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MATHEMATICS
( Elective )

SECOND PAPER

( Calculus and Ordinary Differential Equations )

1. Choose and write the correct answer for each
of the following :
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(b) The curve for which the curvature is
zero at every point is

1) an ellipse
(u) a parabola
(m) a hyperbola

(i) a straight line

(c) The penimeter of the curve r = acosf1s
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(d) The volume V of the solid of revolution,
where x = f(4) is the curve, the axis of
revolution is the y-axis, bounded by
y=y and y =y,, 1s given by

(i) v=n[*

) I xdy
(a =2n d
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() n : x dy
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je) The integrating factor of the equation
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() The solutions of the simultaneous
equations
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are

) xy=c, and yz=¢;

(u) xy® = ¢, and y:’z2 =cy

(1) x=c,y3 and y* =c222
i) x® =y and y° =c,2°

(g) The particular integral of
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(a) The reduction formula for

L =E/2sin" x dx is given by
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) I u=sin(x ud | ] then x4y
xy ax ~dy
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(c) The area of the astroid x213 4?3 = a?/3

is

. 3 2 .e 4 2
) =mna —na
(¥ 2 (i) 3
e 32 .. 8_ 2
iff) —mna iy) —na
(@ 3 fw) 3
x? y?
(d) The ellipse — += =1revolves about its
a? b?

minor axis. The volume of the solid of
revolution is
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(iii) 3na (iv) 4ﬂab

(e) The condition of exactness of the
differential equation Mdx + Ndy =0 is
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() The differential equation for which
y=(Cx2 +Cyx+C3)e®* is the general
solution, is

i) (D-2y=0 (i) (D-3)y=0
i) (0-2°y=0 (i) (D-3’y=0

(@ 1f f(x)=Ax? +Bx+C, then the value ofE
in the mean value theorem
f(b)-fla)=(b-a) f'E) is

) b-a (i) a+b
.. b-a . a+b
@ == iv) ——
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The value of I:c"dr is
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2
The arcle ey? =a’ revolves about
the yaxs The volume of the solid of
revolution is

W =a’
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If u=log(
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0
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The reduction formula for

L =ﬁ/4 tan" xdx is given by

) I = -li2
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(i) In =—~In-1
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(iv) I =—— ~In-2
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Particular integral of the differential
equation (D-1)3y=€*is
(i) e*
(i) xe*
(i) x2ex
1.:9.%
(w) 2x e
The condition for exactness of the
differential equation Mdx+ Ndy=0 is
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VERY SHORT ANSWER TYPE

(1 MARK QUESTIONS)

2016

2. Write very short answer for each of the
following questions :

(a) State Cauchy’s mean value theorem.

(b) In the mean value theorem
FB)=f(a@+(b-af
If f(x)=2x2%, a=0 and b=2, then what

is the value of ¢?

(c) Write Taylor’s finite series expansion for

e®*", with remainder after n terms.

(d) Give reason why the mean value
theorem is not applicable to the
function f (x) =|x|in the interval [-2, 2].

(e) State the reason for the failure of
applicability of the Euler’s theorem on
the function sin(x +y).

() The interval [q, b]is divided into n equal
subintervals, each of length h by
the points xg=a, X, Xp, *+, X, =b.

Represent Lbe'“dx as limit of sum, k
being a constant.
(g) Write down the redyction formula for
I =J:/2cos" xdx

(h) Show in a diagram the region of
integration of the integral

2 2
Fax[™ rix v ay
(i) Evaluate :
[ [f 8xy dxdy
() Is the differential equation
(e* +xy?)dx = x2ydx

exact?

(k) What is the complementary function of
(D* +2D? +1)y =sin2x?

() What is the particular integral of .
(D2 +q)y=e2*?



(a)

(b)

(c)

(@
(e)

(9)

(h)

1}

(k)

U
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Is Lagrange’s mean value theorem
applicable to the function f(x) =|x|in the
interval [-L 1]? Give reason of your
answer.

Write Cauchy’s remainder after n terms
in the expansion of sin x.

Evaluate —2e3“.

State L’ Hospital’s theorem.

Write Maclaurin’s series in finite form.

Find the radius of curvature of the curve

s=alogtan (£+!)
4 2
at the point (s y).

Express ﬁf(x) dx as the limit of a sum.

If x=rcos® and y=rsin6, then find
d(x y)
ar, e

Show in a diagram the region of
integration of the integral

/x ydy
bl g

Write down the complete primitive of

Clairaut’s equation y= px+ f(p) where
-4y

p= e

Define singular solution of a differential

equation.

What is meant by a singular point of the
differential equation

A%y, oa QY o
f(1)'d—x2—+9(x)-d—x+r(x)y-0 ?
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a)  Is Rolle’s Theorem applicable to the function fx) = tan x in
the interval [0, 71]? Give reason of your answer.

b)  State Cauchy’s mean value theorem.

¢)  What is meant by an indeterminate form?

d) Iff(x) =€’ find the value of ¢ in the mean value theorem f{b)
-fla)=(b-a)f'(c), where a=0 and b =1.

€ Evaluate [e™ cosbxdsx.

? Express J:f(x)d-\‘ as the limit of a sum.
- If x = u(1+v) and y = v(1+u), find o(x,y) ,
o(u,v)

h)  Write down the expression for the radius of curvature of the
Cartesian equation y = f(x).

i)  Change the order of integration in the integral

1 eVx

[ fexy)ay.

j)  What is the condition for integrability of the total differential
equation Pdx + Qdy + Rdz = 0?

k) Give the geometrical interpretation of 4 =

=%

o|s

I)  What is meant by a homogeneous linear equation?

2019

(a) Write down the general solution of the
differential equation (D +2)3y =0.

(b) Give geometrical interpretation of
Lagrange’s mean value theorem.

(c) Prove by the method of summation, that
[[ax=b-a

(d) Write down Maclaurin’s series in finite
form.

(e) If f(x) = Ax? + Bx + C, then find the value
of £ in the mean value theorem
S -fla)=(b-a) fE)
() Write down the complete primitive of
Clailc'izut’s equation y = px + f (p), where

P=a-



3.

(@)

w
0

(x)

M

Show in a diagram the region of
integration of the integral

Cax[ fix vy

What is meant by the curvature of a
curve?

Evaluate ﬁ, ﬁ xydxdy.

If x =rcos8 and y =rsin®, then find

d(x, y)

Give the geometrical interpretation of
Pdx +Qdy + Rdz =0
State L’ Hospital’s theorem.

SHORT ANSWER TYPE

(3 MARKS QUESTIONS)

2016

Write short answer for each of the following
questions :

(a)

(b)

(c)

(d)

(e)

Using €- definition of continuity, show
that

[xsinl, x=0

= x

fR=1 6", x=o0

s comt=maoms = x=0

If x = tan(logy), then prove that
(1+x2)yn,2+(2nx+2x-l)y,“1
+n(n+ly, =0

(The symbols have their usual meanings.)

Verify Rolle’s theorem for the function
f(x)=e *sinx in the interval [0, ].

By using Maclaurin’s theorem, expand
(1 +x)™, where xe R and m is a positive
integer.

By using L' Hospital's rule, show that

I (sinx]l/x
im =1

x=0 X




(9)

(h)

U}

0

(k)

M

(m)

(n)

(o)

If H=f(y-2z z-x x-y), then prove
that

a_H+a—H+a—H=O
ox Jdy 0z

Find the radius of curvature at the point
t on the parabola x =2at, y = at?.

If fis integrable on [q b] (a < b), and if
there exists a function of such that
g'(x) = f(x) Vxe€lq b], then prove that

[rwac=gm-g

Determine the length of an arc of the
cycloid x=a(@+sin6), y=a(l -cosf)
measured from the vertex. Hence or
otherwise obtain the length of a
complete cycloid.

fx+y+z=u, y+z=uy, z=uvw, then
show that

A% Yy 2) 3y

a(u, v, w) N
Evaluate the integral
1 =j; dx f;,/x"z +y? dy
by passing or to the polar coordinates.

Prove that the singular solution of

dz

a
Z=px+—; = —
P B

is the parabola z? = 4ax.
Find the orthogonal trajectories of the

family of straight lines w=mv, where
m is the parameter.

Solve :
2
x2 2y —Sxﬂl +9y=0
dx? dx

Discuss the nature of the points x =1
and x=-1 of

a? d
(x+)(x2 -8 Y, dy_ =
(: =% y=0

Also, if it is a singular point, state
whether regular or irregular,
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3. Write short answer for each of the following

questions : 3x15=45
(a) Using (e-9) definition of limit, prove that

lim x? sinl =0

x=0 pd

(b) If y=tan~! x, then prove that
(1+x2’) Yn+1 200, +n(n-1y,_; =0

(c) Prove that
im 0% e 1
x=0 X 2

(d) Show that

(e)Kw;ngEmgz:m »
funcdon of Gegree m = x == 7 = ¥
show that )

du  _dv dv
X

— 4+ Yy—=nu—»=
dx yay du l

(1 Show that Lhe function
flxy)= 5x* +3x?2 y+y has a minimum
at (0, 0).

(g) Find the asymptotes of the curve
x3 +2x2y+xy? -x+1=0.
2
M If u, =E/ 0sin™ 0d9, n>1, then prove
that

(i) Find the length of the arc of the curve
x=e’sin@

y= e® cosB

() Prove that
o 2t
(cry® " 2

(k) Show that the volume of a right circular

cone of height h and base of radius r is

l1tr2h,.
3



() Solve :
dx dy dz

XP-2) Y2 -x)) 2t -yd)

(m) Show that the solution of
d’y  ,dy
-—2+ka +py=0

- -B b

is y=e 2(Acosnx+Bsinnx) if k2 <4y

and n? =u—%k2.

(n) Find the singular solution of the equation
y=px+yap? +b?

where p= %

(o) Find the particular integral  of
(D? -D-2)y=sin2x.

2018

Answer each of the following questions: ' 3x5=15
a) Using € — & definition of continuity, prove that the function f{x)

=x?+2x - 1 is continuous at x = 2.
b) Ify=sin(m sin"'x), show that

(1= )z = @+ Dy + (= 1)y = 0.
©) lim (sinx)/?

Evaluate: e .

x—>0\ x
d) If u be a homogeneous function of x and y of degree n, prove that
Ou
X—+y—=nu.
ox "oy
e) Find £, (0,0) for the function f given by
21_ 2
x2 —
£y =2EY) 20,0
b b 25
£(0,0)=0.

f)  Show that the asymptotes of the curve ¥y = d(¢ +*) form a

square of side 2a.
g)  Show that the function flx, ) = 3x° + 4x’y— 3x” — 4y has neither

a maximum nor a minimum at the origin.

%

) Ifl,= L tan" &40 , prove that n(Ip,, + I) = 1.
i) Obtain the intrinsic eauation of the catenary y = ¢ cos% in the

form s =ctan y.
1 1 X
D Evaluate the integral deL Jx?+y*dy by passing on to the

polar coordinates.
k) Prove that the volumes of the ellipsoid formed by the

. . 2 . .
revolution of the ellipse :—:+-:7=1 about the major axis

. y
is %zab'.



. Gl
) Solve: (T% = {am - (@-byw *

m)

n)
0)

(a)

(b)

(c)

(@)

(e)

(9)

(i)
0)

L

M

Find the complete primitive of p +2xp-3x=0, vhere p =2

Solve: (D* = 2mD + m* + n)y = 0.
Solve: (D* - 4)y = sin 2x.

2019

Using e-8 definition of limit, prove that

lim (x? -3x+5)=3
x—2

{fu=¢(H,), where H, is a homogeneous

function of degree nin x, y, z, then show

that xa—u+ya—u+za—u= _F(u)
ox

, wh
i nF’(u) where

F(u=H,.

Ifu, =E/2 x" sin xdx, (n 2 1), then show
. n-1

that u, +n(n-1lu,_, =n(5J ;

Find the singular solution of the

equation y = px+g, where p= ﬂ
p dx

Show that the volume of a right circular
cone of height h and base of radius ris

l1rr2h
3

Solve :
dx __ay __ dz
z(x+y zlx-y x?+y?

. d20
Show that if I—2+ge=0, and if 6=¢
dt
as
and d_t=o when t =0, then
6=acos(t\/g/l}
Solve :
dy . y Yy 2
dt+;logy-x—2(logy)

Find the perimeter of the astroid
x2/3 +y?/3 = g2/3
Evaluate :
li_% (cosx)V/*

. ® 2
.Show that lim xy‘x -y2 =0
(x-y’_’(on 0) X2 +y2

Il y=acos(logx)+b sin(logx),  then
prove that

2
X Yns+2+Rn+1)xy, | +(n? +1)y, =0



(m) Find the envelope of the family of

straight lines y=mx+\/a2m2+b2, m

being the parameter.
(n) Show that the function
T, Y =x3 +3xy? ~ 1542 -15y2 + 72x

has a maximum at 4, 0).

(o) Prove that

1 -y o
fodyf: (xx+y,3 ==

(6 MARKS QUESTIONS)
2016
4, (@ If
u? -v? 2. .2
[ v) = uv , when u®+v° 20
u? +v?
= 0 , when wu=v=0

then show that f,, (0, 0) = f,,, (0, 0).
Or
Show that the function
flx Yy =4x? - xy +4y? +x3y+xy3 -4

is minimum at (0, 0) while the points

D)3

are saddle points of f.

(b) 1fp; and p, be the radii of curvature at

the ends M and N of the conjugate

) X2 y?

diameters of the ellipse = +Z_=1,
a? b2

then prove that
a? +p?

2/3 2/3 _

Or
Find the asymptotes of the curve
y3 f6xy2 +11x2y—6x3 +

=53 +2x-3y-1=0 6



5.

(a) Obtain a reduction formula for

L i J'cos"l xsin" xdx

where m and n are positive integers.
Hence, find a reduction formula for

/2 .
E cos™ xsin™ xdx

Or

Obtain the area common to the cardioid
r =2a(l +cos8) and the circle r = 3q, and
also the area of the remainder of the
cardioid.

(b) The part of the parabola y? =2ax

(a)

bounded by the latus rectum revolves
about the tangent at the vertex. Find
the volume and the area of the curved
surface of the reel thus generated.

Or

Find the volume and surface area of
the solid generated by revolving the
cardioid r =2a(l +cos6) about the initial
line.

Prove that eI P is an integrating factor
of the linear equation

dy

-d—x- + Py = Q

P and Q are the functions of x alone or
constants. Hence or otherwise solve the
equation

3 3
e* % +3x2e* y=4x°

Or

If f(gdx-xzlogzdy-xydz=0 s
integrable, determine f{z) and also, find
the solution of the differential equation.

(b) Solve :

(D? -4D +1)y = e®* (x? +5sin2x)

Or

Solve :

42
x2—¥—x%+2y=3xlogx

6
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5. (a)

(b)

6. (a)

(b)

017

State and prove Rolle's theorem.
Or
State and prove Taylor's theorem with
Lagrange's form of remainder,
X !
Show that for the ellipse - 1, the
at »?

radiua of curvature at an extremity of the
major axin s equal to hall the latus
rectum,
Or
If p, and py be the radil of curvature at
the ends of a focal chord of the parabola
y" = day, then prove that
;\"”" op,:"/“ « (2a)™?

If f(x) and g(x) are integrable In (¢, b) and
if  g(x) maintaing  the same uign
throughout [a, b, then prove that

r.' S(x) glx) dx=p r:g(x) dx

where msps M, m and M being the
lower and upper bounds of f(x) In [a, b).

Or

State and prove the fundamental
theorem of integral calculus,

Evaluate H\/-lu“ -x3 -y‘) dx dy taken
over the upper hall of the circle
x? +y'J ~2ax =0,
Or
If u, v, w are the roots of the cquation in
A, such that A=x) +A-y)* + (- 2)Y =0
then prove that
o, vy, W) =2x-y)y - z)(2 - x)

'i)(x,‘y. z)  (u-v)v-w)w- u)

If
w .99
dy Oy fr
—— = f(x
0 [(x)
then prove that el T Gy an integrating
factor of the equation Pdx + Qdy=0.
Or
Obtain the condition for integrability of
the total differential equation
Pdx + Qdy + Rz = 0
Find the power series solution of
2
1-x4)4 Yiay=0
x
Or

Solve : (x*D? + xD =)y = sin(log x)

0

O

6

O

6



4. a)
b)
5. a)
|5. b)
6. a)

b)

2018 :'l;u}‘ , 0(a (b md deduce that

Show that =% £-¢ (tan
6

-1
r4&(tan” 5+
OR

Show that lim 6=-L , where 6 is given by flath) =
h—>0

provided /™' (x) is continuous at a and (@) # 0.
Show that for the ellipsc %3 L4 "—- 1, the radius of curvatureat

any point p is given by p= ’ , where P is the

perpendicular from the centre on the tangcnt atp. €
OR
Find the radius of curvature of the curve y = xe “at (s
maximum point.
6

Evaluate rcosxdx by the method of summation.
OR

Evaluate: n 1ir:’lw{l + Jl7)(1 + f:—)(l + :—:)}y ;

By changing the order of integration, prove that

farf 2T =24 6

(x+y)2,/1+y

OR
If @, B, y are the roots of the equation in £, such that
u v w

+—t =

a+t b+t c+t

o(u,v,w) __(@=BXB-7)r-a)

prove that = 3
a(a)ﬂ:}l) (a_b)(b_c)(c_a)
%2 2
Show that the system of confocal conics + b AN
a’+A b'+A4
is self orthogonal. 6

OR
Obtain the condition for exactness of the differential equation

Mdx + Ndy =

Solve: (D* + xD + 1)y = sin (log X*). 6
OR
Find power series solution of the initial value problem

(-2 +2p=0,y(2)=4,y'2) =5.
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4. (a) State and prove Cauchy’s mean value
theorem.

or
State and prove Rolle’s theorem.

(b) Show that radius of curvature at any
point of the astroid x=a cos® 6,
y=a sin3 8 is equal to three times the

length of the perpendicular from the
origin to the tangent.

or

Show that for the curve y=_a_x_
a+x

GIRHRE]

5. (a) State and prove fundamental theorem
of integral calculus.

or

If M and m are the least upper and
greatest lower bounds of the integrable
function f(x) in [a, b}, b>a, then prove

that m(b-a)sj:’f(x)dxs Mb-a).

(b) By changing the order of mtegranon,‘
prove that

k L[‘WE ()

Or
If u=xyz v=x2 +y2 122, w=x+y+z
ihien find 25 U3,
a(u» v, LU)
(@) Show that the family of parabolas
y2 =4a(x+a) is self-orthogonal. 6
Or

Find f (¥, if f(y)dx-2zxdy- xylogydz =0
is integrable. Find the corresponding

integral.
(b) Solve : 6

2
(x+2)2 %—4(:5 +2)% +6y=x

.Oor
Find the power series solution of

2
4y _dy_,
. dx? dx






