Matrices & Determinants
Exercise — 1(B)
Q1 (A)B)D)

122112 2] [9 8 8
AP=|2 1 2 20=[8 9 8
2 2 1] |2 8 8 9
9 88 [488] [500] [0
Now A’—4A-5I,=(8 9 8|—-|8 4 4/ -|0 5 0|=|0
8 89/ (88 4| |00 5| |0

o O O

Further A>—4A-51,=0=A—-41,-5A" =0 or A™ =%(A—4I3).

‘AZ ‘ =| A|2 =250 = AZisinvertible.

Q.2 (A)B)(C)D)

Standard characteristics of a matrix

Q3 (B)D)
1 -1 3|x 2
The given system of equationsis |2 -1 1|y|=|4
1 -2 alflz 3

By R, >R,-R, & R, >R, 2R, we get

1 -1 3 X 2
0 1 -5 1yl=|0
0 -1 oa-3|z 1

Further by R, - R, +R, we get

X 2
-5 ||y|=|0
Z 1

o O O



Hence the given system of equations has no solutions for oo =8 and unique solution for any
other value.

Q.4 (A)XB)(C)

|adj (A)| = |Af
1 0 of

—2 -3 4/ =1
0 -1 1

Now, adj(adjA) = | A|" xA

=A

Further ‘adj(adj(A))‘ =|A|=1.
Q5 (A)B)C)

Given, a, , a,, Ag.ccevennne. in A.P.

Leta, =a,a,=a+d,a;,=a+2d,............... SO on

a a+d a+2d
=A=|a+3d a+4d a+5d
a+4d a+5d a+6d

Hence, |A| =

A W O
g~
S o1 N
1]
o

As |A| = 0, hence option B is also correct.

a, la
Now, [B|=| " 2

ia, a
| a i(a+d)
CliG@+d) a

=a’+(a+d)> =0



Q.6 (B)C)(D)

The given system of equations can be represented as

2 X 6
2 |x =|7]1.
2| |z u

Clearly if u=6, the system of equations has infinitely many solutions and otherwise no solution.

Note here that the conclusion drawn above is independent of the value of A .
Q.7 (A)(C)D)

a’ a’—(b—c)® bc a®> (b-c)® bc
b> b*—(c-a)® ca =- [b* (c-a)’ ca {By C,—>C,-C}
c® c®—(a—b)* ab ¢ (a—-b)* ab

Now split the determinant about second column to get

a’ b*+c® bc [a® 2bc bc
= —|b® c*+a® cal-|b® 2ca ca
c® a’+b® ab| |c* 2ab ab

a’+b?+c* b*+c® bc
=— |b*+c’+a’ c*+a’ ca| {ByC,— C,+C,}
c®+a’+b* a*+b® ab

1 b?>+c* bc
:—(a2+b2+cz)1 c2+a’ ca
1 a’+b*> ab



1 b*+¢? bc
=(@*+b*+c?)0 b’-a’ c(b-a)] {ByR,>R,-R, &R, >R, -R}
0 a’-c* b(a-c)

1 b®>+c® bc
=(@*+b*+c®) (b—-a) (a-c)0 b+a c
0 a+c b

=(@°+b’+c®) (a-b) (b—c) (c—a) (a+b+c)
Q8 (A)C)

Standard properties of determinants.

Q.9 (A)(B)C)D)

Standard properties of matrices.

Q.10 (B)(C)

Standard properties of determinants & matrices.
Q.11 (A)B)

f(x) = x* +3x

Now f'(x) = 3x*+3 > 0 hence f(x) is an increasing function.
Minimum =f(0) =0 & Maximum = f(1) = 4.
Q.12 (A)(B)(C)(D)

1+sin? A cos’A 2sin 40
sinfA  1+cos’A  2sin40 |=0
sin® A cos’A  1+2sin40

2 cos?A 2sin 40
2 1+cos®A  2sin4d |=0 {ByC,—»C,+C,}
1  cos’A  1+2sin40

Now apply R, - R, —R, and then R, > R, — 2R, to get



0 -1 0
0 sinA —2-2sin46/=0
1 cos’A 1+2sin40

= 24+2sin406=0
=sind0 =-1

Hence 6=—E&3—7T
8 8

Note here that solution is independent of A.

Q.13 (A)B)(C)

Giventhat a,,a,,a, arein A.P & b,,b,,b, are in H.P.,

hence let a, —a, =a,—a, = X.

al_bl al_bZ al_bS
~A=a,-b, a,-b, a,-b,
aS_bl as_bz az_bs

al_bl al_bz al_bS
=| X X x | {BYy R,>R,-R,, R;>R,—R,}
2X 2X 2X

=0.

Hence A is independent of all the variables.

Further as A =0 hence option (B) & (C) are also correct.
Q.14 (A)(B)(C)(D)

AB=A ... (1)

BA=B ... 2)

Pre — multiply (1) by A

A(AB) = A?

A’B=A’



Pre — multiply (2) by B
B(BA) = B?

B°’A =B’

Now, AB = A

ABA)=A ....... [- B=BA]
Similarly BA=B

B (AB) =B

Q.15 (A)XB)(C)

X a b
Given |a x a|=0.
b b x

X a-X b-=x
=la x-a 0 :O{ByC2—>C2—Cl&Ca—>C3—Cl}
b 0 X-b

x -1 -1
=(x-a)(x-b))a 1 0|=0
b 0 1

Now by R, > R, +R, +R;,

=(x-a)(x—b)(x+a+hb)=0.

Q.16 (A)(B)(C)

Standard properties of matrices.



Q.17 (A)D)

1 a a°

Given |1 x x?|=0
b? ab a°
1 a a’
=|0 x-a x’-a’|=0 {By R, >R,—R,}
b? ab a’
1 a a°
=(x-a)|0 1 x+a|=0
b> ab a®

Now multiply first column by ‘a’ and take ‘a’ common from first & third row to get

1 1 a
(x-a)|0 1 x+al=0
b> b a
11 a
=(x-a)(1-b)0 1 x+a |[=0 {ByR,—>R;-b'R,|
0 b a(l+h)

= (x—a)(1-b)(a—bx)=0

Alternately :

For x = a, first & second rows are identical hence (x — a) is a factor.
For x = % , second and third row are proportional, hence (x —%) is a factor.

Q.18 (A)C)

a
Characteristic equation of A is =0 ie x’—(a+d)x+ad—bc=0

—X

Clearlya+d=0&k =ad —bc =|A|.



Q.19 (A)C)

1+sin’0  cos?O 4sin 40
sin“®  1+cos’®  4sin40 |=0
sin® 0 cos’0  1+4sin40

2  cos’0 4sin 40
2 1+cos’® 4sin4d =0 {ByC,—>C,+C,}
1 cos’® 1+4sin40

Now apply R, - R; —R, and then R, - R, — 2R, to get

0o -1 0
0 sin’0 —2-4sin40/=0
1 cos’® 1+2sin40

= 2+4sin406=0
= sin40 = —l
2

Hence 6:7—71&&.
24 24
Q.20 (A)C)(D)
1 a a’ 0 0 1| |cosdx 1 cosdx
cos(p—d)x cospx cos(p+d)x|==|cospx sinpx Q[x|sindx 0 -—sindx
sin(p—d)x sinpx sin(p+d)x sinpx —cospx O 1 a a’

Clearly the determinant of given matrix is independent of ‘p’ as first determinant in factorized
representation is constant 1.

PASSAGE 1
X 1 0 0f]|x 1
Let U=|y|Sothat|2 1 O||y|=|0
z 3 2 1||z 0

:>X:11y=_2a2:1



U =2
1
2 2
Similarly U,=|-1| & U,=|-1
-4 -3
1 2 2
Hence U=|-2 -1 -1
1 -4 -3
Q.21 (A)
1 2 2
Now |U|=]-2 -1 -1
1 -4 -3
1 2 0
:>|U|=—2 -1 0 {ByC3—>C3—C2}
1 4 1
= |U|=3.
Q.22 (B)
-1 -2 0
adjlU) =|-7 -5 -3
9 6 3
diu -1/3 =-2/3 0
.-.uz%: ~7/3 -5/3 -1
3 2 1

sum of elements of U™* =0



Q.23 (A)

1 2 2773 3
[3 2 0]|-2 -1 -1||2|=[-1 4 4]|2
1 -4 -3] 0 0
=[5]
PASSAGE 2

Given P=AXA, ATA=1 & X"X =X

Now ATA=I=A*=AT & X'X=X=X"=I.

Also XTX =X = |[X"X|=[X] or |X|* =|X| =|X| =1 (|x #0)
Q.24 (B)

PT=(A"XA) =P"=A™X"(A") as (ABC) =C'B'AT
=P =A"'X"A, given AT=A"
=P'P=(A"X'A)(A'XA)

= PP =AX"(AAT) XA

=PP=A"X"XA
=P'P=A"'XA=P, given X'X=x

Q.25 (C)

[PI=|A"XA[= [Pl =|A]" [X]]A]=[X| =1

Q.26 (A)
= ATXPA=(ATXTA)(ATXTA)  {Multiply | between x* & X & write it as AA™}
= AIX A= (AXA) =P {As AB7C" =(CBA) |
_ a -a ,
Given P:{ }:|P|:2a
a a



As |P|=1 hence 2a’ =1.

Now Pl—M{a a}

Pl —a a
2
HenceP‘zza axa al_ 0 2a:O 1
-a a -a a -2a 0 -1 0

PASSAGE 3

Let a,, =a, common ratio of G.P. be r and common difference of A.P. in 1% row be be d.

a a+d a+2d oo a+(n-1)d
ar ar +dr ar +2dr o ar+(n-1)dr
ar? ar? +dr? ar? +2dr? ar’ +(n-1)dr?
Now A =
Lar" ar"t+dr" ar" 4 2dr™ ar" +(n-1)dr"* |

Therefore a; =(a+(j-1)d)r'* & d, =dr'"*.
3 3 1 3 3 3
Now a,, =ar+3dr=1, a, =ar’ +dr =3 &a, =ar +2dr =16

1
Froma,, & a,, weget ar’ =dr’®=—

16

From a,, we get a:dzrzé,

Q.27 (D)

a,; =(a+(j-1)d)r* = Sn=Zn:a4j:nar3+n(nz_1)dr3

=

.S, dr® 1
=lim—==—=—.
n—o 2 32
Q28 (C)
Now Y d,=d> r'* or > d, _gif
i1 i1 i 1-r



Hence > d, =1—in
i 2
Q.29 (C)

). & 1 2 3
a=-|I=>>)a=—+—+—+...0 terms =1.
i (2) ; ii 2 22 23

PASSAGE 4
aa alz al3 R . R
Let A=|a, a,, a,| & x=xi+yj+zk
a31 a32 a33
X
Represent X as |y [? ] k]
z

Now AX=|a, a, a,l|lY [i i k}
a‘Sl a32 a33 z

= AX = (a,X+a,y + alaz)f+ (ayX+ay,y + a23z)] +(@X+ag,y+az,z)k
Now (A)?))? =0= (A, X+a,Y +2,,Z) X +(8,X +8,Y +8,27) Y +(8yX +85Y +25,2)2=0
Or (8,7 +8,,Y° +a557° ) +(8y, +ay ) XY + (85 +25, ) YZ +(8y3 +24 ) 2X =0

=), =Ay, =853 =3, Ay =ad,+a =ad;3tay =0

Q.30 (A)D)

Matrix A is skew symmetric and singular.

Q.31 (A)D)

A, =—2=08y =2,8,=5=a,,=-5



Q.32 (A)C)(D)

Conceptual question.

ASSERTION REASON TYPE

Q.33 (D)

Standard property of matrices : If AB =0, then |A| = 0 or |B| = 0 but none of [A] & [B] is
necessarily zero.

Q34 (A
Standard property of matrices : Determinant of an odd order skew symmetric matrix is zero.

Q.35 (C)

b 2
Let A = a then AZ = a“+bc ab+bd
c d ca+cd d*+bc

Now ab+bd=0=a+d=0 (b=0).

Hence statement 1 is true.

A?=1=|AlP=1
=|A|=%1

Hence statement two is false.

Q.36 (D)

Standard property of matrices : Inverse of a singular matrix doesn’t exist.
Also AB=BC =|A|=00r|B|=|C|

Q.37 (C)

Statement 1 is standard characteristic of a diagonal matrix.

Now det. (AB)™" = (det. A) (det.B™)

_ 1
= (— 3) det. (1,15)



o)

= —§ .. false.
2

MATRIX MATCH TYPE

Q38 A—->PB->PC-HP

1 2 B3
(A) |5 13 -6 =1(%+6]—5(§—\/§J+%(—6«/§—13\/§):0
1 3
Ty
i1 i
B) -1 i 1|=i@{®+)-1-i+i)-i(1+i®)=0
i1
1 1 1
(€) 4 4 4 |=0 {ByR,—>R,-R,
(2X_2—X)2 (3X_3—X)2 (5x_5—><)2

Q39 A—-Q,B->SC—->R

(A)  def. of skew — symmetric = 0
~k+2=2

x-1 -1 -2 x-1 -1 -2
(B) -1 x-1 -2|=|-x x O {By R2—>R2—R1&R2—>R2—Rl}
-1 -1 x-2 -Xx 0 x

x-1 -1 -2
=x’-1 1 0
-1 0 1



(©)

Q.40

(A)

(B)

(©)

x-2 -1 -2
=x| 0 1 0| {By C,>C,+C,}
-1 0 1

=x*(x—4)
Given that B is skew symmetric & A is symmetric hence
B'=-B&A"=A

Further (A+B)(A-B) = (A—B)(A+B) = AB= BA

Now (AB)' =B'A" = (AB)' =-BA
(AB)' =-AB

Hence k must be an odd number.

A—->R,B—>SC—->PR

If A is nonsingular idempotent matrix, then A= 1
~(A+1) =1+127

or (21,)" =128l,

or 2" I" =128l

=2"=128=n=7

We have (I — A) (I+A+A* +.......... +A) =
=S1+A+A  +....... +AT -A-AT AR ~A’=1
| - A=

Hence A® =0.

a; = 2 _j2 =a; = j2 _i21 hence a; =-a;.

A | a skew symmetric matrix.

For a skew symmetric matrix to be singular it must be of odd order.






