C.5.E-Mains 2(01

HATHEHATICS

Time Allonved: 3 frovirs Maximum Marks: 360

Candidates should attempt Question Nos, | and 5 which are compulsory, and anv three of the remaining
questions selecting al least one question from each section.

PAPER-I
SECTION-A
I Attempt any five of the following

{a) Show that the vector (1, 0, -1). (0, -3, 2) and (1. 2. 1) form a basis for the vector space R'(R).
(12)

ih) il & 1% a charactenstic root of a non-singular matrix A, then prove that | A/ 15 a charactenstic

root of Ad). A

(12)

(ch Let I be defined on IR by setting f{x) = . if x is rational. and f{x) = 1-x. 1l x 15 irrational
Show that [ is continuous at x = 1/2, bul is continuous at every other point.

r'
(d}  Test the convergence of F%T-ﬂulr

(e} Shuﬁ that the equation
X Sxyty + -2+ 15=1)
represents a hyvperbola. Find the coordinales of 1ts centre and the length of 115 real semi-axes.
i12)
i Find the shortest distance between the axis of z and the line
ax by +ezed=(a'x +by+eeed' =0
(12)

b

{a) If
[ ¥

A=1 0 1
O« 10

Show that for every mleger n =3,
A=A e 5]
Hence, determine A™'
(15)
(b)  When is a square matrix A said to be congruent to a square matrix B? Prove that every matrix
congruent lo a skew-symmetric matrix is skew-svmmetrnic.

15

{¢)  Determne an orthogonal matrs P such that P-1 AP 15 a diagonal matrix, where i
7 4 -4
A=| 4 -8 -
4 = —f

(15)




id) Show that the real quadratic from
CE - AR B B NS N |
In n variable i3 positive sem-defimie.
(15)
{ay  Find the equation of the cubic curve which has the same asymptotes as
2u( v 3) =3p(x-1)
And which touches the x-axis at the origin and passes through the point (1, 1)
(15}
by Find the maxmmum and minimum tadn vectors of the section of the surface
(& + 9% 42 ) =a'x + by 4 &2
By the plane Ix+ my+ mz =10
(15)
{ch Evaluate
ﬂj-[ x+yez+ 1) dvdyds
Owver the regron defmed by
xz0 =020 y:551
{13)
(d)  Find the volume of the solid penerated by revolving the cardiod r =a(1-cos#) about the
initial line.
(15)
{a}  Find the equation of the crcle cmcumseribing the triangle formed by the pont
{a,0,0)40,50),{0,0.¢). Obtain also the coordinates of the centre of the cirele,
{15)
by  Find the locus of equal conjugate diameters of the ellipsoid
X g .!,; J - o
“3 B |.’.'1 =
(15}
ich Prove that
5x* 5y o B2 0 Byz+ Bax—2ape 12y~ 12y 6=0
Represents a cylinder whose cross-section s an ellipse of cecentricity 1/ V2
(15)
{d) IF TP, TQ. and T'PLT'O" all lic on a conie.
(15)
SECTION-B
Attempt any five of the following:
(a) A continuous function v(1) satisfics the differentusl equation
o L& D=r=1
1 240-3°, 1<t<5
I y(0) = -¢, find y(2).
(12)
ih) Solve:
d’y  dy
IlE“ .I'E -3 e x‘lng.r
(12)
te}  Find the law of foree to the pole when the path of a particle 15 the cardiomd £ = a1 - cos 8)

and prove that if' T be the foree af the apse and v the velogity there, then 307 - daf’
(12)




(d)

(e)

(1}

(aj)

(b)

(13}

(d)

ia}

ihy

(e}

fd)

in)

The muddle points of the opposite sides of a jointed quadrilateral are connected by bght rods
of lengths. 7.I' 1T, T" be the tensions s these rods, prove that
S
7 + T 0

(12
A solid right cocular cone with semi-vertical angle @ 15 just immersed m o hguid with a
generating line on the surface. IF O be the mclination of the vertical with the resullant thrust
on the curved surface. prove that
(1-3%in® & |tan @ - 3sinercos

{12
Find the length of the arc of the twisted curve r=(3,3', 2 ) from the point t =0 1o the

point 1 = 1. Find also the unit tangent t, enit normal noand the unit bmomial bat1= 1.

(12
Sulve:
4
@y i_,_,TJ““E‘.J]
ay X 3
(1%
Find the geneéral solution of
ayp’ +(2x—B)p—v="0.a -0
(15)
Solve:
(% ‘i}’ v =2dxcosx
Given that y=Dv=D"y=0 and D'y =12 whenx =0,
(15)
[sing the method of vaniation of parameters, solve
%:—I <4y = 4tan 2x
{13)

A comel deseribing a parabola under imverse square law about the sun. when nearest to il
suddenly breaks up. with out gain or loss of kinctic energy. into two cqual portions. one of
which describes a circle. Prove that the other will describe a hyperbola of eccentricity 2.

(15)
A particle a mass M 1s at rest and begins Lo move under the action of a constant foree I in a
lixed direction, If encounters the resistance of a stream of fine dust moving in the opposile
direction with veloeity V. which deposits matier on il at a constant rate p. Show that the mass
of the particle will be m when it has travelled a distance

[ )

i::' m—M {14 |ugﬂ|
oy | M
Where k - F - pV,

(13)
OA, OB and OC are edges of a cube of side a, and OO0 AA", BB and CC” are its diagonals,
Along OB, O'A, BC and C°A” act lorces equal 1o P. 2P, 3P and 4P respectively. Reduce the
system Lo a force at O together with a couple.

(15)
A right eareular cylinder floating with s axis horizontal and m the surface 15 displaced n the
vertical plane throwgh the axis. Discuss its stability of equilibrivm,

{15)
Show that




(b)

(e}

asr a 3r
curl 3 =—r—,w~F[a,r}
Where a is a constant vector,
(15)
Find the directional derivative of f = x*yz" along x= e p=1+ 2sint.2=1-cost at 1=0
(15)
Show that the vector ficld defined by

F=2azlis a2+ 3052k
18 irrotational. Find also the scalar u such the F = grad u.
(15)
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MATHEMATICS

Time Allowed: 3 feowrs Maxcimem Marks: 306

Candidates should attempt Question Nos, | and 5 which are compulsorv, and any three of the remaining
questions selecting al least one question from each section.

PAPER - I
SECTION A

l Attempt any five ol the followimng:
ia) Let K be a field and G be a limite subgroup of the multphicative group of nonsero elements of
G, Show that G is a cyclic group.
{12)
(b}  Prove that the polynomial 1 + x+ &7 + . _+x" . where p 15 a prime number. 1s irreducible over
the field of rabonal numbers.

12y
{c)  Show that r : r: dv exisls
osin X
il and only ifm<n+ |
i12)
(dj I Lsa, =/, then prove thai Lt %:;
(12)

(e)  Prove that the Riemann zeta function £ defined by &(z) = Er: * converges for Rez > | and
n-l

converges umiformly Re = = 1- & where & = 0 15 arbitrary small.

12
(f) Compute all basic feasible solutions of the linear programming problem P
Max =25 +3x,+2x,
subject fo 2x, 435, -k, =8
¥ —dx,+0x Fbx, =3
5 S A ]
And hence indicate the optimal solution e
2 (a)  LetN be anormal subgroup of a group G. Show that G/N 15 abelian if and only if for all |
xnyeGazy'eN
(20}

(by 1M R is a commutative nng with unit element and M 15 an ideal of R, then show that M 15 a
maximal ideal of R if and only if R/M s a field,
(20}
{c)  Prove thal everv finite extension of a field 1s an algebraic extension, Given an example 1o
show that the converge is not true,
(20}




()

iny

h)

(a)

A function s defined in the interval (a, b} as follows:
fix)=V g ,when x=pigq

=1 g whenx=yfp/q

Where p, g are relatively prime miegers.
(=)= for all other values of x.
[s f Riemann integrable? Justify your answer.

(200

Show that U = xy + yz + 2x has a maximum value when the three variables are connected by
the relation ax * by | ¢z ~ 1 and a, b, ¢ are positive constant salisfying the condition 2(ab -
be + ca) > (a° +h™+c%)

(25)

Evaluale

ax’ - by* + c2* Jdvedz taken through out the region &% + " + 2% = B,
[M(as by sz )y . gion +° +.

{1)

()

(1)

(i)

(15)
Find the Laurent series for the function ¢ in 0+ 7« = Usmg this expansion, show
that 1/ rrjl: explcos@)cos(sin @ — )l =1/ 0!

1 T

Show that ;;I 3 dr= :E-

15
L'sing duality or otherwise sobve the lmer programming problem -
Minimize 18, + 12,
Subject to 2 -2x, =-3
3 +2x =3
B A

(13)
A manufacturer has distribution cenlers al Delhi. Kolkata and Chennai, These contlars
have available 30. 50_ and 70 units of his product. His four retail outlets require the
tollowing number of units: A, 30y B, 20 €, 60; [, 40
T'he transportation cost per unil n rupees between <ach centre and oullel 15 given in

the following table:
Distribution Retail outlets
Centres
A B C D
Delhi 10 7T |3 6
Kolkata ] TR
Chennai 7 4 5 3
Dietermine the minimum transportation cost.
(13)
SECTION-B
Attempt any five of the following:
Find the complele integral of the partial differential equation
2t 0 30 =8t (24 ;r']
(12)

(b}

Find the general integral of the equation
=m}*{.‘x‘+_r]-—- -‘}&:rﬁrﬂfx{xv }']»m‘lzé‘r. oy =(lr=my)=

(12)




{e)

td)

5]

(N

i, {a)

(b)

T. fa)

Show that the truncation emor associated with linear interpolation of f{x), vsing ordinates at
s and % with %0 = % = %, i not larger in magnitude then 18Mafx, — x0)° where
M, = max f"[x}|:'n LEFSXI<X,

se ooy 2ol
Hence show that of ,f[.c}—?:j: R [
The truncation ervor corresponding to lincar interpolation of fix) m o < x< 5 cannol

(5-%)
exceed i
Zilms
{12)
(i)  Given AB" A'B=C
Show that AC A'C=B.
(1)  Esxpress the arca of the nangle having sides of lengths 65212642 units in hinary
numbeor systom;
(6+6=12)
Determine the moment of merfial of a uniform hemisphere about its axas of symmetry and
about an axis perpendicular to the axis of symmetry and through centre of the base.
(12)
If the velocity distribubion of an mcompressible fluid at the pont (x, y, #) 15 given by
3z ys | Sl " oy a .
o w o = Ju then determine the parameter k such that it is a possible motion.

Henee find its velocity potential

(12}
Prove that for the equation
z-pa-qy— 1 -paxyi =0
the charsctenstic stnps are given by
1 1
*1f) ﬁn}*dhhhﬂf“
2(t)=E - (AC+ BD)e"

plr)= A{ﬂ! % }:.qu]: ﬂ{.-l ¢ De” ):

Where A, B, C, 1) and E are arbitrary constant. Henee lind the values ol these arbitrary
constants il the integral surface passes through the line z = O, x = y.

(30)
] Write down the system of equations for obtaining the general equation of surfaces
orthogonal to the family given by
&+ ¥+ ) =0

{10y
(i} Solve the equation
&z e i Or
Tlﬁ_."“ 1 ot y—=xy"
i oy dv oy
by reducing it 1o the equation with constant cocfiicients.
(200)

using Gauss Scidel iterative method and the starting solution % = x, = x, =}, determine the
solution of the following system of equation in two ilerations

10x —%, —% =0

X +10x+ 5, =12

X=X+ 10x =10

Compare the approximate solution with the exact solution,




(b}

(a}

(b}

(30}
(1) Wrile a computer program n BASIC o evaluate the polynomial
B G 5 1. SR WS

for values of x = L2{0.22.0.

(15)
(ii}  Find the values of the two-valued variables A, B, C and D by solving the set of
simultancous equations
A"+A.B=0
A.B=A.C
A.B+»A O+ . D=C".D
(15)

Find the equation of motion for a particle of mass m which 1s constramed to move on the
surface ol'a cone of semi-vertical angle @ and which s subjected (o a gravitational force.

(30)
Show that the velocity distribution in axial flow of viscous incompressible fluid along a pipe
of annular cross-section, radii ry = r2. is given by

Ll o, d-d 4 [f"}

W= e e

2 '
4,Hd:| ¢ ]ﬂg{?‘, ’i.} y: er
(30




