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Q.2  a. Evaluate  x3sinx5sin
x6sinx2sinLT

0x −
+

→   

 
Answer   

                     Here we have, 
x3sinx5sin
x6sinx2sinLt

0x −
+

→  

 

   = 






 −







 +







 −

+





 +

→

2
x3x5sin.

2
x3x5cos2

2
x6x2cos

2
x6x2sin2

Lt
0x  

 

   = 
xcos.x4cos

)x2cos(x4sinLt
0x

−
→  

 

   =  





















→ x4cos
x2cos

xsin
x

x4
x4sin4Lt

0x  

 
    =  4(1) (1) (1)  = 4 
 

  b. If f is a real function defined by 
1x
1x)x(f

+
−

=  then prove that 

3)x(f
1)x(f3)x2(f

+
+

=  

Answer   

    f(x) = 
1x
1x

+
− , f(x) + 1  

 

  = 1
1x
1x
+

+
−  = ( ) ( )

( )1x
2x1x

+
++−  

 

  f(x) -1 = 
1x

1x1x1
1x
1x

+
++−

=−
+
−  

 

  
1x

1x1x
1)x(f
1)x(fthen

+
++−

=
−
+

⇒  

                    (Applying componendo & devidendo) 
 

  ,
)x(f1
1)x(fx

−
+

=⇒  Now, f(2x) = 
1x2
1x2

+
−  
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1

)x(f1
1)x(f2

1
)x(f1
1)x(f

)x2(f
+








−

+

−







−

+

=⇒   

 

       =  
)x(f12)x(f2
)x(f12)x(f2

−++
+−+  

 

       
3)x(f
1)x(f3)x2(f

+
+

=⇒    There proof 

 
   Q.3    a.  Find the volume of the right circular cone formed by the revolution of a 

right angled triangle about a side which contains the right angle. 
 
Answer   
   Let   O B A be the right angled with OA = r and OB = h.  When the triangle 

is revolved about the side y-axis is about the side OB.  We get a right circular 
cone of radius r and height h. 

 
 
   The curve is the line AB, whose eqn. is 
   

   1
h
y

r
x

=+  

   or     x =  )yh(
h
r

− ______________ (i) 

 

   Required volume = dy)yh(
h
r 2

0
2

2

−π∫
π
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   =  
h3

2

2

3
)yh(

h
r








 −
−

π  

 

   =  hr
3
1

3
h0

h
r 2

03

2

2

π=







+

π  

 
 
             b. Find the length of the curve 32 xy =  from origin to the point (1, 1).   
Answer    
   The curve can easily be traced and its shape is shown in below figure 
     The eqn. of the curve is y2  =  x3 ____________ (i) 

    
   y2 = x3 

  2x3
dx
dyy2 =∴  

  or   [ ])i(fromx
2
3

x2
x3

y2
x3

dx
dy 2/1

2/3

22

===  

 

  Now,  S = dx
4
x91dx

dx
dy1

1

0

1

0

2

∫∫ 





 +=






+  

 

   dx.x94
2
1 1

0
∫ +=  

  ( )
1

0

2/3x94
3
2

9
1

2
1





 +×=  
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   ( )[ ]2/32/3 4)13(
27
1

−=  

 

  [ ]81313
27
1

−=  

   

 Q.4 a. If n is a positive integer then show that ( ) ( )
6

ncos2i3i3 1nnn π
=−++ +  

where i = 1−  
Answer    
   Let   
 

   
63

1tan,213r

)sini(cosri3

1 π
=







=α=+=

α+α=+

−
 

   



 π

+
π

=+
6

sini
6

cos2i3  

  ( i3 + )n + ( )ni3 −  
π















 π

−
π

+













 π

+
π

=
6

sini
6

cos2
6

sini
6

cos2
n

 

   =   





 π

−
π

+





 π

+
π

6
nsini

6
ncos2

6
nsini

6
ncos2 nn  

 

      =  2n+1cos
6

nπ     R.H.S.    Hence proved 

 
  b. A resistance of 20 ohms and inductance of 0.2 H and a capacitance of 

100 Fµ are connected in series a cross 220 Volt, 50cycle/sec main. 
Determine: (i)   impedance  (ii)  current  

   (iii) voltage across L,R and C  (iv) power in watt 
   (v)  power factor  
 
Answer  There,   R = 20Ω 
                L = 0.2 H 
                C = 100µf 
                V = 200V 
                 f  = 50 c/s 
 
 

(a)  Impendence (z) = R – J × C + J × L 

                            = 20 – j 
wc
1 + j Lw 
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                            =  20 – j 502)2.0(j
10100250

1
6 ×π+

××π× −  

                            = 20 – J π+
π

20J100  = 20 – j 31.831 + J 62.8319 

                            =  20 + J 31 
 
  So.      1361961400Z =+=   
   
    Z  = 36.89 ohms.  

 
 

(b)  i = 42.5
89.36

200
z
v

==  

(c) VL = i × L 
 
      =  5.42 × 2 π f × 0.2 
 
      = 5.42 × 2 × π  × 50 ×0.2 
 
    VR  =  iR = 5.42 × 20 = 108.4 volts 
 

Vc = i × 
cf2

1
×π

 = volts52.172
10100502

142.5
6 =×××π×

×
−  

 
(d) Power = i2R 

             = (5.42)2×20 587.528 watts. 
 

(e) Power factor 542.0
89.36

20
z
R

===  

    
 Q.5  a. A rigid body is spinning with an angular velocity of 27 radian/second 

about an axis parallel to 2i +j–2k  passing through the point i+3j-k.  Find 
the velocity of the point whose position vector is 4i+8j+k.  

Answer   
 
  Let  w  be the angular of the body rotating about an axis parallel to the vector 

2i + j – 2k. 

  Then w  = 27 
222 )2(i2

k2ji2
−++

−+
×  

  w  = 18i + 9j – 18k 
 
  Let OPr =  = P.V. of  P   P.V.  of  O 
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   r  = (4i +8j+k)-(i+3j-k) 
 
   r  = 3i +5j +2k 
 

   Let 
253
18918
kji

rwu −=×=
  

 
   u⇒ =  108i – 90j + 63k 
                 
       = 9(12i – 10j +7k) 
 
  b. Find the area of the triangle formed by the point whose position vectors 

are 3i+j, 5i+2j+k, i-2j+3k. 
  
Answer  Let   ABC  be a triangle and  let  ,ji3a +=

   ,kj2i5b ++=


 and 
k3j2ic +−=

  be the position vectors of its vertices A, B, and C 
respectively, then 

 
   AB  = P.V. of  B – P.V. of A 
 
   = (5i +2j+k) – (3i+j) = 2i + j + k 
    

 and  AC   = P.V. of B – P.V. of A 
 
 = (i-2j+3k) – (3i + j) = -2i -3j + 3k 
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  AB × AC = k4j8i6
332
112
kji

−−=
−−

 

 
ACAB×⇒  = 116166436 =++  

   

   ∴ Reqd. Area =  ACAB
2
1

×  = 
2
1 29116 =   

 

   (formula, Area of ∆ABC = ACAB
2
1

×   =
2
1 BABC×   = 

2
1 CBCA×     

 

 Q.6 a. Solve   2loge7e6y9
dx
dy6

dx
yd x2x3
2

2

−+=+− −  

Answer   

   x3
2

2

e5y9
dx
dy6

dx
yd

=++  

 
  )9D6D( 2 ++ y = 5e3x 
  Auxiliary equation is D2 + 6D+9 = 0 or  D = -3,  -3,  
                  C.F. = (C1+C2x)e-3x 

  = 

36
e5

9)3(6)3(
e5e.5.

9D6D
1

x3

2

x3
x3

2

=

++
=

++   

 

  b. Solve   x3secy9
dx

yd
2

2

=+    

Answer    

   x3secy9
dx

yd
2

2

=+  

  Auxiliary equation D2+9 = 0   or D = i3±  
  C.F = C1 cos3x + C2 sin 3x  

  = x3sec.
i3D

1
i3D

1
i6

1






+
−

−
 _________ (1) 

 

  Now  x3seceex3sec
i3D

1 ix3ix3 ∫ −=
−

dx 

  =  ∫∫ −=
− dx)x3tani1(edx

x3cos
x3sinix3cose ix3ix3  
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  =  e3ix 





 + x3cosog

3
ix   

  Changing I to –I, we have 

   





 −=

+
− x3cosog

3
ixex3sec

i3D
1 ix3   

 
  Putting these values in (i), we get 

  P.I.  =  













 −−






 + − x3coslog

3
ixex3cosog

3
ixe

i6
1 ix3ix3   

 

   =  x3cosog
18

ee
i6

x
18

x3cosoge
i6

x ix3
ix3ix3 

 −
− +−+  

    

   = x3cosog
18

e
i6

xe
18

x3cosogee
3
x ix3ix3ix3

ix3 
 −−

+−+  

 

   =  x3cosog
2

ee.
9
1

i2
ee

3
x ix3ix3ix3ix3


−− +

+
−  

   x3cosog
2

ee.
9
1

i2
ee.

3
x ix3ix3ix3ix3


−+

+
−

=  

    x3cosog.x3cos.
9
1x3sin

3
x

+=  

Hence, complete solution is y = C1cos 3x + x3cosog.x3cos.
9
1x3sin

3
x

+  

    
Q.7     a.  Expand f(x) = xe  in a cosine series over (0, 1) 
  
Answer     
   Here  
 
   F(x) = x and C =1 
 

  )1e(2dxe
1
2dx)x(f

c
2a

1

0

x
c

0
0 −===∴ ∫∫  

  an = 
1
2 dx

1
xncose

1

0

x π
∫  

   
1

0
22

x

xncosxnsinn(
1n

e2 







π+ππ

+π
=  
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+π

−π+ππ
+π

=
1n

1)ncosnsinn(
1n

e2 2222

x

 

 

   [ ]1e)1(
1n

2 n
22 −−
+π

=  

 

   ........x3cosax2cosaxcosa
2
a)x(f 321

0 +π+π+π+=∴  

   ex =  e-1 + 2 



 +π

+π
−−

+π
+π
−

+π
+π
−− .......x3cos

19
1ex2cos

14
1excos

1
1e

222   

 
  b. Find the Fourier Series of the function  

   f(t) = 








<<
<<−
−<<−

2t1"0
1t1"K
1t2when0

 

Answer       
    2C = 4 or   C = 2 

   a0 = dt)t(f
C
1 c

c
∫
−

 

   = ( ) k)11(
2
kt

2
kdtk

2
1 t

1

c

c

=+== −
−
∫  

  an   = dt
C

tncos)t(f
C
1 c

c

π
∫
−

 

  = dt
C

tncosk
2
1 c

c

π
∫
−

 

           
t

12
tnsin

n
2

2
k

−







 π
π

=  

                     













 π

−−
π

π
=

2
nsin

2
nsin

n
k  

 

   
2

nsin
n

k2 π
π

=  

 

  bn  =  ∫
−

πc

c

dt
2

tnsin)t(f
C
1  
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    =  ∫
−

πc

c

dt
2

tnsink
2
1  

 

  
1

12
tncos

n
2

2
k

−




 π

π
−=   






 π

−
π

π
−

=
2

ncos
2

ncos
n

k  = 0 

 
  Fourier series is 
 

  f (t) =  ............
c

t3cosa
c

t2cosa
c
tcosa

2
a

321
0 +

π
+

π
+

π
+  

    + ............
c

t3sinb
c

t2sinb
c
tsinb 321 +

π
+

π
+

π  

  f(t) = 



 +

ππ
+

π
π+

ππ
π

+ ....
2

t3cos.
2

3sin
3
1

2
t2cos.sin

2
1

2
tcos.

2
sink2

2
k  

   =  



 +

π
−

π
π

+ ........
2

t3cos
3
1

2
tcosk2

2
k  

 
Q.8  a. Evaluate  L { }tcoshte t−  
   
Answer   

  L{ }tcoshe t−  = L 















 + −
−

2
eee

tt
t  

  = { }t2e1L
2
1 −+  

  = 







+
+

2s
1

s
1

2
1  

         

( ) 







+
−−−=

















+
+−=∴ −

2S

t

2s
11

2
1

2s
1

s
1

2
1

ds
d)tcoshte(

2

 

    

         22

22

)2s(s
s)2s(

2
1

+
++

=  

          = 22

2

)2s(s
2s2s

+
++  
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  b. Evaluate L 











∫ dt

t
tsinett

0
 

  Answer    

  Here to find  L 







∫
t

0

t

dt
t

tsine  

   We have   

  L (sin t) = 
1s

1
2 +

 

  ∴  







t
tsinL  = ∫

∞

+0
2 1s
1  

   =  [ ]∞−
0

1 stan  

   = scotstan
2

11 −− =−
π  

  )s(f)1s(cot
t

tsineL 1t =−=





∴ −  

  )s(f
s
1dt

t
tsineL

t

0

t =







∴ ∫  

 

  =  )1s(cot
s
1 1 −−   

Q.9    a. Show that  )atcos.atsinhatsin.at(cosh
a2

1
a4S

SL 44

2
1 +=













+
−  

Answer    

   








+
−

44

2
1

a4s
sL  

 

  =  ( ) 











−+
−

22224

2
1

sa4a2s
sL  

  =  ( ) 











−+
−

22224

2
1

sa4a2s
sL  

  = ( )






++
−








−+
−

as2a2s
s

sa4a2s
s

a4
1L 242224

1  

 
  Resolving into partial fraction. 
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  = 
( )

( )
( ) 




















++
−+

−








+−
−−

22
1

22
1

aas
aasL

aas
sL

a4
1  

 

             =   
( )

( )
( ) 




















++
−+

−








+−
+− −−

22
1

22
1

aas
aasL

aas
a)as(L

a4
1  

 

  =   
















+
−

−








+
+ −−−

22
1at

22
1at

as
0as(Le

as
asL.e

a4
1  

    
                        by first shifting theorem. 

  = 
















+
−









+
−









+
−−−−

22
1at

22
1at

22
1at

as
sL.e

as
1Lae

as
sL.e

a4
1  

  = ( ) ( ) 
















+
−+









+
− −−−−

22
1atat

22
1atat

as
1L.eea

as
1L.ee

a4
1  

 

  =   













+ atsin.

a
1)atcosh2(aatcos)atsinh2(

a4
1  

  = [ ]atcos.atsinhatsin.atcosh
a2

1
+    Hence proved 

 

  b.  Evaluate  








−
+−

1s
1slogL 1    

Answer     
   To evaluate 
 

   








−
+−

1s
1sogL 1   

 

  Let    L-1 )t(f
1s
1sog =








−
+

  

 

  Then   L{ }
1s
1sog)s(f)t(f

−
+

==   

 

            { }








−
+

−=+∴
1s
1sog

ds
d)1()t(tL   

 

  { })1s(og)1s(og
ds
d

−−+−=   
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  = - 





−
−

+
−=

1s
1

1s
1  

 

  =  
1s

1
1s

1
+

−
−

=  

 
             =   L{ }tt ee −−  
 
  =   L{ }tsinh2  
 
  tsinh2)t(tf =∴  
 

  or   f(t) =  
t

tsinh2   

 

  Hence L-1 
t

tsinh2
1s
1sog =








−
+
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