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BACHELOR’S DEGREE PROGRAMME 
(BDP) 

Term-End Examination 
December, 2024 

(Elective Course : Mathematics) 
MTE-14 : MATHEMATICAL MODELLING 

Time : 2 Hours     Maximum Marks : 50 
Weightage : 70% 

Note : (i) Attempt any five questions. 
 (ii) Use of calculato is not allowed.  

 (iii)  Symbols have their usual meanings. 

1. (a) The process of plucking of a guitar-string 
results in the frequency of vibration being 
a function of the Young’s modulus (same 
dimension as force per unit area), the 
length and density of the string. Use 
dimensional analysis to derive an 
expression for the frequency of vibration of 
string.  5 
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(b) In a game of matching coins with two 
players  A and B suppose A wins one unit 

of value when there are two heads, wins 
nothing when there are two tails and loses 
half unit of value when there is one head 

and one tail. Determine the payoff matrix, 
the best strategies for each player and the 
value of the game. 5  

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

3,00,000 kms from the earth and that it 
takes 28 days to orbit the earth once. 

Geostationary satellites are those which 
are at a rest relative to earth. Using these 
two statements, derive the altitude of the 

geostationary satellite from the centre of 
the earth. 4 

(b) The population of a 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 
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3,000 fishes per year and fishermen are 
allowed to catch 2,500 fishes 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.  6   

3. (a) Show that the amplitude ‘A’ of a particle 

executing SHM passing through points P 
and Q with displacements m and n and 
velocities V1 and V2, respectively is given 
by the relation : 6 

( ) ( )2 2 2 2 2 2 2
1 2 1 2A V V V Vn m− = −  

(b) The short-run cost function for an 

enterpreneur is 3 27 16 90q q q− + + . 

Determine the price at which the 

enterpreneur ceases production in an ideal 
market. Also, derive the supply function. 4 

4. (a) The increase in vehicular traffic in big 
cities has led to a lot of air pollution and 
there is an increasing incidence of 
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respiratory diseases like asthma, 
bronchitis etc. In order to make a 
mathematical model for the rate of 
increase of the cases of respiratory 
diseases, write the essentials and non-
essentials that you will need to keep in 
mind (give four essentials and two non-
essentials). 3 

(b) Consider the following system of 
differential equations representing a prey 
and predator model : 7 

2dx x y
dt

= −   

dy x y
dt

= +  

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

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

5. (a) State any two assumptions for formulation 
of a simple mathematical model for blood 
flow in arteries for which Poiseuille’s law is 
applicable. 2 



 [ 5 ] MTE–14 

D–3275/MTE–14  P. T. O. 

(b) In a public telephone booth the arrivals are 
on an average 15 per hour. A call on an 
average takes 3 minutes. If there is just 
one phone, find : 4 

(i) The expected number of callers in the 
booth at any time. 

(ii) The proportion of time the booth is 
expected to be idle. 

(c) A drug is induced in a patient’s blood 
stream 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 blood stream is 0x , find the 

concentration of the drug at any time t. 4   

6. (a) Formulate the initial boundary value 
problem for the temperature T in a 
cylindrical rod with insulated sides and 
with flat ends at 0x =  and Lx = . The end 
at 0x =  is kept at 60°C. The end at Lx =  
is insulated. At time t = 0 the temperature 
distribution throughout the rod is 
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( ) ,0 Lf x x< < . Assume no internal heat 

generation. Also, find the steady-state 
solution of the problem formulated. 6 

(b) The average number of new cases of a 
disease is proportional to :  

(i) (number of susceptibles)2 

(ii) number of infectives 

Set up the model equation for the average 

number of new cases in an initial 
population of n individuals. Also, solve the 
resulting equation.   4 

7. (a) Let the return on the securities of two 
companies X and Y be as given below : 

Event (j) 
Chance  

( 1 2P P )=j j  
Return 

R1j R2j 

1 0.3 15 12 

2 0.25 12 8 

3 0.2 9 6 

4 0.25 10 9 

Find the expected return of the portfolio  
P = (0.7, 0.3) and Q = (0.4, 0.6). What 



 [ 7 ] MTE–14 

D–3275/MTE–14  P. T. O. 

inference can you draw by comparing the 
returns of the portfolios P and Q ?  5 

(b) A projectile is fired with a constant speed v 

at two different angles of projections  
α  and β  such that it gives the same range. 

Show that : 3 

cosec secα= β  

(c) Find the terminal velocity and time taken 

by a raindrop of radius 0.8 cm to reach the 
ground if it starts it descent in a cloud 
35000 m high. 2 

 

 

 

 

 

 

 

 

 



 [ 8 ] MTE–14 

D–3275/MTE–14   

      MTE–14 

Lukrd mikf/ dk;ZØe (ch- Mh- ih-) 

l=kkar ijh{kk 

fnlEcj] 2024 
(,sfPNd IkkB~;Øe % xf.kr) 

,e-Vh-bZ--14 % xf.krh; fun'kZu 

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

Hkkfjrk % 70% 

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

 (ii) dSYdqysVj dk iz;ksx djus dh vuqefr ugha  

gSA  

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA 

1- (d)  ,d fxVkj ds rkj dks rksM+us dh izfØ;k ds 

ifj.kkeLo:i daiu dh vko`fÙk ;ax (izfr bdkbZ 

cy ds leku vk;ke) ds xq.kkad rFkk rkj dh 

yEckbZ vkSj ?kUkRo ds ,d iQyu ds :i esa 

izkIr gksrh gSA rkj ds daiu dh vko`fÙk dk 
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O;atd fuxfer djus ds fy, foeh; fo'ys"k.k 

dk iz;ksx dhft,A 5 

([k)  nks f[kykfM+;ksa A vkSj B ds lkFk flDdksa ds 

feyku ds ,d [ksy esa eku yhft, fd nks gsM 

gksus ij A ewY; dh ,d bdkbZ thrrk gS] nks 

Vsy gksus ij dqN Hkh ugha thrrk gS vkSj ,d 

gsM vkSj ,d Vsy gksus ij ewY; dh vk/h 

bdkbZ [kks nsrk gSA Hkqxrku vkO;wg] izR;sd 

f[kykM+h ds fy, loksZÙke j.kuhfr;ksa vkSj [ksy 

ds ewY; dk fu/kZj.k dhft,A 5 

2- (d)  eku yhft, fd pUnzek 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 rF;ksa dk mi;ksx djrs gq,] 

i`Foh ds dsUnz ls rqY;dkyh mixzg dh Å¡pkbZ 

fuxfer dhft,A 4 
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([k)  ,d tyk'k; esa eNfy;ksa dh la[;k (lef"V) 

eNyh idM+us vkSj tyk'k; esa eNfy;ksa ds 

iqu%LFkkiu ls izHkkfor gksrh gSA vkuqikfrd tUe 

nj 0-45 izfr o"kZ ij vpj gS vkSj vkuqikfrd 

e`R;q nj 0-65 izfr o"kZ ij vpj gSA tyk'k; 

dks 3]000 eNfy;k¡ izfr o"kZ dh vpj nj ij 

iqu%LFkkfir fd;k tkrk gS vkSj eNqvkjksa dks 

2]500 eNfy;k¡ izfr o"kZ idM+us dh vuqefr nh 

tkrh gSA bu /kj.kkvksa ds vk/kj ij eNyh 

lef"V ds fy, funsZ'k O;qRiUu dhft, vkSj mls 

gy dhft,A tc izkjfEHkd lef"V 2000 vkSj 

8000 gks] rks eNyh lef"V ds nks ekeyksa esa 

nh?kZdkfyd O;ogkj dk o.kZu dhft,A 6 

3- (d)  fn[kkb, fd foLFkkiu m  vkSj n  vkSj osx  

1V  vkSj 2V  ds lkFk fcUnqvksa P  vkSj Q  ls 

xqtjus okys SHM dks fØ;kfUor djus okys 

d.k dk vk;ke ' A' Øe'k% laca/ }kjk fn;k 

x;k gS % 6 

       ( ) ( )2 2 2 2 2 2 2
1 2 1 2A V V V Vn m− = −  
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([k) ,d m|eh ds fy, vYidkyhu ykxr iQyu 
3 27 16 90− + +q q q  gSA og ewY; Kkr dhft, 

ftl ij m|eh ,d vkn'kZ cktkj esa mRiknu can 

dj nsrk gSA vkiwfrZ iQyu Hkh O;qRiUu dhft,A 4   

4- (d) cM+s 'kgjksa esa okguksa ds vkokxeu esa o`f¼ ls 

cgqr vf/d ok;q iznw"k.k gqvk gS vkSj lk¡l dh 

chekfj;ksa tSls vLFkek] czksadkbfVl vkfn dh 

?kVukvksa esa o`f¼ gqbZ gSA 'olu jksxksa ds ekeyksa esa 

o`f¼ dh nj ds fy, ,d xf.krh; fun'kZu cukus 

ds fy,] vko';d vkSj xSj&vko';d ftUgsa 

vkidks è;ku esa j[kuk gksxk] pkj vko';d vkSj 

nk s xSj&vko';d ds uke nhft,A 3 

([k) ,d f'kdkj vkSj ijHk{kh lef"V fun'kZ dks 

fu:fir djus okyk vody lehdj.k fudk; 

fuEufyf[kr gS % 7 

                    
2 ,= −

dx x y
dt   

= +
dy x y
dt

 

(i) mi;qZDRk lehdj.k fud; ds lHkh okLrfod 

Økafrd fcUnq izkIr dhft,A 



 [ 12 ] MTE–14 

D–3275/MTE–14   

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

izkIr dhft,A 

5- (d) /efu;ksa esa jDr izokg ds fy, ,d ljy 

xf.krh; fun'kZu rS;kj djus ds fy, fdUgha nks 

ekU;rkvksa dks crkb, ftuds fy, ikWbtys dk 

fu;e ykxw gksrk gSA 2 

([k) ,d lkoZtfud VsyhiQksu cwFk esa vkxeu vkSlru 

15 izfr ?kaVk gSA ,d dkWy esa vkSlru 3 feuV 

yxrs gSaA vxj fliQZ ,d iQksu gS] rks [kksft, % 4 

(i) fdlh Hkh le; cwFk esa dkWy djus okyksa dh 

visf{kr la[;kA 

(ii) cwFk ds fuf"Ø; jgus dh laHkkouk ds le; 

dk vuqikrA 

(x) dksbZ nokbZ ,d jksxh dh j‰ /kjk esa r xzke@ls- 

dh vpj nj ls izsfjr dh tk jgh gSA blds lkFk 
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gh] ;g nokbZ fdlh Hkh le; t  ij mifLFkr 

nokbZ dh ek=kk ( )x t  ds lekuqikrh nj ls 

fudkyh tk jgh gSA ek=kk ( )x t  fu;af=kr djus 

okyh vody lehdj.k fu/kZfjr dhft,A ;fn 

jDr /kjk esa nokbZ dh izkjafHkd lkanzrk 0x  gS] rks 

bl nokbZ dh le; t  ij lkanzrk Kkr dhft,A 4 

6- (d) rkieku T  ds fy, izkjfEHkd lhekar eku leL;k 

dks ,d csyukdkj jkWM esa i`Fkd~ i{kksa ds lkFk 

vkSj 0x =  vkSj Lx =  ij lery fljksa ds lkFk 

rS;kj dhft,A 0,60 Cx = °  ij j[kk x;k gSA 

Lx =  vNwrk gSA le; 0t =  ij iwjh jkWM esa 

rkieku forj.k ( ) ,0 Lf x x< <  gSA eku yhft, 

fd dksbZ vkarfjd rki mRiknu ugha gSA lkFk gh] 

rS;kj dh xbZ leL;k dk fLFkj&voLFkk lek/ku 

Hkh Kkr dhft,A 6 
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([k) fdlh chekjh ds u, ekeyksa dh vkSlr la[;k 

vuqikfrd gS % 

(i) (lqxzká O;fDr;ksa dh la[;k)2 

(ii) laØferksa dh la[;k 

n  O;f‰;ksa dh izkjafHkd tula[;k esa u, ekeyksa 

dh vkSlr la[;k ds fy, ekWMy lehdj.k  

dh [kkst dhft,A ifj.kkeh lehdj.k dks Hkh gy 

dhft,A  4 

7- (d) nks dEifu;ksa X vkSj Y dh izfrHkwfr;ksa dk 

izfriQy uhps fn;k x;k gS % 

?kVuk ( )j   
la;ksx 

1 2P P=j j   
izfriQy 

R1j R2j 

1 0.3 15 12 

2 0.25 12 8 

3 0.2 9 6 

4 0.25 10 9 

fuos'k lwph ( )P 0.7,0.3=  vkSj ( )Q 0.4,0.6=  

ds izR;kf'kr izfriQy Kkr dhft,A fuos'k lwph 
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P  vkSj Q  ds izfriQy dh rqyuk djds vki 

D;k fu"d"kZ fudky ldrs gSa \ 5 

([k) ,d iz{ksI; dks ,d fLFkj xfr v ds lkFk 

iz{ksi.kksa ds nks vyx&vyx dks.kksa α vkSj β  ij 

r; fd;k tkrk gS] tSls fd ;g ,d gh lhek 

nsrk gSA fn[kkb, fd % 3 

 cosec secα = β  
(x) f=kT;k 0.8 cm okyh ,d o"kkZ dh cw¡n  dk 

vafre osx rFkk mlds Hkwfe rd igq¡pus esa yxus 

okyk le; Kkr dhft,] ;fn og 35000 m Å¡ps 

,d ckny ls uhps fxjuk izkjEHk djrh gSA 2 

 

 

 

 

 

 

 

× × × × × × × 


