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OPTION - A

(Boolean Algebra and Automatq Theory )

Paper : MAT-HE-6016

Answer any ten questions from the

following :

1x10=10

(@ Let P be a ordered set equipped with

()

an order relation <. Then which of the
following is symmetric condition 2

(=G

(i) x<y and Ys=x imply x=y
(=l and e im0
(iv) None. of the above

(Choose the correct answer) .

The symbol x|y. is used for
() x<y and y«x

() x££y and pesse

(i) x<y and Yy&x

(iv) None of the above

(Choose the correct answer)

Let P and Q be ordered
¢:P—>Q is
preserving, if

(1)

‘ set. A map
said  to be ordered

X<y in Pimply ¢(x)g¢(yl in O
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(d)

(e)

(M) x<y iﬁ P < ¢(x)<d(y) in Q

(tit) it is an ordered embedding which
map P onto Q

.fiv) None of the above

(Choose the correct answer)

Let P be a nonempty ordered set. P is
called complete lattice, if

(i) xvy and xay exist for all
x,yeP

(i) "vs and As ‘exist for all'S & P

(iii) Sv P and SAP existforall PSS

(iv) None of the above
(Choose the correct answer)

For a given lattice L and a, b € L which
is true ?

() anb=supa, b}
(i) avb=supla,b}
(i) avb=inf{a, b}

(iv) None of the above
- (Choose the correct answer)
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1)

(@)
(h)
G)
(k)
U
(m)
()

(o)

If (B,+,,") is a Boolean algebra and
ac B, then

() ad+a=0 aa=1
(ii) a+1=0, a.0=1
(i) o +a=1, aa' =0
(iv) None of the above

(Choose the correct answer)

What is duality principle of ordered
set ? ;

What is maximal element of an ordered
set ?

Define sublattice of a lattice.
What is context-free grammar ?

Write thc full form of PDA in automata
theory.

Define Boolean algebra in terms of
lattice. :

Write De Morgan’s law in Booléan
algebra (B, +,.").

What is disjuctive normal form for a
Boolean expression ?

Write idempotent law f

or Boolean
algebra. :

3 (Sem~6/CBCS) MAT HE 1/2/3/4/G 4

2. Answer any ﬁve' from the following :

(@i let " P.be a ilattice"

(b)

()
(@)

(e)

(9)

(h)
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2x5=10
Then for all
a, b, ce P, prove that -

a<b=avc<bvc

Let B={2,3,4,5,6,12,36,48} and S
be the relation 1, ‘divides’ on B. Draw
the Hasse diagram of S.

Write truth table for ‘-’ operator.

State the principle of duality for Boolean
algebra.

Write dual of av (Bvan b) =1.

Consider the following language over
A:{a,b}L:{a’”b”, m > 0, n>0}-
Find a regular expression S over
A={a,b} such that L;=L(x) for
121,93

Prove that every singleton of a lattice
L is a sublattice of L.

A

Prove that in a lattice L,

(xAyvxAZ)A((xry)v(yrz)=xry

for all x,y,zelL
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(e) Find a Boolean polynomial p that

3 ‘ induces the function f :
3. Answer any four questions from the
following : 5x4=20 X Xy X3 f_(xl: X5 X3)
(@) Prove that elements of an arbitrary 0 0 0 1
lattice satisfy the following distributive 0 0 | 0
inequality : 0 1 0 0
xn(yvz)z(xay)v(xnaz) o)ie B 1 1
0 1
xv(ynz)<(xvy)a(xvz) ! Y
: i R 1 0
(b) Show that the language 1 1 0 0
L= {a’”b’“;mpositive} is not regular. 0 L 1 0
(¢) Find the language [, (G) over {d, b,c} (f) Construct a grammar for the language
generated by the grammar G with = {axby, 06 Tl O}
production ; 4

S = aSh, aS — Aa, Aab - c. (g) Suppose that L is any language not

P ; necessarily regular, whose alphabet is
(d) Consider the CFG. G defined by \ ; e . p £ 0’
production S - as|gp b | {0}, i.e., the strings of L consist of 0’s

| ) only. Prove that L* is regular.
() Prove by induction on the string

length that ng string [, (S) has ba | (H

. Express the Boolean expression ' +yz
as a substring

In conjunctive normal form in the
informally. Justify ‘ : Jiebles e iy 5

(ii) Describe L(G)‘
‘ 1 your answer using part (1)
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4.

Answer any four from the following :

10x4=40

(a) Determine the minimal form of p, which

p:

(b)

Y8en - 6/CBCS) MAT HE 1/2/3/4/G 8

is given in DNF:

[} [ Fe ) ] (1! ] ) ] ! ! ! r

YWYz +vwxyz +vwxyz +vwxyz
I r I ! !

VWX Yz +vwx'yz + vwxy z + v wxyz
! [ B RO (T A r s b akd r r

LV WXYZ VWX Y Z + VWX Y Z + VW XY Z

!
+vwx Yz + vwxy 'z + vwxyz + vwxyz

(i) Let (L,<) be a lattice ordered set.
If we define xay=inf(x, Y);
xvy=sup(x,y), then prove that

(L, A, v) is an algebraic lattice.

@ITEt(L, A, V) be: an algebraic
; we defin€

lattice. If
XSY << xay=x, then prove that

(L, <) is a lattice ordered set.

Let G=(V,T,P,S) be a CFG. If the
recursive inference procedure tells ¥°
that terminal string ¢ is in the langu@€°
of variable A, then prove that there
a parse tree with root A and yield ¥

(d)i et

(e)

G = (G RnS))Sbe i CHGWaTid
suppose there is a parse tree with root

labeled by variable A and with yield w,

where wis in T*, then prove that there

- . - * -
1s a leftmost derivation A=w in
Im

grammar G.

Obtain a Boolean expression which
represents the following circuit :

3 (Sem-6/CBCS| MAT HE 1/2/3/4/G 9

X X
| .
Yy y
X
X
Y y'

Draw an equivalent circuit as simple
as possible. Show that current will flow

through the circuit if and only if the
switch x is on.

Let f:B" > B be a function such

that f # 0. Then prove that there exists
a Boolean expression ¢ in DNF such

that f(bl’ b2!”"bn):a(_bllb?:"":bn)
for all (p,, Dy, b, e B".

Contd.
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1| () Let f:B—>C where B and C are
(@ i) Lt Xa=1i1 2,---,n} and define “ : Boolean algebras.

RS | : (S FASSUmic SRR S S o e e
O s . homomorphism. Then prove ‘that
#(A) = {&1; &3, .6, ) Where the following are equivalent :

{1 0 e | - (1) f(0)=0 and f(1)=1

R G (2) fl@)=(f(a)) for all acB

If f preserves ', then prove that
f preserves v if and only if
[ preserves A.

Then prove that ¢ is an order- | (i)
isomorphism.

([N e e PA e aﬁ ordered set and -
X, yeP. f ()

In a Boolean algebra (B,+, ., Ny iteis

i : Then prove that the following are a,b,ce B, prove that

| equivalent : (). if b+¥a=c+a and b+a'=c+d,
| (e then b=c
| . - L
| (2) Yxely | (@ a+(b+c)=(a+b)+c
| ' ; and
' B) (VQeQP)yecQ = xe ORS | :

a.(b.c)=(a.b).c
(k) Let L be a lattice. Then prove that the
following are equivalent -

() L is nonmodular if and only if
Ny — L

5‘\ M) Lis nondistributive if and only if
Ns > L or M; > L
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OPTION-B
Paper : MAT-HE-6026
( Bio mathematics)

Answer any ten questions: 1x10=10

(@) What is a difference equation ?

(b) Write a biological factor that to be the

(©

(d)

(9)

(h)

cause of density dependence.

When is a mathematical model called
autonomous ?

Give an example of a nonlinear
mathematical model.

Define equilibrium value of a model
AP=G(P)

Write the order of the following partial
differential equation :

uxxy+2xuxy+8u:7y

State whether the following partial'

differential = equation is linear
quasilinear or non-linear :

Unlyy + XU, = Siny

Write a difference between continuo¥®

growth and discrete growth.
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(i)  Write the condition for local stability for
a system defined by

f(x):r(l—%Jx

(i) Fill in the blank :
Product of characteristic roots or eigen-
vectors of a matrix A is equal to

(k) What is the central idea of a Lyapunov
method ?

() =~ What is bifurcation ?

(m) If we flip a fair coin what is the
probability of outcome ‘head’ ?

(n) Write the two extreme equilibrium states
in a heart beat cycle.

(o) A Jukes-Cantor model is one-parameter
model of mutation. (True/ False)

2. Answer any five : 2x5=10

(a) Explain why the model AQ = rQ cannot
be biologically meaningful for describing

a population when r < -1, where ris the
per capita growth rate of quantity Q.

. (b) Write two basic requirements of a

mathematical problem to be properly
posed.
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(c) State the existence theorem.

(d) Prove that, the sum of characteristic
roots or eigenvalues of a square matrix
A of order 2 is equal to trace of A.

(e) With the help of heart beat cycle, discuss
briefly about the threshold effect.

(fl Whatis the difference between a Jukes-
Cantor model and Kimura model ?

(g) Write two additional assumptions to

basic Markov model by Jukes-Cantor
model.

() What are Mendel’s isolated seven
characteristics for the pea plant ?

3. Answer any four :

(@) In the early stages of the development

of a frog embryo, cell division occurs at
a fairly regular rate. Suppose you
observe that all cells div '

the number of cel] ide and hence
€r oI cells dOU.bl i
half hour. ¢, roughly every

W'nte .down an equation modeling this
situation. Yog should specify how much
real world time ig Iepresented by an

increament of 1 ‘ta d Wha the .[]. i 1
Iin n 14
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5x4=20

(b) Prove that if a model

(@)

(e)

3 (Sem-6/CBCS) MAT HE 1/2/3/4/G 15

P =F(R)

‘has equilibrium P° then ‘F'(P*)’>1

implies P* is unstable, while | F'(p*)| <1

implies P" is stable.

Suppose a virus enters the blood stream
and develops at a rate proportional to
its concentration. An antidote to the
virus is administered at a time h and
decays according to the law that the rate
of reduction of concentration of drug to
be proportional to its concentration.
Write down a simple model of virus-
antidote interaction and estimate the
dosage of antidote needed to eradicate
the viral infection as quickly as possible.

Determine the solution of
U 5 Uy = 1
u(x, 0) = sinx

uy(x, 0) =%

Consider the nonlinear conservative
system in which # =0 and

X=Y, Y=pusinx—x
Examine the nature of equilibrium.

Contd.
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@

(h)

Answer any four

(@)

- (b)
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Suppose a family has 6 children. What

is the probability that 4 are boys and 2
are girls ?

Consider the space clamp model where
the induced current J is assumed
constant. Determine the critical points

of this system when the current takes
the value

==

v Y

I::éJ I ab

What is Phytogenetic tree ? Why is s
reasc_)nablg to assume that evolutionaty
relatmnshlps can be modified by drawing

trees ? What would it mean if there We€r®
a loop of edges ?

10x4;40

DeVelope and g

d €Cay. mode]
differentiq) €quati

growth and

nalyse a
ordinay

through
ons.

DEVelope and an

el
throy oh alyse a nonlinear mod

j ; T
ordinary differential equatio?

/2/3/4/-(} 16

(d) Analyse and develop a simple epidemic

(e)

(0

(9)

(h)

0)
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model by using ordinary differentia
equation. '

Provide a full phase plane analysis for a
heart beat equation.

Discuss briefly the stability of a limit
cycle.

Suppose a population of cells grows
logistically according to the law of logistic
growth, with a per capita growth rate of

N, =0.1h"" (a small population that is
not approaching carrying capacity will
take 10h to increase by a factor of ). If
the initial size of the population is 10%
of the carrying capacity, how long will it
take for the population to reach 95% of
the carrying capacity ?

Expiain briefly about Poincare plane.

Write a brief note on the development of
logistic growth model.

Write a brief note on bifurcation and
chaos with a suitable example.

Contd.



(h) What ig the
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OPTION - C.
( Mathematical Modelling )
Paper : MAT-HE-6036

Answer any sepen questions - 1x7=T

(@). Define g POwer series.

(b) Write the condi
SCTIEs with cent
Maclaurin Series

(¢) Does a dj
{ 1ff : . .
singular poinirenhal equation with

: at
S€ries of the forrnZ iy ove povig

y(x)= Ecnxn 2

(d)  Write the valhye o'f F
2h

tion that the Taylor
I€ X=a becomes the

v

(9) Write the value of

: valye ' I

2 of 1
) WUHlt Step functionl'é(t)’ e

l Tt e e W
condit; :

for tan . dition that g tangent serie®

Ol’lvergent

PG g

() Choose the correct answer :
| A Monte Carlo simulation is a
(i) probabilistic model
(ii) deterministic model
(iii) discrete model
(iv) None of the above

2. Answer any :t‘our questions : . 2x4=8

N |

(a) - Calculate

(b) Show that

2 _ g2
igEEeS)li= s
: s )
{s + Kk }
(c) Prove the linearity property of Laplace
transform.

(d) Find the inverse‘Laplace transform of
1 :

G(s)= .

() sis—a)

(e) - Prove that
n+l=|n

(ff Find the inverse Laplace transform of
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(g) Define a linear congruence.

(h) Explain briefly

a single server queuing
model. ‘

Answer any three questions - 5x3=15

(@) Solve the €quation
nyr = s s 1

(b) Investigate the v

alu int x=0
for the different pratitne poin

1al equation
4_ 1 .
X'y +(x25mx)y'+(1—COSX)y =
(c) Solve the initig] value problem
4 ’
2t B6x = 0
; X(O) =37
o ()2

(d) Show thay

Dl
}' (Sﬁa)2

(e) Use Laplgce b

; e
Initig] val sformation to solve th

Ue€ problem
i +. ng - Fysinwt
)C(O) = (O xr(o)

3 Sem-6/CBCS) MAT HE 172314/
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(f) Find the Frobenius solution for Bessel’s
equation of order zero

xgy"’ +xy' +x*y=0

Using Monte Carlo simulation, vyrite an
algorithm to calculate an approximation
to © by considering the nurpber of
random points selected inside the

quarter circle

(9

Q:x2+y2=1, x 20,y =20

a _
Use the equation 4 - area Q/area S.

(h) Maximize x+ Yy

subject to x+y<6
B =it

x,y=0

4. Answer any three parts : 10%x3=30

(¢) Find the general solution in powers of
x of the equation

(x2 —4)y”+3xy'+y =0
Then find the particular solution with

y(0)=4,y(0)=1.
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b : ;
(b)  Determine the radiys of convergence of

a series solution of

(x2 +9)y”+xyr+'x2y =0

L powers of x and ip powers of (x—4)

by finding the singularities

(c) Find I g
Ind linear]y Independent solutions of -
yn__xyr__XQy:O :
(d) Find i
: Frobemus Series solutions of
D y"+3xy'—(x2 +1)y‘0

(e)

first oct
ant x>
« _ e :yéo’zzo

Subject tg +y<io

W\ X+ty<92q
1 2J€+5y<80, Xy >0
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I

2
+t2° =] that lies in the€

(9) Explain briefly the middle square
method.
Use this method to generate
(i) 10 random numbers using

xp = 1009
(i) .15 random numbers using
xp = 3043

(h) - A small harbor has unloading facilities
for ships. Only one ship can be
unloaded at any time. The unloading -
time required for a ship depends on
the type and amount of cargo and
varies from 45 to 90 minutes.

Below is giveh a situation with 5 ships:
Ship 1 Ship2 Ship3 Ship4 Ship 5
Time between
Successive ships

(in minutes) 20 30 15 120 25

Unloading time 55 45 60 79 . 80

(i) Draw the time-line diagram

- depicting clearly the situation for

each ship, the idle time for the
harbor and the waiting time.

(i) List the waiting time for all the
ships and find the average waiting

time.
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OPTION - p
Paper : MAT"HE~6O46
(Hydromechanics) (k) 1f ¢ be the velocity field of an
1. Answer the Tl incompressible homogeneous fluid, what
7 INg questions : (any ten) | ' is the value of V.g ?
1x10=10 '
a ;
| (@) lsitat'ii the Property fo’r I - () What is an adiabatic change ?
quid can be which a mass of |
us ¢ |
PUrpose of E.:d as a ‘machine’ for the | (m) State Boyle’s law.
(b il INg power |
) Give eXample of 4y, i | (n) What is the physical significance of the
" (9 Define centy f e ‘4 equation of continuity-?
: €0 }
imm ; Press
ersed in a fly;q, ure of a plane arcs 4 (o) For what type of motion of a particle,
(d) Name the et the stream lines and path lines
ru A g : .
atmospherie pregzzr;t USEd! to tneaslis coincidie ?
(€) Flow ¥
of a : : . sl
i SBen L fGids e sured d 5 Answer any five of the following :  2x5=10
Solute zer : : . :
@ What 0 of temperature- | (@) tham the dlfferen_tlal .equatlons of the
o 'JIS meant by th : _lines of force at any point.
(h) Name " (b) - Prove that the pressure at any point of a
€ two m. ; | : . !
e me fluid varies as the depth of the point from
-g f1€ral prope thods of treating thé¢ : S
; M of hyqy il | the surface when there 1s no
()  What ; odynamics.
\\ IS tube of 1 atmosphere.
: ow ? .
() D ' -
| efine a perfeqy fluig w (c) “The centre of pressure of any plane
14 with example ' area, not horizontal, is below its

centroid.” Explain why.
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( ) . I
ci t i

for a flui
' TL'2Hd motion in whj
U= ;C_y_ C2 1Ch
DR = ___‘_Jt_
I oF L= O

e :
{) ghat IS meant b
rotational flow 2

axis.

Y veloci
elocity potential ?

{g) Sta

ite it
i he relationg
(h)

3.

.
Ps) +15(p; - i) ;V‘ZIY, prove that
A= p,)=0.

3 (Seni-6/CBCS) MAT HE 1/2/3/4/G
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£ "
potentia] exist for a’

(e)

3 (Sem

axis. Det
i the surfaces

dius ais jmmersed

f ra
rtical and centre at a
e of

e depth of centr
surface.

onnecting the pressure and
= k,on , prove
f gravity and
tof the

if the law €
e air were P
yariations O

the heigh

density of th
that neglecting
temperature,

homOogeneous atmosphere-

iven the velocity field
By2 z j + CztQ k

ccelerationt of the fluid

q= Axgy{ +
Determine the a
particle.

contd.
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(h)

3 (Sem-6/CBCS
g l MAT HE i I
121314/ G

9 8
e
pm):o

;fci. Mass of finig ; lowing : 10x4=40
2 1o‘n of giy 1d jg atiredt T
QUatlon Whichen fOrCes under the

deterl’ﬂine; obtain the
he flujq. the pressure

nec
esSa
Iy condition of

equ“ibriume
7+3=10

28

- S

]

_

(b)

()

3 (em-6/CBCS) MAT HE 1314/G

s at rest

jven volumeé Vi

A liquid of g
- — U
under the forces ety Yz——%‘y—,
: a b
Z=:—’—L—;ﬂz—_ Find the presrsure at any
c \ .
oint. Also find the equation to the free
surface and the surfaces of equal
5+2+3=10

f a sphere 18 immersed
e surface. Prove
e on the
ngle force

A solid octant O
lane face in th

with one P
resultant pressur

that the
curved surface reduces to & si

of magnitude %p;r a2r?+8

how that the equation of the line

Also s
of action of single resultant isx=y= 22
T
8+2=10

tjon of continuity for a

Obtain the equa
fluid n motion, 11 the form

(d)

0P div(pd) =0

ot

where p and g are respect

and the velocity of the fluid.

form of equation of continuity when the

fluid is homogene compressible.
g+2=10

ively density
Deduce the

ous and n
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(9)

m line
estrean? and path lines.
lines and the path

p ], S, ‘. he O 1

is given b
VU=
Y z

e
- —_—

I+¢° T

€S hav
is entstbe applied if the
€ to gray uniform but
Vity is constant ?
6+2+2=10

gases
at
Pressures 5, and
. 1 and p, and

e .
empe?lxmre is V and
ressur ature if T. Prove
€ of the mixture is

3 {Sem-6/CBCS) MAT HE 1/2 134/ G
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TWO
Volum
¥ (&
® Uy and v, of different
ererl

)

m' of two gases n
f the pressure to

ensity arc respectively k and
t the same€

Masses M and
which the ratio O

the d
l e mixed 2
prove that the ratio of

temperature.
the pressure to the density in the

mk + m'k' o

compound 18 ,
m+m

5+5=10

differential equations of the

d density for
tion of the
1f

Obtain the
s of equal pressure at
r the ac

nit mass.

)’ Z= y(y e )C)?
pressures

curve
a fluid at rest unde

forces % Uy 2 e DELHE

Cx=yly+z)h Y= z(z+ X
prove that surfaces of equal

are hyperbolic paraboloids

y(x+ z)=cly+ z) and the curves of

equal pressure and density are given by
= constant.

ylx+2) = constant, Y+
5+5=10
(i) Define the following 4+6=10
(i) Steady and unsteady flow
Contd.




() Rotational and irrotational motion

. 2xyz
Show that u = — > y22,
[+ y?)
b
ST = z
(x2+y2) < X- =y

are the velocity components of a
- Possible liquid motion.

() A given mass of ajr is contained withi'n
a closed air-tight cylinder with its axis
vertical. The air is rotating in relative
equilibrium about the axis of the
cylinder. The pressure at the highest
point of its curved Surface is p, and the
pressure at the highest point of its axis
is P. Prove that, if the fluid were
absolutely at Iest, the pressure at the
upper end of the axis would be
BB LA
m, Wwhere the weight of the air

is taken into account.,
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