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l MATHEMATICS 

PAPER · I 

SECTION A 

r 

l. Answer any four ~f llle following; 

2, 

(n ) Lei" V he "the vector space or polynooniaiJ; in s with rc.11 coc llicient• or degree >~mo>1 2 

l, d IJ. 1:. I, ~c any 3 distinct real nurnb<-r.< . Deline 

L, : V - m by L, IJJ : Jft,). i : 1. 2, 3. Show thnl 

( i) L1• ~:. L3 are lineao· functionals on \' 

(ii) {L1• L,, L>} is a basis for lllc dual space V• of V. 

(10) 

(b) In U1o notation of (a) above. find a basis B = {po, p,, P>l for\' which is dual to {L1. L~. L.J} 
and alsoexpro•s each P ;;o \' in tem1s of elements of B. 

(c) Letj bc a function defined on [0. I] by 

J 0. if xis in·atiolfl1l 

f (.<) = I' ij. p o -~ ~ x=-. q ~ 

C/ q 

und p, q. :tre rcls1i-vely prime positive integers. Show u,;.-t fis continuous !It C!tCb irrntion"l 

point :ond cli.<eontuwous al eoeh ratill11311x•int.!. 
r) 

( 10) 

(d) Show U10t U1e fllnction [x). whore [x] dcTiotes tho greatest integer nol great..- U1an .t, Is 

' integr:oble in [0. J ] . . \l•o evalnale J£.<Jd<. 
' 

(10) 

(c) Pmvc thai the polnr uf one limj ting point of a coaxial systctn of cjrclcs witb respect to any 
circle of tbc system pns•cs lhl'ough t11c othe~· liJniting point. 

l•) Lot V be the vector spnce" of polynomials in x with complex coe.fficicnts. Define 

1':V -~ by(T[l(x) = l\f(x) m•d 

Find (i) korT (ii) show L1 is linoar (iii) show thot LIT 1 >nd TU ;t 1.1 identity o.n V. 

(I()) 

ll 0) 
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3. 

4. 

1 of 7 

(b) Uti ..l :ll ~ ~) show that for every integ.cr n~ J. A': A~', •. f' 1 and hence lind U1e 

mattix A8
• 

( 10) 

(c ) Find U1e charoct~o·iotic •ud minimal polyuumial. of 

l2 0 II J 
A =- 1 '2 0 

(I o I 

and determine whether A i.l diagonali7~bl~ 

( 10) 

(d) Lei .·l :r~ ~ : ~J 
' (I 1 3 

Futd ·'" inv011iblo 3 , 3 mntrix P .ucb IbM 1" AP ~D. DIs diagon•l matrix. Find D also. 

( Ill) 

(n) Exantino the cotwcrgm cc of tho integraL 

( 10) 

(b) Examine lhe fimction 

J 
·W (.,·.J•)=(Il.U) 

f(.t.y) I ~-·' I .v'. 
0. (x.y)=(U.O) 

Furcontinuil). parti11l dtri\•ability of Ute fil>il order and dill'ct't:tltiabilily 111 ( (). 0). 

( I (I) 

(c) Find U1c moximuon und minimum values of the function J(x. y. L) xy I 2z ou Uoo ciJ•clc 
which is tho inlerllection of the plana x + y + z e U ond tl1e •phere x' + y: + z' e 24. 

tlO) 

(d) Find U1e volume of there reaion R lying below the plane z = 3 - 2y and obove tl1a poraboloid 
7. = xl.,.. y:. .... 

(10) 

(a) C'P and C'l) ore conru' oate diamele,. of •n e llipse X: _r =1 Prove that the locu• of the 
. • r ~ 

orU10center of lho u·iongle C PD is the curve 1(b'J'' ~ a'.>!)' ~ (a - &<)" (b'y' - ti.<' )' 

(13) 

(h) 
X \' : 

If - : '-=- represents one of tho tbn:c mutuallv pcrpcndiculor '"'ncrntors ol' the cqnc I ~ 3 .,-

5yz- 8=.< - 3.\y = 0 Find lhc c<1uations ofU1c other two. 

( 13) 
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(c) lflhe section of \he env.,(oping cone of the ellipsoid 

..\'1 )I~ ;. 
~·1-,l -= 1 . 
a· b· c1 

Jof7 

Whose vertex IS P, by the plan = 0 is a rectangular hyperbola. prove that the locus. of P IS 

XJ - l _:! t! 
- , ---~ 1- -=- 1, 
a - b c~ 

( 14) 

SI!CTION B 

.5. ~'\ver any four of tho t'oii<)Wing: 

6 

(«) A tank or I 00 liters capacity is initially full of water Pure water is allowe.d to run into th~ 

tank at the rnte of l liter p~r nunute and at the same time saltwater containing ll<g of sail 
4 

per lirer nows into the tank at the rate of I liter per minute. The mixture (there tS perftct 
nnxmg m the tank. at all hmes) flows out at the rate of 2 Liters per minute. Form the 
differential equation and find the amount of salt in the tank after I minutes. Find this when t = 
50 .rn inutes. 

(10) 

(b) A coru.1ant coefficient differenti:.ll equation has auxiliary eq\latit)n e,xpressible in factored 
form as 

P(m) = m3 (m - 1)' (m2 
• 2m I 5)"_ 

What 1s the order of the differential equauon and find Its general solution_ 

(JO) 

(c) A panicle rest~ in equil ibrium 11nder the reaction of rwo centers of forces wh•ch attract 
directly as the distance, !heir int~nsily bemg. _u,;t', the particle is displaced slightly towards 
one of tb.om, show t.hatthe tune of a smaU o:;cdlation is 

T - 2;r 
-./.u + 11' 

(Hl) 

(d) A soud sphere rests mside a fixed rough hemispherica l bowl of twice 1ts radius. Show that 
however large a weight is auachcd to the highest pomt o[ the ~pl-tcre. ihe oquilibrium is stable. 

(10) 

(e) Find an e<:tualion for the plane pas;;~ng through !he points P1(3, I , -2), P2 (- I, 1, 4), P, (1,·1 , I) 
by using vector metl1od. (10) 

(a) ·(d•J' '"' Solve, . .2.. + y(2x+ y)~ .. y' =0 
rlx rlx 

(b) Using differential e-quations show that the ;ystem of confocal comes giVen by 

\"!;! y' 
-.;-+ -.-- = .U, r<'a l iP 
n·+A b7 + A 

Sell:orthogpnal. 

(l ll) 

(10) 
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7. 

8. 

I uf7 
(c) Solve 

(d) 

(n) 

,giv~n thai J' = ,~d" 14 is t.Hle soluliun of Ibis equnlion. ( lQ) 

( 10) 

i\ pnrticlc moves 1\ith control accclcrolion (;ru' + h.t' )llild the vdocil) M l'f(9cclion nt 

distance R is V. sbow that tho particle will ultimatol) go olr to iniiuity if 

v• > 2~t"' 1. 
R w· ( 13) 

(h) >\ <mamh paraoolic wire i• lix-ed with it~ axi$ vertical nnd ' 'ertex downwards and in it is 
plncoo a uni fonn rO<J of lcngJh 2J \\id1 its e>ld~ re.,1ing on "ire. Show 1hnt t< .. <>.Jloi lihriunJ. tloc 

!>'ld j~ eidlef horizontal nr makes \lith hori7A1Uta( 1111 angle 9 given by COS
2 e = ~. 4CI being d1e 

lams rcci\Jm of the parabola. ( 14) 

(o) l'ro1-e thai if volume v and V of two different substances balnnce in vacuum nnd volumes v1. 
V• balance when wdghed in a liquid. tho densities of the substanc01< and the liquid are as 

v'-\" .~-~~-~~ 
v v lv v 

(n) Prove that 

\7 X (17" A)=-V'A + V'(V.A) 

(h) II' 

- - - illl -
~ E.~. H.'>xE"'-J~ ·" • 11 

Show linn if and li ,ntisty 

, 
Given th~ ~-co cunc .t= r. v =r' .r==-t' . Find (i) th()curvnturc p (ii ) the tllrsion r . .,... . 3 

( IJ) 

(WJ 

(10) 

( 10) 

((I) Lr F ~ (."' + z'- .t' )1 + ( z'- . .-'- v' ).1 + (.r' + y'- z' )k, ~val Illite JJ, curl F. nils, taken ov.,- tho 

portion of the sutfaoo. 

x1 + v' - z' -:Wx +tn"' O abov~ the plano/. c 0 oud vorily Stoke's lheor<!>LL (10) IM
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I IFS-2001 

MATHEMATICS 

PAPER · II 

SECTION A 

J 

I. 1\nsii.:TUo~f~urpart; (~xJ0 = 40l 

(a) Writ< the elemenb of lh¢ syillJlletric groups, of d¢gre.: 3. prepare its multiplication table nnd 
lind oil n~nnal subgroups ofSJ 

(b) Clumge tl1e order of integrntion in the inteh'Tnl 

(C) 

(d) 

'!J " 
1 f·"' ,/ 
I .i,l 

and evaluate it. 

Compute the Taylor seri¢5 uround z = 0 and she the radius of oonvergence for - 1
-

z- 1 

fly graphic.al mclhod solvo the linc<~r prognnnmmg po1blcm 
)l!uama:~· 7.: 1111) X 1 4U X 
·•tihJ' 1:'1 lu t, X .-.X. 10HP 

,fX 2...'\.
4 

_~IOU 
X -~X ~50U '(,,_,. .. 

(o) If 

n, - loJ t-2.. )•1ogl 1 -~ L .. +lug( I+ ~ J ;l It~ \ n• r IC 

F'ind ~"• 

(Q) If every dement of a group G is its <11\'n invcrsoJ. prov~ lhnt the t'f<Hlp G is ahdi'un. l~ tho 
converse true? Justify your daim. 

(14) 

(hi Discuss the ma~ima and minim• of 1'1 y1(l·:t·y). 

(1 3) 

(c) $1llte the. Weiorstrass M·tesr fllr uniform convergence of un infinite seriolS of funotions. Prove 
lhot thc sc-rius 

is unifonul~ convergent on (· <e. <Q), (J 3) 

3. (a) Deftne • field and prove thot every futile. intogrnl domain is a field. 

(3 + 10) 

(b) Show tlonlthe runcrion [ (z]= .JXY ;, not regulhr at tho origin nit hough tho Ctoueby-Riemann 
equatioll> arc sotisficd. ( 13) 
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4. 

6oJ7 
{c) By using the Residue lbeor<:m evn!uate Ute tulegrar 

(n) 

(14) 

Dafin~ " unique fitclorizo tion dom>in. Show Ibn I z [ J:Sl is 110 integral domain which is DOl 

a unique fnctoriz.ntion domuin~ 

(3+ 10) 

(h) U~in!_t simple:< method solve 1he linear progntmming problem; 

Maximize Z = x, + Xt • 3XJ 

JX 1 + LX, + X , :S:3 

l.\: 1 + X 1 T lX, :S2 

X, , XJ. X ~ O 

( 13) 

(c) A company b:~.~ three plants A. ~ nod <:. three ware bouscg X, Y nod Z. The number of units 
available at tb<r plants is 60. 70. 80 and the dem:utds at X. '/. Z are 50, 80. SO rcspeelh'>Oiy. 
Tit~ unit COSI Of the U"<UlSpOrlution is giv.m in the following mbk· 

X v z 
\ T 3 

1.1 9 
11 6 

Fin~ the alloeatiun &o that Ute l.illnl lransp...-tulion t''sl is minimum 

(14) 

SECTION B 
5. Ans\\'13r uny lour parts:-

( •I 111 = Ml) 

(<~) l'ind th<> com plete mtegntl of the parli<tl dill'erential e<tlllttion 
,, ). l. 

x· p· ·" ) q = z·. 

(bJ Find Lagrange's intcrpolutiou pol)11omial P1(x) which satisfjes. 

j (O) - Pl(O) • I 

[ ( · I )= Pl{-1) = 2 

j (l) - 1' : (1) = 3. 

Find ! (0.5). 

(e) C(IClV..-t lhe decimal mu11bt>r ( 1479 25)1<) I<• the binuf) and th.o he~ldecim;,l,lunlh"r~. 

(d) Fmd tbe moment of inerria of the nren bounded by r2 - ,,' cos29 about i t~ nxi•. 

(e) Show dtnt :, f( r) • ~: . 
1
! 
1
) = I is u possible tornl of the botmdiog surtilce of a liquid. 

(>. (a) Sol"e by C:harpil' s method 
' , 

{p' • <!' ) Y qz. (13) 

IM
S(In

sti
tut

e o
f M

ath
em

ati
ca

l S
cie

nc
es

)



7 

~. 

7 .. n 
(b) If <p{x) is 3 conliuuuw; rutd bounded filncliun of ""' ' x - «>. prove !IJul llle fuuc~on 

u(x.t)= ~ f Q>(()e •· ' "'"'d~ is 3 solution of tlN initial value problem· 
2v!fl1 • 

ll, IIi ~ = U - :x <X < -J l ..> I 

U(.\,01 =If'{.\' I for- · <X< 

(c) l\v1• et1ua1 mas:')<:$ m1 and m2 111tlt lil t m~ nre >~t•pv'llded by 11 ligJu string. OWl' a pulley of 
mass l\•1 and radius a. Th<Jre is uu slipping and Ute friction of nxle may be u<~glected. If fbe 
tb~ accelerotion , show that this is conMail l nnd if k 1 h~ th~ radiu~ of gytatiun nf the pull e) 
about the axis. show tl1a1 

(n) 

II! • flmJ 

(13) 

f. our equal rod~. Cltch of langth 2a, arc hinged al their ends so a~ hl fi1m1 3 rh()mbttS ABCD. 
The angl~s B •md D are «moocted bt un elu.~ t ic Slring and the lm~est end A re>l~ on • 
hmizontul plane wttilb11he Qtd C slides nn u smooth vertical wire pu.<sing through A. ln the 
p<>J>il iQil of « 1uilibri um th~ s iring Is stretched l<l lwicc II; natural length and I he unglc llr\D is 
2a. Show tbotlhd lime ofsnmll •>scillatieon about Uti~ posiliNl i~ 

(I~) 

(b) If 4 ls tlte resultant velocity HI illl)' point of'' fluid >\1tlch is moving irrotnlionally in two 
dimensions. prove tho>l 

(c) lly applying d1c Ncwlon-Raphs.'n method to /('-1 - x0 - c1 \\1tcro a > 0. prove thai 

(11) 

For n 0. I. 2. .3 Apply 1hi5 fommla to find .fi 

\\.ril< nn algorithm l\1r gcn~raling cvlln in leg~rs S 100. Also dr:nv lh< llo" chnr1 which 
executes tl1js algorithm. 

( 13) 

(b) Apply ing Simpwn ·s ono-lhird rule e<'mpute thd vnlnll of !he dd1nfle in logml 

wiUt h ~ 0 .2 and estimate Ute error. ( 13) 

(c) Stale lhc ct>ndilions under whkh lho <XJUUiiQns ul' lllQiion can be integrated, Ohl:tin 
Bernoulli· s equation lor lhe steady irrotalional motion of on incompressible liquid. ( 14) 
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