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MATHEMATICS

PAPER -1
SECTION A

Answer any four of the following:

Let U and W be subspaces of R for which dim U= 1. dim W = 2 and U @ W Show that
R=U+ W and U~W = {0}
(10)

Let {e. ex e:} be the standard basis of R and T be a linear transformation from R’ into R
defined by T (e;)=(2, 3). T (ez) = (I, 2)" and T (es) = (-1, -4)"(where **" means transpose)

(10)
(i) Whatis T (1, -2, -1)?
(i)  What is the matrix of T with respect to the standard bases of R and R™?
(10}
Using Lagrange’s mean value theorem, show that
I-xy<e™ <] —.1'+£,I:'-ﬂ
2
(10}
wlr =)
)= (1)
S(x.2) =J "+ " (x.2)=(0,0)
0, (x.)=(0.0)
show ﬂ'lnaf_fn' lnT 'D'} "’fu [U; U}.
(10}

Find the equation of the sphere for which the circle X Hy +r +2x-dy +5=0,x-y+ 3z
+ 1 =0sa great circle.

(10}
Find a linear map T: R® — R* whose range is generated by (1. 2. 0, -4) and (2. 0, -1, -3)
Also, find a basis and the dimension of the
(1) range Uof T
(i) kemel Wof T

(10)

Find the eigen values and their corresponding eigen vectors of the mﬂtrixfi T : Is the
0o
mainx diagonahzable?
(10}

For what values of a has the system of equations

x+%y+z=1,

ox + 4y + 2= = 2,

4 - 2y + 2nnz = -1

(1) a unigue solution




Zothe
{11} infimiely many solutions
(i) oo soluuon ?

(1)
() Determine an orthogonal matns which reduces the quadratic lorm
Qlxy, x9,x3) = 21.1E + IE —dxaxy +x§'
to a canonteal form. Also. identily the sorface represented by Q(x). %2 %)= 7.
(10}
{a) Usimg Lagrange’s multiphers. Gnd the volume ol the grearest rectangular parallelopiped that
can be mscribed in the sphere x™ « v + 27 = |
(10)
(b)  Evaluate the integral ”"TET dvdy, where R is the tnangular region in the first quadrant
bounded by v = x and x = 0,
(10}
(w) Evaluate j-x [ Inl } dem. n=-1.
n I-
(10}
(d)  Find the volume cutt off the sphere ™ = v* + 2" = a’ by the cone x° +y" =7~
(10}
(a) A variable plane 15 al a constant distance p from the origin and meets the axes st A. B and C.
Through A, B and C, the planes are drawn parallel to the coordinate planes. Find the locus of
their point of infersection,
(10
(b Find the equation of the sphere which touches the plane 3x = 2y - 2 + 2 = 0 at the point
(1,-2,1) and cuts orthogonally the sphere x™ ¢ y* 4 7" - 4x + 6y -4~ 0,
(10)
() Find the equation of the right circular cone generated by straight lines drawn from the ongin
to cut the circle through the three ponts (1, 2, 2), (2, 1,-2) and (2, -2, 1},
(10}
(dy  Find the equations of the tangent planes to the ellipsoid Tx + $v* + 32° = 60 which pass
through the line 7% = 10v =30 =0, 3y - 32 = 0.
(10}
SECTION B
Answer any four of the tollowing:
(a) Determine the family of orthogonal trajectories of the familyy = x + ce™,
(10)
(b)  Show that the solution curve sansfying (x° — xy) 3 = v . wherey — las 8 = 1. x = #isa
conie section. Identily the curve,
(101}
(4] A particle moves with a central acceleraton which varies mversely as the cube of the

distance; it it be projected from an apse ol a distance a from the origin with a veloeity +2
times the velocity for a cirele of radws a. determine the path,

(10)




(d)

(d)

(e}

{a)

(b)

(e)

(d)

ia)

(b)

)

ia)

(b}

ol b
A heavy uniform chain AB hangs freely under gravity with A fixed and B attached by a
light string BC to a fixed pont C at the same level as A. The cham AB and the string BC
make angles 60" and 30" respectively with the horizontal. Find the ratio of the length of the
string to that of the chain,
(10)

Evaluate [Fdr for the fiell # = grad (xy’z") where ¢ is the ellipse in which the plane

z=2x+ Tw cats the cylinder x° - v* = |2 counterclockwise as viewed from the positive end
of the z-axis looking towards the origin,

(10)
Solve (1-+ xf ¥ {1+ )yt =4 4 eosfln(1+ x)).0{0)= Lyfe 1) = cosl

{1n
Obtam the general solution of y" & 23"+ 2v=de " x siny

(1
Find the general solution of (xy” « v) dx + 2(°y" + x = v )y = 0,

(10
Obtain the general solution of (D' = 207 -2D) y = 5 - &%,

l'.fi'

where DP:E

(1t

A particle is projected along the mside of a smooth vertical circle of radivs 18 em from the
lowest pomnt. Find the velocity of projection so that after leaving the circle. the particle may
pass through the centre.

{14}
Three forces each of magnitude P and acting in the positive directions of the axes have their
lines ol action

-p=g=l-s=f=1-x=y=]

Show that they are equivalent to a force al the omgin and a couple. Determing the magmiude
ol the foree and the moment of the couple.

(12)
A circalar cone, whose verlical angle 18 607 has 15 lowesl generator horizonlal and s Alled

Jiv

with liguid. Prove that the resultant pressure on the curved surface is o limes the weight
of the liquid.

(14)
Show that
zfn-(i -B)= Baour! A~ AcurlB (1
. (B-F e g o o o i s 5
Evaluste curl | =~ © | Where F=xi +3J+ 2k and » =0+ y7 oz
r
L
(10
(c) Evaluate mﬂ M- :E)ﬁd.!i' where S is the surface x = v + z = 1 lying in the first octanl.
(R

Evaluate ¥'w in spherical polar coordinates,

(10)
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Angwer any [our parts:
(LUx4= 40)
(a)  [Fevery element, except the wentty, of a group 1s of order 2, prove that the group is abelian,
(b}  Show that the sequence (), where
i (%) = e ™
18 pointwise, but not uniformly convergent in |0 =)
ie) Investigale the cunlinui{}- at ({1, ) of the 1 uncii.nn

—ﬁ——%—{ Jx.x) =10,00
flx, ) = |+
JAx,y) = (0,00
(d)  Find the analviic function fiz) = uix, v) + v (x. v) for which u - v =¢" (cos y - sin v)

(e} Prove that &, = 2. x--= 3.x- = 2 i5 a feasible solution, but not a basic feasible solution. to the
set of constraints,

X +x+2e =9
I+, 452, =205 20,520,520

Also lind all basic feasible solutions of the svstem.
(&) Prove that the set & = {u +2b.abel } is aring. Is 1t an mtegral doman? Justify vour answer

(13)
(b)  Evaluate j_r (¥)ebe. where f(x)= x| bv Riemann integration.
(14)
(ch Find the bilinear transformation maps « = 1, (. s 1o w = (I, =. | respeciively.
(13)
() Show that [(x. v)=x" + 1‘1. +:-': has & manimum at (€, 1)
(13)
(b} Find the singular points with their nature and the residues thereat of
f(x)= col i;r_
=3)
(13)

{c) A company has three factonies Fy. Fo. F; and three warchouses W,. Wa. Wi The supplies are
rransported from the factories o the warchouses. The cost in rupees for transportation of the
product from the factories Lo the warchouses are shown below:




-

Sufh

Factary
gty
W, W_ W, |in anis
F, B 0 12 |s=o0
F, B 15 A2 Loon
F 14 m 1 1200
Wisrehoese
regoiremant | 12060 10046 UG
in anits

Assign factory capacities 1 warchous reguirements 1o minimize the cost of transportation.

(14)
() Prove that o funcbon, amaly tic [or all finete vilues of 2 and bounded, is  constant.
(131
(b et © be a zroup of read numbers under addifion and (* be a groap of positive réal numbers
imder multiplication. Show that the mapping 7 G=&" defined by flaj=vael 8 0
homomorphiso, s it an tsomoephism 1007 Supply reasons,
(13
fed  Using Simpley dzonthm sofve the LPP
Minz=x -+ 2
subject 10
e -z +2 <7
-2+ dx, <12
--1.:'1 4-&; 4-.5;\1i <
5200 205 20,
(14
SECTION B
Answer mny four parts
(10 4=40)
(1) Find the general solutiva of the pantial differential equation
(£-3yz-Y)p=sly+09=My-2)
bl 1f the Lagrangian | of a dynamical system does not mvalve ¢ exphianty, prove thal the
Hamiltoaisn H of the system is constant and 18 eguoal 1o the total energy,
(c)  Ifwis the area of crosssection of a stream filmenl, prove that e equation of contmuity s
%{PWH%MH
where s is mn element of are of the flament in the direction of fow and g is the speed.
(d)  Using Newton-Raphson method oblain 2 mo near x = (), and comeel (o free docimal places
of the equation x + sinx = 1.
{¢)  Conven
() the decamul mamber 412 10 octal, (o binary and finally 1o hesadecimal number.
{iiy  the hexadecial number F9A. BC3 w0 a decimul number,
(1) Apply Charpit's method 1o find the complete inteasal of the pariiad differential equation
JEV+ pg &qy= )z,
{13)
iy A umiform rod AR s held in a verical position with the end A resting on & perfectly mugh
fahle, When the rod is refeased. 1t rotates sbout the end in contact with the table, Prove that
the end A of the rod does nod baave th table.
(4
{c)  Write 2 BASIC program fo evaluste
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(b)
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e
laxt
using Simpson’s one-third rule with 20 subwntervals.
(13)
Solve the initial value problem
|

ilx JL'*-_'I.'fJ I:ﬂ}‘ !

using Runge-Kutta method of fourth order to evaluate y(0. 5) in a single step.

—

(13)

A sphere of radius a is surrounded by infinite liqud of density p, the pressure at mfinity
bemg 1. The sphere is suddenly annihilated. Show that the pressure at a distance r from the

centre of the sphere immediatcly falls to Tl ( i -g] _

(13)
Solve the Laplace equabon
%+$-ﬂ. Dz s DL ypecm

i, yi= b, for 0 gy em,
uiw, ¥l = 0, for 0 <y < e,
flx, wim 0, for 0 5 x < 7,
and ulx, Qj =, forD <z < 7,
(14)
Using Gauss-Sewdel steration method find the solution, correct to three decimal places. of the
linedr system
Tx + 52y + 132z = 104
dx + By + 29: = T1
Bx « 1ly - 42 = 85
with (x5, 7. 2% = (1 145, 1.846, 1 8213 Only rwo iterations may be supplied
(13)
Find the moment of inertia of an elliptic arca of mass M and semi-axes a and b about a
diameter of length 2r.
(13)
Prove that the image system for a source outside a circle consists of an equal source at the
inverse point and an equal sink at the centre of the circle.
(14)




