MTE-14

BACHELOR’S DEGREE PROGRAMME
(BDP)
Term-End Examination

June, 2022
MTE-14 : MATHEMATICAL MODELLING

Maximum Marks : 50

No. of Printed Pages : 12

Time : 2 Hours

Note : (i) Attempt any five questions.

(i) Use of calculator is not allowed.

1. (a) Write the dimensions of the following: 2
(1) Momentum
(ii) Energy
(ili) Viscosity
(iv) Coefficient of diffusion

(b) A pond of fishes has a stable population.

Prior to this situation the population
increased from an initially low level.
When the population was 15,000, the
proportionate birth rate was 40% and the

proportionate death rate was 60% per year.
When the population was 30,000, the
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proportionate birth rate was 20% and
proportionate death rate was 25%. If the
fishing is allowed at a rate of 10% of
population per year, show that the
population grows according to logistic
model and find the equilibrium population.

5

State the assumptions made by Malthus
while formulating the population growth
model. 3

Find the saddle point and value of the
game for the following pay-off model : 3
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A particle is projected vertically upwards
with a velocity ¥ m/sec, and after £ seconds,
another particle is projected upwards from

the some point and with the same velocity.
Prove that the particles will meet at a

2 _ 42,2
height du” - 8" metre after a time
8g
[% + E) second from the start. 3
g
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If the length of an artery is 3 cm, arterial
blood viscosity is u = 0.025 and radius of
artery is 6x10% cm and pressure
P=P -P, =8x10% dyne/cm2, then find
maximum peak velocity of blood and shear

stress on the wall of the artery. 4

Find the output yielding maximum profit

for the cost function : 4
C=06x%-07x2 +10x+9

given that the cost price of x is ¥ 40 per

unit.

Suppose the population x() and y(t) satisfy

the model given by the following system of

equations :
dx
— =14x - 2x2% -
d xy
dy
- =16y — 2y% -
di Y —ay® — Xy

Determine the critical points of the system
and discuss the type and stability of these
critical points. Which critical point
represents the possibility of co-existence of
the two populations ? 6
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At the cashier counter in a bank receives
cash from customers, one person at a time
and 3 chairs are kept for customers waiting
in queue. The person desiring to deposit
cash comes according to Poisson
distribution with average 10 persons per
hour. The service time per customer is
exponentially distributed with mean

4 minutes per customer. 6
(1) Find the utilizator factor.
(ii) Calculate the effective arrival rate at

the cash counter.

(i) What is the probability that an

arriving customer has not to wait ?

Find the escape velocity and acceleration
due to gravity on Jupiter for the following
data : 4

G =6.67 x107!1 m3/kg
Radius = 2.58 x 107 m

and Mass = 1.966 x 1020 kg
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A particle is performing a simple harmonic
motion of period T about a centre O and it
passes through the position P (OP = b)
with velocity v in the direction OP. Prove
that the time which elapses before it
returns to P is : 5

BN

For the pay-off matrix given below,

transform the matrix game into

corresponding linear programming
problem for player A : 5
Player B
1 2 3
1/3 -5 8
Player A 2|-6 8 -9
318 -10 12

If the bob of a simple pendulum is
projected from the position of stable
equilibrium with velocity equal to that due
to falling from the highest point of the
circle, show that the time of describing any
angle 6 is : 6

,I [ 8 e]
— log | sec — + tan —
g 2 2
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For an entrepreneur, the short-run cost
function is :
g3 - 1592 + 70q + 60
Determine the price at which entrepreneur

ceases production in an ideal market. Also

find the supply function. 4
Let the return of two securities be as given
in the table below : 7
Chance Return
Event
0 Dyj = Pj Ry; Ry;
1
— 28 21
1 4
1
— 23 18
2 2
1
3 ~ 16 17
4

Find the expected return of portfolio
P =(0.7, 0.3).

Find the terminal velocity of a drizzle drop
with diameter 0.005 cm. How long does it
take to reach ground if it starts in a cloud
2000 metre high ? 3
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