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x-+t x*1 2
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i. Write your Roil No. on the top immediateiy bn receipt
of this queshcn paper.

2. Atternpt any fw+ parts from eacil question.

3 Al! questions are compulsory.

.I

I. {a) Let ACR and c e R be a clusterpoint of A and
f : A 4 R, then define limit af function f at c.
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(b) Let f : A-+

point of A.

7

IR, AC IR

Then show

and ce R be a.cluster

that lim f (x)=t if and
x-+c

only if for every sequence (*r)' in A that

converges to c such that xn + c, Vn: e ]R, the'

sequence (f(.,)) converges to'L' (F)

/r\ -(c) Show that lim sin | * I aoes not exist in R bst

/r\'linrx2sinl*l=0. ' (6)
x-+0 \X-) :

(a) Let Ac R, f: A + R, g: A + R. andc e R be

a cluster point of A. Show that if f is bounried on

a ne'ighborhood of c and tirng(+)=0, then
x-+c

(b)

,rim(fg)(x)=0. (6)
.x-i,c ' ' '

Let (x) = sttx for x * 0, then {ind lr$ 
f (x) and

Hm f(x) : (6)
x-+0'

(c) Let f : R. -+ R be defined as , '

^, \ fz* if x is rational : ','flvl-2

Find all the points at which f is contrnuous. '

, (6)

;
t

-{,-
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3. (a) Let A g R and iet f and g be real valued functions

on A. Show that if f and g are continuous on A

then their product f g is continuous on A. Also,

give examples- of two functions f and g such that

both are discon.tinuous at a point c e A but their
. product is 'continuous at c. (7Yr)

(b) State and prove Boundedness Theorem for

continuous functions on a closed and bounded

interval. 0t )

(c) State Maxirngm-I\{inimum Theorem. Let I = [a,b]

and f : I + R be a continuous funciion such that

f(x) > 0 for each x in I. Prove that there exists

a number a > 0 such that f(x) z a for all .r' in

4. (a) Let Ac R andf :A-r lR. suohthat f(x) > 0 for

all x e A. Show that if f is continuous at c e A.

then ^,k is continuous at c. (6i

(b) Show that eyery uniformly coltinuous tunctioli on

A c R is continudus on A. Is the converse truel'

Justrfy your answer. (.6)

1

(c) Show that the function f (x)= *, x = 0 is

uniformly continuous on [a, m), for i, 0 but nct
' ' uniformiy continuous on.(0, o). (6)

P.T.O.

.l
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s, (a) Let

f:
are

the

ZI

I c ,R be an intervai,. let c e I, anrj let
I + R. and g : I -+ R be funcrions thrrt
differentiable at c. prove that if g(c) ;r 0.
function f/g is differentiable at n, anci

- 
r'(c)e(c) r,(c)e'(c)

(b) Let f : R + IR be defiried by f(x) == ixl +, lx + lj.
x e R. Is f differentiable everywhsle in R? Find
the derivative of f 'dt the points wliere ir is
differentiable. (6)

(ci State Mean Vaiue Theorem. if f: fa, bl _+ R
satisfies the conditions of Mean Value Theorem
and f(x) = 0 for ali x e (a,b). Then prove that f
is constant on [a, b]. ((,)

ia) Let I be a.n open interval and let f : I *+ R have
a second derivative on I. Then _(how rhat f is a

scnvex function on i if anci oni,,- if f'(r.) -:0 for
allxe{.

(t) Find the points of relative extrema of the functions
f(x) = l*r- 11, for -4 < x ( 4. (6)

(c) I,Iss Taylor's Theorem with n = 2 to appr,.,ximate

{hl;,, X)-1. (6)

(s500).

[i)',., (6)
(s (.))'

6.
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1. Give short answers to the following questions. Attenipt
any six.

(i) What is the total no of rotations and total no of
reflections in the dihedral gro:ip D,? Describe
them (rotations and reflecticns) in pictures or
rvords. Vy'hat can you say about thc ro.,a.l rrc of.
rotations arrd total no of reflecticns in the dihed;-al
group Dn?

l

(iii) Let G be a group with the property that for anya,b,cinG,

ab = ca implies b = c. prove that G is Abelian.

(iv) Give an example of a cyclic
Show that a group of order 5

non- trivial, proper subgroup of
ls GL(2, R.) a group under addition of
Ansrver in few lincs.

group of order 5.

is cyclic.

(ii) Give one

GL(2, R).

matrices ?

,j
l

l
I
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(v) Prove that a cyciic group is Abeliaii. is the

converse true?

("i) Find ail subgroups of Z,r.

(vii) Prove that 1 and -1 are the oirly two generaLors

of (2,+1. Give shoi'i answer in few iines.

(viii) "Zn. n € N, rs alu,ays cyciic whereas U(rr),

n e N; n> 2 may cr ma:/ not be cvclic".

Prove or dispror,e the staterreiii iu a iew

lines. i6.2=i7)

(a) Let G: ia + b.Ji I a and b are rarionai nos nor

both zero)

Prove that G is a group under ordinary

multiplication. Is it Abelian or Non-Abelian? jusrify

your answer.

P.T.O.

2.
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(b) prove that aI group of composiie oide_r has a irotr_trivial, proper subgroup.

(c) prove that or'der of a cyclic group is eoual ro iheorder of its generator. 
(2*6.5_t tr

(a) prove that ev

be written u. 
"t' Permutation of a fjr:iro j'-i CEI1
a c:vc.Jc or as a prodircr nl.i;:,:_..

c1'cles. - ^ ut-rrrtlL'i

(6)

(b) (i) In S* write a cl.,clic suhgroup of c:,:Je. -1 -* ra ii*l-cyciic subgroup of o.Aa. ,- 
-., : rDC

3.

l1{ii) Let q=l '
l't

5O ?

5{)

2qt,va

486

2s4
4\1

50
7S

78f
Ir ^l and

i Jl

B=f'
L7

8l
6)

, 1.'.

i'.
. ,.'
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Wrile G.. $

cycles.

5

and uB as product af 2-'

(3+3:6)

(c) (i) Let lai = 24. Ilorv niany left cosets of
H : <aa> in G : <a> are there? Write each

of them.

(ii) State.Fermai's Little theorem. Aiso compuie

525 mod 7 and i I 17 rnod 7. (3+3=6;

4. (a) (i) Lei Fi and K be 1wo subgroups of a frnite

group. Prove thai

HK < G if C is Al;eiian.

.ur!c Ail exarnpie of a grcup Ci and its t..r.o
sutrgroups H snd K (H+K) such thar HK is
not a subgroup cf C. (3 +3.5 =6.5 )

(b) (i) i..i:l G be a group and ler Z (G) be rhe cenrre

of G. If GIZ (G) is cyciic, prove thar G is
Abelian. ',

P.T.O.

/,;\

:
;r

t

i
'i

.l
ii
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i

(ii) Let IGI = pq, p and q are primes. Prove til

lZ(G)l : 1 or pq. (4+2.5=6.i

(c) (i) Prove that a subgroup of index Z i

normal.

a

(ii) Let G : U(32), H = U8(32). Write all tlr

elemenis of the factoi- group Gi'H. Ais;c finr:

order of 3H in G/il. il+? 5:6 \

,5. (a) Show that rhe mapping fi'o:n R under addirion tr 5.

'rr I

t,i
.l

i
I

i:

I ccs x' srn x-i
GL(Z,IR.) that takes x to i_.,,, I is a

L -^^. ', -Js x i

group homomorphism. Aiso, find the kernei of the

homomorphisrn.

(b) Let Q be a homomorphism

group G . sho-," that if K

froni a group G to a

is a subgrc,up of G.

l

'

.if
j

I
I

*
i.,,

.a,',,
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.iso fin ,.,,, G ts
L,/ N : ___ _ .

.r.5=6. j K'H

1409 7

,roi,e 
thl

*2.5=6.1, then $-'(K): ik c G: $(k) e Kl is a subgroup

of G.

e) ) :Ll

(c) If H and K are two normal subgroups of a

. group G such that H c X, then prove that

(.2x6:12)

iiicn tr 6. ia) Shcrv iir=t 'riL*; n:apping $ from C" to C- eiven by

0(z) : za is a homornorphisrn. Also find the set of
-j 

ali the elements lhat are nrappecl to 2.
IS il

,olthe (b) Prove thai eveiy group is isomorphic tc a group

of perrnu,o,ronr.

-i to a (c) Let G be the group of non-zero compler.

numbers under, multipiica,tion and N be the set
.rr (i,' oi complex numbers of absolute value 1.

'\:--

" P.T.O.
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Show that GiN is

ail the positive reai

lsomorphic to the group of

lulnbeis under rnuliiplication.

(2x6 5:13)

(1 s00)
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,

2. Use increinental approximation to estimate lhe

f(x, y) : sjn(ry) at the point

t; r: \

l./1- cr../:-.or I\!r \z l

r. li Z: XV -t-

y2 -'xl.
f(x2 +.y:;, show that y Azl\x: - x Oz!i.,i -

4. Assume that maximum directional:derivative ol I tt
P0(li.2) is equal to 50 ancl is attaineii in the rlrecr,,,r
towards Qt:. -+). Find Vf' at P,,( l.l).

Find the absolute extrema of f(x, ),) : 2xr-- vr on ii,.
otsK x- i \'' '- t.

Use Lagrange rnultipiier to find the (l ista.ns'e lrt,:t,

(0,0,0) to plane Ax ' By + Cz = I) u'here at ieri:
one of A, B. C is nonzero.

SE('l ION II '

l
.l .1v

Cornpute the inteerr, 
.|,, 

j:

of integration reversed.

2. Use Polar double integrai to show'that a sphbre t,1'

4
radius ct has rolume -n Al, I .

J
. 

, <:

enci) dx ri rth tltc olJ,:
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3. ( ornpute tile ;ii'i'i of region D bounded above b), line

: = x arril brlr,rr of circle x2 * y: - 2,v - 0.

+. lintl.rhu \\)ir,!:1. il'l lhe solid bouniled ahore bv

rrirr.uboic,iii 1. . rt - yl and below by ,,: ix:' + ),:'.

5

6.

rr: .lx tiv riz
lr:iiu;ilc jJJ, - *--:. witele D is tire s.iitl

. 'ir +:1 +z

iplt,lre r' ) '. . '. i.

t-i.se a suirablr ." iiange of variables tc fincl the area of
lc11i,.rri R houiriii:,,1 by the liyperbolas xy=J xxd a-y,--4

rnii the lines -,,,,.:i and l/:4>:.

S.ECTION IIi

irind tlic irlit:i:i ,.'I a wire in the shaoe 1'ri'iri1r.,:.:

( r .. -?sinil,'', rcost, z : 21 for Ll < t < ;r aiid

cl,:ir:;iI'" at lrciri , ". .. zr on the c.ir\ e is 6ix, ,11, .::i .= ..,-

Irinri tiie \\iorii iiirite 5-v force

t ! 1\: ,i I 2,;i-(r.'. z, ii- -2" it-112:"2):-(*' lr
on an obiect ,1,-:i ing aiong the curve C g-iven b.,

\{i} .t. \'(i} i .,.i1i:t" 0 ( t < 1.

i.-rss Green'.c titcr):e ln to find the work
It)l'rr'llCltl

done by the

P.T.O.

')

1
l.

-).

t
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ilrhere F

surfaee z

where S is
riogerher "witil

i:-. 1..'lLiate tile line lntegrai

lli,..y)= i3v-4:.)i* i+ ;

..,,iierl:.,1 ,:bjeCt CiC'r::-S ofrce i-'tl:.!r::.'',;i'r6]1r,"'i3t iiittiiti''i

,h- ,tillpSt ,i.<- * y: : .1.

ijse Sioke 's 'aheorem to evaittat.* 'rilt': surl'ace iliit:lllal

J[(.*' F N) cs

y2 j + z eiY k ;ind S is that par'l rii-

x' ^ 2y2 with z',-:: Il

Lise <i.iv'ergence theorenr to el'.:'iiilttc lhe intcgral

ii f ris where F(.t.;'21-i-i ")i ':'"i 'ri:L'
i,l.

i, r -l

hemi:;Phert jtrii r.;' /' 
"r 

!: '

4

4_

: xi +
_1
- t-

5.

the Clsk tr.i i- r7?;,: i til >.-vilia-ri,:.

F.ciirI

JC

lilt - 'rlv', e " - iafi l

ar:td C is thv .ii,Po* 9r2 '- 4'-: -- 'te'

{35oC}

=.'t ; J,
Jl,::',r,f.ic t,(Y,.

-t,.lr.r-
i--;------.' 'I v- "r.i

:.t

I

' ll
t-,
i
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1. (a) (X, d) be a metric space. Define the mapping
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. d(x.v\
d (x,v) =--:-::-! \; Vx. y e X..r ' 1+d(x.y)'

P.T.O.
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Show that (X, d*) is a metric space and d*(x,y)< 1,

for every x, y e X. (6)

Let (x,.,)n=, b" a sequence of real numbers defined

by Xr=3, Xz=b and xn+2=](*",.,**r) for

n = 1,2, .. .. Prove that (*n),r_, is a Cauchy

sequence in R. with usual metric. (6)

(c) Define a complete metric space. Is the metric

space (2, d) of integers, with usual metric d, a

complete metric space? Justify. (6)

2. (a) (i) Let (X, d) be a metric space. Show that for

every pair of distinct points x and y of X,

there exist disjoint open sets U and V such

thatxeU,yeV. e)

(b)
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(ii) Give an example of the following :

(a) A set in a metric space which is neither a

closed ball nor an open set. (1)

A metric space in which the interior of the

intersection of an arbitrary famiiy of the

subsets may not be equal to the intersection

of the interiors of the members of the

family. (2)

(c) A metric space in which every singieton is

an open set. (l)

(b) Let (X, d) be a metric space. Let A be a subset

of X. Define closure of A and show that it is the

smallest closed superset of A. (6)

(c) Let (X, d) be a complete metric space. Let (F,)

be a nested sequence of non-empty closed subsets

P.T.O.

(b)
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that O' F- isI 16=l tr

is incomplete?

of X such that d(F") + 0. Show

a singleton. Does it hold if (X, d)

Justify. (6)

(a) Let (X, dx) and (Y, d") be metric spaces and

f: X -+ Y be a function. Prove that f is continuous

on X if and only if f (A)s (A) for all subsets

A of X. (6)

Let A and B be non-empty disjoint closed subsets

of a metric space (X, d). Show that there is a

continuous real valued function f on X such that

f(x) : 0, V x e A, f(x)= l, V x e B and 0 < f(x) < 1,

V x e X. Further show that there exist disjoint

open subsets G, H of X such that A c G and

BcH. (6)

(b)
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(c) Define a dense'subset of a metric space (X, d).

Let A c X. Show that A is dense in X if and only

if At' has empty interior. Give an example of a

metric space that has only one dense subset.

4. (a) Show that the metrics dl, d2 and d* defined on

by

dr(x,y), = XiLr lxt - yil ,

dz(x,y) = (XLr(xi- y,),)'/, and

d*(x,I)=max{lxi- !il:\< r <nJ

equivalent where x = (x1, X2,..., xn) and

(Y1,Y2, "', yn). (6.5)

(b) Show that the function f: R + (-1,1) defined by

(6)

lRn

are

r(*)="i,

isometry.

is a homeomorphism but not an

(6.s)

P.T.O.



1013

(c) (i) Let (X, d) be a complete metric space,

Let T: X -+ X be a mapping such that

d(Tx,Ty) . d(x, y), V x, y € X. Does T always

have a fixed point?'Justify. (4)

(ii) Let X be any non-empty set and T: X -+ X

be a mapping such that Tn (where n is a

natural number, n > 1) has a unique fixed

pojnt xo e X. Show that xo is also a unique

fixed point of T. (2.5)

Let (R, d) be.the space of real numbers with usual

metric. Prove that a connected subset of E

must be an interval. Give an example of two

connected subsets of E, such that their union is

disconnected.' (4+2.s)

Let (X, d) be a metric space such that every

two points of X are,contained in some connected

subset of X. Show thut 1X, d) is connected.

(6.s)

(a)5.

(b)
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(c) Let (X, d) be a metric space. Then prove that

(X, d) is disconnected if and only if there exists a

continuous mapping of (X, d) onto the discrete two

element space (Xo, do). (6.s )

(a) Prove that homeomorphism preserves compactness.

Hence or otherwise show that

6.

s(0,1) :

S[0,1] =

{z

{z

eC:lrl .tland

e C: lzl < 1)

are not homeomorphic. (4+2.5)

(b) Let (X, d) be a metric space and A c X such that

every sequence in A has a subsequence converging

in A. Show that for any B c X, there is a point

p e A such that O.(l,U) = d(A,B). If B be a closed

subset of X such that A r.r B = Q, show that

d(A,B) > 0. (4.5+2)

P.T.O.
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(c) Let f be a continuous real-valued function on

a compact metric space (X, dx), then show that

f is bounded and attains its bounds. Does the

result hold when X is not compact? Justify.

(4+2.5)

(1500)
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(iii .1 glouf-, of crrle:' i j is always uyclic.

r.iiii A groirp .rf crier 14 is simpi;. ,' ' .

(ivj fhe smallest positive integer n suctr thai ihere

ire tlvo norr-isomorphic groups of oi'der n is u.

{v.i i:very inner auiomorphism indtr';ed by an elemenr

'a' oi group G is an automoi-phism of G,

ivii A abelian group of order tr 2 lnust lrave an

i

ivii; 'u(105) is isornorphic io external direci producr

of U(21) an<i U(5).

iriii) Cettet' of a group G is aiways a subgroup ,.rf

::ormaliz.e r of A in G, where A is any. subset of
tl .

.:.i:i) Aui(Z16) is ai c;rclic group of automorphisms oi

(x) The iargest pcissible order for an

Zro@ Z, is 60"

(a) Define inner automorphism induced by an element

'a' of group G and find the group of nll inner

auiomorphisms of Do.

clement of

1

(l'r I,lelile the characteristic anrJ the commuta[or

subgrr.rup of a group, Prove that ihe centrc of a

grorip is characteristic su-bgroup of the group.

'' ')
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(c) Let G'be the subgroup of cominutators of a group

C. Prove that G/G'is abeiiarr. Also, prove that if
Ci/N is abeiian,..then N > G'.

3. (a) Deiermine the number of cyclic subgroups of order

15 in Zso@ 236.

(b) Deiine the internal,direct product of the subgroups

H and K of a group G. Prove that every group of
order p2, where p is a prime, is isomorphic to Zpz

or Zp Q Zp (external direct product of Zp with

(c) Consicier the gruup G = {i, 9, 16,22,.29,53, -i4,

79,81) urder multiplicatioir moduio 91. Determine

the iscmorphism class ot G.

4. (a) Show

,.o :

the additive group Z

for ali z, a e Z.

acts on itself by

if and only if its

that

z*a

(b) Show that an aplion is faithful
kernel is the identity subgroup.

(c) Let G be a group. Let H be a subgroup of G. Let

G act by left.multiplication on the set A of all left
cosets of H in'G. Let zr, be the permutation
representation'pf G associated with this action.

Prove tha,t

P.T.O.

3
il
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(i) G acts transitivei;,2 on A

(ii) The stabilizer of ihe point IFI e A- is th*

(iii) Ker trH = fr*.c rHx-l

5. (a) Let G ire a permi:tation group on e set.rr {C is
subgroup of So), iet o e C and let a c A pror.e

that o Gu 6-, = Go(a), here G, denotes stabilizer of
x. Deduce that if G acts transitively on A their

(b) Show that every group of order 56 has a proper
nontrivial normal subgroup.'

(c) State Index theorem and prove that a group of
order 80 is not simple. .l

6. (a) State the Class Equation for a finite group G. ancl

use it to prove that p-groups have non irivial
c€nters.

(b) Prove that group of order 255'is aiways cyclic.

(c) Show that the alternatirrg group As does not cr:nrairr

a subgroup of order 30, 20, or i5.

{i500}

i'
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1" (a) Define fixed point of a function and constr.uct an
algorithm to implemenr rhe fixecl point ireration
scheme to find a fixed point of a function. Find
the fixed point of f(r) = 2-r(l _ _r). (0)

(b) Perform four iterations of Neu,ton,s Raphson
method to find the positive square root of 1g. Take
initial approximation xo=4.

(c) Find'the roor of the equation x3

interval (2. 3) by the method

Perfbrm three iterations.
(6)

(a) Define the order of convergence of. an iterative
method for finding an approximation ro the root of
g(x) = 0. Find the order of conr erge nce ol
Newton,s iterative formula.

(b) Find a root of the equation x3 _ 4x_ g = 0 in the
interval (2, 3) using the Bisection merhod till fourth
iteration 

(6.5)

(6)

-2r- 6=0inthe
of ialse position.

)
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(c) Perform three iterations of secant method to

determine the location of the approximate root of

the equation Jr + x2 - 3x * 3 - 0 on the interval

(1, 2). Given the exact value of the root is

.\, = ,5 ; co*pute the absolute error in the

approximal ions j ust obtained. (6.s)

3. (a) Using scaled partial pivoting during the factor step'

find matrices L, U and P such that LU = PA

where (6.s)

Set up the SOR method with w=0'7 to solve the

system of equations:

. 3rr 'xz* x3= 4

2*r-6xr+3xr=-13

P.T.O.

(b)

'I

.J

_ .;1

t
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(c) Set up the Gauss-Jacobi iteration schcme ro soive
the system of equations:

4.
-9x."r ' /', 20xr =

Take the initial approximation as

and do three iterations.

l0x, + xz* 4x, = 3l

_:\
xr + 10*, -- 5x., = -23

3r, 2x, + lQx, = 3g

7'

X(0) = (0, 0, 0)

(6.5)

4̂+. (a) Obtain the

polynomials

datE:

Take the initial approximario, u. a(or

and do three iterations.

= (1, i, 0)

(6.5 )

piecewise linear interpolating
for the lunction f(x) defined by the
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(b) Calculate

difference

the

1-;x'

(6)

Newton second order divided

ol'based on the points xo. xr. x,.

(5)

(c) Obtrin the Lagrange form of the interpolating

polr nomirl for the t'ol lou ing data:

P.T.O.

x 1 2 4 8

f(x) 1 2t t)

x i 2 5

f(-r) 11 --J I

:1,,

.l

(6)
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5. tat Find the highest degree

t he second order

approximation for the

o1'the polynomi;r.l fbr u,hich

backward difierence

first derivative

provides the exact value of
rrrespcctii'c oI h.

(b) Derir.e secand-order

approximzrtion to the fi rst

i given by

the derivative

(6)

forward ciifference

derir ative ol'a function

(6)

l

t'

6

f'(xo) x
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(c) Approxinrate the derivative of f'(x) : Sin x at x,,

zr using the second order central' differenqe

formula taking h = y2, y; and 1/8 and then

'extrapolate from these values using Richardson

extrapolation. (6)

Using the Simpson's rule, approximate the value

of tlrc integral ljUoa*.. Verify that the

thepretical errbr bound holds. (6 5)

apnly, Buler's method to approximate the solution

6. (a)

(b)

of initial value Probiem

landN=4.

{.OStSZ,,x(0)=
x'

d,.x

-r=dt

Given tlrirt the exact solution is x(t) = '/m-"
compute the,absolute error at each step' (6'5)

P.'f .o.

't
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(c) Apply th,i optiirral RK2 methocl to approximate the

fu-, I x
solution of the initial vaiue problern ; = 1 + ;,

I < t 5 2, x(l) = I takrng the step size as ,, =,1 j,

(1 500)
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1 (a) (i) Determine whether x :0 is an ordinary point,
a regular singular point or an irregular singuiar

, point of the differential eQuation

(ii) Frnd the Laplace transform of rhe function
f(r) = I r cosh5r.

P.T.O

'I

I

#rk%
o..."........... ]t

I,t L:BP {RY }f3(..J*
r. \ v )-, l,*\ vr4
\G-oXgl

. .d."

I r.
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(iii) Find the inverse Laplace transform of the

1

function F(s) : ,.5

e transforms to solve thc initial value

Problem:
x,, - x, - Zx = 0; x(0) : Q, 4'(0) " ,l (6)

(c) Fi.nd iwo linearly independent Frobcnius series

solutions of
,t (6)/xY"-Y'-Y-o :

(d) Find general s<jlutions in powers ''rf x of the

clifferential equation' State the recurrence relation

and the guaranteed radius of convergcnce'

5y"-ZxY'+10Y:0 (6)

2. (a) Using Monte Carlo simulation wrilc an algorithm

to compute volume of the surface x't y2 + z? <1'

that lies in the first octant x > 0' y -- 0' z > 0'

: (6)

(b) Use SimPlex

Maximize:

,. subject to

meth<ld to solve

problem

3x, * x,
zxp:; < 0

x,+3x.r<9
x.- x^ > 0.|, z

the given linear
(6)

ic) Considcr a small harbor with unloading facilities

for ships, where only one ship can llr: trnloaded at
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any 1ime. The unicading time required for a ship

depen<is on the type and the amount of cargo'

' Below is grven a situation with 5 ships:

Draw the timeline diagram depicting cleariy the

sitrrationforeachship.Alsodetermineiengtlrof
longest queue and total time in rvhich docking

facilities are idle. (6)

(d) Use Linear Congruence method to generate 15

ratrdotn real numbers with multiplier 2' increment

5, modulus 1-1 and seed 1' Is there cycling? If

yes, then give the period of cycling' (6)

(a) (i) Determine the nurrrber of edges of Ct',' Q-'

and Kr.,o. (3)

; Lemma' (3)(ii) State and Prove Handshaking

(b) Prove that a bipartite graph with odd number of

vertices is not Hamiltonian' (6)

(c) Determine whether the given four cubes having

lour colours, can be stacked in a manner so that

P.T,O.

-1 .

Ship 1 Ship 2 Ship 3 Ship 4 Ship 5

-fime betweetl stlcccsslve

sh ips

l0 20 45 50 75

Unload time 70 35 40 80 90
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each side of
four colours

4

the stack formed

exactly once.

will have ail the

(6)

4.

(d) BV finding an Eulerian trail in K' arrange a set of
fifteen dominoes t0 - 0 ro 4 - 4l in a r.ing.

(6)

(a) Use the factori z.ation :

sa + 4aa : (s, - 2as * 2a2; is: + 2as + 2*)
ancl apply inverse Laplace transibrm to show that :

(t.)
.-rl s- IL 1-- , | = cosh at cos at

ls" + 4a" j (7)

(b) Fit the modei to tt.e dara using Chebyshev,s
criterion to minimize the largest deviation, given
the model y - cx and data set below :

{.7 )

(c) Solve the initial value problem using rhe Laplace
trans form
x" * 4x' + 13x : te-,; x(0) : 0, x,(0) : 0 e)

(d) Nanle thc l'ive Platonic uraphs. Wlrat rs tltc ilegrcc
of each vertex in each o1- thesc t'ive graphs.l l)raw
any two piatonic graphs. (7)

(1 500)

cub€l 2 cubo 4

v 1 2 J

") J 8

ffiEEuftrEl
cutoI
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values of integer and real data tvpes. (2)

P.T.O.
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J.

4.

1.
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(ii) Write down the C++ commands for
the maxirnum and minimum values

data types.

(iii) Describe the

increment and

difference between the

decrement operator. (2)

finding
of four

(2)

(b) (i) Write dorvn the values of y, z and b, c in the

follorving program

#include <iostream>

using namespace std,

int main0 {

int x,y,z,a,b,c;

x:l5;

y: + Fx*3.3-15%3;

---*-.L L L)

cout << y << endl << z << endl;

a:30;

b:a +2.2-Zxx %o 3+ y--,

c: clb;

cout << c << endl << b << endl;

return 0:

| (2)
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(ii) What are the header

maximum and rnittintutn

real data types?

the gcd of two numbers.

(i) Write the output of the following
matrix form.

for(i:0; i<4; i++1 1

for (1 : 0; j < 4; j++;

I
I

if(i : : j)
AIilLrl: (i+ j+t)%2;

else

AIilLil : Q*j+1)%2;
l.
I

l
I

files for finding
size of integer aud

(1)

(iii) Write a progratn to input two complex

nurnbers and find the sum, multiplication and

division of two complex numbers using

'complex' header file. (3)

(c) If pn is the probability that two integers chosen

independently and uniformly frorn {1,2....,n} are

relatively prime. Write a program to calculate p,,

by creating a header file gcd.h, rvhich calculates

(a)2.

(6)

code in the

(4)

P.T.O.

I
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(ii) Explain the difference between while and

while loop using an example in C++.

do

(2)

(b) (i) Write a program which outputs

pattern :

12345
t23
t2
1

(ii)

(c) (i)

the following
(2)

Define a procedure which takes long type

argument k to calculate and return the value

sk I
of .L"=,;. Write a program which uses this'' 'n

procedure and displays the value of this

expression for k > 1 entered by the user.

(4)

Write the equivalent C*+ expressions for the

following :

(A) V : 5(cosx * sinx); (B) z :

(C) s: I 
,It'tn;

200 
t

(* + y)"-';

(3)
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(ii) Evaiuate the following expressiott :

ini x:1, y--2:
do{
y++;

11x,

cout<<x<<" "{{ y << endi;

) whiie ((x : : :) ll (v: : 3)); (3)

3. (a) Design the matrix class to represenl atr eleuretlt

of the group

l[a bl IM.(2,,)-ll , l:a. b, c.d e 2,,',
ll c d.l j

under component wise addition under modulo 1 l,
having the following features :

(i) It should include four private data variables

a, b, c, and d of double type. Why we are

rvorking on integers?

(ii) It should include the foilowing two

constructors :

(a) A default coustructor to represent the

zero matrix.

P.T.O.
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(b) A four argument constructor to represent

the 2 by 2 real matrix.

(iii) It should include get methods to learn the

values held by a, b, c, and d.

(iv) It should include an operator + method to

add two objects of this class.

(v) It should include an operator << procedure

for printing objects in the for* ' Icd

Create any two objects A and B of this class

to perform the addition A+B and display it to
the screen (6%)

(b) (i) What is the output of following program

(3Y,)

#include <iostream>

#include "Myprog.h"

using namespace std;

int main0 {

Myprog a;

Myprog b(5);
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cout<<a.get0<< " and "<<b.get0;

return 0;)

Where associated header file Myprog.h is

givenby

#ifndef MYPROG_H

#define MYPROG_H

Class Myprog{

Private: int x;

Public: Myprog0 {":0;}
Myprog(int y){x:y*y;}

int get0 const{retum x;}

I.
Jt

#endif

In the header file Myprog.h defined above,

include an operator << procedure to print the

object to the screen. (3)

Write a C** program to generate pseudo

random numbers in interval [0, 4) using LCG

(linear congruential generator) defined as xn+r

: (a xn+ b) mod c, where a:l'/, b=3, c:64
and xn:0. (4.s)

P.T.O.

(ii)

(c) (i)
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(ii) What does the rand0 procedure return? WritL

the header file required for this. (2)

4. (a) Write a C** procedure to

firnction O(n).

find the Euler's totient

(6)

(b) (i) Write the syntax of the trigraph operator in

C++. Explain it through an example. (2)

(ii) Explain function

examples.

overloading with appropriate

(iii) Explain the inline procedures in C++.

(3)

(1)

(c) (i) Write a C*+ procedure to generate a random

numbers in an arbitrary real interval [a, b].

(3)

(ii) Write a C++ program that prompts the user

to input 15 positive integers and save them

into an affay. Perform the sorting on the

array and print the sorted array to the screen.

Program also display second largest element

of the array. (3)
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1,.5. (a)

9

Write a program to find the elements of U(10),

where U(10) is the group under multiplication
modulo 10 having elements less than and co-prime

to 10, and store them in a Set A. The program

then displays the element of U(10) and order of
each element of U(10). (Order of an element x is
the least positive integer n such that x"= 1).

(6y,)

(b) What is the output of the following program.

#include <iostream>

#include <list>

using namespace std;

void print_list (list<long> & Ll) {

list<long> : : const_iterator Li;

for (Li : Ll.begin0; Li !: Ll.end0; Li++) t

cout << *fi 44 rr rr.

)

cout << endl;

)

bool is_even(long n) {

return!(no%2 :: 0);

I
{

P.T.O.
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int main0 {

list<long> L;

L. insert(L.begin0, -5 ) ;

L. insert(L.end0,6);

L. insert (L.begin0,3 );

L.push_front(2);

L.push_back(0);

L.push_fro nt(-22);

list<long>: : iterator Li;

Li : L.begin0;

Li++;

L.insert (Li,0);

print_list(L);

cout << L.front0 << endl;

cont << L.hack0 << endl;

cout << L.size0 << endl;

L.sort0;

print_list(L);

L.pop_front0;

L.pop_back0;
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print_list(L);

L. remove_if(is_even) ;

print_list(L);

return 0;

| (6%)

(c) (i) Write a program that reads numbers in a file
till the end of the file, and displays the sum.

Also, it should display a proper message if
the file is empty. (4%)

(ii) Write the command to append data to an

already exiting file on your computer, with
required declaration. (2)

6. (a) (i) What is the difference between getline and

get method in string class. (2)

(ii) What is the output of the following program

code :

intmaino

{
c ou t< < s e tw ( I 0) < <l efi < < " Mdh" < < s etw Q ) < <showpos << s e tti I I ( #) < < 7 8 < < e n d I ;

cout<<setwgA)<<setJill('$)<<oP[tysics"<<setwp)<<setJill(, @)<<S}<<endl;
rerurn A: (2Y,)

P.T.O.
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we

(2)

(b)

(iii) In a class, what is a destructor and why

need it?

Write a procedure 'ReverseString' which takes a

string as input and return reverse of it. Write main

function which takes string from the user and

display the reversed string using 'ReverseString'

procedure and displays the length of the string'

Also, it should compare the string entered by the

user and reversed string' (6%)

(c) Write a program which takes two permutation

maps f and g, using maps in C++, on the set

{1,2,3,4.5,6} entered by the user. The program

then finds the composition of these maps and

display the output on the screen. (Composition of

f and g is defined as: fog(x) : f(g(")))' Mention

which composition you want to find out fog or gaf

or both? (6Y,)

(700)
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SECTtrON i

(a) Let No be the set of ncn-negative inicgers. Define
a reiatioir < on N, as: For m, ri € i.l^. m S n if rn

divides n, that is. if there exrsrs k < Nn: n: krn
Then shovr thar < is rn order reiation on No.

(2',/,)

('L.i If ,1,, .?,. ,3' denote chatns of one. two. three

elements respectively nnd -r denores lnti chail cf
three elernents. then drau the Hasse diagram for

the dual of L@K when L = -: and K : 1 CI (2x2)"

(2%)

(c) Define maximum and a maximal element of a

partially ordered set P. Gir e an example each for
both definitions. (2%)

(a) Let P and Q be finite ordered sets and let
ty: P + Q be a bijective mao. Then show that the
following are equivalent :

(i) x < y in P iff rylx) < v(t,) in e

(ii) x -< y in p iff ry(r) -< V(y) in e (3)

2.
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(b) Define upper bound an<i lower bound of a subset

S of a partially ordered set P' Construct an

example of a partialiy ordered set P enci its subset

S and give ttre set of all upper bounis and iower
(-1)

.,j
a

e

n

(c) Let P antl Q be ordered sets' Then show that the

orderedsetsPandQareorderisomcrpiriciff
there exisl order preserving maps t2: P --+ Q and

V: Q --, P such that :

: re idr: S-+Sgov = iclo and Voq == ido whe

ienote$ the identity mep on S given by: id, (x) : x'

VxeS., (3)
"*

-1 .

SECTION II
i

(aJ Let Doo = U,2,4,5,6,12,20' 30' 60) be an

o.d.r.Jirubset of No = N u {0i. iN being the set

of natural numbers' If '<' is defined 9n Duo.bY

m 5 n it' and only if m divides n then show that

^
Duo dogs not form a lattice' Also Draw the diagram

oi"non and find elements a' b' c' O 

-t '" :::1
tt ut o t, b and c n d do not exist in Duo' {5"')

(b) Define sublattice of a lattice' Prove that every

chain of a lattice L is a lattice anci also a sublattice

. (s',A)of L'

P'T'O'

tt

t
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(c) Define modular lattice. Prove that a homomorphic

irrtage of modular lattice is modular. (5r,r)

..:

4. (a) Let L be a lattice. For any a, b, c e L, show that
the following inequalities hold : .

(i) a n (b v c) > (a n b)-v

(ii)a>c=an(bvc)>

I

a

thcn show

(c) Let L, and
'the product

(b) Let (L, n, v) be an algebraic latrice. If we define

Sb:<+avb'=b.'.

that (L, <) is a latticc ordered r.,,r,

,

L, be distributive lattices. Prove that
L, * L, is a distributive.lattice.

: (5)

SECTION III

(a) A voting'machine for three voters has YES-NO
switches. Current is in the circuit precisely when
YES has a majority. Draw the corresponding
contact diagram and the switc4ing/c,t*U Ot"?;;;

.

5.
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(b)

5

Sirow that a Boolean Algebra is
complemented.

Simplify the polynomial :

f : x'yz + t'yz, * x,y,zi xy,z, +

using Quine's McCluskey method.

6.

(c)

xy'z

{sy;)

(a) Define a system oi normal forms. Find conjunctive

rel at ivei y
(5Y,)

(5)

(s)

tlro

(s)

normal form for p = y,z, * x,yz.

(b) Simplify rhe Boolean expression :

f = w'xy'Z+ w'xvz +w,xyz, +wxy,z+wxyz+
wxyz'+wx'y'z+q..x,y?

using Karnaugh Diagram.

(c) Find the symboiir-- gate representation of
contact diagram: ,

P.T.().
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'

SECTION IV

Show that thelsurn of the degrees of the

vertices of a pseudograph is an even number

equal to twice the number cf edges.

1 . (a) (i)

(ii) A graph has five vertices of degree 4 and

two vertices of degree 2. How many edges

does it have? . . (5%)

(i) Define the degiee sequence of a graph. Does

there exist a giaph with following degree

sequence 6, 6, 5, 5, 4,4,4,4,3?

(ii) Show that the number of verticeS of odd in a

graph must be even. (srr)

(c) (i) What is a bipartite graph? Determine whether

the graph given below is bipartite or not. Give

the bipartition sets or explain why the graph

1s not bipartite.

(b)
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(ii) Define isomorphisry of
thre following graphs

isomorphism.

graphs. Also label

so as to show an
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8. (a) Construct a Gray Code of length .3 using the

concept of Hamiltonian Cycles. , (5%)
:.

(b) Apply Dijkstra's algorithm to find a shortest path

from A to all other vertices in the wiighted graph
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(c) (i) Does there exist a graph G with 28 edges

and 12 vertices each of degree 3 ar 6?
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