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I MATHEMATICS 

Tluw l'lil tJII'ed : 3 lltlit rS Maxlmlwt Marks: 3(10 

Candidates should ij ttempl Question Nos. nnd 5 which are compulsmy. and any three of the remaimng 
quesuous selecting ru ｬ ･｡ｳ ｾ＠ one quesuon from each section. 

PAPER-I 
.SECTION-A 

I , Attempt an)· li1•e of the followmg: 

2, 

(u) Show that the mapping T' fl' -.. R' 11here T(n, b. c) = (u- b. b- c. D +c) is ｬ ｩ ｮｾＨｉｊＧ＠ and 11\111 

singular. 
( 12) 

(b) A squarQ mauix. A is non. singular If and only if the constant h!nu in Its ch(IJ'acteristic-
polynomial LS diJferem .('rom ［ｾｲｯ Ｎ＠

( 12) 

(c) 
h-(1 1 fl - d 

ｓ ｨ ｯｷｾｵｴｩ＠ ｾ ［［ ｳ ｭ＠ h - sou Ｇ ｡ ｾ ｾ＠ for H< a< b< l/ 
I-ts' 1- h' 

I l l) 

(d) Show thm j J e (·"·•')J,,Q' = :r /-I 

(f) 

(n) 

.... 
(11) 

Show tha1 the equation 
9x'- 16y'- l &x - 32y- JSI ｾ ｯ＠

mpresents a hyperbola. Obtain its eccentrici t) and foci. 
(12) 

Find the co-ordinates of the ceoue of the sphere inscribed io the tetrahedron fom1ed by the 
piMes 
ｾＭｾｹＭｾ ｺ Ｍ ｏ ｮｮ､ ｸ ＫｹＫｺ］｡＠

(J2) 
Let r II' -+ R' be a li near mapping gil en by T(a, b. c, d. e) = (b • d, d + e. b. 2d + ｾ Ｎ＠ b + e) 
Obtain bases ｬ ｯｲｮｾ＠ omll ｳｰ ｮ ｣ｾ＠ and range SJlnce 

(15) 
(b) Let A be a real 3 • 3 symmetnc matrix woth eogen 1•alues CJ. U !llld 5. If the ｣ｯｲｲ･ｳＮｰｯ ｮ ､ｩ ｮ ｾ＠

etgen 1 ectors are (2. 0. I). (2. I. J) and (I . o. -2). then Jiod U1e matrix A_ 

(c) Soh·e tbe following systew of Lmenr eqwtlloos· 
Xt - 2x:t-3x,+4J4= -l 
ﾷｾ Ｌ Ｍ Ｓｾ Ｚｺ＠ + Ｕｸ ｾＭ Ｕｸ Ｎ｡ Ｍ Ｒｸ＠ = 0 
2x1 + ' - 2x,+3>u- -h s= 17 

(d) ｕｾ･＠ Cayley- Hamilton U1eorem to fi nd the i"'·erse of the follo111ng IRUlri:-:: 

ｲ ｾ＠ ; ｾ｝＠
l I 

(I S) 

(l5) 

( 15) 



3. 

-1. 

L r( ) ｬ
Ｎ ｲＧ ｾｩ ｮｬ ＯＮ ｾＬ＠ ＭｾＭ ｏ＠ Ob ' d.. b th (') f ' • t.il .\' - litin l.!fl n llton o n p ｾ ｵ ｣＠ al t IS contmuot$ :at _x 
0 •. t= U 

0 (•) 

md (li) r i• dill"ert:nliable ｬｩｬ Ｎ ｾ ＭＧ］＠ (). 

(15) 
(h) ｃｯ ｮＮｾｩ､｣ＺＮＭ the ｾ｣ ｴ＠ of tri;ngles h;ving • given hase ·and a giv<m ｶ･ ｲｴ ･Ｎｾ＠ •nAie. Shuw that the 

ｴｲｩｩｬｮ ｾｴ ｬ ･＠ ltoving the mo,<imum area will be ｩ ｳｯｳ｣･ｬｾ Ｎ＠

(IS) 
(.:) iftbe roots orU1c CCJIIalion 

1?.- y)l - ();.- vl ｾ ｣［ＮＮ Ｍ w)1 = 0 
in ;, ｾｲ･ｸＮ＠ y.1.. $how thai 
il(.r. y.: ) 2(" - ")(1>- I•' )( w- u) 
r3(11, .,, ,.) (x J')(J' =)(=- .r) 

( 15) 
(d) FiJ:,d the centre of Ｎｳ ｲ［ｾ ｶｩ ｴ ｹ＠ of the region bottndcd by tl1e cu"'Q Ｈｾ Ｑ ＱＱ ｽＺ＾ＧＳ＠ ｾ＠ (yibf"- I ｾｾｮ､＠ both 

oxes m ibe Hrst qu•dront. the density bemsn p = kxy. where k ｾｾ＠ constnnL 

(3) 

tl5) 

ｔ ｡ｮ ｧｯｯｬｾ＠ are dt:" Vn Iron\ im)' pMnl (In 11\C clliJISd Ｎ｜ｾ＠ ｾ＠ ｾ＠ I h i the Qirclc .i'- V - r' . Show 
t>' b• 

that the cl10rds of conbct ar;: ｾｧ･ｮｴｳ＠ to tl•e ellipse thr.' +b'.l" = r' 
(IS) 

(b) Consider • rect.-11\gular pariiUelepipcd with ｣､ｾ＠ .\, b . .:. Otl!J!.i.n the sbortcsl uisuu,ce ""'" een 
one of ils diagonAb ｾ ｮ､＠ nn wgc wbith ､ｯｾ•＠ not intL'1'8cct lhil diogonat 

(c) Sb0\9 ｬｨｾｴ＠ the t'eoo ｯｲ ｴｨ ｾ＠ ｓｬｾ＠ nonnal• !lnrwn f i'Qm ;ny point (u .. p, y) U) ｾＮ･＠ ell ipsoid 

x" ｾｹＧＭ ｾ Ｍ Ｑ＠
tlJ b1 c1 -

lie (In the ｏ＼Ｉ ｮ ｾ＠

ci'(b'-c')"' b'(c'-a')!l c'(ll' - o')r 
ＭＭＭｾＭＭｾＭｾｾ＠ - " - =0 

.• J' ｾ＠

(d) ,\ vMiahle plane ｰｾｬｬｬ ｬｬ ･ ｬ＠ to lhe plane 

( IS) 

(15) 

.:!+L =-= 0 meet> the ＼ｯＭｯｲ､ｩ｡ｾ｡ｴ･＠ 3Xes of A. Band C. Show I hat thtl circle ABC lies on tlte 
a b c 

COU1C 

v=(!!..+ !!.J .. ］ｸ Ｈ ］Ｍ Ｍｴ ｾ＠ \ ａｊＧ ｬ ｾ＠ b)=v cb acl btl 

SECnON-B 
5. Altempt :my five of the foll owing: 

Ｈｾ Ｉ＠ ｓｯ ｬ ｶ･ ＺＮ ｾｾ＠ +3y= (!'' 

thl Find the value of i. Cdr whieh aU ｾｶ ｬｵｬｩ ｯｮ＠ of 
d'y dy :r> - . +.3t•- - -'J' =II 
d:r • ､ｾ＠

1e11d to zero as JC. ..... ""· 

( 12) 

( 12) 



6 .. 

7, 

ft . 

(<>) A p3rtiek of mnss Jtt is act..d upon by • ｦｯｲ･ｾ＠ m[ Ｎｾ Ｋ＠ ｾ＠ } towurd$ ｬ｢ ｾ＠ origin. If il•tnm from 

res1 :01 ll di>l•nce-a frOID the Qngm, show th;n(he time ｦ ｾｬ＼･ｮ＠ by it tQ reach 1!1eorigiJI is 7t 4, 

( 12) 
fd) Obllltn U1<: l:l fU>lioo of tho cun>e ln whiub a slrutg hangs moder ｾｲｲ｡ｶｩ ｴ ｹ＠ from hi<> Jixed points 

(not lying in a venic>aiiJne). whcniJne mas.• density ot cnch of ｩｴｾ＠ poinls varie$ as the rodil.lll 
of curvature oft11c cmve. 

( 12) 
(c) UaU' uf the ol.lit lSe is vortic:tUy immer.•cd in wuter 11 ill! minor Mti:l j u.st in the sud'oce. Futd the 

position of centre of pressure. 

(I) 

(D ) 

(b) 

I c) 

(d) 

(U) 

Llll if be the unit V.:ClOJr •long tho vetll)f r(r).Shnw Uoal R 

Find tbc voluo oreonstaui l.• uch lbllltho foiiOW1111! dim .. 'runlia l <'tfUaliiiD becomes "''"CL 

( U l" + 3l )"Y' d<+ (3.<'" .k' )= 0. 
Further. for this value of A, •fllve u,c:: eqttnt1on, 

")' .t • y-4 Sulve- - - -"--
dx -•-y-(1 

(12) 

( 15) 

(15) 

• - • J' )' lit• 
LISJng the meiliod of vanatlon of ー｡ｲ｡ｭ｣ｯｴ･ｲｾＮ＠ r trul Uoe sobli!On or cJ;c' - 2 d.. - >' = :re ｾｉｄ＠ Ｍｾ＠

with y(O) - 0 :ond (dy/dxJ.,o= 0 .. 

·Soh·c: (D· I) (01-20+2)y - r!' whoro D did:.:. 
( 1 s) 

(IS) 
.-\ ｢ ･｡ｶｹｲ •ｈ ｩｾ ｬ｣＠ ｾｦ ｭｮ ｳ＾＠ rn , tides una ｳｭＰＱＱｾＱ•ｾ＠ of • C)'ChJill in • medium 11host ｮＺｳｩｳ ｴ ｬｬ ｮ ｾ･＠

itt m,v2 2C. v being U1Q vducity of ｴｬ ｯｾ＠ parl.ick ｡ｮｾ＠ c buing lhc dislllne<> ohbt: ｾ ｴ｡ｲｴ ｩ ｮ ｧ＠ point 
from the ' erte.'l. If the axis ;., V''rl ie<ll und vert ･Ｎｾ＠ upwards, find the velocity uf the pfirtick ut 
theeu$p. 

( I3J 
(b ) A jmticlc ｊ ｾ｣ｴｩ｢｣ ｳ＠ • curve \o·ith '"""""' velocity and ｩ ｬｾ＠ angular velocity ubom • gi1•en 

polntOvarie• mwo>et) II$ its tl isl>nce trom ().Show th;u the curve is an equiangpbrspiro[. 
( 15) 

tc) Five wcigJHIC!!s ruds of eqWll lengths ·•rc jointed togctlter s<J ｩｬ ｾ＠ to f<mn 11 rhombllll ABrl) 
with • dinsou•l BD. l fa wcigbl W be attaclted to C nnd Ute ｾｹｳｴ｣ｴｮ＠ be SUfoJiended from a p<.linl 
t\. •how Otaltbc Uu-ust .6D is oqW11 LO WI .fi . 

(15) 
(d) .\ solid cylinder noots in " liquid with iil> a:<is verti col. Lct a be the. rolio of lbe opedlic 

!!111Vil)' or the cylinder tQ l)ulf ()f lhe liquid, J"nol'lo"th>l l ite \:(J\lilibnwn ｾｾ＠ ｾ ｬ ｬｬｮｬ･＠ if the rliU () of 

(a) 

the radiu.• of the ｢ｾｳ｣＠ 10 the height is sre.1ter th>n ｾ Ｒ＼ｔＨ＠ 1- a). 

Find the curv3lln'c ldiwdoe !q)>ce curve: 
lC : a cQ'< 0. y : o $in II. ＼ｾ ］ ｯ＠ H t:m ｣ｾ＠

(b) Show that c:url/ c,.r/v): grod(d"•i'J -'i"V 

(15) 

(IS) 

(15) 
(c) l.et D be a ､ ｯｾ･､＠ and hounded region hnving bqnndllry S. ｬ ｾ ｮｲｬｨ ･ｲ Ｌ＠ let f be • s;::olo,· li onction 

having second ｯｲ ､ｾｲ＠ pat tial dd•ivalives dilfifle!; on il. :Sl1ow lh•L 



(d) 

II ([ grrl(/ f ). li dl ｾ ｉｉ＠ J[l ｧｲｴｾ､＠ f l' t fV' f ] dF. Hence or olhcrwillc uvnlunle . ｾ＠

Jf(!' grod f).,; as forf : 2x ' y .-t 2zovers • x'+ r -t r = 4. 
r 

(15) 
Find the ｶ ［ｾｬｵ ｵ＠ of constants ｡ｾ＠ b 411d c such thot the maximum vo luc of d lrcctlonnl ､ ･ｲ ｩ ｶ Ｚｾｴｩｶ｣＠

off= ax-y1 + byz + ='x' at ( I, -L I) is in the direction parallel toy-axis ond has magnitude 6. 
( 15) 



MATHEMATICS 
nnw Alll]ll'ed: 3 lwnn: M aximum Marks: 3(10 

Candidates should anempt Questi"on Nos. I and 5 which are compulsmy. and any three of the remaimng 
quesuous selecting ｡ｬ ｩ ･ｮｳ ｾ＠ one ques11on from ･Ｚｾ｣ ｨ＠ section. 

PAPER - II 
SECTION A 

I, Allempt :Ul)' ｬｩＱ ﾷ ｾ＠ of the foli O\ I ong: 

2, 

3. 

(a) Show that a gro!J.P of order 35 is cychc. 
• 112) 

{b) Show that polynomial 2.Sx4 ｾ＠ Ｙｸ ｾ＠ ｾ＠ 3x+ 3 is irreducible over the field of riuionnl numbers 

(c) Prove that the integral J...-'e Ｇ＼ｩｾ＠ is c<Jnvergent if and only tf m > 0. 

td) l'lnd aU the positive values of a for 11lucb the senes f (an)' converges. 
"" Ill 

( l l) 

( 12) 

(12) 
Stlpp\lse thnJ f Mel g are two analytit functfcms on the ｳｾ ｴ＠ (J' of nil ｣ｯｭｰ ｴ ･ｾ＠ ｮｵｭ｢ｾｲｳ＠ wiU1 

i ( f.- )=x(; ) for n= I. 2.3 .... _. l1Jen show that flt. l = g(Z) i'oreach.1.on (!' 

(I) Using Simple.'< method 
Maximize 45x 1 r ｓｏｸｾ＠
Sui:l ject Ia 

(a) 

Sx1 t 20x1 ｾ＠ 400, 
to,,+ 15x,S4511, 
x,_ ｾ Ｑｾ＠ 0. 

(i) Show thai a group ｯｲｰｾ＠ is abelian, where pis a prime number: 

(i i) Pro1•e that n group of order 42 h;lS a normal subgroup of order 7 

t l2) 

( ll) 

( lO) 

( I U) 
(b) Prove thal io the nog ｆ ｬ Ｍ ｾ Ｑ＠ ｯｲｰｯｬｹｮｯ ｮ ｾ｡ ｬ＠ 01er a field 1', the ideal I = IP(Jc)lts ｭ｡Ｎｾ• ｭ ｡ｬ＠ if and 

only ifU1e polynonual p(x) is ｩｲｲ･､ ｕ ｣ｬ｢ｬ･ｯｬＧｾｲ＠ F' 

(c) 
(20) 

(i) Show ｴ ｢ ｾｴ＠ el'ery ftnlle m1egral dorualu js a fielc\. 
( lll) 

(il) Lel F be a field wuh q elements Lcl .E be a 11m1e extension of degree n Ol'er F.. Show 
thm E has q• etemen1s. 

Test w1Lfonn coo 1 ergence of the series 
• sinnx I --,- where p> O. 

""-\ rt 

( I ll) 

(2U) 



(b) ()bbln the ｭ ｮｸｲ ｩｮ ｾ＠ nnd minim• of 
x' + i -+?.' - yz - xz- xy 
HUbjcctlu the condition 
S.: I l I z' 2:l( ' 2'j I 61. I 9 ; 0. 

(25) 
(c) A ｾｯ ｬｩ､＠ hem1sphertt H of radius ·•• ha•llensfiy ('1 depending cmlhe di•tanc.: R.rrom I he centre 

3ml is given by: 
p k(2o - R) 
wharet k is a constant. 
find the m:JSs of the hemisphere, by che method of multiple ｩｮ ｴ ･ｧ ｲＺｾｬ ｳ Ｎ＠

115) 

(i) Sbow tllaL when 0 ｾ＠ IZ - I ｾ ＲＮ＠ ihou ! unction Ｈ｜ｘ Ｉ Ｍ ＮＮＬＨ ＭＭ ＩＢＧﾷ Ｍ ｾＩ＠ bas tbe Lam'llnl 
' : - 1 Ｈｾ Ｍ Ｓ＠

- 1 - (::- 1)" 
suriC3 expnnsion in po"orof!z·l) 'u; 

2
( : - I) 3{;, Ｑ ｾ•＠

(15) 

( ii) 

(IS) 

｜ ｾＩ＠ (i) I lsing Simple)( method m:iximi?.e 
Z. ｾ＠ 5x 1 I 3l!: SuhjL't!l to 

!tt I S.," 2, 5x l I 2X2::, 10, 

.l.x 1 • ＸｾＲ＠ S: 11 ｘｊｾｘＲ Ｒ＠ 2. 
()5) 

lll l A compnny h:t$ 3 f:.ctories A. U ·and C whfcb ｾｵｰｰｬ ｹ＠ untts 1.0 warehouses:'\. Y and Z. Every monlh 
the capoeities-of the fuctorios per monlli aro 60. 70 n.ud 80 unlts at . \_ B nod C ｴｏｩｬｰ｣｣ｬｩ ｜ｲｾ ｬ ｹ Ｎ＠ The> 
r"'Juiromonis of X. ' · nod 7.. per month arc 50. SO ond ｾ Ｐ＠ respectively. Thc necossory dot.1 in terms of 
unit transpot1ation oosts in mpees. facl01:y copacities and warebouse re<joirements are given below; 

X y z. 
A 8 7 s 6() 

B 1\ !I 'J 711 

r 9 6 s SO 
50 so ｾ ｴｬ＠ 2 11) 

VJJld the nJmimllm Mstribultvn ｣ｯｳｾ＠

8ECnON·a 
5. Allempl any fiveoflbefollowing: 

(a) Find h•o complete mtegrals of tho partial diff<rrontial equotion ,.,: - ｹｾ｣ｦ＠ ｾ Ｎ＠ ll 

(b) Find the solution of the eqtraLion l: = JJ2 (11' ,..,1:) ,.. (p- xl(q - y), 

(c) ｆｩｮ､ｾ＠ rtol rO<>I ·<lflhc oquntion ltx) = xJ 2x S - 0 b.)' tho meUtod ｾ ｦｦ•ｬＮ ｾ｣＠ f'OIIit iuu. 

(i) C"mwcrt ( 100.85)1,, into ｩｾｾ＠ binul') oquivoloOitl 

!lSI 

( 12) 

( '12) 

( 12) 

(4) 
(i i) 1\<lu ltiply the l>intt1')' oucnbm Cl I L 1.0 l): ｾｮ､＠ ( I 10 I. I l )l ond ｾ ｨ ･ ｣ｫ＠ witlt il4 dccintnl 

ﾢＱ ｪｕｩ ｾ ｬ ･ｬ｜ｬ Ｌ＠

(c) Find the ntOmeJtt of u1ertia 11f o eiteular wir'<> about 



7. 

s. 

(i) o d1runotcr. itnd 
(4) 

(ii) a line ｕｴｲ＼ ｴ ｵ ｪｾｬｩ＠ the ttrltrc and ｊｬｌＭｲｰｾＧｮｴｬｩ＼Ｚｵｷｲ＠ to ｩ ｴ ｾ＠ plllnt:.. 
(Ul 

(f) Sho\1 Ut,llhc velocity potential <r ｾ＠ 1 '2 b(x' ｹｾ＠ ＲｾＱ＠ 03li$ftcd the LnplftC/lt: equation. and 
determine the stTcMn Jines, 

(3) 
(12) 

fr.unc Urc p>Jttal diffel'cniiaL equolibn by eliminating lhu arbilraJy couslnnlll :1 and b from 
log (oz. I ) x + ;>y + b, 

(b) Find the ｾ ｨ｡ ｲＳ･ｴ･ｲｩｳｴｩ｣＠ 1trlp Of the .:tluation 
ＭｾＱＧ＠ yq - pq_ 0 

(c) 

(n) 

ond then lind the equation of the intcgrnl llllrfnce through the cun•e 7 = x/'2, T =0. 

Oll ,;",, 
Solve - = - • . b <.x <I .1 0 

t">r (l,,.-

u(!). l) = u(l. t) ｾ＠ 0 
U(l<. 0) - K{f·X). (I 'S Ｌ ｾ Ｕｯ＠ I. 

find I he cubtepolynQmi:rl which l:l.ke. U1e followmg vulues: 
\'(0) = t. y(l) = 0. yt2) = I ｡ｮｾ＠ } t 3) = 10. 
Hence. M nllterw/.sc. ubt.rin yc4). 

t21J) 

(30) 

( Ill) 
(lil Giv<m ＼ ｬ ｹ ﾷ ｣ｬｾ＠ ｾ＠ y-'< where )'<0) =2,. ｵｳｩｮｾ＠ the Runge-Kutlll r11urtlt nrder metlmd, fmd 

y(O, tlaod y(O. 2J;, Cnmp•t" the opproximote 50lulioo. witJt il.ll ｾｴｴｳｯｊ ｵ ｴｊｩｊｮＮ＠
Ｈ｣ ＰＱ ｾ＠ Ll0517.e ·= 1.2214), 

(2ll) 
ＨｾＩ＠ ( i) A toacllcr cunaucts lllc:ft: ｴ｣ｳｾ ｾ＠ 'fEST I. TEST 2. and PINAL for 50 ｭ｡ｲｬＮＺＮｾ＠

e•cb. Out of the marks soort!d in Ute two tests_ TEST 1 und TEST 2 he ｬＳｫ･ｾ＠ lhc:. 
beU.erono nnd 11dds to U1c mntks .•cored in ｾＧｌ ｜ｉ ａｌＮ＠ so lhot lhc total mad<• •cored wiU 
be for n mnxtmum J{)() , 

(a) 

The Jen.:r ｧｲ｡ ､ ｾ＠ wiU ｾ ･＠ Ｚｴｓｾｩｧｮｯ､＠ dep.:nding oo llt e marl:.s scored ｡ｾ＠ｰｾｲ＠ ll1e 
followin!! nonn: 

o - 39 , e 
40- 49 : l) 
50- 59. c 
60- 74 : B 
75 - lOO ;A 
Pot' o:lloh student data ･ｯ ｮｳｩｳｴｩｮｾ＠ of name. scores in TEST I. TI'S r 2. and 

FINAL llr<> given. Writ<> :1 program in IlASJC "'ltieh will pcint out uu, tlllmllS. totaL 
lllilrk • scored 3nd gtadc ｯ｢ｬｬｬｩｮｾ､＠ foroll20 stud<mts in a clnn. 

{2()) 
( ii ) Dra11 a now chart to ･Ｎｾ｡ ｭｩｯ ･＠ wheUJer a !liven number is a prime. 

(10) 
A thin mrcubr disc or 01035 M and rnd.lus • C30 tum feolv about .1 thiu axis OA, wlllcb i, 
perp.,dlcular to •IJ plnne and passes through • point() orlts d11:umierence. 'nte-o.xi5 OA ｬｾ＠
corupellod lo move in a horizontal ー ｬ ［ｾｮ･＠ with ongular velocity w about its end A. 
Show \hat the incllJ1ntion 0 II) lhe \'ot1itul of the ｴｬｬ ､ ｊ ＼ｴ ｾ＠ of tlte di<e tl•rouglt 0 \s ll0>1tgllm 2) 

unless w::...!ifa o.ud llum 0 ｩ ｾ＠ zct\>. 



(ii) 

Show thac u 
- 2.\j>:: ( .(' - .r' )= y 

Ｈ Ｎ ｾ＠ t l ( ,. (x'. y')""' ·'"' + / 

are the w locity comJlonenls or a )lOasible liquid motion. Is tbis motion irrlgatiooa I? 

Prove tbat; ("V' ｾ Ｉ ＧｩｔＧ ｶＱ＠ " c( vr. V
1

vr) 
C!r o(x,y ) 

Wber<; )" is the kiucmatle ' 'isCO!;iry of the .Ouid md IV il! the Stream ｛｜ｭ ｾ ｴｩｯｮ＠ for • 111 <r 
dltncnsion•l motion of a viscous Jluid.. 

(15) 


