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MATHEMATICS
2 ( Honours Elective )
OSwer the Questions from any one Option.

( Bool OPTION-A :
Olean Algebra and Automata Theory)
Paper : MAT-HE-6016
Full Marks : 80
Time : Three hours

OPTION - B
( Biomathematics )
Paper : MAT-HE-6026
Full Marks : 80
Time : Three hours

OPTION-C
{ Mathematical Modeling )
Paper : MAT-HE-6036
Full Marks : 60
Time : Three hours
OPTION-D
( Hydromechanics )
Paper : MAT-HE-6046
Full Marks : 80
Time : Three hours -

The figures in the margin indicate
Jull marks for the questions.
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OPTION-A
ra and Automata Theory!
Paper : MaT mE 6016

I.  Answer the following

(Booleqn, Algep

questions : 1x10=10

(@ A relation < op 4 set Pis called quasl-
order, if

(e tlcxive st A Sitive and
antlsymmetnc
() reflexive and antisymmetric
(itj) transitive and antisymmetric
(iv) None of the above
(Choose the correct answer)

(b) An ordered set P is an antichain if
in P only if

(Fill in the blanks)
(c) Let PP be the dual of any ordered set

P. Then

() x<y holds in PP if x<y holds in
1]

() x<y holds in PP if Y <x holds in
P

(i) x<y holds in PP if x= Y holds in
P

(iv) None of the above
(Choose the correct answer)
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i >hism.
e lattice homomorphis

(d) Defin b
L.lfasb,
fe) LetLbea |attice and a, b€
e
then
=a
[ EhYy p=b,anb
i) avb= b but notanb=2a
i}
b
(iij) anb=4a but not av b=
ve
(iv) None of the abo S r

(Chooseé the €O
] mal form.
(f) Define conjunctive norm:

algebra,
For alltbo e Boolean 218
(g)aahion g

, — X A y'

(i) (:acz\y)r _x vy and (xv)
15 Y

() (xA y)' _x' ay and e y)

! B x’
' ' d XV y)
i) (xry) =Y (
the above rect answer)

fiv) None of (Choose the €0

ial function
’ Define Boolean polynoml
(h) e ;
hat 18 the empty string
i) Wha
1
: Contd
’3,
346 S
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() Define closure
languages.

2. Answer the following questions -

(a) Proye that the element
lattice satisfy the follo
0  xalyvz)> (xAny)v (xAz)
(W) xv(ynz) <(xv Y)n(x v z)

(b) Prove that eve

5 Iy chain is 5 distributive

(¢) Define NFA.

a 1 .

R Sx4=20
_ Tove that two finite ordered set p
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Properties of regular

2x5=10

s of any arbitrary
WIng inequalities :

ove that €very atom of

(i) Define monomorphism. Let fibeta
monomorphism from the lattice L
into the lattice M. Show that L is
isomorphic to a sublattice M.

(b) (i) Let C;and C; be the finite chains
{0,1,2} and {0, 1} respectively.
Draw the Hasse diagram of the
product lattice Cyx Cy x Ca.
(ii) Let L be a distributive lattice
“with 0 and 1. Prove that if a
has a complement @, then

av(a' Ab)=aVb.

() (i) State and prove De Morgan’s laws
of a Boolean algebra.

(i) Let. fiBi — B, be a Boolean
homomorphism. Then prove the
following -
1) f0)=0 r@=1
(2) For all x,yebB
x<y= fx)< )

(d) Let p,gebn P4 and let B be an
arbitrary Boolean algebra. Then, Prove

that P = qp-

Contd.
$ (Sem-6/0BCS) MAT HE 1/2/3/4/C P



(e)

Answer the following questions :

(a)

Z’;ove Ehat é language L is accepted by
me DFA if and only if I, is accepted
by some NFA. | i

P rove that eve
Iy regular .
context-free langy ai; language is a

10x4=40
]
(i) Let Pand Q be finite ordered sets
and f:
let f:P>Q be 4 bijective

map. Then r
2 ) (0]
following are eqp Ve that the

Juivalent -
1 158
| (1) fis an order—isomorphism'
(2) x< Y i |

() x~<y in p
Gt S Y SIRWPIGE g only if

Fl)< f(y) in 0. 5
(W) Let P pe an ordered set.

prove that Then,

OPe1=0(p)o1 and
O®P)ze10(p)
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(b)

3
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OR

Let P be a finite ordered’ set.

(i) Sh(-)w.that 0 =! Max Q, for all
Q cO(P) '

(ii) Establish a one-to-one
correspondence between the

elements of O(P) and antichains

in P

(i) Hence show that for all xeP,

|oUﬂpqu”deh¢o@\@xUTxm
10

(i) - Let L:be: a‘dist‘ributive lattice
and let peprBe joinﬂirreducible

with p <avb. Then, prove that

ps,aorpsb. S

(ii) Prove that generalized distributive
inequality for lattices

‘ n
y/\(; xi]zi\:/l (y A x;)- 5

i=1
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OR

pProve that the set P (B) is a

the Boolean algebra F,(B) of all
functions from B, into B S

(tv) Find the DNF of

]

X 1 i
10 +x,) +(x1x2 +xs)x1 5

© ()

P
rove that g polynomia] peP, is
n

€quivalent to the sum of

implications of p. e

5

(iii)

Determine the symbolic

I'epresentati
; on of th 3 .
given b € Circuit

P={x+x ;
Lgant F1xs x2+x3)

--..\\ 5
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T R i R R SR R,

(i) Let B be a Boolean algebra. Then, |

Boolean algebra and subalgebra of

(i) Find ime i
three prime implications of
Y+xy'z+xy'z, — 5
OR

(d)
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(iv) Design a switching circuit that
enables you to operate one lamp
in a room from four different

switches in that room. 5

() If L, M and N are any languages,
then prove that

L(MUN)=LMU LN . 5

(i) If L is a regular language over
alphabet X, then L =%*-L is also

a regular language. S)
OR |
(iii) Consider the CFG K defined by
productions

S —» aSbS |bSas|

Prove that L(K) is the set of all

strings with an equal number of

a’s and b’s. 5)

(iv) Let G=(V,T,P, S) be a CFG, and
suppose that there is a derivation

A2 w, where wis in T". Then,
G
ove that the recursive inference

pr :
procedure applied to G determines
that w is in the language of

S

variable A.

Contd.




OPTION-B ,
(g) Write the condition that a first order

( Biomathe i
T matics ) | partial derivative of a system is locally
aper : MAT-HE-6026 asymptotically stable. |
1. Ans : ! : ‘ ilibri
wer the foliowing questions : 1x10=10 (h) Write the condition that the equilibrium
(@) What ; |
1S an autonomous system ? X of %’:—= f(x) is hyperbolic.
() The‘ Z€ro equilibrium/positive
:g;ﬂﬂ;mum Is often not a desired | . (i) Write the three population classes in
¢ 1n biological system. Kermack-McKendrick model.

(Choose the correct answer), : :
() Define a characteristic polynomial for

(c) Write a diff :
growth 1 et between continuous second order equation.
and. discrete growth. ‘

d) Gi A
(& S e Answer the following questions : 2x5=10

Ple' of noni; 2
autonomous sec nlinear,

ond order difference

€quation. (a) Define a difference equation of order k.

(e) Write one use of Routh-Hurwity criteri (b) State Frobenius theorem.
riteria. |

() Equilibrig are also known as (c) Distinguish between local stability and

(a) Steady state global stability.

(b) fixed points ' (d) Consider the linear differential equation

c £ ; 3 :

of the above di | et
(Choose the correct answer) Show that its solution approaches zero.

3 (Sem-6/CBCS) MaT BE13146 10
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(e) For the linear differentia] equatiol

A=(6 o0

2 3J. Find the eigenvalues.

3.

a :
(@) The d1fferepce €quation- is given by

xt+4 +axt =O.

Find i 1 |
Its characteristic equation and its

solutions.

(b)

of matrix A when

: I oHS
A= Moo
00 =5

Then fi
find the genera] solutions to

X(t+1)= Ax(r).
(c)

€quation Xty =
=

3 (Sem~6/CBCS] MAT H 231406 19

AX i
— » the matrix A is given b]

An
SWer any four questions :

Find the e
he eigenvalues ang eigenvectors

Find all the equj;
all the equilibrig for the difference

ax; exp (- Sl (0).

(d) Consider the differential equation

xur(t)__ 4x”(t) = O
Qx :
where x'=-—— and so on.
1 (ks

Find its characteristic equation and its
roots or eigenvalues and verify that the
solutions are linearly independent or

not.

A mathematical model for the growth
of a population is

At N2
— = — x = f(x), 2(0)=0
2 19, x(0)20
where x is the population density. Find
the equilibria and determine their

stability.

‘Suppose an SIS epidemic model with
disease-related deaths and a growing
population satisfies

4N _ N(-CN)-al, bc,a>0

dt

(i) Find the differential equations
satisfied by the proportions

AR Sy U

N (t) N(t)
Then find the basic reproduction
number.
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() Do the {

; nam;j
with dis YRGS iof I (1)

€ase ? Is it A
: Possi

dn .
and — =
o =Nb-cN - o),

0o 32 3q°
1 : 2
i ==
B 0 |,aso
1
0 _3_ 0

14

{ii) Show that L is primitive.

(iii) Find the stable age distribution.
(b) The following epidemic model is referred

to as an SIS epidemic model. Infected

individuals recover but do not become

immune. They become immediately
susceptible again.

St+1:St_§Itst+(7+b)It
y A e
I =1 (1—?’ )+N 1

Assume that 0<f8<1,0<b+y<l1
So+IOZN aI‘ld So,Io>0

(i) Show that S,+I; =N
fortt —g15'2 20

(i) Show that there exist two
: equilibria and they are both non-

2 =il
b+y

negative if Ry =

Or

Discuss a predator-prey model with a
suitable example by finding its
equilibria, local stability and global
stability.
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3

(C) State br' R
1ef] a
vac:(':inatioﬂ_y meaSI.eS model with

Or

Show that !

the solutio

i n
pharmacoklnetics modelt(l')s pi”

x(f)=ai(1,_e—at)

y(t):%Jrift___g_ej_
@=b ba-p)

(d) For th i
e follow.lng differentia] equation

DiSCuSS b .
.Heﬂyhabout .
R o ek

e
em 6/CBCS} MAT HE 1/2/3/4/0 1
6

OPTION-C
( Mathematical Modeling )

Paper : MAT-HE-6036

Answer the following questions : 1x7=7

(@) Write Legendre’s equation of order n.

(b) When does a power series converge if
f be the radius of convergence and

O<p<xo?

(c) Write the value of I'3.

(d) Find the Laplace transform of F(t)=1.

Monte Carlo simulation is a

probabilistic/logistic model.
(Choose the correct answer)

(e)

() The linear congruence method was

introduced by :
(Fill in the blank)
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e e T e

Answer any three questions of the

(6) Which one i |
iIch'one is not 5 high Jeve] s; - &
language e on following : 5x3=15
, : fg
)  GPSS
Gispsa | (@) - Solve the equation
. y+2y=0
) SIMAN I _
| (p) Find the exponents in the possible

Frobenius series solutions of the

equation

2. Answ
er the followj '
ng questions . l

p 25‘(4‘_—.8

a .

(@) Show that m:xr . | (c) Suppose that m is a positive 1nteger.

: Py : Show that
(b)  Find '
d the iny
inverse Laplace ¢, e )= 228 Cnal 2

ansform of m+2)= o ki

s(s-3) - |
| | (d) Solve the equation
4x%y" + 8xy' + (xf‘ - 3-)y —0

(e) Write briefly about different steps of
the simplex method.
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4. Answer the following - : |

(@) Solve the initia] 10x3=30 | Or.

value pr oblem A " A small harbor has unloading facilities

(t2 ‘“21‘—3).6_12_:’{ i for ships. Only one ship can be

— +3(t~1) ay Lo 5 unloaded at any time. The unloading

‘ dt 5 7 | _ time required for a ship depends on

a the type and amount of cargo and
varies from 45 to 90 minutes.

Below is given a situation with 5 ships :

y(l)"—" 4, -y'(l)____l

Ship 1 | Ship 2 | Ship 8 | Ship 4 | Ship §
30 15 20 % 120

Time befween successive ships :

(b) Using Monte Carlo S | (in” minutes)
- 11’11 5 )
;1 go“‘g{m to calculate anulztmn’ write ay || Unloading time 0 | % | 60 | %57
rang y Consldering thepprommatlon : . ;
oM points select 2umber of f () Draw the time line diagram
Quarter circle, ¢d inside the | depicting clearly the situation for
@be2iiio - each ship, the 1d1§ .t1me' for the
where tp sl >0 y>0 harbor and the waiting time.
to be ins-:; QUarter circle _ (i) List the waiting time for all the
S:0< ¢ the square LG ships and find the average waiting
Or
SOIVe
the e
quat]o "
2 r 1eﬂ
methOd_ Y aboyt midd]e dot
are
4 e
S19BCS) Mt g 1 '
e o 3 (Sem-6/CBCS) MAT HE 1/2/3/4/6 21 Contd.



(b)

(c)

(@ -

(e)

(9)

3 =
(Sem~6/CBes) yyap 1121374/

Answer the foHowing questi
ons :

OPTION-D
Paper : MAT—HE_6046

1x10=10

forces ?

What is j
S Interna]
J el’lergy 5

n.

Ple of gpp:
Pplicati
€Ssure jn daily Iilfct)an B

Define idea] ﬂuid

P :
Otentia] floy, is the

an inv' . E
1scid 0
I' perf
ect flo
w.

22

(h) Equation of ’continuity by Euler’s

method is

s [OREETE
(1) at-rpv @i =10

%) e
(i) Efz——pvmo

(i) %§~V(mﬂ=0

(iv) None of the above

(Choose the correct option)

U

(i) Velocity potential ¢ satisfies which of

the following equations ?
i) Bernoulli

(i) Cauchy

(i) Laplace

(iv) None of the above

(Choose the co

3 (Sem-6/CBCS) MAT HE 1/2/3/4/G 23

Streamlines and pathlines become the

same when the motion ISyt i e :
(Fill in the gap)

rrect option)



5 :
Answer the following questions -

(@) Show that the surface

(b)

(c)

(d)

(e)

3 [Sem-ﬁ/_CBCS) MAT Hg 1/2/3/4/g

2x5=10

pressure are int S of equal
erse
by the lines of Sy cted orthogonally

Define field of force

with €xamples. and line of force

If pg and p be-the

o denSit'
0° and ¢° Centigra S e

de Iespectively, then

establi =
ablish the relation Po = p(l t)
=pl+a
where g =_1
2730

DlStlngulSh ;
between
and pathlines, the streamlines

24

(b) A quadrant of a circle is just immersed

()

(d)

vertically with one edge in the surface,
in a liquid, the density of which varies
as the depth. Determine the centre of

pressure (C.P.).

A box is filled with a heavy gas at a
uniform temperature. Prove that if ais
the altitude of the highest point above
the lowest and p and p' are the
pressures at these two points, the ratio
of the pressure to the density at any

point is equal to

MR e
log p'/p

If w is the area of cross-section of a
stream filament, prove that the equation

of continuity is

0 9
a(plﬂ)+5§(pwq)= 0

‘where §s is an element of arc of the

filament in the direction of flow and g
is the speed.
3 (Sem-6/CBCS) MAT HE 1/2/3/4/G 25 Contd.
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A
nswer the following questio
ns

(e) Determi
ermine the acceleration of a fluid

particle when velog;

a=ig (Ax2 t)+j x
~ Where A, 519,) Zjiiyzf)+ ; (Cth)
the velocity COmponents,

T-he velocity field at a
IVen by g =(x/t y

» M being

26

ty distribution is

point in fluid is

pathlines. y ’O)' Obtain the

nstants. Also find |

(b) A hemispherical bowl is filled with water
and two vertical planes are drawn
through its central radius, cutting off
a semi-lune of the surface. If 2a be the

angle between the planes, prove that
he resultant pressure

the angle which t |
on the surface makes with the vertical

L sina
= tan .
: a

OR

A gaseous atmosphere in equilibrium
is 'such that p=kp” = RpT where
p, p, T are the pressure, density and

temperature and k, y, R are constants.

Prove that the temperature decreases
upwards at a constant rate &, S©

dT (7] = 1 S rio
e ) = T _ In aC€,
that az Ry £
atmosphere of unifort compositt
g andisé are

T=Ty, =Pz where

o . Find the press
they both

ure
constants and g <

and density and show that
i

vanish at height B
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(¢) Derive the equation of continuity in
Cartesian coordinates. Also what
happen, if the fluig is homogeneous

and incompressible.
OR

Derive the €quation of continuity by
the Lagrangian method.

(d) The velocity components for 4 two-
dimensiona] fluid system can b

: _ € given
in Eulerian System by :
U =)0 2y + 3t
t .
Vi=tepy il
BT
Find the displacement of a fluid particle

in the Lagrangian System.
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