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SECTION A

Answer any four of the following:

{a)

(b)

()

(d)

(e)

(a)

(b)

(b)

Let V = PxR) be the vector space of polynomial functions over real of degree- at most 3. Let
D V — V be the differentiation operator defined by

Dl:ﬂ"‘l‘ﬂl.'t‘i‘ﬂt?l""ﬂgl"} =a, +25,zr+3u3_z=. x B,

i) Show that B |1, x, x*, x*} 15 a basis for V

{n)  Find the matnx [D]n wath respect 1o B of D

(i)  Showthat B’ {1, (x + 1), (x+ 1) (x+ 17} is a basis for V.
(tvi  Find the matnx [D]n, with respect to B’ of D.

{v) Find the matrix [D]p.s of D relanve to B and B.

{10y
; ; ; ; (21
Find the eigen values and the corresponding eigenvectors of 4= 3 3].
(10)
1 j
for 1= r‘sm; for =0
il for: =1}

Show that {'is differentiable at each point of reals but £{x) 15 not continuous at x = 0,

(10)
Show that /R — & defined by f{x, v} 2x” — 6xy + 3y~ has a critical pont at (0. 0) and that
i 15 a saddle pomt.

(10)

v

Find the equations of the generators of the hyperbaloid -+ 1 i =~ | through any paint of
AR

o -

the principal elliptic section .r_ A
w5
(10}
Show that the vectors v, - (1, 1, 1), w2 =(0, 1, 1), v =(0, 0, 1) form a basis for R Express
v = (3, 1, -4) as a linear combination of vy, v; and v+ Is the set S = {v. v, v vi} linearly
independent?
(10}

Determine a non-singular matrix P such that P' A P is a diagonal matrix, where P' denotes the
i 1 2

S

73N

Show that the real quadratic form

transpose of P, and A =

(10)

in # vanables is positive semi-definite,




(&)

(h)

i)

(i}

ih)

el

id)

3 uf R
{1
(1) [Tsing Taylor's theorem with remainder show that

a | a3
x - X -
—= g cx—=_r = forallx>0,
B 6 ' 120 *

(it letf: R* = R be defined by
f[x,y]r:ﬁ if x#+y
=0 if x=1y
Show that : .E:u-u e v) does not exist
(5)
Shaw that the curve given by
- dxty + 5xy? - 293 4+ Bx% - dxy + 297 - Sx + Zy - 1 = @)
has only one asymptole given by
1
y=—x+3.
2
LIy
Find the extremum vilues of
flx, 3= 2x* — Bxy + 9 on Hyi-1=0
using Lagrange multiphier method

(RL
A solid cuboid C in R* given in sphenieal coordinates by R= |0, a], 0= |0, 2x], ¢ = |0, /4|

has a densily function ptR. 8, p) = 4R sin % cos o Find the total mass of ©

{1

A vanable plane s al a constant distance p from the ongin and meets the axes in A, B and C
Show that the locus of the centrond of the tetrahedron OARLC is

L X oy 18
vyt ==
A e e

{141
Find the locus of the pomnt of mterseeton ol perpendicular generators of a hyperbolond of one
sheet.

(1
Plunes are drawn through a fixed point (o 2. ¢) so that ther sections of the parabolord
v+t =2z are reclangular hyperbolas Prove thal they louch the cone
a0V o),
[ a ol
{1

Show that the envelopimg evhinder ol the contemd
art i s et =
with penerators perpendicular 1o 2- axis meets the plane z = () in parabolas,
(1h
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SECTION B

Answer any tour of the following

(&)

(b

ic)

1)

(e)

{al

(b}

3]

Form the differential equation that represents all parabolas each of which has |atus rectum 4a
and whose axes are parallel 1o the x-axis.

{10
(] The auxiliary polynomial of a certain homogeneous hnear differential equation with
constant coefficients in factored form is P{m)=m"(m—2) (m’ - om + ISII What 15

the order of the ddferential equation and wiite a general solution”

(3
(it} Find the equation of the one- parameter family of parabolas given by v =Zex +o7 ¢
real and show that this fanmly 1s self-orthogonal
(5)
A crreular wire of radius a and density p attracts a particle according to
[ ey
: {diﬂt&uﬂﬂ}:-

If the particle 15 placed on the axis of the wire at a distance b from the centre find s velooity
when it 15 at a distance x. 17 it 18 placed ot a small distance from the centre on the axis show
that the time of 2 complete ascillation 15

a 2
"
(10)

A regular hexagon ABCDEF consists of six equal rods which are each of wejght W and are
freely jointed together. The hexapon rests in a vertical plane and AB 1s m contact with a
honzontal table. If C and F be connected by a hght stning, prove that the tenston in the string
s W3

(10}
For the curve
F=afdt—) i+ sar'] +afu )k o

being a constant. Show that the radius of curvature 15 equal to 1its radius of torsion
(1)
Solve and examine for singular solution the follawing equation,

PHa* — @) — 2pxy + y* — bt = (.
{101}

Solve the differential equation
2

o
+ 8y ==ec 3x
—_l%d Y = =g

[RE]

Given v=4 +% 15 one solution, solve the differential equation

ad” dy
e y=0
x&;‘;‘rtn’x ¥

by reduction of order mathod.




(d)

{a)

(b)

ic)

(d)

(a)

(b)

()

(d)

J ol &
(10)
Find the general solution of the differential equation
2
g—t} - 2}.*-63 ~8y=2¢" -10 0%
dx dx
by the method of undetermined coefficients.
(10}
If two particles are projected in the same vertical plane with velocities & and #" al angles o
wnd o7 with the honzontal, show thal the nterval between their transits through the other
2 wu'sinfo—a')

inf common 1o their paths is
pa pa g ucosa +in'coso!

assuming o = o,

(101)

Two particles of masses m and M move under the force of their mutual attraction, if the orlat
of m relative 1o M is a cirele of radius o described with velocity v show that

(3]
N ‘ G Mu-r n:]]‘

(10}
Show that the length of an endless chain which will hang over a circular pulley of radius r so
as to be m contact with two- thirds of the circumference of the pulley is

VB
im;im.{éi 3

(10}
Prove that a circular cylinder of radius a and length % cannot fluat uprght i water m stable

equilibrium 1f its specific gravity lies between

i-{l— 1 -?.ng1 and l{l - 1-:?.;:2},
2 2

What will happen if 2n? > 17
(1)
Find [{r) tl'{r} 7 1= both solencidal and irrotational.
(10)
Evaluate H-’Tnﬂi where F = y=v + 237 + xvk and S is the part of the sphere v+ 2 = | that
&

lies in the first octant.

{10}
Verify the divergence theorem for F =dx7 —2y°] ==k taken over the region bounded by x°
sy =4,z=0andz=3

{10}

By using vector methods. find an equation for the tangent plane to the surface z=x™ v~ at the
point (1, -1. 2).

(10}
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| Answer any four parts
(10 %4 =40)

(a)

(b)

(e}

(e}

k2

ial

(b)

)

(b}

Show that the set of cube roots of unity is a finite Abelian group with respect o
multiplication

Evaluate the double integral IL vdyedy where R 1s the regon bounded by the line y = x and
the curvey = x°
Show that the funchion [ defined by
1
=— |,
fla)=—xe[l=)

18 uniformly continuous on [1, m),
If fanalytic, prove that

T yef s

Find the basic feasible solutions of the following system of equations in a linear
programming problem

x, +Ix, +x, =4

Zx, + T2 *5x, =5

*20,i=1,23

Show that the set S = {1, 2, 3, 4] forms an Abelian group for the operation of multiplication
modulo 5

{14y
Show that
(i} h{.t}=1||.1'+ x4z 015 continuous on [0, o),
(i} hix)=e"" is continuous on R.
(13)
If fix, yi=xy -;-—-;—E- when (x. v} = (0, ) and A0, 0) = 0, show that at (0, 0)
.1.1
e I
dxgy  dydx
(13)

Prove that the set of all real numbers of the form a + b+/2 , where @ and h are real numbers.
15 a field under the usual addition and multplication,

(13)
Show that the transformaton

5-4z2

dz=2




(e}

{a)

(b)

(e

(b)

HolB

J . - |
1Eaps it crrele 2 = 1 onto g errcle of radius unity and eentre at e

(13)
Uise contour integration technique to find the value of
[ri]
Z24cos @
(14)
If R 15 commutative rng with unit element and M 15 an 1deal in R, then show that M s
maximal deal it R/M 15 a field
(13)
Solve the linear programming problem
Find mm (Bx + 6x2)
subject to the constramts
Fup+3u2= 18
g +5%:= 16
X x=0
using wraphical method Show that more than one feasible solution will yield the minimum of
the ahjective function. Interpret this fact geometncally.
(13)
Use simplex method Lo solve the followine linear programming problem
{14
Maximze Z£=2x; — % = 3%
subject to the constraints
I FR2— <6
MM Fhmtxasld
%) Fdxa 23 =8
Xi, X2, % 20
Show that the rransfonmation

SECTION B

Answer any four parts

(a)

(b}

(ch

(1024 = 40)
Apply Charpit’s method to solve the equation
Ez+p:+qy —h‘z=ﬂ
Perform four sterations of the bisection method to obtan a positive rool of the equation

fx)=x'"—5x+1=0

Evaluate I' V14 2xdy by applying Gaussian quadrature formula, namely

[ 10a =310
=1

where the coefficients A, and the roots (, are given below forn = 4 as
(1, =-08611 A =A = 03478
f,=-03398 A = A =06521
£, = 0.3309
|1, = 08611




{dy

(b)

fch

ia)

(b)

)

Tol'B

Evaluate the following expressions:

(i) 78 OR 87
(i) 78 XOR &7
(ini}) TR AND 87
(ivi  Shift 87 left by 2
{v)  Rotate 78 right by 2
Find the moment of inertia of a umform tmangular lamina about one side.
Solve f:—'-"— =t 1:-'1 given that
2 i

(i) u=">0, when x 0 for all 1
{iiju=10, whenx= [ forallt

(i) u=2%,
[+
_b{i—x)

i-n

i B G sl 5
(i} 3 Dat =0, x in (0 0

(13)
Solve:
e, o e .
PR i

(13}

A solid circular evlinder of radius a rotating about its axis 15 placed gently with its axis
horizontal on a rough plane. whose inclination o the horizon s a. [ninally. the friction acts
up the plane and the coefficient of friction 15 .1 Show that the evlinder will move upwards. if
W= tan o, Also, show that the ime that lapses before rolling commences. 1s

afl
£(3y cos e —sinc)

where (2 is the ininal angular velocity of the cylinder.

(14}
Apply Gauss-Seidel tterative method for five iterations to solve the equations

(14}

10 -2 -1 -1j[x= g
-2 10 -1 -1||x|_ |15

=1 —1 10 —2||x| |27

=1 =1 =2 | |-8
A two-dimensional flow field is given by y = xy. Then
(i) show that the flow 1s urotational,
(it} find the velocity potential;
(i) verity that P and 1ts complex conjugate p satisfy the Laplace equation;
(ivy  find the streamlines and potential lines,

(13)

Write a BASIC program (o evaluate a definite integral

_[:(x“ +sin x)dx




{a)

(b)

9]

BolB
by Simpson s one-third rule. Indicate the lines which are to be modified for a different

problem.
(13)

Write a program in BASIC to solve the equation
XA Rt 6=0
by Newton-Raphson method by taking the imtial approximation as %, = 3. Indicate which
lines are to be changed for a different equation.

(13)
Apply Runge-Kutta method of fourth order to find an approximate value of v when x = 0.2,
given that

%:1+yi,y=lwh¢nx=ﬂ'

(14)
Determine the restrictions on £ f: and fa. if

1 4 8
Zehl)+ SRl Al =1
15 4 possible boundary swrface of a hguid.

(13)




