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11me ; 11/mvetl: 3 fi.QIIrs Maximum Marks: 3()0 

Candidates should auempl Quesuon Nos L nnd 5 11 hi cit nre compulsory. nttd ally tluee of tbe remnilli ttg. 
questions selecting at least uoe question from eucb $ettion 

PAPER- I 
SECTION A 

I . Attempt IDt) fo.veoftlte folloMug. 
t (lj Let S oo any non emply subset of a vecl<.>r space V over the tiel d F 

Show Lhnt U1e set tu,a1 tt up 1 .. +a,a,. : o 1.al' ''"'' ' fl 11 ｾ＠ P.a,.a:···· .. ·"• e-.'-1. •1 e ,,r, IS the subspace 
generated by S. 

( 12) 

(b) tf 1=[;, : :,1, then lind the matri>< ｲ ･ｰｲ･ｳ･ ｮｴ ･､ｾ＠
l I 21 

2A•t. ION+ l -IN- M - • 3A" -<- 15A' ·21 

(cf Let f ｢･ｾ＠ real function deli ned ns follows: 
fl ,,}=x. -t :S>. < 1 
1\x-l)=x. V" 1£ R. 
Show tlt.nt f is disconunuous at every odd integer. 

( 12) 
(dJ For all real numbers x.l'lx) 1s g11en as: 

(e) 

(I') 

(at 

(b) 

f (x = • · ) { 
e'+osin.L .V< II 

ｾ＾ Ｈ ｸＭ ｴ ｲ＠ +.r-2, Ｎｲｾ ｮ＠

s diJrerentinblc ol ax= \1. 

r Ｍ ｾ ｊ Ｚ＠ -( 
{ 

e• .. osln :r, ·" < () 

b(x- 1)- ;-;r- 2 x:<!tl 
for which f din'erentmbleat x=t) 

( 12) 
.1\ l'ariable plane remains at a conslllnt distnnce unlt) from the poi11l {I, 0. Ol nnd C\JIS the co-
ordinate axes at A. B and C. Find the locus of the centre pf the sphere passing through the 
origin and the point A, B 3lld C 

( 12) 
Fmd the equallon of the two straJgbt lines through the jl()tnl (I. J. l{ Jhat mlersect the line x-4 
% -lly -4,) = 2lz-l ) alan angle or 60" 

ll2) 
Pr01'C that lhe eigen 1·ectors corresponding to distincL ･ｾｧ･ｮ＠ values or a square matnx are 
linear!) independent, 

(!2) 
If H Is a Hermttian matnx. then show that A=(H+ttr 1 H-il) ts a Ulli tary matrix. Al so sho" 
thnt Cl'err rrnit!lly matrix c.an be. expressed in this form. provided I is not an eigenvalue of A 

( L5) 



3. 

[

6 l z] 
(c) If . 1 - z :< - 1 then lind a diagonol matrt" D :rnd ;tmatri.x B sucl1that.A=BDB' 'Vhent 

' - 1 3 

s· d"'1ote• the tran•poseofB. 
liS) 

(d) Reduce the quadmtic form give1t belo" to canonical fom1 nnd fmd llil rnnk ands igtmtw·e: 
ｾ ［＠ I ay· +- 9:<' I u· • 12yx I 6zx • *''')' • 2xu • 6zo. 

(a) 
l 15) 

A 1-ectangular box. open at the 1011. is lo hnve :1 volume nf 4m
1 

u.<inJ! L.1granl!e's methnd uf 
multipliors, .lind U1c dintcru.ions tJf ili <> bax so Uml the mattial of a given type n>quired tu 
com1rucl It may be least, 

( 15) 
(b) Test the convergence of the inlegrall 

( i) f' "" •. ,!" (1 .... , 

Evaluate the 1111"!\llll f' f: Ｍｾ ｊ ＮＺＮＮ Ｇ ＺＺ［Ｎｾｲｾｾ［［［Ｌ ﾷ ］［｣ｯ＠.• ﾷｾｲｵ＠ ｸＩ ｾ Ｈﾷ＼ｲ ＭＯ Ｉ＠

(15) 

( 15) 
I d) Find U1e volume goncroled by reoolvin& H1e ·arco, bounded by t.ho curves Ｈｸｾ ＮＬＮ＠ 4a')y ｾ＠ g,J, 2y 

= x. :tnd x = U. obnut the y-axi• . 

(•) 

(15) 
Find tho volume of tit" l<;trahcdronformtd by tltc fouT plllltes k 1 roy IlL " p, lx + my 0. 
my I 112." 0, Md 112. I lX = 0 

!15) 
(h) A .'lphcre of oonst:mt radius r p••scs through Ute origin 0 nntl cut< llto 1:0-llrilinalc Ｔｬ｜ｾＤ＠ at A, 

ll nnd C. Find the ｬｯ｣ｬｬｾ＠ of the fool of ll1e-porpondicular from 0 tu the plane ABC. 
( I 5) 

(c) l' ind tl1e ･ｱｵｾｌｩｬｬｮＡｩ＠ 01' lhe ｬｩｮ ｾ＠ Of inlll!St<:Lion Oi'thc plane X-+ 7y- 57 ond lht C()II C ＳｾｹＭ 14-
Z.'(-30xy = o. 

(d) Find the equation• of 
I, y = 0 • ｾ＠ the inleiSt:eliOn of IW() planes. 

ai!CTION B 

(15) 

(IS) 

S. Ahem pi •nY five out of the follvwing; 
(•) Shnil lhal lhc ｃｬｲ ｬｨ ｣ｲｧ＼ｭｮ ｬ ｬｲ｡ｪｾｉｃ＾ｲｹ＠ ul'n ｳｹｾｬ｣Ｚｭ＠ ot'lirl!n l ｣ｬｬｬｰ ｒ＼＾ｾ＠ i,qclf orlhll!!onal , 

Ｈｾ Ｉ＠

(e) 

rA· 
$vlve: ｾＭ［ＺＭ ｟ ｹｬｯｧｹ Ｚ ＾［ｷ ﾷ＠

tu· 

(12) 

(IS) 

"sphere vtweiS)Il \V and ｲｵ ､ｩｵＮ ｾＢ＠ ｵｾＭＮ＠ w]thln. lixcdsphc:rital shell ot ... dius b. A partjele oJ' 
weight 1\ .is fixed 10 tbe "l ' l"'t end of Ute vot1i.:<.U dillmcter. Ptove IIIAL I!Je <>quilibrium ｴｾ＠

l . W b - la 
ｳ ｴＳＱｬ･｡ｦＭ ｾ ＭＭ

lf " 
(12) 

(d) A particlcdesoribco the curve 
r ｾ＠ o(l < Q()S h 0) ( cosll ｾｾ＠ • 2) 
unller a fon:e F lo tl1e pole. Shc1w thnt ll• e low crt' foroe i• F ｾ＠ l1r1 

( 12) 



6. 

7. 

(c:) Slww lh>t if.o'. h' and e' ore the ｲ＼ＮＭ･ｩ ｰ ｴｯ｣ｾ｢ｬ＠ to tbe non·ooplunilr ｶ｣｣ ｴ ｯｮｾｬｬ Ｌ＠ h un<l e, then any 
vwtor r n••y be ･ｬ｜ ｰｲ ･ｴｾｳｩｴ､＠ • R r : tra')n• (r b')h +(n:'jc 

l12) 
(f) ?nn'f! lhalthe dlverg.:nce of • vector field is invariant w.r. 10 ｾｯＭｯ ｲ､ ｩｮ｡ ｴ ･＠ tmnsfo•·mations. 

(12) 
(a) 

(15) 
(b) Soll·e the difl 'erential equ"tion (p;<1

- y1) (JI" -')' ) = (p 't I)'. where p = dv/dx. by ｲｾ ､ｵ ｣ ｩｮ ｧ＠ it 
Lu Clairuut's form using • ui tablo: gubstituliou• . 

(15) 
(c) Snl\'c: ( I - -c1)y'1 1 ( 1 < :t)y' ' y Ｚ ｾ ｩｮ＠ 2[l llJ! ( I - x)l 

(d) 

(o) 

ｾｯ ｬ ｶｴ＠ l11c diffc:rct>li:t l equation 
ｾｙ＠ · ·by' - 6) ｾ＠ x• scc1 g 
hy vMiu tion nf par.unelcmo. 

( IS) 
An elastic string of oan1ral length a + b. where a b, 3nd modulus of ･ ｬ ｡ｾｬ ｩ ｯ ｩｴ ｹ＠ )., hus a 
p:u>ticlc uf moss on all4ched to it al a di!i tanco a ftum ｵ ｮ ｾ＾＠ end wbk h is f't"<ed to " poinl A of a 
sn1ooU1 horizonl!>l plana. T ho other end of the string 15 IL.cd to a point B Ill thoi lhe string is 
JU$t unrtretchad. rr lhe ー ｾｲｴｩ ｣ｬ ･＠ b<> held •• a and then released. ti nd the periodic l im0 nnd the 
dlsbnce in ｷ ｨ ｴｾ ｨ＠ the particle wall oscill ate to ｾｮ ､＠ fro. 

(15) 
(b) ｉ ｦ ｾ＠ particle slides down n smooth cycloid. swrting 11-om a point whO!Ic anmnl di.stanoe 

( 15) 
(c) .\ ladder on a horizontal fl oor le:uiJ ogoin.sto vertical \vnU. 1'he ooofficicnts of Friction of lhe 

flcwr ;mel tho woll with the lachler ilf i>JI nne! J'• ｲ･ｳ ｰ ｣ＺＮＺｴ ｩ ｶ･ ｬ ｾ ﾷ ﾷ＠ 'If • mon, whMe c1eight is o ticiie. 
thot nfthe ladder. wont tc1 clil1lh up U•e ladder. lind the minimum sofe aos le ofthe ladder wi th 
uu, noot·. 

(J5) 

(d) r\n ell iM• ｾ＠ • ｾ ﾷ ＭＺ ｉ＠ os it

n d"ffth h. li nd the depth uf the centre of pn:ssurc. 
(15) 

(o) Lc:1 ll te position vector nf :• p•rticle mol ing em a plane curve be r(t), where t is the time. J'incl 
thQ conJponcnl.$ of tl.$ uccxlerutlo11 olnt•g the racli•l and • ｲｾ ｮ ｳ ｶ ｯ ｲｳ･＠ direction, , 

(b) 

(o) 

Prove that Jd""tity VA· ; 2{A.VJ,I ｾ＠ 1A (v • I) where V l ｾ＠ • ｽ ｾ＠ [-i!... 
｡ｾ＠ ｾｾｾ＠ <l= 

(15) 

( l SI 
l' ind the radii of curvoturc tmd torsiOn at • pOint of inter$edion of the ｾ ｵ ｯ ＱＧ ｮ ｣ｾ＠ ｾＧＭ ｹ ﾷ］＠ .:', y = x 
tan ht!Jc). 

0 5) 

• 

( IS) 
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17me Allowed: 3 l1m1rs Ma.\'illilllll ｍｴｾｲｫｳ Ｚ＠ JOfl 

Cand1da1es should altempl Quesllon Nos. and S ＬＬｾｬ｝｣ｬｊ＠ are compulsory. and any lh ree of the remmmn& 
questionsselectmg al Jeasl one quesuon fmm each secuon. 

PAPER- II 
SECTION A 

I, Answer any five of !he following: 
ＨｾＩ＠ lf H ｩｳｾ＠ subgroup of a group G sJ •'eH for e1CI) xe G, then pro1•e lh$1 H is a normal 

subgroup of G. 
(J :!) 

{b) Show lhal the ring Z[ij = (a+b1)!aeZ,be'Z,r= ._r-j) of Gaussian integers IS a Euclidenn 
domnin. 

( 12) 
(c) Lei n be a posrlil'll real number and (x,1) n sequence of rational numbers such rhat lim >, =U 

ｾ＠

Show !hill hm n' = I 
( 12) 

I d) If a continuous function of:- sa11slies the funchonnl equalion ITx + y) = f(x) + I()) lhen show 
lli!U /'(xtu..- where 11 is ｾ＠ conslnnt 

( 12) 
(e) Determine all the bilinear ｲｲｾｮｳｦｯｭＱ｡ｴｩｯｯｳ＠ which transform the unll circle 1: 1,-1 into the uml 

ctrcle I'" IS I 
( 

equations· 
ｸ ＬＫ｣ｳ Ｋｾ ］ Ｓ＠

(a) 

(b) 

2xr- x ,• 3x,=4 
ｏｾｴ･ ｮ ｮｩｮ･ Ｇ＠

(i) Let R ｢ｾ＠ lite ring of all rcal-1•alued continuous functions on lhe closed interval 10. I I 
Lei M=V(x)eRf/( 1/3)=1)1 Show thut M 1s a muxtmal1deal ofR_ 

I I ill 
(ii) Let M and N be two 1deals of a nng R. Sho" ｾＱ｡Ｑ＠ Mu N IS an 1deal of R 1f :llld only 1f 

ei I her ｾＱ ｳＺ［＠ N or Nc M 
(W) 

Sho" ｬｨｾｴ＠ Q( ,fi . i) is asplimng field for ｳＮ ｾ Ｍ 3x• +x'-J where Q ts the ueld of rattonal 
numbers. 

( 15) 
(l i) .Pro1e Ol!U x'+x+41s irreducible over F !he li eld of integers module l l and pro"e 

funher that ( ,"H ) is a field hnl'ing 121 elementS 
Ｎ ｾ Ｍ ＫＮｲＫ ｾ＠

( 15) 
Cc) Let R be a uruque factonzation domam (UFD).Ihen pro1·e thai Rlxl ts also UFO. 

( 10) 



3. (o) Shnw that the ml!Ximum \','J]ue nf x'y'z' S\lbje<:t tn the condition x> " y' + 1.< = c• L. c'/27, 
Interpret the re>ull 

(20) 
(b) The axe.• 11f twt> equal eylioders intctllect at right ｡ｮｧｬ･ｾ Ｎ＠ If • he their ｲ｡ ､ ｩＱＱｾＮ＠ then liuu tile 

\'Oiumeenmmnn 10 the cylinden< b) the ｭ ･ ｴｬ Ｂｾｬ＠ qf ｭ ｾ ｬｴｩｰｬ ･＠ integr:tls. 

(e) 

Ca) 

fh) 

(20) 

Show Ulllt s• ':'. , is t11• ergcrtL 
ｾ＠ J-.X Sin ;r 

(i) 

( il 

(20) 

Disom• lhc tr•mfi>rmotion rr ｾＨ Ｚ＠ lc .J. (e real) sh••wing tltat the vpper hnlf oftbe 
: •lc 

W-plane Cllm>O"ptmds to the intcrioc of Ute .semicircJc lymg t·o tbe right of imaginary 
axil! in the 7.1'lnna. 

(IS) 

J;•inglhe ru.d.hod ofcontol1t integrotion II) t>rove thai f . ad(J, b 1.,:. O) 
j1 c.r• -SlD t} • 

(15) 
An animal feed. .:omp.'lny mi1St(lroduce 200 !..£ of :r .mixture comlsbns of ｩ ｮｧｴ･､ｩ ｾ ｵｴｳ＠

programming model tif ｴｨ ｾ＠ prohlom and ｵｳ ｾ＠ Simple!( ｾ ｍ•ｴｨｯ､＠ to ､ｯｴ･ｲｭｩｮｾ＠ Ute 
ingredients x, und x_ to b.: ll$.:11 to minimize ＱＡＨＩＤ Ｑ ｾ Ｎ＠

( 15) 
Ute following cost matrix: 

1 11 Ill nr v 
..! {j 1 9 11 n 
JJ ｾ＠ g 17 .:! ｾ＠

(' I I t 3 3 3 
1) -1 I \I 

" 
6 II 

E 8 )II II ' 13 
Indicate olenrly the rule you npply lo arrive nl the complete assignment, 

I IS) 

SI!CTION. 
5. Answer any tiVe of the foiiDl \"ing: 

(a) Findtbegeuerolsolutfouof i}':+J ll'.: +2°·.: ］ ｸ ｾ Ｉ＠ ｾ ｣ｯｳＨＲＮＭＮ ｾ ＮＳｹＩ＠
m· d<<lJ· ilr 

aU cones whk h h•ve tltetrvertex ｾｬｬｨ･＠ ongin arepx -
q)- z. Verif)• that Y" zx ｾ＠ ><y 0 is • surf.lcc satisfying the a hove cquatiotL 

(12) 

(c) Evaluate r e" d<: employing lht·eepoiols 

(dj 

Go:tu.••ian qundrnl11rq fo llnul>. fwding the rcqi1U·cd woights and rcsidu.,;. ll•e live dec.lmol 
plaollli for computation, 

(i) Convert the foUbwlng binary numbor into octal nnd bexa dc-<:imals ystc:m: 
101110010.10010 

(li) Find tb .. ｭｵｬ ｴｩｰ ｕ ＼Ｚｊｾｬｩｯｮ＠ of the following bin:lfy ｵｵｭ｢ ･ｮｾ Ｚ＠

ll.OOL 1. and 101.1 

021 

(b) 

(6) 



7 

8. 

(c.) A $Uiid body of dcn•ity p i.1 in I!Jo shape of the solid lllm1cd by the rcwlution o.f thu c:mlinitl 
t = n( I tws tl} al>oul the in ilia I Una. Show thai its moment of inertin about the sl:nlighl line 

ｕｾｲｯｵｧｨ＠ U1e pole and J1"1'1l<fldkular to tbe initinllb1e is 
352 

11 pn', 
lOS 

(\2) 
Cf) FOJ' •n ｩｮｾ＾ＨＩｊｮｬ＾ｲ･ｳｳｩ｢ ｬ ･＠ homogcfiOU.< Uuid at. the point (s. y, z} tl•• \ 'l>)ocity distdbut.to11 u 

(a) 

' '· d I ' tl.t n l d II tl' '-" · g1Venvyu ; - - · .v=-, .w: ,, w tcrcr tnotcs "' ｉＮＧｉｉｊｴｮ｣･ｵｵｭｊＮﾷｏＮＧｕｾＮ＠
r r 

Sbo\\ tl1<11 it is :\ possible motion and dcll,'t'n>ine ll1e • u1fncc wltich is odhogonol to st=UI 
line. 

( 12) 

( i) 
n,_ ｾﾷＭ .... .... 

S I • ,. • • ... ' <'• .,, 
Q vc:: - ,---., Ｍｾ Ｍ ＫＬ Ｌ Ｍ ］＠ .. ｮｴＫｾ＠ar· i!y· ax 0• • 

( 15) 
(ij) SlliVe the tquntion 

p' - q' ·2pq- 241) • 2.xy ｾ＠ 0 
ｬｬｾｩ ｮｧ＠ Clmrpti'• ｭ･ｴ｢ｴｾ ｣ ｬ＠ Also find lhc &ingulnr <olutillfl of lit o equnticm. if it e.x.ists. 

(IS) 
{II) Find I he deOc:etion u( 't.. t) (J[ il vibmting $Iring, :Ill' ＼ｉｾ＠ hod he! IV con fi.x"d .(lllinL• (0. II) and (.'/, 

0 ), cvrr<:sp<luiliug to zero iniLi • l velocity atld tollowi11g ｩｮｩｬｩｾｬ＠ deflection. 

C•) 

!!:.. """" II" Ｎｾ＠ ｾ＠ I I 
/i.3J-1.-) 

1\X) - l ｷｬｷｊＮｴ ｳＮ ｾ Ｍｳ ｺｬ＠

/l{x-3/) 1•/wn 1ls .<'!>3/ 
I 

1\ hero h ts ｾ＠ comltnnL 

l"md the rositive rooLOtthe equotmn 
2e . ;-1 __ l_ 

.t+ 2 ｾ Ｋ ｉ＠

(30) 

so:cond ordert 

(301 
(II) ｄｲ｡ｷｾ＠ flow chan and write a pro,gumme BASlt' fot• .Simpsan·s 113"1 nllefot lJII\}grnti on 

• I J ｾ ｴｴ＠ correct al Ill"' , .•-."[ 
(a) 

(:10) 
A line c1reular lube, rndnJS c.. ties on o f mootlJ horiZOntal p.lone. and CtJnlaim lwo equal 
p:u-lk:lcs connected by an elasuc string in the lube. Ute> nnlurnllenl!Ut of whtcb is equ.1llo half 
U1c ci'n;,umfercncc.. 'D1o particles ure in cunlllct and Jiutcnod I0£<1llor. I!Ju string being 
ｳ ｬｾ｣ｨ･､＠ round the tube. 
Jf tho l)•n.ide bect1me ､ｩＮｵｮＱＱ･｣ｾ＠ provo lh>t the velocity <>f the mbe wht:n ｴｨｾ＠ SU111J! h(l.• 
rcg•iucd ｩｴｾ＠ .natura( length ｾ ﾷ＠

ｌｾｾｾａｭ ｾｾ ｬＧ＠
Whon M, m urc tho mois"' ol' Ute lttbc anJ ead1 p3rtic.le MpcCtiVc(y. anil J. is tho ｭｯｩｬｵｬｵｾ＠ uf 
cltisticit). 



(b ) (i) 
(30) 

f\\ o SQUTC<lil . eaeh ofsu-englh mare ｰｬｾｴＭ･､＠ at the p<Jints (-a, 0) and (a. 0) 1111d n •ink ot' 
su-en{I Ut 2m i;; placed •t Ute ori{li n. Sho1\ that Ute slream lin<:s are Ute curvell (xl + y1i 
'" (x'-y'+->.'ty) wbcre '1. j$ 4 nt-inhle parAmeter. 

1hw' 
Also ｾ ｨｯｷ＠ ll111t tltc Ouid speed al -nny point ｾ＠ --. wltcre r,. r, and tJ arc 

' l r!'1 
respe.;tively the dis_tances of U1e point !rom the sources artd sink. 

115) 
(ii ) An Infia.ito moss of fluid is acted upon by • force ur· l'l per unit mnss directed to the 

ortgm. lfinitia lly d1e fluid is at rest and there ｾ ｡＠ cavity in the fot'l\1 or a sphore r = o 
in ｩ ｴ ｾ＠ show that the cavity wil.l ｾ ｬｩＮｬｬ･､＠ up aner an mteov•l of the ｾＲＯ ＵｦｴＩ ＱＱＲ＠ ｣ Ｕ Ｑ ｾ Ｎ＠

(15) 


