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MTE-014 : MATHEMATICAL MODELLING 

Time : 2 Hours  Maximum Marks : 50 
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Note : (i) Attempt any five questions. 

 (ii) All questions carry equal marks. 

 (iii) Use of calculator is not allowed.  

1. (a) If the per capita rate of a population 

growth be constant, discuss the 

behaviour of the population at any time 

t depending on the constant being 

positive or negative. 5   

(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 
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that the acceleration of the body is 

inversely proportional to the cube of the 

distance fallen through.  3 

(c) Determine whether the equation   

                 
   2

0 0 0.5s s v t gt   

is dimensionally compatible. If s is the 

position of the body at time t, 0s  is the 

position at 00,t v  is the initial velocity 

and g is the acceleration due to gravity. 

Give reasons for your answer. 2  

2. (a) Consider the following system of 

differential equations representing a 

prey and predator population model :  

2dx
x y

dt
    

dy
x y

dt
   

(i) Identify all the real critical points 

of the system of equations given 

above.  4 

(ii) Obtain the type and stability of 

three critical points. 3 
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(b) Give one example each from the real-

world of the following, with justification 

for your example : 3 

(i) A stochastic model 

(ii) A non-linear model 

(iii) A queuing model  

3. (a) Consider a rabbit population  x t  at 

any time 0t  . If ax  is the rate at 

which birth occurs and 2bx  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 occurring at 0t  , how many 

months does it take for  x t  to reach 

95% of the limiting population 
b

a

 
  

 ? 5 
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(b) Let the returns on the securities of two 

companies X and Y be as given below : 

Event(j) 
Chance 

1 2p j p j  

Return 

R1j R2j 

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 regarding investments ?  5 

4. (a) Consider the diffusion of oxygen 

through a membrane 0 x 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 0x  , for unit 

area per unit time. 6 
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(b) If a simple pendulum of length l 

oscillates through an angle  on either  

side of the mean position, then find the 

angular velocity 
d

dt


 of the pendulum 

where  is the angle which the string 

makes with the vertical. 4 

5. (a) Discuss the static stability and dynamic 

stability for the following demand and 

supply functions (assuming the 

proportionality constant k = 5 for 

dynamic stability) : 

  D 0.4 200t tp   

  S 0.2 100t tp
 

Also find the equilibrium price in an 

ideal competitive market. 5 

(b) Assume that the moon is at a distance 

of 3,00,000 km. from the earth and that 

it takes 28 days for it to orbit the earth 

once. Geostationary satellites are those 

which are at rest relative to the earth. 

Using these two statements derive the 

altitude of the geostationary satellite 

from the centre of the earth.  5 
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6. (a) A particle leaves the origin with velocity 

u. If it moves with an acceleration 

2

,
v  

v being the velocity at any instant, show 

that the distance x travelled in time t is 

given by : 5 

 
4/3

2 44 3x t u        

(b) Consider the pay-off table for two 

players as given below : 5 

                        Player B

1 2 3

1 –4 –2 6

Player A 2 3 0 4

3 6 –3 –5

 
 
 
  

  

 

(i) Find the saddle point and the value 

of the game. 

(ii) Give two equivalent linear 

programming problems for the 

above case. 

7. (a) The heat-emission rate associated with 

a stack gas is 3600 kJ/s, the wind and 

stack gas speeds are 4 and 16 m/s, 
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respectively, and the inside stack 

diameter at the top is 3 m. Estimate the 

plume rise by means of the Moses and 

Carson formula.   3 

(b) In a hospital, patients arrive according 

to Poisson distribution at an average 

rate of 10 patients per hour. The 

hospital’s waiting room can 

accommodate a maximum of 8 patients. 

The examining time per patient is an 

exponential distribution with mean rate 

of 15 per hour. Find : 7 

(i) The effective arrival rate of 

patients at the hospital. 

(ii) The probability that an arriving 

patient does not have to wait.  

(iii) The probability that an arriving 

patient will find a vacant seat in 

the waiting room. 

(iv) The expected waiting time until a 

patient is discharged from the 

clinic.  
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Lukrd mikf/k dk;ZØe (ch- Mh- ih-) 

l=kar ijh{kk  

twu] 2026 

(,sfPNd ikB~;Øe % xf.kr) 

,e- Vh- bZ-&014% xf.krh; fun'kZu 

le; % 2 ?k.Vs   vf/kdre vad % 50  

Hkkfjrk % 70% 

uksV % (i) fdUgha ik¡p iz'uksa ds mÙkj nhft,A 

 (ii) lHkh iz'uksa ds vad leku gSaA 

 (iii) dSydqysVj dk iz;ksx djus dh vuqefr ugha gSA 

1- (d) ;fn lef"V o`f¼ dh izfr O;fDr nj vpj gks] rks ml 

vpj jkf'k ds /kukRed ;k ½.kkRed gksus ds vk/kkj 

ij le; t ij lef"V ds O;ogkj dh ppkZ dhft,A  

5 

([k) fdlh fiaM dks] fn, x, fcanq dh vksj] ljy js[kk esa 

uhps fxjus esa yxk le; ;fn uhps fxjrs gq, fiaM }kjk 

r; dh x;h nwjh ds oxZ ds lekuqikrh gks rks fn[kkb, 
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fd fiaM dk Roj.k r; dh x;h nwjh ds ?ku ds 

O;qRØekuqikrh gSA 3 

(x) ;g fu/kkZfjr dhft, fd lehdj.k % 2 

2
0 0 0.5s s v t gt  

 

vk;keh :i ls laxr gS ;k ughaA ;gk¡ s fiaM dh 

le; t ij fLFkfr gS] s0 le; t = 0 ij ij fLFkfr 

gS] v0 vkjafHkd osx gS rFkk s xq#Roh; Roj.k gSA 

vius mÙkj ds leFkZu esa dkj.k nhft,A 

2- (d) fuEufyf[kr vody lehdj.k fudk; yhft, tks 

f'kdkj vkSj ijHk{kh ds lef"V fun'kZ dks fu:fir 

djrk gS %  

2dx
x y

dt
 

 

vkSj  

dy
x y

dt
   

(i) Åij fn, x, lehdj.k fudk; ds lHkh 

okLrfod Økafrd fcanq Kkr dhft,A 4 

(ii) bu Økafrd fcanqvksa ds izdkj vkSj LFkkf;Ro 

izkIr dhft,A 3 
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([k) fuEufyf[kr ds fy, okLrfod thou ls lacaf/kr 

,d&,d mnkgj.k rdZlaxr nhft, % 3 

(i) izlaHkkO; fun'kZu 

(ii) vjSf[kd fun'kZu 

(iii) iafDr fun'kZu 

3- (d) fdlh le; 0t   ij [kjxks'kksa dh lef"V  x t  

yhft,A ;fn tUenj ax  gS rFkk e`R;qnj 
2bx  gS 

(tgk¡ a vkSj b nksuksa vpj gSa)] rks [kjxks'kksa dh 

lef"V ds fun'kZ dks lwf=r dhft,A ;fn vkjafHkd 

lef"V 120 [kjxks'k gSa rFkk 0t   ij izfrekg  

8 tUe vkSj 6 e`R;q ?kfVr gks jgh gSa] rks  x t
 
dks 

lhekar lef"V 
b

a

 
  

 ds 95% rd igq¡pus esa fdrus 

ekg yxsaxs \ 5 

([k) nks dEifu;ksa X vkSj Y dh izfrHkwfr;ksa dk izfrQyu 

uhps fn;k x;k gS % 5 

?kVuk (j) 
la;ksx  

1 2p j p j  

izfrQy 

R1j R2j 

1 1/4 6 7 

2 1/2 13 8 

3 1/4 18 11 
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fuos'k lwfp;ksa P = (0.7, 0.3) vkSj  

Q = (0.4, 0.6). dk izR;kf'kr izfrQy Kkr 

dhft,A 

fuos'k lwfp;ksa P vkSj Q ds izfrQyksa dh rqyuk ij 

vki fdl fu"d"kZ ij igq¡ps \ 

4- (d) vkWDlhtu dk izlj.k eksVkbZ h okyh ,d f>Yyh 

0 x h   ds ek/;e ls gks jgk gS] ftlds nksuksa 

fljksa ij lkaæ.k Øe'k% C1 rFkk C2 j[kk x;k gSA 

;fn izkjafHkd lkaæ.k 'kwU; gS] rks bls leL;k dk 

xf.krh; funZ'ku] ,d vk;keh izlj.k lehdj.k dk 

mi;ksx djds rS;kj dhft, rFkk ;g Kkr dhft, fd 

x = 0 ij izfr bdkbZ {ks=Qy izfr bdkbZ le; esa 

izlfjr vkWDlhtu fdl nj ls lrg ls ckgj 

fudyrh gSA 6 

([k) ;fn yEckbZ l dk ,d ljy yksyd ek/; fLFkfr ds 

nksuksa vkSj dks.k  ij nksyk;eku djrk] rks yksyd 

dk dks.kh; osx 
d

dt


 Kkr dhft,] tgk¡  og dks.k gS 

tks Mksjh Å/okZ/kj ds lkFk cukrh gSA 4 
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5- (d) fuEufyf[kr ek¡x Qyu vkSj iw£r Qyu ds fy, 

LFkSfrd vkSj xfrd larqyu dh O;k[;k dhft,A 

(xfrd larqyu ds fy, lekuqikrh fu;rkad k = 5 

ekuk x;k gS) 5 

  D 0.4 200t tp   

  S 0.2 100t tp  

lkFk gh] vkn'kZ izfrLi/kkZRed cktkj esa larqyu ewY; 

Kkr dhft,A 

([k) eku yhft, fd paæek i`Foh ls 3]00]000 fdeh- dh 

nwjh ij gS rFkk ;g i`Foh ds ifjr% ,d ifjHkze.k  

28 fnu esa djrk gSA rqY;dkyh mixzg] os mixzg gSa 

tks i`Foh ds lkis{k foJke esa jgrs gSaA bu nks dFkuksa 

dk mi;ksx djrs gq, i`Foh ds dsaæ ls rqY;dkyh 

mixzg dh Å¡pkbZ O;qRiUu dhft,A 5 

6- (d) ,d d.k osx ‘u’ ds lkFk vius ewy LFkku dks NksM+rk 

gSA ;fn og Roj.k 
2v


 ds lkFk vkxs c<+rk gS] tgk¡ 

fdlh Hkh {k.k ij d.k dk osx v gS] rc fn[kkb, fd 

le; t esa esa r; dh xbZ nwjh x fuEufyf[kr }kjk 

izkIr gksrh gS % 5 

 
4/3

2 44 3x t u     
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([k) nks f[kykfM+;ksa ds fy, uhps nh xbZ Hkqxrku lkj.kh 

yhft, %  5 

     

 
 
 
  

                        B

1 2 3

1 –4 –2 6

 A 2 3 0 4

3 6 –3 –5

f[kykM+ h

f[kykM+ h

 

(i) [ksy dk iY;k.k fcanq vkSj eku Kkr dhft,A 

(ii) mi;qZDr Hkqxrku lkj.kh ds fy, nks rqY; jSf[kd 

izksxzkeu leL;k,¡ nhft,A 

7- (d) LVSd xSl ls lacaf/kr Å"ek mRltZu 3600 kJ/s, gS] 

iou pky vkSj LVSd xSl pky Øe'k% 4 vkSj 16 

m/s gSa vkSj fljs ij LVSd xSl dk var% O;kl 3 m 

gSA ekslsl vkSj dkyZlu lw= ls fiPNd mRFkku 

vkdfyr dhft,A 3 

([k) ,d vLirky esa jksfx;ksa dk vkxeu ikW;lkWu forj.k 

ds vuqlkj izfr ?k.Vs vkSlru 10 jksfx;ksa dh nj ls 

gksrk gSA vLirky dk izrh{kky; vf/kdre 8 jksfx;ksa 
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dks lek;ksftr dj ldrk gSA izR;sd jksxh ds ijh{k.k 

dk le; pj?kkrkadh forj.k dk vuqlj.k djrk gS] 

ftldh vkSlr nj 15 jksxh izfr ?kaVk gSA 7 

fuEufyf[kr Kkr dhft, %  

(i) vLirky esa jksfx;ksa dh izHkkoh vkxeu njA 

(ii) og izkf;drk fd vkus okys jksxh dks izrh{kk 

ugha djuh iM+sxhA 

(iii) og izkf;drk fd vkus okys jksxh dks izrh{kky; 

esa dksbZ [kkyh lhV feysxhA 

(iv) fdlh jksxh ds Dyhfud ls NqV~Vh gksus rd dk 

visf{kr izrh{kk le;A 

 

× × × × × 


