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ELECTIVE COURSE : MATHEMATICS 
MTE-14 : MATHEMATICAL MODELLING 

Time : 2 hours 	 Maximum Marks : 50 

Weightage 70% 

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 particle is moving with S.H.M in a straight 	6 
line. When the distance of particle from the 
equilibrium position has the values x1  and 
x2, the corresponding values of the velocity 
are v1  and v2. Show that the time period 
is : 

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

(i) 

4 

Static and dynamic models. 

(ii) Discrete and continuous models. 

(b) 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. 

3. 	(a) 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 ? 

(b) Suppose the population x and y satisfy the 
equations : 

dx 
=60x —4x

2  - 3xy 

dt 

—Lid  -= 42y — 2y2  — 3xy 
dt 
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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) The following differential equation describes 	7 
the distribution of phytoplankton growth on 
our environment : 

2  ac  
=Dad  + a c. a t   

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) =0 at x=0 and x =L. 

(ii) Discuss the solution when 

arr2  
(1) a < 

L2  

D-rr2 
(2) a > 

	

	 
L2  

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

(b) If the time of a body's descent in a straight 
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. 

3 
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5. 	(a) The demand function for a particular 	5 
commodity is y =15 e x/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. 

(b) Consider arterial blood viscosity p, = 0.025 	5 
poise. If the length of the artery is 1.5 cm, 
radius 8 x 10-3  cm and P = P1  — P2  = 4 x 103  
dynejcm2  then find the : 

(i) maximum peak velocity of blood, and 

(ii) the shear stress at the wall. 

	

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

cosec a = sec 13. 

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

B 

5 —7 —17 

4 6 —15 

9 10 —13 

Find the saddle point and value of the game. 

(c) Imagine a population governed by the 
logistic equation 

d x 	x 
dt 

= 2 1 — 100 )x 

A 
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Find the equilibrium level of this 
population. 
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. 
Write the differential equation describing 
the motion of the simple pendulum with 

dO 
initial conditions 0= 00  at t =0 and —

dt 
= 0 

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. 
Suppose the quarterly sales for a particular 
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 = = 0.2 

(b) 

5 

5 

MTE-14 	 5 	 P.T.O. 



4-11 CI ch "TUN eh 	gh ( 

	 TRIITT 

'F-7:1Tzg, 2013 

kfert9cn lik:572/9114-1 : quirt 

: 	 fiTQfff 

747727 : 2 770- 
	

3ich : 50 

: 70% 

*2-: 	r irita 5r41 .1T-H .tq 	 v2#77.  w?-4 rn 

37.577- 3-gr 

1. 	(a) 	1 	.) qr-4 	f-{4k 	f9Tra.  M 	 4 

sTft 	tr-{ 	 m onl 

v tIT TlIchlk 4\4-1 	t i qr4 

art 	 .11(4 frtrcisruf 

3P:Or 

(b) 	Lf  (=but TiT- 3Tra4 	if'd (SHM) 	i ct-) W-0 .4g1 	6 

H 	 tI 	 err 	zysi ro ut *1 It 

x1 AT x2 	lal a1311.11 ( 4 1 WITT: v1  ath v2  

t 	 fT. 3Tr-4-4 Tc 2  
2 

x2  —x2  
2 — v2 

cbul 	3Trrm 	 4rs  gild 	 I 

MTE-14 	 6 



2. (a) 1;1-4 	dqiur ta 7 14-1 c-gcr 	TErsz 	4 

7i 

(i) Ted* 3417 TifffT fiTO 

31Trdff 311T Tr-4ff *ft-0 I 

(b) 	v,84, 	ch1 Horoqi 	49,q1 	c 	6 

afrT 	.W1 IPIT4 -crTai t I 3Tfrfa--  

,TH4-7 0.45 	a -(17 a-NT 	t47 

3TTTTIT*Tn t 0.65 M 	id a 	ti trt 3 7177 ci-I) tc-1 

t I 	11 3000 Tyr 	Yrcf 	3-ctR 	A 

	

:Tzurtr-ff f ti •711c11 t 1t TI-0-4M 	.14 

2500 HORlqi 	a,1 31-1-11-f-d t I HORlq .  

fT-P-TW -4, 7F-w mill ii-w 4(9241 2000 zfT 8000 t, 

	c1;1 4t....611* qribichIrcicb c°--icmt ctC) 04iRse-i 

Vf-A7 

3. (a) 	'4-11 c1:311 ci->) 1-1V-Hcf c4 	-Rifqd 	Liar 	oh 	4 

37:1k -1-z111 ri+i4 	q 30 frl-TZ Tiftz{ 

7•T 	ge.-1 t i irq c1 	At .0 iik44-Ri 

	

3-TA 91,4-uvR ToT t 	11 8 42 V- 

	 31-4fg itt-ri 3I1aICl#a c 	 atIT:rff 

10 t, 	r r TEni - 	t 	zuk 

ur 	MNIPIC1 Wig c4I i1411? 3"Trkqr 

	

d.14 1T-6 NceMIlf-*74 	chi 	 -)(4 i1,1? 

MTE-14 	 7 	 P.T.O. 



(b) Trri (41 	rA 	x qt y F14'i 

Tkiz 	t : 

dx 
=60x-4x

2  —3xy 
dt 

clY =42y-2y2 -3xy 
dt 

fa-wrzr Tit m*-rf-d-w f4s3ff qlld c1iF I c 

F-Itc\Rld 7-df t?  	fq'S 	31-WR 

ztIT Tzufzi TR -colt 

4. 	(a) 	-14-1 (.1c1 ar4WF9-17:1 	chtuf WI* 441 CRU1 

chd-I 	t ofdl r rr 	chtc11 t : 

a  2 

at 	a 
c

— D ac + C 
 x2  

t 31.0 ii1J-11.4-1t1 

(i) 
	-14-1 	 V citsiV 

31:17‘q"ff 3-TqT 1:14:1 14 

q11c1 '9177 : 

C 0)=1 

x=0 AT =L T C(x, t) = 0, 

6 

MTE-14 	 8 



Drr2 
(ii) (1) 	a < 

2  

arr2 
(2) 	a > 	2  

Ala 1T >7ri 	radttir 

(iii) 3Trmq t-Irorrrisru 	Tffk- 

.4.1cr) 

(b) fWT11.  fLis *), Fki TR f4s 	3-TR, TR-0 -ur 
	

3 

	

Pit: rim TriTzr ik 41-4 	 v-rtt gRi 

- -74 (4;1  	cvf 	t 	fq-{g77 

cf, fps 	ccRui 	cb1 ,141 

c'ic*HiVid ti 

5. 	(a) irrff 	 kt) 	ffifVFE 	TrTTI 401 	5 

y = 15 e-x13, 0 x 	8 t, 	y 	  

'W11:1ff 3th x 	c 	1 larT 	Sel I 1 -4R1 

WIrrd 	4-WI 4-11',11 fic-r 	 rch aTrzt 

Mfr t 

(b) Mit T-1?[ 	=0.025 4N,31 ti Ifs qTr91- 
	5 

7 -11.  1.5 cm, f-A":11 8 x 10 -3  cm 2.TT 

P = - P2  = 4 x 103  dyne/cm2  t, c : 

(i) tcm 	fruT 	 

(ii) td-  R ITT 3Twcrur 	r1 ZIIc( 

MTE-14 	 9 	 P.T.O. 



6. 	(a) t 	- 3T-ff7r -4vcri 	a 31.1q3 tit 3T-wt 
	3 

v 	.) 30zi 	31-WIT vit Alcif t cf, 

true 	f--T5T-R 

cosec a = sec (3. 

(b) rigc1141 A 3117 B 	 @(.1 -4F 	t I 174W 
	

4 

rt_gois 	3T-Tr-ar-o-TT /wrzat 111-Tra-rff 

ITR-off 	t : 

B 

5 —7 —17 

A 4 6 —15 

9 10 —13 

Trri 7fict 

(c) F6717 1:ITT t 

	

	—
dx 

= 2 (1 — 100 )x -gm 	3 
dt  

fiztr-qd.  Trifq chl chc-4-tr 

(i) 
	

Trrif-Ez 	 .11d Wlf- 	I 

9ftfliWff: (t =0) 711:rilZ 100 t 31 t t =10 

dqi Ali Ta7 1:1-{ tol t 	doh *N- -17-6Firt 

ct:Rui TT 1-1-Ez 80 ctch le 341.1141 I t =15 

TITIftZ 711t1 414R I 

MTE-14 	 10 



7. 	(a) 	Y 	4) 	 d rt1 	f~1 triNW 311-{ 

fTqq11 .- 	 Trf-d-qM 

d() =0taT917 . t=o7Ro=130311-Tt=o-ER 
at 

d ciu arm 	chtui 

t ft-21-W -14 3-7-1-4 	cbto «4,14) 

\A Cf-TIT #24-ra 3Tr-44-- --rF j--ecr9 

sus 	-1 	t, 

1. #21-rd7414 -  chit 31-144 	.11c1 -11--A7 I 

(b) 1RT9 (41 	rzt rqc-c-il 	faTrrtfq-A- WIPT: 	5 

2682, 2462 31-1T 3012 *1 f c 31'k* ( 

d 	f4s311 11 	-4 gat 	. (51 

374T-A- 	7-r-  ?ft1 *(_qt -ciT 3ffarr 	4-14-4 T 

441c-f Jill 2988 t 3117 'Uotitd1 	80 t a=(3=0.2 

-4uun' 	a,1 

qr1W.wl -c0-1--1-1=r[9-  (1411 

d),-R 	 3TRT1fTff r.RN I d 

5 

MTE-14 	 11 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

