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l MATHEMATICS t=========:.............-
I. Ans,vct· any tour of the following: 

PAPER · I 
SECTION A 

J of 8 

1 

(a) Let V ~ P2(R) be the vector space of polynomial fwtctions over real of degree- at most 3 Let 
D · V-+ V be the differentiation operator defined by 
D(al> + a 1x + a,j'+ a,j') - a1 +2a,x+3a,x', "eR. 
(i) Show that B f1 , x. x1

• x31ts a basis for V 

(ii) Find the matrix [D]" \'lth respect to B of 0 
(jjj) ShowthatB' ll , (x + l), (x + l)2. (x + 1)3 } tsabasts forV_ 

(iv) Find lhe matrix [D]o, with respect to B' of D. 

(v) Find dte matrix ID]B-.B ofD relative to B' and B. 
(I 0) 

(b) Find the eigen values and the corresponding eigenvectors of A = (~ ! )-
(I 0) 

{

. _ ! fi 
(c\ Let ((Jt) = ~--,"'~ or x,<<l 

0 fur .<=0 

Show tltal fis differentiable at each pomt of reals but f(x) ts not continuous at x = 0. 
( I 0) 

(d) Show tllal f :R' ~ R defmed by f{x, y) 2x2
- 6xy + 3/ bas a critical pomt at (0, 0) and that 

11 is a saddle point. 
(10) 

(•} 
x= ,.z _! 

Find the equations of I he generators of the hyp.,rbolotd ~ + '1-~ = I dtrough ;my point of 
(I h t:' 

b ' al II' ' . .t' ••' :' t epnncrp e tpncsccnon -,-+ '-;- - -,-1:== 1!. 
<r h' c· 

(I 0) 

1. (a) Show that Lhe veclors 1>1 (I , I, I), ,., ; (0, I, I), I'J = (0, 0, I) fomt a basts for R<" Ex11ress 
,. = (3, I, -4) as a linear combutallon of l 't. t'2 and "-'· Is ~tc set S = { 1'. ' ' ' • •·1. 1'; 1 linearly 
independent? 

( 10) 

(b) Del ermine a non-singular m,1trix P such d1a1 P' A P is a diagonal matrix, where 1>' denotes the 

mmsposeof P, and A=[(: ~ ~J-
2 3 (I 

(b) Show dtnt lbe real quadrabc form 

t>~n(xf +4+ ..... +~)-(-'-i +XQ + ..... +x,)2 

m 11 variables is positive semt-definite. 

(I 0) 

IM
S(In

sti
tut

e o
f M

ath
em

ati
ca

l S
cie

nc
es

)



3, 

4, 

(a) ( l ) Using Taylors lheo1·em with re-mainder show thai 

.x3 . x3 xs 
;<-GS"sm:c Sx - 6 + 

120 
forali .x~O. 

(ii) l,c if: R' ~ R t>.: defined by 

f(x,y)= /Y 2 if x;o ±y 
X -y 

= 0 if X"'± y. 

Show !hal Lt j'(.r . .v) docs nt>t <lXISl 
(•.d-oll• ... , 

(ll) Show lhat lhe curve g1ven by 

x"- 4x'y + 5xy2 - Zj' + 3x2 - 4~y + 2y2 - 3x + 2y - 1 ,. 0 

has ()nly one asyrnpr<>l~ given by 

y : ~x+3. 

(c) l'md tbe extremum v~J ucs <•f 
/l:x, y) '" 2i' - &:.>• + 9y' on.t' + y' - 1"' 0 

u~ing Lugrange multiplier mcdli:>d 

~ ur ~ 
\ l{l) 

(S) 

(5) 

I I II ) 

( I I)) 

(u) A solid cuhuid Con R3 given in spbcrital coordinates by R = jll, ol. I)= Ill, Zorj, <p = jO, nl•ll 

has a density fJonction p(R. 0. •pl • 4 R sin ~ cos cp. Fincl lhc tc>tnl muss <li'C. 

(u) 

( I ll) 

A vannhle plane: is at a constant distance p from th~ 1.Higin and meets the u..xes in A. B aJlJ C 
Shflw lhalthc locus r•f the ccnlroi.l ol' thc lctrahcdron 01\H\ i ~ 

1 1 I 16 
X2 +J+7= l ' 

( I()) 
( tl) Find the Incus or lhe point ot' intcrsecLion l) l pcrpcod.Jcular gener:Jt.ors of a byperbHIOld (ltt-C'U" 

~hcc.t. 

(c) Planus are drawn throug h a tix"d poml (;x,/J. r ) so thul the1r sections ,,r the parabolottl 

II\'! +byl = 2: are rectangula1 hyperbolas Pruv~ that they touGh Lhe cone 

(x •1 )' . (:v - fll' . (= - r )" = IJ. 
/1 a n + h 

(d) l:>l1oW that the cnvelop•!'g cylinder ,,,. the <.l(lll!coid 
u..t:: +hi -. c:=: I 

w1th generators perpendicular tu t.· axJS meets the plane z • 0 in parabo las . 

(111 ) 

( J ()) 

( I Ol 
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3 ofM 

SECTION 8 

5 1\nswer any tour of the following 

6 

(n) Form the differenual equahon th~t represents all parabolas each of wh•ch has latus rectum 4a 
aud whose axes are parallel to the K-axts. 

(b) ( i) 

( 10) 

The auxiliary polynomtal of a cerrrun homogeneous lmear dtfferemial equatton wilh 

oonstant coeffictents in factored form ts l'(m) =m' (m 2t(m' 6111 ' 25) ' What ts 

the cyrder of the differential equation and wnte u gen.,-aJ soluuon? 
(5) 

(ii) r ind lh~ equation of ~1e one- parameter family of parahoiM given by J'- = Jc.< +<> ' ,,. 
real and show that tlus famt ly ts self-orthogttnal 

(5) 

(c) A ctrcular w.re of radtus a and density p attracts a particle accordi11g to 

1

1 
m,t;~>, • 

(diatanc,)2 

If the pamc.le ts placed on rhe aKis of the wtre at a d•stanoe b from the centre find its velocity 
when 11 is Ul a distance x.. If tl is placed ala small distance from the centre on the axJS show 
that the time of a complete oscillation is 

a ~-'{ri) 
( I 0) 

tdl A regular hexagon ABCDE.F conststs of six equal rods which are each of wctght W and arc 
fretly JOinted toge~1er The hexagon rests 111 a verttcal plane and AB 1 s 111 contact w1th a 
honzonral table, tf C and I' be connected by a hght stnng, prove ihat the tenston m the stnng 
IS W-/8. 

( 10) 

(e) For the curve 

f=a(at-13)7. Tllat'ha (iJi+~')k. a 

hemg a constant. Show that the radius of curvature ts equal to Its fildius of 1ors10n 
( 10) 

Solve and c.~amine for singular solutton the following equation. 

P 2(:r'- - a2) - 2p:cy + y' - b" : 0. 

( 10) 
(b) Solve thediOerenllal eq uation 

2 :J + 9y =sec 3x. 

( I fl) 

(c) Gi,·en y =,, • .!. is one solution. solve thediflerenhal equation 
,\ 

9 d2y d,. 
x·-·- +.t:-" - y = 0 

dx2 dx 
by reducUoll of order method. 
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7, 

8. 

I nl 8 
( 10) 

(d) Find 01e general solution of the differential equation 

(n) 

• 
ct·y - 2;y!!l. - 3y = 2e·' - 10 sin x 
dx2 dx 

by 01e method uf undetem1ined coefficieurs. 
tiO) 

[f 1wo panicles are projected in dte same. ve1tical plane with velocities 11 and ,. at angles rt 
tUIO co: wiO• 1hc horizonlal. show ohal 1hc inlcrval bolwecn 1hcir ttnn5its through the other 

. . . 2 1111 1~un(a-a 1) • po1nc commou ro theu· paths JS ass:urnulu ct > ct.. 
~ ucosa t- u•cosa ' .._ 

(10) 

(b) Two panicles of masses m and M move under the force of their lllUIUal atb·aclion. if the orbil 
of m relative ro M is a circle of radius a described wilb velocity v. show tbat 

(10) 

(c} Show tbut the length uf au endless chain \vbich will llau1g ovc:1· a circular pulley of radius I ' so 
as to be in contnct with two-Jbirds of the circumfercnce.oflhe pulley is 

(d) 

(a) 

{ 3 4n) 
I ' \og (2t :rsrJ 

(I OJ 

Prove tbru a circulau· cylinder of mdius a and b1gth ~ caunot Oout uprlghi 111 water 111 stable 
II 

equllibriuro if its specific gravity ties between 

t{t - ,Jr - 2rr2
} and H ..- Jl - 2rr2

} . 

Whal wil l llappeu if2Jl > I? 

Find l{r) if J'(r) r iS both solenoidal and irro1a1ional 
(10) 

(I 0) 

(b) llvaluare JJ F 11£ . where F - y;;/ + ;ij + xyli aud S is the part of the sphere .~2 - y' + z! = I that 
s 

lies in the first octnnL 

(I()) 

(c) Verify the divergence theorem for P = 4.rT - 2y '/- :'li take11 over Ote region bowtded by ,C 
• y>- 4, z - 0 and z : 3 

( 10) 
(d) By using vector 111etllods. 'fittd an equation for the 1angeot plane to the surface r-x21y' at the 

poiut(l , - 1. 2). 
( 10) 
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-----~-

MATHEMATICS ~ 
~-~---~==~===7-~==~·~~ 

PAPER -II 
SECTION A 

1, Answer any four parts 

2. 

3. 

(10 X 4 : 40) 

(a) Show that ~1e set of cube roois of unity is a finite Abelian group wuh respect to 
multipl ication. 

(b) Evaluate the double integral Jf,x'<t<c& where R os the regoon bow1ded by the line y = x and , 
the c.urve y = 'c 

(o) Show that the function/ defined by 

f(x): .l ,.te[t.~) 
X 

is uniformly conltnuous on fl, oo). 
{d) I f.( analytic. prove d1at 

(e) Find the basic feasible solutions of the following system of equations in a linear 
programming problem 

(a) 

x, + 2x2 + x
3

= () 

2r1 + ·". + ox0 : 5 
x, ~ 0. j = 1. 2, 3 

Show that the setS = 11, 2, 3, 41 forms <1n Abe.! ian grouP. for the operarion of mulhplication 
modulo 5. 

(14) 

(b) Show that 

(o) 

(a) 

(i) /r(.t) :~X+ £.x ?. 0 is conrinU\)US On (0, oo); 

(ii) h(x.) = e' ""' is continuous on R. 

lff(x, y) = xy "'> J'~. when tx. y) ;t {0. 0) andj\0, 0) = 0, show tbal al (0. 0) 
x·+ Y' 

.£L~ .£L 
dxily O.)'d.>: 

( 13) 

(13) 

Prove that d1e set o f all real numbers of the foon a + b J2 . where a and h are real numbers, 
is n fieid under tl1e usual addi tion and multiplication. 

(13) 

(b) Show that the transformation 

5- 4z w=--
4z-2 
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maps unit c1rclc ~ = 1 onl(,l a c~rcle of radius umty and centre at- _I_ . 
2 

(c) Use contour Integration teclm1que to find lile value of 

t 2+~:s 9 

ll o l 8 

(13) 

(a) 

(14) 

If R IS commuta!ive ring w1tu urul clcrucnl amJ M is ao 1cleal iu R, then show that M is 
maximal 1deal if RIM IS n field 

(b) Solw the linear programming problem 

Ftnd mm (8x1 ~ 6xz) 

subject to d1e constraints 

4x1 +3x2~ 18 

-:!x,+5XJ ~ 16 

Xt,x.z~ O 

(13) 

using graphical method. Show that more than one fcas1blc solutiOn Wlli yield the minimmn of 
the objective function. Interpret th1s fact geometncally . 

(o) Usc s•mplcx melhod to solve Lhc followmg lmear prob'l'alllmins probkm 

Maxmuze Z. = 2x1- x, - Jx, 
subject to the constramts 

Jx1 + X2 - ::x:. '56 
lx1 + Sx1 -f' XJ :5 14 

x, + 4x1 + 2l<3 :!f8 
X i , X]. X)~ 0 

ll'l) Show tl>at the rransfonnation 

SECTION B 
5. Answer any tour parts 

(a) Apply Charpit' s method to solve the equation 

:!z + 1>2 + qy - 1l = 0 

(b) l'erf<)nn four 1terat1ons of the bisection method to obtam il poslhvc mot of the equatJon 
/(X)=xJ- 5x + I = 0 

(c) Evaluate f.: Jt + 2.rJ.< by applying Gaussmn quadrature formula, namely 

I o L f(t)dt: ~Ad(tt) 
J•l 

where the coefficients A, and tlJe roots t, are siven below for 11 = 4 as 
t, = -o.86ll A,= A,= 0.3478 
10 = · 0.8399 A,= A,= 0.~21 
1, = 0.3399 
t, = 0.8611 

( 13) 

( 14) 
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6. 

7 

1 ol'8 
(0) Evaluate the following expressious: 

{i) 78 OR87 

(ii) 78XOR87 

(iii ) 78 1\ ND 87 

(iv) Shift 87 left hy 2 

(v) Rotate 78 right by 2 

(e) Jl'ind the moment of Inertia of a unifoo·m triangular lamina about one side. 

(a) 
filn .. ;:::, . 

Solve ~ =<"-:-<' goven that 
, ., . !:>X' 

(i) u- 0, when x 0 fot• all 1 

(ii ) u = 0. when x = I for all t 

(iii) u=!!.!, O<x<a} 
bQ-~) Qt L=O 

- I . U<:r <l 
-a 

(fo) ~~ = 0 ot t = 0, .dn (0, I) 

(13) 

(b) Solve: 
i12z cl'z a"~ 
.,.....- ----s~~ ycosx 
a .. - <J.•i!y ay 

( 13) 

(c) A solid circular cylinder of radius a rotating about its axis is placed gently will• its axis 
horizontal on a rough planl!. whose Inclination to 1l1e horizon is a. Lnitinlly, the !iiction acts 
up th~ plane and the coeflkient· of fncrion is .1. Show that the cylinder wi ll move upwards. if 
fl > tan a. Also. show tloal the time that lapses be.fore rolling commences. is 

an 
IJ(:llt coR a-•ina) 

where n is tlte initial angular velocity of the oylinder. 
(14) 

(3) r'\IJilly Gauss-Sei.del otcratove 111etl•od for five otcratoons to solve the equatooos · 
(14) 

[~~ 1~ =~ =~Jr~~J= [~~J -1 -1 10 - 2 Xg 27 
- 1 -1 -2 10 x., -9 

{b) A two-dimensioolsl ilow !ield is given by 111 = xy. Then 
ti) show that ~.e flow is in·otational; 
(ii) find the velocity potential: 
(iii) verify that I' and its complex conjugate p satisfy the Laplace equation: 
(iv) find the strean•l ines aud pulcnti.aJ lint:$, 

(13) 

(c) \Vo·ite a BASIC program to evaluate adefiuite integral 

J;(x3 +sin x}clx 
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8. (a) 

by Simpson·s one-third rule. Indicate the lhn~s which a.re to be modi tied tor a dilTerent 
problem. 

Write a program in BASIC to solve the equation 

x3 
• 4x2 + x t 6 = 0 

8 of8 

( 13) 

by Newrou-Rapbson method by taking the ffijtial approximation as 1<11 = 5. lndlcate wlllcb 
lines are to be changed for a differem equation. 

( 13) 

(b) Apply Runge-Kutta method of fomth order to lind an approximate value of y when x = 0.2, 
given that 

~.: x+ y'~. y .; 1 when-,.·= 0 

( 14) 
(c) Detennine. the restrictions on li, t~ and 1), jf 

2 'l 2 
7/i(t)+ tr.(•l•? fa(<J T l 

is a possible boundary surfaoe of a liqu id. 

( 13) 
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