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I Maximum Marks : 2OO

1:rk+-on 3it5: 2oo

Instructlons (ffivl):

O This paper is divided into ft o Sections, Section-A and Section-B.

+ vFT* a dd fr fslTrh" t, rds-n *t rde-s r

(11) Each Section contains elght questions.

rd6<icfr e{r6vs-{tr

(u1) A candidate has to attempt tselve questions.

qs cfrcflfi' d ErA rsl +r rtrt fuq+ it
(iu) Question Nos. I and 9 are compulsory and out of ttre remaining, ang

terr are to be attempted choosing flve from each Section.

c*q tqr r St g arM t 3rt is yrn n t ffi w ur stt fts{r t, v&s Eis

tqiq-d'qlrn656umtt
(u) Question Nos. I and 9 consist of fiue parts each. Each part will be of

6 marks. Word limit will be l5O (in relevant subjects only).

I yr{ {isr r fi g * fq-qtq u* g1 v$* ,+n + frs o eis fuilftd tt rtq {ireqr

rsorsfrfu(t Gfl?sqqMql,

(a) Remaining questions will be of 14 marks each.

isv€ r+ si*llvftw{fir
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SECTION-A

reie-e

1. Answer the following questions : 6x5=30

ffikay$fr*vmQfrq,

/a/ Suppose the x and y-axes in the plane R2 are rotated counterclockwise
45', so that the new x' and g'-axes are along the line A = x ayrd, the line
y = -, respectively. Find the change-of-basis matrix P and the coordinates
of the point 4(5,6) under the given rotation.

clcAfu R2qc-ilmii xsi y-3Tqit+1 qm+dFct 4s'gmqrqrdrtdrffqq x' *{
u'-sH, u = * *t s = -" * s.R EqYI, q-.s+ i r iq+ms-+ffq +fifi pq-dr 61 *t
fes,rs Wtq + 3ifr,fd ft-€ A(s,6) + +}eTrElc rdr 6ir

(b,l Evaluate the limit

-. u+4
t,.'c)92 -at7;-;;i" 4"

where g+4 and x+x2.

ffifua+rq-qffii ,

lim - U*4 -
tx.Al-\2,-a) x'g - xg + 4x" - 4x

s-d y+-+ Si x+x2tt

/c/ A force F=2i+j-3k is applied to a spacecraft with velocity vector
u=3i-j. Express Fas a sum of a vector parallel to u and a vector
orthogona-l to u.

qs eidftqrqH, fusfirrfttm ,=3r- j i, crqsqm F=2i+ j-3k EFn{IIqrirT

tr r+1 , Sqciilcstr& *r ,S errrrdqrr*tmt*,molsciqtrdt

(d) lf ax2 + 2hxg + bg2 + 2gx + zf1 + c = o, frrrd *.
qR o*2 +2ttxg+bg2+2gx+2fs+c=o i,fr ff"rardr
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(e) An
its
the

object moves along a straight line in such a w-1V lat after I seconds'

velocity is given by u (t) = lolog5 t + 31og2 t ft/s ' How long will it take for

velocity to reach 20 ft/s?

* "< 
qH {(f, ter t gs (r€ wrdT i dr6 t teis qrq ss-ff {ft 6I cH

u (t) = 1o 1og5 t + 3rog2t s;z/fihB tl{ft* 2o5z/+ksilsrcqlfifo-c+wq

airnl

A Red Cross aircra-ft is dropping emergency food and medical supplies into a

disaster area' If tf," .i'"t"ii t?ltt"""- the supplies immediately above the

;a* ;; ;-;d lield 70o rt long and if the cargo moves along the path

x=72Ot arfi. g= -16t' +5O0, t > g,does the cargo land in the field? The

coordinatesxandgaremeasuredinfeetandtheparametert(timesincerelease)
in seconds. Find a cartesian "[.r.,ion 

r"r ,ire path of the.falling cargo and tJ:e cargo's

."," .i a""""", relative to its forward motion when it hits the ground'

* t** t*, * 3Trq-qr Qe it eilqm+,rfr{ srfl qrqrfi *t eeul a entffi fir<t TdI t t qR

ia* **na"i Tooffcdawgnt-fit-Rrtc{grdtrqtdrt *{rrFrFr x = 120 r

.ft ; = -i t2 +soo, t > o, qq qt i"-* i, fr srcn +fi i sti c{ fiT{frltr '*r v

dgffim d 6-c C crcr vrdl i *r crrdE t (ffi t eE t {cq) tere i urw vrm i r ffnt

Eq** + * + f€qqs *ltRmqffflqqdl6I sfrr ern'ft*srEsrfrq.r'il+trird<

#, w n qn-{ q{ tRaI t, q-m *tr

A particle moving with simple harmonic motion from an extremity of the

path towards the centre is observed to be at distances x1' x2' x3 from the

centre at the end of tnt"t """"t""i"t 
seconds' Show that the time of

2n to=o = "l 
*'3 

'oscillation is T , where 
Zxz

q$cq+ftt t{co 3Tr+d'rft t q-6e gqGe* * Aqsfrst*qet+ sidirdc{t<i

x1, x2, x3ff $n) vt isr srm ir qt <vrl{ fu i-m * "* ? }' v{ coso = ry
EI

2.

t4

3.

t4

4. The linear oPeration f (! is

b=[O 1 ol? aInd x=l\ x2

delined by the cross-product l(x)=bxx' where

x3l? are three-dimensional vectors' The 3 x 3

[r, ]
rlxl= rulx2l.

L'. -l

t 3r-*q Uq1 t qfoTrfr( fuqr )
Q' q-6t

matrix M of this operation satisfies Find the eigenvalues ol M' 14

*qs tfu-6 {iSrm{ .L(, *i 2,1x1 =bxx 4 3f,qr1 gul'r-.tr qr(Hrr\n |.{,er

b=[o 1ol? *r x= lxy x2 4]r frc ilurfi+dtr Fs*l{il 3'3frfiq v'

,,,,= ,[l] d u-su *-* tt u qr eretc crc qdr 6lr

if,ethcmattcs/4OA
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5.UsingLaplacetransformationsolvethefollowinginitialva]ueproblem:14

-cd-++a 
= e-21 sint'

dt'
c(0) = 0, Y'(0) = o'

dr+q cftTdc *1 q+ar *t g fto 3Trifus crq qqsr q1 Eo *.t'

t4*r= e-2tsinr,
dt'
u(0) = 0, s'(0) = 0.

6. Evaluate the integral Ji"ec2"dx'

ffuJm IJ"""'? x dx *l qr+ ft+rdt

7. Solve the differential equation given by

(x + 29 + 3\ dx + {2x + 49 - 1l dg = O

gq ffiftn-o qfi-arrq +1eo *tt

(x + 29 + 3) dx + l2x + 49 - 7l dg = O

74

74

' -u dx+ F:la- = 2r, over aly piecewise smooth Jordan curve c8. Show th"t 9- *+
enclosing the origin (O,0).

ffifrc to,ot A ffi ffi ftwr{q q uf€r a-* s } 3rt {€ ffi fr

6'a ** *^da =zn.t *" +a'

l4
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SECTION-B

rerg-B

9. Answer the following questions : 6x5=30

ffifu-tsrq]*Edt{&s,
G

/a) Show that ; is isomorphic to the multiplicative group I,{/ = {1,-U, where

G = Dzn is the dihedral group and u = 1a,u2,......,an-l ,an = e,.

GqE M m i, W* s{6 w = {r,-U ct silFffi-s t, s-d c = D2,Brg}gd

€{di d{ u = \v'a2,......,sn-r,v" =r} tl
/bl Show that the sequence < -fn > , where fnlxl = nx(l - x)n is not uniformly

convergent on [0,1].

Td frqr(ff ftd,S < 6 r, v6i f,.lx\= ttx{7 x)", [0,1] rR IFTGTT n 3TFIqftd i-fi
),or

/c/ Solve the initial value problem:
u'=-2tu2,u(O)=7

with h = 0.2 on the interval [0,0'4] . Use the fourth order classical Runge-

Kutta method ald compare with the exact solution.

f{q 3rtfus qri {Ersr d to *t,
u'=-2tu2,u(o)=l

Si 3iil{td [0,0.4] c{ h = 0.2 il siei Rrdr wrfus-d *s-gE q-<fr ql;q-+tn qI
sit s&+ qmqrq * urv ge-+ c1t

/d/ State Cauchy integral formula and use it to calculate the following
integral :

Ir 
"a 

cos t cosfa sintl dt
JO

qf$ ifurd.Ef{mr *1 q5 a1 $r ss* e-+tn n ffq ifurd * Ed 61,

[tr .acost cosla sint) dt
JO

(e) let R be a commutative ring with unity and A be a proper ideal in R.
Prove that the ideal A is a prime ideal if and only if R/A is an integral
domain.

cH d R, a+( erer \16 6€Ue fi'r t d{ A, Rt qs }fu{ 3TEEs-d tt ftrq o{ t*
3Tr{Eq-d Aqs vr{c aTr{Eq-d A,n qft n/aqs {Aq-€ aiq it

rethcurtlcr/4OA S [P.T.O.



1

1C.. (a) Integrate f l"l=; over [2, 3] by using the partition

3

P = \2,2a,2a2,2a3," ,2an = 31' where a is the nth-root of 5 '

qr{lsFl p = 12,2a,2a2,2a3,...,2a' - 3) tFI q-a5R 6G Eq f k\= + +1 1z' s1 vt

3
ifriz6\. q6i,, ; *r naila*t

4

(b) tf f(xl=x3 is defined on [0, a], show that f eRla'ol at'a litWla'=\-'
-l

qR /trl="3, [o,o]qtqf{qlfudi,AMfs f eR[a'ot *r jirt'ra'=]
tt

11. Define Euclidean domain ald prove that for o' b be two non-zero elements of

a Euclidean domain R, if b is not a unit in R' then

d(al < d(abl

AlsoshowthatanelementxinaEuclideandomainisaunitifarrdoniyif
d{x)= d\tl . 14

fdrBqc At+ *1 qfuilftd 6i *{ kc 6t fs qR o', b*dBsq die n* i ft-rfq
qfr,U"a*rqRa,*1qsi+,datfr41"1'a1oa1' ^.. rt
{rPr A tsr(t6 qR d(x)= d(1) !, d qdE+r a+{ + qs qfttrfu 

'q6 Fsr{ it

!2. Let x6,x1,x2,"',xn be n+l distinct points from the closed interval [a' b] 
'

and suppose that /is continuous on [a' b] and has n continuous derivatives

on the open interval (a,b), then there exists a lela'b) such that

f(n)(E)
J lxg. x1, x2,.. -,x"1= - nl

qndfrqm (closedinterval) iiqiiil{e @,blC xs,x1'x2'"''xn iris n+r $mf+{

t * f , p, bL rR sfrq3rs $rek i, aqr g-e sirrre 1o, a1 t qs+ n s8{3T€ 3ft}k

t, fr qm ( e (a, b) +q< A'[ drfu flxs,x1,x2,"',xn'= 
f(11e1 6'

t4
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13' Find three different Laurent expansions involving powers of z for the function
f (zl = --:-' Arso show the residue oflhaving a pore of order k at zs *." is

ft-,x ,g, ffiu"-af rPY

*m r e> ; * frq, * erai*1 sr& +{ efiz frRR fi-*rd r urq 6 +t ten(
fr,r *-r s-d*q, fu{rfir 3tfri{ terdr +dT z6 * _ |

1.,x ,9, ffiu''at*11,v

14. A company has three plants at locations A, B and C, which supplv towarehouses located at O, e, e C ,rJA.'irl#ifrty pfurt capacities 
"iJ 6OO,500 and 90o units respectively. vtonthry *".ior"" requiriments *. +oo,

11'"j":|, f:flfl'800 
units .."p.",iu.r5.'u.,n i.ur."oo.r.,ion costs (in rupees)

74

A

B

C

Determine an optimum distribution for the company in order to minimize the totaltransportation cost.

a, aoi{ c+qrq}vtqs*Tfi}dqi#i* D, E, F,cSr reniic{Rrarilg1q}+1ffi wt { r urfu* rft ir eqm( xq{r, aoo,- 5 o o .tl* *r*_t t r crfu$ +{c ans{qffi (srRI' 400, 4oo, soo, +oo *r 8oo F+.r{qi tr f+r$ qt*tq qq tri fu.rq t,

5-d ckddq qq *l rtrdc d & q* 3TrSq| kd{q qqer ftffta qir

14

A

B

C

7

5 8 6 6 3

4 7 7 6 5

8 4 6 6 4

5 8 6 6

4 7 7 6 5

8 4 6 6 4

I(athenattca/4OA
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rs. (a) If S is the boundary of a spherical surface lying wholly within the fluid'
then show that the mean value of the velocity potential is equal to its

value at the centre of the sPhere'

qR s, qq rq ii .fola, (i Eq ss +tr*rq'R 3Tr{ft ff frcr t, fr q-t tgn} fu ffifu6
itpg-d il qq qH rttrs * *a i Eq* cH * e{s{ it

(b) A long pipe is of length I and has slowly tapering cross-section' It is
..inclineilatangleotothehorizontalandwaterflowssteadilythroughit

from the upper to the lower end' The section at the upper end has twice

the radius of the lower end. At the lower end, the water is delivered at

atmospheric pressure. If the pressure at the upper end is twice atmospheric

pressure, find the velocity of delivery'

r ff sre \rs cr{c (+fr ) q'r mis-t-qn ?st r t r rc *iilq n qiq ovr $+r lur t 3ilt

qrfi vst t e'mn 3c{ t fti + dt ff *< m w i r :cfr dt * 3i{r qt 3r&rs, ft{e
dr * gr-tqr€ *r fuqr 3, trqd'e)< c{ q* *r f++rs qrgrig-dlq qqlE q( itdr al sR

Bct Ek q1 zgn egriedl (ff1 61 Agil A, fr f{-dm ff T R qar +it

16. Consider the following equation :

uo - 2slnx u* - aor2 * uo, - cos x uo -- O

Find a coordinate system s = s(x, U), t = t(x, !\ that transforms the equation

into its calonical form. Show that in this coordinate system, the equation

has the form u.1 =0, and find the general solution'

ftH qfi-6{ur ct fusR irt ,

u** -2sir.x u* - aot2 xuoo -cosxuu =o

qs q'llHffic fu€c s = s(x, y), t = t(x, il f++rd d\ w qfi-*<q +l i;ifr*-o sq i e-co

tm t r qt fter( f* ve q,13f,f,u+e fu€q t qd-6{ul i6t 5tI u"1 = o ifa i qi $mr srqra

qqFmftfifrt

74

***

Matheaattcs/4OA LLL22l4OA-LL3

t

I

a


