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TYPICAL QUESTIONS & ANSWERS 
PART – I 

 

OBJECTIVE TYPE QUESTIONS 
 

Each Question carries 2 marks: 

 

Choose the correct or best alternative in the following: 

 

Q.1  The points 2i – j + k, i – 3j – 5k, 3i – 4j – 4k are the vertices of a triangle which is  

    (A)  equilateral. (B)  isosceles.   

   (C)  right angled. (D) None of these. 

 

  Ans: C 

35CAk̂5ĵ3îAOCOCA

6CBk̂ĵi2BOCOCB

41BAk̂6ĵ2îAOBOBA

k̂4ĵ4î3CO,k̂5ĵ3îBO,k̂ĵî2OA

=⇒−−=−=

=⇒+−=−=

=⇒−−−=−=

−−=−−=+−=

rrrr

rrrr

rrrr

rr

 

( ) 222
ACBCAB +=∴  

Thus ∆ is right angled 

 

Q.2  If ( ),iyx3
2

3
i

2

3 24
48

+=









+  then ordered pair (x, y) is  

(A) (0, 2). (B)  (0, 1). 

(C)  (1, 0). (D)  (1, 1). 

 

  Ans: C 

( )

iyx
2

1
i

2

3

)iyx(3
2

1
i

2

3
3

)iyx(3
2

3
i

2

3

48

24

48

48

24

48

+=








+⇒

+=








+⇒

+=








+

 

{ } iyx0i1

iyx48
3

sini48
3

cos

+=×+⇒

+=








×
π

+×
π

⇒
 

i.e. Pair (x, y) is (1, 0). 
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Q.3  If ,
x

1
xcos2 +=θ  

y

1
ycos2 +=φ  then 

m

n

n

m

x

y

y

x
+  is   

   (A) ( )φ+θ nmsin2 . (B) ( )φ−θ nmsin2 . 

   (C) ( )φ+θ nm cos2 . (D) ( )φ−θ nm cos2 . 

 

  Ans: D 

1

n

m

)nsinin).(cosmsinim(cos
Y

X −φ+φθ+θ=  

= ))nsin(i)n).(cos(msinim(cos φ−+φ−θ+θ  

)nmsin(i)nmcos(
Y

X
n

m

φ−θ+φ−θ=   …………….……………(1) 

Similarly  )nmsin(i)nmcos(
X

Y
m

n

φ−θ−φ−θ=   ……………….(2) 

Adding equation (1) and (2) we get 

)nmcos(2
X

Y

Y

X
n

n

n

m

φ−θ=+  

 

Q.4  A vector of magnitude 2 along a bisector of the angle between the two vectors 2i - 2j + k  and i 

+ 2j - 2 k  is  

   (A) ( )ki3
10

2
− . (B) ( )k3j4i

26

1
+− . 

(C) ( )k3j4i
26

2
+− . (D) None of these. 

 

  Ans: A 

Let 0a  and 0b  be unit vectors along a and b respectively.  )kj2i2(
3

1
a0 +−= , 

)k2j2i(
3

1
b0 −+=  

Required vector  )ki3(
3

c −
λ

= .  
9

10
.4 2λ=  

10

6
=λ  

Thus )ki3(
10

2
c −=  

 

Q.5  Let A and B be two matrices such that 0A ≠  and AB =0. Then we must have 

(A) B = 0. (B)  B to be identity matrix.  

(C)  AB −= . (D)  None of these. 

 

  Ans: D 
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Q.6  If ( ) ,

x11

xxcos
2

1

1xsin
2

1

xf

2

=  then 






 π

4
f  is  

(A) 0. (B)  1. 

(C)  2. (D)  3. 

 

  Ans: A 

2x11

xCosx
2

1

1Sinx
2

1

)x(f =  

2

2

4
11

42

1

2

1

1
2

1

2

1

4
f

π

π
=







 π
 

Since c1 & c2 are same    0
4

f =






 π
∴  

 

Q.7  






−
n

1

s

1
L  exists only when n is  

   (A) zero. (B) –ve integer. 

(C) +ve integer. (D) –ve rational. 

   

  Ans: C 

1n

t

s

1
L

1n

n

1

−
=








−

− , n is positive integer. 

 

 

Q.8  The differential equation of the curve ( )bxcosay −= , where a and b are constants, is  

   (A)  0y
dx

yd

2

2

=− . (B)  0y
dx

dy

dx

yd

2

2

=−− . 

   (C)  0y
dx

dy

dx

yd

2

2

=−+ . (D)  0y
dx

yd

2

2

=+ . 
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  Ans: D 

Since y = a cos(x – b) 

)bxsin(a
dx

dy
−−=∴ ,  ay)bxcos(a

dx

yd
2

2

−=−−=  

0y
dx

yd
2

2

=+⇒  

 

Q.9  If 
→→→→
d,c,b,a  are vectors then  










×⋅










×

→→→→
dcba is equal to 

    (A)  
→→→→

−⋅ dbca   

   (B)  
→→→→

×−× dbca  

(C)   









⋅










⋅−










⋅










⋅

→→→→→→→→
cbdadb ca  

(D)  none of above. 

  

 Ans: C 

( )( )
dbda

cbca
dcba rrrr

rrrr
rrrr

..

..
. =××  

= ( )( ) ( )( )dacbdbca
rrrrrrrr

.... −  

 

 

Q.10  If  A, B are square matrices of the same size then 

(A) ( ) ttt BAAB =  (B)  ( ) ttt ABAB =  

(C)  ( ) B AAB t =  (D)  ( ) A BAB t =  

       

  Ans: B 

By definition 
ttt ABAB .)( =  

 

Q.11  If 21 z and z  are two complex numbers then  21 z  z +  is  

   (A) 21 z  z +=  (B) 21 z  z +≤  

(C) 21 z  z −≤  (D) 21 z  z +≥  

 

  Ans: B 

2121 ZZZZ +≤+Q  

  (Triangle inequality) 
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Q.12  The value of 

a xx         x         

    xaxx         

    x   x      ax

+

+

+

 is equal to 

(A) 3a
2
x (B)  a

2 
(3x - a) 

(C)  a
2 

(3x + a) (D)  3ax
2
  

 

  Ans: C 

 

axxx

xaxx

axaxax

RRRR

axxx

xaxx

xxax

+

+

+++

=++→

+

+

+ 333

3211  

= 

axxx

xaxxax

+

+=+

111

)3(  

133122 , CCCCCC −→−→  

= )3(

0

0

001

)3( 2
axa

ax

axax +==+  

 

Q.13  If  I+A+A
2
+…+A

K
=0, then A

-1
 is equal to  

   (A)  A
K
         (B)  A

K-1
 

(C)  A
K+1

         (D)  I+A 

 

  Ans: A 

If 0.........1 2 =++++ k
AAA  (Characteristic equation of Matrix) 

0.......... )1(21 =+++++⇒ −− k
AAAIA  (Divided by A) 

kkk
AAAAAIA =++++++⇒ −− )1(21 ..........  

k
AA =+⇒ − 01  

kAA =−1  
 

Q.14  If  A is any real square matrix then A+A
t
 is 

(A)  Hermitian. (B)  Skew-hermition. 

(C)  Symmetric. (D)  Skew-symmetric. 

 

  Ans: C 

AAAAAA tttttt +=+=+ )()(  

 

Q.15  The Laplace transform L(t
n
) is  

(A) 
ns

!n
. (B)  

1ns

!n

+
. 

(C)  
s

1
. (D) 

!n

sn
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  Ans: B 

{ }
1

0

!
..

+

∞
− == ∫ n

nstn

s

n
dttetL  

Q.16  The solution of differential equation  0y9
dx

dy
6

dx

yd

2

2

=+−  is 

(A) ( ) x
21 exccy +=  (B) ( ) x2

21 exccy += . 

(C) ( ) x3
21 exccy += . (D) ( ) x3

21 excc −+  

 

  Ans: C 

A.E  3,30)3(096 22 ==−⇒=+− mmmm   Roots are real and equal. 

  ( ) xexCCfc 3

21. +=∴  and  P.I = 0 

  ( ) xexCCY 3

21 +=  

 

Q.17  The value of a0 in the Fourier series ( ) ...nxcosa...x2cosaxcosa
2

a
xf n21

0 ++++= is given 

by 

 

(A) ( )dxxf
1 2

0∫
π

π
 (B) ( )dxxf

2

1 2

0∫
π

π
 

(C) ( )dxxf
1

0∫
π

π
 (D) 0 

 

  Ans: A 

dxxfa ∫=
π

π

2

0

0 )(
1

   By definition 

Q.18  The inverse Laplace transform 








−

−

2s

4
L 1  is 

(A) te  (B)  
t2e2   

(C) t2e 4  (D) t4e 4  

 

  Ans: C 

ttt
ee

s
LeL

22121 41.4
1

4
2

4
==









=








−

−−

δ
 

 

Q.19   Let ;i52z1 −= ;i41z2 +−= i6z3 +=  and i73z4 −= .  Express 
( )

4

321

z

zzz +
 in the form  

   a   + bi, a , b ∈R.   

 

    (A)  i
29

27

29

208
+  (B)  i

29

27

29

208
−  
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(C)  i
29

27

209

28
+  (D)  i

29

27

209

28
−  

   

  Ans:  B  

 Q.20 The complex numbers 1z , 2z  and 3z  satisfying 
2

3i1

zz

zz

32

31 −
=

−

−
 are vertices of the a 

triangle which is  

(A)   acute-angled and isosceles (B)  right-angled and isosceles 

(C)  obtuse-angled and isosceles (D)  equilateral 

 

      Ans:  D 

 

Q.21  A unit vector parallel to 3i+4j-5k is 

   (A) k
2

1
j

25

4
i

25

3
+−−  (B) k

2

2
j

25

4
i

25

3
−−  

(C) k
2

2
j

25

4
i

25

3
++−  (D) k

2

1
j

25

4
i

25

3
+−  

   

  Ans:  A 

 

Q.22  Let 
→
a  = (1, 2, 0), 

→
b  = (-3, 2, 0), 

→
c  = (2, 3, 4). Then )cb(a

→→→
×⋅  equals 

(A)  33 (B)  30 

(C)  31 (D)  32 

 

  Ans:  D 

Q.23  If ω  is complex cube root of unity, and 








ω

ω
=

0

0
A , then 100A  is equal to  

   (A)  0      (B)  -A 

(C)  A         (D)  none of these 

 

  Ans:  C 

 

Q.24  If  A and B are symmetric matrices, then AB + BA is a  

(A) diagonal matrix (B)  null matrix 

(C)  symmetric matrix (D)  Skew-symmetric matrix 

 

  Ans:  C 

Q.25  The function xsinx3  is   

(A)  odd (B)  even 

(C)  neither (D) none of these  

 

  Ans:  B 

 

Q.26  The function cos x + sin x + tan x + cot x + sec x + cosecx is  

(A) both periodic and odd (B) both periodic and even 
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(C) periodic but neither even nor  (D) not periodic 

       odd  

 

  Ans:  C 

 

Q.27  The Laplace Transform for  sin at  is  

(A) 
22 as

s

−
 (B) 

22 as

a

+
 

(C) 
22 as

s

+
 (D) 

22 as

a

−
 

 

  Ans:  B 

Q.28  The Inverse Laplace Transform for 
13s6s

9s

2 ++

+
 is  

(A) ( ) ( )( )t2sin3t2cose t3 +  (B)  ( ) ( )( )t2sin3t2cose t3 +−   

(C) ( ) ( )( )t2sin3t2cose t3 −  (D) ( ) ( )( )t2sin3t2cose t3 −−  

 

  Ans:  A 

Q.29  The smallest positive integer n for which 1
i1

i1
n

=








−

+
 is    

    (A)  8 (B)  12 

(C)  16 (D)  None of these 

   

  Ans: D 

Q.30  A square root of 3 + 4i is   

(A) i3 +  (B)  i2 −  

(C)  i2 +  (D)  None of these 

   

  Ans: C 
 

 Q.31 Any vector a is equal to  

   (A) ( ) ( ) ( )k̂k̂aĵĵaîîa ⋅+⋅+⋅  (B) ( ) ( ) ( )k̂îaĵk̂aîĵa ⋅+⋅+⋅  

(C) ( ) ( ) ( )k̂ĵaĵîaîk̂a ⋅+⋅+⋅  (D) ( )( )k̂ĵîaa ++⋅  

   

  Ans: A 

 

 Q.32 If a and b are two unit vectors inclined at an angle θ and are such that a + b     is a unit vector, 

then θ is equal to    

(A) 4π  (B)  3π  

(C)  2π  (D)  32π  

   

  Ans: D 
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Q.33  The value of the determinant 

1

1

1

45

43

53

ωω

ωω

ωω

, where ω  is an imaginary cube root of unity is   

   (A) ( )21 ω−  (B)  3 

(C)  3−          (D)  4 

Ans: B 

Q.34  The value of the determine 

111

111

111

−

−

−

 is equal to  

(A) -4 (B)  0 

(C)  1 (D)  4 

   

  Ans: D 

 

 Q.35 The inverse of a diagonal matrix is  

(A)  not defined (B)  a skew-symmetric matrix 

(C)  a diagonal matrix (D) a unit matrix  

Ans: C 

 

 Q.36 The period of function sin 2x + cot 3x + sec 5x is   

(A) π  (B) π2  

(C) 2π  (D) 3π  

Ans: B        
 

 Q.37 The Laplace transform of tsin 2  is  

(A) ( )4ss

2

2 +
 (B) ( )4ss

1

2 +
 

(C) 
( )( )2s4s

2

−+
 (D) 

( )( )2s4s

1

−+
 

   

  Ans: A 

 

Q.38  The solution of the differential equation ( ) x2 ey4D =+  is   

(A) 
4

e
x2sincx2cosc

x

21 +−  (B)  
4

e
x2sincx2cosc

x

21 ++  

(C) 
5

e
x2sincx2cosc

x

21 ++  (D) 
5

e
x4sincx4cosc

x

21 +−  

Ans: C 
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Q.39 Modules of ( ) i
i is    

    (A)  4e
π

 (B)  4e
π−

 

(B)   24e

π−

 (D)  24e

π

 

  

 

  Ans: A 

Let ( )vi

iiyx =+  

iiiyx log)log( =+  

iiiyx log
2

1
)log( =+⇒  

 ∞+=+⇒ −1tanlog
2

1
)log( iiiiyx  

)tan(
2

1
)log( 1 ∞=+⇒ −

iiiyx  









=+⇒

22

1
)log(

π
iiiyx  

4
2

3

)log( πiiyx =+⇒  

4
2

3

)(
πi

eiyx =+⇒  

( ) 4
π

eiofModulus
i

=∴  

 

Q.40  If 
2

y
tanh

2

x
tan =  then the value of cos x cos hy is  

(A)  –1 (B)  0 

(C)  1/2 (D)  1 

 

  Ans: D 

 

Q.41  The two non-zero vectors A  and B  are parallel if  

   (A) 0BA =×  (B) 1BA =×  

(C) 0BA =⋅  (D) BA =  

 

  Ans: A 

  Two non-zero vector A  and B  are parallel if BA ×  = 0 )0sin( =θQ  

 

Q.42  The volume of the parallelopipid with sides k̂2ĵB   ,ĵ2î6A +=−= , k̂ĵîC ++=
r

A is  

(A)  5 cubic units (B)  10 cubic units 

(C)  15 cubic units (D)  20 cubic units 

 

  Ans: B 
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  Volume of parallelepiped with sides ( ) ( ) ( )kjikjji +++− ˆ,2ˆ,ˆ2ˆ6  

  10

111

210

026

=

−

cubic units 

 

 

Q.43  If 

















300

520

321

 then eigen value of A
–1

 are 

   (A) 
3

1 ,
2

1 ,1  (B)  1, 2, 3 

(C)  0, 1, 2 (D)  
2

1 ,1 ,0  

 

  Ans: A 

Let A = 

300

520

321

 

Eigen values of A are 1, 2, 3  

∴ eigen values of 1−A  are 
3

1
,

2

1
,1  

3

1
,

2

1
,1=⇒ λ  

Q.44  The sum and product of the eigen values of  

















221

131

122

 are 

(A)  Sum = 5,   Product = 7 (B)  Sum = 7,   Product = 5 

(C)  Sum = 5,   Product = 5 (D)  Sum = 7,   Product = 7 

 

  Ans: B 

0

221

131

122

0 =

−

−

−

⇒=−

λ

λ

λ

λIA  

         0)5)(1)(1( =−−−⇒ λλλ  

         5,1,1=⇒ λ  

Sum of Eigen value = 07 

Product of Eigen value = 5 

 

Q.45  If  




π<<

<<π−π−
=

x0      ,x

0x     ,
)x(f    then the value of f(0) is  

(A) 0 (B) 
2

π  
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(C)  
2

π−  (D) π  

 

  Ans: C 

Zero is the point of discontinuously 

2

)0(|)0(
)0(

+−
=

ff
f  

    = 
22

0 ππ
−=

+−
 

2
)0(

π
−=f  

 

Q.46  The inverse Laplace transform of (s+2)
–2

   

(A)  e
–2t

 (B) e
2t

 

(C)  te
2t

 (D) te
-2t

 

 

  Ans: D 

  








=








+

−−−

2

12

2

1 1

)2(

1

s
Le

s
L

t  by first shifting theorem 

    = te
t2−  

 

Q.47  The solution of the differential equation 0yy =+′′  satisfying the condition y(0)=1, ( ) 2
2

y =π  

is  

(A) xsinxcos2y +=  (B) xsin2xcosy +=  

(C) xsinxcosy +=  (D) ( )xsinxcos2y +=  

 

  Ans: B 

0)1(0 2 =+⇒=+′′ yDyy  

   im ±=  

c.f = )sincos( 21 xcxc +  

putting x = 0, y(0) = 1 

   11 =c  

Putting 2
2

,
2

=







=

ππ
yx  

   22 =c  

[ ]xxy sin2cos +=∴  

 

 

Q.48  Fourier Sine transform of 1/x is  

(A)  S (B)  S/2 

(C)  S
2
/2 (D) –S

2
/2 

 

 Ans: C 
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Q.49 The complex numbers Z = x + iy, which satisfy the equation 1
i5Z

i5Z
=

+

−
 lie on    

    (A)  the x-axis.  

   (B)  the line y = 5. 

(C)   A circle passing through the origin. 

(D)   None of these. 

 

  Ans: A 

1
)5(

)5(
=

++

−+

yix

yix
 

2222 )5()5( ++=−+⇒ yxyx  

22 )5()5( +=−⇒ yy  

0=⇒ y  i.e  x-axis 

 

 Q.50 If 
22 iZZ = , then  

(A) ( ) 0ZRe =  (B)  ( ) 0ZIm =  

(C)  Z=0 (D)  ( )i1xZ ±= , with x real 

       

  Ans: B 

Given 
22

izz =  

22 )()( iyxiiyx +=+⇒  

22)( yixiyx −=+⇒  

2222 2 yxixyyx +=+−⇒  

022 2 =−⇒ yixy  

00)(2 =⇒=−⇒ yyixy  

          0)Im( =⇒ z  

 

Q.51  If a
r

 and b
r

 are two unit vectors and φ  is the angle between them, then ( ) ba  
2

1
rr

−  is equal to  

   (A) 2π  (B) 0 

(C) 2 Sin φ  (D) 2 Cos φ  

 

  Ans: C 

Given ba ,  are Unit vector 

φcos.,1,1 =⇒== baba  

Now abbaba 222
2

−+=−  

φcos211
2

−+=−⇒ ba  

        = )cos1(2 φ−  
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        = 








2
sin22 2 φ

 

        = 
2

sin4 2 φ
 

2
sin2

φ
=−⇒ ba  

2
sin

2

1 φ
=−⇒ ba  

 

Q.52  A vector which makes equal angles with the vectors ( )( )k̂2ĵ2î31 +− , ( )( )k̂3î451 −−  and  ĵ  

is  

(A)  k̂5ĵî5 ++  (B)  k̂5ĵî5 ++−  

(C)  k̂5ĵî5 +−−  (D)  k̂5ĵî5 −+  

 

  Ans: B 

Let vector be kajaiaa ˆˆˆ
321 ++=

r
 

θcos

)ˆ22ˆ(
3

1
.

=
+−

a

kjia
r

 

θcos

ˆ
5

3ˆ
5

4

=









−−

a

kia
r

 

θcos
ˆ

=
a

ja
r

 

a

kikajaia

a

kjikajaia )ˆ
5

3ˆ
5

4
).(ˆˆˆ()ˆ2ˆ2ˆ(

3

1
).ˆˆˆ( 321321 −−++

=
+−++

∴  

            = 
a

jkajaia ˆ).ˆˆˆ( 321 ++
 

231
321

5

3

5

4

3

2

3

2

3
aaa

aaa
=−−=+−⇒  

Let ta =2  then tata 5,5 13 −==  

kjia ˆ5ˆˆ5 ++−=∴
r

 

Q.53  If ω  ( )1≠  is a cube root of unity and 0

x1

1x

1x

2

2

2

=

ω+ω

ω+ω

ωω+

, then   

   (A) x = 1 (B)  ω=x  

(C)  2x ω=  (D)  none of these 
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  Ans: D 

0

11

1

1

22

2

2

=

+

+

+

ww

wxw

wwx

 

3211 RRRR ++→  

0

11

1

111

22

2

222

=

+

+

+++++++++

ww

wxw

xwwxwwwwx

 

0

1

1

2

2 =

+

+

wxw

wxw

xxx

 

0

1

1

111

2

2 =

+

+

wxw

wxwx  

133122 , cccccc −→−→  

0

1

1

111

222

2 =

+−−

−−+

wwxww

wwwxwx  

{ } 0)1)(1()( 22 =−−−−+ wwwwxx  

0=⇒∴ x  

 

Q.54  If 

0aac

a0ab

caba0

−−

−

−−

=∆ , then ∆  is equal to   

(A) (a+b) (b+c) (c+a) (B)  bc + ca + ab 

(C)  2abc (D)  none of these 

 

  Ans: D 

0

0

0

aac

aab

caba

−−

−

−−

=∆  

    = )}(){()}(){( abacaacaba −−−+−−−−  

    = aabcaacbaa ))(())(( −−−−−  

    = (a-b).a[a – c + a – c] 

    = 0 

 

Q.55  If A is a skew-symmetric matrix and n is a positive integer, then nA  is  

(A)  a symmetric matrix.  
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(B) skew-symmetric matrix for even n only. 

(C) diagonal matrix.  

(D) symmetric matrix for even n only.  

 

  Ans: D 

 

Q.56  The period of the function sin x + sin 2x + sin 3x is   

(A) π  (B) 2π  

(C) 3π  (D) π2  

 

  Ans: D 

  )32sin()22sin()2sin( xxx +++++ πππ  

  = xxx 3sin2sinsin ++  

  )()( xfxf =+θQ  then f(x) is periodic to Ө 

Q.57  The Laplace transform of 














t

e
L

t

 is  

(A) 
1s −

π
 (B) 

( )1s +

π
 

(C) 
1s2 −

π
 (D) 

1s2 +

π
 

 

  Ans: A 

{ }2
1

.
−

=








teL
t

L
t

tπ
Q  

dttee
tst 2

1

..
0

−

∫
∞

−  

dtte
ts 2

1

.
0

)( −

∫
∞

−−  

Putting 
1

)1(
−

=⇒=−
s

tts
θ

θ  

θddts =− )1(  

1−
=

s

d
dt

θ
 

= θ
θθ

d
s

e
s

2
1

1
.

1

1

0

−










−− ∫
∞

−  

= ( ) θθθ
de

s

s
2

1

.
)1(

1

0

−

∫
∞

−

−

−
 

= ( ) θθθ
de

s

1

0

2
1

.
1

1 −
∞

−

∫
−
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= 
12

1

1

1

−
=

− ss

π
 

 

 

Q.58  The solution of the differential equation x4

2

2

ey6
dx

dy
5

dx

yd
=+−  is  

(A) 
3

e
eCeC

x3
x3

2
x2

1 +−  (B)  
4

e
eCeC

x4
x4

2
x2

1 ++  

(C) 
2

e
eCeC

x4
x3

2
x2

1 ++  (D) 
2

e
eCeC

x4
x3

2
x2

1 −−  

 Ans: C 
xeyDD 42 )65( =+−  

065.. 2 =+− mmEA  

(m – 3(m – 2) = 0 

m = 2, 3 
xx eCeCFC 3

2

2

1.. +=  

P.I. = x
e

DD

4

2 65

1

+−
 

       = x
e

4

62016

1

+−
 

       = x
e

4

2

1
 

Y = C.F. + P.I. = xxx
eeCeC

43

2

2

1
2

1
++  

 

Q.59 If yix23+−  and iyx 42 ++  represent conjugate complex numbers then the value of x and y is    

    (A)  4y,1x −=±= . (B)  1y,4x ±=−= . 

(C)   1y,4x −=−= . (D)  4,1 == yx . 

  

  Ans: A 

iyxyix 4,3 22 +++−  

yixALet 23+−=   (1) 

 iyxAB 42 ++==  (2) 

The conjugate of A is yixA 23 −−=  

But given iyxA 42 ++=  

iyxyix 43 22 ++=−−  

32 −=+ yx    (3) 

42 −=yx    (4) 

yyyx 322 −=+   (5) 

yy 34 2 −=+−  
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0432 =−+ yy  

0442 =−−+ yyy  

0)4(1)4( =+−+ yyy  

0)1)(4( =−+ yy   

y = -4, 1 

if y = -4 then by Eq. (4) 

4)4(2 −=−x  

1

12

±=

=

x

x
 

 

Q.60  Imaginary part of zsin  is  

(A)  – cos x cosh y (B)  – cos x sinh y 

(C)  – sin x cosh y (D)  – sin x sinh y 

 

  Ans: B 

Imaginary point of zsin  

iyxiyxiyx sincoscossin)sin( −=−  

= yxiyx sinhcoscoshsin −  

Imaginary part = -cos x sin hy 

 

Q.61  Three vectors C ,B,A  are coplanar, the value of their scalar triple product is  

   (A) 0 (B) 1 

(C) –1 (D) i 

 

  Ans: A 

 

Q.62  If θ  is the angle between the vectors a  and b  such that baba ⋅=×  then θ  is  

(A)  o0  (B)  o45  

(C)  o120  (D)  o180  

 

  Ans: B 

   baba .=×  

   0451tancossin =⇒=⇒= θθθθ baba  

 

Q.63  The value of the determinant 

199719961995

199419931992

199119901989

 is  

   (A)  1 (B)  2 

(C)  –1 (D)  0 

 

  Ans: D 
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The value of 

199719961995

199419931992

199119901989

 

233122 , CCCCCC −→−→  

is 0

111995

111992

111989

=  

as two columns are similar 

 

Q.64  If the product of two eigen values of the matrix 

312

132

226

−

−−

−

 is 16, then the third eigen value 

is  

 

(A)  0 (B)  5 

(C)  2 (D)  –2 

 

  Ans: C 

Since the product of two eigen value of the matrix is 16. check is by the options, the product of 

all the eigen value, should be equal to the value of the determinants. 

In this question value of determinants is  

6(9 – 1) + 2(-6 + 2) + 2(2 – 6) 

48 – 8 – 8 = 48 – 16 = 32 

Since two eigen value product = 16 

Hence for product to be 32, third eigen value should be 2. 

 

Q.65  If f(x) is defined in (0, L), then the period of f(x) to expand it as a half range sine series is  

(A) L. (B)  0. 

(C) 2L. (D)  
2

L .  

 

  Ans: C 

 

Q.66  The inverse Laplace transform 






−
n

1

s
1L  is possible only when n is   

(A)  0 (B) –ve integer 

(C) –ve rational number (D) +ve integer 

 

  Ans: D 

 

Q.67  The differential equation of a family of circles having the radius r and centre on the x axis is    

(A) 2

2

2 1 r
dx

dy
y =




















+  (B) 2

2

2 1 r
dx

dy
x =




















+  
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(C) ( ) 2
2

22 1 r
dx

dy
 yx =






















++  (D) 

2

2

2 1 x
dx

dy
r =




















+  

  Ans: A 

The eq. of family of circle, having radius r, and centre on the x axis is 
222)( ryhx =+−   (1) 

02)(2 =+−
dx

dy
yhx   (2) 

dx

dy
yhx −=− )(   (3) 

Putting the value from eq.(3) into the eq.(1) 

22

2

2 ry
dx

dy
y =+








 

2

2

2 1 r
dx

dy
y =




















+  

 

 

Q.68  If y satisfies teyyy −=+′−′′ 23  with ( ) ( ) 000 =′= yy  then Laplace transform ( )( )tyL  is  

(A) 
( ) ( )2

21

1

++ s s
 (B)  

( ) ( )2
21

1

−+ s s
 

(C) 
( ) ( )21

1
2

−+ ss
 (D) 

( ) ( )21

1
2

++ ss
 

 

 Ans:  Correct option is not available; however the solution is: 

0)0()0(23 =′==+′−′′ − yywitheyyy t  

)()(2)(3)( teLyLyLyL −=+−′′  

1

1
2)]0([3)]0()0([ 2

+
=+−−′−−

s
yyysysyys  

1

1
232

+
=+−

s
yysys  

1

1
)23( 2

+
=+−

s
ssy  

1

1
)1)(2(

+
=−−

s
ssy  

Or solution is y =
)2)(1(

1
2 −− ss

 

 

Ans is D; if y satisfies teyyy −=+′−′′ 23  with ( ) ( ) 000 =′= yy  

 

Q.69 If ( ),θSin  iθ Cosrz 1111 +=  ( )2222 θSin  iθ Cosrz +=  then 21zz  is equal to  
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    (A)  ( ) ( ){ }2121
2

1 Sin iCos
r

r
θ+θ+θ+θ






 .  

   (B)  ( ) ( ){ }212121 Sin iCosrr θ+θ+θ+θ . 

   (C)  ( ) ( ){ }212121 Sin iCosrr θθ+θθ .  

   (D) ( ) ( ){ }212121 Sin iCosrr θ−θ+θ−θ . 

 
 Ans. B 

z1 = r1 (Cos θ1 + i Sin θ1) 

z2 = r2 (Cos θ2 + i Sin θ2) 

z1 z2 = r1 r2 (Cos θ1 + i Sin θ1) (Cos θ2 + i Sin θ2) 

= r1 r2 [(Cos θ1 Cos θ2 - Sin θ1 Sin θ2) + i (Cos θ1 Sin θ2 +Cos θ2 Sin θ1)] 

= r1 r2 [Cos (θ1 +θ2 ) + i Sin (θ1 +θ2)]                                                            
 

Q.70    If ω  is cube root of unity then 21 ω+ω+  is equal to 

(A)  0. (B)  1. 

  (C)  -1. (D)  3. 
 

  Ans. A  

  If ω is cube root of unity then we know that 1+ω+ω2=0                             
  

Q.71 The roots of 012xx2 =−−  are  

(A) 2, 3. (B)  3, 2. 

   (C)  4, -3. (D)  4, 3. 

  
  Ans. C  

  Given  x2-x-12=0  ⇒ (x-4) (x+3) = 0   ⇒ x=4,-3                                          
 

Q.72 If 







=

01

01
A  and 








=

11

00
B  then AB is equal to    

   (A) 








00

00
. (B) 









10

01
. 

(C) 








01

10
. (D) 









11

11
. 

  
 Ans. A 

  Given 









=








=

1   1

0  0
  B ,

0  1

0  1
A    ⇒ 








=















=

0  0

0  0
  

1   1

0  0
  

0  1

0  1
AB                                    

 

Q.73. If A and B are invertible matrices of the same size then ( ) 1AB −  is equal to  

(A) AB. (B)  BA. 

   (C)  11AB −− . (D)  11BA −− . 
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  Ans. C  
  Given  

 A-1A = I,  B-1B = I 
 Now (AB) (B-1 A-1)  = AIA-1 = AA-1 = I --......................---------------(1) 
 Also (B-1 A-1) (AB) = B-1 (A-1A) B  = B-1 IB = B-1 B=I-----------------(2) 
 from 1 and 2, we get    (AB)-1 = B-1 A-1                                                          

Q.74 If A and B are the points (3, 4, 5) and (6, 8, 9) then the vector 
→

AB is 

(A) k4j4i3
rrr

++ . (B)  j4i3
rr

+ . 

   (C)  k4j4i3
rrr

−− . (D)  j4i3
rr

− . 

 

  Ans. A  
  Given   A ( 3,4,5) and   B (6,8,9) 

 kjiAB 443A  ofector Position v - B ofvector Position   ++==
→

                   

 

Q.75 The function f (x) = Sin x is  

   (A) non periodic. (B) periodic with period π . 

   (C) periodic with period π2 . (D) periodic with period 
2

π . 

   

   Ans. C 

  We know that the function ƒ(x) = Sin x is periodic and period is 2π             
 

Q.76 The Laplace transform of Sinh (at) is  

 

   (A)  
22 as

1

−
. (B)  

22 as

a

−
. 

   (C)  
22 as

s

+
. (D)  

22 as

s

−
. 

 

 Ans. B 
    By definition  

 ∫
∞

=
ο

dtSinhat  e  [Sinhat] st-
L  

 = ∫
∞










ο

dt 
2

e - e
 e 

-atat
st-  

 dt







= ∫

∞
+

ο

a)t(s-a)t-(s- e - e 
2

1
 

∞
+










+−−
=

0

a)t-(sa)t--(s

)as(

e
 - 

)a-s(

e

2

1
 

∞










+−−
=

0

a)t--(sa)t--(s

)as(

e
 - 

)a-s(

e

2

1
  

 






+−
=

asas

1
 - 

1

2

1
 

2222 as

a
  

a

2a

2

1
 

−
=






−
=

s
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PART – II 

NUMERICALS 

 
 

Q.1  If the complex numbers 321 z,z,z  be the vertices of an equilateral triangle, prove that 

133221
2

3
2

2
2

1 zzzzzzzzz ++=++ . (7) 

 

Ans: 
Given that Z1, Z2, Z3 be the vertices of an equilateral triangle. 

( )3/i

12

13 e
ZZ

ZZ π=
−

−
∴  

i.e. ( ) ( ) ( )3/i

1213 eZZZZ π−=−      …………….(1) 

And ( ) ( ) ( )3/i

2321 eZZZZ π−=−      ……………(2) 

Dividing (1) by (2) we get 

23

12

21

13

ZZ

ZZ

ZZ

ZZ

−

−
=

−

−
 

( )( ) ( )( )21122313 ZZZZZZ.ZZ −−=−−⇒  

23221

2

3

2

2

2

1 ZZZZZZZZZ ++=++⇒  

 

Q.2  If the roots of 0i2izz 23 =++  represent vertices of a triangle in the Argand plane, then 

find area of the triangle.   (7) 

   

  Ans: 

0i2iZZ 23 =++  

Root of above equation are the vertices of ∆ 

i, -i+1, -i-1 

( ) 24
2

1

111

111

110

2

1
−=−=

−−

−=∆  

 
 

Q.3  Reduce α+α− sinicos1  to the modulus amplitude form.  (7) 

   

  Ans: 

α+α− sinicos1  

α+α−= 222 sin)cos1(r  

1cos21 +α−=  








α
=α−=

2
cos2)cos1(2r  
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2222
tantan

cos1

sin
tan

1

1

α
−

π
=















 α
−

π
=










α−

α
=θ

−

−

 

 

Q.4  Prove that ( ) ( )
2

n
cos

2
cos2sinicos1sinicos1

n
1nnn θ








 θ
=θ−θ++θ+θ+ + . (7) 

  Ans: 

L.H.S.= ( ) ( )nn
sinicos1sinicos1 θ−θ++θ+θ+  

=

n

2

n

2

2
cos

2
sin2i

2
cos2

2
cos

2
sin2i

2
cos2 







 θθ
−

θ
+







 θθ
+

θ
 

=


















 θ
−

θ
+







 θ
+

θθ
nn

nn

2
sini

2
cos

2
sini

2
cos

2
cos2  

= 




 θ
−

θ
+

θ
+

θθ

2
nsini

2
ncos

2
nsini

2
ncos

2
cos2 nn  

=
2

ncos2.
2

cos2 nn θθ
 

=
2

ncos.
2

cos2 n1n θθ+  

=R.H.S. Hence proved. 

 
 

Q.5  If a square matrix A satisfies a relation .02 =+ − I
AA  Prove that 1A−  exists and that 

I  ,AIA 1 +=−  being an identity matrix.  (7) 

   

  Ans: 

Given that a square matrix A satisfies a relation 02 =+ − I
AA . By Cayley Hamilton Theorem 

0AIA 1 =−+⇒ −  

IAA 1 +=⇒ −  

Thus 1A−  Exists 

 

 

Q.6  Show that any square matrix can be written as the sum of two matrices, one symmetric and 

the other anti-symmetric.  (7) 

   

  Ans: 

Let A be a square matrix 

Now ( ) ( )ttttt AAAA +=+  

= AA t +  

= tAA +   ………..(1)   is a symmetric matrix 

Also  ( ) AAAA ttt −=−  
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= )AA( t−−  ……..(2)   is a skew-symmetric 

Also 

( ) ( )tt AA
2

1
AA

2

1
A −++=  

= symmetric matrix + skew-symmetric   (from (1) and (2) ) 

 

Q.7  Show that x = 2 is one root of the determinant ,0

2xx23

3xx32

16x

=

+−

−−

−−

 and find other two 

roots.    (6) 

   

  Ans: 

Given 0

2xx23

3xx32

16x

=

+−

−−

−−

,   when x = 2, then 0

443

162

162

=

−

−−

−−

 

As two rows are same 

Thus x – 2 is a root of given equation. 

Now calculate other two Roots 

Applying 211 RRR −→  

0

2xx23

3xx32

131

)2X( =

+−

−−−  

122 C3CC −→  

133 CCC +→  

0

1x9x23

1x6x32

001

)2X( =

−+−

−−−−  

0

19x23

1)2x(32

001

)1x)(2x( =

+−

+−−−⇒  

0)15x5)(1x)(2x( =−−−−⇒  

0)3x)(1x)(2x( =+−−⇒  

x = 1, x = 2, x = -3 

Thus other Roots are 1, -3 

 

  

Q.8  Show that 

( )
( )

( )
( )3

222

222

222

cba abc 2

bacc

bacb

aacb

++=

+

+

+

. (8) 

   



DE23/DC23 MATHEMATICS-II 

 26 

  Ans: 

To prove  3

222

222

222

)(2

)(

)(

)(

cbaabc

bacc

bacb

aacb

++=

+

+

+

 

L.H.S. = 

222

222

222

)(

)(

)(

bacc

bacb

aacb

+

+

+

 

Applying 322311 , cccccc −→−→  we get 

= 

22222

222

222

)()()(

)(0

0)(

babacbac

bbac

aacb

++−+−

−+

−+

 

= 

22

2

2

2

)(

0

0

)(

babacbac

bbac

aacb

cba

+−−−−

−+

−+

++  

)( 1233 RRRR +−→⇒  

= 

abab

bbac

aacb

cba

222

0

0

)( 2

2

2

−−

−+

−+

++  

311

1
C

a
CC +→  

322

1
C

b
CC +→  

= 32
2

2
2

2 )(2

200

)( cbaabc

ab

bac
a

b

a
b

a
cb

cba ++=+

+

++  

 

 

Q.9  If 
→
a  and 

→
b  be any two vectors, then show that  

   (i)  

22

baba.ba
→→→→→→

−=









−










+ . 

   (ii)  
→→→→→→

⋅++=+ ba2baba

222

.  (7) 
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  Ans: 

(i) LHS = bbabbaaababa
rrrrrrrrrrrr

−+−=−+ ...)).((  

   =
22

.. bbabaa
rrrrrr

−+−                                     {     ba
rr

. = ab
rr

.   }      

   
22

ba
r

−            Hence Proved 

(ii) 

L.H.S   =  )).((
2

bababa
rrrrrr

++=+  

  = bbabbaaa
rrrrrrrr

+++ ...  

  = 
22

.. bbabaa
rrrrrr

+++  

  = 
2

.2 bbaa
rrrr

++               Hence Proved 

 

    

Q.10  Forces 
→→→

321 F,F,F  of magnitudes 5, 3, 1 units respectively, act in the directions 

6k3j2i 6k,2j3i 3k,2j6i −−+−++  respectively on a particle. If the particle is displaced 

from the point ( )3,1,2 −−  to the point ( )1 ,1,5 − ,  find the work done by the resultant force.  

     (7) 

  Ans: 

Force  321 35 ffff
rrrr

++=  

 = )ˆ6ˆ3ˆ2()ˆ6ˆ2ˆ3(3)ˆ3ˆ2ˆ6(5 kjikjikji −−++−+++  

  kjif ˆ27ˆˆ41 ++=
r

 

  kid ˆ4ˆ3 +=
r

 

  )ˆ4ˆ3).(ˆ27ˆˆ41(. kikjidfW +++==  

 = 123 + 108 

 = 231 

 

 Q.11 Verify that 








−−
=

21

35
A  satisfies its characterstic equation 07x3x2 =−−  and then find 

1A− .    (6) 

   

  Ans: 










−−
=

21

35
A  ,  









−
==

13

922
. 2

AAA  

Characteristic Equation = 0732 =−− xx  

By Clayey Hamilton theorem 0732 =−− IAA  

Now we have IAA 732 −−  

= 







−








−−
−








− 10

01
7

21

35
3

13

922
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= 








00

00
 

This verifies the characteristic equation. 

Now  0732 =−− IAA  

  Multiplying by A
-1

 

073 1 =−− −
AIA  

317 1 −=⇒ −
AA  

= 







−








−− 10

01
3

21

35
 










−−
=−

51

32
7 1

A  










−−
=−

51

32

7

11
A  

 

Q.12  Test for the consistency and solve the system of equations. 

   

5z10y2x7

9z2y26x3

4z7y3x5

=++

=++

=++

.                                                               (8) 

   

  Ans: 

Test for consistency 

















=

































5

9

4

1027

2263

735

z

y

x

, AX=B 

Let [ ]
















==

5:1027

9:2263

4:735

: BAC  

122 35 RRR −→  

133 75 RRR −→  

= 
















−−

−

3:1110

33:111210

4:735

 

233 11 RRR +→  

= 
















−

0:000

33:111210

4:735

 

Now R(A) = R(C) = 2 < 3 

System is consistent but infinity many solution. 

Z = k, 11y – Z = 3 
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11

3 k
Y

+
=  , 

5x + 3y + 7z = 4 

11

716 +−
=⇒

k
X  

 

 Q.13 Show that the area of the parallelogram with diagonals 
→
a  and 

→
b  is 

→→
× ba

2

1
.  (7) 

   

  Ans: 

Let PQRS be a parallelogram with diagonal aRP
rr

=  and bSQ
rr

=  they intersect at T 

 
 

TQTPQTTPQP
rrrrr

−=+=∴  

= 
2

)(

22

baba
rrrr

−
=−  

2

)(

22

baba
STTPSP

rrrr
rrr +

=+=+=  

Area of parallalogram PQRS     = SPQP
rr

×  

   = )(
2

1
)(

2

1
baba
rrrr

+×−  

   = )()(
4

1
baba
rrrr

+×−  

   = bbabbaaa
rrrrrrrr

×−×−×+×
4

1
 

   = )()(
4

1
baba
rrrr

×+×  

   = )(2
4

1
ba
rr

×  

   = ba
rr

×
2

1
  Hence proved. 

 

 

Q.14  Find the area of the triangle whose vertices are ( ) ( ) ( )1 3, 4, 3 1, 1, 2 1, 3, −−−− .  (7) 

   

 

  

andbbaa )0(),0( =×=×∴
rrrr

)( baab
rrrv

×−=×



DE23/DC23 MATHEMATICS-II 

 30 

  Ans: 

Let O be origin, )2,1,0(),5,1,2(),1,0,1( ==−= CBA  

kjiBAkiBCkjOCkjiOBkiOA 6,32,2,2, −−−=−−=+=++=−=  

∴ Area of ∆ ABC = BABC ×
2

1
 

  = 

611

302
2

1

−−−

−−

kji

 

  = kji 293
2

1
+−−  

  = 94
2

1
 

 

Q.15  Find a Fourier series that represents the periodic function f (x) = 2xx − , π≤≤π− x . 

  (14) 

  Ans: 
2)( xxxf −=  

Let nxbnxaaxf nn sincos)( 0 ∑∑ ++=  …………..(1) 

π

π

π

π
ππ

−−









−=−= ∫ 322

1
)(

2

1 32
2

0

xx
dxxxa  

= 
3

2π
−  

nxdxxfan cos)(
1
∫

−

=
π

π
π

 

     = nxdxxx cos)(
1 2

∫
−

−
π

π
π

 

     = nxdxx cos
2

1

2

∫
−

π

π
  ( nxx cosQ  is odd function) 

     = n

n
)1(

4
2

−−  

And nxdxxfbn sin)(
1
∫

−

=
π

π
π

 

 = nxdxxx sin)(
1 2

∫
−

−
π

π
π

 ( nxx sin2
Q  is odd function) 

 = nxdxx sin
2

0

∫
π

π
 

 = n

n
)1(

2
−

−
 



DE23/DC23 MATHEMATICS-II 

 31 

Putting value of nn baa ,,0  in (1) we get 









−−−+−+








−−−+−+

−
=−

3

3sin

2

2sin

1

sin
2

3

3cos

2

2cos

1

cos
4

3 222

2
2 xxxxxx

xx
π

 

 

 

 Q.16 Find the Laplace transform of 










 −

t

e1 t

.  (7) 

  Ans: 







 −

t

e
L

t1
 

Now we have { } )(
1

11
1 sf

ss
eL

t =
−

−=−  

∫∫
∞∞










−
−==







 −

ss

t

ds
ss

dsxf
t

e
L

1

11
)(

1
 

 = 
s

s 1
log

−
   Ans. 

 

Q.17  Find the inverse Laplace transform of 
( ) 











− 2

2

2s

s
. (7)   

  Ans: 










−

−

2

2
1

)2(s

s
L  

= 








−

+−−

2

2
1

)2(

)22(

s

s
L  

= 








−

−++−−

2

2
1

)2(

)2(44)2(

s

ss
L  

= [ ] 






−
+








−
+ −−−

2

1
4

)2(

1
41 1

2

11

s
L

s
LL  

 = tt etet 22 44)( ++δ                       Ans. 

Q.18 Solve x

2

2

ey6
dx

dy
5

dx

yd
=++ .        (7) 

  

Ans: 

Solve xeyDD =++ )65( 2  

 A.E., 0652 =++ mm  

  m = -2, -3 

C.F = xx eCeC 3

2

2

1

−− +  
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P.I = xx
ee

DD 12

1

65

1
2

=
++

 

Y = C.F + P.I = xxx
eeCeC

12

13

2

2

1 ++ −−  

 

 

Q.19  Use Laplace transform method to solve t

2

2

ex
dt

dx
2

dt

xd
=+− , if x = 2 and  1

dt

dx
−=  at t = 0.

  (7) 

  Ans: 

t
ex

dt

dx

dt

xd
=+− 2

2

2

 

Taking Lapalace transformation on both sides 

( )
1

1
412)(122

−
=++−+−

s
ssxss  

( ) 52
1

1
)(122 −+

−
=+−⇒ s

s
sxss  

3

2

)1(

672
)(

−

+−
=⇒

s

ss
sx  

32 )1(

1

)1(

3

1

2
)(

−
+

−
−

−
=⇒

sss
sx  










−
+








−
−








−
= −−−

3

1

2

11

)1(

1

)1(

1
3

1

1
2

s
L

s
L

s
Lx  

= 
!2

.
.32

2 t
tt et

ete +−  

x = t
t

t
te

et
e 3

2
2

2

−+  

 

Q.20  Express 
( )

( )4

8

cosisin

sinicos

θ+θ

θ+θ
 in the form x+iy. (8) 

   

  Ans: 

4

8

44

8

42

8

4

8

)sin(cos

)sin(cos

)sin(cos

)sin(cos

)cossin(

)cos(cos

)cos(sin

)sin(cos

θθ

θθ

θθ

θθ

θθ

θθ

θθ

θθ

i

i

ii

i

ii

i

i

i

−

+
=

−

+
=

+−

+
=

+

+
 

= 48 )sin.(cos)sin(cos −−+ θθθθ ii  

= θθθθ 12sin12cos)sin(cos 12 ii +=+  

  

Q.21  Write down all the values of ( ) 4/1i1+ .  (8) 

   

  Ans: 

Let 1 + I = r( θθ sincos i+ ) 
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1sin,1cos == θθ rr  

4
,2

π
θ ==r  

4
1

4
sin

4
cos2)1( 4/1

















+=+∴

ππ
ii ,  n = 0, 1, 2, 3 

= 




 +
+

+

16

)8(
sin

16

)8(
cos)2( 8

1 ππππ n
i

n
, n = 0, 1, 2, 3 

= 





+





+





+





+

16

25
sin

16

25
cos2,

16

17
sin

16

17
cos2,

16

9
sin

16

9
cos2,

16
sin

16
cos2 8

1
8

1
8

1
8

1 ππππππππ
iiii  

 

 

Q.22  Using vector method prove that the altitudes of a triangle are concurrent. (8) 

   

  Ans: 

Let ABC be any angle 

Draw AD ┴ BC and BE ┴ AC 

 Let AD and BE intersect at O. Join CO 

 We shall prove that CF ┴ AB 

Let ā, b , c  be the position vector of A, B, C respectively with O. 

0. =⇒⊥ CBOABCAO
rr

 

 0).( =−−⇒ bca  

 0.. =−⇒ caba        ……….(1) 

Also 0).( =−−⇒⊥ cabACBO  

0.. =−⇒ abcb       ………..(2) 

Adding (1) and (2) we get, 

 0).().().().( =−+− abcbcaba  

  COBACOBA
rrrr

⊥⇒=⇒ 0.  

  CFAB ⊥⇒  

Hence altitude of a triangle is concurrent. 

 

Q.23  Find a unit vector perpendicular to the plane of vectors 
→→→→

−+= kji2a  and 

→→→→
+−= k2jib .  (8) 

   

  Ans: 

kjia ˆˆˆ2 −+=
r

 ,     kjib ˆ2ˆˆ +−=
r

 

kji

kji

ba ˆ3ˆ5ˆ

211

112

ˆˆˆ

−−=

−

−=×  

35=×ba  

∴ Unit vector perpendicular to ba &  
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= ( )kji
ba

ba ˆ3ˆ5ˆ
35

1
−−±=

×

×
±  

 

Q.24  Prove that 0dcbadbacdacb =









×⋅










×+










×⋅










×+










×⋅










×

→→→→→→→→→→→→
 (8) 

  Ans: 

)).(()).(()).(( dcbadbacdacb ××+××+××  

 ).)(.().)(.(
..

..
)).(( dbacdcab

dcac

dbab
dacb −==××⇒  

Now ).)(.().)(.(
..

..
)).(( dcbadabc

daba

dcbc
dbac −==××  

And ).)(.().)(.(
..

..
)).(( dacbdbca

dbcb

daca
dcba −==××  

Adding equation1, equation 2 & equation 3 we get 

 )).(()).(()).(( dcbadbacdacb ××+××+××  

 = (b.c)(c.d) - (c.a)(b.d) + (c.b)(a.d) – (a.b)(c.d) - + (a.c)(b.d) – (b.c)(a.d) 

      )..,..,..( caaccddcabba ===∴  

 = 0. Hence proved. 

 

Q.25  Find the angle between two vectors 
→
a  and 

→
b  if 

→→
× ba = 

→→
⋅ ba . (8) 

  Ans: 

Let Angle between a  and b  be Ө 

  given baba .=×  

  baba .sin| =⇒ θ  

  baba .sin =⇒ θ  

  
ba

ba.
sin =⇒ θ  

  1tan =⇒ θ    
4

π
θ =⇒  

 

Q.26  Let A be a square matrix. Prove that A can be written the sum of a symmetric and a skew-

symmetric matrix.  (8) 

   

  Ans: 

Let A be a square matrix 

Let ( ) ( )tt
AAAAA −++=

2

1

2

1
 

Now ( ) ( )ttttt AAAA +=+   

  AA t +=  
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  tAA +=  is a symmetric matrix )( AA t =∴  

Also ( ) ( )tttt AAAAAA −−=−=−  is skew-symmetric 

Thus A = symmetric matrix + skew-symmetric. 

  

Q.27  State Cayley Hamitton theorem and use it to find the inverse of
















−−

−

=

7    6   0

5       4      3

1   0       1

A , if the 

inverse exists.   (8) 

   

  Ans: 

Every square matrix satisfying its characteristic Equation. 

0=− IA λ  0

760

543

101

, =

−−−

−

−−

λ

λ

λ

eI  

  0202 23 =−−+ λλλ  

By using Cayley-Hamilton Theorem 

0202 23 =−−+ IAAA  

0202 12 =−−+ −
AIAA  

IAAA −+=⇒ − 220 21  

















−

















−−

−

+

















−

−−=⇒ −

100

010

001

760

543

101

2

191818

181415

661

20 1
A  

















−

−−=⇒ −

4618

8721

462

20

11
A  

 

 

Q.28  Prove that ( ) ( ) ( ) ( )cabcab ac cb ba

c     c     1 

b    b     1 

a     a     1 

32

32

32

++−−−= . (8) 

  Ans: 

L.H.S = 

32

32

32

1

1

1

cc

bb

aa

 

 = 

3322

3322

32

0

0

1

acac

abab

aa

−−

−−    133122 , RRRRRR −→−→  
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 = 

acacac

ababab

aa

acab

+++

+++−−
22

22

32

0

0

1

)((   233 RRR −→  

 = 

))((0

0

1

))(( 22

32

cbabcbc

ababab

aa

acab

++−−

+++−−  

 = 

cba

ababab

aa

bcacab

++

+++−−−

10

0

1

))()(( 22

32

 

 = (b – a)(c – a)(c – b)(ab + bc + ca) 

= R.H.S. 

 

 

Q.29  Give condition under which we can find λ  so that the following system of linear equations 

has a non-trivial solution. 

        
0zcybxa

0zcybxa

222

111

=++

=++
 

        ( ) ( ) ( ) 0zqpyqpxqp 332211 =λ++λ++λ+  (8) 

   

  Ans: 

Given system of equation 

0111 =++ zcybxa  

0222 =++ zcybxa  

0)()()( 332211 =+++++ zqpyqpxqp λλλ  is homogenous. For non trivial solution. 

R(A) = R(C) < n here n = 3 

Obviously R(A) = R(C) = 2  i.e.  0=A  

0

332211

222

111

=

+++ qpqpqp

cba

cba

λλλ

 

0

1

332211

222

1

1

1

1

=

+++

⇒

qpqpqp

cba

a

c

a

b

λλλ

 

( )11331222 , qpRRRaRR λ+−→−→  
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0

)()()()(0

0

1

11

1

1
3311

1

1
22

1

21
2

1

21
2

1

1

1

1

=

+−++−+

−−⇒

qp
a

c
qpqp

a

b
qp

a

ac
c

a

ab
b

a

c

a

b

λλλλ

 

R(A) must be 2. 

0)()( 11

1

1
22 =+−+∴ qp

a

b
qp λλ  

and 0)()( 11

1

1
33 =+−+ qp

a

c
qp λλ  

 

 Q.30 Find the Fourier series of the function defined by  

                  ( )




<≤ππ

π≤≤π+
=

0x-  :             -x -

x0   :              x
xf   (8)   

   

  Ans: 









≤≤−−−

≤≤+
=

0

0
)(

xx

xx
xf

ππ

ππ
 

Let ∑∑
∞

=

∞

=

++=
11

0 sincos
2

)(
n

n

n

n nxbnxa
a

xf  

Where ∫
−

=
π

π
π

dxxfa )(
1

0  

 = ∫∫ +
−

π

π
ππ

0

0

)(
1

)(
1

dxxfdxxf  

 = ππ
π

π
π

π

π

=++−− ∫∫
− 0

0

)(
1

)(
1

dxxdxx  

    π=0a  

Now  ∫
−

=
π

π
π

nxdxxfan cos)(
1

 

= ∫∫ ++−−
−

π

π

π
π

π
π

0

0

cos)(
1

cos)(
1

nxdxxnxdxx  

= [ ]1)1(
2
2

−− n

n π
 

an = 





 −

evenisnif

oddisnif
n

,0

,
4

2π  
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And nxdxxfbn sin)(
1
∫

−

=
π

π
π

 

nxdxxnxdxx sin)(
1

sin)(
1

0

0

∫∫ ++−−=
−

π

π

π
π

π
π

 

= [ ]n

n
)1(1

2
−−  

= 







evenisnif

oddisnif

,0

,
4

π  

Putting value of a0, an and bn in (1) 

∴ Fourier series 







+++





++−= ...

3

3sin

1

sin
4...

3

3cos

1

cos4

2
)(

22

xxxx
xf

π

π
 

   

 

Q.31  Find the Fourier series representing the function  

                        ( ) π<<= 2x0                   xxf   (8) 

 

  Ans: 

f(x) = x, 0 < x < 2π 
Let Fourier series of f(x) 

nxbnxa
a

xf nn sincos
2

)( 0 ∑∑ ++=  ………….(1) 

Where dxxfa ∫=
π

π

2

0

0 )(
1

 

      = π
π

π

2
1

2

0

=∫ dxx  

Now, nxdxxfan cos)(
1

2

0

∫=
π

π
 

    = nxdxx cos.
1

2

0

∫
π

π
 

    = 0 

Now, nxdxxbn sin
1

2

0

∫=
π

π
 

    = 

π

π

2

0

2

sin
1

cos1
















−






 −

n

nx

n

nx
x  

    = 
n

2
−  







+++−=∴ Lxxxx 3sin

3

1
2sin

2

1
sin2π  
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 Q.32 If F(t) is piecewise continuous and satisfies ( ) atMe tF ≤  for all 0t ≥  and for some 

constants  a and M then 

   ( ){ } ( )as,0s,tFL
s

1
dx)x(FL

t

0

>>=












∫  (8) 

   

  Ans: 

We are given at
MetF ≤)(  ………..(1) 

Without loss of generality, assume that a is positive. 

Let ∫=
t

dxxFfG
0

)()(  

Then G(t) is continuous. 

Also dxMedxxFtG

t

ax

t

∫∫ ≤≤
00

)()(  

( ) 0,1)( >−≤∴ ae
a

M
tG

at   ………….(2) 

Now )()( tFtG =′  except for points where F(t) is discontinuous. 

)(tG′∴  is piece-wise continuous on each finite interval. 

We know that if F(t) is continuous for all t 0≥  and of experimental order  a as, ∞→t  and if 

)(tF ′  is of class A, then 

  { })())(( tFpLtFL =′      ----------F(o) 

Therefore  { })())(( tpLtGL =′   ……….G(o) 

                                                   = { })(tpL   as G(o)=0 

 

    

Q.33  Define Inverse Laplace Transform of a function F(t). Prove that 

    .........
!11!8!5!21

1 11852

3

1 +−+−=








+

− tttt

s
L   (8) 

   

  Ans: 
1

333
11

1

1

1
−









+=

+ ppp
 

 = 







−−−+−+−

129633

1111
1

1

ppppp
 

 = 
12963

1111

pppp
−+−  

!11!8!5!21

1 11852

3

1 tttt

p
L −+−=









+
∴ −  
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Q.34  Solve x2siny2
dx

dy
3

dx

yd

2

2

=++ .  (8) 

   

  Ans: 

The given equation is  

( ) xyLDD 2sin32 =++  

Auxiliary equation is 

032 =++ LDD  

2,1 −−=∴D  

C.F = xx eCeC 2

21

−− +  

P.I = x
DD

2sin
23

1
2 ++

 

 = x
D

2sin
234

1

++−
 

 = x
D

2sin
23

1

−
 

 = x
D

D
2sin

49

23
2 −

+
 

 = x
D

2sin
40

23 +
−  

 = [ ]xx 2sin2cos3
20

1
+−  

 

Q.35  If a, b, c are real numbers such that 1cba 222 =++  and b + ic = (1 + a)z, where z is a 

complex number, then show that 
c1

iba

iz1

iz1

+

+
=

−

+
.  (8) 

   

  Ans: 

 

   
z

a1

icb
;z

a1

icb
;1cba 222 =

+

−
=

+

+
=++

 

   
a1

a1

)a1(

cb
zz;

a1

ic2
zz;

a1

b2
zz

2

22___

+

−
=

+

+
=

+
=−

+
=+

 

   

c1

iba

a1c2a1

a1bi2a1

a1

a1

a1

c2
1

a1

a1

a1

bi2
1

                     

zz)zz(i1

zz)zz(i1

zi1

zi1
.

iz1

iz1

iz1

iz1
Now

__

__

_

_

+

+
=

−+++

+−++
=

+

−
+

+
+

+

−
−

+
+

=

+−−

−++
=

+

+

−

+
=

−

+
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Q.36  Given that ,Azzz 321 =++  Bzzz 2
321 =ω+ω+  and ,Czzz 3

2
21 =ω+ω+  where ω  is a 

cube root of unity. Express 321 z,z,z  in terms of A, B, C and ω .  

  (8) 

  Ans: 

 

   
Czzz

Bzzz

Azzz

3
2

21

2
321

321

=++

=++

=++

ωω

ωω

 
   On adding,   

 

 

 

   

                               
3

z       Similarly 

                                
3

z 

)1(z)1(z)1(zAgain,

2

3

2

2

224

3

33

2

2

1

ωω

ωω

ωωωωωωωω

CBA

CBA

CBA

++
=

++
=⇒

++=++++++++

 

 

 

Q.37  Show that for all real µ , ( ) ( ) ( ) ( ) 1cos18cos48cos326cos 246 −µ+µ−µ=µ .    (8) 

   

  Ans: 

   .1cos18cos48cos32                   

)cos1()cos1(cos15)cos1(cos15cos6cos

sinsincosi6sincos15                         

sincosi20sincos15sincosi6cos           

)sini(cos)6sin(i)6cos(

246

32222246

6542

332456

6

−+−=

−−−+−−=⇒

−++

−−+=

+=+

µµµ

µµµµµµµ

µµµµµ

µµµµµµµ

µµµµ

 
 

Q.38  For any four vectors 
→→→→
dandc  , b  ,a prove that 











⋅










⋅−










⋅










⋅=










×⋅










×

→→→→→→→→→→→→
 c b d a d b c adc b a .  

  Hence prove  that 0 d c b a d bac d a c b =









×⋅










×+










×⋅










×+










×⋅










×

→→→→→→→→→→→→
       (8)  

   

   Ans: 

   [ ][ ] ).).(.().)(.(
..

..
. cbdadbca

dbcb

daca
dcba −==××  

   Adding the three relation we get 

                                            
3

CBA
z

CBA)1(z)1(zz3

1

2
3

2
21

++
=⇒

++=ω+ω++ω+ω++
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   0)()).(()).(( =×+××+×× dadbacdacb  

    

Q.39  In OAB∆  let aOA = , bOB = .  Then find the vector representing AB and OM, where M is 

the midpoint of AB.  (4) 

   

  Ans:    

    a -b  b  a-  AB  AO  AB =+=+=  

    
2

ba
OM

+
=  

   

 

 

 

 Q.40  Prove that the straight line joining the mid-points of two non-parallel sides of a 

trapezium is parallel to the parallel sides and is half their sum. (12) 

   

 

  Ans: 

    
   

   let ABCD be the trapezium and let A be at origin 

   2

)btd(b
AQ;

2

d
AP

btdAC,dAD,bAB

____

____

++
==

+===

 

   








 +
=








+=+=

+=−++=∴

AB

DCAB

2

1

AB

DC
1

2

1
)t1(

2

1

AB

PQ
and

b)t1(
2

1
d

2

1
bt

2

1
d

2

1
b

2

1
PQ

_____

 

                                          )DCAB(
2

1
PQ +=⇒  

   i.e.     PQ is parallel to AB and half the sum of parallel sides. 

 

 

Q.41  For reals A, B, C, P, Q, R find the value of determinant 

   

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )RCcosQCcosPCcos

RBcosQBcosPBcos

RAcosQAcosPAcos

−−−

−−−

−−−

 (8) 
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  Ans: 

   

0

0RsinRcos

0QsinQcos

0PsinPcos

0CsinCcos

0BsinBcos

0AsinAcos

QsinCsinQcosCcosPsinCsinPcosCcos

QsinBsinQcosBcosPsinBsinPcosBcos

QsinAsinQcosAcosPsinAsinPcosAcos

)RCcos()QCcos()PCcos(

)RBcos()QBcos()PBcos(

)RAcos()QAcos()PAcos(

==

−−−−−

−−−−−

−−−−−

=

−−−

−−−

−−−

 
 

 

Q.42  Using matrix method find the values of λ  and µ  so that the system of equations:    

   

17z8y7x

zyx3

12z5y3x2

=+−

µ=λ++

=+−

 has infinitely many solutions. (8) 

   

  Ans: 

   

















−−

−−

−

















−

−

















−

−

=

2110

7200

17871

~

12532

13

17871

~

17871

13

12532

]|[ µλµλµλBA  

    

 

    

                           x = 3 – z 

                           y = z – 2 

                           z = arbitrary 

    

   i.e.    infinite solution. 

 

 

Q.43  Solve the system of equations 

   

8zyx3

5z2yx

6zyx

=++

=+−

=++

 

   by using inverse of a suitable matrix. (8) 

 

   

 

 

 

⇒















 −

==

2-     1-    1      0

0      0     0      0

17871

~]|[7,2 BAIf µλ
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  Ans: 

   

.3,2,1                  

3z                                 

12                         

6

3-   1-   0     0

1-    1    2-   0

6     1     1     1

~

10-   2-   2-   0

1-      1    2-   0

6      1     1     1

~

8   1   1    3

5   2  1-   1

6   1   1    1

~

===⇒

−=−

−=+−

=++

















































zyx

zy

zyx

system

 

 

Q.44  Using Cayley-Hamilton theorem find 3A  for 







=

34

21
A . (8) 

   

  Ans: 

   

.054
34

21

34

21

2 =−−=
−

−
=−









=

λλ
λ

λ
λIA

A

 

      









=








+







=∴

+=

++=+=

+=⇒

=−−

∴

8384

4241

200

020

34

21
21

2021                                  

.5.451654A                            

54A                                  

054A                                      

theoremHamilton  -Cayley  

3

23

2

2

A

IA

IAAAA

IA

IA

By

 

 

Q.45  State whether the function f(x) having period 2 and defined by  

                       ( ) 1x1,x1xf 2 ≤≤−−=  

   is even or odd.  Find its Fourier Series. (16)     
 

   

  Ans: 

   

[ ]








+−=

−=−=

=−=

=∴

−=

∫

∫ ∫

∫

1

0

1

0

2

1

0

1

0

22

n

1

0

2

0

n

2

)(sin2sin)1(
2

)(sin1
2

cos)1(2a

                    
3

4
)1(2a

                      0b

                                   1)(

xxdnxxnx
n

xndx
n

xdxnx

dxx

functionevenanisxxf

ππ
π

π
π

π
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.cos
)1(4

3

2
f(x)

                                  
)1(4cos4

sin
4

1
2

1

2

22

1

22

1

0

xn
n

nn

n

xdxnx
n

n

n

n

π
π

ππ

π

π
π

∑

∫

∞

=

+

+

−
+=∴

−
=−=

=

 

 

Q.46  Find the Laplace transform of ( ) 2t2 tetf = . (8) 
       

 

  Ans: 

   Recall the first shift theorem 

                            )as(F))t(fe( at −=α −   

   

.
)2s(

2
)te())t(fe(soand

s

2

s

!2
)t(             

).s(F)f(where

3

2t2t2

33

2

−
=α=α

==α

=α

−−

 

   

 

Q.47  Solve ( ) .x2cosy1DD2 =++   (8) 

   

  Ans: 

( ) xyDD 2cos12 =++  

A.E = 012 =++ MM  

 
2

411 −±−
=⇒

i
M  

 
2

31 i±−
⇒  

C.F = 








+
−

xCxCe
x

2

3
sin

2

3
cos 21

2
1

 

P.I = x
D

x
DD

2cos
3

1
2cos

1

1
2 −

=
++

 

 = x
D

D
2cos

9

3
2 −

+
 

 = { }xx
D

xD
2cos32sin2

13

1

9

2cos)3(
2

+−−=
−

+
 

P.I = { }xx 2sin22cos3
13

1
−−  

⇒  Y = CF + P.I 
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Y = { }xxxCxCe
x

2sin22cos3
13

1

2

3
sin

2

3
cos 21

2
1

−−








+
−

 Ans. 

 

 

Q.48  Find the Inverse Laplace transform for ( )
( )4

s3

1s

e
sL

−
=

−

. (8) 

   Ans: 

   

3        t                                0                                

3         t            )3(
6

1

)1(

6

1

!3

1

)1(

1

33

4

3
1

3
3

4

1

4

1

<=

>−=








−
∴

==





=









−

−
−

−

−−

t
s

ttt

et
s

e
L

et
t

e
s

Le
s

L

 

  

 

Q.49  Solve the differential equation  

   xsin3y2
dx

dy
3

dx

yd

2

2

=++  

   given that y = -0.9 and 7.0
dx

dy
−= , when x=0 (8) 

   

   Ans: 

   2,1sin3)23( 2 −==++ mxyDD  

   C.F = xx eCeC 2

21

−− +  

   P.I. = xDx
D

x
DD

sin)13(
10

3
sin

13

1
3)sin3(

23

1
2

−=
+

=
++

 

   )cossin3(
10

32

21 xxeCeCy
xx −−+= −−  

   )cossin3(
10

3
2.2,

10

9
27.0,

10

3
9.0 2

2121 xxeeyCCCC
xx −−+−=−−−=−++=− −−

 

    

Q.50  Using the Laplace transform solve the differential equation 

   1)t(f3)t(f4)t(f =+′−′′  with initial conditions ( ) ( ) 00f0f =′= . (8) 

 



DE23/DC23 MATHEMATICS-II 

 47 

   Ans:

 

                                           
2

1

6

1

3

1
)(

)1(2

1

)3(6

1

3

1

3)-1)(s-s(s

1

                                     
)3)(1(

1
                        

)34s(s

1
F            

1
)34(

1
34

3

2

2

2

tt eetf

sss

sss

s

s
Fss

s
FsFFsequationSubsidiary

−+=∴

−
−

−
+=

−−
=

+−
=⇒

=+−⇒

=+−

 

 

 

Q.51  If n is a positive integer, prove that ( ) ( )
6

n
cos2i3i3 1nnn π

=−++ + .  (8) 

  Ans. 

    )sin  r(cos  i3 θθ i+=+  ………….(1) 

   3 rcos =θ  ………….(2) 

   1rsin =θ  ………….(3) 

   from (2) and (3), r = 2, /6  πθ =  

   
nnnn iririi )]sin(cos[)]sin(cos[)3()3( θθθθ −++=−++∴  

    )sin(cos)sin(cos θθθθ ninrninr nn −++=  

    θnr
n cos2=        ------>(4) 

   put the value of r and θ in eq n(y) we have 

    6
cos.)2.(2

πnn=
 

    6
cos2 1 πnn+=

 
  

Q.52  Find all the values of 
4

3

2

3
i

2

1










+  and show that the product of all these values is 1. 

  (8) 

   Ans: 

    )sin(cos
2

3

2

1
θθ irilet +=+   …………(1) 

    
2

1
cos =∴ θr   ……………(2) 



DE23/DC23 MATHEMATICS-II 

 48 

    
2

3
sin =θr   …………….(3) 

    .
3

1),3(&)2(
π

θ == andrfrom  

    
3

sin
3

cos
2

3

2

1
),1(

ππ
+=+ ifrom  

   or   

 

4/34/3 )
3

sin
3

(cos)
2

3

2

1
(

ππ
ii +=+

 

                     
4/1

)sin(cos ππ i+=
 

     







 +
+






 +
=

=+++=

4

)2(
sin

4

)2(
cos

3,2,1,0,)]2sin()2[cos( 4/1

ππππ

ππππ

m
i

m

mmim

 

    where m = 0, 1, 2, 3. 

  

.
4

7
sin

4

7
cos,

4

5
sin

4

5
cos

,
4

3
sin

4

3
cos,

4
sin

4
cos,









+








+









+








+∴

ππππ

ππππ

ii

iiarevaluesThe

 
  ∴The continued product of these roots 

   .1

)1(

)sin(cos

)4sin4(cos

4

7

4

5

4

3

4
sin

4

7

4

5

4

3

4
cos

4

4

=

−=

+=

+=









++++








+++=

ππ

ππ

ππππππππ

i

i

i

 
 

 

 Q.53 If the roots of 0i2izz 23 =++  represent vertices of a triangle in the Argand plane, then 

find area of the triangle.  (8) 

   

  Ans: 

   Roots are z = i, -i + 1, -i -1, 

   

111

111

110

2

1

−−

−=∆  

       = 2. 

      

Q.54  Find the value of ( ) cba
rrr

××  if  

   k̂2ĵ2îc,k̂ĵî2b,k̂2ĵî3a +−=−+=+−=
rrr

. (8) 

∴cosπ = -1 

and sinπ = 0 
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   Ans: 

          
















−








=

















−








−=









××−=×








×

→→→→→→

→→→→→→

→→→→→→

abcbac

bacabc

baccba

..

..

 

                            ( )
112

213

−

−=×

kji

ba  

                       = i(-1) + 7j + 5k 

              ( )
221

571

−

−=××

kji

cba       

   Now,  

                  

923.22. =







+−








+−=







 →→→→→→→→

kjikjiac

 

                  

22.22. −=







−+








+−=







 →→→→→→→→

kjikjibc

 

       

→→→

→→→→→→

→→→→→→

−+=









+−+








−+=









−








∴

kji

kjikji

abcbac

5724

23229

..

 
 

 Q.55 Prove that the sum of all the vectors drawn from the centre of a regular octagon to its 

vertices is the zero vector.  (8) 

 

  Ans: 

 

   Let ABCDEFGH be a regular octagon 

   And O the centre of this octagon, O is 

   the mid-point of diagonals AE, BF, CG and DH.  

   Now,    

         

→→→→→→→→

+++++++ OHOGOFOEODOCOBOA  
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    .
→

→→→→

→→→→→→→→

→→→→→→→→

=

+++=









−+








−+








−+








−=









++








++








++








+=

O

OOOO

ODODOCOCOBOBOAOA

OHODOGOCOFOBOEOA

 
  

Q.56  Find the moment about the point ( )6,4,2M −−  of the force represented in magnitude and 

position by 
→

AB , where the point A and B have the co-ordinates ( )3,2,1 −  and ( )2,4,3 −  

respectively.  (8) 

   

  Ans:  

   

( ) ( )

( ) ( )

.1498

562

323

)562()323(

323

64232

562

32243

kji

kji

kjikji

FrMoment

kji

kjikjiMA

kji

kjikjiAB

−−=

−

−=

+−×+−=

×=

+−=

−+−−−+=

+−=

+−−+−=

→→

→

→

 

   
( ) ( ) ( ) 3411498

222
=−+−+=momenttheofMagnitude

 
 

 Q.57 Show that 222

2

2

2

cba1

1cbcac

bc1bab

acab1a

+++=

+

+

+

. (8) 

     

  Ans: Multiplying C1 , C2,   & C3  by a, b and c respectively, we get 
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( )
( )

( )

1

1

1

ly.respectiveR andR,R from c & b a,common out  Taking

1

1

1
1

222

222

222

321

222

222

222

+

+

+

=

+

+

+

=∆

cba

cba

cba

abc

abc

cccbca

bcbbba

acabaa

abc

 

  

11

11

1

22222

22222

22222

3211

++++

++++

+++

=

++→

cbcba

cbcba

cbcba

CCCCNow

 

    )1(

10

01
)1(

100

010

1

)1(

RRRandRRRApplying

222

222

22

222

133122

cba

cba

cb

cba

+++=

+++=

+++=

−→−→

 
 

Q.58  Write the following system of equations in the  matrix form AX = B and solve this for X by 

finding A
-1

.    

   

2x2x3x

1xxx

4xxx2

321

321

321

=−−

=++

=+−

  (8) 

   

   Ans: 

    Writing the given equations in matrix form, we have 
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    























−−

−

−

==

















=

−=

−−

−

=

=

=

















=

































−−

−

−

5

3
1

5

4

5

1
1

5

3

5

2
1

5

1

A

AdjA
A

354-

1-5-3

2-5-1

A.Adj

5

231

111

112

2

1

4

231

111

112

1-

1

3

2

1

A

BAXor

BAXSo

x

x

x

 

   

1,1,1

1

1

1

2

1

4

5

3
1

5

4

5

1
1

5

3

5

2
1

5

1

x

x

x

BANow

321

3

2

1

-1

=−==∴

















−=









































−−

−

−

=

















=

xxx

X

 

 

 Q.59 Using matrix methods, find the values of λ  and  µ    so that the system of equations  

   

µ=λ−+

=−+

=++

zy3x2

8z2y3x7

9z5y3x2

. 

   has (i) unique solution and (ii) has no solution (8) 
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   Ans:     Ax = B 

    

[ ]

 9 5,                                      

0 9- and 05- -                                  

3  C(C)  C(A)solution  uniquefor )(

9500

2

47

2

39

2

15
0

9532

RRRandR
2

7
RR Applying

32

8237

9532

|

133122

≠−≠

≠≠

==



















−−−

−−−

−→−→

















−==

µλ

µλ

µλ

µλ

i

BAC

 

 

    (ii) For no solution 

                             C(A) ≠ C(C) 

         If       -λ-5 = 0        C( A ) = 2 

         And   µ-9 ≠ 0        C( C ) = 3 

 

    For unique solution       λ ≠ -5, µ ≠ 9 

          For no solution λ = -5, µ ≠ 9 

 

 

Q.60  Verify Cayley Hamilton theorem for the matrix 

   







=

1    3

2    1
A  .  

   Use Cayley Hamilton theorem to evaluate A
-1

 and hence solve the equations 

    
4yx3

3y2x

=+

=+
  (8) 
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  Ans: 

         

1y1,x                  

1

1
                  

4

3

13

21

5

1

y

x
           

BA  X              

B  AX              

13

21

5

1
A     

2I -A 5A     

I)AA(                           0I5A2A

0
00

00

10

01
5

13

21
2

76

47
I5A2A

052 isA  ofequation  sticcharacteri The

052
13

21
IA

13

21

10

01

13

21
IA

1-

1-

1-

1-2

2

2

2

==∴









=


















−

−
=









=

=










−

−
=

=

=∴=−−∴

=







=








−







−







=−−∴

=−λ−λ∴

=−λ−λ=
λ−

λ−
=λ−∴










λ−

λ−
=








λ−








=λ−

        

 

Q.61  Find the Fourier series for the functions 

                       ( ) ( ) π<<−= 2x0  ,xπ
4

1
xf

2
   (16)     

   

   Ans: 

       

[ ]

∫

∫

−=

=−−−=





−−=

−=

π

π

π

π
π

π
ππ

π
π

π

π
π

2

0

2

2
33

2

0

3

2

0

2
0

 cos)(
4

11

6
)(

12

1
)(

3

1

4

1
    

)(
4

11

nxdxxa

x

dxxa

n
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−−−−−++++
π

=

+
π

=−π∴

=















+

π
−−








+

π
−

π
=

















+






 −
−−π−

−
−π

π
=

−π
π

=

=




 π
+

π

π
=

















+

οπ
−−








+

ππ
+

π
=
















 −
−+







 −
−−π−−π

π
=

∑

∫
π

π

π

22

2

2

2
2

3

2

3

2

2

0

32

2

2

0

2

n

222

22

2

0

3

2

2

2

3

x3cos

2

x2cos

1

xcos

12
                    

nxcos
n

1

6
.

2

1
)x(

4

1

0
n

2

nn

2

n4

1

n

nxcos
2

n

nxsin
)1)(x(2

n

nxcos
.)x(

4

1

nxdxsin)x(
4

11
b

n

1

n

2

n

2

4

1

0
n

cos2
00

n

n2cos2
0

4

1

n

nxsin
)1(2

n

nxcos
)1)(x(2

n

nxsin
.)x(

4

1

  

 

 

Q.62  Find the Laplace transform ( )atsinteL at  (8) 

       

  Ans: 

     

( )

2

2

2

2

)(

)(

)(

1

)(

1

1
)(

ias

ias

ias

ias
teL

s
tL

iat

+

+
×

−
=

−
=∴

=

 

   
2222

222

)ais(

iaias2s
            

−

++
=  
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[ ]

222

2222

222

222

222222

22

222

22

)2a2as-(s

a)-2a(s
                         

)aa2as-(s

a)-2a(s
                          

)(

)(2
)}sin({

)(

2as
at)sinL(t      

have  weparts,imaginary   theEquating

)(

2

)(
)}sin(cos{

)(

2
           

+
=

++
=

+−

−
=∴

+
=

+
+

+

−
−=+∴

+

−+
=

aas

asa
atteL

as

as

as
i

as

as
atattL

as

aiass

at

 
 

Q.63  Find the inverse Laplace transform 
( )( )











++

+−

1s1s

1s2
L

2

1  (8) 

   Ans: 

       )1(1)1)(1(

12
22 +

+
+

+
=

++

+

s

CBs

s

A

ss

s

 

    2

3
C ,

2

1
B ,

2

1

2,1,0

)()()()12( 2

==
−

=∴

=+=+=+∴

+++++=+

A

CBCABA

CAsCBsBAs

  

          







+

+
+









+

−
=









++

+
∴ −−−

)1(2

)3(

)1(2

1

)1)(1(

12
2

11

2

1

s

s
L

s
L

ss

s
L

 

           = tsin
2

3
tcos

2

1
e

2

1 t ++−  

      

Q.64  Solve the differential equation 

                    ( ) x3cosy9D2 =+   (8) 

    

  Ans: 

      Auxiliary equation is 
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.3sin3cos..

3

9

09

21

2

2

xCxCFC

iD

D

D

+=

±=

−=

=+

 

   

)3(cos
)9(

1
..

2
x

D
IP

+
=

 
    It is a case of failure. 

      6

3sin

3

3sin

2

3cos
2

3cos
2

1
..

xx

xx

dxx
x

x
D

xIP

=

=

=

=∴

∫

 
    Y = C.F. + P.I. 

      6

3xsin x 
 3x sin  3cos 21 ++= CxC

 
   

Q.65  By using Laplace transform, solve the differential equation  

   ( ) 1
2

,10    ,2cos9
2

2

−=







==+

π
yyconditionsinitialwithty

dt

yd
 (8) 

 

      Ans: 

             

4s

s
)y9(0)y-sy(0)-y(s

2t cos  y9y

2

2

+
=+′

=+′′

 

                 
9)(s

A

9)(s

s

9)4)(s(s

s
  y

A(0)y |                      
4

)1()9(    

2222

2

2

+
+

+
+

++
=∴

=′
+

=−−+
s

s
Asys

 

               9)(s

A

9)5(s

4s

4)5(s

s
  y

222 +
+

+
+

+
=

 
           Taking inverse Laplace transform 
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.3sin
3

3cos
5

4
2cos

5

1

9

1
.

95

4

45

1
2

1

2

1

2

1

t
A

tt

s
LA

s

s
L

s

s
Ly

++=










+
+








+
+








+
= −−−

 

    
.

2

3
sin  

3

A
  

2

3
 cos 

5

4
   cos 

5

1
  1- 

1,- y  then 
2

  x 

ππ
π

π

++=∴

==when

 

           
3t)sin  3t  (cos

5

4
2cos

5

1

.
5

12

5

4

5

1
1

3

A

++=∴

=

=−=

ty

A

 
 

Q.66  A rigid body is spinning with angular velocity 27 radians per second about an axis parallel 

to k̂2ĵî2 −+ passing through the point k̂ĵ3î −+ . Find the velocity of the point of the body 

whose position vector is k̂ĵ8î4 ++ .  (8) 

   

  Ans: 

( )kji
kji

w ˆ2ˆˆ2
3

1

414

ˆ2ˆˆ2
ˆ −+=

++

−+
=  

( ) ( )kjikjiwww ˆ2ˆˆ29ˆ2ˆˆ2
3

1
.27ˆ −+=−+==

r
 

kjiw ˆ18ˆ9ˆ18 −+=
r

 

( ) ( )kjikjir ˆˆ3ˆˆˆ8ˆ4 −+−++=
r

 

   = kji ˆ2ˆ5ˆ3 ++  

rwv
rrr

×=  

    = 

253

212

ˆˆˆ

9 −

kji

 

     = [ ]kji ˆ7ˆ10ˆ129 +−  

 

Q.67  Find the sides and angles of the triangle whose vertices are k̂2ĵ2î +− , k̂ĵî2 −+  and 

k̂2ĵî3 +− .  (8) 
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   Ans: 

 

ABAB −=  
       = (2,1,-1) – (1,-2,2) 

       = kji ˆ3ˆ3ˆ −+  

BCBC −=  

        = (3,-1,2) – (2,1,-1) 

   = kji ˆ3ˆ2ˆ +−  

ACCA −=  

  = (3,-1,2) – (1,-2,2) 

  = ji ˆˆ2 +  

cosC = 
( )( )

14.5

ˆ3ˆ2ˆ.ˆˆ2. kjiji

BCAC

BCAC +−+
=  = 0 

0cos =⇒ C  

2

π
=⇒ C  

Now 
( )( )

1914

14

19.14

3ˆ3ˆˆ3ˆ2ˆ.
cos

×
−=

−++−
==

kjikji

ABBC

ABBC
B  

  








×

−
= −

1914

14
cos 1

B  

Now 
( )( )

95

9

19.5

3ˆ3ˆˆ2.
cos =

−++
==

kjiji

ABAC

ABAC
A  

  







= −

95

5
cos 1

A  

 

 

Q.68  Find the volume of the tetrahedron formed by the point (1,1,1) (2,1,3) (3,2,2,), (3,3,4). 

  (8) 
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  Ans: 

 

 

( ) ( )DADCADCDBA ×=×=
2

1
,

2

1
21  

( ) ( )ABACADBDAA ×=×=
2

1
,

2

1
43  

kjiDBDB ˆˆ2ˆ −−−=−=  

kjDCDC ˆ2ˆ −−=−=  

kjiDADA ˆ3ˆ2ˆ2 −−−=−=  

kjiACAC ˆˆˆ2 ++=−=  

kiABAB ˆ2ˆ +=−=  

( )
210

121

ˆˆˆ

2

1

2

1
1

−−

−−−=×=

kji

DCDBA  

        = ( ) 14
2

1ˆ2ˆ3
2

1
1 =⇒+− Akji  

( )
322

210

ˆˆˆ

2

1

2

1
2

−−−

−−=×=

kji

DADCA  

         = ( ) 21
2

1
2ˆ4ˆ

2

1
2 =⇒−+− Akji  

( )
121

322

ˆˆˆ

2

1

2

1
3

−−−

−−−=×=

kji

DBDAA  

        = ( ) 21
2

1ˆ2ˆˆ4
2

1
3 =⇒++− Akji  

( )
201

112

ˆˆˆ

2

1

2

1
4

kji

ABACA =×=  

        = ( ) 14
2

1ˆˆ3ˆ2
2

1
4 =⇒−− Akji  
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∴ Area of Trapezium = 4321 AAAA +++  

    = 2114 +  

    = 3727 ×+×  

    = [ ]327 +  

 

    

Q.69  The centre of a regular hexagon is at the origin and one vertex is given by i3 +  on the 

Argand diagram. Determine the other vertices. (8)  

   

  Ans: 

   

 

      y 

   ( )F1,3−         ( )1,3A  

 

 

            60 

    (-2, 0)E        x 

              O(0,0)                 B(2, 0) 

 

 

    

   ( )D1,3 −−    ( )1,3 −−C  

 

( )1,3A ,  B(2,0),  ( )1,3 −−C  

      ( )1,3 −−D ,      E(-2,0),     ( )1,3−F  

   2.2,600 =∴==∠ OBOAAOB  

 

 

Q.70  Prove that the general value of  θ  which satisfies the equation 

   ( ) ( ) ( ) ,
)1n(n

m4
 is 1nsinincos2sini2cos sinicos

+

π
=θ+θθ+θθ+θ L  

   where m is any integer  (8) 

   

  Ans: 

−−−+++ )3sin3)(cos2sin2)(cossin(cos θθθθθθ iii  

     1)sin(cos =+− θθ nin  

1)2sin()2cos( =+−−−++++−−−++ θθθθθθ ninor  

1)21sin()21cos( =+−−++++−−++ θθ nin  

1)1(
2

sin)1(
2

cos =





++





+ θθ n

n
in

n
 

Equating real part on both side 
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1)1(
2

cos =+ θn
n

 

02)1(
2

±=+⇒ πθ mn
n

 

πθ mnn 4)1( =+⇒  

)1(

4

+
=

nn

mπ
θ  

 

 

Q.71  Use De Moivre’s theorem to solve the equation x
4
–x

3
+x

2
–x+1=0 (8) 

   

  Ans: 

Given that 01234 =+−+− xxxx  

Multiplying on both side by (x + 1) 

015 =+⇒ x  
5

1

)1(−=⇒ x  

[ ] 5
1

)2sin()2cos( ππππ +++=⇒ ninx  

   Putting n = 0,1,2,3,4 

),sin(cos,
5

3
sin

5

3
cos,

5
sin

5
cos ππ

ππππ
iii +








+








+  









+








+

5

9
sin

5

9
cos,

5

7
sin

5

7
cos

ππππ
iandi  

But 







−+








−=+

5

3
2sin

5

3
2cos

5

9
sin

5

9
cos

π
π

π
π

ππ
ii  

    = 
5

3
sin

5

3
cos

ππ
i−  

Hence roots of 015 =+x  are 

1
5

sin
5

cos
5

sin
5

cos −







±








± andii

ππππ
 

But root → corresponding to (x + 1) 

∴ Root of the equation 01234 =+−+− xxxx  









±








±

5

3
sin

5

3
cos

5
sin

5
cos

ππππ
iandi  

 

 

Q.72  Show that  

   ( )λ++++λ=

λ+

λ+

λ+

λ+

22223

2

2

2

2

dcba

dcdbdad

cdcbcac

bdbcbab

adacaba

 (8) 
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  Ans: 

λ

λ

λ

λ

+

+

+

+

2

2

2

2

dcdbdad

cdcbcac

bdbcbab

adacaba

 

= 

)(

)(

)(

)(

1

2222

2222

2222

2222

λ

λ

λ

λ

+

+

+

+

dddcdbda

cdcccbca

bdbcbbba

adacabaa

abcd
 

= 

λ

λ

λ

λ

+

+

+

+

2222

2222

2222

2222

dcba

dcba

dcba

dcba

abcd

abcd
 

     43211 ccccc +++→  

= 

λ

λ

λ

λ

λ

+

+

+

+

++++

22

222

222

2222

2222

11

1

1
)(

db

dcb

dcb

dcba

dcba  

     122 RRR −→  

     133 RRR −→  

     344 RRR −→  

= 

λ

λ

λ
λ

000

000

000

1

)(

222

2222

dcb

dcba ++++  

= 

λ

λ

λ

λ

00

00

00

)( 2222 ++++ dcba  

= )( 22223 λλ ++++ dcba  

     R.H.S. hence proved. 

 

  

Q.73  Express the following matrix as a sum  of a symmetric matrix and a skew symmetric matrix.  

   















−

505

432

171

.  (8) 
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  Ans: 















−

=

505

432

171

A  















−

=

541

037

521
t

A  

Thus 

1046

469

692−

=+ t
AA  and  

















−

−

−

=−

044

405

450
t

AA  

)(
2

1
)(

2

1 tt
AAAAA −++=  

022

20
2

5

2
2

50

523

23
2

9

3
2

91

−

−

−

+

−

=A  

A = symmetric + skew symmetric 

 

Q.74  Find the values of λ, for which following system of equations has non-trivial solutions. 

Solve equations for all such values of λ. 

   

( ) ( )
( ) ( ) ( )

( ) ( ) 0z13y13x2

0z3y24x1

0z2y13x1

=−λ++λ+

=+λ+−λ+−λ

=λ++λ+−λ

  (8) 

   

  Ans: 

AX = B 

[ ]BAC :=⇒  

















−+

+−−

+−

=

)1(3132

3241

2131

λλ

λλλ

λλλ

A  

If system of equations has non-trivial solution then R(A) = R(C) < n = 3 

0=∴ A  

0

)1(3132

3241

2131

=

















−+

+−−

+−

⇒

λλ

λλλ

λλλ

 

    211 RRR −→  

0

33132

3241

330

=

















−+

+−−

−+−

λλ

λλλ

λλ
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    322 CCC +→  

0

33262

3151

300

=

















−−

++−

−

λλ

λλλ

λ

 

0)]15(2)26)(1)[(3( =+−−−−⇒ λλλλ  

0]186)[3( 2 =−−⇒ λλλ  

3,3,0=λ  

Putting λ = 0 

















−

−−

−

=

312

321

011

A  

    122 RRR −→  

    133 2RRR +→  

= 

















−

−

−

330

330

011

 

    133 RRR +→  

= 

















−

−

000

330

011

 

0=+−⇒ yx  

 033 =+− zy  let 1kz =  

   11, kxky ==  (infinite solution) 

At λ = 3   

















=

6102

6102

6102

A  

    122 RRR −→  

    133 RRR −→  

          = 

















000

000

6102

  2x + 10y + 6z = 0 

    Let 32 , kzky ==  

    32 35 kkx −−= . 

 

Q.75  Find the characteristic equation of the matrix 

















=

211

010

112

A  and hence evaluate the matrix 

equation A
8
–5A

7
+7A

6
–3A

5
+A

4
–5A

3
+8A

2
–2A+I.  (8) 
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  Ans: 

0=− IA λ  

0

211

010

112

=

−

−

−

⇒

λ

λ

λ

 

0375 23 =−+−⇒ λλλ  

By using Cayley-Hamilton Theorem 

0375 23 =−+− IAAA  

Now, IAAAAAAAA +−+−+−+− 285375 2345678  

= IAAIAAAAIAAAA +++−−−+−+− 223235 )375()375(  

= IAAAA ++++ 25 0.0.  

= IAA ++2  

















=

544

010

445
2

AQ  

















+

















+

















=++

100

010

001

211

010

112

544

010

445
2

IAA  

        = 

















855

030

558

 

 
        

 

 

Q.76  Expand π<<−= 2x0  ,xcos1)x(f in a Fourier Series. 

   Hence evaluate L+++
7.5

1

5.3

1

3.1

1
  (16)   

   

  Ans: 

  xxf cos1)( −=  

nxbnxa
a

xf
n

n

n

n sincos
2

)(
11

0 ∑∑
∞

=

∞

=

++=  

Where, π20,
2

sin2cos1)( <<=−= x
x

xxf  

dx
x

xfa
2

sin2
1

)(
1

2

0

2

0

0 ∫∫ ×==
ππ

ππ
 

 = 
ππ

π
24

sin22
1

0

=× ∫ dt  
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∫=
π

π

2

0

cos)(
1

nxdxxfan  

 = nxdx
x

cos
2

sin2
1

2

0

∫
π

π
 

 = ∫×
π

π

2

0

cos
2

sin22
2

1
nxdx

x
 

 = dxxnxn∫ 















−+








+

π

π

2

0
2

1
sin

2

1
sin

2

1
 

 = dxxnxn∫ 















−−








+

π

π

2

0
2

1
sin

2

1
sin

2

1
 

 = 
( )

( )
( )

π

π

2

02
1

2
1

2
1

2
1 coscos

2

1









−

−
+

+

+−

n

xn

n

xn
 

 = 
( ) ( ) 

















−







−

−
+









−







+

+
− 12

2

1
cos

1
12

2

1
cos

1

2

1

2
1

2
1

ππ
π

n
n

n
n

 

 = 
( ) ( )







−
−

+
2
1

2
1

22

2

1

nnπ
 

 = 








−
−

+ )12(

1

)12(

1

2

4

nnπ
 

 = 
)14(2

8
2 −

−

nπ
 

 = 
)41(2

8
2

n−π
 

nxdxxfbn sin)(
1

2

0

∫=
π

π
 

 = nxdx
x

sin
2

sin2
1

2

0

∫
π

π
 

 = nxdx
x

sin
2

sin
2

2

0

∫
π

π
 

 = nxdx
x

sin
2

sin2
2

2
2

0

∫
π

π
 

 = ∫ 















+−








−

π

π

2

0
2

1
cos

2

1
cos

2

1
dxxnxn  

 = ∫ 















+−








−

π

π

2

0
2

1
cos

2

1
cos

2

1
dxxnxn  
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 = 
( )

( )
( )

π

π

2

02
1

2
1

2
1

2
1 sinsin

2

1









+

+
−

−

−

n

xn

n

xn
 

 = 
























+

+
−

−















− ππ

π
2

2

1
sin

11
2

2

1
sin

2

1

2
1

2
1

n
nn

n  

 = 





+

+
−

−
− ππ

π
)12sin(

12

2

12

2
)12sin(

2

1
n

nn
n  

0=nb  

Thus the fourier series is 

nx
n

xf
n

cos
)41(

2422
)(

1
2∑

∞

= −
+=

ππ
 







−−−=− ...3cos

35

2
2cos

15

2
cos

3

2
1

22
cos1 xxxx

π
 

Let x = 0, 

0 = 





+++− ...

7.5

1

5.3.1

1

3

12422

ππ
 







+++= ...

7.5

1

5.3

1

3.1

12422

ππ
 

Thus 
2

1
...

7.5

1

5.3

1

3.1

1
=+++  

 

 Q.77 Simplify 

n

θ Cos iθSin 1

θ Cos iθSin 1









−+

++
.   (8) 

   

  Ans: 

   

n

i

i









−+

++

θθ

θθ

cossin1

cossin1
 

= 

n

i

i









−+

++

θθ

θθ

sincos1

sincos1
  putting φ

π
θ −=

2
 

= 

n

i

i









−

+

222

2

222

2

cos.sin2cos2

cos.sin2cos2
φφφ

φφφ

 

= 

n

i

i









−

+

22

22

sincos

sincos
φφ

φφ

 

= ( ) ( ) nn

ii
−

−+
2222

sincos.sincos
φφφφ

 

= ( ) ( )nn

ii
2222

sincos.sincos
φφφφ ++  

= φφ sincos in +  

= 







−+








− θ

π
θ

π
n

n
in

n

2
sin

2
cos  
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 Q.78 Find all the values of  ( ) 51i1+ .  (8) 

   

  Ans: 

Let )sin(cos)1( θθ iri +=+  

4
,2

π
θ ==r  

5
1

5
1

5
1

4
2sin

4
2cos)2()1( 
















++








+=+

π
π

π
π nini  

  = 

5
1

10
1

4

8
sin

4

8
cos2 















 +
+






 + nn
i

nn ππ
 

  = 














 +
+






 +

20

8
sin

20

8
cos2 10

1 nn
i

nn ππ
 

Putting n = 0,1,2,3,4 

= ,
20

9
sin

20

9
cos2,

20
sin

20
cos2 10

1
10

1







+





+

ππππ
ii  

 ,
20

25
sin

20

25
cos2,

20

17
sin

20

17
cos2 10

1
10

1







+





+

ππππ
ii  

 





+

20

33
sin

20

33
cos2 10

1 ππ
i  

 

 

 Q.79  If 1Z  and 2Z  are two complex numbers, prove that 
2

2
2

1
2

21 ZZZZ +=+  

   If and only if 
2

1

Z

Z
 is purely imaginary. (8) 

   

   Ans: 

Prove that 

2

12

2

2

1

2

21
z

z
zzzz ⇔+=+  is purely imaginary 

First assuming that 
2

2

2

1

2

21 zzzz +=+  and prove that 

2

1

z

z
 is purely imaginary 

Given 
2

2

2

1

2

21 zzzz +=+  

Let ),(),( 222111 iyxziyxz +=+=  

( ) ( ) ( ) ( ) 2

22

2

11

2

2121 iyxiyxyyixx +++=+++  

( ) ( ) 2

2

2

2

2

1

2

1

2

21

2

21 yxyxyyxx +++=+++⇒  

02121 =+⇒ yyxx  (given) 

Now we have 
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)(

)(

)(

)(

22

22

22

11

2

1

iyx

iyx

iyx

iyx

z

z

−

−
×

+

+
=  

 = 
2

2

2

2

21212121

yx

yyxiyyixxx

+

++−
 

 = 
2

2

2

2

21212121 )(

yx

yxxyiyyxx

+

−++
 

 = 
2

2

2

2

2122 )(0

yx

yxxyi

+

−+
 

 = 
2

2

2

2

2122 )(

yx

yxxyi

+

−
 

2

1

z

z
 is purely imaging 

Conversely assuming that 
2

1

z

z
 is purely imaging and we shall prove that 

2

2

2

1

2

21 zzzz +=+  

2

2

2

2

2121

2

1 )(

yx

yxxyi

z

z

+

−
=Q  (purely imaging i.e. Real part 0) 

2

2

2

2

21212121

2

1 )(

yx

yxxyiyyxx

z

z

+

−++
=  

 = 
))((

))((

2222

2211

iyxiyx

iyxiyx

−+

−+
 

 02121 =+⇒ yyxx  

 022 2121 =+⇒ yyxx  
2

2

2

1

2

2

2

121

2

2

2

121

2

2

2

1 22 yyxxyyyyxxxx +++=+++++⇒  
2

2

2

2

2

1

2

1

2

21

2

21 )()( yxyxyyxx +++=+++⇒  
2

22

2

11

2

2121 )()()()( iyxiyxyyixx +++=+++⇒  

2

2

2

1

2

21 zzzz +=+⇒  

 

    

Q.80  A vector x
r

 satisfies the equation 0ax;bcbx =××=×
rrrrrr

.  Prove that 
( )
( ) b

b.a

c.a
cx

r
rr

rr
rr

−=  

provided a
r

and b
r

 are not perpendicular. (8)  

   

  Ans: 

In question condition must be 0≠× ax  instead of 0=× ax  

0, =××=× axbcbx  

)()( bcabxa ××=××⇒  

bcacbabxaxba ).().().().( −=−⇒  
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b
ba

ca
c

ba

bxa
x

.

.

.

).(
. −=⇒  

 (given condition 0=× ax  is wrong it should be 0≠× ax  or x.a = 0) 

ba

ca
c

ba

b
x

.

.

.

.0
−=−⇒  

b
ba

ca
cx

.

.
−=⇒  

 

    

 Q.81 Using vector methods prove that the diagonals of a parallelogram bisect each other. (8) 

   

  Ans: 

 

 
 

In parallelogram AB  = DC  

⇒  position vector )( ab
rr

−  = position vector )( dc
rr

−  

acdb +=+⇒  

22

acdb +
=

+
⇒  

⇒  mid point of BD  = mid point of AC  

∴ Diagonal of gm||  bisect to each other. 

 

 

Q.82  The constant forces 2i – 5j + 6k, -i+2j-k and 2i + 7j act on a particle which is displaced from 

position 4i – 3j – 2k to position 6i + j – 3k.  Find the total work done.  (8) 

   

Ans: 

kjifffF 5ˆ43321 ++=++=
r

 

Displacement = (6i + j – 3k) - )ˆ2ˆ3ˆ4( kji −−  

   = kji ˆˆ42 −+  

w = f.d = )ˆ4ˆ2).(5ˆ4ˆ3( kjikji −+++  

 = 6 + 16 – 5 

 = 17 N 

 

 

Q..83 Show that  
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   ( )322

22

22

222

ba1

ba1a2b2

a2ba1ab2

b2ab2ba1

++=

−−−

+−

−−+

 (8) 

   

  Ans: 

322

22

22

22

)1(

122

212

221

ba

baab

abaab

babba

++=

−−−

+−

−−+

 

Applying 311 bccc −→  on L.H.S. 

= 

2222

22

22

12)1(

210

221

baabab

aba

babba

−−−++

+−

−++

 

     133 bRRR −→  

= 

222

22

22

1)1(20

210

221

baba

aba

babba

+−+−

+−

−++

 

= )]1(4)1)(1)[(1( 22222222 babababa +++−+−++  

= )]1(4})1)[{(1( 2222222 baabba ++−+++  

= )]1(4)1(2)1)[(1( 222242222 babaabba +++−++++  

= ])1(2)1)[(1( 4222222 ababba ++++++  

= 22222 )1)(1( baba ++++  

= 322 )1( ba ++   = R.H.S.  Hence proved. 

 

  

 Q.84 Write the following equations in the matrix form AX = B and solve for X by finding 1A− .  

   

8zyx3

0zyx2

3z2yx

=−+

=+−

=−+

  (8) 

   

  Ans: 

















=

































−

−

−

8

0

3

113

112

211

z

y

x

 

 

BA =×  
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5

113

112

211

−=

















−

−

−

=A  

5
13

12
)1(,0

11

11
)1( 3

12

2

11 =
−

−==
−

−
−= aa  

1
11

21
)1(,5

13

12
)1( 5

21

4

13 −=
−

−
−==

−
−= aa  

1
11

21
)1(,2

13

11
)1(,5

13

21
)1( 4

31

5

23

4

22 −=
−

−==−==
−

−= aaa  

3
12

11
)1(,5

13

21
)1( 6

33

5

32 −=
−

−=−=
−

−
−= aa  

















−

−

−−

−==

















−

−−

= −

325

555

110

5

1

325

555

110

).( 1

A

adjA
AAAdj  

BA =×Q  

































−−

−−==×∴ −

8

0

3

1

111

0

5
3

5
2

5
1

5
1

1
BA  

         = 
5

9,5,
5

85

5
9

5
8

===

















zyx  

 

 

 Q.85 Test the consistency of the following equations and if possible, find the solution 

   

21z9y3x15

1z3yx

8z6y2x4

=+−

−=−+

=+−

  (8) 

   

  Ans: 

Given system of equation 

















−=

















−

−

−

21

1

8

9315

311

624

z

y

x

 

BA =×  

Now [ ]
21:9315

1:311

8:624

:

−

−−

−

== BAc  

      21 RR ⇔  
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= 

















−

−

−−

21:9315

8:624

1:311

 

      122 4RRR −→  

      133 15RRR −→  

    = 

















−

−

−−

36:54180

12:1860

1:311

 

      
6

2
2

R
R →  

      
18

2
3

R
R →  

    = 

















−

−

−−

2:310

2:310

1:311

 

      233 RRR −→  

    = 

















−

−−

0:000

2:310

1:311

 

    R(A) = R(C) < n 

    ⇒  R(A) = R(c) = 2 < 3 

∴ Given system of equation is a consistent 

Now we have   















−

=

































−

−

0

2

1

000

310

311

z

y

x

 

Let z = k,  -y + 3z = 2 

   -y = 2 – 3k 

 

   y = 3k – 2 

x + y – 3z = -1 

x = -1 – 3k + 2 + 3k 

x = +1 

Different value of k, system has infinite solution. 

 

Q .86 Obtain the characteristic equation of the matrix 

















=

302

120

201

A  and use Cayley-Hamilton 

theorem to find its inverse.  (8) 
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  Ans: 

01 =− λA ,   characteristic equation 

0

302

120

201

=

−

−

−

λ

λ

λ

 

i.e. 0276 23 =++− λλλ  ……………..(1) 

by using Clayey-Hamilton Theorem, A satisfying (1) 

0276 23 =++− IAAA  

0276 12 =++−⇒ −
AIAA  

IAAA 762 21 −+−=⇒ −  

















−

















+

















−=⇒ −

100

010

001

7

302

120

201

6

1308

512

805

2 1
A  

















−−

−

−

=⇒ −

204

112

406

2 1
A  

















−

−

−

=⇒ −

102

1

203

2
1

2
11

A  

 
        

 

 

Q.87   Find the Fourier series expansion for the function  

   ( ) ( ) π<<−π= 2x0,x
2

1
xf .  (16)    

   

  Ans: 

Let nxbnxa
a

xf
n

n

n

n sincos
2

)(
11

0 ∑∑
∞

=

∞

=

++=   …………….(1) 

Now, we have 

dxxdxxfa ∫∫ −==
ππ

π
ππ

2

0

2

0

0 )(
1

)(
1

 

      = 

π

π
π

2

0

2

22

1








−

x
x  

   00 =a  

Now, nxdxxfan cos)(
1

2

0

∫=
π

π
 

     = nxdxx cos)(
2

1
2

0

∫ −
π

π
π
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  = nxdxxnxdx cos
2

1
cos

2

1
2

0

2

0

∫∫ −
ππ

π
π

π
 

  = 







−− ∫∫

ππ

π

2

0

2

0

sinsin

2

1
0 dx

n

nx

n

nxx
 

  = 

π

π

2

0

2

cos

2

1






−

n

nx
 

  0=na  

  Now, nxdxxbn sin)(
2

11
2

0

−= ∫
π

π
π

 

  = nxdxxnxdx sin
2

1
sin

2

1
2

0

2

0

∫∫ −
ππ

π
π

π
 

  = nxdxx sin
2

1
2

0

∫−
π

π
 

  = 







+

−
− ∫ dx

n

nx

n

nxx
ππ

π

2

0

2

0

cos)(cos

2

1
 

  = 

π

π

2

0

2

sin)(cos

2

1








+

−
−

n

nx

n

nxx
 

  = 





−−

n

nπ
π

π

2cos
2

2

1
 

  = 
nn

n 12cos
=

π
 

  nx
n

xf
n

sin
1

)(
1

∑
∞

=

=∴  

  ...3sin
3

1
2sin

2

1
sin)(

2

1
+++=− xxxxπ  

  

  

Q.88  Find the Laplace transform of { }4tSin  etL t2 . (8) 

   

  Ans: 

}4sin{ 2 tetL t  

Q we know that  
16

4
}4{sin

2 +
=

s
tL  

)(
16)1(

4
}4sin{

2
sf

s
teL t =

+−
=∴  

)()1(}4sin{ 1
sf

ds

d
tteL

t −=  
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  = 






+−
−

172

4
2

ssds

d
 

  = )(
)172(

)22(4
22

sF
ss

s
=

+−

−
 

  Now, )(}4sin{ 2
sF

ds

d
tetL

t −=  

          = 








+−

−
−

22 )172(

)1(8

ss

s

ds

d
 

          = 
32

2

)172(

)1363(8

+−

−−

ss

ss
 

 
       

Q.89  Find the Inverse Laplace transform of 








++

+−

25s6s

1s
L

2

1  (8) 

  Ans: 









++

+−

256

1
2

1

ss

s
L  

= 








++

+−

16)3(

1
2

1

s

s
L  

= 








++

−+−

16)3(

23
2

1

s

s
L  

= 








++
+









++

+ −−

16)3(

1
2

16)3(

3
2

1

2

1

s
L

s

s
L  

= 








+
−









+

−−−−

16

1
2

16 2

13

2

13

s
Le

s

s
Le

tt  

= tete
tt 4sin

4

1
.24cos. 33 −− −  

= ]4sin4cos2[
2

1 3
tte

t −−  

 
  

 

Q.90   Solve the differential equation  

   x2Siny6
dx

dy
5

dx

yd

2

2

=+− .  (8) 

   

  Ans: 

xyDD 2sin)65( 2 =+−  

065.. 2 =+− mmEA  

  m = 2, 3 

C.F. = xx ecec 3

2

2

1 +  
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P.I. = x
DD

2sin
)65(

1
2 +−

 

 = x
D

2sin
652

1
2 +−−

 

 = x
D

2sin
654

1

+−−
 

 = x
D

2sin
)25(

1

−−
 

 = x
d

D
2sin

425

)25(
2 −

+−
 

 = x
D

2sin
4425

)25(

−−×

+−
 

 = x
D

2sin
104

)25(

−

+−
 

 = xx 2sin22cos
104

10
+  

 = xx 2sin
52

1
2cos

52

5
+  

y = C.F + P.I 

 = ( ) xxecec
xx 2sin

52

1
2cos

52

53

2

2

1 +++  

 
 

Q.91  By using Laplace transform solve the differential equation 

   ,t2costy
dt

yd

2

2

=+  with initial conditions 0
dt

dy
,0y == , when t = 0. (8) 

   

  Ans: 

ttyD 2cos)1( 2 =+  ………………..(1) 

0,0,0 === t
dt

dy
y  

Taking Laplace transform of equation (1) 

}2cos{)( ttLyyL =+′′  









+
−=+′−−

4
}{)0()0(}{

2

2

s

s

ds

d
yLysyyLs  

   
4

2

4

1
}{)1(

2

2

2

2

+
+

+
−=+

s

s

s
yLs  

    
222

2

)4)(1(

4
}{

++

−
=

ss

s
yL  









+
+

+
+

+
−=

2222 )4(

1

3

8

)4(

1

9

5

)1(

1

9

5
}{

sss
yL  
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







+
+









+
+









+
−= −−−

22

1

2

1

2

1

)4(

1

3

8

)4(

1

9

5

)1(

1

9

5

s
L

s
L

s
Ly  

     = dxxtxtt

t

)(2sin
2

1
.2sin

2

1

3

8
2sin

18

5
sin

9

5

0

−++− ∫  

        By convolution 

   = { }dxtxttt

t

∫ −−++−
0

2cos)42cos(
3

1
2sin

18

5
sin

9

5
 

   = 

t

txxttt
0

2cos)42sin(
4

1

3

1
2sin

18

5
sin

9

5






−−−++−  

   = tttttt 2sin
12

1
2cos

3

1
2sin

12

1
2sin

18

5
sin

9

5
+−++−  

   = tttt 2cos
3

1
2sin

9

4
sin

9

5
−+−  

 

 

Q.92  Find the moment of the force F  about a line through the origin having direction of 

kji ˆˆ2ˆ2 ++ , due to a 30 Kg force acting at a point (– 4, 2, 5) in the direction of 

kji ˆ3ˆ4ˆ12 −− .  (8) 

   

  Ans: 

Let D be given line through the origin O and F
r

 be the force through A(-4, 3, 5). 

kjiOA ˆ5ˆ2ˆ4 −+−=  

13

)ˆ3ˆ4ˆ12(30 kji
F

−−
=

r
 

∴ Moment of F
r

 about FOAO
r

×=  

  = ( )kji

kji

ˆ4ˆ36ˆ13
13

60

13

90

13

120

13

360

524

ˆˆˆ

++−=

−−

−−  

Thus the moment of f
r

 about the line D
r

 

  ( ) 








++

++
++−

144

22
.ˆ4ˆ36ˆ13

13

60 kji
kji  

  
13

2040

13

2040
)47226(

13

20
=−=++−  

 

  

Q.93  Prove that the right bisectors of the sides of a triangle intersect at its circum centre. 

 (8) 
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  Ans: 

Let A,B,C be the vertices of ∆ ABC, the mid-point of the sides BC, CA and AB are D,E,F 

let ┴ at D and E to BC and CA respectively 

interests the point )(RP
r

; then 0. =CBPD
sr

 

( ) 0.
2

=−








 +
− BC

CB
R

rr
rr

r
   ……….(1) 

And ( ) 0.
2

0. =−








 +
−⇒= CA

CA
RACPE

rr
rr

rrr
  

                                                           ……(2) 

Adding (1) & (2) , we get 

( ) 0.
2

=−






 +
− BA

BA
R  so ABFP ⊥  

PBPA =⇒  if RBRA
rrrr

−=−  

( ) 0.
2

=−






 +
−⇒ BA

BA
R  Ans. 

 

 

Q..94  Show that the components of a vector B  along and perpendicular to A  in the plane of 

A and B  are 








 ⋅
2

A

BA
A  and 

( )
2

A

ABA ××
. (8) 

   

   Ans: 

Let BBOAAO
rrrr

== ,  and OM be the projection of B
r

 on A
r

. 

Component of B
r

 along A
r

 = OM 

= ( )
A

A

A

AB
AAB

rrr
r











=

.ˆˆ.  

A
A

AB r
rr

.
.
2

⇒  

 

 

Also component of A
A

AB
BMOBOBMAB

r
rr

rrrrrr
.

.
2

−=−==⊥  

       = 
2

)(

A

ABA
rrr

××
     Ans. 

 

    

Q.95  If ( ) αϕθ iei =+tan show that 
22

1 π
θ 








+= n  and 








+=

24
tanlog

2

1 απ
φ .  (8)  
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  Ans: 

ααφθ sincos)tan( ii +=+  

∞→=
+−

=
0

cos2

sincos1

cos2
2tan

22

α

αα

α
θ  

22

1

2
2

π
θ

π
πθ 








+=⇒+=⇒∴ nn  

Also 
)tan()tan(1

)tan()tan(
2tan

φθφθ

φθφθ
φ

ii

ii
i

−+−

−−+
=  

  = αφ sintanh ii =  

  Or 

  
1

sin
22

22 α
φφ

φφ

=
+

−
⇒

−

−

ee

ee
   (By Componendo and Devidendo) 

  
α

α
φ

φ

sin1

sin1
2

2

−

+
=⇒

−
e

e
 

  







+=⇒









−

+
=⇒

24
tan

tan1

tan1 2

2

2

24 απφ

α

α
φ

ee  

  







+=⇒

24
tanlog

2

1 απ
φ  Ans. 

 

    

 Q.96 If ( ) ( ) ( ) iBAiba..................iba iba nn +=+++ 2211  then 

A

B

a

b

a

b

a

b

n

n 11

2

21

1

11 tantan..............tantan −−−− =+++ . (8) 

   

  Ans: 

Let ,___2,1),sin(cos njiriba jjjjj =+=+ αα  

)sin(cos θθ iRiBA +=+⇒  

Now iBAibaibaiba nn +=+++++ )(.......))(( 2211  

[ ] )sin(cos)......sin()......cos(...... 212121 θθαααααα iRirrr nnn +=++++⇒  

nrrrR ......, 21=⇒  

Or 

( )( ) ( )222

2

2

2

2

1

2

1

22 ............ nn bababaBA +++=+  

A

B

a

b

a

b

a

b

n

n 11

2

2

1

11 tantan...........tantan −−− =++⇒  

 

 

Q.97  Show that the origin and the complex numbers represented by the roots of the equation 

02 =++ bazz , where a, b are real, form an equilateral triangle if ba 32 = .  (8) 
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  Ans: 

                  

                                           A 

2
02 bia

ZbaZZ
±−

=⇒=++         
2

b
 

b
ba

OA =+=⇒
44

2

      
2

a
         O 

bOB =        

Thus  b
bb

AB =+=
22

   B 

ABOBOA ==∴ ,  hence they form an equilateral triangle. 

 

 

 Q.98 Prove that  

   







++++=

+

+

+

+

dcba
abcd

d

c

b

a

1111
1

1111

1111

1111

1111

. (8) 

   

  Ans: 

1

1

1

1

1111

1111

1111

1111

+

+

+

+

=∆

−−−−

−−−−

−−−−

−−−−

dddd

cccc

bbbb

aaaa

abcd  

)( 43211 RRRRR +++→  

1

1

1

1111

)1(

1111

1111

1111

1111

+

+

+
++++⇒

−−−−

−−−−

−−−−

−−−−

dddd

cccc

bbbb
dcbaabcd  

144133122 ,, CCCCCCCCC −→−→−→  

= 

100

010

001

0001

1111
1

1

1

1

−

−

−

=







++++

d

c

b

dcba
abcd  









++++⇒

dcba
abcd

1111
1  Ans. 

 

  

2

b
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Q.99  Determine the values of γβα ,,  when 

















−

−

γβα

γβα

γβ20

 is orthogonal. (8) 

  Ans: 

If A is orthogonal then IAA =′  

















=

















−

−

















−

−⇒

100

010

001

2

020

γγγ

βββ

αα

γβα

γβα

γβ

 

3

1
,

6

1
.......

02

14

22

22

±=±=






=−

=+⇒
γβ

γβ

γβ
 

But  
2

1
1222 ±⇒=++ αγβα  

    
3

1
,

6

1
,

2

1
±±±⇒ γβα  Ans. 

 

    

Q.100 Find the values of k such that the system of equations 03 =++ zkyx , 034 =++ kzyx , 

022 =++ zyx  has non-trivial solution. (8) 

   

  Ans: 

The set of equation is 

















=

































0

0

0

212

34

31

z

y

x

k

k

 

     133122 2,4 RRRRRR −→−→  

For a non-trivial solution ρ(A) = ρ(A : B) = 2 

Thus 0=A  

A = 

















−−

−−

4210

12430

31

k

kk

k

 

⇒  -4(3 – 4k) – (1 – 2k)(k – 12) = 0 

2

9
,0092 2 =⇒=−⇒ kkk  

 

 

Q.101  Find the characteristic equation of the matrix 

















−=

121

212

134

A  .  Hence find 1−A .  

 (8) 
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  Ans: 

Characteristic equation is 0

121

212

134

=

−

−−

−

λ

λ

λ

 

01166 23 =−+−⇒ λλλ  or 01166 23 =−+− IAAA  

⇒ [ ]IAAA 66
11

1 21 +−=−  

















−−

−

−−

=⇒ −

253

1034

715
1

A  

 
        

 

 

Q.102  Find the Fourier series for ( )













<<

<<−

<<−+

−<<−

=

21,0

10,1

01,1

12,0

t

tt

tt

t

tf . (16)    

   Ans:  

2
sin

2
cos

2
)(

11

0 tn
bn

tn
an

a
tf

nn

ππ
∑∑

∞

=

∞

=

++=  

2

1
0)1()1(0

2

1
2

1

1

0

0

1

1

2

0 =







+−+++= ∫∫∫∫

−

−

−

dtdttdttdta  









−++= ∫∫

−

dt
tn

tdt
tn

ta
2

cos)1(
2

cos)1(
2

1
0

1

0

ππ
 

 = 




















−−+








++
−

1

0

22

0

1

22 2
cos

42
.

2
sin)1(

2
cos

42
.

2
sin)1(

2

1 tn

nn

tn
t

tn

nn

tn
t

π

ππ

ππ

ππ

π
 









−=

2
cos1

4
22

π

π

n

n
an  









−++= ∫∫

−

dt
tn

tdt
tn

tbn
2

sin)1(
2

sin)1(
2

1
1

0

0

1

ππ
 

   =




















−







−−+









++−
−

1

0

22

0

1

22 2
sin

42
.

2
cos)1(

2
sin

42
.

2
cos)1(

2

1 tn

nn

tn
t

tn

nn

tn
t

π

ππ

ππ

ππ

π
 

0=nb  

t
nn

n
tf

n 2
cos

2
cos1

4

4

1
)(

1
22

ππ

π








−+=⇒∴ ∑

∞

=

 Ans. 
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Q.103  Find 






 −

t

tsint
eL

34 .  (8) 

  Ans: 

  { } ∫
∞

+
=









+
=

s
st

t
L

s
tL

9

33sin
,

9

3
3sin

22
 

3
tan

23
tan 11 ss

s

−

∞

− −=








⇒
π

 

3
cot

3sin 1 s

t

t
L

−=








⇒  

3

4
cot

3sin 14 +
=









⇒ −− s

t

t
eL

t  

4

3
tan 1

+
⇒ −

s
  Ans. 

 
       

Q.104  Find the inverse Laplace transform of 
( ) ( )4s1ss

4s

2 +−

+
. (8) 

  Ans: 

41)4)(1(

4
22 +

+
+

−
+=

+−

+

s

DCs

s

B

s

A

sss

s
 

  1,0,1,1 −===−=⇒ DCBA  









+
−









−
+









−=








+
−

−
+−=









+−

+
⇒ −−−−−

4

2

2

1

1

11

4

1

1

11

)4)(1(

4
2

111

2

1

2

1

s
L

s
L

s
L

sss
L

sss

s
L  

te
t 2sin

2

1
1 −+−⇒ −   Ans. 

 
  

 

Q..105  Using Laplace transformation, solve the following differential equation: 

   tx
dt

xd
2cos9

2

2

=+  if x(0) = 1, ( ) 1
2

−=πx . (8) 

   

  Ans: 

{ } { }tLxL
dt

xd
L 2cos9

2

2

=+








 

4
)(9)0()0()(

2

2

+
=+′−−⇒

s

s
sXXsXsXs  

( )
4

5

4
)0()(9

2

3

2

2

+

+
=+

+
=′−+⇒

s

ss
s

s

s
XsXs  

)9(

)0(

)9)(4(

)5(
)(

222

2

+

′
+

++

+
=⇒

s

X

ss

ss
sX  

Taking Laplace Inverse transform 
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







+

′
+









+
+









+
= −−−

9

)0(

95

4

45

1
)(

2

1

2

1

2

1

s

X
L

s

s
L

s

s
LtX  

tXtttX 3sin)0(
3

1
3cos

5

4
2cos

5

1
)( ′++=  

Put 
t

t
π

=  we get 1=








t
x

π
 

)0(
3

1

5

1
1 X ′+−=−  

5

12
)0(

−
=′X  

[ ]tttX 3sin123cos42cos
5

1
−+=  

Q..106     If z is any complex number and z  is its complex conjugate then show that 
2

zz z = . 

  (7) 

  Ans: 

 yxyx i- z then izLet =+=  

iy)-(x )(z  z Now iyx += )1(x 22 −−−−+= y  

Also |z|2 = 
2

22 yx +  ( )22x y+= ----------(2) 

From (1) and (2), 2|z| z z =  

 

 

Q..107    Find the square root of the complex number 3 + 4i. (7) 

 

  Ans: 

 iy)(x  4i3Let +±=+ ,  iy)(x  4i3Then 2+=+   xy 2i y 22 +−= x  

-(1)-----------3 y-x 22 =⇒  and (2)------------- 2xy =  
22222222 y4x)y-(x)y(x Now, +=+  = 9+16 = 25 

 -(3)-----------5y x 22 =+⇒  

from (1) and (3) x
2
=4, y

2
=1 1,2 x ±=±=⇒ y  

from (2) xy is positive so if x=2, y=1 and x=-2, y=-1 

Hence i)(2   43 +±=+ i  

 

Q..108     If θ+θ= Sin  i  osC z  then find .
z

1
z

n

n +   (7) 

  Ans: 

 Given z=Cos θ +i Sin θ⇒ z
n
 = Cos n θ + i Sin n θ,  

z
-n

 =Cosnθ-iSinnθ Therefore z
n
+z

-n
= 2 Cos n θ. 
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Q..109     If ,....3,2,1r   
2

 Sin i
2

Cosa
rrr =






 π+






 π=  then show that 1infad...a a a 321 −= . 

  (7) 

  Ans: 

 Given 







+







=

rr 2
Sin  

2
 Cos  

ππ
ia r   

r2
 
π

i

e=  

,e   ,e  
2r 2

 i

2
2

 i

1

ππ

==⇒ aa ................. 

Now 

................321 aaa  

 
-------- 

2

1
 

2

1
1

2
 

2








+++

=

π
i

e
π i

e=  = Cos π + i Sin π = -1 

 

Q..110. If a square matrix A is invertible then show that TA  (transpose of A) is also invertible and 

( ) ( )T11T AA −−
= . (7) 

   

  Ans: 

 Since A is invertible matrix, therefore |A| ≠0 ⇒|A
T
|≠0 

⇒ A
T
 is also invertible  

Now AA
-1

 = I = A
-1

A  ⇒ (AA
-1

)
T
 = I = (A

-1
A)

T
  ⇒ (A

-1
)

T
 A

T
= I = A

T
(A

-1
)
T
 

⇒ (A
T
)
-1

 = (A
-1

)
T
 

 

Q..111 Compute the inverse of the matrix 
















−

−

=

184

950

243

A . (7) 

  Ans: 

 

















=

1 8  4-

9 50

2  -43

 A  

0 17-  

1 8  4-

9 50

2  -43

 || ≠==A  

















=

332313

322212

312111

CC

C C

C C

  

C

C

C

AAdj   and ij

ji

ij C ofminor  (-1)  C +=  

  67-  72-5  
18

95
C11 === , 36-  

14-

90
- C12 ==  

20  
84-

50
 C13 == , 20  

18

24-
C21 =−=  
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11   
14-

23
C22 ==  , 8-  

84-

43
- C23 =

−
=  

46-  
 95

24-
C31 ==  , 27-  

90

23
- C32 ==  , 15  

50

43
C33 =

−
=  

 

 

15820

271136-

462067-

 A  Adj

















−

−

−

=  

A Adj 
|A|

1
 A Now 1- =  

 

15820

271136-

462067-

 
17

1
 

















−

−

−

−=  

 

Q..112. Evaluate 

1

1

1

2

2

2

ωω

ωω

ωω

 where ω  is a complex cube root of unity.   (7) 

  Ans: 

   

1

1

1

2

2

2

ωω

ωω

ωω

[ ] [ ] [ ]ωωωωωωω −+−−= 42223 - 1   = 0, Since 13 =ω  

Q..113  Show without evaluating that determinant 0

yxz1

zxy1

zyx1

=

+

+

+

. (7) 

  Ans: 

  

1

1

1

yxz

zxy

zyx

+

+

+

 

C2 � C2+C3 

  

1

1

1

yxzyx

zxzyx

zyzyx

+++

+++

+++

=  

  

11

11

11

 z)y(x 

yx

zx

zy

+

+

+

++= = (x+y+z) 0  [QC1 and C2 are identical] 

 
= 0 
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Q..114 Find the position vector of a point which divides the line joining two given points in three 

dimensional space.  (7)  

   
  Ans: 

 Let the position vectors of points A and B are a  and b  respectively. Let P be the point which 

divides the line joining A and B in the ratio m:n and let r be the position vector of P. Then 

rOPbOBaOA ===  , ,   where O is origin  

Given PB
n

m
AP

n

m

PB

AP
=⇒=  

collinear  are PB and APQ  

)1(APn or   PB 
n

m
 −−−−−−−==∴ PBmAP  

Now a- r  OA - OP  ==AP , r- b  OP - OB  ==PB   

From (i) we get  bm  an  rm   +=+rn  

mn

bman
r

+

+
=   

 

 Q..115. Show that the vectors ,kji2
→→→

+−  
→→→

−− k5j3i  and 
→→→

−− k4j4i3  form the sides of a 

right angled triangle.  (7) 

   
  Ans: 

 k j- 2i  A +=Let , k5 3j- i  B −= k4 4j- i3 C −=  

0532. =−+=
−−

BA ,  ,41,35,6 ===
−−−

CBA  

⇒ sides represented by  B and A  are at right angles 

Also 

222 −−−

+= BAC  

∴vectors C and  B ,A  form the sides of right angled triangle  

 

Q..116. State Cayley Hamilton Theorem and verify it for the square matrix 
















221

131

122

.  (7) 

  Ans: 

 Cayley Hamilton Theorem  

Every square matrix satisfies its own characteristic equation 

 

221

131

122

 A Let 

















=  

Characteristic matrix is  
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221

131

12-2

 I-A

















−

−=

λ

λ

λ

λ  

Characteristic equation is  

|A-λI| = 0  ⇒λ3
-7λ2

+11λ-5 = 0 . By Cayley Hamilton theorem 

A
3
-7A

2
+11A-5I = 0 

 

Now  

221

131

122

 A  

















=  

 

221

131

122

   

221

131

122

  A 2

































=  =  

7126

6136

6127

















 
































=

221

131

122

  

7126

6136

6127

A   3   

326231

316331

316232

















=  

A
3
-7A

2
+11A-5I 

































=

498442

429142

428449

 -  

326231

316331

316232

 

    +

















−

















500

050

005

222211

113311

112222

 

















=

000

000

000

 

 

Q..117  Show that the system of equations   

   

0z2yx4

0z3y2x

0zy3x2

=−−

=−+

=+−

 

   has only the trivial solution.  (7) 

   

  Ans: 

 System of equations is 2x - 3y + z = 0, x +2y – 3z = 0 and 4x – y –2z = 0 

This is system of homogeneous equations can be written as  

















=

































−−

−

−

0

0

0

 y

x

 

214

321

132

z

 

or AX = O, where  
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A= 

















=

















=

















−−

−

−

0

0

0

O, y

x

 X,

214

321

132

z

 

Now |A| = 07 

214

321

132

≠=

−−

−

−

 

Thus |A| ≠ 0, So, the given system has only the trivial solution given by x=y=z=0 

 

  

Q..118 Find the Fourier Series for the function, 

   ( ) ,xxf = π<< 2x0 .  (14) 

 

  Ans: 

 The Fourier series of ƒ(x) is ƒ(x) = nxSin  b Cosnx  
2 1n

n

1

0 ∑∑
∞

=

∞

=

++
n

na
a

 

Where ∫=
π

π

2

0

0 )(
1

  dxxfa ,  ∫=
π

π

2

0

dxnx  Cos )(
1

  xfan , ∫=
π

π

2

0

dxnx Sin  )(
1

  xfbn  

Now    ∫ ==
π

π
π

2

0

0 2 
1

  xdxa  

∫=
π

π

2

0

nx  Cos 
1

  dxxan

π

π

2

0

2n

n x Cos
- - 

n

n xSin 
 

1
 
















= x  0   

n

1
- 

n

1
 

1
 

22
=





=

π
 

∫=
π

π

2

0

dx nx Sin x  
1

  nb

π

π

2

0
2n

n xSin 
  

n

n x Cos
x - 

1
  





+=

n

2
-  

n

2-
 

1
  =





=

π

π
 

Fourier series is  

  ∑
∞

=

=
1n n

n x 
2- x 

Sin
π  

 

Q..119 Distinguish between even and odd functions.  Give one example for each of these functions.

  (7) 

  Ans: 

 Even function:  

A function ƒ(x) is said to be even function if  ƒ(-x) = ƒ(x)  

Odd Function:  

A function ƒ(x) is said to be odd function if  ƒ(-x) = -ƒ(x)  

Example: 

Cos x, x
2
 are even functions and Sin x, x are odd functions 
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Q..120. Forces 
→→→→→→→→

−+−+−+ kj2i ,k6j5i2 ,j7i2  act on a point P having position vector 

→→→
− k2 -j3i4 .  Find the vector moment of the resultant of three forces acting at P 

about the point Q whose position vector is 
→→→

+ k3 -ji6 .  (7) 

     

  Ans: 

 Let R  be the resultant of the three forces, R   =
−−−

++ 321 FFF = 3i + 4j + 5k  

Vector moment of R  at P about Q 

= PQ  × R  

=(2i+4j-k) ×  (3i+4j+5k) 

  

543

142

i

 −

kj

= i [20+4]-j [10+3] +k [8-12]  =24i-13j-4k 

 

Q..121    Define Laplace transform of a function.  Obtain the Laplace transform of Cosh (at). (7) 

 

  Ans: 

 [ ] ∫
∞

==
0

st- )(f dt  f(t)e  f(t)L s , where function f(t) is defined for t ≥ 0 and  s>0 is a        

parameteparameter.  

 [ ] ∫
∞

=
0

st- dt )h( Cose  )h( CosL atat  

= dt
ee

atat

∫
∞

−








 +
0

st-

2
e  = ( ) ( )[ ]∫

∞
+−+

0

-s-e 
2

1
dte

tasta  

=

∞
+










+−
+

−−
0

)t-(s)t--(s

)(

e

)(

e
 

2

1

asas

aa

= 






+
+

− asas

11
 

2

1
=

22

2

2

1

as

s

−
=

22
as

s

−
 

Q..122   Find the inverse Laplace transform of 
25s6s

1s

2 +−

−
. (7)       

  Ans: 

 






+−

−

256

1-s
2

1

ss
L  = 









+−

−

16)3(

1-s
2

1

s
L  

= 








+−
+









+−

−−

16)3(

1
2

16)3(

3-s
2

1

2

1

s
L

s
L  

= 






+
+






+

−

16

1
2

16

s
L 3

2

1 3

2

1-

s
Le

s

t
e

t   = 4t  
4

1
2 4t  Cos 3  3

Sine
t

e
t+  

= 





+ 4tSin  

2

1
4t  3

Cos
t

e  
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Q..123    Solve the differential equation 0y12
dx

dy
7

dx

yd

2

2

=+− . (7) 

  Ans: 

 Differential equation is 0127
2

2

=+− y
dx

dy

dx

yd
 

Let y = e
mx

 is the solution of given differential equation. 

The auxiliary equation is m
2
-7m+12 = 0  ⇒(m-4) (m-3) = 0 ⇒m=3,4 

solution is  y=C1e
3x

 + C2e
4x

 

 

Q..124 Solve by using Laplace transform, the differential equation 

   ( ) ( ) .00y ,10y ,tsiny4
dt

yd

2

2

=′==+     (7)  

 

 Ans: 

 Given  t4
2

2

Siny
dt

yd
=+  

Taking Laplace transform of both sides, we have  

 

[ ] [ ]Sin tL yL 4
yd

L
2

2

=+








dt
⇒ [ ] [ ]

1

1
4)0()0(yL 

2

2

+
=+′−−

s
yLysys  

But y(0) = 1, y′(0) = 0⇒ [ ]
1

1
yL 4)(

2

2

+
=−+

s
ss  

[ ]
)4(s )1(

1

4

s
yL 

222 ++
+

+
=

ss
 

 








++
+






+
= −

)4)(1(

1

4s

s
L

22

1

2

1-

ss
Ly 2tSin  

6

1
 -Sin t  

3

1
2t += Cos  

 

 


