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Note: Attempt any five questions. All questions carry
equal marks. Use of calculators is not allowed.

1. (a) Find the greatest distance that a stone can
be thrown inside a horizontal tunnel, 10 m
high, with a velocity of projection 80 m/sec.
Also, find the corresponding time of flight. 5

(b) Consider arterial blood viscosity
p = 0-025 poise. If the length of the artery is
15 cm, radius 8 x 1078 cm and
P =P, - Py = 4 x 103 dynes/cm?, then find

the

() maximum peak velocity of blood, and

(ii) shear stress at the wall. 5
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2. (a)
(b)
(e)
3. (a)

Consider the case of a disease which is
lethal to all those contracting it, ie., all
remarks are in fact deaths and make no
contribution to the life of the community.
New susceptible births arise solely from the
susceptible group itself. Formulate this

model and examine the steady state. What o

type of waves do the epidemic cycles consist
of 7

Discuss the following market which is
characterized by lagged supply response :

S,=3+12p,

Find the output which yields maximum
profit when the cost function is
0-3¢3 - 0-8q2 + 12q + 5, assuming the price
of q is T 30 per unit.

A ball is thrown vertically upwards with a
velocity of 30 m/sec. Find

(i) How high will it go ?

(i) What time will it take to reach the
highest point ?

(iii) What will its velocity be at the end of
2 seconds ?

(iv) With what velocity will it come back to
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the ground ?



(b)

(e)

4. (a)

(b)
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Let x(t) measure in kilograms the biomass of
the halibut population at time t in a logistic
model. The parameters, intrinsic growth
rate r; and carrying capacity K, are
estimated to have the values r; = 0-7/year
and K = 705 x 10° kg and initial biomass as
Xy = 0-30 K. Find the biomass two years
later. Also find the time 7t for which
x(T) =060 K.

Write four factors that are used to compare
two portfolios.

A solid tumour usually grows at a declining
rate because its interior has no access to
oxygen and other necessary substances that
circulation supplies. This situation has
been modelled by its Gompertz growth law

dN _ N & __
e N, where 3 =

where v is the effective growth rate, which
will decrease exponentially by our
assumption. Show that this can be
equivalently expressed as

%:h e, N=(-alnN)N.

The volume rate of flow Q of a fluid through
a tube is dependent upon the pressure drop
per unit length, the diameter d and viscosity
p. Using dimensional analysis, show that

4
Q= Constant xd—xf‘lg,where Ap is the
p

change in pressure and [ is the length of the
tube.

3
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5. (a)

(b)
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The heat-emission rate associated with a
stack gas is 5000 kJ/s and wind speed is
5 m/sec. Estimate the plume rise by means
of Concave formula.

The mean arrival rate to a service centre is
3 per hour. The mean service time is found
to be 10 minutes for service. Assuming
Poisson arrival and exponential service
time, find

(i) the utilisation factor for this service
facility,

(ii) the probability of two units in the
system,

(iii) the expected number of units in the
system, and

(iv) the expected time in hours that a
customer has to spend in the system.

The growth of a population is proportional to

the population and restricted by availability

of food, space, etc., which can be modelled as

proportional to the square of the population

itself.

(i) Model this process.

(ii) Solve the resulting equation.

(iii) Show that the population approaches a
limiting value. Give the interpretation
of this value in the given context.

5



6. (a)
(b)
7. (a)
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Consider the following system of
differential equations representing a prey
and predator population model :

dx _ 2
a X7
%=x+y

() Identify all the real critical points of
the system of equations given above.

(i) Discuss the type and stability of these
critical points. 7

Two players, A and B, are involved in a
game. Each player has three different
strategies. The pay-off table is given below :

B
5 -7 =17

Al4 6 -15
9 10 -13
Find the saddle point and value of the game. 3

The pressure difference across the ends of a
horizontally placed capillary tube is P. The
rate of liquid flowing through the capillary
tube is Q c.c. per second. If the radius of the
tube is doubled and pressure difference is
halved, obtain the change in amount of the
liquid flowing per second in the tube. 3

5 P.T.O.



(b) Let the returns on the securities of two

companies x and y be as given below :

Bvent () Chance Return
ven
1 1 6 7
4
2 % 13 8
3 i— 18 11

Find the expected return of the portfolios
P = (07, 0:3) and Q = (04, 0-6). What
inference can you draw by comparing the

returns of portfolios P and Q ?

(c) Write two limitations of a Gaussian plume
model in its application to real-world

problems.
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