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BACHELOR'S DEGREE PROGRAMME (BDP)
Term-End Exammatlon, 2019 ‘
ELECTIVE COURSE : MATHEMATICS
MTE-14 : MATHEMATICAL MODELLING

Time : 2 hours) [Maximum Marks : 50
[Weightage : 70%

Note : Answer any five questions. Use of calculator is not
aillowed,

1. (a)' A particle just clear a wall of height b’ at a distance
‘a" and strikes the ground at a distance 'c' from
the point of projection. Prove that the angle of
projectionis: . [5]

- bc
a(c—a)

tan

and the velocity of project V is given by :

% d(c—a)? + b2
g ab(c—a)
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2. (a)

(b)
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Consider a rat population x (t) atany timet (> 0).
if ax is birth rate and bx? is the death rate (a, b
being constants), then formulate the model of the
rat population. If initial population is 120 rats and
there are 8 births and 6 deaths per month
occurring at t = 0, how many months does it

take for x(t) to read 95% of the limiting population

) ’
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Suppose that the population x and y satisfy the

equation :

& 60x—4x? —3xy
dt

dy 2
L =42y-2y° -3
r y—<y xy

Find the critical points of the system.
Which critical point represents the possibility
of coexistence of the two species ? Discuss the

type and stability of that critical point. [5]

Let the returns on the securities of two companies

x and y be given as below :

(2)



Event() Chance Retun
Py = Pa)

I~ P2 Ry | Ry

0.2 6 7

04 13 8

07 | 18 1

Find the expected returns of the portfolios
P =(0.7,0.3)and Q = (0.4, 0.5). Which portfolio

gives better returns ? (5]

3. (a) Find the range of values of p and q which will
render the entry (2, 2) a seddle point for the

following game : o 03]
Player B
2 4 5
Player A 10 7 q
4 p 6

(b) Check whether the equation :
s =5y +vpt—0.5g17

is dimensionally conﬁpetible if s is the position of

MTE-14 (3) - [PTO.]
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the body at time t, s, is the positionatt=0, v, is
initial velocity and g is the acceleration due to

gravity. [2]

Consider a single server queueing system with
Poisson input, exponential service times,
suppose the mean arrival rate is 3 calling units
per hours, the expected service time is 0.25 hour.
and the maximum permissible calling units in the
system is two. Derive the steady state probability
distribution of the number of calling units in the
system and then calculate the expected number

of calling units in the system. (8]

The quarterly production of T.V. sets ina factory
for three quarters were 2500, 2625 and 2850,
respectively. Use exponentional smoothly based
upon the first three observations to forcast
production in the ﬂfth period, any ¢ =0.1 and
B=02, where y=a+ [x gives the best

fitted line to the data relationship. From the past

data (prior to the three data points), a straight line
was fit. The value on the line corresponding to

the last observed time is 2450 and the slope

(4)
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5 (a)
(b)
()
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is 90. (5]

A short-run cost funcfion for an entrepreneur is
q*- 892+ 30q + 60. Determine the price at which
the entrepreneur ceases production in an ideal
market. Also derive the supply function. (5]

Find the escape velocity of Jupiter for the following

data :

G = 6.67 x 10" m¥kg, radius = 2.58 x 107 m,
mass = 1.966 x 10? kg | [2]

Estimate the plume rise by means of the Moses
and Carson formula when the heat-emission rate
associated with a stack gas is 3000 kj/s, the wind
and stack gas speeds are 5 and 20 m/s,
respectively and the inside stack diameter at the
top is 4 m. ’ (3]

Formulate the model equation for a ball dropped
from a height h metres against air resistance
proportional to square of its velocity. Find the
velocity of the ball at any time t. Also find the

_limiting velocity as ¢ — oo - [5]

(5) | [PT.O]
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Find the terminal velocity and time taken by a
raindrop of radius 0.8 cm to reach the ground if it
starts its descent in a cloud 35000 m high. (2]

A drug is induced in patient's bloodstream at a
constant rate of r gms/sec. Simultaneously the
drug is removed at a rate proportional to the
amount x(t) of fhe drug present at any time t.
Determine the differential équation governing the
amount x(t). If the initial concentration of the drug
inthe bloodstream is X, find the concentration of

the drug at any time t. [3]

Derive the equation of motion of the linear model

for a simple pendulum. Find its solution under

dae
boundary conditions att=0, § = 0and _;i-t_ =W

where g is the angular distance. [5]

A tumour may be medelled as a population of
multiplying cells. It is found empirically that the

birth rate r(t) of the celis in a tumour decreases

exponentially with time, so that r(r) = Be ®',

where ¢ and S are positive constants. If P(t)

denotes the population of cells at any time t and

(6)
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P0 is the initial population, then : 8]

@

(ii)

(iii)

formulate the mathematical model of the
population of cells.

solve the model equation obtained in (i)
above to find the population P(t) at any

- timet.

interpret the behaviour of the population
based on the solution obtained and also

find the limiting value of P(t)as t > « .

Characterise the following as deterministic or

stochastic giving reason for your answer :  [4]

()

(i)

iii)

(iv)

Dispersion of the pollutant in the

atmosphere.

Treating waste water using chemicals or

natural processes.
Predicting the state of national economy.

Non-resident Indian business person

setting up a business in India.

cenne  cocne

(7) IPT.0O.
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- bc
a(c—a)

tan

2 O TRY & §HT & H

W di(c—a) +bic’

STV, g ab(c—a)
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dy

Rl ft T t (> 0) T TR B FTES x (1)
AR AR ax I W A IR b T W &, T
a R b o ¥, a9 oF # swaen w e
P aft SIRPE SHEE 120 98 § IR o
t=0 W yRME 8 O ok 6 g BN & A

a

TAGE x(t) B G S (5) ® 95%

@ g & e e @ e [5]

u A gefedt x olR y Frefoiaa it
H TP F@ L

g = 60x —4x% - 3xy
dt

2 oq2y-2y*-3x
=yt 3

frem & wifas g o Al B9 @1 HFE
g @ ®Wfie 3 we-oRae R WA A

el B ¥ ? 38 Wi Mg B SR R

wifrE @ == FR [5]
T it & SRt x Ry w aie e
Ramm ¥ :

(9) [PT.0]
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g (j) R R
(D1 = Do)
Ry | Ry
0.2 6
04 13
07 18 | 11

Faw @&t P=(07,03) MR Q=405 %
Fe g S v B @ Few g2

Jeae et & B 7 (5]
oA o T @ e o B B R
Frfofed @a @ e fomg ofefe 2, 2) &
o ® [3]
et B

2 4 5
femgial 19 7 q

4 p 6

ot T (T B R s, R s B,
v, S 3 & R g oY @R ¥, o9 i

¢ 10)
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‘ HT 5 gui s=SO—}—vo.z‘—()_ng‘2 Lo

m%gﬁﬂér%mﬂél | 2]

ot PR AR TREREE ¥ T T

U YA R Ol SR JW v B
wrer e &< AT €T 3 HE e &, S
¥ FHA 0.25 47 & o yomenr # ortremaw
T B g & B osomen § | g @
Fiftme o o9 Jorel § Ha ghe @ g
= qREier T [5]

o &5 § & Red ¥ A4, ¥ = Rl
SAE FET: 2500, 2625 ST 2850 &M o = 0.1
A p=-02 "FER o ol ¥ BN AW
IR H QA T B R s i e
W SRT SXErE HgeE & AN S

W P=oa+ fx NEE TEY B IS SEH

Y ) Prefa F B R oriwet (e e
Rrg & 7od) & T e o o e
X oife M O @ @ AN 2450 § o)
TEU[ET 90 B [5]

TF ST % SRS AP B °- 8q” + 30q
+60 Y frifa Bftm B el oEst IR &
(11) IP.TO.]
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Fhe M W SR @ W aa &1 Rt wew off
A FHifoTT [5]

Frlfea oies @ Y Sewfy & wmA &
ST T :

G =6.67 x 10" m¥kg, Ba1 =258 x 107 m
ZEHH = 1.966 x 102 k. 2]

éﬁ%%mﬁaﬁmwﬁﬂﬁsooom/s%
T O AR §eF 19 O HA: 5907 20 mis
%WM@W@%WWW um 2
A IR FET G N Gema ¥ Resd e
SR BHifoTT [3]

T T H @R § h Herd § PR o ¥ ot
g ey 3 F T & T ¥ gEs el
THE 1 goror AR R ff ) e
B FTFE DO+ 500 B 07 T F7 F
ST Ty 5]

ﬁmo.scmmﬁ@aﬁaﬁ@ﬂaﬁw%ﬁ
T D I 7% Ten § W A o9 wa
o, IR 98 35000 m HA UF A& § AT
U &l B 2]

(12)
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¢ <o w6 TN H @R A r gms/sec A
ST & ¥ o o @ B @D o & TE @B
Rl o T t W ARE TR @A x@) B
A o & el o @ R AR () PR
T a FEEd aaee Fifa B o
TR T A AR @A ¢ 8 o @
# Bl ot G t W |iE G HeRn (3]

T A & R s Fread ot iy 1wt
G v He SR t=0W g=0 AR

d@ - 2
=" $ N THH B9 §9 g SRl

CpEm @y [5]

% R & e g & @ Semet &
SEE 3 @9 3§ R o e B ArgHias €9
¥ 78 3@ ™ ¥ B o g & St @
TR () § T D A SEieE 9 ¥
I o ® R & )= g, S
A p oo Rewis & AR P B o o
t @ PRl # sEen ¥ oAlR P IR
SeE @, @ 6]

() ool & swRE @ e e

i
(13) IP.T.O.]
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(%)

(%)

SHEEAT P(t) I AF B R 99 L@
e B B ol SR (o) F wrar e
TH B & B

e & & TRIT § SMEET $ FGER
Eﬁfmaﬁﬁm P(t) & dFva o= @
ﬁlﬁﬁﬁﬁlﬁﬁﬁt—)w

F S W OFRT W gu Prefed @
FreRore ok s 3 w1 ¥ ot

HITT:

[4]
TR % TgEs B GRET

ARG 1 Mg et T TR
ST B IYER FHAN

W A oMo f fufy @ e
ST

i TRAT Fea H 9RG § TaEg
W
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