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MTE-14 : MATHEMATICAL MODELLING 

Time : 2 Hours     Maximum Marks : 50 

      Weightage : 70% 

Note : (i) Attempt any five questions. 

 (ii) All questions carry equal marks. 

 (iii)  Use of calculators is not allowed.  

1. (a) Use dimensional analysis to derive an 

expression for the frequency of vibration of 
a guitar string, knowing that the process of 
plunking of a guitar string results in the 

frequency of vibration (of dimension 1
T

) is 

a function of Young’s modulus, the length 
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and density of the string. (Dimension of 
Young’s modulus is same as force per unit 
area.)  4 

(b) 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 drug in 

the bloodstream is 0,x  find the 

concentration of the drug at any time t. 4 

(c) Write the difference between the geocentric 

model and the heliocentric model used to 
study the solar system.  2 

2. (a) Consider a deer population x (t) at any 

time t (> 0). If (ax) is the rate at which 

birth occurs and 2( )bx  is the death rate 

(both a and b are constants), then 

formulate the model of deer population, 
given that initial population is 120 deer 
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and there are 8 births and 6 deaths per 
month occurring at t = 0. How many 

months does it take for x (t) to reach 95% of 

the limiting population ?a
b

 
 
 

  4 

(b) The population x (t) and y (t) satisfy the 
model given by the equations :  

214 2dx x x xy
dt

= − −   

= − −216 2dy y y xy
dt

  

Determine all the critical points of the 
system and discuss the type and stability 
of any two of these critical points. Which 
critical point represents the possibility of 
coexistence of the two populations ? 6 

3. (a) In a car garage, cars arrive at a rate of 
36 cars per day. Assuming that inter-
arrival time follows an exponential 
distribution and the service time 
distribution is also exponential, with an 
average of 20 minutes, calculate : 4 

(i) Average number of cars in the queue 
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(ii) The probability that the queue size is 
greater than or equal to 6. 

(b) The differential equations  : 

= − β + λ
S SI Sd

dt
 

and         = β
I SI – YId

dt
 

model a disease spread by contact, where S 
is the number of susceptibles, I is the 

number of infectives, λ is the birth rate of 

susceptibles, β is the contact rate and Y is 
the removal rate. 6 

(i) Identify which term on right hand side 

of each differential equation arises 
from birth of susceptibles. 

(ii) Discuss the model given by above two 
differential equations.  

4. (a) Sulphur dioxide is emitted at a rate of 
260 gm/sec from a stack with an effective 
height of 80 m. The wind velocity at the 
stack is 6 m/sec and the atmospheric 
stability class is D for the overcast day. 
Determine the ground level concentration 
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along the centre line at a distance of 900 m 
from the stack in micro-grams per cubic 
metre. (You may use yσ  = 69 m and 

zσ = 29.5 m as the standard deviation in 
vertical direction and cross wind direction, 
respectively). 4 

(b) The sale in a mall since 2011 is given 
below :  6 

Year 
Sale 

(in ` lakh) 

2011 8 

2012 10 

2013 7 

2014 11 

2015 12 

2016 9 

What is least square trend line equation 
using 2011 as the zero year ?  

5. (a) A particle of mass m is thrown vertically 

upwards with velocity 0.v  The air 

resistance is mg 2,cv  where c is a constant 
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and v is velocity at any time t. Show that 
the time taken by the particle to reach the 
highest point is given by : 5 

 =0 tan ( )v c gt c   

(b) Suppose the quarterly sales for a 

particular make of car in a city were 2682, 
2462 and 3012, respectively. From the past 
data prior to these three data points, a 

straight line was 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 first-three 

observations given above to forecast sales 

for the fifth period. Given α = β = 0.2 [α, β 

are smoothing constants].  5   

6. (a) The demand function for a particular 
commodity is : 5 

 −= ≤ ≤/315 , 0 8xy e x   

where y is the price per unit and x is the 

number of units demanded. Determine the 
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price and the quantity for which the 
revenue is maximum. 

(b) The returns on the securities of two 
companies X and Y be as given below : 5 

Event (j) 
Chance 

1 2j jp p=  

Return 

1R j  2R j  

1 1
4

 6 7 

2 1
2

 13 8 

3 1
4

 18 11 

Find the expected return on 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 ? 

7. (a) Find the greatest distance that a stone can 

be thrown inside a horizontal tunnel, 10 m 

high,  with a velocity of projection 

80 m/sec. 3 
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(b) Consider the motion of a simple pendulum. 
Write the differential equation of the 

simple pendulum with initial conditions 

0θ = θ  at t = 0 and 0d
dt
θ
=  at t = 0 for both 

linear and non-linear models. Give the 
expressions for the time period for both the 
cases.  4 

(c) The pay-ff matrix of two players A and B, 
each with three different strategies is : 3 

 Player B 

− − 
 − 
 − 

5 7 17
Player A 4 6 15

9 10 13
 

Find the saddle point and value of the 
game.   
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      MTE-14 

Lukrd mikf/ dk;ZØe (ch- Mh- ih-) 

l=kkar ijh{kk 

fnlEcj] 2020 
,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) lHkh iz'uksa ds vad leku gSaA 

 (iii) dSydqysVjksa dk iz;ksx djus dh vuqefr ugha 

gSA  

1- (d)  foeh; fo'ys"k.k }kjk fxVkj dh rkj ds daiu 

dh vko`fÙk ds fy, O;atd O;qRiUu dhft,A 

;fn fxVkj ds rkjkas dks >ad`r djus dh izfØ;k 

ls izkIr daiu dh vko`fÙk (foek 1
T

= ) ;ax ds 

ekikad] rkj dh yEckbZ vkSj ?kuRo dk ,d 

iQyu gS (foek cy izfr bdkbZ {ks=k ds cjkcj 

gS)A  4 
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([k)  dksbZ nokbZ ,d jksxh dh jDr/kjk esa 

r xzk-@lsdS.M dh vpj nj ls Mkyh tk jgh gSA 

blds lkFk gh] ;g nokbZ fdlh Hkh le; t ij 

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

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

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

jDr/kjk esa nokbZ dh izkjfEHkd lkanzrk 0x  gS] 

rks nokbZ dh fdlh Hkh le; t ij lkanzrk Kkr 

dhft,A 4 

(x)  lkSj iz.kkyh dk vè;;u djus ds fy, iz;qDr 

gksus okys Hkw&dsUnzh; fun'kZ vkSj lw;Z dsUnzh; 

fun'kZ ds chp vUrj crkb,A  2 

2- (d)  fdlh Hkh le; t (> 0) ij fgj.k tula[;k  

x (t) yhft,A ;fn tUenj ax vkSj e`R;q nj 
2bx  gks] tgk¡ a vkSj b nksuksa vpj gSa] rc fgj.k 

tula[;k dk fun'kZu dhft,A ;fn vkjafHkd 

tula[;k 120 fgj.k gS vkSj t = 0 ij izfrekg 
8 tUe vkSj 6 e`R;q gksrh gksa] rks x (t) dks 

lhekar tula[;k a
b

 
 
 

 ds 95% rd igq¡pus essa 

fdrus ekg yxsaxs\ 4 
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([k)  lef"V x (t) vkSj y (t) fuEufyf[kr lehdj.kksa 

}kjk fn, x, fun'kZ dks larq"V djrs gSa % 6 

214 2dx x x xy
dt

= − −   

= − −216 2dy y y xy
dt

  

 fudk; ds lHkh Økafrd fcUnqvksa dks fu/kZfjr 

dhft, vkSj fdUgha n k s Økafrd fcUnqvksa ds 

izdkj vkSj LFkkf;Ro ij ppkZ dhft,A dkSu&lk 

Økafrd fcUnq nksuksa tula[;kvksa ds lg&vfLrRo 

dh laHkkouk dks fu:fir djrk gS\ 

3- (d)  ,d dkj xSjkt esa 36 dkj izfrfnu dh nj ls 

dkjsa vkrh gSaA ;g ekudj fd varj&vkxeu 

le; ,d pj?kkrkadh caVu dk vuqikyu djrk 

gS vkSj lsok&dky caVu Hkh 20 feuV dh 

vkSlr okyk pj?kkrkadh gS] rks fuEufyf[kr dks 

ifjdfyr dhft, % 4 

 (i) iafDr esa yxh dkjksa dh vkSlr la[;kA 

 (ii) iafDr dk lkbt 6 ls vf/d ;k 6 ds 

cjkcj gksus dh izkf;drkA  
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([k)  vody lehdj.k % 

= − β + λ
S SI Sd

dt
 

 vkSj    = β
S SI – YId

dt
 

 laidZ ls iQSyus okys jksx dk fun'kZ gS] tgk¡ S 

lqxzkfg;ksa dh la[;k] I laØked O;fDr;ksa dh 

la[;k vkSj λ lqxzkfg;ksa dh tUe nj gSA β laidZ 

nj vkSj Y fu"dklu nj gSA  6 

 (i) irk yxkb, fd izR;sd vody lehdj.k 

ds nk,¡ i{k esa dkSu&lk in lqxzkfg;ksa ds 

tUe ls izkIr gksrk gS\ 

 (ii) mi;qZDr nks vody lehdj.kksa }kjk izkIr 

gksus okys fun'kZ dh ppkZ dhft,A  

4- (d)  80 eh- dh ,d izHkkoh Å¡pkbZ okys ,d LVSd 

ls 260 gm/s dh nj ls lYiQj MkbZvkWDlkbM 

mRlftZr gks jgh gSA LVSd ij iou osx 6 m/s 

gS vkSj cnyh Nk, gq, fnu esa ok;qeaMyh; 

LFkkf;Ro oxZ D gSA ekbØksxzke izfr ?ku ehVj eas 
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LVSd ls 900 m dh nwjh ij dsUnz js[kk ds 

vuqfn'k Hkwfe rFkk ry lkanz.k Kkr dhft,A   

 (vki fuEufyf[kr ekuksa dk iz;ksx dj ldrs gSa % 

69 myσ =  vkSj 29.5 mzσ =  Øe'k% 

ÅèokZ/j fn'kk vkSj vuqizLFk iou fn'kk esa 

ekud fopyu gSaA) 4 

([k)  ,d ekWy esa 2011 ls gksus okyh fcØh uhps nh 

xbZ gS % 6 

o"kZ fcØh (` yk[kksa esa) 

2011 8 

2012 10 

2013 7 

2014 11 

2015 12 

2016 9 

 2011 dks 'kwU; o"kZ ekuus ij U;wure oxZ 

miufr lehdj.k D;k gksxk\ 

5- (d)  nzO;eku m dk ,d d.k osx 0v  ds lkFk 

ÅèokZ/jr% Åij dh vksj iQsadk x;kA ok;q 

izfrjks/ 2mgcv  gS] tgk¡ c pj gS vkSj v fdlh 
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Hkh le; t ij osx gSA fn[kkb, fd d.k ds 

lcls Å¡ps fcUnq ij igq¡pus esa yxus okyk le; 

=0 tan ( )v c gt c  }kjk izkIr gSA 5   

([k)  eku yhft, ,d 'kgj esa ,d fof'k"V dkj ds 

ekWMy dh frekgh fcfØ;k¡ Øe'k% 2682] 2462 

vkSj 3012 FkhaA fiNys vk¡dM+ksa (rhu vk¡dM+k 

fcUnqvksa ls igys)] ls ,d ljy js[kk vklaftr 

dh xbZ gSA vafre izsf{kr le; dh laxr js[kk 

ij eku 2988 vkSj izo.krk 80 gSA Åij fn, 

x, izFke rhu izs{k.kksa ij vk/kfjr pj?kkrkadh; 

el`.khdj.k ls ik¡poha vof/ dh fcØh dk 

iwokZuqeku yxkb, tgk¡ 0.2α = β =  ( ,α β  

el`.khdj.k vpj gSaA) 5 

6- (d)  eku yhft, fd ,d fof'k"V oLrq dk ek¡x 

iQyu % 5 
−= ≤ ≤/315 , 0 8xy e x   

 gS] tgk¡ y izfr bdkbZ dher vkSj x bdkb;ksa dh 

ek¡x la[;k gSA oLrq dh dher vkSj ek=kk Kkr 

dhft, fd ftlls jktLo vf/dre gksA 
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([k)  nks dEifu;ksa X vkSj Y dh izfrHkwfr;ksa dk 

izfriQyu uhps fn;k x;k gS % 5 

?kVuk 
(j) 

la;ksx

1 2j jp p=  

izfriQy 

1R j  2R j  

1 1
4

 6 7 

2 1
2

 13 8 

3 1
4

 18 11 

 fuos'k lwfp;kas P = (0.7, 0.3) vkSj Q = (0.4, 

0.6) dk izR;kf'kr izfriQy Kkr dhft,A fuos'k 

lwfp;ksa P vkSj Q ds izfriQyksa dh rqyuk ij 

vki fdl fu"d"kZ ij igq¡ps\ 

7- (d)  og vf/dre nwjh Kkr dhft,] tgk¡ rd ,d 

{kSfrt lqjax ds vanj ,d iRFkj dks 80 m/sec 

iz{ksI; osx ds lkFk 10 ehVj Å¡pkbZ rd iQsadk 

tk ldrk gSA 3 
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([k)  ,d ljy yksyd dh xfr yhft,A jSf[kd vkSj 

vjSf[kd nksuksa fun'kks± ds fy, izkjfEHkd izfrca/ksa 

t = 0 ij 0θ = θ  vkSj t = 0 ;k 0d
dt
θ
=  ds 

v/hu ljy yksyd dk vody lehdj.k 

fyf[k,A nksuksa gh fLFkfr;ksa eas vkorZ dky dk 

O;atd nhft,A  4 

(x)  nks vyx&vyx ;qfDr;ksa okys nks f[kykfM+;ksa 

A vkSj B dh Hkqxrku vkO;wg fuEufyf[kr gS % 3 

         f[kykM+h B 

− − 
 − 
 − 

5 7 17
A 4 6 15

9 10 13
 f[kykM+h  

 [ksy dk iyk;u fcUnq vkSj eku Kkr dhft,A  
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