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BACHELOR'S DEGREE PROGRAMME (BDP) 

Term-End Examination 

June, 2013 

ELECTIVE COURSE : MATHEMATICS 
MTE-14 : MATHEMATICAL MODELLING 

Time : 2 hours 	 Maximum Marks : 50 

We/slit-age 70% 

Note : Answer question no. 1 Compulsory and any four from 

the rest. All questions carry equal marks. Use of 

calculators is allowed. 

1. 	(a) A particle moves under a central repulsive 	6 

force mil+ (distance)3  and is projected from 

an apse at a distance 'a' with a velocity v. 

Show that the equation to the path is 

r cosp 0 = a and the angle described in time 

t is 

a27) 

tan
2 _4 

1 	_1 (ID V  
— 	t where p2 	- 
p 	a 	 a2 n2 

(b) A drug is induced in a patient's bloodstream 	4 

at a constant rate 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. 

CO! 

CD 
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2. (a) Consider the diffusion of oxygen through a 	6 
membrane 0 x 15_ h of thickness h, the two 
ends of which are maintained at 
concentration C1  and C2  respectively. If the 
initial concentration is zero, model this 
problem using one-dimensional diffusion 
equation and find the rate at which the 
diffusing oxygen emerges at the interface 
x -0, for unit area per unit time. 

(b) A TV repairman finds that the time spent 	4 
on his jobs has an exponential distribution 
with mean 30 minutes. If he repairs sets in 
the order in which they come in, and if the 
arrival of sets is approximately Poisson with 
an average rate of 10 per 8-hour day, what 
is the repairman's expected idle time each 
day ? How many jobs are ahead of the 
average set just brought in ? 

3. (a) If a simple pendulum of length 1 oscillates 	4 
through an angle a on either side of the 
mean position then find the angular velocity 

(-/0 
—dt of the pendulum where 0 is the angle 

which the string makes with the vertical. 
(b) Find the value and the optimum strategies 	6 

for two players A and B of the rectangular 
game whose pay off matrix is given below : 

B 

1 -1 -1 
-1 -1 3 
-1 2 -1 

A 
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4. 	(a) Let the returns on the securities of two 	5 

companies X and Y be as given below : 

Event (j) 
Chance 

. 	. 
Return 

. 
PiJ =P21 R1j R21 

1 1/4 6 7 

2 1/2 13 8 

3 1/4 18 11 

Find the expected return of the portfolios 
P = (0.7, 0.3) and Q = (0.4, 0.6). What 
inference can you draw by comparing the 
returns of the portfolios P and Q ? 

(b) Consider a rabbit population x(t) at any time 	5 
t(>0). If ax is the rate at which birth occurs 
and bx2  is the rate at which death occurs 
(a, b are constants), then formulate the 
model of the rabbit population. If the initial 
population is 120 rabbits and there are 8 
births per month and 6 deaths per month 
occuring at t =0, how many months does it 
take for x(t) to reach 95% of the limiting 

b 
population (—

a 
? 

5. 	(a) Suppose that the population x(t) and y(t) 	7 

satisfy the model given by the following 
system of equations : 

—
dx 

= 14x — 2x2  — xy 
dt 

d y 
	 = 16y — 2y2 - xy 
dt 
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)etermi le all the critical points of the sccm 

and discuss the type and stability r-  t these 
critical poits. Which critical point 

represents the possibility of co-existence of 

the two populations ? 
.-)) 	Find out the escape velocity and the 	3 

acceleration due to gravity On the moon 

'iyhere, mass of moon is 7.35 x 1022  kg, 
radius of moon is 1.738 x1 0 m, nd 

universal eras itationai constant 

—6.67x 10 1!  m' ke 

6. 	Li 	Sulphur dioxide is emitted at a rate of 	4 

260 g/s from a stack with an effect it\ e height 
of SO in. File AvinLi velocity at 1 sick IS 

(7, m/s and the atmospheric stabihtv class is 

) for the overcast day. Deterntint:' the 

i,round level concentration along Oa. centi 

The at a distance 900 in from a stack, i n  
ruicrograms per cubic metre, 

!lint : (u,„ = 69 in and in 29.5 m are the 

tandard deviations in the vertical direction 

and cross wind directfoa Fespectively). 
Yin g dimensional analysis, find the 	6 
:\pres,nore..;  tcr  the  following non _ 
dimensional numbers 

.)0 	1-,!eynolds number 

depend on p, 
'II ) 	Peclet number (depends on Ed, 1_, 1)) 

Schmidt number (depends OP !)., p, 

Cyhere p is density, L.! is velocity, 

-iscositv, I.) is di) fusion coefficient and I is 

H a gill. 

4 



7. 	(a) Give one example each from the real-world 	3 

of the following, with justification for your 

example : 

(i) A stochastic model 

(ii) A non-linear model 

(iii) A queuing model 

(b) Assuming that the wind velocity u is in only 

one direction, the equation describing the 

dispersion of pollutants of concentration 

C (x, t) is given by the equation : 

2 
ac  + u ac 	ac  , 0 < x < h, t > o 
at 	Ox 

= D 
 x2 

Where D is the diffusion coefficient of the 

pollutants and 0 < x < h is the region of 

interest. The initial and boundary 

conditions are given by : 

C(x, 0) = 0, C(0, t) = Cl  

C(h, t) 

Where C1  and C2  are constants. Find the 

concentration distribution C(x, t). 

[Hint :You may use the transformation 

X = x — ut] 
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7•77-ii :2 Eirr 

-.-111c1.) din rET cbr4ct, 4 

'HA Id tiNIT 

1,1, 2013 

41,:5 Agro:r : Tifura.  

: 
3/fErch-TIT 34-  : 50 

Tff chi :70% 

d 	: 	&7-7Tit 57-j dr/1 oNi f -Ef14.  51.7. 1 37-fTaT2i 

7247. 	3.7" 	 v*77.  i 37-j-Tr 

7-#t/ 

1. 	(a)   	I k<17=1 	)3 st 	6 

311117 	 t 	d(4 ict) 

'a'31td 	Ivt1112T 3rf ica. f*--zrr \31111 t I fq11q7 

k 	TIN chl 	r cosp 0=a t 4711174 t 14' 

(b) 

1 tan_i pv t 	,3.1r  p2 	a2  v2 -I- pi 
a 	 a2 v2 

\Jct) .141 ctC1 kctcr rm 	r 4.11 4-1/14-  

cf.>) 31-4T 	14 ")-F1-U chl   t i 	Tim 

fT1t *-wfzr ttr-{371-ft-qa TqT1 ch1 Trr-AT 

x(t) 	 -{4 r-tticil 7T 	 t I 1417T 

x(t) {i4 	Fa .WT4 -a-r-o-r 	fad 

qiq Tar q-ru4--4r- 

x0t 	m1f l TrrizT t tr{ 	4-Hcf 

4 
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2. (a) 	llFaT 	 0 	x 	h tiTT \It 

31-fq4wi 	fq- i-Ttrr -97 -r-qqR 

f1 X1,1 -R,r4     c1  *C2  yt 

 	Tur 	ti zit -51-rifli-T 

)--FF4-q-1-zr faTT-TuT 

-1 4-11111f-d7'7J9- 771,-2.11 -T*TT 4--1-11c1 

34-d-TITs3x .=-0 1=FT7fdTTFTFRT .fwfT-d, 

311*-11\31-i 	F-Hfcr 	a-)1 q* 	 

(b)   	a -&ff-ar 	tf--  

-3-Tr k 	IR 0+14 -q1- 1 TITRI.  30 

Trfqc 	-40 *I TRTgrd 

39 3-T14  	 t 3 Fq-1 14 8 N.  

T-r4 31--qfiT   31-r4r 	•T't ATI-ff 

q.*10t z1) ci 4 r917r 	tI ';rf-d-r---9-  

ur--  4-64 chi ic- -IINici - 1-11-4 -qzu61,11? 3-74 

TF0- 	 4 R44-1c1tcf 	? 

3. (a) 	qfqr 1 / -0-1-0--1=1ThTf #2.1fff 

X111' 31~t --)Trf a -GUT q) 	ORM WTdT t, 

	 dO 	 
ehrT)crhd,i 

dt 

5.1ti gaf -k -M24 q9-rth t I 

(b)   A 3-11{B 	c AFT 	3- 

3 	~T 

 

IfTTif 	 -1-fA71 TriaTi -WTut 41 

Trt t : 
B 

1 -1 -1 

-1 -1 3 

-1 2 -1 

A 

6 

4 

4 

6 
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4. 	(a) 	t a; 	ri X fi Y 	 .„ i-0(-1 fti 

M -*1  

71747-T,s7,1 fl1-h 0 
f () ) 

Ril R:1  1)11-1-121 

1 1/4 6 7 

2 1/2 13 8 

3 1/4 18 11 

fT(14-r-T 	= (0.7, 0.3) 417 Q = (0.4, 0.0) 

••=5tf.y(T-,(1 	 (-) JR 

lc-hr T5 3T[ RT f0f(-4  

(10)   t(>0) 	6.0111 	 .1 (t) 

c•:-1 1 417, I 	.?-11r--: 	 fl 	TI;j: 

\ridi 3f17 	:!y1- 3TT 	fl 	F 	1. 1 

1;1-itr7 I qk 	,00J-1 11: 120T-5-FFTi 	7,417 

4 -1 	t 	0 TR 1.-,rfd-14-7,  8 	6 ijc-'-j 

b  
x(t) c-11 	 A).  #4:1-tff, 	J.: I —  

\ 

1—c-h ci24) T-TTg-  

5. 	(a) 	—IN(74-1 FJP7, ,71 t-{ 4 ?-4 	(11 	Ty(t) 

	iiti qTT P-K0 01 	TT  

= 14 — 2x -- xi/  
tit 

3 it 
161/ 
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fa-Trzr 	TrIt 	fq's  	3fr-{ 

SI~ It -f24-rrzr - -ER 

f4s q")  	t tai 	.n1 TilTr-49-[ 

ml 	'WT-dT t? 

(b) 	a IT 'TT 4ON-1-1 	1F-- 	-731 -11(1 	 3 

‘5-14, *ITT chr c)q4-11-1= 7.35 x 1022  kg, -1:1.1 - '1" 

fq:ET =1.738 x 106  m, 31-17 Tr1-4f-A-W Ti c  

#2.71t G =6.67 x 10-11  m3  kg-1  t1 

6. 	(a) 	80 m cf;) 	3941—q1"   4 	4 

260 g/s m1*T 	-1c*4ht sI 3 	3t*Ir3ici 

t *61 t I 	4(1-1 	6 m/s t 

	 kl 	 p-ufzi--  col D t I 

4-11941 	1;ffcT aTit-c( 	4 900 m c4) 

1:1T 

	

	7g-rt 3T-1-kqT 	dr1Trfnr Tim 

: (o-y = 69 m 3-th o-z  = 29.5 m 

ITT -kur 3T T 3T-1-9-R4 41-1 f-- TT 	1-11-Ich 

fa -clo-it) I 

(b) 	far9A-zi Fa 	(,Thlui 	r 	F-14-1For6c1 31fditzT 	6  

44.3q1A 	oe-lzich 	 f4R : 

(i) t.1. r (7'1p, U, L, 	fffi--7 

(ii) ( 	 U, L, ITER -ft4-7 

(iii) f-ITE 	( ,3-11 	p, D 	 t) 

\3-1 p 	t U (41 t, 	-11-1c11 t, D fqTRTIT 
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7. (a) F-► 4-1R-irod 	 ach 

c14)Tyr 	a q'Ir\31(-& : 

(i) 	741-1-11 

3-1tfUT f9-q.0 

ltnrqf ff 

(b)  	1 onf der u 	T fqrqTT 

Tkur qx, -k -77Wf 	 f4i-r-T7 

	

-1 411,,f-o1 1:14--1616cf 	: 

2 
ac 	c 
— +u

a 
 —D 

 ac 
,0< x <h,t>0 

ax at 	ax 

,16 D 	chi fq--T{uT ljuTtWt3 0 < x < h 

-f- R-1:1 	,t)r-cf t 	3-Trfq 	HR41-11 

7f 	64tT F-H--trcli6cr     t : 

C(x, 0)=0, go,t)= C1  

C(h, t) = C2  

\316 C1  AT C2  31q-{ t IIIT 	qx, q11ci 

I 

[ 	: 	T 3-171 ..0-11(1.01 X =x —ut chi 71)7 

4)t 	t IJ  

3 

7 
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