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Note: Attempt any five questions. All questions carry

equal marks. Use of calculators is not allowed.

1. (a) The mass m of the largest stone that can be
moved by a flowing river depends upon the
following three factors :

(i)  velocity v of the river
(ii) density p of the water
. (ili) acceleration g due to gravity
Using dimensional analysis, find a
functional relation connecting mass m with
the velocity v of the flowing river. - 4
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2. (a)

(b)
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Two firms X and Y produce the same
commodity. Due to production constraints,
each firm is able to produce 1, 3 and 5 units.
The cost of producing q, units for firm X is
T6+ q - 2q, + 5] and ﬁrm Y has identical
cost functlon T[6+ q - .‘7..qy + 5] for
producing q units. p is the price of ane umt
for X. We assume that the market is in
equilibrium. The outcomes are the profits of
the firms shown in the form of a matrix
A = {aij}3><3’ (pay-off matrix). Write the
profits of (i) a;q, (i) agy, (iii) ayy, if demand
function D(p) is given as D(p) =50 - p.

A particle leaves the origin with velocity u. If

it moves with an acceleration —%, v being
v

the velocity at any instant, show that the

distance x travelled in time t is given by

4 ux =3 ut + p2)¥3 —ut,

The population in a colony of single species
of birds increased from an initially low level.
The proportionate birth and death rates
were respectively 50% and 10% per annum,
when the population size was 10,000.
However, the proportionate birth and death
rates were respectively, 30% and 20% per
annum, when the population size was
20,000. If shooting of the birds takes place at
a rate of 20% of the population size per
annum, obtain the steady state population
level.



3. (a) Suppose a viscous oil, whose flow is in the
laminar regime, is to be pumped through a
10 cm diameter horizontal pipe over a
distance of 15 km at a rate of 10~ m%s.
Viscosity of the oil is 0-03 poise. What is the
required pressure drop to maintain such a

flow ? A 4

(b) Arrivals .at a telephone booth are considered
to be Poisson with an average time of
10 minutes between one arrival and the
next. The length of a phone call is assumed
to be distributed exponentially with mean

3 minutes.

(i) What is the probability that a person
arriving at the booth will have to wait ?

(i) What is the average length of the
- queue that forms from time-to-time ?

(iii) The telephone department will install a
second booth "when convinced that
arrivals would be expected to wait at
least 3 minutes for the phone. By how
much must the flow of arrivals be
increased in order to justify a second
booth ? . 6

MTE-14 3 P.T.O.



4. (a)

(b)

(b)
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If a simple pendulum of length ! oscillates
through an angle o on either side of the
mean position, then find the angular

velocity % of the pendulum, where 0 is the

angle which the string makes with the
vertical. .

The population x(t) of a certain city satisfies
the logistic law

dx 1 1 9
— = — X— ——X°,
dt 100 © (10)°

where t is measured in years. Given that the
population of the city is 1,00,000 in 1980,
determine the population at any time
t > 1980. Also find the population in the year
2000.

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
35,000 m high.

Assume that the moon is at a distance of
3,00,000 km from the earth and that it takes
28 days for it to orbit the earth once.
Geostationary satellites are those which are
at rest relative to the earth. Using these two
statements derive the altitude of the
geostationary satellite from the centre of the
earth.



(c)

6. (a)

(b)

(©
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Characterise the following as deterministic or

stochastic, giving reasons for your answer :

(i) Blood flow in arteries
(i) Arrival of customers at a supermarket.
(iii) Indian team winning in a cricket match

(iv) Movement of planets

A particle moves in a straight line and its
velocity at a distance x from the origin is
kya% —x2?, where k and a are constants.
Prove that the motion is simple harmonic
and find the amplitude and the periodic
time of the motion.

The heat emission rate associated with a

. stack gas is 5,000 kdJ/s, the wind and stack

gas speéds are 5 and 10 m/s, respectively
and the inside stack diameter at the top is
3 m. Estimate the plume rise by means of
the Moses and Carson formula.

The cost of production of a substance per
unit is given by the formula C = q? —4q + 1,
where q is the material cost. Find the selling
price per unit, so that the profit on 100 units

- will be ¥ 200, if q = 15. Also calculate the

cost of material per unit so that profit on
100 units can be maximised, if the selling
price is T 200.

4
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7. (a)

(b)

(e
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Derive the solution of the differential
equation representing the behaviour of the
response of an undamped forced system

%x” (t) + 2x (t) = sin ot

x(0)=0, x'(0)=0

for the two cases (i) ® # 4, (ii) ® = 4.

A projectile is fired with a constant speed v
at two different angles of projection o and B
such that it gives the same range. Show that

cosec a = sec f.

Give one example each from the real world
for the following, along with justification for
your example :

(1) A non-linear model

(i) A stochastic model
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