determinant of B:



det(B) =det(8A4) = 8° det(A4) = 512 & = 256.
Trace of B:

trace(B) = trace(8A4) = 8 - trace(4) = 8- 3 = 24.
Finally, adding these results:

det(B) 4+ trace(B) = 256 + 24 = 280.

Question42

If the system of linear equations :

T+y+22=06
2 +3y+az=a+1
—x—3y+bz=2b

where a,b € R, has infinitely many solutions, then 7a + 3b is equal to :
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Options:

A. 12

B.9

C.22

D. 16

Answer: D

Solution:

We begin with the system:

z+y+ 2z =6,
2¢4+3y+az=a+1,
—x — 3y + bz=2b.

Step 1. Solve the first equation for «:

z=06—y— 22



Step 2. Substitute = 6 — y — 2z into the second equation:
26—y—22)+3y+az=a+1.

Expanding and simplifying:

12—-2y—4z2+3y+az=a+1 = y+(a—4)z=a— 11
Call this Equation (I).

Step 3. Substitute = 6 — y — 2z into the third equation:

~(6 —y—2z) — 3y +bz=2b.

Expanding and simplifying:

—6+y+2z2—3y+bz=2b = 2y+(b+2)z=2b+6.
Call this Equation (II).

Step 4. For the system to have infinitely many solutions, the two equations in y and z ' must be dependent—that is,
one must be a constant multiple of the other. Assume there exists a constant k such that

—2=k1 = k=-2

Apply this to the coefficient of z and the constant term.

For the z-coefficient in Equations (I) and (II):
b+2=k(a—4)=—-2(a—4) =—2a+8.

Thus,

b= —2a+6.

For the constant term:

2b+6 =k(a—11) = —2(a — 11) = —=2a + 22.
Substitute b = —2a + 6 into this equation:
2(—2a4+6)+6=—-20+22 — —4a+12+6=—2a+ 22.
Simplify:

—4a 4 18 = —2a 4+ 22.

Solve for a:

—~4a +18+4+4a = —2a+22+4a — 18 =2a+ 22,
20=18-22=—-4 = a=-2.

Substitute @ = —2 into b = —2a + 6:
b=-2(—2)+6=4+6=10.

Step 5. We now compute

Ta+ 3b=T7(—=2)+ 3(10) = —14 + 30 = 16.

Thus, the value of 7a + 3b is

16}



Question43

If A,B,and (adj (A~') + adj (B™')) are non-singular matrices of same
order, then the inverse of A(adj (A_l) + adj (B_l)) _1B, is equal to
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Options:

-1 A1
4] | B

B. adj (B_l) + adj (A‘l)
C.AB'+A'B

D. |A—1m(adj(B) + adj(4))
Answer: D

Solution:

Ao (A1) e (37) ) >
BL. (adj (A‘l) + adj (B—1)> A
B adj <A‘1>A‘1 Bl (adj (B_l)) A
B! \ A*1\1+ BHIA ™
B! Al
FRE
A adjB n adj
[B[IA] ~ [A[|B|

(adjB + adjA)

| AB]

Questiond44



If the system of equations

A=Dz+A=4)y+Az=5
Az A —=1)y+ (A —4)z=7
A+Dz+A+2)y=(A+2)z=9

has infinitely many solutions, then \? + ) is equal to
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Options:

A. 20

B. 10

C.6

D. 12

Answer: D

Solution:

A—Dz+A=4Hy+Az=5
A+ A—Dy+A—-4)z=7
A+Dz+A+2)y—(A+2)z=9
For infinitely many solutions
A-1 A—-4 A
A A—-1 A—4
A+1 A+2 —(A+2)
A=3)2A+1)=0

5. A—4 A

7T A-1 A-4
9 A+2 —(A+2)
2(3—=X)(23=2)\) =0
A=3

LA EX=943=12

D: :0

DX: :O

Question45



0 0 4 0
Let A = [a;;] bea 3 x 3 matrix suchthat A |1| = (0], A |1 = |1
0 1 3 0
2 1
and A {1| = |0/, then as3 equals:
2 0
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Options:

A.2

B. -1

C.1

D.0

Answer: B

Solution:

Let A = | Q21 Q99 Q93

ain aiz al3i|
a3l as2 ass

B T el e e O Yo
A 11 = (0] = Ao | = 1| = 27 NT

_1_

o

as2
[07] 4ay; + a1g + 3a13=0
A1l =|1| = 4a21 + a2 +3a3 =1=4a2 +3a =1
3] (0]  4asi +a3+3a33=0
2 1 2a11+a12 +2a13 =1
A |:1:| = |:0:| = 2091 + Q99 + 2a93 = 0= a9; +a93 =0
2 0 2a31 + a3z + 2a33 =0
—4as3 +3as3 =1 = asg = —1

Question46

The system of equations



Tz +y+z=06,
T+ 2y+5z=29,
T4 Y + Az =L,

has no solution if
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Options:

AX=17,pu=18

B.A=17,p # 18

C.\= 15,1 # 17

D. X 17, # 18

Answer: B

Solution:

w)

11
2 5/=0
5 A

1
1
1
7

>

1

D, =

1 1
12 9140
15

- © o

718

Questiond7

If the system of equations

20 —y+z=4
S5 + Ay + 3z = 12
100z — 47y + pz = 212

has infinitely many solutions, then p — 2 is equal to
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Options:
A. 56
B. 59
C.57
D. 55

Answer: C
Solution:
2 -1 1

5 A 3
100 —47 ‘p

2(Ap + 141) + (54— 300) — 235 — 100X =0. ..

2 -1 4
) A 12
100 —47 212
6A=—-12=> )= -2
Put X = 21in (1)
2(—2p + 141) + 5u — 300 — 235+ 200 =0
w=>53
Y

A3 =0= =0

(1)

Question48

If the system of equations

T+ 2y —3z=2
2¢ + Ay + 52=>5
14z + 3y +puz = 33

has infinitely many solutions, then \ + p is equal to :

JEE Main 2025 (Online) 24th January Evening Shift



Options:
A. 13
B. 10
C. 12
D. 11

Answer:; C
Solution:

1 2 -3
2 A 5
14 3 u
D; =2 p + 99X — 10p + 255
Dy=13 —
D3 =5\A+5
Dy =0=pu=13&D3=0= )= —1
check & verify for these values D&Dy = 0

D= = 0, A\ + 42\ — 4p + 107 =0

Question49
For some a, b, let
a 1 b
f(z) = a 14 Bz b ,m;éO,liH(l)f(a:):)\—l—ua—l—Vb.
_ T—
a 1 b+ *F

Then () + p+ v)? is equal to :
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Options:

A. 25

B. 16

C.9

D. 36



Answer: B

Solution:
a-+1 1 b
glcii% fle)=] a 141 b
a 1 b-+1

=(a+1)2b+1)—b)+1(ab—a(b+1))+ba
=(a+1)(b+2)y—a+ab
=b+a+2=A+pa+vdb
A=2,p=1v=1= A+p+v) =16

Questions0
1 >
Let A = | V2 and P = [C?Se Sme],0>0.lf
0 1 sinf@ cos6

B =PAP',C = P"B!°P and the sum of the diagonal elements of C is
-+, where gcd(m,n) = 1, then m + n is:
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Options:
A.

127

2049

258

D.
65

Answer: D

Solution:



p_ {cos@ —sinO]

sinf cosf
PP =1
B =PAPT
Pre multiply by PT ( Given)
P” B =PTPAPT = AP”
Now post multiply by P

PTBP = APTP = A

So A’ = IPTBP PTI BP
I

A2 =PT B%P

Similarly A = PTBYP = (C

a0
A= V2 (Given)
0
= A? = 7 SV2-2
0 1

Similarly check A® and so on since C = A0

10
='Sum of diagonal elements of C is (%) +1

_1+1_33_m
32 32 n

g cd( m;n) = 1 (Given)
= m+n =65

Questions1
Let M and m respectively be the maximum and the minimum values of
14sin’z  cos’z 4 sin 4x
f(@y=1| sin?z 1+cos’xz 4sindr [,z €R
sin? cos? 1+ 4sin4x

Then M* = m* is equal to :
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Options:
A.

1280

1040

1215

D.
1295

Answer: A

Solution:
1+sin’z cos’z 4sin4x
sin? z 1+ cos’x 4sindz |,z € R
sin’ z cos’ 1+ 4sindzx
Rz — Rz — Rl&R3 — R3 — R1
1+sin?z cos’z 4sinde
fl@)| -1 1 0
-1 0 1

Expand about R, we get

f(z) =2+ 4sindx

.« M = max value of f(x) =6
m = min value of f(x) = —2

- M* — m* =1280

QuestionS2



log; 128 log, b

Let A = |a;;] =
¢ 4] log:8 log, 25

. If A;; is the cofactor of a;;,

2
Cij = airAjr,1 <1i,j<2,and C = [C};], then 8|C]| is equal to :
k=1
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Options:
A.

288
262

222

D.
242

Answer: D

Solution:

To solve the problem, we need to determine the determinant of matrix A:

. log; 128 log, 5
B logs 8 - log, 25

The determinant of A, denoted as |A|, is calculated as:
|| = (1og, 128) (log, 25) ~ (log, 5) (log; 8)
Evaluating each component:

log 128 can be simplified using change of base formula:

log;, 128
log, 5

log; 128 =

log, 5 using change of base:

log;, 5
log,, 4

log, 5 =

log; 8:



log;, 8

logs 8 = Tog,, 5
log, 25:

logyp 25
log, 25 = 10%304

Now, substitute these values into |A|:
‘A| [ logyp 128 log1025 \ ' ( logip5 log1o 8
- logm 5 logm 4 logm 4 10g10 5

Next, we find the cofactors of matrix A:

All = 10g4 25
A1y = —log; 8
Ay = ~log,5

A22 = 10g5 128

2

Then, calculate matrix C' whose elements are given by Ci; = > airAji:
k=1

Cu =a11411 + a2l = \A| = %
Ci2 = a1z + a2l =0
C21 = a21411 + a2l =0
Cy = a1 Aol +axndxp = |A| =5

Thus, matrix C'is:

11
) 0]
11
0 3
To find |C|, we compute:
O (%) (3) = 2

Finally, calculate 8|C|:

8|C| =8 x 121 — 242

Questions3

Let A = [a,;] be a matrix of order 3 x 3, with a;; = (+/2)"*7. If the sum

of all the elements in the third row of A% is & + 52, a, B € Z, then
a + B is equal to :
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Options:
A.

210
280

224

D.

168
Answer: C
Solution:
[(v2)?

(
A= (V) (
(V2

—4 — —
[(2+4+8) (2vV2+4vV2+8V2) (4+8+ 16)]
Sum of elements of 3" row = 4(14 + 14v/2 4 28)
= 4(42 +14V/2)
— 168 4562

a+ V2
La+ =168+ 56 =224

Question54



Let o, 8 (a # () be the values of m, for which the equations
t+y+z=1,2z+2y+4z=mand = + 4y + 10z = m? have infinitely

10
many solutions. Then the value of >~ (n® + n”) is equal to :
n=1
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Options:
A.

3410
560

3080

D.
440

Answer: D

Solution:

1
4
4 10

=4-6+2=0
For infinite solutions
Ay=Ay=A,=0
m” - 3x+2=0
m=1,2
a=18=2

10

10 10
Z (n* +nf) = an JrE:n2
n=1 n=1 n=1
10(11)  10(11)(21)

T 6

=55 + 385

= 440

= 1(20 — 16) — 1(10 — 4) + 1(4 — 2)




Questions5

Let A = [a;;] be a 2 x 2 matrix such that a;; € {0,1} for all 7 and j. Let

the random variable X denote the possible values of the determinant of
the matrix A. Then, the variance of X is:
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Options:

A

5

8

B.

1
1

a

3
1

D.

3
8
Answer: D

Solution:

ailr a2

Al =

as1 G2
= A110922 — A210712

={-1,0,1}
X
—1
0

= == =
cslc"7 cnlo o:|°° :U
o

ovar(x) = ZP iX? - <ZPX)2
B % —0=3 8




Question56

If the system of linear equations

3r+y+p6z=3
22 +ay — 2= —3
x+2y+2=4

has infinitely many solutions, then the value of 225 — 9« is :
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Options:

A.31

B. 37

C.43

D. 49

Answer: A

Solution:



3xr+y+pPz=3
2c +ay— 2= -3
z+2y+z2=14

has infinite solution

:>A:0,A1:A2:A3

3.1 8
A=0=12 a -1/=0

1 2 1

3.3 8
Ay=0=12 =3 ~1/=0

v 41

= 3(-34+4)-32+1)+B(8+3)=0
=3-9+4118=0

6
=1
3 1 3
A;=0=12 a —=3/=0
1 2 4

= 3(4a+6)—18+3)+3(4—a)=0
12a0 +18 =11+ 12 - 3a =0

9a = 19
19
“T 79
228 — 9a = 31
Questions7
Let a € R and A be a matrix of order 3 x 3 such that det(A4) = —4 and
1 a 1
A+T= (2 1 0], where Lis the identity matrix of order 3 x 3. If
a 1 2

det((a + 1)adj((a — 1)A4)) is 2™3", m,n € {0,1,2,...,20}, thenm + n
is equal to :
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Options:

A. 14

B. 17

C. 15



D. 16

Answer: D

Solution:

To solve for the value of m + n, we first establish the matrix A and determine the value of a. The condition given
1s:

1 1
A+T= |2 0
a 2

— =

Since I is the identity matrix of size 3 x 3, we have:

1
A= |2
a

— = Q

1 0
of —I=12
2 a

_= o Q

1
0
1
We know det(A) = —4. Calculating the determinant:
det(4)=0(0x1—-0x1)—a(2x1=0xa)+1(2x1-0x1)=-2a+2
Setting —2a + 2 = —4, we solve for a:

—2a+2=-4

—2a = —6

a=3

With a = 3, the problem is to find det((a + 1) adj((a — 1)A)). With a = 3:
Calculate (a + 1) adj((a — 1)A):

=4adj(34)

Calculate the determinant:

det(4adj(34)) = 4% x det(adj(3A4))

Using the property det(adj(A4)) = det(A)" ! for a n x n matrix:

adj(34) = (34)27! = (3 x det(4))?

= (3 x (~4))

Therefore, calculate det(34)?:

det((34)2) = (33 x (—4))? = 36 x 42

Substitute back:

43 x det((34)%) = 4% x 35 x 4% = 26 x 36 x 24

Simplifying gives:

— 910 36

Finally, we have powers m = 10 and n = 6. Therefore:



m+n=10+6 =16

QuestionS8

—1

B
denotes 2 x 2 identity matrix, then the matrix (I + 4)% is :

LetA:[Z ],a>0,suchthatdet(A):0anda—|—ﬂ:1.lf1
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Options:

(257 . —64
A.

1514 —127
B 766 —255
'_1530 —509
C 1025~ —511
'_2024 —1024

4 —1
D.

s o
Answer:'B
Solution:

Let|A| =0=aBf— (—6) =0=af = —6 and a + B = 1 = af are roots of the equation

z2<rx—-6=0=x=3,-2.Sincea >0
= a=3,=-2

a-? rya— |t 71
AT e o T AT 6

oy o afs

766 —255]

8 _
= I+4)7 = {1530 509

Questions9



Let A be a 3 x 3 real matrix such that A2(A —21) — 4(A - 1) = O,
where I and O are the identity and null matrices, respectively. If
A% = 0 A? + BA + I, where a, 3, and ~ are real constants, then

a + B+ v isequal to :
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Options:

A.76

B. 12

C.4

D. 20

Answer: B

Solution:

A*(A—21)—4(A-1)=0
A3 —2A% ~4A+ 41 =0

Multiply by A

AY =243+ 4A% — 44

A =2 (247 +4A—4AI) +4A% — 44
A* =8A% + 4A - 81

Multiply again by A

= A° =843 + 4A% -84

= A° =8 (2A% +4A — 4I) +4A%* —8A
= A% =20A% + 244 — 321

Comparing with A% = aA? + A + I

o=20,8=24,y=—32
e+ B4y =20+24-32
—44 — 32

=12

Question60

If the system of equations



2c + Ay +32=5
3x +2y—2=7
dr + 5y + puz =9

has infinitely many solutions, then (A\* + n?) is equal to :
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Options:

A. 30

B. 26

C.22

D. 18

Answer: B

Solution:

2+ Ay+32=5

3r+2y—z="7

4z 4 5y + pz =9

For infinite solutions = A =0=A1 = Ay = A3

2 A 3

A=13"2 -1|=0
4 5 p

= =4\ -3\ +4p+31=0
5 X 3

A =17 2 =1=0=-9A-=TAp+10p+76 =0
9.5 u
2 3 5

Ay=13 -1 7|=0=>p+5=0=p=-5
4 w9
2 A5

A3=13 2 7/=0=A+1=0=A=-1
4 5 9

.. For infinite solution y = —5and A = —1
Now p? + A> =25+ 1
=26




Question61

Let A be a matrix of order 3 x 3 and |A| = 5. If
12adj(34adj(24))| =2%-3° .57, a,8,v € N, then o + 3 + v is equal
to
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Options:

A 26

B. 27

C.25

D. 28

Answer: B
Solution:

To find the expression |2 adj(3A adj(24))|, we break it down as follows:
Recognize that:

|2adj(34 adj(24))| = 23|34 (adj(24))|?

Apply properties of determinants:

=2°(3%)?|A|*[adj(24)]"

Further simplify using |adj(B)| = |B|®* for a 3 x 3 matrix:
=2%.3%.5%.(|24)%)*

Simplify |2A|:

—2%.36.52(23)4. |A)!

Continue to simplify:

= 23.36.52. (23)4. 54

Expand and combine powers:

L 915,36 .56

Therefore, « = 15, 8 =6,andy =6.So,a+ B+~v =15+ 6 + 6 = 27.




Question62

1 0 0
Let the matrix A = |1 0 1] satisfy A" = A" 2+ A% — [ forn > 3.
0 1 O

Then the sum of all the elements of A% is :

JEE Main 2025 (Online) 4th April Evening Shift
Options:

A. 44

B. 39

C. 52

D. 53

Answer: D

Solution:

A=

= o O
S = O

|IOHOII—I

~

1
1
0

A2 =

' — =
o = o

A3 =

=,

|

MHEﬁ
»—-oo:t»—loo

|
[ o

I=242 7T

G
|
e

and A® =

0 0
25 1 0]
25 0 1

Sum of elements = 53

At =

o o~
(@n] P—"O_i_

N

)
HOOI| IOHOI
N W o=
= o O

S = O
S ——— |

—_

A50 —




Question63

Let the system of equations :

20+ 3y +5z2=9
Tx +3y — 22 =38
122 +3y—(4+X)z=16 —p

have infinitely many solutions. Then the radius of the circle centred at
(A, 1) and touching the line 4z = 3y is :

JEE Main 2025 (Online) 7th April Morning Shift
Options:

AS

B. &
C.7

D. 4
Answer: A

Solution:

2 3 5
7 3 =2
12 3 - “(4+2))
— 2(—12'= B\ +6) — 3(—28 — 7A + 24) + 5(21 — 36)
=12 —6A+ 12+ 21\ — 75

A=

=15\ — 175
=15\ —-75=0
= A=5
9 35
Ar = 8 3 -2
16—p 3 —9

=9(=27+6) = 3(—72+32—2u) +5(24 — 48 4 3u)
=—189+ 120 + 6 — 120 + 154

=21y —189=0

=>u=9



4(5) — 3(9)
(4)2 + (3)2

Question64

Let A bea 3 x 3 matrix such that |adj(adj(adj A))| = 81.

If S = {n € 7+ (Jadj(adj A)|) "5~ = ]A1(3"2_5"_4)}, then > ‘A(”2+n)‘
nes
is equal to :

JEE Main 2025 (Online) 7th April Morning Shift
Options:

A. 820

B. 866

C. 750

D. 732

Answer: D
Solution:

|adj(adj(adj A))| = 81
=z ’A‘(nfl)?’ — (3)4 = |A’8 — 34 = |A’ _ 31/2
| adj(adj A)| 7 = | 4| @n<n-9)
(n71)2
[|A|(n—1)2] T |A|3”2—5n—4
A2REY? | )30-sn—s
=2(n —1)* = 3n* —5n — 4
n?<n-6=0
> n = _2’ 3
Z ‘A?ﬂ—i—n N ‘AQ‘ + lAlQ‘

5

=3+36 =732




Question65

Let the system of equations

x+Sy-z=1
4x +3y-3z="7
24x ty+Aiz=n

A, p € R, have infinitely many solutions. Then the number of the
solutions of this system,

if X, y, z are integers and satisfy 7<x+y+z<77,is:

JEE Main 2025 (Online) 7th April Evening Shift
Options:

A.

4

B.

D.
6

Answer: C

Solution:



For infinitely many solution

A=0

15 -1

4 3 -3|=0
24 1 A

= 1(3A 4 3) —5(4A +72) — 1(4=172) =0
= ~1TA+3-4x72-4=20
— 17\ = —289

117
= 1(=51+3) =5(=119 +3u) — 1(7—3u) =0
— —48 + 595 — 15— 7+ 3 =0

= 12p = 540
uw =45
z+oy—2z=1

dr +3y—3z2=7
2dx +y —-172 =45
Letz=1
z+by=1+) x4
4z + 3y =T+ 3\

4x+20y=4+4)

T3
X—73 5A— 15
Y—T,X—l‘f‘)\— 17
© 32122
I ¢
A—3 32+12)
< <
1< h e HASTT
30X + 29
< — <
TS S ST
3<A< 42
A= 3,20,37
Question66

2 2+40p 2+p+gq
Let A=1|4 6+2p 8+3p+2q].
6 12+3p 20+ 6p+ 3¢q

If det(adj (adj (34))) = 2™ 3", m,n € N, then m + n is equal to



JEE Main 2025 (Online) 8th April Evening Shift
Options:

A.

2

B.

20

C.

24

D.
26

Answer: C

Solution:

2 2+4p 2+p+gq
4 6+2p 8+3p+2q
6 12+4+3p 20+ 6p+ 3¢q

A} =

Cg-)Cg—Cz—ClX%

Then03—>Cz—C1X<l+§)
20 0

4 2 2+4p
6 6 8+3p

=1A| =

= JA| =2(16 + 6p — 12 — 6p) = 8 = 23
|adj(adj(3 A))| = [3 A[E1" = |3 A*

— (%A = (33 x 2% =212 x 312
= m-+n=24

Question67

Let o be a solution of 22 4z + 1 = 0, and for some a and b in



1 16 13

R[4 a b |-1 -1 2|=[0 0 0.If=+ 2+ =3 then
—2 —14 -8

m + nis equal to

JEE Main 2025 (Online) 8th April Evening Shift
Options:
A.

11

D.
7

Answer: A

Solution:

Let @ be a solution of the equation 2 + = + 1 = 0. This implies that -« is a cube root of unity, denoted as w,
where a? + o+ 1 = 0.

We are given matrix equations with parameters a and b as follows:

1 16 13
4 a B |-1 -1 2f{=[0 0 0
—2 —14 -8

Solving these equations:

[4 —a—2b,64 —a — 14b,52 + 2a — 8b] = [0, 0, 0]
=a+2b=4
= a+ 14b = 64

From these, solve for a and b:

12b=60=b=5
a=—06

We now substitute a and b into the given function:



4 _
T toetor=3
We substitute a = w and simplify:

Y,m,n g
w 1 w?

= 4w+ m+nw=3

Substitute w = —% N @z and w? = —% — éz
1 4/3 1 /3
gL 3, TN
(2 2z>+m+n< 2—1—22) 3

n
4 Py
and 2\/§+n\2/3:0

From the above, solve for n and m:

n=4
m="7

Thus, m +n = 11.

Question68

cosx —sinx 0
Consider the matrix f(x) = sinx cosx O

0 0 1

Given below are two statements :
Statement |: f(—x) is the inverse of the matrix f(x).
Statement II: f(x)f () =f(x+y).

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 11 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=x)= [ —sinx cosx 0 ]
0 0 1
1 00
f&)-f-x)= [ 010 ] =1
0 01

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 ]

f(x)-f0) = [ sin (x+y) cos(x*y) O
0 0 1

=1(x) - f{y) = f(x+y)

Hence statement-ll is also correct.

Question69

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 JCE TR



[27-Jan-2024 Shift 2]

Answer: 10

Solution:

lA—xI|=
Roots are -1 and 3
Sum of roots =tr(4) =2

Productofroots = |4 | =—

[ ]
c d

We havea+d=2

ad —be=-3

[ ] [ ] _[ a' +bc ~ab+bd ]
ac+ed be+d?
We need a” + be + be +d°

=a+2bec+d?

=(a+d)* —2ad +2be

=4—2(ad — bc)
=4-2(-3)
=4+6
=10
Question70
10 0
Leta= | 0 o p | and |24’ =2 wherea, g€ Z, Then a value of & is

0 f @



[29-Jan-2024 Shift 1]
Options:

A.

3

B.

Answer: B

Solution:

Al =a’<f
24P =254 =2
o —p =16

(a+fa—f)=16=2a=4 or 5

Question71

1

¥,

Let'A be a square matrix such that AA" =1. Then zA[(A+A")’+(A~A")"]isequal to

[29-Jan-2024 Shift 1]
Options:
A.

A2+1



A3 +1

A2+ AT

D.

A3+ AT
Answer:'D

Solution:

AAT=T=ATA

On solving given expression, we get

%A[Az ATy +244" +47 +(4T) <2447

<AL+ (4T = AT

Question72

2 1 2
Let 4= [ 6 11 ] and P= [ 5 0
3 2 7 1

[29-Jan-2024 Shift 2]

W b =

Options:
A.
26

B.

27

C.

66

L T S T

] . The sum of the prime factors of [P~ AP —21| is equal to



23

Answer: A

Solution:

P lap-21 =P lAP-2Pp7 P

=P (A-2D)P|

P A-21|P
= |A=2]|
01 2

6 0 11
3 3 0

=69

So, Prime factor of 69 is 3 & 23

So,sum =26

Question73

x.0 0
( 0 v 0 )
Let R=1" 00 - / be a non-zero 3 x 3 matrix, where

Xsin@=ysin ( g+ 2m ) = 7sin [ g+ ﬁ) #0, 8 € (0, 27). .
R A X 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 (1) is true

D.

Only (1) is true

Answer: C

Solution:

xsin 8 = ysin (5‘+ —Tf) = Z5in (‘H+ 4??[) £0

= x v, z#0

Also.
sin 8+ sin (8+ %ﬁ) + sin (H— i—T) —0VAER

X y z
=xytyz+tzx=10

(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(Ad)(R))) =0

Q : R has exactly one non zero entry
if P 1sfalse then P — Q 1s always true

Statement (11) 1s True

Question74



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

n = det(adj(adj(....... (adj 4))))

L N J
2024 = times

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

[31-Jan-2024 Shift 2]
Options:
Answer:7

Solution:

Al =2

Aol
adi(adi(ad;.... . (a))) =AY

| ) A
2024 - times

2024
= |A

2024
=2’
2204 L (2292022 _ 4y 49— 1)67
= 20 = 4(mod 9)

2024
=2 =0m+4.m«— even

2"271 =16 - (2°)™ = 16(mod 9)

1
|

Question75

V21 10
If 4= [ ],B= [ ],(?:ABAT and X =A'C?A, then det X is equal to
-1 V2 11

[1-Feb-2024 Shift 1]

Options:



243

B.

729

C.

27

D.

891

Answer: B

Solution:

| V2 1 ]:-det(A)=3
| -1 V2

B= [ 1 ] = det(B) =1
[ 11

Now € = ABAT = det(C) = (det(A))’x det(B)
ICl =9
Now [X| = JATC?A|

= afc? | Al

D AR | C|2

—9x81

=729

Question76

LetA=1, - 2MM !, where M is real matrix of order 2 x 1 such that the
relation MM = I; holds. If A 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)(1, -2MM )
=1,—2MM' —2MM' +4MM MM’
=1,—4MM' +4MM’

= IE

AX =JX

AX =]1AX

X = A(1X)

Sum of square of all possible values =2

Question77

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

Options:

A.AB=1



B.AB=1
C.A*=TorB=1
D. A’B=BA*
Answer: D

Solution:

A’+B=A'B
(A’-)(B-1)=1
A’+B=A’B
AXB-1)=B
A*=BB-1)"
A’=B(A*-))
A’=BA’-B

A’ +B=BA’
A’B=BA’

Question78

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:



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

0 0
01
0 0
0 0
1 0 0 0 0|->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.

Req. ways =5x4x3x2x1=120

— 5 ways
— 4 ways
— 3 ways

== —
-0 o o

1
0
0
0 — 2 ways

Question79

Let A be a 3 x 3 matrix such that |adj(adj(adjA))| = 12*. Then
‘A_l adj A ‘ is equal to

[24-Jan-2023 Shift 2]

Options:

A.2\3

B. V6

C. 12
D. 1

Answer: A

Solution:



Given [adj(adj(adj . A))| = 12*
S A0 = o8
We are asked
| A" - adj A
| A |+ | adj Al
1 3-1
_ W.‘M
|A| =23

Question80

Letx,y,z>1and

L logy logz
A= lo gX 2 logyz .
logx logy « 3

Then |adj(adj AZ) ‘ is equal to
[25-Jan-2023 Shift 1]

Options:

D.2*

Answer: B

Solution:

_ 1
~ logx-logy-logz

4
:‘adj(adj A?) ‘ = ‘AZ’ =28

logx logy logz
logx 2logy logz

logx logy 3logz

=2




Question81

Let A =

|
S ES

10

- -
el

V10

and B = [ :
0

‘li ],Wherei=\/—_1.1f

M=A" BA, then the inverse of the matrix AM WBAT s

[25-Jan-2023 Shift 2]

Options:
> [ 1 —2023i ]
0 1
10
B. ,
-2023i 1
10 ]
C. _
2023i 1
D [ 1 20231 ]
0 1
Answer: D
Solution:
- e
V10 \10
3 N -3
AAT= cc
V10 V10 \/10 V10
23 1
= 10 0



2023 [ 1 —20231 ]

ATBA
2_M-M=ATBAATBA =AB’A
S—M>-M=AB’AATBA=ATB’A

ZZZ
I

M2023 ATB20ZBA
AMEOBAT = AATRROB A AT = 2023

- [ 1. =2023i ]
0 1

1 20231
Inverse of (AM**2AT) is [ Opst ]
0 1

Question82

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 —B*A" is symmetric

(S2) APCP - cPA® s symmetric
Then.
[25-Jan-2023 Shift 2]

Options:

A. Only S2 is true

B. Only S1is 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 = A13B26_B26A13



Then, M T_ (A13B26 _ B26A13)T
_ (A13B26)T _ (BZ6A13)T
_ (BT)26(AT)13 _ (AT)B(BT)Z()
_R26A13_ A13R262 g
Hence, M is skew symmetric
Let, N = A26C13 > C13A26
then, N T_ (A26C13)T _ (C13A26)T
_ _(C)13(A)26 + A2 =N
Hence, N is symmetric.
~ Only S2.is true.

Question83

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

Solution:

A’ =3A+al

A =3A%40A
AY=33A+al)+aA

A =9A +aA +3al
A= (9 +w)A%+30A

=9+ a)3A+al)+30A
=A27+60)+a9+a)
=>27+60=21>a0a=-1
=>pf=a9+a)=-8

Question84



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

e' e '(sint—2cost) e_t(—2sin t=cost)
e e '(2sint+cost) e (sint=2cost)

t —t —t .
e € cost € sint

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

Options:

A. {(2k+1)§,kez}

B. {kn+ %,kEZ}

C. {km, k €7}
D.R

Answer: D

Solution:

If its invertible, then determinant value #0

So,

¢ e(sint—2cost) e (—2sint—cost)

e e '(2sint+cost) e (sint—2cost) | #0

t —t —t -
c € cost € sint

1 sint—2cost —=2sint—cost

t —t —t . >
=e-e ‘€ 1 2sint+cost ‘sint—2cost #0

1 cost sin t
Applying, R, = R, —R, then R, — R, —R,
We get
0 —sint—cost —3sint+cost
e |0 2sint —2cost #0
1 cost sin t

By expanding we have,

e 'x 1(2sin tcost+ 6¢0s°t + 6sin *t—2sin tcos t)#0
=>e ' X640
for Vte




Question85

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

2

L =

3 o P

A= [ X ] . If the sum of the diagonal elements of A is s,

then B is equal to
[29-Jan-2023 Shift 2]

Answer: 5

Solution:

2 1 ab ] 1 2

3 % b ¢ a P
Now ac—b*=2and 2a+b=1and 2b+c=2
solving all these above equations we get
1-b, ( 2—2b)_b2:2

2 1
= (1-b)*=b>=2
=>1-2b=2

:ob=—% and a= 3 and ¢=3

Hence o =3a+ %: -

4
3¢ 3

dB=3b+ ==—=+
and B > 3

15
alsos=atc= —
Ss=aTrTcC 2

3x15 _
4x

3.3
4 2

w

2
2

. Ps .
W B2 = 5
o

|\

Question86



Let A = ( f; q ),d= ‘A‘#O‘A—d(Ade)‘ =0

Then
[30-Jan-2023 Shift 1]

Options:

A (1+d)*=(m+q)’
B.1+d>=(m+q)’
C.(1+d*=m*+q°

D. 1+d2=m2+q2

Answer: A
Solution:
Sol. A= [ mn ] ‘A—d(ade)‘=0
P q
:>|A—d(ade)|=H 2k ] —d[ ¢ ”
P q ~p.m
_ | m—qd n(l+d) | _
p(1+d) q—md

(m < gd)(q —md) —np(1 +d)* =0

mq—mzd —qzd +qu2—np(1 +d)2=0

(mq —np) +d *(mg—np) —d (m’*+q* +2np) = 0
d+d—d(m+q)’°-2d)=0
1+d?=(m+q)*-2d

(1+d)’=(m+q)’

LU 2 R R

Question87

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

Options:

A. P is a singular matrix



B. |AdjP|> 1

C. |AdjP| =

N —

D. |AdjP| =1
Answer: D

Solution:

Pl=aP+(a- 1)
=>P=aP" +(a—1)I
=P'~P=aP-P")
SP=P', as az-1
Now, P=aP+(a—1)I
>P=-I=|P| =1

=|AdjP| =1
Question88
10 0
Let A = 0 .4 -1 . Then the sum of the diagonal elements of the
0 12 -3

matrix (A + I)11 is equal to:
[31-Jan-2023 Shift 1]

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

Answer:.C

Solution:



1 0 O -0 0

A= 0 4 -1 0 4 -1
0 12 -3 0 12 -3
100

=1 04 -1 | =A
012 -3

>A'=AT= . =A

11 _ 1 11 11 10 11 11
Aa+n" =M A+ A"+ e axte)
_ 11 11 11
= (e + e, e AT

="~ 1A +1=2047A +1
~ Sum of diagonal elements. =2047(1 +4—3)+3
= 4094 + 3 = 4097

Question89
Let A = [aij], a;; €7 N[0,4],1<1i,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:

As givena+b+c+d=3or5or7or11
if sum =3
(I+x+x+ . +x) > x
(1=x)'(1-x) 5%
:'4+371C3:6C3:20

3

If sum =5

(1=4x)(1-%) ">

= 4+5—1C5_4X4.4+0—1C0: 8C5—4= 52
If sum =7

(1=4x)(1-x) ' > x’

4+5-1 44+0-1 _8 _
= C,— C,="C,—4=52

If sum =11

(1-4x°+6x'9(1-x) * - x"!
:>4+11—1C11_4_4+6—4C6+6_4+1—1C1
='%C, —4-7C, +6.4=364—336+24 = 52
. Total matrices =20+52+80+52 =204



Question90

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

matrix Adj(2 . Adj2A™Y)). is 2**, then n is equal to
[31-Jan-2023 Shift 2]

Answer: 5

Solution:

| Adj2Adj(2A™)|

= |2Adj(AGA )"
- 2n(n— 1) | Adj(2A_l)|n_1

_ 2n(n— 1) | (2A—1)|(n— )(n—1)
_ 2n(n* 1)2n(n* D(n—1) | A*l |(n* D(n—1)

_ (=) +n(n=1)m 1) 1

|A|(Il7 1)2
2n(n— )+nn—1)n-1)

H(0= 1)’
_ n(n=1)+n(n+ 1’ —(n— 1)
:2(n—1)(n2—n+1)
Now 2(n—l)(nz—nﬂ)
2(n—l)(n2—n+1)=284

So,n=5

Question91

_ i 19 .
IfA 2lﬁll,then.

[1-Feb-2023 Shift 2]
Options:

A AN —AP =0



B. A+ AP +A=1

C.AY+A®—A=1

D A30= A25
Answer: C
Solution:
A 1 1 V3
2 3 1

) [ cos60°  sin 60° ]

—sin 60° " cos 60°

cosa sin o

If A= [ ] Here o =

wIia

=sin o0 cos o

_[ cos2a sin2a ]

—sin 20 cos2a

ABO—[ cos30a sin 300 ]

—sin 30a cos30a

AY = [ (1) (1) ] =1
A=A

AP -A=0
Question92

Let A = [aij]2 « > Where a; # 0 for all i, j and A’ =1. Let a be the sum of |

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

Options:
A. 14
B.4
C.3

D.7



Answer: B

Solution:

AP=I |Af =12 |A| =+1=b

Leta=|"* P
Yy 9o
A2 = o P a p ~1
VA Y 0

[ o’ +By af+ps ] _[ 1.0
ay+yd y[}+82 01
(a+d)p=0=>a+0=0=a
(@+8)y=0

By +8"=0

Now 3a’+4b*=3(0)* +4(1) = 4

] =o’+py=1

Question93

Let P be a square matrix such that P’ =1—P. For a, B, vy, 0 €N, if
P+ PP = yI - 29P and P"— P¥ = 51 — 13P, then a + B +y — & is equal to :
[6-Apr-2023 shift 2]

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

Answer: C

Solution:

P’=1~P

P*+ PP =y1-29P

P~ PP=51-13P
P'=(1-PY>=I+P*-2P
P'=1+1-P—2P=21-3P

P* = (P2 = (21— 3P)* =41+ 9P*~ 12P



=41+ 9(I~P)— 12P
P*=131-21P... (1)
PO=p*.P* =(QI-3P)I-P)
=21 5P +3P?
=21-5P+3(1~P)
=51-8P ... (2)

(D) +(2)

P*4 P°= 181 -29P

(1) =@2)

P* - P®=81-13P

From (A) a=8, B=6
y=18

5=38
atP+y=06=32-8=24

Question94
2.1 0

Let A= 102 -1 . If |]adj(adj(adj 2 A))| = (16)", then n is equal to
0o -1 2

[8-Apr-2023 shift 1]
Options:

A.8

B. 9

C. 12

D. 10

Answer: D

Solution:

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

~ | adj(adj(adj 2 A))|

— |2A [ AP =16
= (27 1A)° = 16"

= (2°x2)°= 16"
=2"=16"
=16'""=16"=n=10



Question95

Bl
Let P = R [ b l and Q = PAP". If
1B 0 1
2

P'Q*"p = [ z z l , then 2a + b — 3c — 4d equal to

[8-Apr-2023 shift 1]
Options:
A. 2004
B. 2007
C. 2005
D. 2006

Answer: C

Solution:

Q =PAP"

P QY .P=pP".Q-Q...Q-P

=P (PAP")(P- AP")... (P")P.

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

bl _[@/z —1/2][—@/2 1/2 ]:[1 0]:1
172 \3/2 ~1/2 \3/2

P QX7 . p = A2

Lol el -l

.A2007:|:12007:|_|:ab:|
0.1 c d

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




Question96

1 -5

IfA= [ \& ],A‘1=aA+|n and o+ B = —2, then 4a” + B>+ is

equal to :
[8-Apr-2023 shift 2]

Options:

A. 14

B. 12

C. 19

D. 10

Answer: A

Solution:

A=xI|=0= ‘ box 3 L @ 11x+10-50=0
10—x

=(10-50)A ' =—A+ 111

a+p=-2= = 2510-50=-522=3

cda? + At = %+ %+32=14 Ans.

Question97

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 312,610

B. 311 . 610



C. 3126

D 310. ¢!

Answer: B

Solution:

Given |A| =2
Now, |3 adj(|3A[A%)|
13A] =3%] Al
=3. (2
Adj. (3A|A%) =adj{(3” - 2)A%}
=(2.3°)*(adj A)
=22.3% (adjA)’
3 adj(I3A]AY)| = 27 - 3.3%adj A
= (223" |adjA
_ 96, 321(|A|2)2
— 96, 321(22)2
- 210 R 321
_ 210 X 310 X 311
3 adj(3A]A%)| = 6" - 3!

Question98
51 61 7!

IfA= ﬁ 67 8 | ,then |adj(adj(2A))| is equal to
71 8! 9!

[10-Apr-2023 shift 2]
Options:

A 210

B.2°

C.2"

D 220

Answer: A



Solution:

L Y
A= S 5617!

R, —R;—R,
R, =R, =R,

18 42
0 1 14
01" 16
| adjadj2A) | = | 2A(®
=|2Af*

=2’ |A)*

— 12 A [ o016

Al = =2

1 6 42
1 7 56
1 8 72

Question99

01 2
Let A = a 0 3
1 ¢ 0

, where a, ¢ € R. If A’ = A and the positive value of

a belongs to the interval (n — 1, n], where n € N, then n is equal to

[11-Apr-2023 shift 1]

Answer: -2
Solution:
Solution:

01 2
A[a03]
1 ¢ 0

AP =A



-0 1 2 01 2
A= 303][a03]
L 1 ¢ o0 1 ¢ 0
= a+2 ' 2c 3 "
Al = 3 a+3c 2a
L ac 1 2+3c
m at+2 2c 31 0 1.2
A= 3. a43e” 2a a 0 3
L ac a 2+3c J 1 ¢ O
B 2ac+3 a+2+3c 2a+4+6¢
A’ = | a@+3c)€2a 342ac - 6+3a+9c ]
L a+2+3c actc(2+3c) 2ac+3
Given A°=A
2ac+3=0...(1) and a+2+3c=1
a+1+3c=0
9
+1- 2=0
a 2a
2a°+2a-9=0
f(1)<0,f(2)>0
a€(l,?2]
n=2
Question100
L 12 1 =2
Let A= 51 AfB= ol A N , then the sum of all
0 1 Y

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

Options:
A.50
B. 75

C. 125
D. 100

Answer: D



Solution:

LetCI[ O ],Dz[_l _2]

—1 -1 11

DC:[ 12 ][—1 —2]:[1 0]=1
-1 -1 N 0 1

B=CAD

B"=_(CAD)(CAD)(CAD)......(CAD)

= B"=CA™D ...(1)

A
A= 51
0 1

T e
Similarly A"= A’ = [ 51 ]
1

_ SR
Bnlz][ 51“12]
[ -1 -1 0 1 L 1

n-times

g n
| s 51
n n
-2 1- 2
51 51
50 25-50 25 7525
L | |- 55
n=1 =25 -25-50 =25 25

Sum of the elements =100

Question101

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 910

D 610

Answer: B

Solution:

ab c
A= [ b d e ],a,b,c,d,e,fe{0,1,2,....9},Numberofmatrices =10°

c e f

Question102
I 3 a

LetB = 1 2 3 | ,0>2be the adjoint of a matrix A and [A| = 2.
o a 4

then [0 —2¢ « |B [ —20 ] is equal to

[13-Apr-2023 shift 1]
Options:

A. 16

B.32

C.0

D.-16

Answer: D

Solution:



1 3 a
Given, B = [ 1 2.3 ]
oo 4

B[ =4
1(8 —3a)—3(4—30)+a(a—2a) =4
~a*+60-8=0
o=2,4
Given a > 2
So, a. =2 is rejected

1°3 4 4
[4 -8 4][123][8][16]”1
4 4 4 4

Question103
1.2 3

LetforA= | o« 31 |,|A| =2.1f|2adj2 adj2A))| = 32", then
1 1 2

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% adj A = 4 adj(A)

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

= 8% adj adj(A)

| 2adj2 adj(2A) | = |2 adjadj(A)|

= @) | A



el |A|4
_ 2 5t

= 2% =(32)"

:>225:25n

=>n=5

| Al =2
(6—1)-22a—1)+3(a—3)=2
>5-40+2+300=9

> o0=-4

3nta=11

Question104

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

det(n adj(adj(mA))) = 335b6c, thena+ b + c is equal to

[15-Apr-2023 shift 1]

Options:
A. 101
B. 84

C. 109
D. 96

Answer: D

Solution:

|A] =m-—n

4m+n=22

17m+4n =93
m=5n=2

|A] =3
12 adj(adj 5 A))I =2’ | 5A|"
<9558 [ Al

_ 55, 580 316

_ 31l 580 (5
at+tb+c=96




Question105

LetS= { (01 : );a,bE{1,2,3,....100}} and let

T ={A€ES: A"®*D =11 Then the number of elements in 1601 T is
[24-Jun-2022-Shift-2]

Answer: 100

Solution:

o]

A=

0 b

A_«.:|:—Ia:|'—la:|
0 b L 0 b

_[1—a+ab'
0 b

AT ={AeS: A V=]
~ b must be equal to 1

~In this case A* will become identity matrix and a can take any value from 1to 100

~ Total number of common element will be 100

Question106

Let A be a3 x 3 real matrix such that

>
Il

;
Il

and



0
A 0 =
2

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

system (A —2D)X =

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

Options:

A. no solution

B. infinitely many solutions
C. unique solution

D. exactly two solutions

Answer: B

Solution:



letd=| 4 e f
g h i

1 1 a b ¢ 1 1 a+th=
4= 1 ~ 1 = d e f 1 = 1 = d+e=1

{0 0 g h i 0 0 g+h=10

1 -1 a b & 1 -1 atc=-—1
A= }] 2 §] = d e f }] = )] = d+f=1

1 1 g i 1 1 g+i=0

0 1 a ‘b e 0 1 w=1
A= 0 = 1 = d o7 0 L 1 = f=1

1 2 g h i 1 2 =2

Solving will get

a=—2b=3c=1l.d==-l.e=2f=l.g=-1h=1i=2

-2 3 1 -4 3.1
A= -1 2 1 = A=21= -1 01
-1.1 2 -1 1T 0
4
(A—2x= 1
1

==dx, +3x, +x, =4 ()

X TX = 1

x4t =10 (1)

So 3(iii) = (i) = 1)

= Infinite solution




Question107

k=1

Let A= [ 2 _02 ] . If M and N are two matrices given by M = > A%
and N = kgl A™ 7! 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:



AER AR

M= L4+ + 4™
=—4I+16] — 645+ .. upto 10 terms

=—I[4-16+64. _+upto 10 terms ]

{—4}1”—1 420
-—5_4[ = (2=

~4-1 5¢ )
N=dv £+ 0 +4"
=A-44-164- .. upto 10 terms

_ —1y S PO || A,
= 4 _ﬂ{z 1T

My = 000l — kT (K 2=21)
125
MNH =k =K1

~AIs correct

Question108

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,

18
[25-Jun=2022-Shift-1]

Answer: 414

Solution:



Case-l:
1 — 7 times

and =1 — 2 times

number of possible marrix = =—— =36

Case-ll:
1 — 6 times,
-1 — 1 times

and 0 — 2 times

number of possible marrix

Case-lll:
1 — 5.times

and 0 — 4 times

I
Il
—
(]

number of possible marrix

Hence total number of all such matrix 4 =414

Question109

Let A = ( ? :? ) and B = ( 2 i ) . Then the number of elements in

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

Answer: 1

Solution:

2 -2 2 =2 2 -2
R el ol B
1 —1 I -1



s R g IR K

So, B =B,K €1
nA"+mB"=nA +mB

[z 3

Jo ]

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

Question110

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.6°

B. 2"

c.2°
D. 1

Answer: C

Solution:



n—1

We know, |adj 4/ = 4
Mow, ad;244| = | adi3(ad;24)
= 1244 "~ '=)3ad 24!

= 2447 = 3adi24°

Also, we know, K4 =K"| 4|

=247 |4 [P =(3)) | adj24f

1.2

=>00° 47 =35 (24f7h

=4 |47 =3% 24

=24)° 47 =32 4

Question111

LetX = , Y =al +pBX +yX2and

oS O O

1
0
0

S = O

Z =01 —afX +([32—0w)X2, a, B,y €ER.

1 =2 1
5.3
HY '= 0z 2 , then (a.— B +7)” is equal to
o o L
5

[26-Jun-2022-Shift-2]

Answer: 100



Solution:

00 =
--}t'-.}f_l_f
1 =21
a By Q@ {00
1 -2
o 2 T2
[ 0 o 8 ] : = [ 0 10 ]
00 a 1 0 01
o 0 =
)
o B—2a a—28+y
. . 3 00 0
o Z £~ 2 = [ 010 ]
. 3
00 1
0 0 2
3

nd=5,6=10,y=15

~lo =B+ ) =100

Question112

The positive value of the determinant of the matrix A, whose



1428 -14
Adj(Adj(A)) = ~14 14 28 , IS
28 14 14

[27-Jun-2022-Shift-1]

Answer: 14

Solution:

adj(adj(A))] = JAF =|A[

14 28 -14
-14 14 28
28 —14 14

“|Al'=

I 2 -1
-1-.1 2
2.-1 1

= (14’ —2(-5)— 1(-1))
A'=(14)'=> | A | = 14

= (14)°

Question113

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:

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

|
Al= =
Al= 4
Now, |A| |B| =1
IB|=8

2.
~ladj (B(adj(zA)) | =‘ B(ad j(2A)) ‘
=| B[’ | adj(2A)
=20 24772

e, 1

o =64

Question114

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 A'is
[27-Jun-2022-Shift-2]

Answer: 180

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 sumis 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 sumis 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

Question115

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.512x10°
B. 256 x 10°
C. 1024 x 10°
D. 256 x 10"
Answer: A

Solution:

|A|=2
IA| = adj(5 adj A®) ’

—125/ A‘adj(adj A%) \
2
=253|A|3-‘ade3‘
4
=253-23-‘A3‘

—25°.23.212=10%. 512

Question116



1+1 1

-1

Let A = ( ) 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:

-Az—[ 1+i 1 ] [ 1+i 1 ] [ 1+i ]
Q 1-1 —i
A4—[ i 1+1][ i 1+1]_

1-1 —i 1-1 —i

SoA’=A, A’=Aand soon.
Clearlyn=1,5,9,......,97
Number of values of n =25

Question117

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:

AL
10

B. &
10

&
10

D. 21
10

Answer: C



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 = L8l 19

10°  10°

Question118

Let A = [aij] be a square matrix of order 3 such that a, = 2! _i, for all

i, j=1,2, 3. Then, the matrix A>+ A’ +...... + A" is equal to :
[29-Jun-2022-Shift-1]

Options:

Answer: A

Solution:

Given, a; = A



1 2 4
L)
7 2
11
AN
4 2
1 2 4 1 2 4
1 1
A2: E 1 2 5 1 2
1 115
4 2 4.2
- 11D 24242 4+4+4
1,11
_ §+ §+§ 1+1+1 24242
l+l+l l+l+l 1+1+1
= 4 4.4 2 22
- 3 6 12 m
3
2 3 6
= 2
3 3
2 2 3
- 4 2 -
12 4
1
=3 ; 2
11,
4 2 -
=3A
Similarly, A*=3%A
At=3%A

—3A+3°A+3A+...+3°A
=AG+3+3+..+3)

o] 2, (S,

Question119
Let A = ( o~ ).If
0 2

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:

2
Given A= [ ] and
0 2

B=1 -5 (adj A) +5 (adj N 5 (adj AP+ 5 (adj NE 5 (adj A)
= (I~ (adj A))’

Cofactor of A= [

5]

Transpose of cofactor of A = [ 21 ]

(—l)1+1~2 (_1)1+2_0 ]
(_1)2+1.(_1) (_1)2+2_2

0 2
2 1
~adjA = [ ]
0 2
Now, I —adjA

R
Lo

-1 -1
P=I—ade=[ ]
0“1

e[ 350 ]
[ 7]



P5=P4-P=[14][_1 —1]2[—1 —5]
01 0 -1 0 -1
S I T

0 -1

Now sum of elements =-1-5-1+0=-7

Question120

k=1

LetM = [ . ] , Where o is a non-zero real number an N = y M ™.
o

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

Answer: 1

Solution:

N=M2+M tove +M? —[ Aot -l
49
- e a) )
1 +o’
[-M?=(1+a)l
I~ MAHN = —o (0 + 1) = -2
a=1

Question121



Let S={vVn :1<n<50and n isodd}.

1 0

a
Leta€ Sand A = —1'1 0
-a 0 1

If y det(adj A) =1002, then A is equal to : ion:
[23i3un-2022-8hift-1]

Options:

A.218

B. 221

C. 663

D. 1717

Answer: B

Solution:



1 0 a

Given, 4= [ -1 10 ] S={vy:1=n=<50andnisodd }
—a 01 321

w§={1.3. V5.47. .. V49}

We know,

adj4|= A"}

Here, n= order of matrix.

Here, n=73

| adia]=|A P =] 4
1 0 a

Now |4/= | -1 1 0
—a 01

=1(1-0)-0+a(0—(—a))
=a+1
o|adja|=|4F =@ =1y

Mow, ¥ det{adjd)
aEsd

= ZS{.:::'—I}:'

=(1F 1) = (B = )P = (Y - 1) - = (Vag) < 1)
=R -3 -5 - @9+ 1)

=2 +47+ 67+ = 507

=% 1P+ 2P w37 4 25h)

N
=4, “3'26'5'31 = 100221

100K = 100221

=K =221

Question122

2 —N\1 \
Let A = 10 -1 and B=A-1.Ifo= %, then the number of
1 ~1 0

elements in the set {n € {1, 2, ..., 100} : A" + (0B)" = A + B} is equal to
[25-Jul-2022-Shift-1]



Answer: 17

Solution:

2.=1. -1
Here A = 1 0 -1
1 -1 0
We get A* = A and similarly for

1 =1 -1
BAI[ 1 =1 -1 ]
I -1 —1

We getB2=—B =>B’=B

~A"+ (0B)' = A+ (0B)" for n€N

For.»" to be unity n shall be multiple of 3 and for B" to be B.n shell be 3, 5,7, ...99
~n=1{3,9,15,.....99}

Number of elements =17

Question123
l a a 1 48 2160
Let A = o1b | ,a,b€C.Ifforsomen €N, A" = 01 9
00 1 00 1

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

Answer: 24

Solution:



100 0. a a
A[010]+[00b]I+B

0 01 00O

0 a a 0 a a 0 0 ab
B2|:00b:|+|:00b:||:000]

0000 0.0 0 00 O

B’=0
. - = 2 3
~A'=(1+B)"="CL+"CB+"C,B"+"C,B"+...

- 10 0 0 na na 00 r1(11—2—1)ab
= 0.1 0 :| + [ 0 0 nb ] + 0.0 0

L0 0 1 0 0 O 00 0

" 1 na na+ @ab 1 48 2160
= 0 1 b = [ 0 1 48 ]

L 0.0 | 0 0 1

On comparing we get na =48, nb = 96 and
na+ @ab 2160

=a=4,n=12 and b=28
n+ta+b=24

Question124

Let A be a2 X2 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.—\2
Answer: B

Solution:



(A+I)adjd+1I) =4
=|Adadjid+A+tadjd+I| =4
> | +A+adjd+I| =4

M ==1=|4+adjd | =4

[ a b ] i [ a —b

A= adjd =

e d —c d
(@~d) &

0 (a+d) | -

=a+d==2

Question125

1

Let A= 1 and B =
1

is

[2.6-J ul-2022-Shift-2]
Options:

A. 1224

B. 1042

C. 540

D. 539

Answer: D

Solution:

112
14
172

, then the value of ABA



1
=] 9?+122 15 —10°+13%+16° 11— 14> +17> | [ 1 ]
1
=197+ 12> =152 =10+ 13* +16° + 11° — 14>+ 177
= [(9* = 10%) + (112 + 12%) + (13° - 1474 (16° - 15%) + 177]
— [~19+265 + (=27)+ 31 +289]
= [585 ~46] =[539]

Question126

The number of matrices A = ( Z g

) , Where

a,b,c,d €{-1,0,1,2,3,..., ., 10}, such that A = A7, is

[26-Jul-2022-Shift-2]

Answer: 50

Solution:

2
_:A:[ a b ] thon A2 — [ a“+bc ba+d)
cd c(a+d) be+d?

For A~ 'must exist ad —bc #0...... (i)

and A=A"'=A’=1

sa’+be=d’+be=1

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

Case I: When a=d =0, then possible values of (b, ¢c) 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, ¢) are (12 + 11) x 2 = 46.

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

Question127



1 2

Let A = ( ).Leta,ﬂE]RbesuchthataA2+|3A=21.Thena+|3

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

Options:
A.—10
B. -6
C.6

D. 10

Answer: D

Solution:

N | A P el

aA2+BA= [ —30 —8a ]+[ B 2B ]
8o 2la -2 5B

[ Ba+B “8a+28 7 [ 2 0
[ 8a—2B 21a—5PB ] [ 02 ]

On Comparing

8a=2B,3a+p=2,2la—5p=2

=>a=2,=8

So, a+p=10

Question128

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 s 6 is
[27-Jul-2022-Shift-1]

Answer: 5376



Solution:

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

a a, a

1 2 3
; — T
e, A= b, b, b, thent(A-A")

1% %
=a12+a22+a32+b12+b22+b32+c12+022+c32

va, b, o € {~1,0,1} fori=1,2,3

~ Exactly three of them are zero and rest are 1 or —1.
Total number of possible matrices 9C3 x 28

9x8x7
= 229X s 64
6

= 5376

Question129

Let A = ( N ) :
o B
If A>+7A + 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:

Characteristic equation of A is given by

[A=AL]=0
4-% -2

’ a PB-A

A2 (4+ P +(EB+20) =0

=0




So, A%~ (4+PB)A+(4B+2a) =0
IA| =4f+ 20 = 18

Question130

o B v
Consider a matrix A = & B P , where a, B, vy are three

Bty y+ta o+p

distinct natural numbers, If det@di@diadi@diA)) = 232 « 316 thap the
T 0B -0 ’
number of such 3 - tuples (a, 3, y) is

[27-Jul-2022-Shift-2]

Answer: 42
Solution:

o p Y
det(A)= | o2 p2 42

B+y y+ta a+pP

R, = R;*R,
o By
=@+B+y) | o p Y
I 1 1

~det(A) = (a+B+y)(a— PPV -a)

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

— (det(A)) = (det(A)'S.

(u+B+Y)16(?é - B)“(ﬁ —v)”’(lvé —0)"° L1316
(@=PB)"B~7) "y~

So+p+y=12

=(a, B, v) distinct natural triplets

='C,—1-C,(4) =55 -1~ 12=42

Question131



Let the matrix A = and the matrix B0 =AY+ 2A98. If

- O O
(==
S = O

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

Options:
A 328
B. 3%

D 336

Answer: C

Solution:

S = O
| I

- o . o O O =

S =
() o
L ]

X
1
- o O
S o =
S = O
| I

I
| — |
S = O

(e}
—_
| I |

0017010 100
A= 1 00 [001][010]—1
L 01 0 J 1 0.0 0 0.1

Now B, =A% +2A% = (A%)'%- A+2(A%" - A?

0 1.0 002 0
BO—A+2A2—[001]+[200][2
100 020 1

Byl =9
Since, B,=Adj|B, ,|=|B,|=|B
Hence |B

1
0
2

2
1 ]
0

2
n71|

2 4 8 16 2,16 32
= IBs =By P= B [T =By “=[37[7 =3

Question132



o

Let A = ’ ; - ] and B = [ ? (1) l,a,ﬂER.Letalbethevalueofa

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

satisfies (A + B)2 ~ B> Then la, — a,]| is equal to
[28-Jul-2022-Shift-1]

Answer: 2

Solution:

(A+B)’=A’+B’+ AB+BA
a2y [ 2 2 ]
2 2
.-.B2+AB+BA:[ 22 ] ...... (1)
AB[I—I]Bl]z[B—ll]
1 0 a+2p 2
1 -1 B+2 a-P
Sl RS | I o B
Bz:[ﬁl] Bl :lBH B]
10 10 B 1

By (1) we get

BP+28 a+l | [ 2 2
[a+3ﬁ+1 2 ]_[2 2]
~a=1p=0=a,=1
Similarly if A>+ AB+BA = 0 then

o[ 1A 1 -1 -1 -l-a
( [ ] [ ] [ 2420 o’-2 ] )
2B o-ptl-1-a ] [0 0
[ a+2B+142+2a o’ -2+1 ] _[ 00 ]
=f=0 and a=—-1=>0,=-1
clayg—o, =12 =2




Question133

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’isa skew-symmetric matrix
D. AB + BA is a skew-symmetric matrix

Answer: C

Solution:

AB—-BA

A'*-=B)Y=A'-B'=M
)M =
T =(AB-BA)" =(AB)" —(BA)"

(C)M =B’- A’

MT :(BT)S_(AT)SZ_(B5+A5)¢_M
(D)M =AB+BA

MT =(AB)" +(BA)"

=B'A" +A'B"=-BA-AB=-M

Question134

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:

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

Question135

The number of matrices of order 3 x 3, whose entries are either 0 or 1

and the sum of all the entries is a prime number, is 2
[29-Jul-2022-Shift-1]

Answers: 282

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, 50r7 .
9| 9! 9! 9!

Total possible matrices = 2!'7!+ 3!.6!+ 5!‘4!+ TR =36+84+126+36 =282

Question136



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

[ _11 _21 l by a single elementary row operation?

[29-Jul-2022-Shift-2]

Options:

D.

Answer: C

Solution:

1
. ] possible

1 1
(2)R, < R;; [ s ] possible
(3) Option is not possible

(4)R, = R, +2R; [ . i ] possible

Question137
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Answer: 10

Solution

.|.
361_1
N - O
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— e
— 1
I
o

xXTAKx =33

-1 2 3
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<
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— O O 100100

— 1
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I I )
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< < <

for K — Even AX = [



X"AX =33 (This is not correct)

1 0 3K 7 1
[111][010 [1]
00 1 . 1

1
=[1.1 3K+1][ 1 =[3K + 3]
1

~3K+3=33.K=10
But it should be dropped as 33 is not matrix
If K is odd

XTAKx =33
xX'AaAkIx =33

-1.2 3 10 3k=3 1
[111][016][01 0 ][1]—33
0 0 —1 00 1 1
[138][ 1 ][33]
1

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

Question138

Let M be any 3 x 3 matrix with entries from the set {0, 1, 2}. The
maximum number of such matrices, for which the sum of diagonal

elements of M ' M is seven, is
24 Feb 2021 Shift 1

Answer: 540

Solution:

a b c a d g
2 2 20
a+b +t+dir e+ 2 +g +h"+i"=7

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



9!

=36
712!
Case-Ill: One (2) and three (1's) and five (0's)

9!
3131 =504
~ Total =540
Question139

P —tan( g) -1 a —b
IfA= . and (I,+A)1,-A) = [b . ],then
tan( 5) 0

13(a + b2 is ceueene. .

[2S Feb 2021 Shift 1]

Answer: 13
Solution:
0 —tan(g b
A= and (1,+A)I,~A) ' = [ Z ]
0 a
tan( 5) 0
= | (L, +A)1,—A) | =a’+b’
2, .2 |[I,FA] )
= a“+b =2 . (i
LA (i)
K 9
10 0 tan( 2)
Now, [, +A = Q) +
0
tan( 5) 0



L (Y |

~tan| 9) 1

Similarly, I ,—A = [
2

Here, I, - Al= |I2—A‘ = (1+tan2( g))
%A =1...(ii)
|12—A|

From Egs. (i) and (i),

a’+b’=1

Now, 13(@*+b)=13x1=13

Question140

If for the matrix, A = [ ; _Ba ] ’

AAT =1 ,» then the value of o + B4 is
[2021, 25 Feb. Shift-1I]

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

Answer: B

Solution:

Given,Az[l_a]:AT:[ 1 0‘]
o P
Given, AAT =1, i.e.

[ 1 —a la:10
e I s T L]
1+

I a—of ] :[ 10 ]
[ a—af a2+B2 0 1




Equating these matrices,
cl=a*+1 gives, =0
a(l1=p)=0

(xz—l—[}z:l

Puta=01in e’ +p> =1, we get 0+p*> =1, gives B =+1
where we take [34:1
ot pt=0t =1

Question141

Let A be a symmetric matrix of order 2 with integer entries. If the sum

of the diagonal elements of Atis 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:

Let A be the matrix as follows, A = [ z b ] , Since A is symmetric matrix.
C

Now,Azz[ab][ab]
b ¢ b ¢

_[ a’+b° ab+bc ]
ab+bc bi+c’

Given that, diagonal entries of A%is 1 .i.e. a’>+b*+b*+c” =1
or a*+2b’+c’=1

Case la=0

Then, 2b*+¢* =1

(a) c =0 gives, b’= ~orb==+ ~a=0,b=1/V2,¢=0 (2 matrices) a=0,b=-1/V2,c=0

V9
2



(b)b=0,givesc*=1orc=+1%a=0,b=0,c=1

anda=0,b=0,c=-1 (2 matrices)

Case 2b=0, then a> +¢*=1
(@)a=0,thenc=+1la=0,b=0,c=1landa=0,b=0,c=~1

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

Thus, only acceptable matrices are as follows

Loyl S ke ]

Then possible number of such matrices are 4.

Question142
170 0
If the matrix A = 02 .0 satisfies the equation
30 1
¢ 170 0
A"+ oA + BA = 040 for some real numbers a and B, then
00 1

B—ais equal to
[2021, 26 Feb. Shift-1I]

Answer: 4
Solution:

1.0 0
A=_02"0

30 -1

1 00 10 0
A2 =1 020 02 0

30 ~1 3 0 -1



Il
S A~ O

-10 -
A=1 0 8

L 30 -1 J

- 1.0 0 7
A" = | 0 16 0

L0 0 1 .
And so on,

-1 0 0
A= o 2¥ o

L 3 0 -1

- 10 0
A*= 0 2% ¢

L0 0 1

c So, " A" +aA"” +BA
- 1+at+f 0 0

= 0 2%+a2"+28 0
L 3a+2p 0 l-a—p

-1 00

= 040

L 0 0 1

On comparing, we get

l-a—B=1

= a+f=0

and 2 +a2'"”+2p =4
=27+ 42" ~2)=4 [use, a+p=0]

520
- @ £2205
= B=2

fBea=2-(-2)=2+2=4

Question143



I 2 0 2 -1 5
Let A+2B = 6 -3 3 and 2A — B = 2 -1 6
-5 3 1 0 1.2

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

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

Answer: B

Solution:

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

2 -1.5
and 2A-B = [ 2. -1 6 ]...(ii)

0o 1 2
Multiply with 2-in Eq. (ii), we get
4 -2 10
AA—2B = [ 4 -2 12 ] ------ - (i)

Adding Egs. (i) and |||)

0
5A—[10 -5 15]
-5 5
[213]
1



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

I 2.0 1 0 2
{[633][213]}
=5 3 1 -1 1 1

0 1 -1
—|:210:|
-2 1.0

~Tr(B)y=0=1+0=—1
Hence, Tr(A)—Tr(B)=1—-(-1)=2

B:

N —

Question144

2 -1

Let I be an identity matrix of order 2 x2 and P = [ ] . Then the

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

Answer: 6
Solution:
Method (1)

2 —1
Given, P = [ ]

5 =3
Now, P"=51—8P = [ > 0 ]—[ 16 -8 ]

0-5 40 —-24
N pn:[ ~@" 8 ] ...... - (i)
=40 29

vowr'- [ 1154
S

AgainP3=P-P2= [ 3 &

] Now,
10 =7



p6=P3-p3:[ 3 -2 H 3 —2]
10 —7 10 =7

= P6=[ -1 g ]=Pn [from Eq. (i) ]

—40 29
N n=6
Method (2)
Given P = [ 2 ¢ ]
5.3
Characteristics equation is |[P—L| =0
‘ 2—-A 0 —1 _o
5 =3=iA
= 2<M)(E3-0)+5=0
= MHr—1=0
By Cayley-Hamilton Theorem,
P°+P-1=0
= P’=1-P
= P’+P’ =P =0
= P’=P-P*=P-( -P) [fromEq.(i)]
= P’ =2P-1
= P'=2P-1

Now, P-P’=PQ2P-1)
=P*=2p?~P=2( - 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

and P(P°) = P(5P - 31)
11 = P*=5P*~3P=5(1 -P)—3P
=p®=51-8P=P" (given)

L n=6
Question145
Let A = [ _ii _ii ] , i =\—1. Then, the system of linear equations

MAREE

[2021, 16 March Shift-I]



Options:

A. a unique solution.

B. infinitely many solutions.
C. no solution.

D. exactly two solutions.

Answer: C

Solution:

2 .2 2D
-1 —1 1" +1

T[22 ]
| 2 2
At =A% A7
_[—2 2 H—z 2 ]
2 -2 2 =2
[ 4+4 —4-47 [ 8. -8
—4<4 4+4 -8 8
Similarly, A= A*- A*
T 8 -8 H 8 ~8 ]
| -8 8 -8 8
[ 64+64 - —64—64 ]
| 6464 64+64

[ 128 128 g| x 8
= Now, A =

[ —128 128 y 64

128 —128 x1 [ 8

“128 128 y 64
128x — 128y =8

= L &) e

and —128x + 128y =64
= X—y:—% ...... .(ii)

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



Question146

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 AA" is9 , is equal
to
[2021, 16 March Shift-I]

Answer: 766

Solution:

SetS: 10, 1,2, 3}

a3 3
Let A = b, b, b,
¢ & G
a b ¢
AR a, b, ¢
a; byocy
a-a c
AAT =| b-a b-b b-c
c-a c-bc-c
A A A

where a =a +a,j+ak

A A A
b-=b,itbyj+bk

N A A
¢ =cjitejtek
Now, as per question
caratb-b+c-c=9
N (a12+a22+a32)+(b12+b22+b32)
+(c12 + c22 + c32) =9
[a, b, ¢ €S]
9=(1+1+1+1+1+1+1+1+1)
orr 9=(1+4+4+0+0+0+0+0+0)
or 9=9+0+0+0+0+0+0+0+0)
or 9=@4+1+1+1+1+1+0+0+0)
Total permutations in case 1 =1



8]}

Total permutations in case 2 = ﬁ =252
_ 9

In case 3 = T 9

| 4= 2L ~504

n case 4= ST

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

Question147

b
Let A = [ :l l and a = [ bl l be two 2 x 1 matrices with real entries
2 2

such that A = X B, where X = %[ 1 ‘kl ] and K € R. If

a’+a,”= %(b,’+b,’) and (k’ +1)b,” # —2b,b,, then the value of k is
[2021, 16 March Shift-11]

Answer: 1

Solution:



\/gaz =b, kb, - - (i)

And as given, a12 + a22 - %(bl2 + b22)
Adding, Eq. (i) >+ Eq. (i) %,

3a,” +3a,” = (b, b,/ + (b, +kb,)’
=2(b,” + b,

= 2b, 2+ b, (K> +1)+ 2bby(k — 1)
=b, (K> +1=2)+2b,b,(k—1) =0
=(k— D)[b,"(k +1)+2b,b,] =0

So, k=1
Question148
-30 20 56 2 7 e
Let P = 90 140 112 and A = 1o 1
12060 14 0 —o -0+l
where, o = _HTiﬁ, and I ; be the identity matrix of order 3 . If the

determinant of the matrix (P_IAP —1 3)2 is u(y)z, then the value of a is

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

Answer: 36

Solution:

-30 20 56
Given, P = [ 90 140 112 ]

120 60 14

2 7 o’
A= -1 o 1
0 0o —ot+l

(P'AP-1,)]’ = 00’
= |[(PT'AP=1)(P 'AP=1,)| =00’



=P 'APP_'AP—P 'API,—[,P'AP+1, 1| = a0’
= PUA’P—P 'AP-P 'AP+1,| =ao’
[“PP'=1 and IA=A]

= [P 'A’P-2P 'AP+PP | = a0’

=> |P(A=2A+1,)P| = o’

= [P JA-1,}|P| =ao’

= |P'P||A-1;F = a0’

= |A—I3|2=ow)2

Consider,
2 7 100
A-T,=| -1 o 1 -1 o010
0 -0 —o+1 0 01
1 7 032
A-L]=] -1 ~0—-1 1
0 - )

On applying C, — C, - C,;, we get

1 7-0 o
A=L=1 -1 —0=2 1

0 0 —®
On applying C, — C, - C,, we get

1 7-0° o
A-Ll=| -1 —0=2 "1
0 0 -

= —o[(-0-2)=(-7+o%)]
=-c0(-00-2+7—0)2)

=—o(1<2+7)

=—6m

|A=1;|=—-6w

A-1 ] =360" = a0’

. o=36

Question149

IfA= [ 2 ] , then the value of det(A*) + det[A'" — Adj(2A)""] is

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



Answer: 16

Solution:

2
ra=[ 0 2]
0 -1

det(AY) +det[A"Y < [Adj2A)]"]
N S e e
0 -1 0 -1 0 1
el Bl
0 —1 0 1

I A 23 178 9
0 -1 | 0 -1

:[s 9]'23]:[1615'
0 -1110 =1 0 1

[J “)]

0 .~2 -
adJ(X)=( ¢ )
—C a
1 3 1.3 1 -3
djA) =4 =4
[adj(2A)] 0 - (O_Q) 0 4)

[adj2A)] < 4

O -
NG
W

X

T

N

~
—_—
O =
17 ey
[\

T T

I

|

oo
—
O =
I ©
oo
~~——

& 1 -3 13
[ad j(2A)]” =4 X(—2)( 0



1 D' R"-D"
[adj(zA)]n:(_2)n[ D2 )]]

0 1Hm"
1 -1
0 210
Now, A'®~[adj2A)]"
3 [ 510 510 :|_ 510 _(220_210)
L 0 1 0 2%

[adj2A))"" =2 (

C02-2'0-220 ]
) 1-2%

det| A" —adj2A)?| =0
~ detAY+det[A"—adj2A)" 1 = (16) +0=16

Question150

11
If A= 01 and M = A+AZ+A%+ ... +A20, then the sum of all
00

S Y

the elements of the matrix M s equal to
[2021, 27 July Shift-1I]

Answer: 2020

Solution:

1 11
We have, A = [ 01 1 ]

0 1
- 111 7.1 .11 - -1 2 37
A’ = 1 11 | = 2
L oo 1 dLoo 1. L 00 1 J
- 1239 r 1 1 - - 1 3 6
A= I
L oo 1 Loo 1. L0 0 1




Now, M = A+ A2+ A3+ .. +A%

1 11 1 2 3
[011]+[012]+
0 0 1 0.0 1

I'n Y¥n
.ot 01 n

0 0 1

20 Yn Y (Xr)
=] 020 ¥n

0 0 20

20%21 50

20
Now, ¥ n=1+2+..+20=
r=1

20 20 20
> =y XD 15 2y
r=1 r=1 2 2r=1
_ l[ 20X21><41+ 20><2l]

2 6 2
[2870+210] = 1540

i\
2
20 210 1540 ]

Hence,M[ 0 20 210

0 0 20
Sum of all elements =2020.

Question151

s d o | (Lo (i) e

Va,b,c,dE€R

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



Answer: 11

Solution:

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

Number of elements = 9616

+1=11

Question152

IfP= ’
1/2 1

PO ],then P is

[2021, 25 July Shift-11]

Options:
| 4@
A.
25 1
1 50 ]
B.
0 1




[ 125 ]
0 1

PPN
501

D.

Answer: A

Solution:

Given, P = [

(STE .
— S
| I— |

)—U
o
I
N[— =
—_ S
R ——"

Question153

Let A = [aij] be a real matrix of order 3 x3, such thata, +a+a =1,
fori=1, 2, 3. Then,

the sum of all the entries of the matrix A’ is equal to
[2021, 22 July Shift-11]

Options:

A.2



B. 1

C.3
D.9
Answer: C
Solution:
. Ap
A 8y 8y =A
a3 83y Ay

Sum of elements of each rowis 1 .

1
Let X be 1
1
a8y 3y,
Then, AX = ay, A, 8,
a, a, a

31 32 33

apt o aptoag

AX = 8yt Ayt ay =

a,, + a32+ a

31 33

AX =X

Replace X with AX.
A-AX =AX 2 A’X =X
Again, replace X with AX,

A*(AX)=AX
A’X =X
a8 a3
3 / / '
Let “A Ay 8y 8y
A3 83y g
Then,
ay 4 4 1
3 Y ’ ’ ’
AX = A 8y Ay 1
' ' ' 1
37783, A3



Sum =3
Question154
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-11]

Answer: 3125

Solution:
010 a4 a, a4
A= 1 0.0 |B= b, a b,
0.0 1 ¢, ¢
AB =BA
b, b, b, a a4 a4
a, -a, a, = b2 bl b3
C, €, C4 C, cl C,
b =a, a, =b, C =G,
b,=a, a,=b, G, =G,
b,=a a,=b C,=C

w



B= a, a; a,

C1 C2 C3
Number of distinct elements in Biis 5 {a,, a,, a,, ¢, c;} and according to question, a; € {1,2,3,4,5}.
So, number of matrices =5x5x5x5x5=3125

Question155
1 ~1 0

Let A= 0.1 -1 and B=7A%" -20A7 +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:

I -1 0
A—(O 1 1)
0 0 1

B=7A%-20A7+21



1 -h n—n
=>A"= 2

0 1 -n

0.0 1
(2019 7%6
by =7( 222 ) ~20( 28] +200)

=b,, = 1330420 = 910

Question156
12

IfA= f f ,B=(1f),i=ﬁ,andQ=ATBA,thenthe
BERS

2021

inverse of the matrix AQ Alis equal to

[26 Aug 2021 Shift 1]

Options:
1
— —2021
\5
A. |
2021 -~ —
\5

B.( | . o)
—2021i 1



C.( 1.0)
2021i 1

Answer: B
Solution:
1 2 1 _2
5 5 5 A5
N 5 5 A5
2 1 21
V5 N3 V5. 5
aaT| 10 ‘=1
0 1
Now, Q° = A'BAA'BA
=>Q*=A"B*A
Again, Q° = (A’'BA)(A"B’A) = A"B’A
Similarly,

Q2! = ATR22IA
AQIAT = A(ATB22IA)AT
— (AAT)BX2I(AAT) = 22!

B 10 ‘
11
1 1 0
B’= ,similarly B! =
2i 20211 1
(B! = adj(B*?") _ 1 0
B> —2021i 1

Question157

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

the value of det(Az) equal
[26 Aug 2021 Shift 2]



Answer: 4

Solution:

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

=2 Adj(2 Adj(2’ 'adjA)) [+adj(KA)=K" ' adjA]
=2 Adj(2 Adj(4 Adj A))

=2 Adj(2 x4’ "' AdjAdj A)

=2 Adj(32 Adj Adj A)

=2x32 "' AdjAdjAdj A

=2""AdjAdj Adj A

=21 Adi(JAP ?A)

=2""Adj(A|A)

=2 AP AGA

=2'"x | A AdjA

Now, [2 Adj(2 Adj(Adj(2A)))| = 2"

= 2" AP AdGA=2"

= (2" Ay Adj Al = 2"

:233 I A|6 | A |3—1 :241

=1A x| AP =2

> AP =28

S|A| =+2

Now, |A%|= | A = *2)° =4

Question158

Let A = ’ ! i].IfA_1=uI +BA, 0, B ER, T is a2 x 2 identity

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

Options:
A5

8
B. 3
C.2

D. 4

Answer: D



Solution:

W=

A= WIN

R

6

A= WIN
A=

| W |
 — |

Ha—PB)=4(1)=4

Question159

Let A and B be two 3 x 3 real matrices such that(A2 < BZ) is invertible
matrix. If A° = B’ andA’B* = A2B3, then the value of the determinant

ofthe matrix A’ + B is equal to :
[27 Jul 2021 Shift 2]

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

Answer: D

Solution:

C=A"-B%]|C|+#0

A’ =B’and A’B’ = A’B?

Now, A’ - A’B*=B°~ A’B’
:>A3(A2—B2)+B3(A2—B2) ~0
>(A°+BY)AT=BY) =0

Post multiplying inverse of A*-B%:
A +B =0



Question160

1Y ifi<,
Let A = {aij} be a 3 x 3 matrix, Whereaij = 2 ifi=j, then
D' ifi>],

d et(3Ad j(2A 1)) is equal to
[20 Jul 2021 Shift 2]

Answer: 108
Solution:
2 -1 1
A= [ -1 2 -1 ]
1 -1 2
|A| = 4
Badj2A ™) = | 3.2%ad j(A™|
3 3
=12 |adj A | =122 |AT'P =1—22=£=108
A 16
Question161

If the matrix A = ( 02 ) satisfies A(A3 + 31) = 21, then the value of K

is
[27 Aug 2021 Shift 1]

Options:

A.

N —

N —



C.—1
D. 1

Answer: A

Solution:

Given matrix,

o]

A=

K =1

Characteristic equation of A'is

|A—=M[=0

R ’ -\ 2
K -1 —&

=>M1+1)-2k=0

=22 +A—2k =0

- Every square matrix satisfied its own characteristic equation.

~A’+A-2KI=0

=>A®=2KI-A

=A% = 4K+ A2 =22 KI)(A)

> AT =4K’1+2KI-A-4KA

=A% = (4K*+2K)1 - (1 +4K)A ..(i)

Now, A(A®+31) =21

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

Comparing Egs. (i) and (ii), we get

’=o

1+4K =3
:Kzl
2
Question162
Loo 2025 2020
Let A = 0 1.1 . Then A”""— A" iscequal to
1900

[2021, 26 Aug. Shift-II]

Options:
A.A°-A

B. A’



C.A°=A
D. A®
Answer: A

Solution:

100
A(Oll)

10 0
Now,

100
A2(011)(
1 00
10 0
1))
100
1 0.0
<)
100
1 00
An(n211)
100

1
A2025 he A2020 _ 2024
&
000
00
Now,
100
A—a=| 511
1 0-0
-'-A2025—A2020:A6—A

—_

O =

[u—

S = O

=

|

—_
S = O
S = O

o

S = O

0 00
5000
0 00

Question163



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

A= % 1o a , then the matrix A’' is equal to:

[Jan. 7, 2020 (D]
Options:
A. A

B.1,

C. A’

D.A®

Answer: D

Solution:

Solution of x> +x+ 1 = 0is o, o’

So, o= » and

4- 3 _
O =0 .0=-1l.0=0

1.1 1 1 11
Azé[ 1o o ] [ 1l o o ] = [
1 o o 1 o o

Question164

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 AA" is 3,is
[INA Jan. 8, 2020 ()]

Answer: 672



Solution:

Let A=[a ]

iil3 %3
It is given that sum of diagonal elements of AA" is 3i.e., tr(AAT) =3
a112+a122+a132+3212+ ...... +a332= 3

Possible cases are

0,0,0,0,0,0,1,1,1 Y,
0,0,0,0,0,0,~1,—-1,~1, —
0,0,0,0,0,0,1,1,-1  —
0,0,0,0,0,0,— 1,1,— 1 —

PC, x8=84%8=672

W W = =

Question165

IfA= i j and I = (1) (1) , then 10A"is equal to:

[Jan. 8, 2020 (IT)]
Options:

A. A—-4]

B.6I — A

C.A-o6l

D. 41 = A

Answer: C

Solution:

Characteristics equation of matrix ' A "is [A—A | =0
2-A . 2

‘ 9 4-Xx

~A=6A—101 =0

=>A (A% —6A" —10IA ' =0

=10A"' = A—6l

=00 -6L—10=0

Question166



1sin® cos0 24 C

IfA= ’ cos® isipd l,(9=£) and A’ = [ = ],wherei=\/—1,then

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

Options:

A 0<a’+b <1
B.a’-d%*=0
C.a’~c*=1

D.a’—b’ =

N | —

Answer:'D

Solution:

"A—[ cos0 1isin® ]
isin® cos6
A AT cosn® isinn® ],nEN
| isinn® cosn®
--A5: [ a b ]
| c'd
" AN [ cosO isin0 ] - [ a b ]
1sin® cos6 c d

~a=c0s50,b=1sin50=c,d =cos56
~a2—b% = cos>50+ sin°50 = 1

2 2 2 L2
a —c¢ =cos50+sm50=1
a?—d?=¢0s’50 — cos’50 = 1
a’ +b%>=cos’50 —sin°50 .= cos 100 = cos %

and0<cos%<1:>0§a2+b2§1

~al=br=<is wrong.

N —

Question167



Let A = [ )1( (1) ] ,X € Rand At= [aij]. Ifa,, =109, then a,, is equal to

[NA Sep. 03, 2020 (I)]

Answer: 10

Solution:

>
)

I
| p— |
—_
S =
| IS |

Il
| |
—_
O =
—_

|

_[x2+lx]
X 1

B [ &+ 1R XD+
x(C+D+x xXP+1
Given that (x*+ 1)+ x> = 109
x'+3x°— 108 =0
S(x5+12)(x°—9)=0
2 _
X" =9

a,=x+1=9+1=10

2

Question168

Let a, b, ¢ € R be all non-zero and satisfya3 +b’+ ¢ = 2. If the matrix

a b ¢
A= b ¢ a satisfiesA' A =1 , then a value of abc can be:
c.ab
[Sep. 02,2020 (II)]
Options:
1
A. _g



1

"3

C.3

2

D. 3
Answer: B

Solution:

Given: ATA =1
a b c ab c
> = b c a b c a

c ab c.a b

Yal Yab Yab
= | Tab Ya® Yab =

Yab Yab Ya’
So,Ya’=1and Yab=0
Now, a’+b’ +¢>—3abc
=(a+b+c)a’+b>+c” —ab—bc—ca)
=(a+b+c)1-0)
= {@a+b+cl = {Ya 42y ab =1

:2—3abc=1:>abc=%

S O -

or2—3abc=-1=abc=1.

S = O

—_ O O

S O =

S = O




