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BACHELOR'S DEGREE PROGRAMME 
(BDP) 

Term-End Examination 
June, 2020 

MTE-14 : MATHEMATICAL MODELLING 

Time : 2 Hours 	 Maximum Marks : 50 

Note :(i) Attempt any five questions. 

(ii) All questions carry equal marks. 

(iii) Use of calculators is not allowed. 

1. (a) A particle moving in a straight line is 

subjected to a resistance which produces 

the retardation kV3, where V is the 

velocity of the particle at any time t and k 

is a constant: Show that the velocity V and 

the time t are given in terms of distance s 

by the equation : 4 

and 

V= 	 
1 + ksu 

s 
t = +

1 
 — ks 2  

u 2 

where initial velocity at t = 0 is u. 

P. T. O. 
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(b) Consider the following systems of 
differential equations representing a prey 
and predator population model : 6 

dx 	2 

dt =x 

dy and 	 =x+y 
dt 

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

(ii) Obtain the type and stability of these 
critical points. 

2. (a) If a simple pendulum of length / oscillates 

through an angle a on either side of the 
mean position, then find the angular 

velocity —
d0 

of the pendulum, where 8 is 
dt 

the angle which the string makes with the 
vertical. 4 

Find the value and the optimum strategies 
for two players A and B of the game whose 
pay off matrix is given below : 

Player B 

1 —1 —1 

	

—1 —1 	3 

—1 	2 	—1 

	

Also find the value of the game. 	6 

(b) 

Player A 
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3. (a) The population of fish in a reservoir is 

affected by both fishing and restocking. 

The proportionate birth rate is constant at 

0.4 per year and proportionate death rate 

is constant at 0.5 per year. The reservoir is 

restocked at constant rate of 2000 fishes 

per year and fishermen are allowed to 

catch 1000 fishes per year. Using these 

assumptions, derive a model for the fish 

population and solve it. Describe the long-

term behaviour of the fish population when 

the initial population is 5000. 5 

(b) At any instant, a particle is projected with 

a velocity u making an angle a with the 

horizontal direction. After a certain 

interval t, the direction of its path makes 

an angle 0 with horizontal direction. 

Prove that : 

u cos a = 
	gt  
(tan a — tan (3) 

Further prove that direction of motion 

turns through an angle 9 in time : 

P. T. O. 
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u sin 0 

g cos (0 — a) 

where 0 = cc —13. 	 5 

4. (a) Consider 	arterial 	blood 	viscosity 

= 0.025 poise. If the length of the artery 

is 1.5 cm, radius 8 x 10-3  cm and 

P = PI  — P2 = 4 x 103  dyne/ cm 2  , then find 

(i) the maximum peak velocity of blood, 

and (ii) the shear stress at the wall. 	5 

(b) Stokes' law states that for the spherical 

droplets falling in motionless air and 

having a diameter D < 0.762 cm, the 

0.329 x 10-5  dx 

D2 	dt 

Pt 
acceleration due to gravity is opposed by 

an amount proportional to the velocity of 

the raindrop, specially by an amount equal 

to : 

Using this fact, find the terminal velocity 

of a droplet of radius 0.3 cm. 	 3 
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(c) Define discrete and continuous models, 

giving an example of each. 	 2 

5. (a) Assume that the moon is at a distance of 

300000 km from earth and that it takes 

28 days for it to orbit the earth once. 

Geostationary satellite are those which are 

at rest relative to the earth. Using these 

two statements, and Kepler's 3rd law 

derive the altitude of the geostationary 

satellite from the centre of the earth. 5 

(b) Consider a single server queuing system 

with Poisson input, exponential service 

times. Suppose that the mean arrival rate 

is 3 calling units per hour. The expected 

service time is 0.25 hours and the 

maximum' permissible calling units in the 

system is two. 

Find : 	 5 

(i) the probability when the system is 

idle. 

(ii) expected number of calling units in 

the system. 

P. T. O. 
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6. (a) Suppose a string of length / is connected to 

a fixed point at one end and to a stick of 

mass m at the other. The stick is whirling 

in a circle at a constant velocity V. Using 

dimensional analysis, find the force in the 

string. 4 

(b) The return distribution of securities 1 and 

2 is as follows : 	 6 

Event 

0) 

Chance 

Pi)  = Pz., 

Returns 

R11 R2j 

1 0.33 19 18 

2 0.25 17 16 

3 0.17 11 11 

4 0.25 10 9 

Find which security is more risky in the 

Markowitz's sense. 
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7. (a) Discuss the following market which is 

characterized by lagged supply response : 3 

Dt  = 30 — 9pt 

 St  = 3 + 12pt_i  

(b) Find the output yielding maximum profit 

for the cost function : 

C = 0.7x3  — 0.8x 2  + 12x + 9 

given that the cost price of x is 45 per 

unit. 	 3 

(c) Write four factors that are used to 

compare two portfolios. 	 2 

(d) Write two limitations of a Gaussian plume 

model in its application to real world 

problems. 	 2 

P. T. 0. 
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tsi ia VfIZIT 

V, 2020 

Tr.t.f.-14 : 	q fink 
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W aTAT tl fc'EffR f"'W 	s * v 11 Sr 

V 47 T111-4 t ril-1 rortgri ti+-actrtuff rTr 

3181 	: 	 4 

V- u 

 

1 + /mu 

alh 	t = —
s 
 +

1
ks 2  

u 2 

u, t =0 1:17 ' 111 	TIRMIT 	tl 

	tqcf 31-4-*-9 	=mut fff--Tzf 	,3R 

	

fa-47 afr{ tro-Tt * 	 fi-cvi 4 

-R.\ Lid cbkor * : 	 6 

dx 	2 
= x — y 

 

dy 
= x + y 

dt 

d.H.  fcg 77 (*aches( fir 

aio ach 4r-wf pfd 

P. T. O. 
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wirdw f-13311 	wow ath.  

p-Trftr -aRr 

2. (W) 411-5 71:41 l TT -CrT tilts tW 11Thri 
ft-zit 	+l-ii f 	cblui a TR sic-item -I t, 

*-MW Wf *11171 4T1 (19- ;lid 	 .R, dt 

Air 4-6 alluf 	"qi sl(1 	TrrtT 

eNICI tI 	 4 

tgoirsii A ath B t Ca rr Th7 Titi 

3T*1-  arn-maTf azit 4-ficf 1 f-AiTer 

wgr-ff aTraw 114 t 4141* : 

B 

1 -1 -1 

igrits A -1 -1 3 

-1 2 -1 

ad' T Trm 1ff 	Id 	 6 
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3. (W) 	 ticsaf (1:RfTe) 

1:1674' TW-11 ath   *   * 

.a9:*-ifErff snitqweln1 ti 3Tritred* war 

7 0.4 Tit ATI TR a * ath alflufirdW 

11-Si 7 0.5 ¶ftT 'Isf TR ard{ *I   

2000 4-iorcial 31-th WEf 	a 	7 TR 

rtP-Tecra• fa,ar Trdr t ath Twini 

woo Trorezri -srru 	 arjrrth t 

,311/1 ti 	tircuriall * areirt trr 

vgrrEE * 	fffs* 9-oT9. 	afR 

7-4 %TIT* Trgri-tz 5000 

'TWA WI& Nalirria) 041161( Wf au 

Thr7R1 
	

5 

(m)  	An, -Rw WuT 	ATT u * TIM 

Afa.  Rkir * Tn.  chlur a eitha 	TRIfErd 

P. T. 0. 
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fe571 •31111 *1 to 317119 t ii 	i  NT 

SYR Ord7 rskir * MET Illur p e4-1101 ti 

Rica -W-A7 	: 

U COS OL = 	
gt 

(tan - tan f3) 

*ti 31111, zit it( Rica a fw Trfa-

rsqii wrzr : 

usin0 
•161 0 - a -13 

	

r e -* isituq( 	,111c1-1 tl 	5 

4. (W) EP S( TO' ktI1-101 µ = 0.025 LIIMTI tl 7TR 

ET14-11. 	71z1T11.5 	tl01, 

8 x 10-3  ( 1-11. 3117 P = 	- P2 = 4 x 103  

dyne/cm2  B1, 	: 	 5 

(i) t 	31ferwaTr fugr{ 	ail 

g cos (0 - a) 
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Vr Q1 	al( TrT siwtrut srf-d-4@ 7110 

ill 

(gi) 	figH i 39m, 41 cm 	# PT{ 

TE T 	Atli-1;4-s, f -1-*-1 °toil D < 0.762 

T 1. t 	atctf-cater 	MA' 	1:RAT 

fad * AlT * wrr-fral 	 ti AT "MT 

(
0.329 x10-5 )  dx 

	

D2 	dt 

	 ti TEI air 	sit4 	Ci) kg) ri`rq I 

0.3 '41:11. aid) Ald-Rirs f 	t *1 m 

3 

(To arfra‘ ath kicut fiqfff 	Cti eh WT 

W-R. 	'ism( 	1 	 trftletird 

2 

P. T. O. 
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5. 	tr[9' (41rdK 	vz41 

300000 'kit t 3b  zig• 'FM 	td: "R•W 

"EM-2171 28 fc-4 1:1 onto( *I reTTRI 3 1:ITAW 

4 dirti6 	 tizzft * Trrtlu f4NP:r 

7-0 ti   vtril TT aft #WT * 

ch(ct, q 	* 	 

CJC41chit1 34:16 i #1Tf ureT9 VI" N71 5 

(7E "zfizIlif Fir di( 1(timich 	gicnicti qicit 

\cht4 1:1-41w-di tr1471' VoTT-01 r8rwR1 

rilrit 	1:1Tuf 31T7TER 'T{ 3 Miff fie Irrff 

TIET tI TWITPM thictitzi 0.25 10 t att 

nu? 4 aiftwIT 413;id wre civic( t 

wff ch At( : 	 5 

(i) AM* t ritst,w tk 	mirtich I 

chid' %Pia *1. 	qict -(thwr 
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6. CW) Wizfrl / 	"crW NM 	'qW ti 	-iqd 

q-s 	3117 vl fu-2 	coqiiii m 	49511 

■/11 	f TraT 1 4911 	 AM V TR 

rich it 'Erf ref 1 %nil 	cbt * 

	 rai-114 few.itiur 	spiiTr al 	4 

Aft itzli 1 silt 2 WI sini4K-1 4E7 .914 

?cm err : 	 6 

EreiT tiq if m c47(-1 

0)  Pi., = P2j R u R2) 

1 0.33 19 18 

2 0.25 17 16 

3 	' • 	'0.17 11 11 

4 0.25 10 9 

Wd 	1.414 f-W 411chireld * dfatilt 

ton 	ti 

P. T. O. 
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7. (T) 4ktin-icf 3-11Vi A 3-TrA9kfura- 

Gimit 	otwsgr a-AR : 	 3 

Dt  = 30 - 9pt  

St  = 3 + 12pt-i 

(TE evict trecii : 	 3 

C = 0.7x3  - 0.8x 2  + 12x + 9 

* fffq at-  rvid Tru a fampl 

afewatt -FrA.  srra 	7-4rw lc* Trar t 

x i v1I1td mid t 45 srth 	ti 

(7) t ri 	 <I) t 	WWI 614 

alrl wrr chitch Wdr4R1 	 2 

(FT) cuici act) 	qiiicf, 

fqww rickf 	393r*TT 3u4 	 

44-4WdITRI 	 2 

MTE-14 	 2,190 
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