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l MATHEMATICS 

PAPER · I 
SECTION A 

r 

I. An•wer :my tour of the follnwing: 

2. 

(3) Lei s., s l •...... . . S,. be suhSI)aCC.5 or. VCCltll' space v (1'). Sh<J\\ that tllc to llowin.g ~IJIIC:mcnt.s 

(b) 

nrc cquivolcol: ( 10) 

(i) s, +S: + ... ~skis n direct sum ot' V(f'). 

(ii) (S, +S,+ ........ +S,)nS,., = {0}. for •= l 2.. .......... k - L 

(iii) X,T.I!,+ .•... +x.= 0,.>:
1 
€.S,.I = I.2 ... " 

k =>.>.; = 0 for •= l2. ........ k 

(i\) d(S I-s, + ....... s, ) = c/(S, ) + c/(S, )+ .... + rl(S, ). 

[ ~ I] 
Given A = 

2 2 
I 3 

2 2 

For which vo lu05 of a does the vo:ctor se<jucucc {y, }; defuu:d by 

Y. = (I + aA- a'A' )J'. ,.n= 1.2. .... converge to() as n-> OC!'I 

(c ) Find the extrc"Tnum values nf xl +i subject to tl1e condition 3x2 + 4xy + 6i = 140. 

( 10) 

(d) Show lhal M )' two c.lrcular sections of an ellipsoid of opposite systems li~ on a sphere. 

(c) 

(a ) 

(10) 

Pn\vethaL 

z"·'nr>r( h~ )..Gf(2t). ( 10) 

Sbo" that if ;. is a non-zero cigcn value of the non·singulnr n-squnt'C molrh< A. then I A I is 
·'­

an eig<'TI value of adj A. 

Al•o given an example to pro\ e that the eigenva lue:<; of .-\13 are not nOOCs$arily the product of 
cig~n values of A aod thai of B. 

( 10) 

(b) Givon U1o liner ll'!!IISi'onnotion 

[

I I 0 l 
Y : 2 3 l X . 

- 2 ·' 5 

show that it is singular and tlu~ images of !he linearly independent vectors 
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3. 

.1. 

(c) 

x, ~ [1.1,1]' 

X, : f2.L2]' 

.\', = [I. 2.31' 

a.ro lioe3rly dependent 

(i) Calculate /(.4)-e' - e· .. for 

[
2 4 OJ 

.-1; 6 0 8 

03- 2 

(ii) ·n ,e n n matri;cA .. tisiics 

A' = - U\tl' - 0.64 I. 

Show that lim A"' oxist.s and dotonn inc this limit 
·~ 

2of 9 

( I Ill 

(5) 

(51 

(d) Reduce A =[: ~ ~ - ,ll to normal form Nand compute the matric"" P and Q <uch that AQ=N. 

I S 4 3 j 
(10) 

(a ) J11nd the volume and oemroid ofU1e reg10n m lbe first octant bounded by 6x~ 3y~2z;6. 

(10) 

l 

(b) tff(x) = e"'>and g(xl = x f (X) for all x. prove that 

~ ' /!)') = j f(.v)cos .xyd< 
• 

~-g()•l = Jg(x)sin .\)•d.v 
0 

t JO) 

(c) If $in·• ·' ' ~in·• .Y ond 

v= .r~J - l +.JI- x'. 
determine 1\ !tether tl'"'" is a functional relationship bc.twecn " and v. >nd iJ so l'ind it. 

( 10) 

' 
(d) lf[tx) is monotonic m tho interva l O<x-.n, and the inte8Jol j.,-' j'(x)d< exists, then s lww 

• 
that lim x1''

1 [(x) = 0. 
•--<! 

( 10) 

(a) Provc thatlhc lvcu~ oftllc !inc of intersection ofperpc~•dic.ular tangent planes to tltc Cone 
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<1.~ +by • ~· ~ 0 it lho cone 

a{b+c:).1r b(c r n )y' • <(:t I b):'= 0 

(10) 

(b) 
• • l 

f>ro,·e that two norm~ Is to the ellipsoid ~- y _l_= I lie in the plane x - 2v- 3;,: = U, and 
4 .~ 2 . 

the linejoinmgtheir feet has direction cosines proportiomrlto 12. ·9. 2. 

(10) 

(c) Prove that the shorte;t distances between lhe diagonals of a re.;;t.1ngular parnllelotliped and 
edges nQt meeting tJ•em are 

he ca 

J!l _,.'~ ~ .Jc."'- ": 
and f"':"a.b~ where~. b. c are lengths oft he edl!es of a parallelopied. 

J1r' • b' 

(d) Find the equation of the enveloping .rylinder of the sphere x0 
-t y' ..- .,?. 2y • 4z = I hrrving it• 

generator parallel to the line:< = 2y = 2z. 

SECTION B 

5. i\osw.,- any four oftlte following: 

If tO- a)' e~ • . fo: fo': i'~: . 
rs denoted by 7~ prove that :. T.-::-;-. "--' ,,u vanrsh when " = a. Hence. 

vn em vn 

(b) Solve 4.Y?' (3.~ • If= 0 •nd examine for <ingular sohrtfons and e'1rane01rs loci. 

lJrtefJ>L'Ill tlrc Nsult.s g<'tlutetl'icaUy. 

I e) find.tltceurvnl.ulc ond torsion of the curw 

21~ 1 t' . 
x = --. J"= --,: = t +- 1. rn1erJ.,rel -ynur :tn~J.\n.'i~ 

r - 1 t - 1 

( H)) 

(10) 

( HI) 

( 10) 

(d) An cllip•e is ju•t immctllod wiU1 its rmrjor axis ve-rtical. ShO\• th:rt tlte e<;nlrc of pr·cssure 

coincides with ~le lowu focus. the eccentricity or the ellipse being ±. 
( HI) 

!c) A particle fa Us towtlfds the carUt from infinity. Shou• that its vdocity on ro:tching tho uartlr it 
!he same a.• it would hove acquired in falling with constant acceleration g through a distance 
eq1•• Ito ~1e earth's radius. 

(!(\) 
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6. 

7. 

(i) From th~ differenti31 equntion whose primitive is 

l
. cosx ) B( sio .r \ y:: A !Un x ·-.,- + cos Ji - X 1 

(5) 

(ii) Pl•ove thDI Uu! orthogon•l kojccwry of sy,.tcm of pMabola.s bc.lougs to th.: syslern 
itse lf. 

(5) 

(I>) n~ing variation of parnmctcn; solve tbc tlitlerential equ~nion 

(c ) ( i) 

(ii) 

Soh" Ute "'fU>Iiuu by finding •u intcgrnling f:octor of 

(.t + 2)sin ydt+xcos .v ~-- () 
(5) 

2 
Verify U>at ~.t) = r is a solution of ' ' " -y = 0 and find • seoond Independent 

·'' solution. 

(d) Show tlr•ttlhesolution of(D'-"' - l) y = 0. consists of Ae' and n pairs of term~ of Ultform 

~,. < b. <:<)sax-~, Minetx). 

(•) 

21rr 
\Vhor~ -ll = cos-- and 

2n - l 

• 2rrr 2 I b L ' a =- sm --~ r --=- 1. +-• · ··~ n nm ,. C.· are -ar1•'ltra.ry constant.." 
2n + l 

( 10) 

1\ . I ' •L I I . /I I . . d I' .. p::n1rc e moves W1u1 11 CCI,llr.l .'Ieee er.at.um • :\nc t~ proJecte rom an np.s~ at a 
( di!lnncc) 

di~lnuco ~ with Velocity ct1uallu a tim"" Uoat "ould be :Oc!<jnircd itllirllitlg from inlinity. Show 

lh>1 the other apsidal dlsl~ncc is J 0 
• 

n' - 1 

( 10) 

(b) A smoot.h rod passes through • • •nooiJo rin11 >l tl>o foc11> of •o ellil'"" wltose major >--.is ~~ 
horiwntolond rest. with its lower end on lho quadtanl ofUt~ ourve which is furUtc,•t removed 
ITom the focll!l. Find the positions of equ ilihrium and show that is lenglh muM he at leos t 

~ ... ~'"here lit i~ Utcnutjor a..~ and e tb(:Cccentricity. 
4 4 

( 10) 

(c) '\spherical roindrop. falling li=ly. receives in each instant on incrcaS< ofvc>lumc cqu~ l lO n 
times its ~urfitc~ at that instant. Find the velocity •tt.he end of time 1. nod lhe distance !iiUeu 
through in lh•t time if 11 be the initia l r:odius of tbe raindrop. 

( I()) 
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8. 

5 of9 
(d) 1r~ planet were •udd<>nly st~pped in its orbi~ supl><>-~ed dreulnr. show lltat it would lall into 

(11) 

J ' • h' h . .fi . J . d f I I · I . I tc sun 10 a lmu: w· Jc u; g umes 11e [~!.!flO o · t le r a net ~ r4i.Wlt uhon. 

( I 0) 

State Stoke's theorem and tbon verify it for ::i = tr' + 1)7 + xy] intcgnrtcd round th~ square in 

th" plnn~ 

1. = 0 whos< s ides are nlong the lines 

X- 0. y = 0, !1: - l.y ; I 

(10) 

(h) Pmv< tal 

(il x• .. (i. ;o; l3H fi .v) i. ~ li tv. I.) 
-IX vi ii .. I. (v. Bl 

(ii) C 1 ci x f a ~~ (- •1 lll" -
1
- = ----:;--...- -. a. r . 

r ' r'' r '1 

a :: constunl vector 

(6) 

<"> 
(~) Show 111111 if rl *6 and both c>l' the oonditions A.B = .~.r un<l A" 8 = Ax f hold 

simultmoc<)ttsly thon ]j =C. butlf only one ofthes~ conditions bolds lhon B 'I' E necessarily. 

(10) 

(d) l'rovc the following: 

(i) U' 11/.112, , II) are goncr;ll COUrdioateS, then 

ar .Ex lf_ and Vu1 , v.,., Vu:. arc 

""' au, """ 
ReciJ>rn~ul system oF vectors 

(5) 

.. (ar ilf ~ ~"] (v.., 1'.,, v.,)= 1 
(11) u, ... , u, 

(5) 
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I. 

2. 

3. 

MATHEMATICS 

PAPER · II 
SECTION A 

J 

Altsw.:.r aoy four parts : (IQ X 4 = 4()) 

(a) 

(h) 

(c) 

(d) 

(c) 

(a) 

Sbow rhnt '"''""'T)' gro<tp c<:>nsisring of four or less rluut four elements is nbelinrt. 

lff rz) has a ~imple pok "~'h residue K a! lite origin und is anH1)1ic in O<:j z I~ I shmv that 

...L ~ f\•1 d.z _ f I•J- I (b)+ .li. 
2xi c (z-1<)(z -b) u - b ab 

\\1tere 0 ·q~ b ._ l rmd C is Ute circle z I = I. 

Evaluat<: J J J Jl- • cl.., dy d• tbougb the volume b01mdcd by rbc surface~ 
" 

x = 0. J' ~ 0. 2 = 0. and ..-- y +:: = I. 

Explain a basic ooluriun and a basic fe.ISible solution of a l.indar progrrunrning problem. 
O.:t.:rmine the 1m ·ic matrices and lind ihe basic feasibl~ solutions of Ute linear ~quatiortS 

X1 + 2x: + x., = 4 
~~ +.r,+5x3 :5. 

J).)fine u oompacr set. Prov~ fttaJ the range uf a continuou~ 1\utction dl}tined on a C11mpact sel 
is compact. 

ln llh! symm.:tric group S, of !Jv'llllUiation; of 11 symbols. find tho~ numher of even 
p..'l11tU!iUil1n. Show lhatthc ;;et A,. <lf ... 'Ven (ldfmutntions fc•mts a finite group. Iden titY S. and 
A when n 4. 

( 14) 

(b) A fuuction.fis d~finad in [0. l]ns 

1 1 
flxl=(- 1)' 1 : --< x <-

r + 1 r 

When r is a positive integer. 

Show dJatj/x) iK Riewaon-iotcgrablc iu JO, 11 aod lind its Rie!llann-i•tlcgral. 

(c) A limctimfisd¢lin.:t1 ns 

(a) 

x,y 
J(x, y)- "' , .(x. !') ~ (0, 0) 

.t + )' 

= 0 , othc.l"\1~se. 

Pro'" !IIIli f., (0. 0) = fn bur neither f~ nor .(,., is continuous nt (0. 0) , 

IfF is tbo tinitc field and a.jJ arc lwo non-zero clemetlls of 1:, tl1cn show tl1al tltorc exist 

elemeJUs a Md b ifF such tbnt I+ a a' + Pb' = 0. 

( 13) 

( 14) 
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4. 

Where C is tlw circle 1 z 1 = 2: lind 

(i) / (1-i); 

(ii) f"(l -1); 

(ijj) fi I+ 1l. 

(c) Uodor the bilinear iraoslornuuioo 

a " 16•-=- --
: - '.! 

1n the w-pl"""· 

7 uf 9 

( 14) 

(u) Show thnt in nu imegml domuin every p1ime element is irreducible. Give nn example to sbow 
that the cmwerse is not 1n1~ 

(b) Use simplex metl1od to solve the lollowing linear programming problem: 

M.a.'-~; =- Sr, .. 7x) 

Su()jcd io tlw constraints. 

2..t1 t a," s 13 
ar ... z.1., s J~ 
A. 1 ~(),je 1 , 2 

( 14) 

(c) A compnny has three factories and four warehouses. n~ productioo capncJues of tha 
factories are 7. 9. 18 respectively and Ute warehouses require 5. 8, 7, 14 respectively. The per 
unit transportation cost is given in tlte matrix below· 

Wm••414'1wi01.· 

II, II II , ll, r .t'! r-t 
t~~:tt"'fY 

r I~ I (I "ifl ,,, -
''••'" ·~· u )'{j 1111 .HI 6U 9 

Ill IV • .u ~· I" 
j(l ~fill WIT~~. ; " 1 ,. 

l'ind the nllncation so that the tronsponation cost is minimullL 

(11) 
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5. 

6. 

7. 

SECTION 8 

1\o,•wor any lour p>r~: (10 " 4 = 4(l) 

(:1) Sui'" completely: 

£ 
PI! 

(b) From Ut~ dma giv<n bolow: 

using Lograngc'•lnterpol:~ti(m fom1~•lo Cl1 kulate flJ) 

(o) Conv•l1 ( 135,34)8 I<> d.!clmal n~nber atld then cc>nveri ll>e r<sulting decint31 n~tmb<!r to 
hinary number 

(«) Pinll ~ •• nl<>m<ni <If inertia nf "'' elliptic l:uni11• of' ~x"" 2a nnd lh nlmul :1 lino 01' pnssing 
thruugh th< cenlw 0 and inclined al 0 to ml\ior axis l :t Also fin<l lhe mom<lllt of ill'l1in ahem I 
fi l!lllg<nt to tl1~ dliJ><e p<tnlll~llo 01' 

(o) Sho\~ lhnl lh< vd<•cily potthltal 

~ • ~(x· _ _,. -z:•J 
satisfies Laplac~ equotion. Deterrnine the stream lioes ofth~ Jlow. 

(0) Using Chnrpit·s method soli'~ c.;>mpl~kl)' p-- q' = (.t+ y)1
• 

(b) Ohlain tbe general sohnion of U1e following equation: 

(13) 

( 13) 

(o) A uni lhmt h«lV) rod or length 2a :tnd lllliSS M is lree to tum nhoul an 01111 \\hich is fixod. 

(o) 

(b) 

Using Lagrange's equatiollS of motiun obtniu the ordinary dilJewnial •. quntions for d1e 
oscillation of the rod. 

(14) 

£~1'"""' L.1grnngo ·~ ~<IUal ions of motion iu g~ncrallscd coordinat¢s under consorvatiw 
system of 1oro~es. If dte g~om..;lrical oquations do not contain time ~~"Piicitly . .:loduN the 
principle of Energy T -'- V - coostaol. 

(13) 

Examine whether Ute motion specified by ij• K' (:j - ;'i). K a con~1ruu is a possible liquid 
x· + )' 

motion. Also sbow that tl1e motion is of potenlialtyp~. 

(13) 

(o) Soi\'C the l'~llowing Rystcm l)f equations by Gnus~'-' elimination method: 

10x - 7y ~ 3t. ~ 5w G 

-Ci~ - ~y -z- 4w ~ s 

3~ • y + 4z ' I I" = 2 
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8. 

5x - 9y - Zz + -lw = 7 

Wtit~ a BASIC progrnm tt• lind 

( i) ·n,., swn or rin;t N IJUIU.ral nunlben< 

(ii) The f:tctorial of a given m11nber 

(b) Given Lh< ditl~renli'~ '<illation 
d 1• 
-· :::--tj, y -= 2. wh~n .r: = 1. 
dx 

9 of 9 

(14) 

(h 7= 14) 

u<e Ru!1g<· Kutln fourth order ndo I<J lind y ul x = 1.2 Lak ing the • tep length h = 0. 2, 

( D ) 

(c) Show that tho ' 'elocity lield 

K~' -.v') 2 Kzy 
u(x,y) • , ,u ~ ). w•O ,_, ·)' . ' \"' + ,.... .. )' 

whore 1.: is u cot-.smnL srrtislios the equations of moti<m lor Rtcad)·. invi>cid. iooomprcssiblo 
flows in tbo absence of e~1emal forces. 

( 13) 
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