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Prelim Question Paper Solution

Q.1 Attempt any FIVE of the following : [10]
Q.1(a) Define Even and odd functions. [2]
Ans.: A function f(x) is said to be even function if f(-x) = f(x) [1 mark]
A function f(x) is said to be odd function if f(-x) = —f(x) [1 mark]
Q.1(b) If f(x) = x> - 3x* + 5, find f(o) + f(3) [2]
Ans.: Given f(x)=x3-3x%+5
f(0)= (0)°-3(0Y+5=5 [$ mark]
f(3)=(3)°-3(3)’+5=5 [$ mark]
f(0)+f(3)=5+5=10 [$ mark]
f(0) + f(3)=10 [$ mark]
Q.1(c) Find :—:if y = e tan! x [2]
Ans.: y=etan'x
Diff wrt x
dy e i(mﬁ x) + tan™ x i(x) [use product rule] [$ mark]
dx dx dx
= e ( ! Zj +tan x (1) [1 mark]
1+x
=% +tanx [$ mark]
1+x
Q.1(d) Evaluate jx sin x dx 2]
Ans.: [ xsin x dx
=X jsinxdx— .fsinxdx- i(x) dx [$ mark]
dx
= x (-cos x) — [ (-cos x) . 1dx [% mark]
= —x cos x + | cos x dx [$ mark]
= -XCcosSX+sinx+c [$ mark]
1
Q.1(e) Evaluate I 1+ cos 2x dx [2]
1
Ans.: —_—
ns 1+ cos2x dx
1
= | > eodix dx [1 mark]
= % jsec2 x dx [£ mark]
= %‘ran X+C [ mark]
Q.1 (f)Find the area bounded by the curve y = x*, x axis and the ordinates x = 1, x = 3 [2]
Ans.: A = j:ydx
= jl3x3 dx [ mark]

%] 1
=% [z mark]
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(3 181
4 4 4 4
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[$ mark]

[$ mark]

Q.1 (g)Find a real root of the equation x> — 4x — 9 = O is the interval (2, 3) by using [2]
Bisection Method (Use 2 iterations)

Ans.:

Bisection Method

A f(a) B £(b) - “;b £(c)
2.000 -9.000 3.000 6.000 2.500 -3.375
2.500 -3.375 3.000 6.000 2.750
f(x)=x*-4x-9,a=2,b=3
fla)=f(2)=(2)*-4(2)-9=-9<0
f(b)=f(3)=(3)°-4(3)-9:=6>0
Root lies in (2, 3) [1 mark]
a+b _2+3
= = = 2
Xo > > 5
f(xo0) = (2.5)° - 4(25)-9=-3.375<0
Root lies in (2.5, 3) [$ mark]
X4 = 2'5;3 - 2.750
After two iterations, solution is x = 2.75 [+ mark]
Q.2 Attempt any THREE of the following : [12]
Q.2(a) Find :—Zif X2 +y?—xy—-2x+By—6=0at(l, 2) [4]
Ans.: Find%ifx2+y2—xy—2x+5y—6=0 at (1, 2)
Given x?+y* —xy - 2x+5y -6 =0
Diff w.r.t. x
dy [, dy dy
2 2y - —| x—— -2 — 1
X + 2y Ix [de+y( )J +5 Ix [1 mark]
dy dy dy
2x+2y L —x =L —y-2+5 =L =0 1 mark
TY ax  Fax Y +5dx [1 mark]
(2y - x +5) % ty-2x+2
dy _ y-2x+2
gy _y-exve 1 k
dx 2y-x+5 [1 mark]
At (1, 2)
dy (2)-2(1)+2 ;
&y - [2 mark]
dx|, ,, 2(2)-(1)+5
_2
8
dy 1 1
Sy o2 [z mark]
dx 12 4
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Q.2(b) If x = a cos® 0, y = b sin® 0, find :—Iaf 0= % [4]
Ans.: x=acos’0 y=bsin’@
diff.w.r.t. 0 diff.w.r.t. 0
d_x = i 3 d_Y - i 03
9 - do (a cos® 0) T (b sin’ 0)
. d 3 pn 9o
=a m (cos® 0) =b m (sin 0) [1+ 1 mark]
= a 3(cos 0)? x (-sin 0) = b 3 (sin 06)? x (cos 0)
(Chain Rule) (Chain Rule)
= —3a (cos 0)? sin O = 3b (sin 6)% x cos 6
By parametric function
. 2 .
dy : dy/ d6 _3b (sin0) co§6 __-bsin® [1 mark]
dx dx/d0 -3a(cos6)’sin®  acosH
~bsin™
dyl . 4 - ~b(1/+/2) ) [1 mark]
dx T a(1/+2) a

0=7 acos 2

Q.2(c) If I, and I, be the currents and R; and R; be two resistances in parallel to the [4]
total current I = I; + I, which is constant. Then the heat developed in a circuit
is given by H =%(Ile1' +I§R21'). Show that heat developed in a circuit is

minimum if I;R; = I;R; where R;, R, t, J are constants.

Ans.: Given H= % (IZRt+IZRT)

1
H-= F(IleTJr(I—Il)ZRZT) (v I=T,+T,
Iz =I- I1)
Diff. w.r.t. I1
1
:—IHI = 1 (@Rt +21- 1) () R
= % (2 )Rt — 2IR,t + 2I;R,t) [1 mark]
Diff. w.r.t. I1
2
:T'j - Lo 2rn [1 mark]
dH
Put =1 =0
u d11

—> %(2I1R11’—21Rz1’+211 Rz T):O
2I1R1'|' — ZIRZ T+ 2I1 Rz t=0

I1 R] + I1R2 = IRZ
I]Rl = IRZ - I1R2
=(I-I)R:
IR = I;R; [1 mar‘k]
Put I R1 = Isz in dZ—H . l(Zle + 2R21’) >0
darz 7
Heat is minimum if I;R; = I,R, [1 mark]
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Q.2(d) A beam is bent in the form of the curve y = 2 sin x — sin 2x. find the radius of [4]

T
curvature at x = E

Ans.: y=2sinx—sin2x

dy = 2 cos x — 2 cos 2x [1 mark]
dx
2
Y - 2sinx - 4sin2x [1 mark]
dx
Put x= =
ut x >
dy _ LAl T o 2(.1) = 1
dx = 2 cos [2] 2 cos 2[2} =0-2(-1)=2 [$ mark]
d’y . (m . T
@ = -2 sin (EJ —4sin2 (EJ =2 [% mal"k]
2 3/2
dy
1+ =1
[ [dxj ] (@]
Radius of curvature = p = ~———— = 4
dy 2
dx?
= ‘ﬂ‘ = §\/§ units [1 mark]
-2 2
Q.3 Attempt any THREE of the following : [12]
Q.3(a) Find the equation of tangent & normal to the curve x* + 3xy + y* = 5 at (1, 1) [4]

Ans.: x°+3xy+y?=5H

dy dy
2x+3|x—L+y-1|+2y L =0
o [de+y ]+ Y dx

dy dy

2 3Ix—L +3y+2y - =0
o xdx+y+ydx

dy dy

3x—L +2y-L =-2x-3

><dx+>ldx X3y

dy
3x+2y) -L = _2x-3
(><+y)d>< X — 3y

dy _ —2x-3y

dx  3x+2y

At x=1andy=1

dy _ -21)-3(1) _ -5 _
dx ~ 3M)+2) 5
Equation of tangent is

Y = yi=m(x - x1)

y-1=-1(x-1)

y-1l=-x+1

x+y-2=0 [1 mark]
Equation of normal is

[1 mark]

m = slope = -1 [1 mark]

1
y—y1=—a(><—><1)

_ -1
—1-_—1(x—1)

X X <X <

-1=x-1

Y
-y=0 [1 mark]
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2
.3(b fe= b =~ =77 4
Q ()Ie y"pr'ove hat | 1 [4]

Ans.: Given:e' = y*
Taking logarithm

y=xlogy )
Diff. w.r.t. 'x’
j_: = X(lj—g +logy (1)
Y
dy _ x dy
R AN A 1 mark
dx ydx+°9Y [1 mark]
dy x dy
L _ 27T -
dx y dx 9y

) = ) Y 1 k
<. - logy [y_xj [1 mark]
From (1)y = x log y

dy xlogy
) A _2EIr 1 k
dx ogy(xbgy—x [1 mark]

xlogy

- X9y

9y (x(logy—l)]

dy _ (logy)’ [1 mark]
dx logy-1

Q.3(c) Find 2 if y = 50"« (tan x" .

Ans.: Letu=x""*
Ly SuU+yv - )
Diff. w.r.t. 'x’
dy _du_ dv

L= — + — .. (2
dx dx dx 2)

u= xsinx

Taking logarithm

log u = sin x - log x [1 mark]
Diff. w.r.t. 'x’

o1 du _ . 1),
U dx = sin x (x] (log x) (cos x)

du sin x
-u
X

, v = (tan x)*

—_— log x - cos x
dx +logx - co j

du _ xsinx (Siﬂﬂogx -cos x] -~ (3) [1 mark]
dx X

v = (tan x)*
taking logarithm
log v = x log (tan x)
diff. w.r.t. x
1dv 1
—_— = X -
V dx tan x

-sec® x + log (tan x) (1) [1 mark]
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dv _, (xseczx

s +log(tan X)J

tan x
2
dv (tan x)* [xsec X +log(tan x)J
dx X

From (2), (3), (4)

dx
-1
Q.3(d) Evaluate : [{ATX) gy
1+x
-1 3
Ans.: I= J‘de
1+x
Put t = fan™ x
dar_ 1
dx 1+x2
dt = 1 dx
1+x°
I =]/tdt
4
= % +C
-1 4
, (‘rcm4 x) ‘e

Q.4 Attempt any THREE of the following :

Q.4(a) Evaluate : J‘M dx
cos® (x e*)
Ans.: I-= J' % dx
cos‘(xeX)
Put 1= xe*
dt = xeX + e~
dx

dt = (xe* + e*) dx
dt=e*(x+1)dx
1
L= J.cos:z‘rd-t
= [sec? t dt
=tant+c
= tan (xe¥) + ¢

dx
Q.4(b) Evaluate : I 5+ dcos x

Ans.: Puttan > =t soodx= 2df2
2 1+1

2dt
T :J' 1+1'2
1-t2
5+4( ZJ
1++¢
2dt
=J' 1+1°
5+ 512 + 4 - 41°
1+12

(4

. 2
dy . xSinx (ﬂ +(log x) (cos X)J + (tan x)* (x sec x log (tan x))
X tan x

1-+2
cos X =
1+1°

[1 mark]

[4]

[1 mark]
[1 mark]
[1 mark]

[1 mark]

[12]
[4]

[$ mark]
[$ mark]

[$ mark]
[$ mark]

[$ mark]
[$ mark]
[$ mark]
[$ mark]

[4]

[1 mark]

[1 mark]
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Q.4(c) Evaluate : I x . tan'x dx

Ans.:

Let I=x-tan™ x dx
Integrating by Parts

I =tan!x[xdx- j{i(mn1 x) dex} dx
dx

2 2
- tant (_] Y

2 1+x? 2
= x?z‘ranlx—%szxildx
= x?z‘ranlx— %Ixzxjilldx
- %zmnlx_% (1_1+1x2jdx
= %Zfan_lx_ 5 (x—tan'x)*c

= %(x2 tanx — x + tan! x) + ¢

I = %(x2+1)‘ran‘1x—%x+c

cos X

Q.4(d) I(Z + sin x) (3 + sin x) ox

Ans.:

Put t = sin x
d - cosx
dx

dt = cos x dx

1
J‘(2+’r)(3+’r)d‘r

1 - A . B
@+t)B3+1t) 2+t 3++¢
1=A@B+t)+B(2+1)
Put t=-2
1= A1)
1=A
Putt=-3
1=B(-1)
-1=B

I(L+—_1jdf

2+t 3+t
=log(2+1t)-log(3+t)+c

=log (2 + sin x) —log (3 +sin x) + ¢

[1 mark]

[$ mark]

[$ mark]

[4]

I > tan'x - (u)
A—>x—(v)

[$ mark]
[$ mark]
[$ mark]
[$ mark]

[$ mark]
[$ mark]

[1 mark]

[4]

[1 mark]

[1 mark]

[1 mark]

[$ mark]
[$ mark]
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/3 dx

.4(e) Evaluate: _—
Q.4(e) ,J;é 1+Y{cot x
n/3
dx
Ans.: LletI = _—
T;L 1+ Ycot x
T{/3 1
= j — = dx
/6 14+ \jn cos X
Usinx
n/3 n .
I = [—_Ysinx (D)

T;/[é sinx + Y/ cos x

b b
Using property If(x) dx = Jf(a +b—x)dx

I- “J/-3 Ysin(n/2-x) dx
/6 vsin (n/2 —x)+'\‘/cos(7t /2-x)
"3 Ycos x

I- | ————°%dx - (2)
6 Ncos x +/sin x

Adding (1) and (2)
"3 Ysinx + Ycos x

2l = | —/—————= dx
6 Ncos X + ¥sin x
n/3
2T = J 1dx

/6

Q.5 Attempt any TWO of the following :
Q.5(a) Find the area between the parabola y? = 4x and x* = 4y

Ans.: x°=4y Loy

xZ
Puty = Tiny2:4x

- x*=64x
x(x*-64)=0->x=0o0rx=4

_x

Y1 = 2

Y? = 4x

y=2x

[4]

[1 mark]

[1 mark]

[1 mark]

[1 mark]

[12]
(6]

[1 mark]

[$ mark]

[$ mark]

[$ mark]

[$ mark]

[1 mark]
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Q.5(b) (i) Form a Differential Equation for y = A sin mx + B cos mx

Ans.:

Q.5(b)

Ans.:

Q.5(c)

Ans.:

4
[
3 0

12
1, 4
= | —4-Tafq| -
L24 . J_} 0
16 .
= = sq. units.
3 sq. units

y = Asinm x + B cos m x
diff. w.r.t. 'x’

:—1:A-cosmx~m+B(—sinmx)-m

Diff w.r.t.'x’

dzy _ . 2 2

o A(- sin mx )m© + B(—cos mx) m
= —m? (A sin mx + B com x)

d’y »

— = _m

dx? Y

d’y 2

—L +my=0

dx? Y

(ii) Solve :—1 + % = sinx

Comparing with

dy oo
dX+py_Q

1 o
p—;, Q-=sinx

Both are functions of only x.
Given D.E. is Linear D.E.

IF. = eJ pex
jldx
= e’ X
- eIogx
= X
Solution is

Y(XF)=IQ@F)dx+c
y(x) =[x sinxdx+c

Xy = x (- cos x) - (1) (~cos x) dx + ¢

xy =T-Xcosx+sinx+c

[$ mark]

[$ mark]

[1 mark]

(3]

[1 mark]

[$ mark]
[$ mark]

[$ mark]

[$ mark]

(3]

[1 mark]
[$ mark]

[$ mark]
[$ mark]

The quantity of charge of coulombs passes through a conducting wire during [6]

small interval of time t sec is given by

i, where i is current in ampere. If

i = 10 sin 100t and that q = 0, t = 0. Find the charge at time t

dq

dt

dq _ 10 si

— =10sin 100 t

dt

dq = 10 sin 100t dt

Integrating

[dq = 10 ] sin 100 t dt
_ 4~ (-co0s100t)

q=10 00 c

[1 mark]

[1 mark]
[1 mark]
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cos 100t
- +C
10
whenq=0,t=0
cosO 1 1
0=- + —>O-—E+c—>0-—ﬁ+c
c=
10
: _cos100t +i
10 10

q-= %(1 - cos 100 1) coulombs

Q.6 Attempt any TWO of the following :
Q.6(a) (i) Solve the following system

of equations

[1 mark]

[1 mark]

[1 mark]

[12]

by Jacobi-iteration Method [3]

(2 iterations) 10x + y + 2z = 13, 3x + 10y + z = 14, 2x + 3y + 10z = 15

Ans.: Rearranging equation
x=(13-y-22)/10
y = (14 - 3x - z)/10
z=(15-2x - 3y)/10
Initially taking xo = yo=20=0
13
Xy = 0 1.300
14
V1= 15 * 1.400
15
Z) = E = 1500
X2 =(13-14-2(15))/10 = 0.860
y2 = (14 - 3 (1.3) - (1.5))/10 = 0.860
z,=(15-2(1.3) - 3 (1.4))/10 = 0.820
After two iterations the solution is
x =0.860
y = 0.860

z=0.820

Q.6(a) (ii) Solve the following system of equations by Gauss Seidal Method

(D)
(2
. (3)

[1 mark]

[1 mark]

[1 mark]

(3]

2x +y—-2=3,3x+y+22=13; x+y-z=1

Ans.: Rewriting equation,
x=(3-y+x)/2
y=(1-x+2)
z=(13-3x-y)/2
Ini‘rially Xo=Yo=20= 0
x1=(3-0+0)/2=1500
y1=(1-15+0)=-05
z1= (13 -3 (1.5) - (-0.5))/2 = 45000
x2=(3-(-05)+(45b))/2=4
y2=(1-4+45)=1500
Z;=(13-3(4)-15)/2=-0.25

after two iteration the solution is
X=4,y=15,z=-0.25

Q.6(b) Solve the following system of equations by Gauss Elimination Method
Xx+2y+z=2

4 -y —-3z=1,3x -2y +4z =7,
Ans.: 4x-y-3z=1 -(1)

3x-2y+4z=7 -(2)

X+2y+z=2 -(3)

-10 -

[1 mark]

[1 mark]

[1 mark]

(6]
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2x eq. (1) -eq. (2)
8x-2y-6z= 2
- 3x-2y+4z=7
) &) ) ()
5x-10z=-5
sox=-2z=-1 .(4)
Adding eq. (2) and (3)
3x-2y+4z=7
+  X+2y+ z:=2
4x +5z=9 .(5)
4x eq. (4) —eq (5)
4x - 8z=-4
- 4x+5z=9
() ) ()
-13z=-13
z=1, putting in eq. (5)
4x+5=9
nox=1 putting in eq. (3)
1+2y+1=2
. y = o
Solutionisx=1,y=0,z=1

[13 marks]

[1% marks]

[1 mark]

[1 mark]

[1 mark]

Q.6(c) Using Newton—Raphson method find approximate value of 100 (perform three [6]

Ans.:

iterations)

. f(x) = x* - 100
f'(x) = 3x°
f(4) = -36
f(6)=25
the root is in (4, )
start with xo =5

- f(xp)

f'(x,)

_ &
f'(5)
25

=5_ —

= 4.667

~ f(x)

f'(x,)
f(4.667)
f'(4.667)

1.651
65.343

X1 =Xo

X2 = X1
= 4,667 -

= 4.667 -

= 4.642

f(x,)

f'(x,)
f(4.642)
f'(4.642)
0.027
64.644

X3 =Xz -—
= 4.642 -

=4.642 -

= 4.642
Solution is Y100 = 4.642

aaaad

-1l -

[1 mark]

[$ mark]

[13 marks]

[1% marks]

[13 marks]



