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HINTS AND SOLUTIONS—EXERCISE SET 1
1. We have _1 O_ ~ _a ﬂ a ﬂ
| e? cosa —e sina 0 = 0 1] |y -ally -a
A, /3)_1 =e_ﬂ e? s(;na e? c(;)sa (1) = A(-a,-f5) 1 0] B (o2 +By af-ap
= 0 1} |ya-ya pB+a’
2. Since [a s } is a square root of L, i.e. two-rowed 1 0] B [ + By 0
}/ - = 0 1 - 0 2
unit matrix L J wB+a

a B 271 o0 s a’+Py=1 [by law of equality]
HEFN -
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3. |4|=2(sin® 2x —cos’ 2x) = —2cos4x _ [ 1/2x 0 }_[ 1 0]
4. Given 4>+ A+21=0 B ~W/2x) Vx]7{-1 2

= L+d==20 = |4+4=]21| = 1o k21

- 4l d+1|=(2" = |4%0 2 o2

= A is non-singular; hence, its inverse exists. Also 10. 2x+y=4 and 3x+2y=2 gives

multiplying both sides of the given equation with 47", ‘4 1 ‘2 4

we get 22 6 32 -8

41 X=po—g=-=6; y=——=—=-8
A= —E(A +1) 2 1‘ 1 1 1
32

5. Let S=E(O)E
OE@) Clearly, x+ y=-2 is also satisfied.

2 . 2 .
N S={ cos” @ 005051110}{ cos” ¢ cos¢sm¢} Hence, the given system has one solution: x = 6,

cos@sin@ sin’@ | cosgsing sin’ g y=-8.
= 9o cosfcosgpcos(d —¢) cosOsingcos(0 —4) 1. 4 =L(ade) using the fact |4|4™"' =adj4
cos@sinfcos(@ — @) sinfsingcos(d — @) |A|
Since € and ¢ differ by an odd multiple of 7/2, o 1347 =adj4
cos@cosgcos(2n + l)% cos@singcos(2n + l)% ﬁ 1
- 1 .
S= ; S| on2op=| 2 2 ,A{ },Q=PAP7
cos@sin & cos(2n + 1)5 sin@sin g cos(2n + I)E 1 ﬁ 0 1
0 0 2 2
s=lo NN N
. , , Here. PP =| 2 2|2 2[|1 0
6. By definition, any row of a matrix/determinant 4 when ere, I B 31710 1
multiplied by its corresponding cofactors results in the -— —l = —
value of |4|. 2 202 2
0 c -b||d ab ac 0 00 = P-PT=1
7. AB=|-¢c 0 a | ab b* bc|=|0 0 0=0; Now, O =PAT". Also, x=P'Q*™P
b —a 0 |a bc ¢ 000 = x=P"(PAP" Y™ P
Short cut method: |4B|=|4||B|=0 = x=P"(PAP"Y(PAP" Y™ P
As A is skew-symmetric of order 3 so |A| =0, whatever = x=(I4) P (P4 P )20 p
be the value of |B]. = x=AP" (PAP" Y(PAP" P ...
|4B|=0 - x= AP (PAPT)P
(A-BY =A+B#A-B
» | _ o {1 2005}
9. We know that [a b] = [ d _b} 0 1
cd ad —bcL™¢ 4
2% 0 sinx cosecx tanx
Given A=[ x x] 13. f(x)=|secx xsinx xtanx |, then

x*-1 cosx x*+1
A—1=L[x 0}[ 1/2x 0}
o2 —x 2x| | -(1/2x) Ux sinx cosecx tanx

L T1o |/(x)|=|secx xsinx xtanx|=g(x) (assume)
But 4 =[—1 2} -1 cosx x*+1
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—sinx —cosec x —tanx

so g(—x)=|secx xsinx  xtanx| = —g(x)
-1  cosx x*+1
g(=x)=-g(x) 18.

=  g(x)=|f(x)| is an odd function.

a

o @ dx=o0.
i 10
14. Since A=|% | and B=
(11 51
Also, A>’=B
a 0]« 0] [1 0O a’+1 o] [r o
= = = =
11t 1|5 1 a+l 1| |5 1
a?+1=1 = a=0

= o+1=5o0r =4

Both the values of ¢ are not possible simultaneously.
There is no real value of o for which 4> = B.

400
A=|0 4 0l=41,
00 4

15.

A" = 4n(13)n — 22n13

27 0 0
20
22n

= 0
0 0

Since A(adj 4) = |A|1
10 0] 1 0] [|4] o
o 100 170 A

|A|=10

COSt
17. A=[,
sint

16.

—sint 2T
, wheret=—
cost 3

—sint || cost
cost ][sin t
—sin 2t
cos2t ]
cos2t —sin2t || cost —sint
sin2¢ cos2t ][sint cost ]

3t=2rx
A2 cost
sint

A2 [cos 2t

—sint
cost

sin 2¢

= A2-A=A3=[
cos3t —sin3t B cos 2
sin 3¢ -

—sin2xw
cos 3t

sin2xr  cos2mw

19.

20.

21.

22.

23.

o[t o
1o 1

The least value of £ = 3.

We know that every identity matrix is a scalar matrix.
Therefore, option (a) is correct.

For the system of equations to have non-trivial solution,
t  t+1 -1
A=jt+1 ¢t t+2(=0

t—1 t+2 t

Applying Cz e C2 - Cl’ C3 e C3 - Cl Py weE get

t 1 -1 [2t+1 O O
A=lt+1 -1 1|=|t+1 -1 1/ =0
t—-1 3 1 t-1 3 1

[using R, — R, + R,]
= 2t+1)(-4)=0

1
= t=——
2
We know that A(adjA) = |A|1.
If A=|:co.sx smx:l’ then |A| =1
—Sinx COSx
AadjA)=1.

It is given that A(adjA)=kl. Therefore, k = 1.

We know that adj(adjA) =|A|"_2A if 4 # 0, provided
the order of 4 is n.
= adj(adjA)=|A|A (asn=3)
det (adj(adjA)) = |A[* det A = |4
1 2 -1
But |[A|=[-1 1 2 (=14
2 -1 1
det[adj(adjA)] = (14)*.
Given square matrices 4 and B are of the same order.

We know that if 4 and B are square matrices then
(ABY'=B'A™".

If p=g=r,then x=0,y=0,z=0 is a solution of the
system of equations.

If a, b, ¢ are distinct, then the determinant of the
coefficient matrix is

%(a +b+o)(b-c) +(c—a)’* +(a—-b)*1#0

and hence the system of equations has a unique
solution.
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24. We have 34’ +2A° +5A+1=0
= I=-3A"-2A"-5A
IAT" =(-3A-2A -54)A""
A" =-3A*-2A-51I
Since the system possesses no solution

2 -1 2

A=l -2 1|=0
1 1 A

=

=
25.

34.

= A=1

We know that AB=AC which implies that B=C.
Therefore, the option (c) is not true for the matrices.
We have (A+B)(A— B)= A’ - AB+BA- B’.

So, (a) is not true.

26.

27.
28. Given square matrix 4 = [a;] and a, =a,.

We know that in a square matrix if a;=ay Vi, j, then
ith, jth elements are equal to jth, ith elements in matrix

A. Therefore, A is a symmetric matrix. 36.

29. Since 4 is a non-singular matrix, therefore |A| #0
= rank (4) = n.

30. Given order of the square matrices 4 and B, n = 3,
|A|=-1 and |B|=3. We know that if 4 and Bare two
square matrices of order n, then |rAB|=r" A||B|.
Comparing |rAB| to the given matrix |3AB , we get 37.
r=3. Therefore, [3AB|=(3)’|A||B| = 27(-1)(3) =-81.

[1 2 x][1 -2 y
31. We have I,=AB=|0 1 0]{0 1 O
[0 0 1[0 0 1
[1 0 x+y
=0 1 0 = x+y=0
[0 0 1
32. 38.

1 2
Given matrix A= [2 3] and the matrix equation
A -A-1,=0 = KA=A"-1, @)
2 |1 21 2] |5 8
We know that A=A A—I:2 32 3178 13
_ i 39
1 0
0 1]
Substituting the values of 42, 4 and I, in Eq. (i), we

get
k’12‘_58 1 0] [4 8
2 3] |8 13 [0 1] |8 12

and [, =

33.

35.

1 2 1 2
= k =4 .
BN BN
Comparing both sides, we get k =4.

Since A4 satisfies the equation x*—5x*+4x+k=0,
A’ —5A +4A+kI =0.
= A 'exists if k0.

. a 2 . . 3
Matrix A= 5 and matrix equation |A | = 125.
a

Since |A|3 =125, therefore |A| =5. We know that

|A|=[“ 2]=a2—4
2 o

Substituting the value of |A| in the above equation, we

get

= 5=a¢’-4 = a'=9 = a=13.
Number of columns in 4 = Number of rows in B.
Hence B is a 3 X 5 matrix.

AB=4A4

= ABA=AA= A’

= A(BA)= A?

= AB=A? . BA=B]
= A=A’ [+ AB=A]
Thus, A>=A

We have A’ = AA

= A’=(AB)A [ AB=A]
= A’ = A(BA)

= A% = AB [~ BA=B]
= A*=A [ AB=A]
and B’ = BB

= B> =(BA)B [ BA=B]
= B> = B(AB)

= B? = BA [ AB=A]
= B =B [ BA=B]
Since AB exists, therefore the number of columns in

A = the number of rows in B. So, B has n rows. Since
BA exists, the number of columns in B = the number
of rows in 4. So, B has m columns.

B is an n X m matrix.

. For the given matrix to be a zero matrix, each entry in

the matrix must be zero, which is possible when x = y
=z=a=b=c.

40. Matrix A= [6 - 2].

3 x
We know that if |A| =0, then 4 has no inverse.
A|=6x-3x+6=0 or x=-2.

Therefore,
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41. x+y=5x-y=3 46. 2A+3B-C"
= x=4,y=1 4 6 2] 09 6][19 6
10 18 4 12| |-6 3 12|/ |8 0 5
42. We have A=
11 -3 6 2
e[ G
1 2 47. A*—A+1=0 = A -A=-I
5 [ ][1 o]_[ ] = AA-D=-1 = A(-A)=I.
11 Hence, A" =1-A.
1 0 . 48. We h
By induction, A" = (1) ¢ have
n 1 1 0
A=m =wl,
10 01
nA—(n-DI=n —(n— 1)
1 1 A‘°°=w1°°(12)‘°°:w‘°"12:wIZ:A
n 0 (n 1) 0 d 0
= 49. If A=| ' , then
n n 0 (n—-1) 0 d,
10] 4 04, 0] [a® o
= A" [using (i)] A2 =4 ! - |4 ,
[n 1 s 0 d4,J[0 4, 0 d?
43. We have A= i 0 Hence the option (?) is correct.
0 i 2 3 2|1
Clearly, 4 is a diagonal matrix. Therefore, 4 isalsoa 50- [I x 1]]J0 5 1{[1(=0
diagonal matrix such that 0 3 2«
A — i 0 =[1 o] 1
o i*| 101 = [2 6+5x 4+x]1[=0
44. (ABA)" = ATBTAT = ABA x
= ABA is symmetric. = 2+(6+50+@+x)x=0 = x*+9x+8=0
a a& a’ -1 = (x+1)(x+8)=0 = x=-1-8
45. Matrix [b b* b’ -1|=0 1 -1 1
c ¢ c3—1_ 51. Here A=(2 1 -3
The given matrix may be written as 11 1
a & & [a && -1] 1 -1 1
b b b [+[b B -1|=0 SlA=R 1 -3 =1-43)+1-2+3)+1-2-1)
c & ¢ c & -1 1 1 1
1 a a2 1 a az' =4+5+1 10
- abe|l b b |-|1 b b*|=0 4 4 22
1 ¢ o 1 ¢ & oo adjA= 2 0 5 0 5
] -2 3
1 a a? ] 4 2 2 4 2 2
= (abe-D|1 b b*|=0 B=A"'=—|-5 0 5|= 10)B=|-5 0 5|
e & 017 53 1 23
) Hence o = 5.

= abc=1
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52. We have x 2 2 1|1
T—AYT+A+A) =T+ A+ A —A—A*— A} N yl= 13 =5 mlf1
9
=J7-0=1 z -8 1 5|5
I-A)"=I+A+A? 1
= y==(13-5+5m)
53. AA' =1 = A H =17 9
— = i =_3
= @AHA =1 = @ =" z 7 Z7=8eom (aiven y==3)
= @AH'=a" ( A=AT
( ). ( .) .. . 59. We have, A=A
Hence the inverse of a symmetrix matrix is symmetric.
X T+A?=+A)T+A)=1+2A+A*=1+3A
54. Let A= Y2 then the given equation is 3 2
v owl and (I+A)’ =(I +AY> +A)
2 -1 -1 -8 -10 =(I+3A) U +A) [ I+A)P=1+3A]
x y z
10 [ ]= 1 -2 -5 = T+4A+3A°=1+7A [ A’=A]
u v ow
-3 4 9 22 15 Thus, we have
2x—u  2y-v  2z-w (I+AY=I+3A and J+A)’=1+7A
= x y z = I+A=I+2*-DA
=3x+4u 3y+4v -3z+4w and (I+A)’=1+2°-DA
-1 -8 -10 Hence, (I +A) =1 +(2"-1)A
=11 -2 -5 I+A=I1+1A = A=2"-1
2 22 5 60. A is skew symmetric.
Equating the corresponding elements, we get the values - AT=—4 = Ay = (A
ofx,y,z,u,v,and was 1,-2,-5, 3, 4, and 0. o
12 s N (A" = (~1)" A" = A" if n iseven
Hence A=13 4 0 —A"if n isodd
Hence the option (d).
55 Az_I:a b][a b]= [a2+b2 2ab ] 0 o
U 2 2 1 0o &
b oallb al | 2ab a*+b 61.1wx[ 2 ]
o o 1
But A2=[a ﬁ:l o 1
pa (0+0’ 0 +0' &+’
=a’+b*, f=2ab
F=a T , =1+ w+0 o+o
56. If 4 is a non-singular matrix of order #, then ) 5 o .
5 O+ O+o o +1
adj(adjA)=|A]"" A -
j (adjA) =|A| vl o
Here, n = 3. 5 )
adj(adjA)=|A|A. = )
-1 - —-@
57. AB=Aand BA =B -

58. -

Now,4AB=A4 = (AB)A=AA=A?

= A(BA)=A? = AB=A" (.BA=B)

= A=A (-AB=A)

= A is idempotent. Similarly, B is idempotent.

PQ=1 = P'=¢Q

Now, the system in matrix notation is PX = B.
X=P'B=QB

o 1 o]l 0
Now, -l @& 1 [ o [=]|0
1 o oo |0
62. The given system of equations has a non-trivial
solution.

sin3¢ -1 1
cos20 4 3|=0
2 7 7
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7sin36 +14c0s260 -14=0

3sin@ —4sin’ @ +2—4sin’§-2=0
sin@(4sin’ @ + 4sinf—3)=0
sin@(2sin @ +3)(2sin6—-1)=0

sin@ =0 or, sin 8= (1/2)

Lue ¢ 4

= @=nm or 0=n7r+(—1)"%

63. As A is symmetric = A7 =4
Also, as 4 is skew-symmetric
= AT=-4

= A4=0
= A4 is null matrix.

41 |2 2 1 2

64. Now, A+ B= 3 + =
4 4 0 -2 2 2
1 2

= |A+B|=[

. 2 =2
Also, adj (A+ B) =[ 5 ]

" 1[2 —2] [—1 1 ]
(A+B)'=—= =
2[-2 1 1 -1/2

Hence (4 + B)™! exists. It is not a skew-symmetric
matrix.

L_1[4 4 L 12 2
Now, A and B
T4l2 3 “4l0 2
o 1 -1 -1/2 1/2
A'+B ' = +
-1/2 3/4 0 -1/2
Jw2 -12
=12 174
(A+B)'#A"'+B"

~. Option (d) is correct.

65. We have trace of A=2a.
Clearly, trace of 4 will be d1v151ble by p iff a = 0.
ae{l,2,. -1}

We have det(4) = a* —bc
p|det(A) = p|a2 —bc
= a*—bc=Ap for some integer 1

For each value of ae{l,2,...,(p—1)}, there are
(p — 1) ordered pairs (b, c) for bc such that a* — bc is
divisible by p.

Hence, there are (p — 1)* matrices in T, » such that the
trace of 4 is not divisible by p but the determinant of
A is divisible by p.

HINTS AND SOLUTIONS —EXERCISE SET 2

1. As |AB| = |A||B|
" AB=0 = |AB|=
= |a||5]-
i.e. either |A|=0 or |B|=

2y 3 5]

2 3]
Multiplying both sides by [4 ] we get

3. Since A(adjA)=|A|l,
[AlladjA|=|4]
= |adjA|=|A]"" [+ |A]=0]
4. |A|=116-9)-3(4-3)+3(3-4) =1

A= ﬁade, hence A™'=adjA

3—-x 2 2

5. det(A)=| 2 4-—x 1 (=0
-2 -4 -1-x

= —(x=3*x=0 = x=0,3
1 log,a]
6. We have A= 08 4
log, b 1

|A|=1-1og,blog,a=1-1=0
7. 447" =1 = |aa’|=]l|

[+}aj0]

= afatl=1 = 4=

4]
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8. Here |A| =4
|5A|=5°x4=500

(Note that 5 is taken common from all the three

columns or rows)

o w2 ]
o B N S
i

= nA—(n-DI
21
. 1 =21
10. Given that A= and B=(3 2
2 13

11
21

[1 -2 1]
AB= 32
2 13
11
_[2-6+1 1-4+1] [-3 2
4+3+3 24243 |10 7

. [-3 10
= (AB) =[_2 7]

11. 4 is orthogonal = AAT =ATA=1]
= [ad"|=|1] = |4|a"|=1
= A=t [ Jaj=|a"]] = |-

12. Now, BBT =(I1-A) "I+ AU+ AT [ - )7
=(I-A)7 U+ AU -4+ A

=(I-A)"'U-AU+AUT+A)™"
=11
=1

= B is an orthogonal matrix.

13. As PP=P(U-P) [P*=I-P]
=PI-P*=PI-(I-P)
=P-1+P=2P-1

Now, p*=pp’

= P'=PQ2P-I = p‘=2p-P
= p‘=21-2P-P = P'=2I-3P
and P°’=pPQI-3P)

= P=2P-31I-P) = pS—_s5p_3]

Also, P®=P(5P-3I)
= pS=5p*_3p = P°=5(I-P)-3P
=  p°=5]-8P

So,n==6

Alternate solution
As p"=57_8P = P"'=5(I-P)-3P
= P"=P(5P-3I) (:P*=1-P)
= P"=PQ2P-3P’) = P"=P*Q2I-3P)
= P"=P2(-P)-P]
= P'=P[2P*-P] = P"=P[2P-I]
= P'=PI-P] = P'=P" P =P°
= n=6

14. L.H.S. of option (a) is a matrix while R.H.S. is a
determinant which is a number. Hence (a) is not true.

15. A7Y(A%2-3A+2D)=A""0=0

3I-A

2

16. Given matrix 4 is a square matrix and AA” =1 =A" A
= [ad’|=|1]=[a"A] = |4]|a"|=1=|4||4|

= 247'=3I-A = A=

= |4 =1 [ 141ATI=|A]"]
= |A|==1
a 0 0
17. |A|=|0 a 0|=d’
0 0 a
= |4]-adia| = |A|- 1]} A]
= ladjA|=|A = (a®)? = a®
18. x—2y+z=—4 (i)
2x—y+2z=2 (ii)
x+y+Az=4 (iii)
= x=2y+z=-4

From Eqgs. (i) and (ii), 3y =10

From Egs. (iii) and (i), 3y+(1-1)z=8
= A-Dz==2

If A=1,0-z=-2, no solution.

If 2+#1, we have unique solution.

19. Given: M =[a, ] = [sin(6, —6,)+icos(6, - 6,)]

= M =[sin(8, —6,)—icos(6, - 6,)]
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20.

21.

22.

23.

24.

= (M) =[sin(6, —6,) —icos(6, —6,)]
=[-sin(6, - 6,)—icos(6, - 6,)]
=—[sin(6, — 6,)+icos(6, - 6,)]

=—M
= M=—-M)T
. . .. |1 0
The two-rowed unit matrix is [O 1].
a B 2_’1 0]
Y -« __O 1
N a Blla B =1 0
y —e|ly -] |0 1]
o’ + By 0 1 0]
= =
0 By+ao’| [0 1]
= a+py=1 = 1-a*-By=0
-k -1
k -1 -1=0
1 1 -1
1 -k -1
= k-1 k-1 0[=0
0 k+1 0

[using R,—-R, > R,,R,— R, > R,]
= k-1=0 = k=1-1
We have (AA7) =(A") A" = AAT
AA" is a symmetric matrix.

An

=|A-A...A|

= |A|-|Al...|A| = |A]'=2"

25.

26.

27.

28.

29.

f(A)=A>+2I

_|-@'+o 0 N 20
0 —-o*+w| |0 2
1 0 1 0
= |— 2 = 2
[-w +w+2][0 1] 3+ w)[o 1]

=10
=(2+u/§)[0 1]

33
. -0
Since [5 5] R

>3y t invertibl
5 | is not invertible.

Given that A = A(adjA)
1

4]

1

On comparing with A™ =— adj 4, we get

0 3
Now, |4 =‘2 =

= /1=—l
6

A + B is defined.
A and B are of same order, i.e. AB is defined.
The number of colums in 4 equals the number of
rows in B. Hence 4 and B are square matrices of same

order.
cos’@  cos@sin@ || cos’p  cos@sing
cos@sin@  sin’@ || cosgsing  sin’¢

| cosBcosgcos(f ~ @) cosOsin@cos(d ~ @)
| cosgsinGcos(@ ~ @)  sinBsingcos(@ ~ @)

0% 6 |ifo-g=nsnZ, nez
= = —Q = n —, ne
0 0 2

ozl Ol ©

o iffo i
_|#+0 0+0| [-1 O
0+0 0+i? 0 -1
A=AA _[0 —1][0 —1]

[1+0 o0-0] [1 0_1
“1-0-0 o+1| |0 1|

Hence, A" =(A*)"=()"=1
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30. Given A’=2A-1

31.

32.

33.

34.

35.

36.

A2 A=2A"-1A
=2A"-A=20Q2A-1)-A
=3A-21=3A-(3-DI ...
A"=nA—(n-1I forn=>2

Now, A3 =

|A+ B| cannot be expressed in terms of |A| and |B|

Hence the given equation gives no inference.

|P"AP|=|4|
- Pl Jal-
= |AIPI* ~1)=0, ] =0 [ |P"|=|P]
= P[-1=0 = |P|=x1
The given matrix A4 is singular if
8 6 2
|Al=|-6 7 -4|=0
2 4 2
= 8(7TA1-16)+6(-61+8)+2(24—-14)=0
= 561-128-361+48+20=0
= 204=60
= A1=3
By expanding the determinant, we get

zl(l_w?an)_wn(wb'_w2n)+w2n(w4n_wn)
=(1-)-0+&" (@ -@")=0

|kA|=k"|A|, where k is a scalar and 4 is a matrix

of the order n x n. Here, A4 is of the order 3 x 3 and
k=3.

134] = 3°|4] = 27|4|
01 2
Let A=|[1 2 3
311
‘1) ; § 2 3]_1[1 3]+2[1 2]
311 11| 31 31
=—(1-9)+2(1-6)=8-10=-2
1 8 5T [-1 1 -1
and adjA=| 1 -6 3| = 8 -6 2
1 2 -1 5 3 -1
Hence, A_1=L(ade)
4]
1 11
1—1 1 -1 2 2 1o
=—=| 8 -6 2|=|4 3 -1
s 3] |s 31
2 2 2

37. Since A(adj4) = |A|1,

38. A=[

39.

40.

|Al[adjA|=|Al|r|=|A]" [
= |adja|=|A

cos26 —sin26
sin26 cos26

A is a 3 X 3 matrix]

|A| =cos’ 26 +sin’ 20 =1

. cos2@ sin26
adjA= [— sin26 cos 20]

-1_ 1] cos26 sin26
1| -sin26 cos26

_ | cos26 sin26
" |-sin20 cos26

and

Since @, 8,y are the roots of x* + px+4q=0,
. a+pB+y=0
Using R, > R + R, +R,, we get

a By a+pB+y a+f+y a+f+y

B v al= B V4 a

vy a B 14 a B
=0

[ a+B+y=0]

[cosa —sina 0]

Given that F(g)=|sinae cosa 0
| 0 0 1]
[ cosae sina 0]

= F(-a)=|-sina cosa 0
| 0 0 1]
F(a)F(-o)

[cosa —sina O] cosa sina 0

=|sina cosa O]||-sina cosa O
0 0 1 0 0 1

2

cos? o +sin’ & cosasina —sinacosa 0

=|sinacosa —sinxcosa sin? a +cos? & 0
0 0 1

[1 0 0

=10 1 0f=1

_0 01

= [F(@)]'=F(-a)
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41. Given that p is a non-singular matrix such that
l+p+p*+-+p"=0
(1+p)1+p+p*+-+p")=0
1-p™=0

bbby
.GB
"

A is orthogonal.
Also, if 4 and B are orthogonal, then 4B is orthogonal.

0 — b
43. LetA=|c 0 al,thend=-AT
b —-a 0
det(A) = det(-A") =—det(A” ) = —det A
detA=0
det AT = det(—AT) is not true

det(—-AT) = (-1)>det(AT) = —det AT
3 4
4. - A= =15-12=3#0
35

~. A is a non-singular matrix.

s A'exists.
a b Xy
45. Let A= , B=
c d Z u
Also, AB=BA (given)
ax+bz ay+bu| |ax+cy bx+dy
cx+dz cy+du| |az+cu bz+du
On comparing, we get
ax+bz=ax+cy
= bz=cy
z_)
—_——= = l
= - (say)
= y=bA, z=cA (1)
and ay +bu=bx+dy

46.

47.

48.

= abA+bu=bx+bdA [From Eq. (i)]
= al+u=x+dAl=k (say)
For =0, y=0,z=0,u=k,x=k

k
Then, B= 0 = scalar matrix
0 %

b k
Also, if A= 4 and B= 0
c d 0 %

ak bk]_

Then, AB=BA=
ck dk

If A=[a;],., is a square matrix such that a, =0 for
i #j; then 4 is called a diagonal matrix. Thus, the given
300
statement is true and A=(0 4 0] is a diagonal
0 0 7
matrix.
Appling C, - xC, and C, - C, +(C,—-C,), we get
the given matrix as
! 0 b ax+b
- 0 ¢  bx+c

X\ 2
ax“ +2bx+c bx+c 0

B (ax® +2bx +¢)
x

=(b* —ac)ax® +2bx+c)

= (+ve) (—ve)

<0

Let 4 be the first term and R be the common ratio of
G.P.

[b*x + bc — acx —bc]

I=t,=AR""
= logl=logA+(p—-1)logR
Similarly, logm=1og A+ (q—1)logR
and logn=1log A+ (r—1)logR
p 1 [logA+(p—-DlogR p 1
logm q 1l=|logA+(g—DlogR g 1
logA+(r—-1logR r 1

log!

logn r 1

logA-logR p 1| [plogR p 1
=|logA—-logR q 1+|qlogR g 1
logA—-logR r 1 1

C<Cy

=0+0=0

rlogR r

=G,
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49. Here AB= a4 = b
3 41|10 b 3a 4b 54. Here, A=|2 1 -3
a Ofl|1 2 a 2a | 11 ]
BA = =
0 b|I3 4 3b 4a [ -1 1]
Hence, AB= BA only when a = b. It means infinitely |A|= 2 1 3
B’s such that AB = BA. 1 1
so. 42| Pl[e pl_[e’+t" 2ab =1-(1+3)+1-(2+3)+1-(2-1)
b allb a 2ab a*+b* =44+54+1=10
But A2=[“ ﬁ] 4 -5 17 [4 2
B e = adja=[2 0 -2 =|-5
= a=a’+b* and B=2ab 2 5 3 1 -2 3
51. For a non-trivial solution, the determinant of the 4 2 2
coefficients of various terms vanishes o Bt L 5 0 5
1 2a a
1 -2 3
ie. 1 3 b|=0
1 4c c 4 2 2
= (3bc — 4bc) — 2a(c — b) + a(4c — 3b) = 10B=(-5 0 «a
2ac 1 -2 3
= a+c=b Hence, =5
= a,b,carein HP. 55. A2 A+1=0=1=A-A-A
52. As vectors (l,a,az), (l,b,bz) and (l,c,cz) are non- A7 = AA7! —A(AA_I) or ATl=1—-A
coplanar. 10
1 a a2 56. A= 11
1 b b*|#0
10 10 10
2 A% = A= A" =
KX S P R I
a a* a’+1 and
2 3 = 0 _1 0 1 0
Now b b b +1=0 nA—(n-1)I= n _ n = =A"
R | n n 0 n-1 n 1
1 a & 57. Applying C, > C,+C, +C,, we get
= (I+abc)l b b*|=0 1+a’x 1 (1+cP)x
1 ¢ A f)=142x+x(a* +b* +cH)|1+a®)x 1 (A+cH)x
2 2
= (l4+abc)=0 = abc=-1 (lI+a)x 1 1+c’x
. _ _ M +
53. (i) |A|=1 .. A™' does not exist is a wrong statement. Azpply;ng R — R, ~R,.R, = R, ~ R, and using o’
b + ¢ = -2, we have
-1
i IIOOIgAb'fl tmx 00
D] = — #
@ D = (b) 1s false f) = (A+2x=29| 0 0 x—1|=(-x?

0 0 -1
(iii) 4 is clearly a non-zero matrix.
(c) is false
Now, we are left with option (d) only.

(A+a*)x 1 1+c*x

=x"-2x+1
~. Degree of f(x) is 2.
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58.

59.

60.

61.

62.

63.

a 1 1
Let A=|1 o 1l|=a’-3a+2=0
1 1 o
= (a-1)(@* +a-2)=0
= (@-1)*(@+2)=0

= =1 or _)

a=1 = x+y+z=0 gives an infinite number of
solutions. Hence, & =-2 has no solution.

Given: A’-B*=(A+B)A-B)

= 0=BA-AB = BA=AB

|4%|=25 = |a]=15

= 625a° =15
= o=—
1 1 1
D=1 1+x 1
1 1 1+y

Hence, D is divisible by both x and y.
Given equations have a non-trivial solution if the
determinant of the coefficient matrix is zero.

1 —-c -b
- 1 =-al|=0
b -a 1
= 1—a*>-b*—c?=2abc=0
= a’+b*+c? +2abc=1

Given: 4 is a square matrix with all entries as integers.
(a) Now |A|¢1,—1 means it may be zero. Also if
|A| =0 then 47" does not exist.
Choice (a) is false.
(b) If |A|=1,—1, then A" certainly exists but 4 is a
square matrix with all integral entries so all

cofactors are integers. So adj 4 matrix has all

integral entries.
a1 .
A 1=m(ade)= +(adjA)

Choice (b) is correct.

64.

65.

66.

67.

68.

(©) |A]=1-1, .. 4™ must exist but given that 4~' does
no texist which is false. .. Choice (c) is incorrect.

d) |A| =1,—1, it is true that 4~! exists but we have to
follow that A has all integral entries but choice (d)
says that it is not necessary that entries are integers
which means adj 4 may or may not be with
integral entries. Hence, the choice (d) is false.

0 1 0
Given that A=[a ] and B=[ ] and A’=B
1 1 5 1
a Olla O 1 0
= =
1 1|1 1 5 1
o> 0| [1 O
= =
a+l 0 51
=1, a+1=5
a=*tl,a=4

There is no common value. Hence there is no real
value of « for which 4% = B.

=
=

Since 4 is a 3 X 4 matrix,

= A is a 4 x 3 matrix

Also A'B is defined

= (B)axs

Also, BAT is defined = B,
Order of Bis 3 x 4.

[ 2
Given: A= ab2 b ]
|—a” -—ab
[ 2 2
A A= ab2 b ab2 b
| —a” —ab||-a” -ab
B [2b? — a%* ab®—ab®
_—a3b+a3b —a’b* +a*b’
o AT=0
.~ A is a nilpotent matrix of order 2.
A+B=1 = 2A+2B=2] (i)
and 2A-2B=1 (ii)
Adding (i) and (ii),
1 0
= A=é
410 1
2 0 7|l|l-x 14x 7x
01 o0 1 0
1 -2 1| x —-4x -2x
5x 0 0 100
=|0 1 0]=[0 1 O] (given)
0 10x-2 5x 001

5x=1,10x-2=0, . x=(1/5)
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69. (A47'BA)’ =(A4"'BA)(A'BA)
=A"'B(A4")BA = A'BIBA=A"'B*4
= (A'BA)’ =(A4'B*A)(4'BA)
= A"B*(447")BA
=A"'B*IBA =A"'B’4, and so on
= (A4'BA)'=A4"B"A
70. As Aadjd=|4|I
= |dadjd|=|4" [If 4 is of order 7 X n]
= |dfadid|=|4" = |adjd|=|4""
4=0

As 4 is singular,

= [adj4|=0
Hence, adj 4 is singular.

g | 0l 0| [&® ©
1o wll0 | |0 ?
k 7 k+1
If H* = @ 0 then H**! = @’ 0
’ O a)k+1

0 o
So by mathematical induction,

H70_a)7° 0| o 01_,
Lo o] L0 @

71.

72. x—ky+z=0
kx+3y—kz=0
3x+y—-z=0
These equations will have non-trivial solution if
1 -k 1
k 3 —kl=0
31 -1

(=3 +k) +k(~k +3k) +1(k—9) =0

= k-3+2k*+k-9=0 = 2k*+2k-12=0

= kK +k-6=0

= k=-2k=

2

So the equations will have only trivial solution

when k € R — {2, -3}.

1 0 0] a d]
73. A= 2 1 O.Letu1=b;u2=e
3.2 1] c A
1] 1 0 0]a
Auy=|0| = (2 1 0fb|=
0 3 2 1flc
a 1
= 2a+b |=|0] = a=1;b=-2; c=1
3a+2b+c 0
1 0 1 0
= u=|-2| Au,=| 1| = |2 1
1 0 3 2
x 0
= 2x+y |=[1| = x=0;y=
3x+2y+z 0
o]
= Uy = 1
-2
[ 1 0 1
mruy=|-2(+[ 1 |=|-1
1 -2 -1
74. PP=Q°
o°P=PQ

Adding Eq. (i) and (ii)
PP+ QP =0+ P?Q
P(P*+ %) = )(Q* + P?)
P-O)(P*+0)=0

=

MULTIPLE CHOICE TYPE QUESTIONS—LEVEL 1

1. The number of matrices having 12 elements is

(@ 3 (b) 1
(c) 6 (d) none of these

2. If a matrix 4 is symmetric as well as skew-symmetric,
then 4 is

(b) a null matrix
(d) none of these

(a) a diagonal matrix
(c) a unit matrix

1 -5 4 0

3. If A=|2|{and B=| 0 2 -1/, then
3 1 -3 2

det P>+ 0H=0 (-

0] x 0
Olfly|=]|1
1] z 0
1, z=-2
)
(i)
P-0=#0)

-5 8 0
() AB=| 0 4 2| (b) 4AB=[-2 -1 4]
13 9 6
-1
(c) AB=| 1 (d) 4B does not exist
1

4. If A and B are two square matrices such that 4B = 0,

then
(@) det A=0ordet B=0 (b) det B=0
(c) B=4"" (d) det4=0
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300 a a, a3
5. If A=|0 3 0| and B=|b b, by|, then AB is
003 q ¢ &
equal to
(@) B (b) 3B
(c) B’ (d) A+B
6. If A=[1 2],then adj 4 ="7?
21
1 2] 21
(@ [_2 1] (b) [1 J
1 -2] -1 2
© [—2 —1] @ [ 2 —1}
1 0] 0 1 cosd sinf
71 1_[0 1_"]_[—1 O} and B_[—sinﬂ cosﬂ}’

then B=7?
(@) Icos@+Jsind
(c) Isin@+Jcosé

(b) Icos@—Jsiné
(d) —Icos@+Jsiné

000
8. If A={1 0 0], then
010
(a) 42=4 (b) 42=0
(c) 42 =1 d 4=0
9. If 4 is a skew-symmetric matrix, then the trace of 4 is
(@ 1 (b) -1
(© 0 (d) none of these
[cos® —sin@ 0
10. If A=|sin@ cosd O], thenadjd="?
| 0 0 1
(@) A7 () I
(©) 0 @ 4
000
11. If 4=|0 0 Of, then 4 is
010

12.

13.

(b) an idempotent matrix
(d) none of these

(a) an invertible matrix
(c) a nilpotent matrix

If 4 is any square matrix, then
(a) 4 + AT is skew-symmetric
(b) A4 — AT is symmetric

(c) AAT is symmetric

(d) none of these

For any 2 X 2 matrix 4, if A(adj 4) = [18 18], then

|A| is equal to
(a) 20
(c) 10

(b) 100
) 0

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

If 4 and B are square matrices of order 3 such that
|4|=—1 and |B|=3, then [34B| is equal to

(a) 9 (b) -81

(c) 27 (d) 81

If 4 and B are square matrices of order 2, then (4 + B)’
is equal to

(a) A>+24B+B° (b) A>+AB+BA+ B’

(c) A +2BA+ B’ (d) none of these

If 4 is a square matrix such that 4> = I'then 47! is equal
to

(@ I
(c) 4*
If B is a non-singular matrix and A4 is a square matrix,
then det (B'4B) is equal to

(b) 4
(d) none of these

(a) det(4™) (b) det(B™)
(c) det(4) (d) det(B)
a b (aa-b)
Matrix | 5 ¢ (ba—c)| s non-invertible if
2 1 0
(a) =% (b) a, b, c are in A.P.

(c) a, b, c are in G.P.
Let A be a skew-symmetric matrix of order n. Then
(a) |A| =0 ifniseven (b) |A| =0 if n is odd
(c) |A| =0 foralln € N (d) none of these

Let 4 and B be 3 x 3 matrices. Then AB = 0 implies
(@ A=0and B=0

(b) |4]=0 and |[B|=0

(c) either |A|=0 or |B|=O

(dA=0o0rB=0

If 4, B are two n X n non-singular matrices, then

(b) 4B is singular

(d) (4B)™" does not exist

(d) none of these

(a) 4B is non-singular
(c) (4By'=4"'B"

IfA={1 2
3

1 0
and B= [0 2} and X be matrices such

that 4 = BX, then X is equal to
1[2 4] 12 4
- b) —

©) 2{ () 2{3 5}

3 5]
2 4
(c) (d) none of these
3 -5
Each diagonal element of a skew-symmetric matrix is
(a) zero (b) positive
(c) non-real (d) negative
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24.

25.

26.

27.

y+a b c

If the matrix A=| a y+b ¢ | hasrank 3, then
a b y+c

(@ y#(a+b+c)

(b) y=1

(c) y=0

(d y#—(a+b+c) and y#0

! O}, neN then A" is

0 i

0 i 00

@) [1‘ o} ®) {0 o}
10 i 0

© {0 1} @ {0 1}

If 4 is a square matrix such that 4> =, then 47! = ?
(a) 24 (b) 4
(©) 0 (d4+1

Leta, b, c, d, u, v be integers. If the system of equations
ax+by=u, and cx+dy=v has a unique solution in
integers, then

(a) ad —bc=1

(b) ad —bc=-1

(c) ad—bc#0

(d) ad —bc need not be equal to £1

If A=[

28. If4 =

133
1 4 3| then 47! is equal to
134
(7 -3 -3 7 -3 3
@ |0 1 0 ®»|-1 1 0
-1 0 5 -1.0 1
7 -3 -3
c)|j0 1 0 (d) none of these
1 0 1

. If 4 is a non-zero column matrix of order m X 1 and B

is a non-zero row matrix of order 1 X n, then the rank
of AB is equal to

(@) n (b) m

(c) 1 (d) none of these
1 1 3

The matrix4=|5 2 6| is
-2 -1 3

(a) an idempotent matrix
(b) an involutory matrix
(c) a nilpotent matrix
(d) none of these

MULTIPLE CHOICE TYPE QUESTIONS—LEVEL 2

. If4=dig(2, —1,3) and B=dig(-1, 3, 2), then 4’°B =

(a) dig(5, 4, 11)
(c) dig(3, 1, 8)

(b) dig(—4, 3, 18)
(d B

1

2 - 4 1
. A= B= T4T
If [ 7 }and [7 ],thenBA 1S

(a) a null matrix
(b) an identity matrix
(c) a scalar matrix, but not an identity matrix

(d) such that Tr(B" 47)=4

. Which of the following relations is true for

A=[ 2 —1} B=[ 1 4}?
-1 2 -1 1

(@ (A+BY=A4"+24B+ B’
(b) (A-B)Y=A4"-24B+ B’

(c) AB = BA
(d) none of these

. The trace of a skew-symmetric matrix is always equal

to

3
.IfX={

(@ Z a;

(c) zero

(b Da,

(d) none of these

. Which of the following is incorrect?

(@) A42-B*=(A4+B)A4-B)

®) (4) =4

(c) (4B)' = A"B", where 4 and B commute
(d) A-DI+4)=0 4 =1

1 1] , then value of X” is

3n —4n 2+n 5-n
N I v
3" (_4)”
(©) L" (—l)"} (d) none of these

. If the matrix 4B is a zero matrix, then

(@ A=00rB=0

(b) A=0and B=0

(c) it is not necessary that either 4 =0 or B=0
(d) all the above statements are wrong
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10.

11.

12.

13.

14.

15.

. If AB = 0 for the matrices A={

. If 47 is the transpose of a square matrix 4, then

@ |4)%|4"]

) |4=|4"|

© |4+]4"|=0

@ |4 =|AT| only when A is symmetric

cos’ @ cosHsinH}

cos@sind  sin’ @

cos'dcosgsing| s g is
sin® ¢

(a) an odd multiple of 7/2
(b) an odd multiple of 7
(c) an even multiple of 7/2
@o

If 4 is a skew-symmetric matrix and » is an even
positive integer, then 4" is

(a) a symmetric matrix

(b) a skew-symmetric matrix

(c) a diagonal matrix

(d) none of these

If I, is the identity matrix of order », then (I,)™!
(a) does not exist (b) equals I,
(c) equals O (d) none of these

and B={
cos@sing

If 4 and B are symmetric matrices, then ABA is a
(a) symmetric matrix (b) skew-symmetric matrix
(c) diagonal matrix (d) scalar matrix

If 4 is a non-singular matrix and 47 denotes the
transpose of 4, then

@ |4)#|4"| (b) [4-4"|2]4]

© |AT-A|¢|AT|2 (d) |4]+|4"]=0

Given A={1 3}; 1={1 O}.IfA—/U is a singular
2 2 0 1

matrix, then

(a) Aeg (b) A*-31-4=0

() A*+31+4=0 (d) A*-31-6=0

If for a matrix 4 of order 2, A +1=0, where I is the
identity matrix, then A4 equals

10 i 0
® {0 1} ®) {0 —1}

1 2 -1 0
© [_1 J @ [ 0 _l]

16.

17.

18.

19.

20.

21.

22.

23.

From the matrix equation 4B = AC, we conclude that
B = C provided

(a) A4 is singular (b) 4 is non-singular

(c) A is symmetric (d) 4 is square

If 4 is a square matrix of order 3, then the true statement
is (where [ is the unit matrix)

(a) det(—4) = —det 4

(b) det4 =0

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

(d) det 24 = 2det 4

If A4 is a square matrix of order » X n and £ is a scalar,
then adj (k4) is equal to
(a) kadj4

(c) K" 'adj4

(b) k" adj 4
(d) K™ adj4

If 4 and B are symmetric matrices of order n (4 # B),
then

(a) 4 + B is a skew-symmetric matrix

(b) A + B is a symmetric matrix

(c) 4 + B is a diagonal matrix

(d) 4 + B is a zero matrix

cosa -sina 0

If F(a)=|sina cosa 0
0 0 1
cosf 0 sing

andG(B)=| 0 1 0 | then [F@GB] =
—sing 0 cosf

(@) F(a)-G(p) (b) -F(a)-G(p)
© [F@r'Gen @ [GAT'[F]”

If 4 =[Z z} satisfies the equation x*> — (a + b)x + k
= 0, then

(a) k=bc (b) k=ad
() k=d*+b*+c*+d* (d) k=ad-bc
The singularity of matrix

1 a a’

cos(p—d)x cospx cos(p+d)x
sin(p—d)x sinpx sin(p+d)x

depends on which of the following parameters?

(@ a (®) p

(c) x (d) none of these
0 ¢ -b a® ab ac

If A=|—c 0 a |and B=|ab b*> bc , then AB =
b -a 0 ac be c*

(a £ (b) B

© 0 d) 1
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24.

25.

Which of the following is true for matrix 4= B _31]

(a) A + 41 is a symmetric matrix
(b) 4 — B is a diagonal matrix for any value of « if

a -1
B=
55
(c) A — 41 is a skew-symmetric matrix
(d) none of these
The value of a for which the system of equations

dx+(@+1)’y+(@+2)’z=0
ax+(a+)y+(a+2)z=0

27. If AB = A and BA = B, then B? is equal to
(a) B (b) 4
(© 1 o
28. The values of x for which the matrix
x+a b c
a x+b ¢

a b x+c

is non-singular are
(@) R-{0}
(¢) R—{0,~(a+b+c)}

(b) R—{-a(a+b+c)}
(d) none of these

29. Which of the following is a nilpotent matrix?
x+y+z=0 .
L. 1 0 cosd —sind
has a non-zero solution is (a) { } (b) { ) }
(a) -1 (b) 0 0 1 sin@ cost
© 1 (d) none of these © {O 0} n {l 1]
26. The value of k for which the set of equations 10 11
3x+ky—-2z=0, x+ky+3z=0 2 3
and 2x+3y—4z=0 30. If A=[5 _2], then 1947" is equal to
has a non-trivial solution over the set of rationals is () A7 (b) 24
@ 2 ® 2 i
2 2 (c) —4 (d) 4
) 16 () 15 2
ANSWERS
Level 1
1. (¢) 2. (b) 3. (d) 4. (a) 5. (b) 6. (a) 7. (a) 8. () 9. (¢) 10. (a)
11. (¢) 12. (¢) 13. (¢) 14. (b) 15. (b) 16. (c) 17. (¢) 18. (a) 19. (b) 20. (¢)
21. (a) 22. (a) 23. (a) 24. (d) 25. (¢) 26. (b) 27. (¢) 28. (b) 29. (¢) 30. (c)
Level 2
1. (b) 2. (b) 3. () 4. (¢) 5. (a) 6. (d) 7. (¢) 8. (b) 9. (a) 10. (a)
11. (b) 12. (a) 13. (d) 14. (b) 15. (b) 16. (b) 17. (a) 18. (¢) 19. (b) 20. (d)
21. (d) 22. (¢) 23. (o) 24. (b) 25. (a) 26. (a) 27. (a) 28. (¢) 29. (¢) 30. (d)



Lo be continued ...
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