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| MATHEMATICS '

PAPER-I
SECTION A

1. Attempt anv four of the following: 6\
(i) Let C (R) be the vector space of complex numbers over the field of real m&m&m
conditions on the real numbers o, 3, 7, & in the set

S=la+ ify y + B i = (=11 ; @Q
do we have (}
L($)=Cm). CQ

where L(S) denotes the linear span of 8. Justify your claim.

(i)  Sketch the conic g (ﬁb
58 3 -z &
[¢ ¥ 1][3 A -Ejl[j]-ﬂ %
5 -3 -slf1 (10)

(iii) A plane passes through a fived point (2p, @ cuts the axes in A, B, C. Show that the
locus of the eénire of the sphere {}AB%

(10)

PSS ot &,
X ¥ £ @ (1“}
(i¥)  Provethat the stitioniry $
S AP

H.—‘*H'il“‘ Q
subject to the itipns, Ix + my + nz =0 and

(10)

xs dx from first principles by using

Riemann’s theory of integration. (10)
2. (a) Let .

D VIR <= VIR | flx) = %.

T ViRl -« YR : fix) — gflx),

be linear transformations on V(R), the vector space of all polynonuals in an mdeterminate x

with real coefficients.

Show thai:




d

4

(b)

(a)

(b)

()

®

20lR
(i) DT — TD = [, the identity operator.
Giy(TDY = T'D* + D,
ll 2 u]
A=|2 -1 0
I

by using Cayley-Fiamilton theorém. (20)

Show that every square malrix can be expressed uniguely as A + iB where A, B are
Hermitian,

Reduee the quadratic form \
& = 4% + 927 + 1%~ 12yz + 62X - 4%y~ 2x1 - 621 lo canonical form and find its ik and
signature, 5

(20)

If fix) is a continuous function of x satisfying fx+y) =Ax)y). I‘nr‘l,ll'@\immbc;rs X ¥
then prove that f{x) = Ax. for all real numbers x. where A is a constant’

Express ¢

o= le=gl= ll

m ascending powers of X, by Taylor's theorem, (Zm
Using the transformations
gt oyt

(] =
Evaluate
TN
‘U . A =y iy
over the area common to the cirgles /
eyl —ur=0Oandzts ¢ p‘l_\rQ‘!‘-
Evaluate
1= 5 — y—z¥ ta=-t pheiat? e dy dz
over the interior ﬁﬁbﬂlﬂmﬁeﬂm bounded by the planes
x:ﬂ,yzﬂzg':ﬂ:,"i&+y+z: 1.
(20)
A sufighitfine AB of fixed length moves so that its extremities A. B lie on two fixed straight

Tiifé. 0P, OQ inclined to each other at an angle to. Prove that the locus of the circum centre
‘o NOAB is a circle.

Find the locus of he lines which move parallel 1o the zx-plane and meet the curves
xy=c.2=0
y2=4cz, x=10
(20)
Two cones with 4 common vertex pass through the curves
v=0,7" = dax
x =0, 2* = 4hy

The plane z = 0 meets them in two conics which interseet in four concyclic points, Show that
wverex lies on the surface




3olR

IAiTI =4j+=
||.ﬂ ] [ ‘l]

Find the radii of curvature und torsion al any peint of the curve
XAy =n. Xy sa (20)

SECTION B

5 Attempt any four of the following:

(1)

()

i

(v)
(v}

7 (a)

If the differential equation satisfying the sbove is given be

An amount of X rupees is invested at an hw;ﬂkﬂuwmm%@%ﬂy.

% = (0.01) kx R
and if an amount of Rs. 100 is invested at 15% per annum comp cotinuously, find the
amotinl al the end of 5 vears.
\ (10)
Solve for x the vector equation B @
bresda=hpell &
(o) (10
Suppose we are given thal 4 and 77 are ten ted through
A'Bik pl= (.‘-"'. @
Prove that B (kup) is ntemmrnf::nn% rank 1 and convarant rank 1,
(10
Let u be the speed of a and ¢ the speed of light. For what value of wc will the

relativistic mass of & partigle exceed its rest mass by a given fraction 77

O (10)

A number of parti projected simultaneously from the same point with equal velocities
in the same in different directions. Find the locus of the foci of their paths.

0\&’ (10)

W)+ lxaypr sl p o
\xs:rpm geometrically the Factors in the p-und c-diseriminants of the equation

‘e =y (12p" =9}
(20}

Solve:
diy 2dy At
IHd‘._?d- ® dx T{_-,-_u_

i % b tan & - HLWT% 4+ Dy

cos' &= vosty
by varying the parameters. (20)
17se the principle of virtual work. to find the melination of a rod o the horizontal, when the
rod lies in equilibrium with its ends on two smooth planes inclined at angles 30" and 607 1o
the horizontal. the planes miersecting in a horizontal line,




4ulR
A hollow gas-tight balloon contaiming helium, weighs W kilograms when its lowest poini
touches the ground it requires 4 force of w kilograms to prevent il from rising. Show that it

can float in equilibrium at a height
I g, [l * lwl]
where H is & cerlain constant,
(20)
(b} Show that the electromagnelic wave equation 6
Rk Bk A <

retains its form under Lorentz transformation but not under Galilean mmrwl
At what rate is the sun losing rest mass due lo its radiation, given that \

(i) the earth receives radiant energy from the sun at the rate of 1, 3% atts/matre’,
(1i) the sun radiates isotropically.

(iii) the mean earth-son separation = 1.49 x 10" metres (:b

(iv) ¢ = 899 x 10" joules/kg. \
LR (20)
2 (2 Prove the identities @
(i) Curl grad ¢ = 0, Q
(ii) Div curl £0. \Q

[FoA =l OR = wj, OC =nk

coterminous edges of a cube otes the surface of the cube, evaluate

-H_{r* =j2]i. Oy je !?&dﬂ

by expressing it lume integral, where n 1 the unit outward normal to dS,
(b  Prove that o inner product A™ 8, of the skew symmetric tepsor A” and the

=

g@l‘fn

1% & tensor of contravariant rank one and covariant rank one, by assuming the law of
transformation of the Christoffel symbols ™

(20)
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| MATHEMATICS '

PAPER-II
SECTION A

1. Answer any four parts \

(a) Show that an infinite cvelic group is somorphic to the additive group of mwgm(jb
(b  Change the order of integration in

T Totmnde a Q/
5 o
(¢}  Expand the function fiz) = log (z + 2) in a power seri its radius of

e (o)
(d) By qrpl)rmg Newton-Raphson method to . (J
Rai=3=2g, ’&\.
prove tha @

iy

e

ol
= -t (v Thay - ] @
) @

() Test the convergence of the integral

=N fo

o (a)  Show that every finite isa feld
(b}  Show that every fini a field extension of field of residues modulo a prime p.

(¢)  Test for mnfnnn the series

by using method of residues.
(a) Prove that the fimction fz) = a + . where
ﬂzhx“uﬂj-f{l-n

103 = 0 s 3

satisfies Cauchy-Riemann equations at the origin, but I (1) does not exist,




Gol§
(1)  Define mierpolation, Find the polynomial Py (x) which satisfies

fA-ll=P1-11=2
Al =P, i1 =1
A2y =P.. (Zi=1
Find f{1.5).
by  Discuss Simpson’s one-third rule of integration.
Use it to find the value of

@

() Drs,waﬂnwchutfmfmdjnglhermuﬁhaeqmﬂmax’+bx+c=ﬂ. Q
SECTION B CQ&
Answer any four parts: \

(a)  Solve the following initial value problem L @

M+E) g i =x=M

=1+ ontha inital ciirvi - %&’

=l y=li-meT 2w
(b) A Lagrangian for a particular phvsical syu@e written as

L= bus® s Dby e \Q
.—E[In:rz + 2hxy + r;uij @&

where a, b and ¢ are arbitrar but subject 1o the condition that b'-ac # 0. Obtain the
equations of motion.
(¢) Let Xand Y be two variables taking three values-1, 0. 1 having the following joint
_pmhhi[hydimﬁwn
e B i ¢ | Towl
-] 0.1 01 0.2
% g 1 o2 | a2 | o8
\_ 4 | Y 02
| @z | wa | o4& |

i Fine B(X), E(Y) and E{XY). Are X and Y independent?
\ﬂi} Derive conditional probability distribution of X given that Y = ().
Two companies A and B are competing for the same product. Their different sirategies are

given in the following pay off matrix:
Company B
B, B,
Lompany A A, ] 1
3 4

Using linear programming or otherwise determine the best strategies for the company B.
()  Give the arrangement ol sources and sinks thal will give rise 10 the Function (complex
potential)

wm;[:-% .




Tofs
Draw a rough sketch of stream lines and prove that two of them subdivide into the cireler = a
and the axis of y,

b. (a)  Determine the complete mtegral ﬂf tha equation

%fk. l iy lf}:JI l
by

[ e dth
ks
(h)  Solve the following partial differential equation

=z Pz FF- _B ik _y
W iy iy ax Ay
(¢)  Foracertain mass pulley systemthe  Kinetic energy T is given by
Tebim (y= yPraly-i HeleMyts 'w-lw.l .
Write down the Lagrange's equation of motion cnrrwpundmg,tu -.H&ml md show that

)= k[ﬂ E'-}H ¥l+e N
B, -C§=0Ca
Where
.ﬂ-n:1$m=+M.ﬁ=m,!mi+%rE:m‘—m! N O
and vy is the value of v when the spring is unsﬂ‘é'mil‘éd.

T (a) Find the moment of inertia of a Mhdc[fwlg‘gﬂuenfhmghrhmd vertical angle 2o, about a
line through the vertex parallel to the.jﬁe

(b} The region 00 = z € h between the' z =1, &= h s filled with incompressible viscous

fluid. The plane z = () is held.at vest and the plane z = h moves with constant vclucuy Vi s
required 1o determine Iht: ‘bfﬂlc Now when conditions are steady. assuming there is no

slip between the fluid ither boundary. neglecting body forces.
(e} fx=dy *5andy = ki:) are 1he regression lines ol x on ¥ and ol v on x respectively, then
show that ) 54!1 Sﬂ-,

i k= --- I'n;ﬂ'lhﬁ'ﬁma of ¥ and v and the coefficient of correlation between them.

8 () Let Nﬁ “be a'saquetm of independent and identically distributed randomvariables such that
E\t?&mm o < =, then show that as

~ m:.\-\ (X, 1a =N,

\ % i probability.

‘.{b‘i\ / Atoy company manufictures two types of doll doll type A and doll type B. Each doll of type
B takes twice as long to produce as one of type A and the company could have time 10 make
a maximum of 8 dolls of type A per day. The supply of plastic is sufficient to produce 600
dolls per day of'both types. The type B doll requires a fancy dress of which there are only 200
available per day. I the company makes a profit of Rs. 20 and Rs. 30 per doll on type A and
B respectively, then how many of cach doll should be produced per day i order to maximise
the total profit?

(e} A company has 3 warehouses and 3 stores. the cost of shipping one unit from warchouse i 1o
store j is given in the following table:




8of B

B ds B | B
e oo 23

IF the requirements of the three stores are 70, 50, 30 respectively and the quantities available
al the warechouses are 70, 30, 50 respectively, then find the minimum cost solution,






