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Candidates should attempt Question Nos. and 5 which arc compulsory. and any three of the remainin& 
questi.ons selecling al least one question from each sectiofl . 

PAPER-I 
SECTION-A 

I. Artemp{ any five of lhe foiiO\\Ing; 

2, 

Ill) Let V be a "ector space overRan 
Let ＧｦＧ Ｚ ｻＨＮｴ Ｌ ｹ Ｉ ｦ ｸＮｹ ｾＺ ｶｽ＠

Define addilion in T component wise and scalar mullipl icatlon by a ｣ｯ ｭ ｰｴ･ｾ＠ number a + ifJ. 

by (« +IP)(x.y) =(a.(-py.Px+ay)V«.P € I< £how that T •s a veclor space over C 

(b) Show thai if A is a characteristic root of n nonsingular malrix A chen }..'1 is a clmrameristic 
root of A' 1 

2 2 
Use the Mean value theorem 10 prove that-< log 1.4 <- . 

7 7 
(e} 

(d) Show thai 

JJ r"' v'"' 'tlxd1• ,..!.,.:,,,ml r 1 rm for all positive 1 ulues ｯｦｾ＠ and v lying inside the 
• - - 4 r(i + m+'l) . 

ctrcle r + ｹ ｾ＠ : r l. 

(e) Find lhe equalions of 1he pranes bisecting me angles bel ween U1e planes 2x- y - 2:- 3 = 0 
and 3.H 4y+ I = 0 and specify U1e one 111uch bisect$ 01e acute angle. 

tf) Find U1e equation to the common conjugate diamete-rs of the conics x'-.. -tw +C.y'; I and 

zr 1- G . .:y+9y' = L 

(a) Pto1 e !hal n. real symmetric matrix A is ]lOSiln'e definite if and on ｉ ｾ＠ 1f A = BB' foqome one-
siugulut m!ltri.x B. Show also that 

ａ ］ ｛ｾ＠ ｾ＠ ｾ Ｉ＠
3 7 I J 

Is posilive definite and find the matrix B such lha1 A = eat_ ｾ ｊ ･ｲ･＠ B' srands for the transpose 
of B. 

(b) Prm'e ｾＱｮＱ＠ a system AX = B or a non homogeneous equations in a unknowns has a unique 
solution pro1•acled ＰＱＱｾ｣ｯ･ｦｦｩ｣•･ｮｩ＠ matr" is not singular. 

te) Prove thai two similar matrices have the same characteristi<' roots. Is Its converse true? 
JustHv your claim. 

td) Reduce the equation 
¥' +/+='-2.w-2y=+2:,r+.x:-y -2z+l\: (t inlo canonical from and determine the 
nature or the quadnc. 



3. 

4. 

(n) Find the ｣｣ｲｾ ｴｲ｣＠ of gmvity of the positi vi." octont of the cllipsoicl :: 1 {, 1 ｾ＠ - 1 . lf the 

demityv:rries as xyz. 
{b) 

(c) 

(d) 

(U) 

Let 

f (x)={ O. ｸｾ＠ irrmlonal 
t x 1.r rntmrurl 

Show thot fi s nQt RiCilUinn- integJ·oble on [n, b) 
Show that 

- -- = (- 1) - ｬ ＼ｬｾ ｸＭ Ｑ Ｍ Ｍ Ｍ .....• -d" Ｈ ｬｯ ｧ ｾ ﾷ Ｉ＠ • 11! ( I I l ) 
d" 'l x ·\JfTl 2 3 n 

Find consl:mts a and h for whl<:h 

F(n.b)= J:{• inx (ax' 1 b.t)}' dx ill atu.iniruum. 

1 ｲｵＬｾ＠ m1
h <,leriv•tiw of r with respect lo ﾷｾ＠ • ｾｳ＠ given by 

-,I• ) = a
111

t -- b,.n+ c.,. b ... 
Prove the re(luction formuloe; 
a,., 1 :: 't ''*- Kb,. 
b_1 "' b' - K11. ｲ ｾ＠

C111 , 1 - c:_ rb., 
Whct·e symbols bnve Utoir usunlmeaniugs. 

(b) Find lhc ｾｱｵｯｴｩｯ｡＠ of the ｳｰｨｯ ｲ ｾ＠ lhrough lbo circle 
_.: y' ,:" =4 . . ,·1 2y- : = 2and thepoinl(l .-1, 1). 

(c) A varillhlc stroigbtlinc alway• int£tsect. the linos x c c.y =0;;• ］ ｣ Ｎ］ ｾ＠ 0= = c . .!'= 0 , 

Find the cquotion to lL• I DeUS. 

(d) Show that the locu.• of mid-points of chords of t he cono 

11-r I ｴ＾ｊｾ＠ • ""' = 2Jj·: + 

-
x _ _ 

1 m n 
ｦｭ Ｋ ｡ ｮＩ ｾｾ ｯ＠

acnON -B 

IS the plone 

5. AUempt any five of the follow·!ng: 
(o) Show tl>e 

tPy ｾ ﾷ＠3--:- Ｔ Ｎｾ Ｍ Ｍ Ｘ ｹ Ｍ Ｐ＠tlx' a,, 
ｈ ｡ｾ＠ an integral ｷ ｨｩ ｣ ｨ ｾ ｾ＠ a polynomial in x. Deduce the genef31 solution. 

(b) It 1' is the tenslOn :It 1ny Jll)lnl P of' 3 cotenary Md '1'6 that ｾｴ＠ the lowest point ｾＮ＠ then shc>W that 
1''- r,: = W1

• where\\' is tlte weightof(b" arc CP of U>o Catenary. 

(c) !>rove ihat n cenlrnl ti>rcd tnoticm is • motjun in • ｰｨ｡ｮ ｾ＠ and \be are.. I velocity of a particle U. 
oon s IJ! u ｾ＠

(d) A lt#pc:-mid.>l pint" hovinglts porallel sides of length x Md y, {X. > y) ot a distance z apart. is 
immer$ed verticall y in wnter into x ｾｴ ｩ､･＠ ujlpemost (horizontal) M a depth d below tl1e water 
surlhc:e. Find the totallhrust ()n the surface. 

(e) In what direction fl·oon the point (·1. I. l ) ｩＮｾ＠ the directional derivative of ｦｾＮＬＩｹＺＺＧ｡＠

m.aximuon? Compute its magnitude. 
(l) ( i) Show lbat Ute vovariont dcrivotives of Ute fundamental metric tensors. 

" ' . I g, .g , t:, vnrus o. 



6, 

7. 

8. 

(ii) Sbow tbot simultaneity ｩ ｾ＠ rcl,,tive in special n:btiv•ly theory. 
d' l' ely 

ｒ ･ ＼ｦｵ ｣ｾ＠ - ·- - P- +Qv- R where P, Q. R are ｮ ｭ ｣ｴ ｩ ｯｮ ｾ＠ nf x, tcJ !he nonnnl fom1, Hence d-r' clx . I•) 

solve 

d' J' ｾ ﾷ＠dx' - 4x dx - (4."' l) y= Ｎ ｾ･Ｎｙ
Ｑ
ｳｩ ｮ Ｒｸ Ｎ＠

l b) Solve the differential equation y = x - 1ap - ap1
• find the$ingularsolutioo and interpret ii 

geo metr icn Uy. 
(e) Show Utat (4.H3y.,.l )dx .... ＨＳＮ ｈ ＧＲ ＩＧｾ＠ l)dy= O ttj)l'l:s\lnts n Ｈ ｾ Ｌｮｩｬ ｹ＠ Q( hypcrll<l lns with a 

common axis and Inn gent at the vertex. 
(dl Solve 

(a) 

(b) 

(c) 

(a) 

x - · - Y=(x-1) - · -:x- 1 
Jv ( ｣ｾ • Ｌ Ｌ＠ . 
clx d,..! 

by tl1e ｭ ･ ｴｬＱＰｾ＠ of varlntion of paramcl.elli. 

A telephonic wire wdghing 0.04 Jb ー ｾ ﾷ ﾷ＠ foot ha• a borizonlll l span of 150 fe .. t and b'ilg of J.5 
feeL Find tl1e l<:ngth oftl1 o 1vino nod also fm(( maximum ton.•ion. 
A•suming that U1e earth otlracLs points inside it wlth 11 force which varies as the distance from 
its centn:. show that, if 

Oll hour, As$Ume the ""rth. to be oJtomogcneOUS sphere of' ｲｯ､ｩｵ ｾ＠ 6400 km. 
A ｳ ｴｮｾ＠ II bead is projected with any velocity alo.ng the smooth circulor wire 

on lli <> wire is conslllnt. 
A conicol buoy I meter long, and of boliC diameter 1.2 meter, tlool• in water witlt i\s op<l.'< 
downwards. l) etermin e u,e minimum weight of the buoy. for ｳ ｴ ｾ ｢ｬ ｣＠ equilibrium. 
Suo\\ Uoat 
(i) (A I B). {13 C} (C . A) ; 2A.D c 
(ii ) \ (A • B) = {B.\7),\ B(V ,Aj - (A.V)B ' A(v.B) 

Evaluate Jf/r n 1/Jt, 

Where F :.2.tyr y=' l 1 x::k and S is thesutfnce ofthe porallelepiped bounded by 

ｸ ］ ｑｹ ﾷ ｾｺ Ｍ ｑ ｋ ﾷ ｾｹ ］ ｬ｡ｾｺ Ｍ ｾ＠

If sij ami Yli '" " lwo m<1.ric tensono dcGncd al • point .ond { 
1 

} and fl "'" t.hccOIIil>IJOOtlinj! 
fj l!i 

('.hrisl.ofl'el •ymbols Qf U1e second kind. then prove that { ｾ＠ l. fJ is • mi.' ed tensCJr of the yf I !I 
ｴ ｹ ｰ･ ＭｾＭ

(d ) Estoblish the .lormulll E = mt;', tb"symbols have their usual mo:uung. 
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Candidates should attempt Quesuon Nos. I and 5 11 hich arc compulsory. and any three of !he remafnin& 
questions seleccin!l al least one queslion fmm eaph seclion. 

PAPER · U 
SECTION A. 

I. Allempt any fave of !he following; 
(a) Let n he a nxed posicive rnteger and let Z., ba the ring of Integers modulo n Let. 

(b) 

(c) 

(d) 

If) 

ｇ］ｻｬｩｅｚＬｴｬ ｬ ｡ ｾｯ＠ !Wd a is rela\ivi ty prrme to o) . Show that 0 is a gr0up t.urder 

multiplication defin.ed in z.. Hence. or otherwise, show that n' 1' 1 "'a (mod n ) ftlr all integers 
a relatively prime ton where <!>(n) denotes !he number of positive rntegers that are less than n 
and are relative!) prime to n. 
l-et M be o sroup 0 . Show that MN is a subgroup or 
G and MNIN is isomorphic to M/(Mn N). 
Gi\•en that the lenns of a sequence 1 a.,} are such thai each II!<- k ｾ＠ 3. is the arithmetic mean of 
its two ]mmediately preceding terms. Show that ｾ ｬ･＠ sequence converges. Also lind the limil 
or the $ec)uence. 
Delenuine the ••lues of x for which I he infinite product 

f10+ ｘｾ Ｉ＠

&-iven points. 
(i) Using Newlon-Rirrhson's method, show that 1he iteration fom\Uia for finding the 

r·eciprocal of tlre p1 rool oFN is 
ｸＬ Ｈ ｊ•Ｍ Ｑ ＭｩＧｬ Ｌ ｾＬ Ｉ＠

:r, ., 

" (ii ) Prove De Morgan's Theorem 
(p+q)'= p',q' 
by means of a truth table. 

2. I a) Let I' ba a Jlnite field. Show •that the ｣ｨ｡ｲ｡ｯｴｾ ｲｩｳｴｩ｣＠ of I' must he a prime integer p and the 
number of elements in f' must: be p'" f-ot some positive integer m. 

(b) Let F be a fi eld and F[x] denote tlre set of all polynomials defured over F. If f(>t) is rur 
irreducible polynomial in F(x]. show !hat the ideal generated by ｦＨｾ Ｉ＠ in P[x] is ma.•im!ll and 
F[xJ/(f(x)J is a field. 

(c) Show that ru1y finite commutative ring wrrh no zero dlvrsors must be a fiel d. 



<i) Suppose f ｾ＠ twice differentinblc real vnlucd function in (0, "' ) nnd Mi), M 1 nnd M; lite 

le"!;l upper bounds of j{(x)l,lf'\x)l and IJ"(.<)I tt'8pec.tively in (0, <7J). Prove for 

coch x " (), ｾ＠ > 0 that 

['(x) = Ｒ ｾ Ｑ ｛ｦＨＮｈＲｨＩ Ｍ f(x )]- lif "(u) 

11or some u .; ( Ｎ＼ＮＺｴｾ＠ 2/t ). Hcnccsho11' thai ;\/t' !. ｾ Ｎ｜Ｑ＠ 0'\1(1 

(ii) Ev-.lualc JJ. (x'O:l·dr 1 x'ydr dt+X:d1:cly) 

By transfonning in1o triple integral where S is the clo..,d ｳｵｲｦｾ｣ ･＠ fonncd by Ute 

cylinder ;<'+ ｬ］ｴｴ Ｑ Ｌ Ｐ ＼Ｎｲｾ｢＠ and the circulor ､ｩ ｳ･ｾｾ＠ J!- :1 Sii',:=O tmd 

' ' ' b .'t-+ y- "S a-.. -z =- . 

(h) S1qlpooe f(s) ｾｾ｣ｯｮ ｴｩｮｵｯｵ ｳ＠ on 11 circle('_ Show thnt 

(a) 

(b) 

J = f(.s)ds 
ｾ＠ (s - =) 

•• z. v:u-ies in•id .. uf C, i< difliorertt.iable under the integtal sign. Find Uu:. derivutivc. Hence of 
oUte•wi>c, derive nn intcgr>ll,p1·<l$cntalion far f(zJ iff(z ) is rutlilytic on :md ｩｮｳｩ､ｾ＠ of C. 

( i) Evoluale £ d\ , by subdividi ng tbe inlet-val (0, 1) into 6 equol pnrts and using 
ｬ ＫＭｾ＠

Simr•;on ·s one-th.ird rule, Hence lind I he value of 11 1md actu:ol error, etiiTeCI to five 
pJ•c;:;s or de.oimuls. 

(ii) Solve the fuilowing SY$lctn oflineor ･ｱｵｾｴｩｯｍＬ＠ u.King ｇ｡ｵｳｈｾｉｩｭｩｮ｡ｵｯ ｮ＠ ｭ･ｴ｢ｾ＠

..... . 6.t, • 3 ..... = 6 

(i) 

21; - 3>:, '1'3 . .;, ｾ＠ ll7 

4x1 + x, + 2,., = 283. 
L<:l 

[

$ j ll r, 
ａ ｾ＠ 3 7 .j, .8=A1 ond C = 0 

l 4 9 0 

0 ()] 
I I) 

product 

(.1!- l) 1(.<-1)' 1(''-1)'1(·•-1). l(.t-1)' ;t= - ... -- ,__--- +---
x 2x 3.t 4 x 5.>: 

IIC'IION·· 
5. A ttempt nny live ofthefoUowing: 

(o) Solve: 
JX1 = X-. J'' ::J 

(b) Prowtlul if :<: t xi •-><: = 1 when z • O. thosolutiou ｯｦｕ ｴ ･｣ｾ ｵｯ ｴｩｯｮ＠

(S-x1) p, +(S ＭＮｾ［Ｉ＠ p, t- (S -X, ) p, = S-: 

ｃｾ ｮ＠ he given in lhe form 

s'{lx. -:)' Ｋ Ｈ ＮｾＬＭ］ ＩＧ＠ +(>;, -zfl' =(;>.:,+x,->;, - 3:( 

Wharc 
• o: 

S = XI• .a-:<.>+: and p i =- .1 : l. l,3. 
a.·, 



6. 

(c) Pmd the ruomenl ｯ ｦｩｮ･ｮｩｾ＠ of :n1 elliptic nrea ｾ ｢ｯｵｴ＠ o line CP ｬ ｮ ｾ ｬｩｮ･､＠ at 0 to the major ax!. 
＼ｾｮ､＠ about a tangent parolleltc> CP. where C is the centre oflhc ellipse. 

(d) Dclennlne tb<> ｾ ｩｲ｣｡ｭ＠ lin"" nnd the t>alh titles Ql' the particle when the eQmpOnt11ts of the 
veii)City focld ore gi1'en \ly 

X y = 
u = -.11= --.,cmd lF-=--. 

hi 2r 3• 1 
Also • tate tJ1e c.Jndition tor which the stream lines are identic.1l with the path lines, 

te) (i ) L.el A and B be the two events such that 

ｉＧ Ｈ ａ Ｉ ］ ｾＯｊｩｵ ｬ＠ P(B )=1 . 
4 8 

Shu\V tlull 
3 P(,II.• B) :!:-
4 

. ;; ( ) 5 ａ ｮ､ Ｍ Ｍ ＾ ｐａ Ｎｾ ｂ＠ ;.-
ｾ Ｍ 8 

( ii) ff X is a N(O. I). lind tlie prQbability dcn•ity function of[ X J. 
(f) Two ーｬｵ ｾ ･ ｲｳ＠ each take Olil one or two mntt:hcs nod guess how many matches lhc 11Pil0n cnl 

has t•lten. lf nne of lbe players guaS>Cll etJrtoctly. Oten the Jost.-r hns lo l,tny him "" many 
1'\lpee>< as lhe sum <>f the number held by bo01 ー ｬ •ｹ ･ｮｾ ［＠ ｑ ｴｨｾｶｩ ｳ･＠ ｴ｢ ｾ＠ payment is Z<

of the game. 

(•) (i) Solve by Ch•rpit'• method the equation 

( ii ) Solvll: 
( D' - DD '- ＲｄＢＩｾ ］＠ Ｒ ｸｾ Ｓ ｟Ｑ ＾ｾ＠ ｾＧ ﾷ ﾷ• ｲＮ＠

(h) A lightly slretclled string with tixed end points x = 0, x = I is initially al rest in equilibrium 
posilion.lC it is set ｶ ｩ ｢ｴ ﾷ ｡ｴｩｮ ｾ＠ by giving ""cb poinlx of ｩ ｴ ｾ＠ velocity kx{/ • x), obt:tiu •t time.l 
tho displ>octnent y nl a dist.nnoco x tr(>tll Ute end x 0. 

7, Ｈｾ Ｉ＠ A plank of 01an, m. L< initially ｾ ｉ＠ rest along a line of ＸＮ ＼･ＺｾｬＧ ･ｳ ｴ＠ • lope ｯｦｾ＠ $tnoolh plane inclined 
at nn angle rt to the hori T.On. and a mon or mas.< M' , slal'lins from lhe upper end walks down 
Ule plank so Utali L doc• not move. Show Utal llte get• to Ute. other end in time 

8. 

2A/'II 
\ (M + AI Ｇ Ｉｧｾ ｩ ｮ＠ (.< 

Where " i& lhe length of Oto plonk. 
1mple for each. 

(a) 

Show !hal 

( ' ') Ｍ ＲＮＮｷ ｾ ﾷ Ｂ Ｍ l' = y 

" "" (.r'-;.sr " (x'-l )"w (x'. ,.')' 
nrc tho velocity components q(-a possible liqu id motJOn_ 
ｅＮｾ ｡ｮｴｩｮ ･＠ this for irrolOII iQIJll l motion. 
An explosion 1n a fnetory manufucluring explosives can occur be.:ause of 
(i} lo.OO.ge of olcclriciry. 
(i i) defooh> in machinr.ry. 
(ii i) <:Melessness of workers or 
( iv) sabotage. 

Titu prol)ability lhnl !!t ore is n leakage of clcctricily is 0.20, li te ｭｾ｣ｨｩｴｴ ･ｲｹ＠ ｾ＠ defective 
is 0.30. the wor'-.-ers ｾｲ ･＠ cMeles5 1< (\,40, there i• • ｾ ｢ｯ ｴ｡ ｧ･＠ is 0.10. 1'he engineers feel !hat an 
explosion can occur wiUt probability 
(i) 0.25 be<:uusc of l"" kbge uf Ｂｬ ｣｣ ｴ ｲｩｾ ｩｲ ｹ Ｌ＠



(ii) 0.20 because <>f <lcti:cts in machinery, 
(i ii) 0.50 ｨ ･｣Ｎ ｾｵｳ･＠ ｯｦ｣｡ｲ＼Ｚ ｬ ･ｳｳ ｮ ･ｾｳ＠ of workers and 
(iv) 0. 75 been usc of ｾ ｡ ｨｯ ｴ ｴ • ｳ･Ｎ＠

Dcteomine the most likely coUI!c or e:-.'jli Mion. 
(b) 1'wo un.biased coirc< are ｴｯｳｾ･ ､＠ once ( independently) ond the number X ofheod,; thllt hm>ed 

up is note(!, A nwnber is selected at random from X. X ｾ＠ I aJHI X + 2- trY i• the number 
ｾ･ｬ･｣ ｴ･､ Ｌ＠ lind the joint distribution of X and Y, Also obroio the e).(pe.::tation of J\.' Y. 

(e) Solve Ulc foll o" 'ing ossignmenl prohlem for tho given ＢＢｾ ｩｧｮｭｬｬｬｬ ｬ＠ costs: 
P erson 

r u ur tv v 
1 II 17 8 16 20 
2 Q 7 12 6 15 

Job J 1; 16 15 12 16 
" 21 24 J7 28 26 
s 14 10 12 11 13 


