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‘Note : Attempt any five questions. Use of calculators is
not allowed. ‘

1. (a) A particle falling from the top of a vertical
tower desct.endedA x metres” when another
particle is let fall from a point y metres
below the top.} If they reach the ground

together, show that the height of the tower

2
s x+y)
4x

metres. ‘ 4
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(b) Find the equilibrium price in a perfectly |
competitive market with' supply function
S(p) and demand function D(p) given as

S(p) = (- p? + 9)/4,

D(p)=—2p +6. |
Using the static criterion of Walras, discuss
whether these prices are stable. oy

(¢) The population of fish in a reservoir is
affected by fishing and restocking. The
proportionate birth rate is constant at
0-45 per year and the proportionate death
rate  is constant at 05 per year. The
reservoir is restocked at a constant rate of
5000 fish per year and the fishermen are
allowed to catch 4500 fish per year. |

Solve the model and describe the long term
behaviour of fish population, if the initial
population of the fish was 5000.

2. (a) Consider the linear system

u%—’{t—=—2x-g3y
dy _
It =xX-Yy.

Find the critical point of the system and
discuss its stability.
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(b) Consider the diffusion of oxygen through a
membrane of thickness h, the two ends of
which are maintained at concentrations C,;
and C, respectively. Assume that the cells
are of very small dimensions and the
membrane can be considered to be very thin.
_Give the governing equations and boundary
conditions for the concentration of Oy within
the membrane 0 < x < h. Find an analytic
solution of the problem formulated. 7

8. (2 Two firms A and B are involved in a
competition. Each firm has three strategies,
with pay-off table given below :

B
-3 -2 6
A|l3 o0 3
' 4 -2 -4

Find the saddle point and the value of the
game. - 3
(b) Tn a bank, customers arrive according to
- Poisson distribution at an average rate of 6
customers per hour. The bank’s waiting
room can accommodate 15 customers
maximum. The service time per customer is
an exponential distribution with mean rate
of 20 per hour. Find : , 4

(i) The effective arrival rate at the bank.
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(ii) The probability that an arriving

customer has not to wait.

(iii)) The probability that an arriving
customer will find a vacant seat in the

waiting room.

(iv) The expected waiting time till a
customer is served by the bank.

(c) A projectile is fired with a constant speed v
at two different angles of projection o and f8
such that it gives the same range. Show that

cosec o = sec P.

4, (a) A disease being lethal, all removals are
deaths and make no further contribution to
the life of the community. New susceptible
births arise solely from the susceptibles
group itself. If u is the per capita birth rate,
the governing equations of the model are

dx dy

— = - d — = -vy.

3 X ®-By) an il o Ak 4
Show that the epidemic cycles for steady
state consist of undamped simple harmonic

25
Ve

waves of periodic time
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(b) The demand function for a particular
 commodity is y = 156 3,0 < x < 8, where y

- is the price per unit and x is the number of
units demanded. Determine the price and
‘the quantity for which the revenue is

maximum, ‘ 5

5. (a) Discuss the static and dynamic stability for :
~ the following demand and supply functions: = 3
D;=-0-6p, + 120 and S;=-0-2p, + 60

"(b) In the éase of perfect positive c;)rrelation,
i.e., when returns on two securities move

" together, show that the standard deviation

of a t§vo’-security ‘portfolio is equal to the
weighted average of the standard deviations

of its component securities. » 4

(c) State the assumptions for formulation of a
simple mathematical model for blood flow in
the arteries for which Poiseuille’s law is

applicable. - ' 3
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6. (a) An investor has ¥ 50,000 to invest in
stocks. He has two possible strategies : buy
conservative blue chip stocks or buy highly
speculative stocks. There are two states of
nature : the market goes up or the market
goes down. The following pay-off matrix
shows the net amounts he will have under

various circumstances.

‘Market
Market Market
up down

Buy Blue Chip |3 24,000 ¥ 16,000
Investor: Buy Speculative |z 35,000 ¥ 12,000

What should the investor do if he is

@A) | an optimist ? '

(i) a pessimist ?

(iii) | What is the best strategy, if the
probability of a market risk is 0-3 ? 4
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(b) Find the escape velocity of Jupiter for the
following data :

G = 667 x 101! m%/kg, radius = 2:58 x 107 m,
mass = 1-966 x 1020 kg,

(¢) The heat emission rate associated. WIth a
stack gas is 4800 kJ/s, the wind and stack
gas speeds are respectively, 5 m/s and
15 m/s, and the inside stack diameter at the
top is 2 m. Estimate the plumé rise by
means of ‘ '

@

2

Carson and Moses formula, and

(ii)) Holland formula.

7. (a)

The  returns  on the secuntles of two
companies A and B are as follows :

Event

6))

Chance

(plj = pzj)

Returns
R,

0-25

j Roj
6

. 0-50

13

025

18 11

Find the expected returns of the portfolios
P=(07 03 and Q = (04, 0:6). By
comparing the returns of portfolios P and Q,
what inference can you draw ? 5
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(b) A population is governed by the logistic

equation dx = 2(1— —i—) x. Find the

7 dt 100

equilibrium solution of the population, if
- x = 80 at t = 10. Find the population at

t = 15.
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