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E fa) Lct AQR andc e R be a-¢luster point of A and
, f A — R, then define limit of function f at ¢,

bsc € — O definition to show that [im —Kn—l.
s x=l x+1 2

(6)
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', (b)Let f: A—> R, Ac R and ce R-be a cluster
| point of A. Then show that lim f(x)=L if and
% X—=C . :
only if for every sequence.(xn)?in'A.;hat
-converges to ¢ such that x # c, ,‘vf‘n:e R, the
sequence (f(x,)) converges to: L. ot (6)
(c) Show that lirra sin {—i:,—] does nat ek‘ist'ir‘l R but
= .. x> X 5 . 7 .
+ lim .xzsin[—li-)=0 o .oy BT I
AW 2. (a)Let Ac R, f:A>R g:A> R and ¢ ‘€ R.be

‘a cluster point of A. Show that if f is bounded on
a neighborhood of ¢ and lim g(x_’)I:O . then
E X—=C

fm(f)(x)=0. T v ®

(b) Let f(x) = e'/* for x # 0, then find 'l.inéjf(x) and
! x=0. .

lim £(x). T
x=0" : P L
(¢) Let f: R — R be defined as .

2x  if xis rational
f(x)= S w =
2 x+3—if x is irrational - ",
Find all the points at which f is continuous. -

6
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3. (a) Let Ac R and let f and g be real valued functions
on A. Show that if f and g are continuous on A ‘
then their product fg is continuous on A. Also,
give examples of two functions f and g such that
both are discontinuous at a point ¢ € A but their

. product is continuous at c. (7'%)

(b) State and prove Boundedness Theorem for
continuous functions on a closed and bounded

P

interval. - (7%

(c) State Maximum-Minimum Theorem. Let I = [a,b]
and f: I — R_bv; a continuous function such that
f(x) >0 for.e'ach x in I. Prove that there exists
a number o> 0 such that f(x) 2 a for all x in
I. (7%)

4. (a)Let Ac Randf: A — R such that f(x) 2 0 for
all x € A. Show that if f is continuous at ¢ € A,

then /f is continuous at c. (6)

(b) Show that every uniformly continuous function on
A < R is continuous on A. Is the converse true?
Justify your answer. (5)

(c) Show that.”,lt_h_e' function f(x)=—1?, x#0 is
2

uniformly continuous on [a, «), for a > 0 but not

* uniformly continuous on (0, ). (6)

P.T.O.
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5. (a)LetI c R be an int'qrvalf, let ¢ € I, and let
f: 1> R and g: I-» R be functions that

are differentiable at c. Prove that if g(c) = 0,
the function f/g is difféfentiable at n, and

- £(0)8(e)=£(c)e (<)
g},

5 2 : (6)
()"

(b) Let f: R - R be d_cfirg'éd by f(x) = |x| + |x + 1],
xeR.Is f differentiable everywhere in R? Find
the derivative of f 4t the points where it is
differentiable. ; ¥ (6)

(c} State Mean Vaiue Theorem. iIf fi[a,b] » R
satisfies the conditions of Mean Value Theorem
and f'(x) = 0 for all x e (a,b). Then prove that f
is constant on [a, b]. (6)

6. {a) Let I be an open interval and let f: I — R have
a second derivative on I. Then show that f is a
convex function on I if and only if f'(x) 2 0 for

' Pt (6) -

all x € 1.

(b} Find the points of rclatiﬁé extrema of the functions
f(x) = |x2=1|, for -4 <'x < 4. (6)

{c) Use Taylor’s Theorem with n = 2 to approximate

%+L,x>—L' I-~ . (6)

(3500)
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Give short answers to the following questions. Attempt

any six,

(i) What is the total no of rotations and total no of

(i)

(iii)

(iv)

reflections in the dihedral group D.? Describe
them (rotations and reflections) in pictures or

words. What can You say about the total ne of

rotations and total no of reflections in the dihedia]
group D ?

Give one non- trivial, PTOper subgroup of

GL(2,R). Is GL(2,R) a group under addition of

matrices? Answer in few lines,

Let G be a group with the pProperty that for any

a, b, ¢ in G,
ab = ca implies b = ¢. Prove that G js Abelian.

Give an €xample of a cyclic group of order 5.

Show that g group of order 5 is cyclic.
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(v) Prove that a cyclic group is Abelian. Is the

converse true?

(vi) Find all subgroups of Z .

(vii) Prove that 1 and -1 are the only two generators

of (Z,+). Give shert answer in few lines.

(viii) “Z. ne N, is always cyclic whereas U(n),
neN; n=2 may or may not be cyclic”.
Prove or disprove the statement in a few

lines. (6x2=12)

2. (a)Let G={a+ b2 | a and b are rational nos not

both zero}

Prove that G is a group under ordinary
multiplication. Is it Abelian or Non-Abelian? Justify

your answer.

P10,
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(b) Prove that a group of Composite order has a yop.

trivial, proper subgroup.

Prove that order of cyclic group is equal to the
'_i order of jtg 8¢nerator, (2><6.5=I3)
3. (a) Prove that every Permutation of , finite 5. can
be written a5 a cycle or as 3 product of distinct
!‘ Cycles (6)
i ®) ) In S,, write 3 cvelic suhvroup of order 4 and
i! a non
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(c)

4. (a)
(k)

(i)

(1)

5
Write o, £ and «f as product of 2-'
cycles. (3+3=6)
Let |a| = 24. How many left cosets of

H = <a*> in G = <a> are there? Write each

of them.

State Fermat’s Little theorem. Also compute

5% mod 7 and 11'7 mod 7. © (343=6)

Let H and K be two subgroups of a finite

group. Prove ihat
HK < G if G is Abelian.
Clive an example of a group G and its two

subgroups H and K (H#K) such that HK is
not a subgroup of G. (3+3.5=6.5)

Let G be a group and let Z (G) be the centre
of G. If G/Z(G) is cyelic, prove that G is

Abelian.

P.T.0.
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(i) Let |G| = pq, p and g are primes. Prove th'
IZ(G)| = 1 or pyg. (442.5=6.0

(¢) (i) Prove that a subgroup of index 2 i

normal.

(i) Let G = U(32), H = U,(32). Write all th
elements of the factor group G/H. Also fin

order of 3H in G/H. (3+3.5=6.5

5. (a) Show that the mapping from R under addiiion tc 6.

!- cos X sin x—'i

GL(2, R) that takes x to

| is 4
o e
i S$in X - COs X |

group homomorphism. Also, find the kernel of the

homomorphism.

(b) Let ¢ be a homomorphism from a group G to a

group G. Show that if K is a subgroup of G,
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‘rove th
j then ¢ '(K) = [k € G: ¢(k) € K} is a subgroup

+2.5=6.¢

of G.
ex 2

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

group G such that Hc X, then prove that
> all th ) J
dgo fin G;K.‘hg’%_ (2x6=12)
3.5=6.5

ition t¢6. (a) Show ihzt the mapping ¢ from C” to C™ given by

¢(z) = z* is a homomorphism. Also find the set of

[ - all the elements that are mapped to 2.
Is &

] :

it (b) Prove that every group is isomorphic to a group
of permutations.

% o g (c)Let G be the group of non-zero complex
numbers under. multiplication and N be the set

of G,

of complex numbers of absolute value 1.

s PEEIE,
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Show that G/N is isomorphic to the group of
ail the positive real numbers under multiplication.

(2x6.5=13)

(1500)
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'SECTION I

a2 o2}
w[\x =YX _
! 3 3 it (x, v) #+(0 0
N
= 0 otherwise
‘Show th"a?-{ (0, y) = -y and f(x, 0) = x for all x and

Y.

P.T
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Use incremental approximation to estimate the function
f(x, y) = sin(xy) at the point :

\ )

[[_4» o1, (m 01.}!

If z=xy + f(x* +.y?), show that y '5zx"6.~‘:3". - % 0z/0y -

y2 _: x;“

Assume that maximum directional ;deri-vha_ti-ve of 1 at
P,(1,2) is equal to 50 and is attained in the direction
towards Q(3,-4). Find Vf at P (l,2)f '

" Find the absolute extrema of t(x y) = ”x~ i3 y? on the

dl‘:k)( +v‘(1

Use Lagrange mu]tlpller to find the dlstqnce tmm
(0,0,0) to plane Ax + By + Cz =D where at 1L a\.

one of A, B. C is nonzero.

SECTION II °

Ty

Lp2x i
Compute the integral fnj e’ “dy dx with the order

X

of integration reversed.

Use Polar double integral to show-‘thal-'-‘aliiphérehn_{"

g 4
radius « has volume Err a’,

—



1427 ° - - 3

3.

6.

142

Compute the aré;} of region D bounded above by line

y.= x. and below by circle x? + y? — 2y = 0.

l-'iﬁd,th{: volunie of the solid bounded: above by

paraboloid z = 6 * x* — y* and below by z = 2% + y%,

-

. ¢ dx dydz o ,
Lvaluate HJ — —_ where I i1s the solid
=

; : X +y 4z

.y

sphere x? + y* '+ 22 <3,

Use a suitable change of variables to find the area of
region R bounded by the hyperbolas xy=1 and xy=4

and the lines y=x and y=4x.

SECTION IiI

Find the mass of a wire in the shape of curve

C;x=3sint. v’ 3cost,z=2tfor 0 <t £ 7 and

density at peint iy, ¥, zj on the curve is &{x, y, z

Find the work dene by force

F(x.y.2)=y* -2 ]i+(2yz_]}—(x" )k
on an object s-a':-:'y\-;tng"a1011g_ the curve C given by
x(t) =t, 'y(t}: gLl = B.0<tg Lk
Use Green's theorem to find the work done by the
force field.

B L0
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d = -

F(x,y)=(3y—4x)i+{ax v}

wher #n object moves once counterciockwise around

the eilipse 44° = y? = 4.

Uise Stoke's theorem to evaluate the surface integral

Hs(curl EN)ds

where F = xi + y2j + ze’fY k and S is that part of
surface z = 1 — x? = 2y* with z 2 0.

Use divergence theorem to evaluate the integral

i N 48 where 'F(X,}’Q'Z\J:Tuh: VZ il +E'y'zi-r k.
¢ : ) '

o — i

where S is hemispherz surface 7=yd-x"-2"

together with the disk x* + y? < 4, in x-ypiane.
Evaiuate the line integral ijF.di{

Whare F(x y) = [(Qx~x2y)e*¥ + tan™ y}i =

-—% '-""}'}j and C is the ellipse 9x? + 4y’ = 36.

(3500)
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1. (a) Let (X, d) be a metric space. Define the mapping
d*: X x X > R by |

d(x,y) |

- Tl X.
l+d(x ) B

d*(x, y)—

P.T.O.



1013 2

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

for every x,y € X. (6)

(b) Let (x,) ., be a sequence of real numbers defined

1
by x,=a, x,=b and xn+2=5(xn+]+xn) for

n = 1,2,-. Prove that (x,) . is a Cauchy

sequence in R with usual metric. (6)

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

that x e U, y € V. (2)
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3

(i) Give an example of the following :

(a)

(b)

(c)

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 family of the
subsets may not be equal to the intersection

of the interiors of the members of the

family. (2)

A metric space in which every singleton is

an open set. (1)

(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.
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of X such that d(F,) - 0. Show that (]"_F, is

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

Justify. (6)

3. (a) Let (X, dy) and (Y, dy) be metric spaces and

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

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

A of X. (6)

(b) 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
fix)=0,VxeA f(x)=1,VxeBand0<f(x) <1,
Vv x € X. Further show that there exist disjoint
open subsets G, H of X such that Ac G and
B H, (6)
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(c) Define a dense subset of a metric space (X, d).
Let A ¢ X. Show that A is dense in X if and only
if AC has empty interior. Give an example of a

metric space that has only one dense subset.

(6)

(a) Show that the metrics d,, d, and d_ defined on R"

by

dl(x:y)-' = E?:l lxi - yl] s
da(x,y) = (2l (i = y:1)? }Vz and

doo(x,y) = max {|x; — y;|:1<i <n)

are equivalent where x = (x,, x5, ***, x_) and

¥ = (¥ e (6.5)

(b) Show that t}lle function f: R — (-1, 1) defined by

£ . )
f(x): 1s a homeomorphism but not an

1+ x|

isometry. (6.5)

P.T.0O.
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(c) () 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 T" (where n is a
natural number, n>1) has a unique fixed

point x, € X. Show that x, is also a unique

fixed point of T. (2.5)

5. (a) 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+2.5)

(b) Let (X,d) be a metric space such that every
two points of X are contained in some connected

subset of X. Show that (X, d) is connected.

(6.5)
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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 (X, dy). (6.5)

6. (a) Prove that homeomorphism preserves compactness.

Hence or otherwise show that

S(0,1)={z € C: |2/ <1} and

S[0,1] = {z € C: |z| <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 < X, there is a point
p € A such that d_(_p,B) = d(A,B). If B be a closed
subset of X such.‘that A n B = ¢, 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, d,), then show that
f is bounded and attains its bounds. Does the

result hold when X is not compact? Justify.

©(442.5)

(1500)
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(i) A group of order p?, p is a prime is always
' 'i_s.omarphi(__: to Z ..
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{vii}

(viii)

AP,
{)2‘(_}

(x}

2

y

A group of order i5 is always cyclic.
A group of crder 14 is simpie.

The smallest positive integer n such that there

are two non-isomorphic groups of order n is 6.

Every inner automorphism induced by an element .
‘a’ of group G is an automorphism of G.

A abelian group of order 12 must have an
element .cf order either 2 or 3. -

U(1035) is isomorphic to external dirqé;:_-_t product
of U(21) and U(5).

Center of a group G is always. a éubgmup of
normalizer of A in G, where A is any subset of
G. F o
Aui(Z,,) is a cyelic group of autpmofph’ism;s of
G. ¥

The largest possible order for ;an element of
Z,o @B Z,, is 60. ' i

(a) Define inner automorphism induced by an element
‘a’ of group G and find the group of all inner

automorphisms of D,.

(%) Defile the characieristic and the commutator

subgroup of a group. Prove that 'thelc_enlrc'of- a

group is characteristic subgroup of the group.
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(c) Let G’ be the subgroup of commutaters of a group
G. Prove that G'{G' is abelian. Also, prove that if
G/N is abelian,.then N = G".

(a) Determine the number of cyclic subgroups of order
15 in Zyy B Z,,. .

(b) Define the interh_al-.di_rect product of the subgroups
Hand K of a 'gfoup G. Prove that every group of
order p?, wheré p is a prime,"is isomorphic to Zp?
or Zp® Zp (éxternal jdirect product of Zp with
itself). L .

{c) Consider the gfr'oulj G=1{1,9, 16, 22,.29, 53, 74,
79, 81} under multiplication modulo 91. Determine
the isomorphism class of G.

(a) Show that the additive group Z acts on itself by
z.a = zta for all z,a e Z. '

(b) Show that an a_giion is faithful if and only if its
kernel is the identity subgroup.

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

G act by left _m_u'ltipli_catilon on the set A of all left

cosets of H in G. Let n, be the permutation
representation of G associated with this action.

Prove tha,t

BT 8
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(i) G acts transitiveiy'l on A

(i) The stabilizer of the point 1H € A is the

subgroup H. -

(iii) Ker m, = Moo XHx!

5. (a) Let G be a permutation group on a set A (G is
subgroup of S,), let c € G and let a € A, Prove
that ¢ G, o' = Gom, here G, denotes stabilizer of

X. Deduce that if G acts transitively on A then
== [
Mg G, o7 =1,

{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. .

6. (a) State the Class Equation for a finite group G. and
' use it to prove that p-groups have non trivial
centers. '

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

(¢) Show that the alternating group As does not contain
a subgroup of order 30, 20, or 15.

(1500)
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1. (a) Define fixed point of a function and construct an
algorithm to implement- the fixed point iteration
scheme to find a fixed point-of a function. Find

the fixed point of fix) = 2x(1 - x). (6)

(b) Perform four iter'ation_s‘_of Newton's Raphson
method to find the positive square root of 18. Take

initial approximation X,=4. (6)

(¢) Find the root of the.equati_on X} —2x-6=0 in the
interval (2, 3) by the method of false position.

Perform three iterations;_ _ (6)

2.  {(a) Define the order of convergence of an iterative
method for finding-an approximation to the root of
&(x) = 0. Find the order of convergence of

Newton's iterative formula. (6.5)

(b) Find a root of the equation x* — 4x — 8 = in the
interval (2, 3) using the Bisection method tj]] fourth

iteration. . (6.5)
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(c) Perform three iterations of secant method to -
determme thu locatlon of the appro:-umate root of

the equation x* + x? — 3x - 3'= 0 on the mterval

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

x = /3, compute the absolute error in the

ab‘proxima_t"ions just obtained. - (6.5)

3. (a) Usmg scalcd partial pivoting during the factor stcp,

fmd matnces L, U and P such that LU =

1 1 2

‘where A=|-1 0 2 (6.5)
- - \3 2 -1 |

(b) Set up the SOR method with w=0.7 to solve the

system of ‘equations:
_3x| -x,tx, =4

23;1 -~ 6x, * 3%, = -13

P.T.O.
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~9x| + 7x2 - 20x3_ =7

Take the initial approximation as X(O) = (0 O 0)

and do three iterations. £RE o (6.5)

(¢) Set up the Gauss-Jacobi iteration suheme to solve

the system of equations:

leI X+ 4Jc3 31

——

¥ o+ lO::c2 - 5x3 = .23
© 3x, - 2x, + 10x, = 38

Take the initial approximation as. X““ - (l 0)

and do three iterations. 8 (6.5)

4. (a) Obtain the piecewise linear i'rj,terpol'al-'ing
polynomials for the function f(x) défincd by the
data; '
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f(x) 3 7 21 | 73

(6)

(b) Calculate the Newton second order divided

= 1 . .
difference —5 of based on the points Kjs Rys Xz
: X

(6)

(c) Obtain the Lagrange form of the interpolating

polynomial for the following data:

f(x) | -11 23 1 (6)

P.T.O.
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5. (a) Find the highest degree of the polynomial for which
the second order backward difference

approximation for the first derivative

. 3f(xg) —4f (xo=h ~2h
f (XO):" f(xﬁ) f(x{:zh )+f(x0 )

provides the exact value of the derivative

irrespective of h. e (6)

(b) Derive secend-order forward difference
approximation to the first derivative of a function

f given by

et

f(x,) ~

=3f(xo)+4f(xo+h)— f(xo+2h)
© 2h )

(6)
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(c).Appro;imélc the derivative of f(x) = Sin x at X,
= :r'us-in'g the second order central differenge
formula taking h = %, % and 1/8 and then

“extrapolate from these values using Richardson

5 extljapqla;t:ion. “ e : (6)

6. (a) Using the Simpson's rule, approximate the value

of the integral [y Inxdx.. Verify that the

. theorefi'céil error bound holds. ' (6.5)
(B_)' Apply Euler's method to approximate the solution

! oo - dx et
. pf initial value problem ety 0<t<2,, x(0) =

1 and N = 4i.

Given that the exact solution is x(t) =+v2ef —=1,,

© compute the absolute error at each step.  (6.5)

P.T.O.
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(c) Apply the optimal RK2 method to approximate the
I. e O A dx x
solution of the initial value problem o L+ re

I'st=2, k(l)_=, 1 -t.ai__cing the step size as h = 0.5.
g (6.5)

(1500)



D E
Y

{This questlon paper contains 4 prmtcd pagés ;\L ',..j a, \

f 'Q_f ™ “_.'__l‘ \
Your Rélﬁ(ﬁo ............... Y\
/| TRE A ‘ L ‘:.:
Sr. No. of Question Paper : 1133 - '-i;_ ; % cC 77
R . 7 _}- * /
- Unique Paper Code : 32357502 %i > S
. Name of the Paper : DSE-1 Mathematnca] Modellmg
o . and Graph Theory
Name of the ‘Course : B.Sc. (H) Mathematics —
“ u CBCS (LOCF)
Semes;e"r v ¥
' D;irétio:j : 3 Hours Maximum Marks : 75

. Ins.tructi'ons for Candidates
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# B Attc_-_:mpt any three parts from each question.

2 (_a') - (1) Determine whether x =0 is an ordinary point,

a regular singular point or an irregular singular
point of the differential equation

Kyt myl (et~ Byl (6)

" (ii) Find the Laplace transform of the function
' f(t) = 1+ cosh 5t.

P.T.O
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(iii) Find the inverse Laplace transform of the

functi - —.

unction F(s) -

(b) Use Laplace transforms to splye 1ﬁc initial value
problem : T N
x" —x' —2x =0; x(0) =0, x (O] (6)

'(c) Fmd two linearly mdependunt Plobt,mus series
solutlons of @ o
xy" -y —y-0- .. (6
(d) Find general solutions in powers of 'x of .the
~ differential equation. State the recurrence re]atlon

and the guaranteed radius of convcrg,ence
Sy" = 2xy' + 10y=0 ", . (6)

2. (a) Using Monte Carlo simulation wr:lc an algonlhm
~ to compute volume of the surface x2 +y*+ 22 <1
that lies in the first octant x>0, y >0, z>0.

(6)

(b) Use Simplex method to solve the givén linear
programming problem 1 - (6)
Maximize : 3x, + X, S
subject to 2;]-_-?"5(; <6

x; + 3%, 59

X x220.-

1?

(c) Consider a small harbor with unloadmg facilities

for ships, where only one ship can be unloaded at
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any time. The unicading time required for a ship

depends on -the type and the amount of cargo. |

Below is given a situation with 5 ships:

Ship |- Ship2 | Ship3 | Ship4 Ship 5
Time between successive | 10 20 45 50 73
ships
Unload time S0 35 |40 80 90

Draw the timeline diagram depicting clearly the
situation for each ship. Also determine length of
longest queue and total time in which docking

facilities are idle. (6)

(d) Use Linear "Con'gruence method to generate 15
random r_ca_'l'numbcr-s with multiplier 2, increment
5, modulus’ll_13 and seed 1. Is there cycling? If
yes, then .give'the period of cycling. (6)

3. (a) (i) Determine the number of edges of Gy 19,
and K, 5 (3)

(i1) _State'_-.an'd 'prove Handshaking Lemma. (3)

(b) Prove that.a -b_i'pzirtite graph with odd number of

vertices is not Hamiltonian. (6)

(c) Determine whether the given four cubes having

four colours, can be stacked in a manner so that

P.T.O.
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~ each side of the :atack formed will hwe all the
four colours exactly once. e (6)
- [=® m _{s1 8]
[alvlsis][a{vicic| (eic AlvilelvYyirla]
A ¥ R <Y L4
cube 1 cube 2 cuba 3 cubo 4
{d) By finding an Eulerian trall in K, arrange a set of
fifteen domlnoes [0 - 0 to 4 —4] in a ring.
' (6)
4. (a) Use the factorization : -

s*+4at = (s?-2as+2a?) (s? + 2as + 2a?)

“and apply inverse Laplace transform to show that :

3
3 S .
i ' =cosh at ‘cos at 7
{s4+4a4} ' . )
(b) Fit the model tolthe'data using Chebyshev’s
criterion to minimize the largest deviation, given
the model y = cx and data set below :
3|
: (7)

1
X 2

(]

L

(c) Solve the initial value problem using the Laplace
transform
X"+ 4x" + 13x = te; x(O) =0, x'(0)=0 (7

(d) Name the five Platonic graphs. What is the degree
of each vertex in each of these five graphs? Draw
any two platonic graphs. (7)

.'(1500)
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(a) (i) Write a C++ program to find the epsilon

values of integer and real data types. (2)

PIT6.
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(i1)
(iii)
(b) (1)

2

Write down the C++ commands for finding

the maximum and minimum values of four

data types. (2)
Describe the difference between the
increment and decrement operator. (2)

Write down the values of y, z and b, ¢ in the

following program

#include <iostream>

using namespace std;

int main() {

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

x=15;

y = ++x*3.3-15% 3;

= 2. %g;

cout << y << endl << z << end];
a=30;

b=a +2.2-Z%x % 3+ y--;

c=c/b;

cout << ¢ << endl << b << endl;

return 0:

} (2)
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(ii) What are the header files for finding
maximum and minimum size of integer and

real data types? (1)

(ili) Write a program to input two complex
numbers and find the sum, multiplication and
division of two complex numbers using
‘complex” header file. (3)

(c) If p, is the probability that two integers chosen
independently and uniformly from {1,2,...,n} are
relatively prime. Write a program to calculate p
by creating a header file gcd.h, which calculates

the ged of two numbers. (6)

2. (a) (i) Write the output of the following code in the

matrix form. (4)
for (i=0; 1< 4; i++) {

for (j = 0; j < 4; j++)

{

if(i==j)

Alil[{] = G+ + 1)%2;

else

A[][] = (*j+1)%2;

}

}

P.T.O.
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(i1)

(®) ©

(i1)

(¢) (@

4

Explain the difference between while and do

while loop using an example in C++. (2)

Write a program which outputs the following

pattern : (2)

12345
123
1.2

]

Define a procedure which takes long type

argument k to calculate and return the value

gkl ; ; .
of anl?. Write a program which uses this

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) y = S(cosx + sinx); (B) z= (x+y)*5;

1 30
C) s=——gt™; 3
(€) 500 & (3)
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(ii) Evaluate the following expression :

ini x=1, y=2;
do {
y++;

+4x

Ll

cout<<x<<" "<<y<<endl;

}  while (x==13) || (y==3)); 3)

3. (a) Design the matrix class to represent an element

of the group

a b
MZ(Z“):{L d]a, b,c,deZ”}

under component wise addition under modulo 11,

having the following features :

(i) It should include four private data variables
a, b, ¢, and d of double type. Why we are

working on integers?

(i) It should include the following two

constructors :

(a) A default constructor to represent the

zero matrix.

PO,
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(b) A four argument constructor to represent
the 2 by 2 real matrix.

(i) It should include get methods to learn the

values held by a, b, ¢, and d.

(iv) It should include an operator + method to

add two objects of this class.

(v) It should include an operator << procedure
a
for printing objects in the form

Create any two objects A and B of this class
to perform the addition A+B and display it to
the screen. (62)

(b) (i) What is the output of following program
(3%)

#include <iostream>
#include “Myprog.h”
using namespace std;
int main() {

Myprog a;
Myprog b(5);
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cout<<a.get()<< “ and "<<b.get();
return 0;}

Where associated header file Myprog.h is
given by

#ifndef MYPROG_H

#define MYPROG_H

Class Myprog{
Private: int x;
Public: Myprog() {x=0;}
Myprog(int y) {x=y*y;}
int get() const{retum x;}
}i

#endif

(ii) In the header file Myprog.h defined above,
include an operator << procedure to print the

object to the screen. 3)

(¢) (i) Write a C++ program to generate pseudo
random numbers in interval [0, 4) using LCG
(linear congruential generator) defined as x__,
= (ax,+b) mod c, where a=17, b=3, c=64
and x,=0. (4.5)

P.I.L,
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(i) What does the rand() procedure return? Write
the header file required for this. (2)

4. (a) Write a C++ procedure to find the Euler’s totient

function ®(n). (6)

(b) (i) Write the syntax of the trigraph operator in
C++. Explain it through an example. (2)

(ii) Explain function overloading with appropriate

examples. (3)

(iii) Explain the inline procedures in C++. (1)

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

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

(3)

(i) Write a C++ program that prompts the user
to input 15 positive integers and save them
into an array. 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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5. (a) 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).
(67%2)

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

#include <iostream>

#include <list>

using namespace std;

void print_list (list<long> & L1) {
list<long>::const_iterator Li;

for (Li = LlL.begin(); Li!= Ll.end(); Li++) {
cout << *Li<<"";

}

cout << endl;

b

bool is_even(long n) {
return!(n%2 == 0);

}
BT
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10

int main() {

list<long> L;
L.insert(L.begin(),-5);
L.insert(L.end(),6);
L.insert (L.begin(),3);
L.push_front(2);

L.push back(0);

L.push front(-22);
list<long>:: iterator Li;

Li = L.begin();

Li++;

L.insert (Li,0);

print list(L);

cout << L.front() << endl;
cont << L.hack() << endl;
cout << L.size() << endl;
L.sort();

print_list(L);
L.pop_front();
L.pop_back();
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print list(L);

L.remove_if(is_even);

print_list(L);

return 0;

}

(672)

(¢) (i) Write a program that reads numbers in a file

(ii)

6. (a) ()
(i)

int main{}

{

till the end of the file, and displays the sum.
Also, it should display a proper message if
the file is empty. (4%4)

Write the command to append data to an
already exiting file on your computer, with
required declaration. (2)

What is the difference between getline and
get method in string class. (2)

What is the output of the following program
code :

cout<<setw(l0)<<lefi<<"Math"<<setw(7)<<showpos<<setfill(#)<<78<<endl;
cout<<setw(10)<<setfill(‘S )<<"Physics"<<setw(7)<<setfill(* @ )< <50<<endl;

return 0;

}

(272)

PTQ.
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(iii) In a class, what is a destructor and why we
need it? (2)

(b) 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. (6'2)

(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(x))). Mention
which composition you want to find out fog or gaf
or both? (6%2)

(700)
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SECTION 1

1. (a) Let N, be the set of non-negative integers. Define
a relation < on N, as: For mneN.m<nifm
divides n, that is, if there exists k < Ny n=km.
Then show that < is an order relation on Nj

| (2%)

(&) If “17, *2°, *3” denote chains of one, two, three

elements respectively'and 3 denotes anti chain of

three elements, then draw the Hasse diagram for

the dual of L&K when L=3andK=18® (2%2).
(2%2)

_ (c) Define maximum and a maximal element of a
partially ordered set P. Give an example each for
both definitions. : (2'4)

2. (a)Let P and Q be finite ordered sets and let
y: P = Q be a bijective map. Then show that the

following are equivalent
@ x <y in P'iff__w(x) < y(y) in Q

() x—<yinPiff yo) —<uyyinQ ()
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(b) Define upper bound and lower bound of a subset
S of a partially ordered set P. Construct an
example of a partially ordered set P and its subset
'S and give the set of all upper bounds and lewer
bounds of S. ' 3)

(c) Let P and Q be ordercd sets. Then show that the
ordered ‘sets P and Q are order 1somorph1c :ff
there. exist order preserving maps @: P—Q and
w: Q - P such that:

ooy = 1d and yo@ = id, where idg: S-S
denotes the identity map on S given by: idg (x)
Vxe S.,.. _ (3)

SECTION II

3. (a) Let Dso"’ {1 2,4,5, 6,12, 20, 30,60} be an
ordered subset of Ny = Nu {0}, N bemg the set
of -1atural numbers. If ‘<’ 1is defined on D,, by
m<n lf and only if m divides n then show that
Dy, ¢ does not form a lattice. Also Draw the diagram
of Dy, and find elements 3, b, c,d € Dy s such
that avb and ¢ nd do not exist in Dgy.  (572)

(b) Dcﬁne sublatnce of a lattice. Prove that every’
cham of a latuce L is a lattice and also a sublattice
of L ' w, (5%)

P.T,0.
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(c) Define modular lattice. Pfc"pvc that a homomorphic
image of modular lattice is modular. C(5%)

4. (a) Let L be a lattice. For any a, b, ¢ € L, show that
the following inequalities hold : - - '

- iaan®dve2(an b)'ll'l;f"'(a A c).'_-_

(ii) a =2 ¢ ﬁ an(b v"'c) 2’-'(a.A b) v ¢
J . (5)
(b) Let (L, A, V) be an algebraic lattice. If we define

a<b: <::>avb"=b--'

then show that (L, <) is aillatt'i_'cc'ordered set.
. "o B 18

(c) Let L, and L, be distributive ..1at.'ti¢.es. Prove that
‘the product L, x L, is a distrib_u_t_ive lattice.

(5)

SECTION III

5. (a) A voting-machine for three vot@rs' has YES-NO
switches. Current is in the circuit precisely when

YES has a majority. Draw the cofres.p_onding
contact diagram and the switching/circuit diagram.

(5%)
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(b) Show that a Boolean 'Aigebra is relatively
complemented. (5'%)

(¢) Simplify the polynomial :
f=xyz+xy2’ +x’y’z + xy'z? txyhs

using Quine’s McCluskey method. (5%)

6. (a) Define a system of normal forms. Find conjunctive
normal form forp = y’z’ + x'yz. (5)

(b) Simplify the Boblean expression :

f = wixyz+w'xyz+ W’xyz’ + wxy’'z + wxyz +
WXyz' + wx'y'z + wx’'yz

using Karnaugh Diagram. (5)

(¢) Find the symbolic gate representation of the
contact diagram : ' {5)

B.T.0.
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SECTION IV

Show that the sum of the degrees of the
vertices of a pscudograph is an even number

equal to twice the number of edges.

A graph has five vertices of degree 4 and
two vertices of degree 2. How many edges
does it have? ) (5'%)

Define the degree sequence of a graph. Does
there exist a graph with following degree
sequence 6, 6,5, 5, 4, 4, 4, 4, 37

Show that the number of vertices of odd in a

graph must be even. (5%)

What is a bipaf_t_ite graph? Determine whether
the graph given below is bipartite or not. Give
the bipartition sets or explain why the graph

is not bipartite.
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(ii) Define isomorphism of graphs. Also label
"the following graphs so as to show an

_i_éomoi‘phism. (5%)

8. (a) Construct a Gray Code of length .3 using the

concept of Hamiltonian Cycles. (3%)

.- {b) Appl_y'_f_)ijkstra’s algorithm to find a shortest path

from A to all other vertices in the weighted graph

“shown. | ' (5%)
| B__ ¢ D
8 TN
Lol Y 2 d
oAl LN e DE
s 6 10
1 2 -

H G F

(c) () Does there exist a graph G with 28 edges

" and. 12 vertices each of degre§-3. or 67

P.T.O.
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(i1) Deﬁne'l_Eulerian circuit. Is the given graph

Eulerian? Give reasons for your answer.

(5%)

(1500)



