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1. Find the Eigen values for the following 2x2 matrix.

AN

a)-3
b) 2
c)6
d)4

Answer: a

Explanation: We know that for any given matrix
[A-MI%=0 and |A-M|=0

[P.-M]zl 8 o 1 0
2 1 01

AN 1-—A 8
2 1-A

| A-A | =(1-A)(1-A)-16=0
(1-A)°=16

(1-M)=14

A=-3 or A=5.

2. Find the Eigenvalue for the given matrix.

4 1 3
A=11 3 1
2 0 5
aj13
b)-3
c) 7.1
d)8.3

Answer: C

Explanation: We know that for any given matrix
[A-MIX=0 and | A-hI|=0

4 1 3 1 00
[AAI=]1 3. 1|—-A|0 1 O
2-0 5 0 01

The characteristic polynomial is given by-

A-(Sum of diagonal elements) M+Sum of minor of diagonal element):- |A|=0
A3-12M2+40A-39=0

A=7.1 or A=3.



3. Find the Eigen vector for value of A=-2 for the given matrix.
(3 5

A= :

13 1
a)

b)

c
__1 -
d)
i
Answer: b
Explanation: We know that for any given matrix

[A-AIX=0 and |A-M|=0
Given that, A=-2

'3 5 1 0
A-NI= — (-2
[ st 11 '[ }[0 1]
aape|3t2 8

8 i3

5 5
A-MI=
AN o 3]

Since, [A-A]X=0

s o] )= L]
3 3|yl |0
Thus,

5x+5y=0 and 3x+3y=0

Let x=t,
Then, y=-t

<A=14]

4. Find the Eigen vector for value of A=3 for the given matrix.

3 10 5
A=l -2 -3 —4
| 35 7
—1
a) | —1
:2=
-1
by | 1
.'2-'
—1
| -1
'__2‘.
-1
d) | =2
[ 2




Answer. a

Explanation: We know that for any given matrix
[A-AIX=0 and |A-A|=0

Given that, A=3

3 10 5 1. 00
ANI=| -2 -3 —4|—-(3)|0 1 0
1 3 ) T 0 0 1
3—3 10 5
AN -2 -3-3 —4
L 3 2 T—3
0 10 b5
[A-MI=| -2 —6 —4
3 5 4 |
Since, [A-A]X=0 i
g 10 5 % 0
-2 —6 -4 5] = |3
3 5 4 Z 0

Using Row transformation

(1) Interchanging Ry and Rp/2

-1 -3 -2 T 0

0 10 & y| = 1|0
. 3 5 4 1.1 ]
(2) R=Rs+3R, )

0 10 5 T 0

0 10 5 y] == 0]
0 -4 -2] L=z 0
(3) R3=R4/5 and Ra=Rs+2R,

-1 -3 -2 T 0

0 2 1 y] =10
0 0 1% Q- 0
Thus,

-x-3y-2z=0 and 2y+z=0
—t

Let z=t,then j,r=_?t and =5



5. Find the Eigen value and the Eigen Vector for the given matrix.

a) 3,

=T il o T o T

b)9,

)9,

d) 2,




Answer: b
Explanation: We know that for any given matrix
[A-M]¥=0and | A-A =0
3 4 2 1 00
Aw=l1 6 2 —AJ0 1 0
1 4 4 001
The characteristic polynomial is given by-
*3-[5um of diagonal elements) AL+{Sum of minor of diagonal elementii- | A|=0

371307 +400-36=0

h=9 or A=2
For A=3,
(3 4 2 1 00
[Am=11 6 2({-910 1 0
(1 4 4 001
B 4 2
[A-AI]= 1 6—9 2
| 1 4 4-—-9
[—6 4 27
Ba=1 1 -3 2
| 1 4 -5
[A-M]x=0
[—6 4 2] [z] (0]
1 -3 2|]|y|l=10
| 1 4 —5] L=] 3
(1) Interchanging Ry and Rz
(1 -3 27 [=] (0]
6 4 21|]|yl=10
1 4 —5 x 0

(2) Ra=R,+6R, and Rz=R3-R,
1 -3 2 T
0 —14 14| |y| =
0 7 -7 |=
(3) Ry=R3+R2/2
(1 -3 2 T
0 —14 14f |y|=
-

0 0 0

Tdy+14z=0
w-Sy+2z=0
Lecz=t
Then, y=t and x=t
1
¥=11
1



6. Find the inverse of the given Matrix, using Cayley Hamilton’s Theorem.

A=12 3 4
3 4 5
2 3 -1
a}A-T—I—;[.i —2 ﬁ:|
—6 9 11
2 -3 -1
bm*-§|:4 —2 —3]
-6 9 11
2 -1 -1
c}ﬂ'=%|:4 —2 —ﬁ:|
-6 9 11
2 -3 -1
dAl=3] 4 -2 —6
—6 9 11
Answer: d
Explanation: For the given Matrix,
1 2 3
A=12 3 4
3 4 5

The characteristic polynomial is given by -

a>-(Sum of diagonal elements) a?+{Sum of minor of diagonal element)a- | A|=0
a’-7a*+11a-8=0

The Cayley Hamilton's Theorem states that every matrix satisfies its Characteristic Polynomial.
Thus,

AZ-TAZ+11A-BI=0

To find A, multiply both the sides of the equation by A™
ATAATTAAATHITAAT-BIAT=D

We know that A A=

AZI-TAI+111-81AT=0

AZ-TA+11-8 AT=0

AZTA+11=8 A"
(19 18 13 4¢3 2 1 0 0
g8A'=1 -3 1 1}|<—%|—-1 2 1|+11]0 1 O
LI 8 ¥ S S A 0 0 1
[19 - 28411 18—21 13 —14
8AT= —F4r 1-14+11 1—7
| 15-—21 9 T—T+11
[2 3 —1
8N'=1 4 -2 —6
-6 90 11
2 -3 1
A=zl 4 -2 -6
-6 9 11



0 1 -1
7. Find the value of As where A= L 2 B 1
3 5 1]
a|—-2 -9 2
1—-2 -4 -5
3 5 -1
b)] 1 -9 1
-2 -4 -5
3 5 -1
al-2 -9 1
| -2 -4 -5
3 5 -1
d|-1 -9 1
| —2 —4 5]
Answer: ¢
Explanation: For the given Matrix,
-1 -1 2
A= O 1 -1
2 2 1

The characteristic polynomial is given by-
a*-(Sum of diagonal elements) a*+(Sum of miner of diagonal element)a-|A|=0

ac-af+3a+5=0
The Cayley Hamilton's Theorem states that every matrix satisfies its Characteristic Polynomial.

Thus,
AZ-AZ+3A+51=0
AP=AZ-3A-5
5 2 5 -1 -1 2 1 0 0
A=l-2 —4 «&Ql=3|l0 1 =1|=5le 1 0
B QW 2 2 1 0 0 1
[54+3—5 y BB 5—6
A=l —24:0 =1—3—8 =243
g — 5 26 3—3—8
'3 5 =i
A=l-2 —9 1
| -2 —4 -5




2 -3 1

2 0 -1
8.Find the value of AAs+19A, A= L1 4 5
[ 42 14 70
a 21 421 -21
L1105 119 203 |
42 -7 70
b) | 21 —-21 -21
L105 119 203
42 —14 70
ol 21 -21 -21
| 105 119 203 _
42 -7 70
d| 21 +21 -21
| 105 119 203 |
Answer: C
Explanation: Explanation: For the given Matrix,
2 -3 1
A=12 0 -1
1 4 )

The characteristic polynomial is given by -
a®-(Sum of diagonal elements) a+(Sum of minor of diagonal element)a-|A|=0

a*-7a+19a-49=0
The Cayley Hamilton's Theorem states that every matrix satisfies its Characteristic Polynomial.

Thus,
AZ-TAZ+19A-491=0
AF+19A=TAZ+49]

18N 10 100
A19A=7| 3 —10 -3|+49|0 1 0
115 17 2 0 0 1
7449 17 70
AH19A=| 21 70449 21
| 105 119 154449
2 -14 70
A+19A=| 21 921 —21
(105 119 203




9. Find the value of 2AA3+4AA2, where = -3 4 1

[—200 0 —24]
a| 24 32 -2
|72 96 56 ]
200 0 —24
b)| 24 —32 —12

|72 96 56
—200 0 -

ol 12 -32 -24

=72 96 56
—-100 0 12
d| 12 -16 -12
| —36 48 28
Answer: a
Explanation: Explanation: For the given Matrix,
3 0 —1
A=l1 2 -1
-3 4 1

The characteristic polynomial is given by-
o-(Sum of diagonal elements) a®+(Sum of minor of diagonal element)a-|A|=0

a’+2a’-12a-40=0
The Cayley Hamilton's Theorem states that every matrix satisfies its Characteristic Polynomial.

Thus,
A3+2A2-12A+401=0
AZ+2A2=12A-40i

5 0 =1 1 0 0
AF+2A%=12 |1 2 —-1|—=40|0 1 O
3 4 & 0 0 1
[ 60 — 40 0 18
AB+2A2= 12 24 40 —12
| 36 48 12 — 40
(100 0 —12
AP+24%=] 12 —16 =12
| 36 48 28
9200 0 —24

283+40%=| 24 32 _24
—72 096 —56



10. Find the value of Af3-3AA2-28A, A= L—4 5 1
(80 —126 —504]
a) (126 —172 —63
252 —316 —46 |
80 126 —504
b [126 —172 —63

952 315 46
40 126 504
o126 —172 —63
252 315 —46
40 126 —504
d|126 —172 —63
252 316 46 |

Answer: b

Explanation: For the given Matrix,
-1 2 8

A=l -2 3 0
-4 5 1

The characteristic polynomial is given by-
a®-(Sum of diagonal elements) a?+{Sum of minor of diagonal element)a-|A|=0

a*-3a?+350-17=0
The Cayley Hamilton's Theorem states that every matrix satisfies its Characteristic Polynomial.

Thus,

A33AZ4+35A-171=0

On performing lang division (a®-3a®+35a-17)/(a*-7a)

Q=a+4 and R=63a-17

Using division properties,

a*-3a7+35a-17=(a"-7a)*(a+4)+(63a-17)
a?-3a?+35a-17=(a?-3a*28a)+ 63a-17)

0=(a*-3a®-28a)+{63a-17) ————— (From Characteristic Polynomial)
(a-3a*28a) = -63a+17

(A3-3A7-28A) = -63A+17I

=1 2 8 1 00
(A*-34%-284)=—63 | -2 3 0| +17|0 1 O
i =4 B 0 0 1
63+17 —126 —504
(A3-3A2-28A)= 126 17 — 189 —63 ]
| 252 —315 17 — 63

[ 80 —126 —504
(A%-3A%-28A)=| 126 —172 —63
| 252 315 —46




11. Which of the following is not a necessary condition for a matrix, say A, to be diagonalizable?
a) A must have n linearly independent eigen vectors

b) All the eigen values of A must be distinct

€) A can be an idempotent matrix

d) A must have n linearly dependent eigen vectors

Answer: d

Explanation: The theorem of diagonalization states that, ‘An nxn matrix A is diagonalizable, if and only if,
A has n linearly independent eigenvectors.’ Therefore, if A has n distinct eigen values, say A1, A2, A3...An,
then the corresponding eigen vectors are said to be linearly independent. Also, all idempotent matrices
are said to be diagonalizable.

12. The geometric multiplicity of A is its multiplicity as a root of the characteristic polynomial of A,
where A be the eigen value of A.

a) True

b) False

Answer: b

Explanation: The diagonalization theorem in terms of multiplicities of eigen values is defined as follows,
The algebraic multiplicity of A is its multiplicity as a root of the characteristic polynomial of A.

The geometric multiplicity of A is the dimension of the A-eigenspace.

13. If Ais diagonalizable then,
a) A" = (PDP)" = PD"P"

b) A" = (PDP)" = PD"P’
c)A"=(PDP)" = PD"P"

d) A" = (PDP)" = PD"P
Answer:

Explanation: The definition of diagonalization states that, An n x n matrix A is diagonalizable if there exists an n x n invertible matrix P and annx n
diagonal matrix D such that,

PTAP=D

A= PDP!

A" = (PDP)" = PD"P"!

14. The computation of power of a matrix becomes faster if it is diagonalizable.

a) True

b) False

Answer: a

Explanation: Some of the applications of diagonalization of a matrix are:

The powers of a diagonalized matrix can be computed easily since the result is nothing but the powers of
the diagonal elements obtained by diagonalization.

Reducing quadratic forms to canonical forms by orthogonal transformations.

In mechanics, it can be used to find the natural frequency of vibrations.



15. Find the invertible matrix P, by using diagonalization method for the following matrix.

2 00
A=l 1 21
-1 0 1
-1 -1 0
ajA=1 1 0 -1
-1 1 1
0 -1 0
byA= |1 0 -1
0 1 1
0 0 0
agA=|( 1 1 -1
10 1|
1 0 0
da=]1 0 -1
-1 0 1|
Answer: b

Explanation: Procedure to find the invertible martrix is as follows,
Step 1: Find the eigen values of the given matrix.

2 00
A= 1 21
-1 01
A-M| =0
2—A 0 0

1 2-A 1 | =0 ecreersrienn 0]
-1 0 1-2A
(2-M{2-N{1-A)=0

(-3 (1 =0
A=2,2.1
Step 2: Compute the eigen vectors
Consider A= 2,
A-AMX=0
0 0 0] ing further 0 0 0
1 0 1 |X=0 TR 0 1| X=0
-1 0 -—-1] 0 0 0
%2 is the free variable, hence, x2 ==
Letxl =-1, x3=:,_5|'nce x1+x3=0
0 -1
X=s|1|+| 0
0 | 1
0 —1
o o
Xi=|1]lXa=1]0
0 1
Consideri=1
(A-MX =0
1 0 0 1 0 0
— —  Reducing further, weget, — -
1 1 1]X=0 m' 01 1|X=0
-1 0 0 0 0 0
x1 =0, Letx2 = -5 and %3 = s since x2+x3=0
0
X=s5|-1
1
- 0
Xq=1]-1
1
Step 3: Formaticn of the invertible matrix.
3
P=[X:X2X,
0o -1 0



16. Determine the algebraic and geometric multiplicity of the following matrix. —2
a) Algebraic multiplicity = 1, Geometric multiplicity = 2
b) Algebraic multiplicity = 1, Geometric multiplicity = 3
) Algebraic multiplicity = 2, Geometric multiplicity = 2
d) Algebraic multiplicity = 2, Geometric multiplicity = 1

Answer: d
Explanation: The eigen values of the given matrix can be computed as,
|A-N| =0

1—A 0 1

3 3—-A 0 |=0
0 0 1—A
(1-M) ((3-A) (1-A)) =

(1-0)? (3-A) =
A=1,1, 3 are the eigen values of the matrix. So, the algebraic multiplicity of A = 1 s two.
Forh=3,
(A-AMX=0
-2 0 1 Silioting Jurh :10{]
=3 — EAUCIn urifeer, we get, — —
3 0 0(X=0 il ¢ 1| ¥=0
0 4 -2 0 0 0
x1=0,%x3=0
%2 is the free variable, therefore let x2 = 5,
. 0 0
Hence, X =38 |1]| = |1
0 0
ForA=1,
(A-MX =0
0 0 1 i —_— 1 2/3 0
=4 — educing further, we get, — ek
3 2 0/X=0 g EN 0 1| X=10
0 0 0 0 0 0
x1+2x2=0,x3=0
Let x1 =-2and x3=3,
-2
_}
Xs=1[ 3
0

Thus, there corresponds only one eigen vector for the repeated eigen value A=1. Thus, the geometric multiplicity of A = 2 is one.



[2 _1] and D = [ﬁ 0 ]Jindﬁ?.
17.GivenpP=L2 1 0 -1

61 62 ]
a)
156 154 |
[ 61 62 |
b)
| 155 154
[ 61 60 |
c)
| 155 154
[ 61 62 |
d)
| 155 150
Answer: b
Explanation: From the theory of diagenalization, we know that,
A=PDP"
Al =PDP
Given, P= 8 henceP™" = £ 4
I = -5 2
3
Therefore, A* _% 2 _l F e - reerenensbinse s seatieerees SINCE N=3
0 -1 —5 2
s l —1 216 0 : S |
7 1 —1 -5 2
A3 _ 1 :| [216 216]
=~ B
L 42? 434
711085 1078
{155 154]
1 0 6
0 5 0
18. Find the trace of the matrix A=L0 4 4
a)0
b) 10
o4
d) 1
Answer: b

Explanation: The sum of the entries on the main diagonal is called the trace of matrix A.
Therefore, trace = 145+4 = 9.



19. The determinant of the matrix whose eigen values are 4, 2, 3is givenby, _

a)9

b) 24

o5

d)3

Answer: b

Explanation: The product of the eigen values of a matrix gives the determinant of the matrix,
Therefore, A = 24.

20. Which of the following relation is correct?
a)A=AT

b) A =-AT

c) A= AT

d)A=A12

Answer: a
Explanation: To prove that A= AT, let us consider an example,

A=,

|A-M]| =0
=X 0

=0
' moal
(1-0(3-A) =0
3-A-3A+A2=0
M-4Ah+3=0
(A=-31(A-1)=0
A=1.3
Consider AT = &

0 3
|A-A| =0
1 ==X 2

=10
l 0 3—)'.]

(1-A) (3-A) = 0, which is similar to the result obtained for A, hence the eigen values are same.

21. Who introduced the term matrix?

a) James Sylvester

b) Arthur Cayley

¢) Girolamo Cardano

d) Paul Erdos

Answer: a

Explanation: The term ‘matrix’ was introduced by James Sylvester during the 19th century. Later in 1850,
Arthur Cayley developed the algebraic aspect of matrices in two of his papers.



22. Which among the following is listed under the law of transposes?
a) (A1) = Al

b) (A%)* = A*

) (cA)T = cAT

d) (AB)" = ATBT

Answer: c

Explanation: The following are listed under the law of transposes:
(A%)* = A

(AN =A

(AB) =BT AT

(cA)T = cAT

(A£B) =A"+B" (and for «)

If Ais symmetric, A = AT

23. The matrix which remains unchanged under transposition is known as skew symmetric

matrix.
a) False
b) True
Answer: a
Explanation: The matrix which remains unchanged under transposition is known as symmetric matrix.
2 3 4
For example, if we consider a symmetricmatrix A= |3 5 6 | and take the transpose of it, we get,
4 6 7
2 3 4
AT=13 5 6
4 6 7

24. Find the values of x and y in the matrix below if the matrix is a skew symmetric matrix.

0 y —4
P=1 —5 0 3

r+y -8 0
a)x=-1,y=5
b)x=-9,y=-5
ax=9,y=5
dyx=1,y=-5
Answer: a

Explanation: The general form of a skew symmetric matrix is given by,

0 wl —w?2

—wl 0 w3 | Therefore, from the given matrix,
w2 —wd 0
y =5,

zty=4—szcx+5=4—3z=-1



25. Which of the following is known as the reversal rule?

a) (AB) =B A"

b) (AB)' = A1 B

c)(BAy' =BT AT

d)(BAY =BT A

Answer: a

Explanation: The reversal rule of matrix multiplication states that, ‘the inverse of the product of two
matrices is equal to the product of their individual inverses, taken in the reverse order".

26. Every Identity matrix is an orthogonal matrix.

a) True

b) False

Answer: b

Explanation: An orthogonal matrix can be defined as ‘a matrix having its entries as orthogonal unit
vectors’ or it can also be defined as ‘a matrix whose transpose is equal to its inverse'. Since this property
is satisfied by an identity matrix, every identity matrix is an orthogonal matrix.

27. Which of the following matrix is orthogonal?
[0.33 0.67 —0.67
a) | 0.67 0.67 033

1067 033 067 |
033 0.67 —0.67

b) | —0.67 0.67 0.33

| 0.67 033 0.67
033 0.67 —0.67

c) | —0.67 0.67 0.33

| 0.67 033 067
0.33 0.67 —0.67

d | —0.67 067 033
| 0.67 033 067 |

Answer: b
0.33 067 -—0.67
Explanation: Out of the given options, | —0.67 0.67 0.33 | satisfies the condition for orthogonality, i.e. AAT = |

) ) 0.67 0.33 0.67
0.33 0.67 —0.67

—0.67 067 033
| 0.67 033 067

033 067 067] [1 0 O
067 067 033|=|0 1 0
067 033 067] [0 0 1



28. Find the symmetric matrix for the given quadratic form,
Q = 222 + 222 4 bxi-3z 3 + TxaTy.

—F 37
I 5 3
—7
als 2 0
I 5 3
b [52 2 0
I 3 =
) % 2 0
=_% ?3 %r
I & 3
d|5 2 0
T
| 2 0 5
Answer: b

Explanation: The following steps need to be followed to obhtain the symmetric matrix:
Step 1: There are three variables in the given quadratic equation. Hence, the symmetric matrix to be formed should be of dimension 3%3 and the
general form can be written as,

Ci1 G2 Ci3
Q=|en ¢ on
L €31 Ca2 Caal
Step 2: Place the square term coefficients of the quadratic equation (2, 2, 5) on the diagonal of the matrix.
2 Cia O3 |
Q= Caq 2 Cag
[ €1 C3p O ]
Step 3: Place the remaining coefficients of ;& at ¢;;, i.e. coefficient of x; x; (-3) at ¢y and so on.
2 -3 0
Q=10 2 0
|7 0 5
Step 4: For a symmetric matrix, 5 = %(Q +q7)
2 -3 0 2 0.7
s=510 2 044 |-3 2 0}
7 0 5 | 0 D 5
2 -3 7T
8=3|-3 4 o0
7 0 10|
13 3
s=|152 2 @
3 0 3




29. Which of the following is known as Hadamard matrix?

1 0 1
0 1 0
a)
1 0 1
=U 1 0
1 -1 1
b) 1 -1 1
1 -1 1
=1 -1 1
1 1 1
1 1 1
)
1 1 1
=1 1 1
0 0 0
0 1 1
d)
0 1 1
0 0 0
Answer: b

o
1
0
1]

17

-1
—1

_]__

Explanation: Hadamard matrix is named after a famous French mathematician, Jacques Hadamard. It is
defined as ‘a square matrix whose entries are only 1 or -1 and whose column (or row) vectors

orthogonal'.

30. The sum of two skew-symmetric matrices is also a skew-symmetric matrix.

Explanation: To prove the above statement, let us consider an example,

a) False
b) True
Answer: b
0 4
A=l 4 0
-1 3

Therefore, A+ A=

1
—3

2
—9 | which is also a skew-symmetric matrix.

0
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