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MTE-14 : MATHEMATICAL MODELLING
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Note : Answer any five questions. Use of Calculator is not
allowed.

1. (a) Suppose that a string of length 1 is 4
connected to fixed point at one end and to
a stick of mass m at the other. The stick is
whirling in a circle at constant velocity v.
Using dimensional analysis find the
equation of the force in the string.

(b) A particleis moving with 5. H.M in a straight 6
line. When the distance of particle from the
equilibrium position has the values x; and
X,, the corresponding values of the velocity
are v; and v,. Show that the time period
is:

2 2
2“52—_}(1.
vi-v3

Also find the amplitude and maximum
velocity of the particle.
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Explain the following giving an example of
each.

(i) Static and dynamic models.
(ii) Discrete and continuous models.

The population of fish in a reservoir is
affected by both fishing and restocking. The
proportionate birth rate is constant at 0.45
per year and the proportionate death rate
is constant at 0.65 per year. The reservoir is
restocked at a constant rate of 3000 fish per
year and fishermen are allowed to catch
2500 fish per year. Derive a model for the
fish population, and solve it. Describe the
long term behaviour of the fish population
in the two cases when the initial population
is 2000 or 8000.

A TV repairman finds that the time spent
on his jobs has an exponential distribution
with mean 30 minutes. If he repairs sets in
the order in which they come in and the
arrival of sets is approximately Poisson with
an average rate of 10 per 8 hours a day,
what is the repairman’s expected idle time
each day ? How many jobs are expected
ahead of the set just brought in ?

Suppose the population x and y satisfy the
equations :

dx 2
—=60x—4x“ -3
at Y

dy 2
L =42y —2y* -3
1t y—4y *y



Find all the critical points of the system.
Which critical point represents the
possibility of co-existence of two species ?
Discuss the type and stability of that critical
point.

4. (a) Thefollowing differential equation describes 7
the distribution of phytoplankton growth on
our environment :

2
9C_p2Ciac
ot 9x?
Here the symbols have their usual meanings.

(i) Find the solution of the differential
equation above, under the following
boundary conditions :

C(x, 0)=1
C(x, t)=0atx=0and x=L.
(i) Discuss the solution when

D2
(1) ac< 2
Dr?
@ e

(i) Define the critical size, and obtain an
expression for it.

(b) If the time of a body’s descent in a straight 3
line towards a given point is directly
proportional to the square of the distance
fallen through, then show that the
acceleration of the body is inversely
proportional to the cube of the distance
fallen through.
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The demand function for a particular
commodity is y=15e~*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.

Consider arterial blood viscosity u=0.025
poise. If the length of the artery is 1.5 cm,
radius 8 X103 cm and P=P; —-P,=4x 103
dyne/cm? then find the :

(i) maximum peak velocity of blood, and

(i) the shear stress at the wall.

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

cosec a=sec. [3.

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

B
5 -7 =17
Ald 6 15
9 10 -13

Find the saddle point and value of the game.

Imagine a population governed by the
logistic equation



(i) Find the equilibrium level of this
population.

(iiy Initially (t=0) the population is 100
and it remains at this level till t=10,
when an epidemic perturbs the
population down to 80. Find the
population at t=15.

7. (a) Consider the motion of a simple pendulum. 5
Write the differential equation describing
the motion of the simple pendulum with

de
initial conditions 8=0; at t=0 an at =

at t=0, for both the linear and non-linear
models. Give the expressions for the time
periods for both the cases. In the linear case,
derive the time period. Suppose the length
of the pendulum is doubled, then find the
time period of the pendulum in both the
cases.

(b) Suppose the quarterly sales for a particular 5
make of a car in Delhi were 2682, 2462 and
3012, respectively. From past data prior to
these three data points, a straight line was
the fit. The value on the line corresponding
to the last observed time is 2988 and the
slope is 80. Use exponential smoothing
based upon the three observations given
above to forecast sales for the quarterly
period following these observations using
a=p=0.2

MTE-14 5 P.T.O.



314

HTdeh SUTTY TR (SELUT)
feamaw, 2013
Ul UTeaswy : TuTE
TH2E.-14 : Tfurda fevia

THg 2 g ferpam 3% : 50

HT & : 70%

W [ Ui 5 % I SIHGT Fopeiet F I FH F
377afT & &

1. (@ T RIFWyM R G RAEEEI 4
3R T fR T g=m™ m 1 S | SISl S
T T THIEH AT v T IHHR T4 TR | R
H ot 1 FHEH F1d 3 & forg g faveor
FT YT HIfST
(b) TH U T MEd A (SHM) | TH & W& 6
H M § | TR § 99 &0 &) g
xlaﬁlxza?ﬁ%?ﬁma"lmzvli‘lﬁ{vz

72
g 21 fewEe % ered e 2?%—_?}—% 21

HUT T AT 2R Afehdy A WY I9 HIFFT)

MTE-14 6



2. (a) YEF F J|EW ad gC Frafafas = we 4
HifaT |
G) wifgw it e frast
(i) orEqd R wdq fed

(b) TF FT F! ASfaAT F dEm W gsed vEEd 6

X [T.TATTT HT TS USA &1 AR
-2 0.45 fd a9 W =R I @A § AR
ST e <X 0.65 ¥ o W 3o o1 &t
F1 FT & 3000 WO YA A9 SR < |
2500 TBfeal Twe ®i oqufa §1 wefeal wi
T W T Freyl sy ok 59 B S &
fearfaat °, Sraifer gRfYS d@am 2000 918000 2,
Hofadl 1 €& & SrHwIcs FagR &l AT
HITT |

3. (a) CofeSA@ImME@eHa@ AR B TNEE 4
I HE W AE Tl 999 30 e e
ST SIRT 9 1 Al a8 ¥ & 9vd
3T 3T & HHMER HLa1 ¢ iR fo & g s =
% o7afy & A o T [ FT Ed )
10 8, < T @ - dfed §, @ wiafer 3o
Wet 931 T JAYG G0 997 B 7 3Tt
T2 | g Jearen forast el 1 woed 99 g9 2

MTE-14 7 P.T.O.



(b)

4. (a)

MTE-14

A e wfeat x 3y Frafafes axeo
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dx 2
—=60x —4x" —3xy
dt

dy 2
L =42y -2y -3
dt y—<y xy

franma 3 geft shifaes feigail # 9 FifeT) =4
1 shifren foig <1 Tl o we- a1 &t e
= frefug w1 €7 39 % ifdw f6g & yan
R oo == it

frfafaa srasata THwr gaR gaieawe o
FRAR RS G & T hl I HLdl § :

77Tyt & oref g €

G) frafafaa i sfesal & siafq
STLF ATFA WHATHIU FHT gA
I RIS :
C(x 0)=1
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cosec a=sec 3.
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