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I MTE-141 

BACHELOR'S DEGREE PROGRAMME (BDP) 

Term-End Examination, 2019 

ELECTIVE COURSE : MATHEMATICS 

MTE-14 : MATHEMATICAL MODELLING 

Time : 2 hours] 	 Maximum Marks : 50 
fWeightage : 70% 

Note : Answer any five questions. Use of calculator is not 
allowed. 

1. 	(a) 	A particle just clear a wall of height 'b' at a distance 

'a' and strikes the ground at a distance 'c' from 

the point of projection. Prove that the angle of 

projection is : [5] 

tan 
_ 1 
	be 

MTE-14 

a(c — a) 

and the velocity of project V is given by : 

2V 2  a2 (c—a) 2  + b2c2  
g 	ab(c — a) 
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(b) 	Consider a rat population x (t) at any time t (> 0). 

If ax is birth rate and bx2  is the death rate (a, b 

being constants), then formulate the model of the 

rat population. If initial population is 120 rats and 

there are 8 births and 6 deaths per month 

occurring at t = 0, how many months does it 

take for x(t) to read 95% of the limiting population 

[5] 

2. 	(a) 	Suppose that the population x and y satisfy the 

equation : 

dx 
= 60x - 4x 2  -3xy 

dt 

dY — = 42y - 2y
2 
- 3xy 

dt 

Find the critical points of the system. 

Which critical point represents the possibility 

of coexistence of the two species ? Discuss the 

type and stability of that critical point. [ 5] 

(b) 

	

	Let the returns on the securities of two companies 

x and y be given as below : 
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Event(j) 
Chance 

, 
tPij = P2j) 

Return 
m  
Nj R2J 

1 0.2 6 7 

2 0.4 13 

3 0.7 18 11 

Find the expected returns of the portfolios 

P = (0.7, 0.3) and Q = (0.4, 0.5). Which portfolio 

gives better returns ? [5] 

3. 	(a) 	Find the range of values of p and q which will 

render the entry (2, 2) a seddie point for the 

following game : 	 [3] 

Player B 

2 4 5 
Player A 10 . 7 q 

 

4 p 

(b) 	Check whether the equation : 

s = so  + vot —0.5gt 2  

is dimensionally competible if s is the position of 
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the body at time t, so  is the position at t = 0, v o  is 

initial velocity and g is the acceleration due to 

gravity. 	 [2] 

(c) 	Consider a single server queueing system with 

Poisson input, exponential service times, 

suppose the mean arrival rate is 3 calling units 

per hours, the expected service time is 0.25 hour. 

and the maximum permissible calling units in the 

system is two. Derive the steady state probability 

distribution of the number of calling units in the 

system and then calculate the expected number 

of calling units in the system. [ 5] 

4. 	(a) 	The quarterly production of T.V. sets in a factory 

for three quarters were 2500, 2625 and 2850, 

respectively. Use exponentional smoothly based 

upon the first three observations to forcast 

production in the fifth period, any a = 0.1 and 

= 0.2 , where Si=a+ fix gives the best 

fitted line to the data relationship. From the past 

data (prior to the three data points), a straight line 

was fit. The value on the line corresponding to 

the last observed time is 2450 and the slope 
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is 90. 	 [5] 

(b) 	A short-run cost function for an entrepreneur is 

q3 - 8q2 + 30q + 60. Determine the price at which 

the entrepreneur ceases production in an ideal 

market. Also derive the supply function. 	[5] 

5. 	(a) 	Find the escape velocity of Jupiter for the following 

data : 

G = 6.67 x 10' 11  m3/kg, radius = 2.58 x 10 7  m, 

mass = 1.966 x 1020  kg 	 [2] 

(b) Estimate the plume rise by means of the Moses 

and Carson formula when the heat-emission rate 

associated with a stack gas is 3000 kj/s, the wind 

and stack gas speeds are 5 and 20 m/s, 

respectively and the inside stack diameter at the 

top is 4 m. 	 [3] 

(c) Formulate the model equation for a ball dropped 

from a height h metres against air resistance 

proportional to square of its velocity. Find the 

velocity of the ball at any time t. Also find the 

limiting velocity as t ---> 00 	 [5] 
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6. 	(a) 	Find the terminal velocity and time taken by a 

raindrop of radius 0.8 cm to reach the ground if it 

starts its descent in a cloud 35000 m high. [2] 

(b) A drug is induced in patients bloodstream at a 

constant rate of r gms/sec. Simultaneously the 

drug is removed at a rate proportional to the 

amount x(t) of the drug present at any time t. 

Determine the differential equation governing the 

amount x(t). If the initial concentration of the drug 

in the bloodstream is x0, find the concentration of 

the drug at any time t. 	 [3] 

(c) Derive the equation of motion of the linear model 

for a simple pendulum. Find its solution under 

dB 
boundary conditions at t = 0, B  . ()and —

dt 

where 0 is the angular distance. 	 [5] 

7. (a) A tumour may be modelled as a population of 

multiplying cells. It is found empirically that the 

birth rate r(t) of the cells in a tumour decreases 

exponentially with time, so that r(t)= at 

where a and 13 are positive constants. If P(t) 

denotes the population of cells at any time t and 
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Po  is the initial population, then : 	 [6] 

(i) formulate the mathematical model of the 

population of cells. 

(ii) solve the model equation obtained in (i) 

above to find the population P(t) at any 

time t. 

(iii) interpret the behaviour of the population 

based on the solution obtained and also 

find the limiting value of P(t) as t —> co . 

(b) 	Characterise the following as deterministic or 

stochastic giving reason for your answer : [4] 

(i) Dispersion of the pollutant in the 

atmosphere. 

(ii) Treating waste water using chemicals or 

natural processes. 

(iii) Predicting the state of national economy. 

(iv) Non-resident Indian business person 

setting up a business in India. 
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I  gq.tr.t.-14  

timer) 3T4T1 em 	 
(*.it .t.) 
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	ch tnT1Wr : 4010 
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: T1-4- 	747 tftq, tqgyrercif Azilrf cbt; 

9tt 

1. 	(T) 	t 5 WiT 	'a' qZ 47r01 b' i qiciit 	 cm 
_a. 

 117 cbtoI 

t 3 Ocr Ns # 	.c . 	Wil9.  trTiltnl t, 

t9rA7 f 	Qui : 

tan 
- 1 	bc. 
	 *Iff 31)7 STaq 	Elizr Tuf 
a(c — a) 

2V2 
 a2(c_02 + b2c2 

 

GTATr v, 	= 	 gry 4111g ab(c - a) 

[51 
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(w) 
	

71:14 t (> 0) tIT 	f i vlitit9'4t x (t) 

tit7I zift ax 7-41' TT a 3117 bx2 TVT 7-4 

	

a at( b 31qT t,   itItff 

N7I zit 3TItigIT Altit9-11 120 It t 3 tt1171. 

 t= 0 VT ArfilT6 8 7-41 AT 6 TR elt t 

vvitiwir x(t) 	414-11-a 

tre 4 ittiW gr-6 0.4141 ? 

t 95% 

[5] 

(w) 

tit7 	 x 3 T y f*'A 	iI9c1 ti cbtui 

tigte. GIA t : 

dx 
= 60x - 4x 2 

- 3xy 
dt 

dY — = 42y - 2y 2  - 3xy 
dt 

wfMT 	gru tritql 	 Tir 
4411A 	Tff-31.  

f4 -fera cbm ? 1-fr Ofd f t wrT 

ttu cq i T T trItql 	 [5] 

TrF Altq edirdzit x 3Ty &ARNi 4 

fkm Tgrr t : 

2. 
	

( ) 
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Ere9F a) t:V.14I 
(D. = D.) 

.fig 

Rii R2J 

1 0.2 6 7 

2 0.4 13 

3 0.7 18 11 

it4RT t  P = (0.7, 0.3) ah Q = (0.4, 0.5) t 

prdar grff tritm 	 t r4-4.4 1(41 

kg-d-T gftar tdt ? 	 [5] 

3. 	(T) p 3N" qii Lift Wff trN7itfft it4 

1. 4-11WZ.50 	tf-OTIF 	 AitRE (2, 2) t 

v1101 	 [3] 

itgrdTt B 

itM111 A 

2 	4 	5 

10 	7 	q 

4 	p 	6 

	taT 	t RETIW s to w fterft so  k 

vo  gr&iw 	4r( g 	reT cat-r , .ffq 
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4. 
	

() 

(w) 
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*If* 	ti cbtui s =so  +vot—o.sgt2  ftLitzt 

4 	Z1T Tel 	 [2] 

Wit 	 417 tittlIt114 44 	cbto 	t 

7-4V t4r1Wit tif#T wirrt tftql Tffff ti* fi 
q'T ta 3 W7 	 011PT1 

bM 0.25 Ei-a t 	3401K4 4 Atal:r 

arfrff tru 	 ti 5r3rrt 4 OF 	t 

Tiuqr fkzr eitift4 ar4Ferr 	4-eff ac 

tft7 aWT 	51urrt 4 glo 	t grrfOrff 

Tigqrlafted-d 	I 	 [5] 

45Eit 4 4t9.  rawer 4 tt.t. Ajei rfi 

3l'41q1 soi-ic 2500, 2625 AT 2850 411 a = 0.1 

fl = 0.2 41ticbt 	3T-414 4 i4T4 

‘141q1 trIpt-firff 	it4 711i 419' 1•491311 

tR.  aRtiTfta.  at lI1i i Itecotui tr 5etir trm 

761 .p=a+fix aTirr wcfrEi 	irzr-dT G-Tr-(#i 

tg, 	f 	c c4 	 ti qu; 31iqI Vt aTiw 

R14 ttu4) ti 	to tgfi aTifiltff 7:11 Efri 
rIT 31ItzT 	Wrzf 	ti4ii FM 2450 t 3117 

1:1-47-df 90 tI 	[5] 

■.iE44-1 i 317R11 	ovio 1:1WF q 3 - 8q 2 + 30q 

+ 60 iff 1E.Iiicbcil .3 	eqMIt 4 
( II ) 	 [P.T.0.1 



1%-t:r 419 	 ITT NlQh 	kar F I 11# wr9.  
9. 9- tN7I 	 [5] 

5. 
	

(15) 
1*.iW2sici 	 afrqi t 	lugfa lif trFFF 

ma.  trrm : 

G = 6.67 x 10-11  m 3/kg, i*0-11 = 2.58 x 107  m , 

Ace44-111 = 1.966 x 10" kg. 	 [2] 

t-Zct) tiff A. 	cl toil 3c —49.  A7 3000 kJ/s 

T49.  qiff ah tact) trff 	st)l-RI: 5 ah 20 m/s 

atrT ■.1)0.1 fflt Vfft% w eM:ifff urn WI 
1:1@,71 3117 cbiti-i 7 t tiwicll # ftr*FE 	 

elt-4dff tft71 	 [3] 

(TO 
	

qIcticitul 	h \.i)=

• 

11 	1 11tIqi 711.  W W41 

• TttEF 4714 	t 	Vfcti 14t1 

.1) w tout tItql ftt urriT t k 

w 41T 	t N71 t.—› co t   klr 

Niff tfl..q1 	 [5] 

6 . 
	

fut11 0.8 cm 4r--A.  7- ETttt 	w 3i 411.  
■.it-A 	11.04 4 vi; con Tizi Wff 

trA7, Zek 	35000 m 	tsugd 

Til7RT cbta WI 	 [2] 
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#41 	t4rixim 	r gms/sec 

3T- # 	Tat' 	4) Ter tt zrg 	 

ift 149-4 t rrT 111-1.4r 	Rrqr x(t) 

trffrfridt q.T # 	qr Ter tI TERT x(t) fkotia• 

w(# qmi aiawr ti4147(-1 Witd .  tti* zdt 

tqcitiki 4 .q-qtt 	gKP3W tilAc11 xo 	qq1i 

t f 	TFRI t tr<tilAdl 	 tWil 	[3] 

titre r 	it4112sm  	w 	cbt 1 

03c4"1 tN71 	*Olt t = o tr{ e = o 

d 

dt = w 
	31419.  qticbi 	511c1 1Pvr4 

e*Trzr 	tl 	 [5] 

7. 	() ti 5141( 	W9. ~1IhTer -11411113# 

Alitit91 •F`r # itz1T ii 1WIT IGITTTIF4 Wr 

tf Zff  	t 	t 4tqfpjall 

`11-9qe r(t) 4 Tflizf TIM zittaciAct Wr # 

aTfth v1141 t WETI1 r(t) c ` , 761 a 

‘3 117 ,e El-11mq) f#T#T 	

,-- 13 e- 

 zdt P(t) f 	T 

t 	3 ti vi-R-it9=l1 	317 Po lmt cb 

t, fl).  : 	 [6] 

(3T)*4TrIpil 	 Tif6rtzr 14-Rt9-  
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(Tr) 



(u) 

Aititsql P(t) 	r z119.  ftlit 	t1 11 4( t 

fl RT `"; it4  `i)" (0 4  gm f4Pti 
w41 	cb(9 	titin 

ART 	tilt1c11 # vt-Itits+-11 i cg-IGM1t 

arrurr titql P(t) r#[ 1:M rffff 

Ma.  trAl 74ft t —>  cc 

fa 	it~nri ~n 

ITE4 

at( mtiTr&T 	# aftrgeru 
ttN.q: 	 [4] 

(31) 	1-4-44Tur 	I:it'll:Fri 

() 	util4ff4) zT[ Artit Aftzfr4 aR1 aitiltrE 

vIvt 	■34"cilt 4*-111 

(T) 	k'41* Wr 	fOalt 	1.4-1479.  
0, 11 ,111 

() 	aTf=4-4Rit gr-dtzr arqurtlir grm # cqc1t114 

per a.  

x 
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