Matrices and Determinants : JEE Main Past Year Solved Questions

I 2
0 1

the elements of the matrixBis :

1. Let A = [ J and B = | + adj(A) + (adj A)2+ ..+ (adj A)'°. Then, the sum of all

(1) =10
(2)22

(3)-88
(4) -124
Ans. (3)

Sol.

Sol. Adj(A) = [ é 12 ]

g7 = | o |

1 20
s Ay10
(AdjA)™ = |: 0 1 ]

1 0 1 2 1 4 1 20
Bz[n 1]“5':[[11]'[{1 1]""'[[} 1]

11 110
B = 0 sum of clements of B

0 11
— —B88

. . 1 3

2 Let A be a 2 x 2 symmetric matrix such that AI: 1 ] = [ - ]and the

determinant of Abe 1. If A~ = aA + Bl. {} where | is an identity matrix of order 2 = 2,
thena+ Bequals ...

Ans. (5)
Sol.

Le-ui:[‘; 3]

¢ R v

a+ b= b+d="7, (3—b)(T—b)—b=1

e + 3 2
:.:!El' 5(1"'.1'.3



a=-—1, g=6—=|a+53=5
1 2
3. Letae(0,=)and 4 = |0 1
1 0O

then (det A)° is equal to:

(11
(2) 49
(316
(4) 36
Ans. (3)
Sol.
ad_]{A ZAI:I - [EA AI':I = 28
|{A EAT}{EA AI}| — 24
|A 2A1'| - |2A AT| = +16
{A EAI']T = A7 24
|A 2A1'| = |A1' 24| = |A ZAI'F = 16 = |A 2A1'| = 44

1 2 o 1 0o 1

0 1 0| = A" = 2 1 0

1 0D 2 a 0 2

1 2 o 1 0o 1 1 2 o 2
A 249 = |0 1 0O 212 1 0| = 3 1 0
1 0 2 a 0 2 1 2x ] 2
l14+3ax=—4d=3da=—3=a=1
o =1
1 2 1
|A| = 0 1 1 = 1 3= —4
1 3 4
|,¢1|2 = 16
4. Let ap # O and
i ] x 3o Jox 9 3ex
A= ¥ o fs; . B = s T 2ae ],
g o 2o 2o 5 23

cofactors of the elements of A, then det(AB)is equal to :
(1) 343
(2)125
(3) 64
(4) 216
Ans. (4)

Sol. Equating co-factor fo Ag,

Azl = {2&2‘ Hﬂ-_':l — ik

L
0 | if det(adj(24 — A7) - adj(A
2

2AT)) = 28,

If

aF == 0 is the matrix of



= o = 0,2 [(accept

2o’ oF = 3o

= a=2, =1

|AB| = |A - cof(A)| = |A]*

1 2 3
A= 2 2 1
1 2 4

— |A| =6 — 2(9) + 3(6) = 6

5. If Ais a square matrix of order 3 such that det(A) = 3 and det(adj{—4 adj(-3 adj(3
adj({ZA)"")))) = 2™3", thenm + 2n is equal to:

m3
(2)2
(3)4
(4)e
Ans. (3)
Sol.

|A| = 3

ladj(—4 adj(—3adj(3 adj((24)"))))|
— | — 4adj(—3adj(3adj(24)7))|?
= 4°% |adj(—3 adj(3 adj(24)"))/?

— 212 . 312 . |adj(24)7 |

212 . 312 . 324 |54j(2.4)7|°

— 212 . 336 . (2. 4)-1)16

_ 212‘ . 3.‘51‘3 .
|2A |1ﬁ
_ 212‘ . 3.‘!1‘3 . 1
248 |1dl::t A|e
— 912 936
o 948 | 916
_ :::m __ 936 920
6. Let 4 = [? 11] . If the sum of the diagonal elements of A'® is 3", then n is equal
to ______ o
Ans. (7)
Sol
2 1
a=li ]
. [2 1] [2 1] 3 3
2 —
A7 = | 1 1 | 1 1 3 0
3 —3][2 1] 3 —6
P —
A__-f-i ﬂ__l 1___6 3_
At — 3 6] [2 1] _ [0 a9
G 2 1 1 0 0|




Aﬁ:[g g][z 1‘:[2? n]

9 18| |1 1 0 27
27 0 271 3% « 2
AT = 0 27 27 272
54 27 27 | 272

3 =3"=n=7

1 3
1 5
C*+aC24+ Bl =0, then2B -aisequalto:

7. Let B = [ ] and Abe a2 x 2 matrix such that AB~'= A-'. fBCB~' = A and

(116

(2)2

(3)8

(4)10

Ans. (4)
Sol.BCB'=A
=(BCB ) (BCB )= A.A
=BCICB 1= AZ
=BCZB 1= A2

=B {BC?B "B =B (A.A)B
From eqguation (1)
Cci=aAlAB

C2=B

Also AB-1=aA"1
=ABlA=ATA=|

= A (AaB1A)=A"
Bla=a"

Now characteristics equation of C2is

|Ca-Al| =0
IB—All=0
1 A 3
- 1 5—a | =0

=(1-AN(5E-N-3=0=(A2-6A+5)-3=0
=A_&A+2=0

=pZ-6B+21=0



=C9-6C24+21=0
o=—-5
B=2

.-.EB—EI=4+-5='ID

8. 1 A= [ﬁ !

det X is equal to :
(1) 243

(2) 729

(3)27

(4) 891

Ans. (2)

Sol.

A= V2 ! = det(4) =3
|:1 ﬂ] (A)

B = B ?]:J-dct{BII:l

Now C = ABAY = det(C) = (det(A))* =< det(B)

|C| =9

Now |X| = |ATC=A|
= |AT| - |C?| - |A

= |a|? |C|?

= 729

COS @I
Sin @T

0

9. Consider the matrix f(x) =

statemeants :

sin I
COS T

0

Statement l: f{-x) is the inverse of the matrix f(x).

Statement II: f{x) f{y) = f{x + vy).

1 0 - L
B = = AB AT, X = ATC*A
1 ‘v"ﬁ] ] [ ] 2 - . then,

0
0] .Given below are two

1

In the light of the abowve statements, choose the correct answer from the options

given below

(1) Statement lis false but Statement llis true

{2) Both Statement |l and Statementll are false

(3) Statement | is true but Statementll is false



(4) Both Statement |l and Statementll are true

Ans. (4)
Sol.
COS T sinx 0
F(—=x) = sinax cosx ()
0 0 1
1 0O O
flz)-f(—=)= |0 1 0| =1I
o o 1
COS8 1 siny 0
fly) = Siny mhy D
cos(z + y} sin(fz +y) 0
Fflz) - fly) = [sm{:f ty) cos(z+y) O
0 1
2 0 1
10. 4 = 1 1 0}|Let,B=[B,, Bs, Bz], where By, By, Bz are column matrices, and
1 0 1
1 3 3
AR, = 0], AB.= 0|, AB;= 2| Ifa = |B| and B is the sum of all the
0 0 1
diagonal elements of B, then a®+ ﬁ3 isequalto __ __ _.
Ans. (28)
Sol.
2 0 1
A= 1 1 0|, B=|[B, B, By
1 0O 1
T To Ty
B, = [E-Fl] » B:= |y2|, Bi= |ua
z1 I K- - Zq
2 0 1 T 1
AB, = 1 1 0O | = |0
1 0 1] L=1 0]
Iy = 1:. 1 = 1, L1 = 1
(2 0 1] [=2] (2]
AB, = 1 1 0O ya| = |3
1 0 1_ | 22 | _l."_l_
Ta = 2:. Iz = 17 Za = 2
2 0 1] [xa] El
AB, = 1 1 0O s | = |2
_1 0 1_ _E’;;_ _1_
zz =2, y3s=0, =z3=-1
1 2 2
B = 1 1 0
1 2 1

a=|B|l=3 #g=1
a® 4+ 5% =274+ 1 = 28



mn Let A be
1 1
Alo)]l=210], A
1 1
0 1
(A-3I)|v] =2
= 3

(1) unigque solution

(2) exactly two solutions
(3) no solution

(&) infinitely many solutions
Ans. (1)

Sol.-

Iy in =1

A= Iz Lz Z2
Ty Ha 23
1 2
A0l = |0
1 2
[:r:l + = 2
Given |xa+ 22| = |0
Ty + 23 2
1+ 2z = 2.....(2)
To + z2 =0 (3)
Ty + zz = 0......(4)
1
= 0], Given
/|
= —x; + 2 = 4.......(5)
s == Za — 0.. ['ﬁ}
Ty + zg = 4.. [T}
0 a1
A= 1], Given |
0 s

S = D, Lz — 27 Ly — 0
. from (2), (3), (4), (5), (6), and (7):

T, = 3, x, = 0, Ty =
y1 =0, Y2 = 2, ys = 0
Z1 = 1, Zg = ﬂ, .23 = 5
3 0
A= 3 2 ['_l
0 3
(A — 3I) y [.;-
3

T+ &5
2 + Z2
Iy + Iy

oo

[N '

matrix such that
1

= 1 ]| Then, the system
0



z 1

— |-y|=|-2|=1=-1. w=-2, [z=-3]
@ 3

22024 — Oy 4+ 4, 7L +— CVCI

oim+d — 16 - {2.‘5:].':::] 16 |::1'.I:I.Dd g}

Previous Year Questions from Determinants
1. If the system of equations

F{(v2sina)y + (V2cosa)z = 0

T
x + (cosa)y + (sina)z = 0
T + (sineae)y — (cosa)z = 0
has a non-trivial solution, then o« = {lf']._ %] is equal to :

(1)%
(2)%

{3]'23—13

(4 24

Ans. (3)

Sol.
1 4+ 2sina +2cosao
1 sin o COS = (]
1 CONE s1n o

— 1 — +/2sina(sina + cosa) + v2cosa(cosa — sina) = 0
— 1 + v'2 cos 2o — +/2sin 2a = 0

cos 2oy sin 2o — -

W2

Yy o

cos (2a _1]— s

T 2

2 + T = 2nw £+
A =
) 5 n:‘r:l::{_

n = 0,

— = o Gaw
T =3 & T 24

2. If the system of equations

11 + y + A=z 5
2z + 3y +5=2z2=3

8r 19y 39z =

has infinitely many solutions, thenA* - pisequalto:
(1) 49

(2) 45

(3)47

(4) 51

Ans. (3)

Sol.



z=p
11 1 A

D = 2 3 5 =0
8 19 39

— 11(—117 + 95) — 1(—78 — 40) + A(—38 — 24)
= 11(—22) + 118 — A(62) =0

= —242 4+ 118 — 62A = 0 = 62A = 118 242
A

224 _ 3
5 1 2

D, = 3 3 5 — 0
o 19 39

— —5(—117 + 95) — 1(—117 — 5u) — 2(—57 — 3u) = 0
— 5(—22) + 117 + 5u + 114 + 6 = 0

— 11p = —110 — 231 = —341 = pu = —31

At — = (—2)* — (—31) = 16 + 31 = 47

n° -+
T 1
3. Fora, p € R and a natural number n, let 4, = 2 2 n? B . Then
< — n{ﬂnﬂ 1)
2A10—Aﬂi5
(M 4a + 2B
(2)2a + 4p
(3) 2N
(4)0
Ans. (1)
Sol.
1 L
T > ¥
A= 2y 2 n< a
e ?1[5]'12 1)
2 b
20 1 % - o 8 1 T; - o
2A1[. AH = "lt} 2 ﬂ:z ﬁ ].ﬁ 2 ﬂ,j ﬁ
3 1 5 1
56 3 ~8n—1) 29 g nBn-1)
. 2 2
22
12 1 ? = x
— |24 2 n* [
34 3 137 L)
2.3
0 1 = ia
= | 0 2 n? g
o n(3n — 1)




= —2(—8 — 2a) = 4da + 28

4. LetaBy =45 ;a,B,yeR. Ifx{a,1,2)+ v(1.,.B,2)+=2(2,3,y) =(0, 0, 0) forsome x, y, Z
eR,xyz#0 . thenéa+ 4B + yis equal to

Ans. (55)

Sol.

xfFy =45, o, B, vy R
(o, 1,2) + »(1,5,2) + =(2,3,v) = (0,0,0)
Yy, z e K, ryz #+= 0
= ax + Yy + 2z =0
T+ By + 3z=10
2 4+ 2y + vz =
xyz == (0 = non-trivial
a 1 2
1 8 3 |=0
2 2 =
— a(Bvy — 6) — 1(v — 6) + 2(2 — 28) = 0
= Gy — 6o ++ 6+ 4 48 =0
= B + 43 4+ v = 55

5. Let the system of equations X + 2y +32=5,2x + 3¥ + 2= 9. 4x + 3y + Az = p have
infinite number of solutions. Then A+ 2y is egual to :

(1) 28
(2)1r
(3) 22
(4)15
Ans. (2)
Sol.

x4+ 2y+3z=2>5

2r+3y+=z=29

dr 4+ 3y + Az = pu

For infinite solutions, the following must hold: A = Ay, = Ay = D5y = 0

1 2 3
A= |2 3 1 |=0=Xx=-—13
4 3 A
5 2 3
A= | 9 3 1 — 0= u=15
u 3 13
1 5 3
A= | 2 o 1 — 0
4 15 13
1 2 5
As—= | 2 3 9 |=o0
4 3 15

fordA = —13, u = 15, the system of cqguations has infinite solutions.



— A+ 2u = —13 + 30 = 17

1 3 { 3
2 ST E
&. The values of a, forwhich 1 i o 4 l — (), lie in the interval
3 3
20 +3 3+ 1 0
{1}(_21 1}
{2}(_31 n::l
3 3
3 i
@ (-2.2)
(4)(0, 3)
Ans. (2)
Sol.
1 = o + 2
1 1 o + 1 =1
2 +3 Jex+1 0
] a
i 3 “x - 5
== (2o + 3] 1 -1 ‘
1 o+ 2
Ga+n|] 217 |=0
= (2 +3)- 5 +(B3a+1)-FL =0
—= 20’ +3a+3a+1=0
— 2a” + 6 + 1 =
oy — —3T 1 — T
] * =

7. Consider the system of linearequations x+y +z=5,x+ 2y +A2z =9, x + 3y +Az = p,
whera A, 4 € R. Then, which of the following statement is NOT correct?

(1) System has infinite number of solutionifA=1 and p =13
(2) Systemis inconsistentifA=Tandp #13
(3) Systemis consistentif A#FTandp=13

(4) System has unigue solutionif A#Tand p#13

Ans. (4)
Sol.
1 1 1
1 2 A2 =0
1 3 A
— 2% A 1=10
A =1, z
1 1 5
2 A% 9 =0 = u= 13
3 A1

Infinite solutiom A = 1 p = 13

For unigue solm A £ 1



Fornosoln A =1 pu =13
A== landp = 13

Considering the case when A = % and p = 13 this will generate no solution c:
2 cos?x 2sin’ o 3 + sin” 2z
8.If then f(x) = | 3 + 2cos’x 2sin’ = sin” 2x = 2 f'(0) is equal to
2 cos® 3+ 2sin'x sin® 2z
(1) O
(231
(3)2
(4)6
Ans. (1)
Sol
2 costx 2sin? r 3 + sin® 2x
3+ 2costx 2sin? r sin® 2z
2costx 3+ 2sin'x sin® 2z

Rowoperations : B, — R Ry, Ry — 4 R,

2cos'r 2sin'zx 3 + sin® 2x

—= 3 0 3
0 3 3

fix)=45

T')=0

2. If the system of linear equations

x 2y +z = —4
2r 4+ oy + 3z =25
3r y+ Bz=23

has infinitely many solutions, then12a + 13B is equal to
(1) 60

(2) 64

(3) 54

(4)58

Ans. (4)

Sol.

1 2 1
D= |2 ] 3
3 1 B
1{af8 + 3) + 2(258 — 9) + 1(—2 3cx)
— a3 + 3+ 45 18 — 2 — 3




=af — 3a+48 — 17......(1)

-4 =2 1
h=|5 a 3 =0
3 -1 §8
1 -4 1
D,=2 5 3/=0
3 3 3
= 1(58 —9) + 4(28 — 9) + 1(6 — 15) =

P—-9+85-36-9=10
13 =54= =2 putin (1)

13

Ra-3a+4(8)=17

D S 216 __
13 13 + 14 =17
Byt =17= Lha =5 a=

Now, 12a + 1358 =12 - 3 + 13-
= 4 + 54 = 58

Hlﬂw"—'



