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Q.2  a. Prove that coscos +α 





 π

+α+





 π

+α
3

4cos
3

2  = 0 

Answer: 
 L.H.S.  

= cosα  + cos 





 π

+α
3

2 + cos 





 π

+α
3

4  

= cosα  + cos ( )°+α 120  + cos ( )°+α 240  
= cosα  + cos ( ) )60180cos(3090 °°°° +α+++α+  
= cosα   - sin ( )°+α 120 - cos ( )°+α 60  
= cosα   - (sinα cos30°+ cosα  sin

°30 ) 
= cosα   - )60sinsin60cos(cos)30sincos30cos(sin °°°° α−α−α+α  

= cosα   - )sin
2
3cos

2
1()cos

2
1sin

2
3( α−α−α+α  

=  cosα   - α+α cos
2
1sin

2
3 - α+α sin

2
3cos

2
1  

= cosα  - cosα  =  0 
  

  b. Prove that 
A2tan
A8tan

1A4sec
1A8sec
=

−
−   

 Answer: 
      L.H.S  
 

            = 1A4sec
1A8sec

−
−  

 

 =  
1

A4cos
1

1
A8cos

1

−

−
 

 

         = 
)A4cos1(A8cos
)A8cos1(A4cos

−
−  

 

           =  
A2sin2
A4sin2.

A8cos
A4cos

2

2

 

 

           =   
A2sin2.A8cos

A4sin.A4cosA4sin2
2  

 

           =   
A2tan
A8tan = R.H.S. 



DE51/DC51                               ENGINEERING MATHEMATICS I DEC 2013 
 

© IETE                                                                                                                                 2 

Q.3 a. Find the coefficient of x18 in the expansion of 
15

2
x
a3x 





 +   

Answer: 

Given expression is 
15

2

x
a3x 





 +  

 
 Let x18 occurs in the given expansion in Tr+1 
 

 Tr+1 = 15Cr (x2)15-r  
r

x
a3






                                             ( )rrn

C1r axnT
r

−
+ =  

 

                   
r

r
r230

x
)a3(x

)!r15(!r
!15 −

−
=  

 

                        r230r x)a3(
)!r15(!r

!15 −

−
= ______________ (i) 

 
 Since x18 occurs in Tr+1 
   ∴ 30 – 3r = 18  
 or      -3r =  18 – 30 
                  or      -3r  = -12 
                  or       r  = 4 
 
 Putting r = 4 in equation (i), in get 

 T5   = 
12304 x.)a3(

!11!4
!15 −  

 =  184xa81
!111234

!1112131415
××××
××××  

 = (1365)(81a4)  x18  
 
 ∴ Required coefficient of x18 in the given expansion is 110565 a4 

  
  b. If the first term of an A.P is 2 and the sum of first five terms is equal to 

one fourth of the sum of the next five terms, then  (i) show that T20 = –112 
(ii) find the sum of first 30 terms.  

Answer: 
 Let the A.P. be a, a+d, a+2d ------------    

 T1 + T2 + T3 + T4 + T5  =  [ ]109876 TTTTT
4
1

++++  

 ∴ ( ) ( )10651 TT
2
5

4
1TT

2
5

+×=+  
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  (sum = 
2
n (first term + last term) 

  [ ] [ ])d9a()d5a(
8
5)d4a(a

2
5

+++=++⇒  

 

  )d14a2(
4
1d4a2 +=+⇒  

  ⇒  4a +8a  =  a + 7d 
  ⇒  d = -3a 
  ∴ d = -3(2) = -6  (∴ a = 2  is geven) 
  ∴a = 2 & d = -6 
 
 (i) T20 = a + (20-1)d = 2+19(-6) = 2-114 = -142 

 (ii) S30 = 
2

30 [(2(2) + (30-1)(-6)]  

  = 15[4 - 174] 
  = 15 (-170) = -2550 

  
Q.4  a. Show that 

    )cba)(ba)(ac)(cb(
baaccb

cba
cba
222 ++−−−=
+++

 

Answer:  

L.H.S = 
baaccb

cba
cba
222

+++
 

 
  Operating R1 →R1 + R3 
 

  = 
baaccb

cba
cbacbacba

222

+++

++++++
 

 

  = ( )
baaccb

cba
111

cba 222

+++
++  

 
  Operating C1 →  C2 – C1,   C3 →  C3 – C1 we have 
 



DE51/DC51                               ENGINEERING MATHEMATICS I DEC 2013 
 

© IETE                                                                                                                                 4 

  =  ( )
cabacb
acaba

001
cba 22222

−−+
−−++  

 

  = ( )
11cb
ac)ba(a

001
)ac)(ba(cba 2

−+
++−−−++  

 

  = ( )
11
ac)ba(

)ac)(ba(cba
−
++−

−−++  

 
  = ( ) acba)ac)(ba(cba −−+−−++  
  ( ) )ac)(cb)(ba(cba −−−++=  

 
  b. Using determinants solve the following system of equations:   
 
    2y – 3z = 0 
    x + 3y = – 4 
    3x + 4y = 3   
Answer: 
  The given equation are 
 
  0.x + 2y – 3y = 0 
     x + 3y +0.3 = -4 
  3x + 4y + 0.3 = 3 
     

   Here 
043
031
320 −

=∆  

  (expanding by C3)  
 

  )94(3
43
31

3 −−=−=  

   015 ≠=  
  Because ≠ therefore, system has unique solution 
 

  

)1916(3)00(20
043
034
320

1

−−−−−=

−
−

=∆
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 =  75 
 

  

45)123(3
033
041
300

2

−=+−=

−
−

=∆
 

 

 

30)123(2
343
431

020

3

−=+−=

−=∆
 

 5
15
75x 1 ==

∆
∆

=∴  

 3
15
45y 2 −=

−
=

∆
∆

=  

 2
15
30z 3 −=

−
=

∆
∆

=  

 2z,3y,5x −=−==∴  
 
Q.5   a. Find the equation of the right bisector of the segment joining A(1, 1) and  
   B(2, 3) 
Answer:  
Let AB be a segment joining the points A(1,1) ,B(2,3) & CD be its right bisector. Then 
CD passes through the midpoint of AB is  

 





 ++

2
31,

2
21  

 





 2,

2
3  

 This CD passes through 





 2,

2
3  
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 Also slope of AB = 2
12
13
=

−
−  

 Now CD ⊥AB 
 

  ∴equation of CD which passes through 





 2,

2
3  

   and has slop -1/2 is 
   y-y1 = m(x-x1) 

   y-2 = 





 −−

2
3x

2
1  

   4y-8 = -2x +3 
   2x+4y-11=0 
   Which is the required equation. 

 
 
  b. Find the equation of the lines through the origin and making an angle of 

60   with the line 0333yx =++   
Answer: 
Let m be the slope of any one of the required lines through (0,0) 
   Then the equation is y-0 = m(x-0) 
          y = mx _________ (i)  

   also slop of x + 033y3 =+  is  
3

1
−  

   Angle between the two line is given to be 60° 
 

   Tan 60° = 







−+

+

3
1m1

3
1m

                (Using tanθ =
21

21

mm1
mm

+
− ) 
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m3

1m33
−
+

=±⇒  

   Taking + ve sign, we here 3- m3 = 1m3 +  
   - m32  = -2 

   
3

1m =  

   x
3

1y),i(from =∴  

   Taking –ve  sign, we here 
   1m3m33 +=+−  
   Here m does not here a finite value, then the line is x = 0. 
   (∴ The line passes through the orgin). 

  
Q.6  a. Find the equation of the circle which passes through the points (5, –8), (2, 

–9) and (2, 1). Find also the co-ordinates of its centre and radius.  
Answer: 
Let the required equation of the circle be  
    
   x2 + y2 + 2gx + 2fy + c = 0 _________ (i) 

(i) Passes through (5, -8) 
(5)2 + (-8)2 + 2g (5) + 2f (-8) + c = 0 
25 + 64 + 10g – 16f + c = 0 
10g -16f  + c = -89 ____________ (ii) 
 
(i) Passes through (2, -9) 
(2)2 + (-9)2 + 2g(2) +2f(9) + c = 0 
 
 4g – 18f + c -85 ________ (iii) 
(i) Passes through (2, 1) 
(2)2 + (1)2 + 2g(2) + 2f(1) + c = 0 
 4g + 2f + c = -5 _________ (iv) 
  
Solving (ii) & (iii) 
10g -16f + c – 89 
4g -18f + c = -85 
____________________ 
6g + 2f = -4 _________ (v)  
 
Solving (iii) & (iv) 
 
4g – 18f + c = - 85 
4g + 2f + c =  -5 
_________________ 
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-20f = - 80 
f = 4 
Substituting the value of ‘f’ in (v) 
6g + 2 (4) = -4 
6g = -4 -8 = -12 
g = -2 
Substituting the value of ‘g’ and ‘f’ in equation (iv) 
4 (-2) + 2(4) + c = 14 
c = -5 
substituting the value of g, f, c in equation (i) 
4(-2) + 2(4) + c = -5 
c = -5 
Substituting the values of g, f, c in equation (i) 
 
x2 + y 2- 4x + 8y -5 = 0 

c ( -g, -f) = c (2, -4) &   r =  
5255164

cfg 22

==++=

−+  

 
  b. Find the length of major and minor axis, eccentricity, the co-ordinates of 

vertices and foci, directrices and the length latus rectum of the ellipse 
3x2+2y2=6. 

Answer: 
 The given ellipse is 3x2 + 2y2 = 6 

   Comparing it with 1
b
y

a
x

22

2

=+  

   a2 = 2, b2 = 3, a2 < b2 u a < b   
Length of the major axis = 2b = 2 3  
Length of the minor axis = 2a = 2 2   
 
a2 = b2 (1-e2) 
2 = 3 (1 – e2) 

2e1
3
2

−=  

e2 = 1 - 
3
1

3
21 =−  

e = 
3

1  

co- ordinates of vertices are (0, ± b) ie, (0, ±  3 ) 

co-ordinates of foci are (0, ± be) ie (0, ±  3
3

1 ) 

  = (0, ± 1) 

Equation of the directices are y = ±
e
b  
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y = ± 3

3
1
3
±  

length of latus x here  =  
3

4
3
)2(2

a
b2 2

==
 

 

                Q.7         a.  If y = 2x1x(og ++ ), Prove that (1 + x2) 0
dx
dyx

dx
yd
2

2

=+  

                Answer:  
 siny = x sin(a+y) 

 x  = 
)yasin(

ysin
+

 

 
 Differentiating both sides w.r.t  ‘y’ 
 

 
)ya(sin

)yasin(
dy
dysinysin

dy
d)yasin(

dy
dx

2 +

+−+
=  

 

 
)ya(sin

ysin)yacos(ycos)yasin(
2 +

+−+  

 

 
)ya(sin

asin
)ya(sin
)yyasin(

dy
dx

22 +
=

+
−+

=  

 

 
asin

)ya(sin

)ya(sin
asin

1

dy
dx
1

dy
dx 2

2

+
=

+

==  

 

  b.  Find the equation of the tangent to the curve 
)3x)(2x(

7xy
−−

−
= at the 

point where it cuts x-axis. 
Answer: 

   The given curve is y =  
)3x)(2x(

7x
−−

−  ______________ (i) 

 
 This curve cut x – axis;  ∴ y = 0 
 

 We get   0 =  
)3x)(2x(

7x
−−

−  
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 ∴ x = 7 
 
 This (i) cuts at x – axis at (7, 0) Diff. (i) w.r.t ‘x’ both sides 

 22

22

)6x5x(

)6x5x(
dx
d)7X()7x(

dx
d)6x5x(

dx
dy

+−

+−−−−+−
=  

 

 22

2

)6x5x(
)5x2)(7x()1)(6x5x(

dx
dy

+−
−−−+−

=  

 

 22

22

)6x5x(
)35x14x5x2()6x5x(

dx
dy

+−
+−−−+−

=  

 

 22

22

)6x5x(
35x19x26x5x

dx
dy

+−
−+−+−

=  

 

 22

2

)6x5x(
29x14x

dx
dy

+−
−+−

=  

 222

2

)63549(
299849

)6)7(5)7((
29)7(14)7()0,7(

dx
dy

+−
−+−

=
+−
−+−

=





  

 

 
20
1

)20(
20

)20(
9878

22 ==
+−  

 

 New equation of tangent at the point (7, 0) sharing slop 
20
1  is 

 y-0 = 
20
1 (x-7)   (Using y-y1 = m (x – x1)) 

 
 20y  =  x – 7 
 
 x - 20y - 7 = 0 

                 

Q.8   a. Evaluate dx
2x3x

1x4
2∫ ++

+  

Answer:   

Let  dx
2x3x

1x4I 2∫ ++
+

=  

 

 4x + 1 = λ µ+++ )2x3x(
dx
d 2  
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 4x +1 = 2 λ x + 3 λ + µ  
 
 Comparing the coefficients. 
 
 4 = 2 λ,  1 = 3 λ + µ  
 λ = 2,  1 = 3(2) + µ  
 
 µ  = 1-6 = - 5 
 Substituting the values of ‘λ’ & ‘µ ’ in equation (i) 
 
 4x + 1 = 2(2x + 3) -5 
 

 I =  dx
2x3x
5)3x2(2

2∫ ++
−+  

 

   =  2 dx
2x3x

15dx
2x3x

3x2
22 ∫∫ ++

−
++

+  

 

    =  dx
2

4
9

4
9x3x

15dx
2x3x

3x22
2

2 ∫∫
+−++

−
++

+  

 

  =  dx

2
1

2
3x

15dx
2x3x

3x22 22
2

2 ∫∫






−






 +

−
++

+  

  =  c

2
1

2
3x

2
1

2
3x

og

2
12

152x3xog2 2
3 +

++

−+









−++   

 

  =  c
4x2
2x2og52x3xog2 3 +

+
+

−++   

  =  c
4x
2xog52x3xog2 3 +

+
+

−++   

 
 

  b. Evaluate dx)xtan1log(
4

0

+∫

π
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Answer: 

 Let   I  =  ∫
π

+
4/

0

dx)xtan1(og  ______________ (i) 

 (Using ∫
a

0

dx)x(f  = ∫ −
a

0

dx)xa(f  

 I =  ∫
π

−
π

+
4/

0

dx)x
4

tan(1(og  

 =  ∫
π









+
−

+
4/

0

dx
xtan1
xtan11og  

 =    ∫
π









+
−++4/

0

dx
xtan1

xtan1xtan1og  

 =     ∫
π








+

4/

0

dx
xtan1

2og  

 =     ( )( )∫
π

+−
4/

0

dxxtan1og2og   ________________ (ii) 

 =  Adding (i) & (ii) 
  

 2I  =   ∫∫
ππ

=
4/

0

4/

0

dx12ogdx2og   

    =     2og
8


π  

  
Q.9    a. Solve the initial value problem 

   4/)2y( when ,0ycot
dx
dyx π==+   

Answer: 

 x 0ycot
dx
dy

=+  

 0dx
x
1dy

ycot
1

=+     (Using variable separated) 

 Integrating both sides 

 ∫∫ ∫ =+ dx0dx
x
1dytan  

 cogxogysecog  =+  
 Taking antilog both sides 
 X sec y = c ________ (i) 
 
 Also y ( ) 4/2 π=  
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 u. when x = 2 ,  y = 
4
π  

 put in (i) 

 c
4

sec2 =
π  

 2 . 2  =  c  
 Put this value in (i) 
 x sec y = 2 

 
  b. Solve (x2 + xy)dy = (x2 + y2)dx   
Answer: 
(x2 + xy)dy  =  (x2 + y2)dx 

 
xyx
yx

dx
dy

2

22

+
+

=  _________________ (i) 

 Clearly it is a homogeneous equation 
 ∴ Put y = vx _____________ (ii)  
  Differentiating both sides w.r.t. (x) 

 
dx
dvxv

dx
dy

+=  _____________ (iii) 

  Put the values of (ii) and (iii) in (i) weget 

 v + x 
)vx(xx

xvx
dx
dv

2

222

+
+

=  =  22

222

vxx
xvx

+
+  

 v + x 
v1
v1

dx
dv 2

+
+

=  

 
v1

vvv1v
v1
v1

dx
dvx

222

+
−−+

=−
+
+

=  = 
v1
v1

+
−  

 
v1
v1

+
− dv = dx

x
1  

 Integrating both sides 

 dx
x
1dv

v1
v1

∫∫ =
−
+  

 dx
x
1dv

v1
21 ∫∫ =
−

+−  

 -v + 2 cxog
1

v1og
+=

−
−




 

 cxog
x
y1og

x
y

=−−−−   

 cx.
x

yxog
x
y 2

=





 −

−−   
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 ( ) c
x

yxog
x
y 2

=
−

−−   

  ( ) c
x

yxog
x
y 2

−=
−

+   
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