CHAPTER

9.1

LINEAR ALGEBRA

is a singular matrix, then A is

0
IfA{—l 0 3
2

|
[\
>
[

Ao (B) -2
(©) 2 (D) -1

a If A and B are square matrices of order 4 x 4 such
that A =5B and |A|=o-B
(A) 5 (B) 25

(C) 625 (D) None of these

, then o is

If A and B are square matrices of the same order

such that AB = A and BA = A , then A and B are both
(A) Singular (B) Idempotent

(C) Involutory (D) None of these

[—5 -8 0—|
ﬂ The matrix, A=| 3 5 0]is
t 1 2 —IJ

(A) Idempotent
(C) Singular

(B) Involutory
(D) None of these

a Every diagonal element of a skew—symmetric matrix
is

A1 B)O0
(C) Purely real (D) None of these

—|is
J

(B) Idempotent
(D) None of these

[
[ The matrix, A :[

s sl
S gl

(A) Orthogonal
(C) Unitary

Every diagonal elements of a Hermitian matrix is
(A) Purely real B) 0
(C) Purely imaginary D)1

B Every diagonal element of a Skew—Hermitian matrix

is
(A) Purely real B)O0
(C) Purely imaginary D)1

ﬂ If A is Hermitian, then A is
(A) Symmetric
(C) Hermitian

(B) Skew—symmetric

(D) Skew—Hermitian

If A is Skew—Hermitian, then iA is
(A) Symmetric (B) Skew—symmetric

(C) Hermitian (D) Skew—Hermitian.

-1 -2 -2
IfA= 2 1 -2, then adj. A is equal to
L 2 -2 1J
A) A (B) ¢’
(C) 3A' (D) 3A
The inverse of the matrix -1 2—|is
R
5 2 5 3
A B
@ [3 J ®) {2 J
-5 -2
©) -5 | (D) None of these
-3 -1]
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1 0 0]
Let A :{5 2 OJ, then A™' is equal to

3 1 2
{ 4 0 0—‘ [ 2 0—|
(A) i 10 2 0 ) % 5 1 0
L -1 -1 ZJ [—1 -1 2J
( 1 0 O—‘
(C)-10 2 0 (D) None of these
L -1 -1 2J
[2 -1 3]
If the rank of the matrix, A=| 4 7 1|is 2, then
1 4 5
the value of A is
(A) -13 B) 13
(C) 3 (D) None of these

Let A and B be non-singular square matrices of the
same order. Consider the following statements.
I) (AB)" =A"B” (ID) (AB) ' =B'A™
(ITT) adj(AB) =(adj.A)(adj.B) (IV) p(AB) =p(A)p(B)
V) |AB|-[a| 8
Which of the above statements are false ?
A I III & IV B) IV &V

OCI1&1I (D) All the above
[2 1 -1
The rank of the matrix A= 0 3 -2|is
2 4 -3
A) 3 (B) 2
01 (D) None of these
The system of equations 3x-y+2z=0,

15x -6y +52=0, Ax-2y+2z=0 has a non-zero

solution, if A is

(A) 6 (B) -6
(C) 2 (D) -2
The system of equation x-2y+2z=0,

2x -y + 32 =0, Ax + y —z =0 has the trivial solution as
the only solution, if A is
(A) h=-4

(C)r=2

(B) r=1%
(D) None of these
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The system equationsx +y+2z =6, x +2y + 3z =10,

x+2y + Az =12 is inconsistent, if A is

(A) 3 (B) -3
o (D) None of these.
m The system of equations 5x+3y+7z=4,

3x+26y+2z=9, 7x+2y + 10z =5 has

(A) a unique solution
(B) no solution
(C) an infinite number of solutions

(D) none of these

m If Ais an n—row square matrix of rank (n — 1), then

(A) adjA =0 (B) adjA =0
(C)adjA =1, (D) None of these
m The system of equations x-4y+7z=14,

3x+8y—-2z=13, 7Tx—-8y+26z=5 has
(A) a unique solution

(B) no solution

(C) an infinite number of solution

(D) none of these

m The eigen values of A =B 54} are
(A) +1 ®1,1
) -1,-1 (D) None of these

8 -6 2—|
m The eigen values of A {6 7 —4|are
2 -4 3J

(A) 0, 3’ -15
(©) 0,315

(B)0,-3,-15
(D) 0,-3,15

m If the eigen values of a square matrix be 1, -2 and 3,

then the eigen values of the matrix 2A are

1 .3
A=,-1,°
&) 2, -1,7

©)1,-2,3

B)2,-4,6
(D) None of these.

% If A is a non-singular matrix and the eigen values

of A are 2,3, -3 then the eigen values of A™' are

11 -1

2737_3 B —, T,

(A) ( )2 3’3
(9] 2‘A, 3A| - 3‘A‘ (D) None of these




If -1,2, 3 are the eigen values of a square matrix A
then the eigen values of A? are

(A)-1,2,3 B)1,4,9

1,2 3 (D) None of these

@ If 2, -4 are the eigen values of a non-singular
matrix A and ‘A‘ =4, then the eigen values of adjA are
A $,-1 B)2,-1

©2,-4 (D) 8,-16

@ If 2 and 4 are the eigen values of A then the

eigenvalues of A" are

(A)L,L (B) 2, 4
(C) 4, 16 (D) None of these

m If 1 and 3 are the eigenvalues of a square matrix A
then A? is equal to
(A) 13(A -1,
(C) 12(A -1,)

(B) 13A -12I,
(D) None of these

If A is a square matrix of order 3 and ‘A‘ =2 then
A (adj A) is equal to

2 0 0] F 0 Ol
@wlo 2 o ®[0 1 0
ooz oo
(1 0 O]
©i0 1 o0 (D) None of these
_0 1 .
[8 2 3]
The sum of the eigenvalues of A={4 5 9]is
2 0 5
equal to
(A) 18 (B) 15
(C) 10 (D) None of these

m If 1, 2 and 5 are the eigen values of the matrix A
then |A| is equal to

(A) 8 (B) 10

© 9 (D) None of these

m If the product of matrices

cos Osin 0]

[cos? 0
_COS and

A=
cos 0 sin 0

sin? 0

cos ¢sin ¢—|

[ cos? ¢
N Lcos ¢sin ¢  sin”® ¢

is a null matrix, then 6 and ¢ differ by
(A) an odd multiple of &
(B) an even multiple of ©
(C) an odd multiple of

(D) an even multiple =

If A and B are two matrices such that A + B and AB
are both defined, then A and B are

(A) both null matrices

(B) both identity matrices

(C) both square matrices of the same order

(D) None of these

[0 —tan %1

EﬂlfA:{

tan & 0

then (I-A)- {Cf’s @ ~smy } is equal to
Sin o COS o

(A T+A B)I-A

(©)T+2A D)I-2A

3 -4
If A:L 1}, then for every positive integer

n, A" 1is equal to

A) 1+2n 4n B) 1+2n —4n
n 1+2n n 1-2n
(©) F 2n n } (D) None of these
n 1+2n

@ IfA, :{ cos s a} then consider the following

—sin o cosS o

statements :
LA, A=A, ILA, A=A,
1L (A,) = cos" o sin” a
—-sin” oo cos” a
V. (A :|— C(.)S no  sinna’|
—sinno.  cosna

Which of the above statements are true ?
(A) T and II (B) I and IV

(C) II and III (D) IT and IV
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If A is a 3-rowed square matrix such that |A|=3,
then adj(adj A) is equal to :
(A) 3A

(C) 27A

(B) 9A
(D) none of these

m If A is a 3-rowed square matrix, then ‘adj (adj A)‘ is

equal to
A) |Af B) |A]
©) |A[ (D) |A*

If A is a 3-rowed square matrix such that ‘A‘ =2,

then ‘adj(adj A?)|is equal to

(A) 2* (B) 2°
(C) 2" (D) None of these
42 BIPN :|—2x 0 and A™ :|— : O—I, then the value
Far 1 2
of x 1is
A1 (B) 2
(©) % (D) None of these
(1 2]
If A 1| then A™
11
1 4] [ 1 -2]
A)|3 2 B)|-2 1
2 5] 12
o 3
|3 (D) Undefined
_2 -
|2 1 1 -2 -5
IfA:{ 1 OJ andB:{3 _4 _0} then AB is
-3 4
-1 -8 -10] [0 0 -10]
A)|-1 -2 5 ®B|-1 -2 -5
|9 22 15 0 21 -15
(-1 -8 -10] (0 -8 —10—‘
©C| 1 -2 -5 i1 -2 -5
I 22 15_ _9 21 15J

1 2
3

|—
5 -
(A) { 3} (B) {

©) { (ﬂ

m The matrix, that has an inverse is

MIirA-=

0]
J then AAT is

101
-1 2 3

(D) Undefined

(3 1] 5 2]
s 2 s

(6 2] [8 2]
(C)L 3 J (D) L 41 J
The skew symmetric matrix is

o0 -2 5—’ (1 5 2—|
A 2 0 6 B)(6 3 1

-5 -6 OJ 12 4 OJ

0 1 3] [0 3 3]
@1 0 5 Di2 0 2

1350 110

the product of A and B

m IfA=E ; ﬂ andBH,

1

A B
Matrix D is an orthogonal matrix D :{C 0}. The

value of ‘B‘ is

1 1
A) = B) —
()2 ()\/5
©) 1 D) 0

m If A, , is a triangular matrix then detA is

@) [T-Da, ®) [Ta,
i=1 i=1

© Y (-Da, D Ya,
i=1 i=1



[#2 cost|

If A=  then 2 will be
Le‘ sin tJ dt

(A)rtZ sint | B) [2¢ cost]
e’ sin tJ Le‘ sin ¢
2t —sint

©] Looem | (D) Undefined

e cost
A IfAcR,, , detA =0, then

(A) A is non singular and the rows and columns of A
are linearly independent.

(B) A is non singular and the rows A are linearly
dependent.

(C) A is non singular and the A has one zero rows.

(D) A is singular.

SOLUTIONS

1. (B) A is singular if ‘A‘ =0

[0 1 -2
=1-1 0 3 =0
2 -2 A
__‘1 2‘ ‘1 —2‘ ‘0 3‘_
= ( 1)’_2 k|+2\0 3’+0|_2 74_0

= (A-4)+23)=0 => A—-4+6=0 = A=-2

2. (C) If k is a constant and A is a square matrix of
order nx n then [kA|=k"|A|

A=5B = |A|=[5B|=5'B|= 6258

= a=625

3. (B) A is singular, if |A| =0,

A is Idempotent, if A> =A

A is Involutory, if A* =1

Now, A’ =AA =(AB)A=A(BA)=AB=A
and B> =BB =(BA)B =B(AB) =BA =B

= A?=A and B* =B,

Thus A & B both are Idempotent.

4. (B) Since, AZ =[_2 _2 8}{2 _i SJ

1 2 1| 1 2 -1
(1001
0 1 0|=L

:[0 0 1J

5. (B) Let A =[a,] be a skew—symmetric matrix, then

A*=1 = A is involutory.

AT=-A, = aq,=
ifi=j then a;=-a; = 20,=0 = a,;=0

Thus diagonal elements are zero.

6. (C) A is orthogonal if AA” =1
A is unitary if AA? =1 , where A? is the conjugate
transpose of A ie., A?=(A)".

Here,
[ S S R T A
aneo| 2| | 1oo]
i 1 i 1 | Tlo 17"
R

Thus A is unitary.
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7. (A) A square matrix A is said to be Hermitian if
A®=A.Soa,=a;.Ifi=j then a, =a, i.e. conjugate of

an element is the element itself and a,, is purely real.

8. (C) A square matrix A is said to be Skew-Hermitian

if A9=—A. If Ais Skew—Hermitian then A9 =-A
= Eﬁ =-a; ,
ifi=j thena,=-0a, = a,+a,;=0

it is only possible when @, is purely imaginary.

9. (D) A is Hermitian then A? = A
Now, (A)? =i AY=—jA=—jA, =

Thus A is Skew—Hermitian.

(iA)? =-(A)

10. (C) A is Skew—Hermitian then A9 =-A
Now, (iA)? =iA? =—(-A) =iA then iA is Hermitian.

11. (C) If A =[a,],,, then detA =[c,]

n xn n xn

Where c; is the cofactor of a;
Also ¢; =(-1D)"'M

obtained by leaving the row and the column

j » where M, is the minor of a;,

corresponding to a; and then take the determinant of

the remaining matrix.

Now, M,, =minor of a,, i.e. —1=}_; _21} =-3
Similarly

[t et
A s
) Shom {2 Zhe
M”:,_lz _—22; 6;M?"°‘_|_12 _21;23

C=(-D""M,; =-3 C, =(-1)"* M, =6 ;
Cys =(-D"? M, =-6; Cy =(-D*"! M, =6;
Cy, =(-1)*"* M,, =3; Cyy =(-1)*"> M, =-6;
Cy =(=D™! M, =6; Cy, =(-D** My, =-6;
Cyy=(-D*>M,, =3

(G Ga CGa
detA=|C, C, C,

L031 Cs, Css J

(—3 -6 —GT {—1 -2 —2T
6 3 -6 ZSV 1 -2 =3AT

12. (A) Since A -1 adjA

Al
-1 2
Now, Here |A|= 3 =-1
T
5 -3 5 -2
Also, adjA = = adjA=
-2 -1 -3 -1
A L[5 2] [5 2
-1]-3 -1 3 1
13. (A) Since, A™ :iade
Al
1 0 0
Al=p 2 0/=4=0,
3 1 2

0 2 -1 -1 2
1r 4 0 0]
A =7 10 2 0
-1 -1 2

14. (B) A matrix A, ,,, is said to be of rank r if

(1) it has at least one non—zero minor of order r, and
(ii) all other minors of order greater than r, if any; are
zero. The rank of A is denoted by p(A). Now, given that

p(A) =2 — minor of order greater than 2 i.e., 3 is zero.

2 -1 3|
Thus [A|=|4 7  2|=0
L 4 5]

= 2(35-4)0)+1(20 -1+ 3(16 -7) =0,
= T70-81+20-A+27=0,
= 9A=117 = A1=13

15. (A) The correct statements are
(AB)" =B"A”", (AB)' =B'A ™,

adj (AB) =adj (B) adj(A)

P(AB) % p(A) p(B), |AB|=|A|[B]

Thus statements I, II, and IV are wrong.

16. (B) Since
\A\ =2-9+8)+2(-2+3)=-2+2=0
= p(A)<3

2 1
Again, one minor of order 2 is ' 3} =6=0

0

= p(A)=2



13- 5 |_
4 5l
= B-MN-=-5-0+16=0= -15+22+21+16=0
= AM+2A+1=0 = (A+1)?*=0 = Ar=-1,-1

Thus eigen values are -1, -1

= 0

24, (C) Characteristic equation is ‘A - M‘ =0
| 8 -2 -6 2|

- ‘—6 7-2 —4‘=0
| 2 -4 3-)

= A?-18A% +451=0

= MA-3)(A-15)=0 = Ar=0,3,15

25. (B) If eigen values of A are A, A,, A, then the eigen

values of kA are k), k), , kL,. So the eigen values of 2A
are 2,—-4 and 6

26. (B) If &, , Ay ,eeeeene , A, are the eigen values of a

non-singular matrix A, then A™' has the eigen values

L1 , L . Thus eigen values of A™ are 1 , 1 ,
A 23

o, :

-1

27. B) If &, Ay, oo , A, are the eigen values of a matrix
A, then A® has the eigen values A7, A2, ........ , A 2. So,

eigen values of A® are 1, 4, 9.

28. (B) If A,, Ay ,...., A, are the eigen values of A then

the eigen values adj A are @ , @ peeeeens m;
Mo, A

A‘ #0. Thus

n

eigenvalues of adj A are % , _4—4 i.e. 2 and-1.

29. (B) Since, the eigenvalues of A and A” are square so

the eigenvalues of A” are 2 and 4.

30. (B) Since 1 and 3 are the eigenvalues of A so the
characteristic equation of A is

A-D(A-3)=0 = A*-4rL+3=0

Also, by Cayley—Hamilton theorem, every square
matrix satisfies its own characteristic equation so

A® —4A + 31, =0

= A”=4A-3I,

= A’=4A" -3A =4(4A-3D-3A

= A’=13A -12I,
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31. (A) Since A(adj A) =|A[L,
1 o o] 2 o o]
= A@djA)=20 1 0(=l0 2 0
0 0 1] 0 0 2

32. (A) Since the sum of the eigenvalues of an n—square
matrix is equal to the trace of the matrix (i.e. sum of the
diagonal elements)

8o, required sum =8 +5+5=18

33. (B) Since the product of the eigenvalues is equal to
the determinant of the matrix so ‘A‘ =1x2x5=10

34. (C)
[cos 6 cos ¢cos (6—¢) cos Osin pcos (0 —¢) |

AB= =
cos ¢sin Ocos (0 —¢) sin Osin ¢cos (0 — )

null matrix when cos (6 —¢) =0

This happens when (6 — ¢) is an odd multiple of g

35. (C) Since A + B is defined, A and B are matrices of
the same type, say m x n. Also, AB is defined. So, the
number of columns in A must be equal to the number of
rows in Bi.e. n =m. Hence, A and B are square matrices

of the same order.

“ 1-tan®>2 1_¢2
36. (A) Let tan — =¢, then,cos a = 2 _ 3
2 l+tan? & IH1
2
_ 2 tan — 9
and sin o = = 3
1+tan? & 1+1
2
(I_A).I—c?soc —sin o
sin o cos o
1 tang—’ .
- 9 X|—COSOL —sin o]
—tan & 1 sin a cos aJ
{1—# -2t W
vt e et
-t 1 2t 1-¢
L(1+t2) 1+t2J
[ |
1 —tan —
1 -t
| 1:} |=(I+A)
0



(3 -4]3
1 11 -1
_1+2n —4n
_{ n 1-2n

4] [5 -8

2 -

}, where n=2.

37.(B) A’ =

38. D) A -A [ cosa sina| cosp sinf]
) “ P |_sino coso|-sinp cosP

sin (o +B)} _A
—fRa+p

cos (a + )

_{ cos (o + P)

| —sin (o + B

Also, it is easy to prove by induction that

(A,)" {

cos no.  sin na}

—sin no.  cos no

39. (A) We know that adj(adj A)=|A['”
Here n=3 and ‘A‘ =3.
So, adj (adj A) =3%* - A =3A.

(n-1)%

40. (C) We have jadj (adj A)| = |A|

4

Putting n =3, we get jadj(adj A)|=|A[".

41. (C) Let B=adj(adj A?).
Then, B is also a 3x 3 matrix.

ladj (ad; (adj A*)}| = ladi B =B =[B
:‘ad‘]’ (adj Az)‘z :[A2<31)2:|2 _ ‘A‘w
[ [a%-af]

42. (C) ﬁf fﬂ

0 2x| |0 1

{Zx O}:F 0}, So, 2x=1 = xzé.

43. (D) Inverse matrix is defined for square matrix only.

[2 -1]
44. (C) AB=| 1 OE _42 _05}

3 4
[(2)(1) +(=1)(3) (2)(=2) + (=1)(4) (2)(=5) + (=1)(0) ]
(D@ +0)3)  (D(-2)+(0)(4) (1)(-5) +(0)0)
[(=3)(D) +(4)(3) (-3)(-2) +(4)(4) (-3)(-5) + (4)(0)

(-1 -8 -10

1 3]

. 1 2 0]
45. (C) AA |5 1 4JL2) _iJ

[+ @@ +0X0) (B + @)D +(0)4)]
T + (D@ +(4)0) (31(3) + (D=1 + (4)(4)

5 1]
11 26

46. (B) if |A|is zero, A" does not exist and the matrix A
is said to be singular. Only (B) satisfy this condition.

5
A=) =E0-@@-=1

is a matrix with

nxn

A” =—A. The matrix of (A) satisfy this condition.

[1]
8. © AB:F 1 o}[o J:{<1>(1)+<1><o>+<0)<1>}:H

47. (A) A skew symmetric matrix A

101 (DD +(0)0) + (D] |2

49. (C) For orthogonal matrix
detM =1 And M =M?, therefore Hence D' =D7

pr|A Cl_pa_ 1[0 -B
B 0 -BC|-C A

1

ThisimpliesB:i = B=- = B=t#1
-BC B

Hence B=1

50. (B) From linear algebra for A triangular matrix

detA = Ha

i=1

The product of the diagonal entries of A

i’

(d(ﬁ) d(cos t)
51. () %A _ { dt  di

e’ cost

—’_ 2t -—sint
dt d(e") d(sint)|
dt dt

52. (A) If detA #0, then A, _ is non-singular, but if

xn
A is non-singular, then no row can be expressed as a

nxn

linear combination of any other. Otherwise detA =0

stttk sokokor sk
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