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The figures in the margin indicate full marks
Jor the questions

Paper : DSE-2.1
( MATHEMATICAL MODELLING )

Full Marks : 60
Pass Marks : 24

Time : 3 hours

1. Answer the following as directed : 1x5=5
fa) Define ordinary point.

() ') = (Fill in the blank)
{c) Define Bessel’s equation.
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(2)

(@ Find L{1}.

(e) State a sufficient condition for the

existence of Laplace tr.
ansf
I g orm of a

2. Answer any one of the following :

(@) Determine whether x =0 is an ordinary

point or a regular singular
differential equation gt of thc

2

d
2x22 Y d
X 2+7x(x+1)_.!_;._3y=0

(b)) Find L“l(.i.)_

3. Express 4x?

-3x+2 in
polynomial. terms of Legendre

5
4. Find Laplace transform (any two)

(@ @2 +1)2 Vi
(b) coshat
1
(© B
5. Find the solution in series of
2 "
about x =0, i - e
5
26P/607
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(3)

6. Show that

e A

Or

Show that the Laplace transform of the
function F(@t) =t", —-1<n <0 exists, although

it is not a function of class A.

7. Answer the following :
(a) What is feasible region? 1

(b)) Whenisan optimization problem said to
be a ‘linear program’? 2

(c) Define dynamic program and stochastic

program. 2
(d) Write the Monte Carlo inventory
algorithm. 4
(e) “Monte Carlo simulation is a
deterministic process.” Write true or
false.

Using Monte Carlo simulation, write an
algorithm to calculate the area under
the curve f(x)= Jx, over the interval

l$x5§

2 1+3=4

e}
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(5)
o)
i implex method :
8. Answer any two of the following : 5x2=10 ] SR us;:iiiizi 6+5y
(@) A carpenter realizes a net unit profit of subject to x+y=6

T 25 per table and T30 per bookcase. 2x+y=9
He has up to 690 board-feet of lumber xy =20
and up to 120 hours of labour to devote '
weekly to the project. He estimates that (c) Use dichotomous sgarch method t:;
it requires 20 board-feet of lumber and maximize f(x)=-x" -2x over
S hours of labour to complete a table, interval -3 < x <6 with a tolerance of
and 30 board-feet of lumber and t=0-2and e=0-01.

4 hours of labour to complete a
bookcase. Determine how many tables
and how many bookcases he should
make each week to maximize his profit.

(b) Solve the following linear program
algebraically :
Maximize 10x +35y
subject to 8x+6y <48
4x+y <20
y=5
% Yy=20
{c) What is dichotomouys search method?
Write dichotomoysg search algorithm to

fnaxirnize a function f(x) over the
interval [a, p].

y ( Turn Over )
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1. (a) Determine the moment about the

(b)

(c)

(d)

26P/607
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Paper : DSE-2.2
( MECHANICS )

Full Marks : 80
Pass Marks : 32

Time : 3 hours

origin O of the force
—» o )
F =-7Ni -2Nj+3 Nk

which acts at a point A. The position
vectors of A are (i) ¥ =4mi +2mj - mk

and (@) 7 = -8mi +3m] + 4mit.

What do y?u mean by distributed force
system? Give an example of it

S:mw that two couples in the same
plane whose moments are equal and of

the same si
18N are equi
uival t
another, qUivalent to one

A 700N circus

0-15m sag A Rer Gaines A

rope with g g(l)Otgi\Ir}liddle Dl

e initial tensig

additional tensjon is induced ni-nW]f:l?t
5 !

cable? What is the caple tension whe::

the performer is 3 i
fr
the sag is 0:12 m? om the end and

2. (a)

(b)

24+1=3

6 (c)

T
26P/607
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(7))

Or

Show that the necessary condition for a
rigid body to be in equilibrium is that
the resultant force and resultant couple
point for any point to be zero vectors.

Write down the Coulomb’s laws of
friction.

The block of weight Wis to be moved up
an inclined plane. A rod of length C with
negligible weight is attached to the
block and the force Fis applied to the
top of the rod. If the coefficient of static
friction is p, determine the maximum
length C for which the block will begin
to slide rather than tip in terms of d
(block’s breadth) and Ws.

Find I, I, and I, for the area
bounded by y=e* and y=-e*.
Or

Find the first moments of the area
bounded by y2 =25x and x-axis and
y =10 about x- and y-axes.
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(d)

(e)

3. {a}

(b)

..*
F =(Szsin x +y)i

fc)

(d)

26P/607
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( 8)

B :
stablish the relation between second .

mo
ments and product of inertia.

D .
a:ﬁne centroid. Find the centroid of the
ea bounded by y? =4x and x2 =4y
' 0+5=7

What do yoy
You mean by conservative forceé

field? § i
how that in a conservative force 1))

field, F
g-_hei; = ~VV, where the éymbols have
usual meanings. 2+3%

ve: (0] TV, .V'

t@yz+x)j+2y? - Scosx)"nc

find the

work domfome Potential. What is th€

origin and vt a particle starting at the

radius 2 tor?;) Ving in a circular path of
) rm g !

Positive x-axig? semicircle along th¢ 6

Derive

the
m
€quation oment of momentu™

fi

°F @ system of particle.
Establish the
:cceleration Vectors
rylste.ms of reference
Clative tq €ach oth

relation betweel

of a particle for tW0

S moving arbitrar ily 6
er,

Or
kinet;
otie energy of a rigid bodY
a fixed point.

( Continued
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Show that the sum of the potential

energy and the kinetic energy for a
particle remains constant for all times

during the motion of a particle.

A particle is dropped with zero initial
velocity down a frictionless chub. What

is the magnitude of the velocity if the
vertical drop during the motion is h ft? 6

State and prove Chasles’ theorem. 6
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Paper : DSE-2.3 3. (a) Write the value of o(p), where p is a
prime. : 1
NUMB
‘ = AHEORY, ) (b) Write a reduced set of residues
Full Marks : 80 modulo 12. : !
Pass Marks : 32 (c) For any positive integer n, show that
Time : 3 hours pr)pm +Hpn +2)ur +3) =0 2
(d) Verify that 1000! terminates in 249
1. (a) State Goldbach conjecture, 1 ZEros. ' 3
(b) cl;’r:ve that if @ = H(modn) and m|n, then (e) Prove that if n is an odd integer, then
= Kmod m). J ®2n) = Kn). 2
© USlng. Fermat’s theorem, find the () What is a multiplicative function? Prove
remainder when 2 x26is divided by 29. 3 that if fis a multiplicative function and
(d) Solve the followin ; f(x) 20 for some ne N, then f(1) =1.
congruences : & Walmulanegs 4 1+2=3
X = 5(m0d6) (g9 Define Dirichlet product of two
X =4(mod11) functions - and prove that it is
X = 3(m0d17) commutative. 1+2=3
Mo . (h) For any integer n >1, prove that
. sSwer an « t(n)
y.tlUO of the fOHOWlng : 5,(2:10 n_(z_ =11 d
(a) Determine al] solutions in ¢ i dln 3
Integers of the Diophantjne eceluz(z'm:ve 4. Answer any three of the following : 4x3=12
io
18x + 5y =48 (a) Ifnz1and ged(a n)=1, then prove that
(b) Prove that 53103 a®™) =1(modn).
a3 4
by 39. +103% s givisible
- (b) For each positive integer n =1, prove
C tate and ’
Prove Wilson’s theorem. that n = d%n od).
| 26P/607 26P/607 ( Turn Over )
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(13 )
(12 )

(¢ I fis a multiplicative function and incongruent solutions of

fm= 3 Fa) , x% =-1(mod5%) 4
dln ’ Lesendre symbol (a/Dp),
then by using Mgbiys inversion formula (f) - Define the 8

=1. Prove
prove that F is alsg multiplicative., where, p is 2 pIL

=(bfPhe 4
) then (a/ p) =(
t if a = b(mod p),
(d) Use Euler’s theorem to establish that kit 5x2=10
o1 divides 1032n+9 _~ Answer any two of the following :
6. LSW lo n.
k modulo
S. (@) Find the order of 2 modulo 17, 1 (a) Let the integer a hai or;i(er odn) if and
= ] (m
(b) Define primitive Pythagorean triple. Then shaw thgt &
Find three different Pythagorean triples, only if k|h. i t then
not necessarily Primitive, of the (b) Prove thatif n has a primitive root,
form 16, y, 2. 1+2=3 it has exactly §(¢(n)) of them. d
Or if p is a prime number an
(c) Prove that 1fhP = }Ehe congruence
Prove that if p is an odg Prime, then p2 dlp-1, RS has exactly d
has a primitive root. x? ~1=0(mod p)
. on solutions.
(c) Prove that if F 'S280, n>1, is a
prime, then 2 is pot & primitive root
(o) i 5 0 4
Or
If ged(m, n)=1, where m>2 ang nso
then show that the Integer mn has no
primitive roptg.
(d) Solve  the following quadratic
congruence - 4
3x2 +9x 47 =0(mod13) Tl v

26P/607
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Paper DSE-2.4
( BIOMATHEMATICS )

Fu” Marks . 80
Pass Marks - 32

Time : 3 hours

UNIT—]

1. |
Answer any two of the following .
(a) A Population g .
individuals, but
cc-rmbined effects of b
triples each hoypr,

originally 100
.b €Cause of the
irths and deaths, it

(i) Mak
€ a table of Population size for

t=0 to 5, where

tis :
hours, measured in

(i) Give two equations modelling th
Population  growth by fir (:
expressing P, ; in terms af B ansd

then expressing AP in terms tof P

s

(i) What can you say about the birth

rate a_nd dead’]
rat :
population? € for this

(b) In the earl
Y stages of the ¢
a frog embryo, cell divi P gk
. . division
: occurs
t?r»:y regular rate. Suppose you obs:;vi
at all cells divide, and he
e nce the

714x2=15

( Continued )

(15 )

aumber of cells double, roughly every

half-hour.

(i) Write down an equation modelling
this situation. You should specify
how much real-world time is
required by an increment of lint
and what the initial number of cells
is.

(i) Produce a table and graph of the
number of cells as a function of t.

(c) Obtain a simple prey-predator model
explaining in detail the assumptions
taken. Also find the equilibrium

positions.

UNIT—II

2. Answer any two of the following : 7%2%2=15

(a) Consider the SI epidemic model. If the
contact rate is 0001 and the number
of susceptible is 2000 initially,

determine—

(i) the number of susceptible left after
3 weeks;

(ii) the density of susceptible when the
rate of appearance of new cases is a
maximum,

26P/607 ( Turn Over )
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(16 )

(i) the time (in weeks) at which the
rate of appearance of new cases is a
maximum;

(iv) the maximum rate of appearance of
new cases.

(p) In an SIS model, if the infection is

sereacdiotlylibyta’ constantinumber. of
carriers, then show that

It) =(]0 __oCN el~(aC+py) +i.c.1N_
aC+p

where| I and € iare the numbers of

infectives and carriers; N s total

population; a and B are contact rate and

susceptible rate respectively; Iy is the
infectives at ¢ =0,

{e} | Let x and y respectively denote the
proportion of susceptibles and carriers
in a population. Suppose the carriers

are identified and removed from the

population at a rate B, so that %y =By.
dt

Suppose also that the disease Spreads

at a rate Proportional to the product
of X and y, thus

o,
da Y

() Determine the
carriers at
Y(0) =Yp-

proportions of
any time t where

26P _
logT ( Continued )

(‘7 )

(i) Use (i) to find the susceptibles at

time t, where x(0) = Xg- -
(iii) Find the proportion of population
1

that escapes the epidemic.

uniT—I1I

y two of the following : 7Y%x2=15

3 dels for two
Compeﬂtlon mo
ACIs and N,

3. Answer an

a) Conside .
# species with populations N,

N Ny
ﬂ:rlNl(l—_f;—bl:! Kl)

dt
Ny
_,d__N—g-erNz ]‘—b2l?{—]
dt 2
ies N, has limited
Iy one SPECIES 14 \
wherf:.'n‘;n ycapacity. Investigate their
1
Cf:glity and sketch the phase plane
S
iectories. Y
. K., K, are carrying capacities;
S a:_x"e linear birthrates of the
rl, T2

and N, respectively;

he competitive effect

on N, respectively.]
4+3Y2=T'2

populations M
bioyibg $TSASTEE :
Of N2 on Nl and Nl

What is Routh-Hurwitz criteria? Explain
a

iy to multiple species
with reference o
communities. 2+51%6=TY
( Turn Over )
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() Discuss bifurcation and limit cycle with
respect to any biological model.

UNIT—IV
4. Answer any two of the following : 7v%x2=15
(a) Write a short note on any one of the

following :

() One-species model with diffusion
(i) Two-species model with diffusion

(b) For a blood vessel of constant radius R,
length L and driving force p - P - p,,
show that the average velocity of the
flow is equal to half of the maximum
velocity and the resistance

proportional to i—
R

is

() Consider arterial blood
Kn=0-027 poise.
If the length of the artery is 2 cm,
ande pomdivs SBx10 3 em. . and

P=p -p, =4x103 dynes/cm?, then
find—

viscosity

() a,(r) and the maximu

m peak
velocity of blood:

f
5. Answer any OIS

ty along z-axis,

ci
denotes Vel o ends

(Here, gz te pressure at tw

and pp den°
of the artery)

unir—V

the following * -10x2=20
d and W & W resp;cl::‘\:c:ﬂ

9 » 1e for tall&dwa;r:.m;ind 5

x ddWw
roduct DWW using

are Or !
f.slr?ldl mc probablllty

x ddWw is

dy-weinb erg
the
for the

etail the i
mentjonmg

conSiderEd

Py Hplal . in d
equnibmflm’
assumptions
equilibriurm-

contrast the stage

an ; tructure
(© Compar® model with age S
structure

model.

* h K
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