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MATHEMATICS 

PAPER · I 
SECTION A 

I, Answer any four of the followmg: 

I of6 

J 

(a) Lei U and W be subspaces of R' for which dim U = I, dim W = 2 and U <z: W Show d1at 
R3=U + Wand Un W = {01 

( I 0) 

(b) Let te1, ez, e,j be the standard bascs of R3 and T be a linear rransfom1ation from R1 into R1 

delined by T (e,) = (2, 3)'. T (e2) : (I , 2)' and T (e3) = (- I, -4)'(where ·" means uanspose) 

(i) WhalisT(I, -2, - 1)? 

(ii) What is the ｭ｡ ｴ ｮｾ＠ ofT with rospect to the standard bases of R' and R1
? 

(c) Using Lagrange's mean vallte iheorem, show d1at 
' 

1- .r < c·' <1-.t + .::=., x > O 
2 

1 

xv(x' - ｉＧ ｾ Ｉ＠

(d) /( ) 
' . : . . (,.-.,v) ,o(CI,O) 

Ｇｾｙ＠ = (x· ｾ＠ y·) 

CJ, (x.y) = (U,ll) 

show that .f..,. (0, 0) " f , (0, 0), 

( 10) 

( I O) 

( I 0) 

( I 0) 

(e) Find the equation of the sphere for which the circle>!+ l + i! + lx- 4y + 5 = (l, 1\- 2y ｾ＠ 3z 
+ I : 0 is a great c1rcle. 

( 10) 

2, (a) Find a linear map T: RJ ｾ＠ R' whose range is genera1ed by (I , 2, 0, -4) and (2, 0, -I, -3) 
Aiso. tind a basis and the dimension of the 
(i) range U ofT. 
(ii) kernel W ofT. 

(b) I' ﾷｾﾷﾷ＠ ｾ［ Ｉ＠Find tl >e eigen values and their corresponding e>gen vectors of the matriiC ｾ＠ • 

mamx diagonahzable? 

(c) For what values of a has the system of equatiOns 
x+2y•z-=f, 
ox + 4y + 2z ｾ＠ 2, 

4.>: - 2y + 2a • = - 1 

(i) a w>ique solution 

( 10) 

ls the 

( I 0) 



3. 

2 ot o 
(i i) infinitely man)' solutions 
(iii ) uo solution ? 

( 10) 

(J) ｏＮＺｴｾｲｭｩｮｾ＠ an ortltogonal matrix which ｲ｣､ｵｾ＠ the quodrutic form 

)Q (xLX2>Xa) = Ｒｸｾ＠ Ｋｘｾ＠ - 4x:?>-t3 Ｋｘｾ＠
lou cwtontcul io rm. Also. identity the surface repr=tctl by Q(x1 • • x,.x,) - 7. 

(a ) 

(10) 

Usmg Lagrange's mulll phers. find the ' 'o lume ol the )ffCatest re<:tangulur parullclop1p¢d that 
can be inscribed in the splw rc xl y2 zl -=- 1. 

(10) 

(b) Evaluntc the mtcgml Jf, ｸｾＺ ﾷﾷ＠ dxdy, whore R is tho triang>1lor region in the lirst qnadrnnl 

bounded by y - x and x - I) 

1 tO) 

' ( I)' (c) Evaluate [x' In-; d,·.m. u >-1 

( 10) 

(d) Ffnd ll>e volume cutt olf!hespherex1 ｾ ｹｾ＠ 1- ,} =a' by the cone x.l +r = z0 

( 10) 

4. (u) A Ｇ Ｇ ｡ｲｩ｡｢ ｬ ｾ［＠ plunc IS at u oonstant distance p from the orij!.in und meets the tLWs ul A . Bond C. 

5. 

(ll) 

T hn>ugb A. Band C. the planes are drawn pamll clto the coordinate-planes. Find the locus of 
their point of ｩｮ ｴ ｾｲｳ･｣ｴｩｯｮ Ｎ＠

(10) 

Find the equotiott of ll1e ;phe,... which t""chcs the plane 3x - 2y - " + 2 = 0 lll the pllittt 
( 1.-2, I) and cu!S orthogonally the sphere x' ｾ＠ y' + 1'-4x • 6y 4 () 

(10) 

(c) Find the equation o f the risht circulnr <'One generntctl by stmight li nes rlrU\111 !rom lhe orittin 
to cUI tl1" oit·ote tlu\lllglt I he tbree pOUtL< ( I. 2. 2) . . (2. J. ·2) nnd (2. -2. I). 

(10) 

(d) Find tbe <><JUatioll s of the 111ngent planes lo tbe ell ipsoid 7x1 < Sy' +- Jz' = (JO wbtch pass 
througlllh0line Ｗｾ＠ ｾ ｬｏ ｹﾷ＠ 30 ｾ＠ Q, 5y • Jz ｾ＠ ll . 

SECTION 8 

ａｮｾ ﾷ ｷ･ ｲ＠ any fourol'the ioll owing: 
(a) Determine the famll)' of orthogonal lr3)COIOnCS of tho family)' Ｍ ｾ＠X CC , 

(10) 

(b) Show thut the •ulutiuu curve ｾｴｩｳｴＩ Ｇ Ｂ ＧＡｬ＠ (i - ")) y' - y'. "here y- I us x-+ I. x-+ oo is u 
conic s""li on. ldenti t)• lltc etll vc. 

0 0) 
(c) A pnrticlc moves Wtlb a central acccl..,rntion whidt varies ｩ ｮＱｾ ｲｳ｣ ｬ ｹ＠ as llte cube of ll1e 

distonoo: if it be projected f111m un upse at a distwtoo a from the origin " li th u '" '''city Ji 
rimes tlte ' 'elocirv for a ctrcle o:f mdius u. determ111e tbe pntb. 

( 10) 



1\, 

7. 

ｾ Ｎ＠

J ｵＨｾ＠
(ol) A heavy unitonn chain AB hangs freely under gravity wift1 A fixed and B attached by • 

lil! hl string 13C lU a ｦｾ•･､＠ pQint C ot the same level as A The chain AS and ll1e suing 13C 
rook< ｲｵｾｧ ｬ ･ｳ＠ ＶＰｾ＠ :md ＳＰｾ＠ rl'$ptttivcly " ' ilh Ute lwoizonlll l. Find tho r·>tlo of the ｬｾｮｧ ｴｬ ｴ＠ uf tbc 
string to thnt of ｴｬｴ ｾ＠ choln, 

(10) 

(c) llvaluatc J F.dr for tbc ticld F - {;r'Jd (sl'z·'·) where c is tho ＼ｩｬ ｬｩｰ ｾ｣＠ io 1\'Jtio:h the plane 

z = 2x. ｾ＠ 3y cuts the cylindor x' - y' = 12 counterclocl:wise as viewed ｲｾｯｭ＠ ll1e posil iv.: end 
ofilt ez-axis looking towards the origin. 

( 10) 

( 10) 

(10) 

(c) Find"' " general solution of !xl y) dx + 2 (iy1 1- x - /)dy ｾ＠ 0, 
( 1\1) 

(d) Ohtain the gt:ncrol solutinn of' m•- 21J'- 21)) y = ｾ Ｍ cZ<, 

where Dv= ﾷｾﾷ＠
c.& 

(a) 

110) 

A particle is projected olong the inside of • smooth vertical circle of radius I H em from the 
lnwest poinL Pinel Ute velocity of projection ,,o il tat •.fier leaving the circle. the panicle may 
p:t.Ss through ｴｨ ｾ＠ centre. 

(14) 

(h) Three forces each of m"J!rutude P and acting jn Uoe f>OSilive directions of the axes have tl>eir 
lUte• of action 

- y ｾ＠ : : l. - .: : ,!; : 2. - ;!: : y : ! . 

ShO\\ lhnl they are ｾｱｵ ｩｶｮｬ･ ｮ ｬ ｬ ｯ＠ n f<H'Ce at the Ontlin and n couple. l>tiOI'Tlli ne the magnitude 
Qf thc li>rc"' and 1l1c ml)meol ufl hu couple. 

(12) 

(" ) A drcular cont. whose vertical angle is 60° has lt• lowc•l genc:ralor ｨ ｯｲｩｺｯ ｮ ｾ Ａ＠ nnd is li ll .:d 

Ｈｾ Ｉ＠

wi lb liquid. J>o·ove Utat til e r'eSohaul pt'eSsur< on the curved surJ;.c.e is .JW limes the weigbt 
2 

oftlt< liquid. 
Ｈｬ ｾ Ｉ＠

Sholl that 

dii:(.·i ＸＩ ｾ Ｘ Ｎ ｣ｵｲｬＮ • ｩ＠ Ｌｩ Ｎ ｯ＾ｾｲｦｂ＠ ( 10) 

(b) Evaluate curl ($- .7:. 3k) ' ] \\ Iter< r: xT + .•i ' ::f and ,.· : >! ｾ＠ i + =' 

( 10) 

(c) Evaluate fJ (.ri ' )J- :k).iiJS. where S is the surface x - y + z ' I lying in the firs I ocl>nL 

(10) 

(d) &:valoate 'il'" in spheriCll l polar coordinates, 

( 10) 
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I MATHEMATICS r 
Ｍ ｾ］］］］］Ｍ］］Ｍ］ Ｍ ］Ｍ

PAPER · II 
SECTION A 

I. Al1!<\ICr Bn) four parts: 

2, 

3, 

(10x4= 4U) 

(a) lf CICI') element, except tl1c 1denoty. of a group 1S of order 2. prove Utm tl1c group is abeTian. 
(b) S how that the sequence{{.), where 

f.. ( r) = nxe-'"' 

is pomtwisc. but nol uniforn.tl y con\'ergcnt inlCt 00)1 

(c) lll\cstigate tl•c continuity at (0, ll) or tl1c function 

{

(x2- y2) 
2 2 ,(x,y) -t (0,0) 

/i:c, y) = (x + Y ) 
0 ,(x,y) = (0,0)· 

(d) Fiud the analytic function f(z) = u(x., y) + iv (X. )')J'or wlticlJ u - ,. = e' (cos) - sin y) 

(e) Prove !hat x, = 2. ｸ ｾ＠ = 3,x1 = 2 is a feasible sohtt.iou, lmt not a basic feasible solutio11. to tbe 
set of constraints. 

x, +x, + 2:.:, =9 

3x, + 2x, +5x3 = 20,.1] ｾ＠ O,x, :<! 0, x1 ｾ＠ 0 

Also lind all basic feasible solutions of the systent. 

(a) Prove that the set 11 = {u + ,/u,,a,h" tj is a ring, rs it ao Integral dotn ain? Justify your answer 

( 13) 
I 

(b) Evaluate J ｦＨ Ｎ ｾ ｬ＼ ｫ＠ w/lertt f\.n =4 Ｎ ｾ＠ U>y Riemann integration_ 
I 

( 14) 

(c) Find the bilinear transfonuation maps 1. % I , tl. oc to w = t)_ oo. J respecti 1 ely. 

( 13) 

(n) Show tl1at f(x. y) = x4 + x) + y2 bas a minimum m (0. \1) 
(l 3) 

(b) Find the singular points wi th tbei.r nnture and the residues thereat of 

/ (.1') ( ｾｾ［Ｉ Ｇ＠

(13) 

(cl A company has t·hree factories f t. F2. F, and three 11arehouscs W,. ｗ ｾＮ＠ V•IJ. n1c snpp.lies are 
transported from the factories to tl•c warehouses . TI1e cost [n rupees for transportation of the 
product from the fac-tories t·o the warehouses are shown below; 



""""'' .. ..., .. 
w w w, ｵｾ＠ •••'-, 6 10 12 ... r; li IS l2 LOOO 

p .. 10 " ·= ｗ•ｾ＠.......,.._, 1100 tOCXt MtOO ... ｾ＠ .. 
｜ｾﾣＱＱ＠ foe!OI)' ｾｧｩｓ＠ ｾｾ＠ wat.i\i!;e ｉＢｆＯｴｾｍｬｩｬ＠ kl ｬｬｬｬｦｯｬｾｬｴ＠ illc Ｂｉｓｉ＼ｴｦｾｬｃｗｨｯｬｬ＠

1141 
tnl r!O\c th:l! a funl'bllll , ｡ｮｮｬｾ＠ be ｬｩｾ＠ Jill finite vhlucs (1( ,.,d "'>l.llJOO, iu (lllbCinl 

!Jl) 
tb) I ct () ｾ＠ 3 group or reo! ｮｵｭ｢･ｾ＠ ｵｮ､ｾ＠ ndllirion and Ci' be 3 g.wp (l(pJshiw renl nunlb.'f'S 

Utl<l;:r mulliplicntiun ｓｨｯｾ＼＠ ｩｬｬｬｴｴ｢ｾ＠ ｮｬ｡ｰｾｮＡｬ＠ ,. (;-.(j' lkfin<'<l b) ｬｬ•ｬ • ｬＧｾｮ ･ｇ＠ I> n 
h<!nmwtplusm Is il ruttSIJIDJtilllism t.:o? Soppl) ｲ＼ＺｾＮ＼ｵｮＡＮ＠

\'1 IIlii& ｜ｴｬＡｬｦＧｬｾ＠ ｬｬｾｬｨｭ＠ irlw liR I PI' 
ｾｮＺ•Ｎｳ＠ -:J.r t!r 
.. ｾｬｏ＠ 1 • 

:1: . • , • i!l sl 

2r, • u, s I! 
4·., ' a., ' Iii. s 10 

•• ｾ＠ 0, •• ｾ＠ 0, ., ｾ＠ 0. 

SECTION B 

1 n I Find th( ｾｉｉ＾ｏｩｵｬｩ＼ｯ｡＠ uf lh< jXIJ1i'"' dttYir"o:minl "!wboo 
If l)l Ｉ Ｑ ＩｰﾷｬｬｾＫｬｬｱ•ｬＨＬｬ＠ ·Z) 

(14) 

ibl II lb: Ｑｾ＠ .. 1 1'1' a d)ll.llllal S)'Sirnl ck1CS ore ｭＱＱＧＱ•ｾ＠ 1 t\l'fi;,d). I'"M dllliiK 
lhmiii<IIIIJI II L(IIltS)g<lll i>- ＮＮｓｩｳｾｾ＠ lb.! ｬｯｯｬ｢ｬｴＮＧｬｾ Ｎ＠

(c) It • "the ttca Ill ｣ｲｯｯｾ＠ ria- tilamt.J'"llt tllllhr cqum of Mllll1il) is 

｡ｾｾＭ a ｾ＠ v-1 T rJ! ｦｾｊｵｱＩ Ｚ＠ 0, 

•il<n:,. is .. detll1.111 ｯｦｾｴｾ＼ｯｦｬｨ＼＠ m...,, in til< dir«tim (I[ fli1W..., q ,, the !J1C<Il 
\d) L ｾｩｮｾ＠ ｾｃｾｉｴｬｏﾷｒ｡ｰｬｬｬｘｘ ｴ＠ tnethttd oollin 3 ruot neal I 0, .ond C(lrr.:Ct kl three J«imll rl= 

Q(thc CijWIIii'Clii sin F I 

/c) ＨＧｴｬｬｬ＾ｾｮ＠

II) the &ctm.tl numllcr m kHI<L1l, ＢＧｨｩｮ｡ｾ＠ .00 ｦｩｮｾｬｬ ｽ＠ In hm.l.xmllll number, 
(ti) llle hmJec.nw llllllll<t f'IA. BO 10 a &cim.tiiiWIIber. 

h tnl lrrll (bpi1\ ｭｯＺｾｨｬｬ､＠ ｾＧ＠ fmd t.< ｾ＾ＢＢＧＧｬｴｩｬｴｮｬｯＺｧＱＳＱ＠ 111' ill( pllltal ＮｓｦｦＬＭｲ･ｮｬ＾ｾｬ＠ .,nm 
p:n + pqtqy= ):. 

(111 

ｉｾＩ＠ I Wttt',m rt..l \8 i1 ll..iJ in ＾ｾｃｩｩｴ｡ｩｩＧｏｉｉｉ＾ｵｩ､ｬｬｬｴＮＺ＠ ｡ｾｊ＠ I lt$1RS 1111 ｲ｣ｴｦﾫｾＱ＠ ｾ＠

Ulk II \II lilt k'<i ｾ＠ ｾ＠ 111\UIS ilool ｾ＠ md Ill al!U.1 ｾｾｾｾｾ＠ die ＱＮＱｎｴＮＱＧＱ｜ＱＱｾ＠ Iiiii 
_,e Clld \to( lb.: ll..! ths n..'l '"'' ｾ＠ k taltc. 



7 

8. 

In) 

I' ｣ｬ ｾＭ
: 1-+.r 

using Simpson·s one-third rule with 20 suhintervals. 

Solve the iniual val Uc: probk nt 

dj =-1- , y(O)=l 
dr .Y+ ,V 

using Runge-Kuna method of founb order to evaluatt- y(O, 5) in a single step. 

o of o 

(13) 

( 13) 

(b) 1\ sphere or rndms c1 is stuTowtdcd b} iufinitc llqwd of denslly p. ｴｩｬｾ＠ pressor<: at mlimty 
being II . The sphere is suddenly nnnlhilated. Show that the pressure at n distance. t from the 

cent re ｯ ｦ ｴ ｾ＠ sphere immediately Falls to u( ＱＭｾ Ｉ Ｎ＠

{ 13) 
Co) Solve the L.apla<'eequation 

ilu ｾ Ｇ＠a,» i · fl'.l'e- 0. 0 S I ｾｃＮ＠ () S )' < •, 

Ill) 

,, l(), y ) • 0. fot· 0 s j' < """• 
tJ ( i!., YJ -::: 0, for 0 s.:; < ""• 
u (.r, ...,, • 0. !"0 1' 0 ｾ ｘ＠ｾ＠ 111 

and u lr , 0) -= fl Y' ror 0 5_ X 'S. ii, 

( 14) 
Usmg ｇ｡ｵｳｳﾷｓｾｲ､｣ｬｵ｣ｭｵｯ ｮ＠ nrcll tod lind the solution, c.orrcctlo three d.;cttnal ｰｬｵ｣･ｾｯＮ＠ ul the 
lincnr system 
7r + ｬｩｾﾷ＠ • 13z = !04 
Sx + 8y + ＲＹｾ＠ " '71 
8& + LJ.¥ - 4l ., ｬｩＮｾ＠

11 ith h •, y•. z•) ｾ＠ ( 1 145, 1.846. l 821) Only 1110 itemtions may be ｾ ｵ ｰｰ ｬ＠ ied 
( 13) 

(b) ｾｉｉｉ ｬｩ＠ the ｭｯｭ•ｾｲｴ＠ oflnet1ta of au d hptlc ｡ｲｾ｡＠ of mass M and ｳ･Ｚｴｮｈｌｾｩｬｓ＠ a and b about a 
､ｭｭ｣ｴｾ ｲ＠ ｯｦｬｾ ｮｧｴ ｨ＠ ::!r 

(13) 

to) Prove that the image syStem for a source ｯ ｭｾｩ､･＠ a circle consistS of an equal source at the 
inwrsc pmnt nnd '"' equal ｾｩｮｫ＠ nt the oentn: of 1 he circle. 

( l·l) 


