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I.e======== MATHEMATICS _f 
- -===========:=! 

Time;lllawed: 3/t (lllr> il'flu:illllllll ｍ｡ｲｬＯｾ ﾷ Ｚ＠ 3011 

Candidates ｳｨｯ ｌｾ ､＠ anempl QuesLion Nos. and 5 11 hlch arc compulsory, and any three of the remaining. 
ques!ions selecli.ng at least one queslton from each section. 

PAPER-I 
SECTION-A 

L Anemp! 311) fovc of lhe follolllllg : 
(a\ Show ｾｴＮｾｬ＠ che ,·ector (I , 0, - I ). IV. -3. 2) and (I. 2. I) form a basis for the \·ector space R'' (Rl. 

2. 

( 12) 
(b) If). is 11 churJcteristic rooc of a non-songular ｭ ｡ｩｲ ｩＮ ｾ＠ A tl!en prove chat IAIO. as a dmracceristic 

rool of A dj. A 
( 12) 

(c) Lei f be defmed on ffi by selling ｦ Ｈ［ ｾＩ ［＠ x, iJ x is rational, and f(x) = ＱＭｾ＠ if xis irracional. 

(d) 

(c) 

(I) 

(a) 

Sho11 U1ai fis continuous a1 x = 112. bul ls continuous at Cl'el) other poinL 
( 12) 

( 12) 
Show U1n1 the equal ion 
ｸ ｾ＠ ·5xy + /+ 8X- 2(Jy + 15 = II 
represents a hyperbola. Fmd U1e coordinates ofns centre and ｾＱ･＠ length ofns real seani-a.xes. 

(12) 
Find the shonesa distance ｢･ｴｷｾ･ｮ＠ the axis of z and the Line 
a.x + ｢ｾ＠ _.. cz + d = 0. a'x + b1y + c'.1. + d' = 0 

Jf 

A=r: :: ｾ ｾﾷ ｊ＠
() I () 

Show lhat for every integer n ｾ＠ 3 • 
• 4" =A•·> + A' - 1 
Hence, delennme A!<> 

( 12) 

(15) 
(b) When is a square matrili: A said co be congruent to a square macrix B'? Prove !hat e1•ery matrix 

congruent to a skew-s ymm etric matr:L\ IS skew-sy mmetric . 
( 15) 

tel Delennine an orthogonal matnx P such lhm P-l AP is a dmgoJJal ｭ｡ｴｮ ｾ＼Ｎ＠ where 

A: r: : ］ ｾ ｊ＠
- 4 -1 - 8 

( IS) 



3. 

(<I) Show lltat the real ｱｵ｡､ｲ［ｾｴｩ ｣＠ from 

Ｙ ｾ ＱＱＨ ｾ＠ ｾ ｸｩＺ ｾ＠ .... x;) -1-'i Ｇ ＭＧ ｾ＠ •··· •xJ 
Inn variable is positNcscmi·dcfinit.c. 

Find the equation oflhe cubic cuiVe which h•• the • •ｭ ｾ＠ nsyrnptot<"S '" 

2x(,v- 3)' : 3y(x- J)' 
And which ｴｯｵ｣ｨ｣Ｎｱｬｴｾ＠ x·axis ullbe uri gin ｾ ｮｴｬ＠ pMscs tlorough tho point ( I. I) 

(b) Find tbc maximum and minimum radii vectors of the section of lite surlll ce 

( • .:1 + y' +3 ); - tl i J -; b1:i t c1=2 

Ry the plane f.y + my • 112 = 0 

(e) Evaluate 

JJf ( ｾ ﾷ＠ + y - ; ｾ＠ I)' d,<dydz 

Over the region dt:tinetl by 
ｸ ｾ ｜Ｉ Ｌ ｹ ｾ ｏ Ｎ ］ ｾ ｕ ＬＮＮｴＺ • ｹ Ｍ Ｚ［ Ｌ［＠ t 

(15) 

(15) 

( 15\ 

( IS) 
(d) Find tlte volume of the solicl generated by ｲ･ ｶｯｨｾ ｮｧ＠ tl1e cnrdiotd r = a(l - co• B) about the 

illi(i;llline . 

(U) 

(IS) 
Find lht c:<fU3tion or the circ.fe cm:umscribing ＢＢ ｾ＠ triangle t\umc:d by the point 
( o.O,U ).( O.b.O ).( O.O.c) Obtain also the coordtll3tes oftl1e centre ofthe circle. 

(h) Find the lt)Cus of equal co1liug.1te ､ｩ｡ｭ｣Ｚｴｾｲｳ＠ of the eWpsQid 
Ｎ ｾ＠ )..: z: 
- - -· - + - = 1 
li - fl c'" 

(c) Prove that 
Sx' r Sy' 8:1 1 8y: , S.:x 2.\:l' 12.t- l2y • 6: 0 

Reptesenls a cylinder whose cross-section is an ellipse of ecc<."ntrlcity 11../2 

(d) lfTP. TQ. and T'P'.T'Q' aU lie on • conic. 

SI!CTION · B 

liS) 

(IS) 

( '5) 

( IS) 

5. t\IJempt any five of Ute following: 
t• ) A continuous func.tion y(t) sn(j,jfi e.s the difft>rential equ•t.ion 

d)•f dt = . . 
{ 

l +e,., ｏ ｾ ｴ ＼ ｬ＠

2+ 2t- 3f, [ >, 1< 5 

I I' y(O) = -e, lind y(2), 
(12) 

(b) Solve: 

d' r dr . x' --:;-- _,._. _ _ 3y- X' log.\ 
ch.' dx 

(12) 

(o) Flnd the ｬ ｾｷ＠ of force to Ute pole " 'lten the path of o particle i$ the c.trdioid r = a( I - cos 6) 
and prove that ifF be the lbree at the ups<: nnd u the veloQit"y there, then :'It/ - 4oF 

( 12) 



1), 

1. 

ｾ Ｍ

(tl) The middle points of the opposite side. ｯｦｾ＠ joinood quadrilateral nre c<)nnected by li ght rod' 
of lengths. 1,1' 1fT. T' be tit<> tettsions is these rods, prove tltal 

1 r· 
- -t- - = 0 
I I ' 

(l2) 
(c) A soHd r\gbt ｣ ｩＺｲｾ Ｎ ｵｬ ｡ ｲ＠ ctme with sc:mi·Vc.t1iofil •n&Jc e1. is just imm.,•·•cJ in " l i4uitl whh • 

g.;n.,..!lng Hnu on the ｳ ｵ､ ｡ｾｾＭ u· 0 be tllu ｩｮｾｬ ｩｍ ｴ ｩｯｯ＠ of the ｶ ｾ ｲｴＮ ｩ｣ＮＮ［ ｬ＠ wiUt Ute NSult.ont UmtsL 
on the curved sur13c-o. pro\'c tbnt 

(t Ｓｾｩｮ Ｇ ｡Ｉ ｕ＾ｮＰ Ｎ Ｓｳｭ｡｣ｯ•｡＠

!121 
en find the length or the a:re IJ! the lwi.<tetl curve r = ( 31, 31' ' 21' ) from the point l "' n to the 

point I = I. Find olso the unit tangent t. uniluonn•l nand Ute unit binomial b nt l - J. 
(12) 

(a) Svlve: 

rll' 1' v( los v )' 
Ｍﾷ Ｍ ｾｬｯｧＮ＠ J' - • .' 
d.; X • ., •• 

{15) 

(b) Find the general sohll lun ur 
a,tp' - (2x-b)p- t'-" ll.tl 0 

(15) 
Ｈｾ Ｉ＠ Solve: 

(a) 

( IJ' . t)' y = 24xcns.< 

Given ｏ ｴ ｾｴ＠ y = Dy = 0 1 r = 0 •ntl 0 1 !' = 12 whatx = II. 

( 15) 

(15) 
A comet descdhing a r•rabob lln<ler inven;e S<tn•re lit w •bout the sun. when nearest to it 
sudd<:uly breaks up. witlt out g•in or loss of kinetic eueoogy. into two equal pootions. ooe of 
which describes A oirclc. Prove Utot ｴｩｴ ｾ＠ other will dc5crib" a hyperbolo ofi:<l ccntridty 2. 

( 15) 
(b) A pankle a mass M is at rest and begins to move under tile a cHon of a ｣ｾ ｮｳｴ｡ｮｴ＠ force I' In • 

ｬｩｾ ｯＮ＾､＠ dircctioo.lf ＢＢｾｵ ｯｫ ｲｳ＠ the ｲＮｯｾｩ ｳｴｯｮ｣･＠ of • sl>cnm of fin., dust moving in the opposite 
dir..x:tion with n>lodty V. which dcposilll rontter on it ot 3 colliltJJnto·at" p. Show Utot tloe oua•s 
of the particle will be m when 1t hu tnwelled a distance 

;{m-M {It log:; J J 
ｗｨ･ｴ ﾷ ｾ＠ k = F • ｾＬｹＮ＠

(15) 
(c) OA. OB und OC' are edges of• ｣ ｵ｢ｾ＠ of side n. and 00' AA '. BB' ond CC" are its diogonals. 

'\long 08'. O'A. BC ond C'A' nc.tlo rces ｣ｱｵ• ｬｴ ｾ＠ P. 2P, 31' and 4P rcspectil<> ly. RcJucc the 
system to a for<'<> at 0 ｴｯｧ･ｴ ｨ ｾＮＬＮ＠ " ' iUo a couple. 

()5) 
(d) A rigbt circulur ｾ［ｹｬ ｩｮ､ ･ｲ＠ Ooating with 1!.< nxis hori'tonlol untl in tht: suo:face is displac-ed on tht." 

vt:t'f iCJt pl:mt: lbrvugh the aKi.i.. Oiscw;• ｩ ｌｾ＠ $1llbmty of c-qullihrium, 
(IS) 

(o) 



｡ Ｌｾｯ＠ r a 3r 
c11rl -

3
- : - ,- • -,( a.r) 

r r r 
\Vhere a is a consl3nt vector , 

( 15) 

(b) Fiudtltedir<'Ctionalde•·ivativeof f = x',.-:' >long Ｎｲ Ｍ ･ ﾷＧ Ｎ ｹ ｾ ｬ Ｋ Ｒｳｩ ｮ ｬＮｾ ＭＢ ｬ Ｍ ｯｯｳｬ＠ ol /= 0 
(15) 

(c) Show thotlhe vector tield defined by 

F = 21<.''=J' + ;,.!:.' j ｾ Ｓｸ Ｑ ｹ ＺＮＺｫ＠

is irrototionoL Find olso lbe ｳ｣Ｚｾ ｬｯｲ＠ u such the F ｾ＠ ｧｲｴｾ､＠ u. 
( 15) 
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MATHEMATICS 
===============::::J 

Time ;Wowed; 3 ltou r,< MILcimmu ｍ ｡ｲｬｩ ｾ ﾷ Ｚ＠ 3011 

Candidates ｳｨｯ ｌｾ ､＠ anempl Question Nos. and 5 11 luch arc compulsory, and any chree of ihc remainin,R 
ques!ions selecling at least one queslton from each section. 

PAPER - U 
SECTION A 

I. Anempt any fil'e of the following: 

2, 

ia) LeeK be a foeld and G be a fi nice subgroup ofd1e m\JIIlplicalll'e group ofnont.ero elemencs of 
G, Show !hal G is a cyclic group. 

( 12) 
(b) Prove rhac lhc polrnomial I + X+ x' + .... + x' '' . where p is a prime number. is ｩ ｣ ｔｾ ､ ｵ｣ ｩ ｢ｬ ･＠ over 

lhe tield of' rational numbers. 
( 12) 

I C) 
• Il l ! r" 

Show chat J - · - dt exisls 
'' sin l!l ｾｴ＠

if.and only ifm < n +I 
( 12) 

(d ) f L I •'- oL L (l,+U , + ,. .. +I1, 1 I 0 = men prm•e mal I . · 
' ' ' '.. • H ' n 

I. 

( I 2) 

(e) Prove thai lhe Riemann ｾｉ｡＠ function .; de6ned by q ( =) = ｾ Ｉ＠ = converges for Re z > I and 
,,, 

converges wlifonnly Re z 2 1- c 1vhere s > o IS arbiltruy smalL 

(I) Compuce all basic f-easible solutions of the linear programming problem 
MttY z = 2x; + 3.r0 +2x, 

(a) 

.rulyec/ tQ 2.r, + 3x1 - x, = 8 

.r, - 2.•, +6x, +6x, = -3 

.r, , :c:,, x, '"' 0, 
And hence indicate the optimal solution 

Lec N be a llOrmal subgroup of a group G. Show d1at GIN is abelian if and only if for all 
.LJ' eG .. \:vz·•y· l EN 

( 12) 

( 12) 

(20) 
(b) l fR is a commulative nng with w1it elemenl and M is an1deal of R. tl1en show thai M is a 

ma,imal ideal ofR if and only 1f RIM is a field. 
(l(l) 

(c) Prove chat evel}' Cinile exlension of a field is an algebraic e.'tension. Given an example 10 

sho11 that the converge is not lrue, 
(20) 



' ·'· 

4. 

(n ) A ｦｵｮｾ Ｍ ｴｩ ｯ ｮ＠ fi s defined in U1e lntervnl Ｈ ｾ Ｎ｢Ｉ＠ ns ｦｯ ｬｬ ｯｷｾ＠

f( .<) = ll q',when .< = p l q 

ｾ＠ J I ./.when x= ｾ ｊｊ Ｇ＠ q 
Whore p, q are relati vely prime integers. 
ｦＨｸＩ ｾ ｯ＠ foratl othervaluesofx. 
fs f R.ictnann intcgra'bfo'? Justify your 1lnsWer. 

(101 
Cl•) Show tbal Ll ｾ＠ -:cy + yz ' zx has a maximum value when ｾＮ ･＠ three \'llrbbles ru'e connected by 

the rc l"U on ::..x "'* by ,1 cz Land n, b. c are posit ive! consl3.nt satisfying llt c condition 2(ab t-, , 
be + .-a)-,. (o· +b- -..c·) 

(25) 
(c) Evaluate 

(ft) 

(b) 

JJJ Ｈ｡ Ｌ Ｌｾ Ｍ b,v' + c:') ｣ｬｸ､Ｉ ｾ ｢＠ taken U1rougb out the region ＮｾＧ＠ + y' + =' >. R'. 

(i) 

(ii) 

(i) 

(15) 

Pinel l.he Laurent series fm- the function e"' in IJ z '"'' l Ising this exponslon. ｾ ｨ ｯｷ＠

that! "J: exp(cosO)cos(sin 0 - nO)dO = t / •1! 

Show that J" __!_.,. dx =..; 
•

4 1• x' v 2 

(.Ising duality or otherwise soh·c the liner programming prohlem 
l\•linimize 1Sx, + Ｑ ＲＮｾ＾＠

Subjeelln 2-; - 2.r1 ｾ＠ - 3 

3., • Ｒ Ｎ ｾ［＠ ｾ＠ 3 

ｘＬＭＭｾ Ｎｾ Ｐ＠

(15) 

(lSI 
(ii} A manufacturer has ｾｩ ｳ ｬｲｩ｢ｵｴｩ ｯ ｯ＠ｯ ｾ Ｍｮｴ ＢＧｾ＠ at DeU1i. Kolknlll and (1,cnnai. Tiu:"c ""ntOJ'lo 

have avnilnbk 30. 50. and 7() tmits of bls producl His four retnil outlds ｲ｣ｱｵｩｲ ｾ［＠ Un> 
foll owing number of unit..: A. 30; 13. ＲＡｾ＠ C. 60; D, 40: 
1 he transponaliun oost per unil in n1pees he.tweeu each ceutre nml outl et is giveu in 
ｵＮ ｾ＠ follO\< bl mg l;l c: 

Distribution Rclail outlets 
Centres 

J\ B c D 

Delhi JO 7 3 6 

Kolknta I 6 7 3 

Chen113i 7 4 5 3 

Determ ine the minimum transp o rtati on cost. 
(15) 

SECTION - a 
5. Attempt any fi ve oft he foll owing: 

(a) Find thecnmpleteinlegral offh e partial diHerenli al equation 

'2p-g· , 3 . .-y ｾ ｳｸＭ Ｙ Ｍ x-+ y· , I •! _,. I ._ ( ' ') 

(12) 
(h) Find the general integral oftheoquatino 

{my(.l' -1-y )- tc'} Cl= I a< Ｍ ｾ｢ＺＨ＠ X+ y)- n='} <3= cy • ( Ll·-my ):. 

(12) 



6. 

7. 

(o) Show that lhe ｴｲｵｮｾｕｾｴｩｯｮ＠ error associated with line:ll' interpolation of f(x). using ordinol.es at 
Xu and x1 with "" -s x ｾ＠ x, is not lflrger in onagnilodo then 1/SM1(x1 - -to)1 where 

M, - max If' ( Ｎ ｾ＠ Jl fn ·\\; ｾ＠ ,, ｾ＠ .:c ｾ＠ ·'1· 

(d) 

ｵｾｮ｣･＠ show lhut if f(x )- }; s: ･ Ｍｾ＠ dl. 

Thc (11JIIC3linn CIT<>!' C<)tl'Cl!ponding to ijnear inttll)('Jzotion <>f n'() in ·'V " X s .(j C.1nnot 

<Xceed(x,Jix,)' . 
2 2nl' 

( i) Civcu AJJ'1 A ' .B-C 
Show lhnt Jl.C '1- A ' .C ｾ ｂ Ｎ＠

(121 

(iii ｅＮｸｰｲ･［ｾ•＠ tbe ore• of tho triangle h>ving side!! of lengtlo! 6.Ji.12.6..fi. units u1 bitwy 

numbt1' ｳｾ ｳ ｴ｣ｭ Ｎ＠

(6 • 6 : 12) 
(e) l)etepnine the mlomenl of inertial of a uniform hemisphere "bout ｩ ｴ ｾ＠ ;oxi$ <lf •ymmetry and 

about an axis ｰ･ｾｰ･ｮ､ｫｵ ｬ｡ ｲ＠ 10 tile l\Xis of .Bymmetry and through centre of U\e ｢｡ｳｾ Ｎ＠

(12) 
(I) If the velocity distribution of an incompressible Huid at the point (x. y, z) is given by 

(a) 

(b) 

I J.v= 3y= lc' r' J . d . •• k _ L lh • . 'bl . - .- - - , . _, Lheu c1·em1 mc Wa parameter ｾ＠ !IUt;Jl at il ts -a posst c m otton.. 
r - ,. r 

Hcnoc rind its' ･ｬｯｯｩｾ ﾷ＠ polontinl. 
(12) 

Prove thallbr the equation 
1. ｾ＠ px- ltY - 1- ｰＨｊ ｸＩＧｾ ］＠ 0 
the clumn:Lcristic strip• nrc giv<>11 b) 

1 1 
.t(/} - _, .y(l} . 

8; Ce /II ｄ･ ｾ＠

11(t )=E- (AC r BD).:-• 

p( r) ｾ ａ Ｈ＠ B' ce-' )',<)II) = B(.-1 +De" )' 

Whort A, B, C, 0 und a ao-e Mhilr3ry con.sL:mL ｈｴＺｴｾ ｣ｴ＠ li11d tho vallJcs oi' ohtst nrbitrory 
｣ｯｯｾｕＮｮｬｳ＠ il'tbe intogr•l surtooc. pas$t>Slhrougb the littt z = (), ·' = y. 

(i) 
(30) 

Write clown the system of e<tnaloons for obtaining the geneml equation of ｓＱｴｲｬｾ｣･ｳ＠
ortloogonal to tlte family given by 

x(x>+ y' +=')=r',i. 

(ii) !-inlve the eq11a!ic>n 
... ...1 ... ... 
ｾｾ［＠ r f r-;; ＨＮＱｾ＠ ＨＧｾ＠ J I 

\' - ,- ,. Ｍ Ｍｸ Ｍ Ｍｹ Ｍ ｾｾ ｾ＠ )' r.x- . <Y' ｡ｾ＠ fly 
hy re(luclng it to the cqu:l tion with '-'OnK t {l nf ｾ ｯ･ｦｦｩ｣ｩ･ｮｴｳ＠ .. 

( 10) 

(2()) 

osing Go us. Seidel itcr:oti1 e method ond the starting solution .'<j = ·'• = ·'J = (), ｣ｬ｣ｴｾｮｮ＠ in" the 
solution of the follow ｩ ｮｾ＠ system of equ;otion in two iteration.• 
10.'1-,\1 - Xl : 0 

x, + 10"! +x, : 12 

x1 - .t, • lOx, = 10 
Compare the opprox.im:.lc solution with the exact •ul ution. 



(b) 

ｾ Ｎ＠ (3) 

(b) 

(3()) 
(i) Write a computer program in BASIC to evall"Ue the polynomiol 

" Ｌｴｾｾｬ＠ p-..2 Oo·r -+ a,.x + ｬｾＮｸ＠ + .... + " ... 1.'l+ ft,. 

for values of x = 1.2(!l.2)2.0. 
( 15) 

(ii) Find 1l1e volues of U1e tl\()·v•lued variables A. B. C llll tl D by solving tile set of 
situultaneous cqu•lioM 
A'+A . B = O 
A.B = A.C 
A. B • A. C' ,. C. D = c·. D 

( IS l 
Find the equation of motion lbr a particle of ｭｯ ｾｳ＠ m which is ｣ｯｮｳｴｲｾｩｮ･､＠ to move on the 
surface ()I' • cone of semi-vertical angle« and whic.h is subjcctt:d to a gravitaJional l'orce. 

(30) 
Show thnl tl1e velocity distrjbution in axiJJI flow of viscous incompressible j]uid along u pipe 
of ｮＮｮＮｮｵｬ ＺＺｾｲ＠ cross--sectlon. rndii fl < r'! . is given by 

1!1=-- r - r, ' loQ - . 1 dp{ 1 , rf - r,' Ｈ Ｇ Ｉ ｾ＠
.Jp d: log( r, r,) - r1 

(30) 


