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MTE-14 : MATHEMATICAL MODELLING 

Time : 2 Hours  Maximum Marks : 50 
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Note : Attempt any five questions. All questions 

carry equal marks. Use of calculators is 

not allowed. Symbols have their usual 

meanings. 

1. (a) Suppose that a string of length l is 

connected to a 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. 4 
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 (b) A particle is moving with S.H.M. in a 

straight line. When the distance of 

particle from the equilibrium position 

has the values 1x  and 2x , the 

corresponding values of the velocity are 

1v  and 2v . Show that the time period is  
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
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
. Also find the amplitude 

and maximum velocity of the particle. 6 

2. (a) A particle is projected vertically 

upwards with the velocity u m/sec. After 

t seconds, another particle is projected 

upwards from the same point and with 

the same velocity. Prove that the 

particle will meet at a height 
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
metres after a time 
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 

seconds from the start. 5 
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 (b) Consider arterial blood viscosity  

 = 0.02 poise. If the length of the 

artery is 2·5 cm, radius is 8 × 10–3 cm 

and P = P1 – P2 = 4 × 103 dynes/cm2, 

then find,  5 

  (i) maximum peak velocity of blood, 

and 

  (ii) the shear stress at the wall.

3. (a) Consider the motion of a simple 

pendulum. Write the differential 

equation describing the motion of the 

simple pendulum with initial conditions 

 = 0 at t = 0 and 
d

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 

cases, derive the time period. Suppose 

the length of the pendulum is doubled, 

then find the time period of the 

pendulum in both the cases. 6 
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 (b) Bacteria cells grow at a rate 

proportional to the volume of dividing 

cells at that moment. If V0 is the 

volume of dividing cells at the initial 

time 0t , then find the volume of 

dividing cells at any time t. Find the 

time at which the volume of the cells 

will be double its original size. 4

4. (a) For the pay-off matrix given below, 

transform the matrix game into 

corresponding linear programming 

problems for player A and player B : 4 

          

                      Player B

1 2 3
1

3 7 8
2Player A

8 8 9
3

9 10 11

 
 
 
  
 

 

 

 (b) Suppose the populations x and y satisfy 

the equations : 

              

2

2

60 4 3

42 2 3

  

  

dx
x x xy

dt

dy
y y xy

dt
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  Find all 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. 6 

5. (a) Sulphur dioxide is emitted at a rate of 

260 g/s from a stack with an effective 

height of 80 m. The wind velocity at a 

stack is 6 m/s and the atmospheric 

stability class D for the overcast day. 

Determine the ground level 

concentration along the centre line at a  

distance 900 m from a stack, in 

micrograms per cubic meter. 

  y  = 69 m and z  = 29·5 m are the 

standard deviations in the vertical 

direction and cross wind direction, 

respectively. 5 

 (b) Suppose the quarterly sales for a 

particular shop were 2682, 2462 and 

3012, respectively. From past data prior 
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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 fifth period using 

 =  = 0·2. 5

6. (a) The return distribution of securities  

1 and 2 is as follows : 6 

Event (j) Chace 

(r1j = r2j) 
Return 

  R1j R2j 

1 0·33 19 18 

2 0·25 17 16 

3 0·17 11 11 

4 0·25 10 9 

  Find which security is more risky in the 

Markowitz’s sense.  
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 (b) Characterise the following as 

deterministic or stochastic, giving 

reasons for your answers : 4 

  (i) Functioning of a joint. 

  (ii) Output product in a chemical 

reaction. 

  (iii) The movement of sand dunes. 

  (iv) The effectiveness of different 

advertising policies. 

7. (a) Write the difference between the 

Geocentric model and the Heliocentric 

model used to study the solar system. 2 

 (b) Some diseases are spread largely by 

carriers, individuals who can transmit 

the disease but who exhibit no overt 

symptoms. Let x and y, respectively, 

denote the proportion of susceptible and 

carriers in the population. Suppose that 

carriers are identified and removed 

from the population at a rate 0.3 so that 

  0.3 .
dy

y
dt
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  Suppose also that the disease spreads 

at a rate proportional to the product of  

x and y, thus 0·25
dx

xy
dt
 . 

  (i) Determine the proportions of 

carriers at any time t, where  

y(0) = 3000. 2

  

  (ii) Find the susceptibles at time t, 

where initially x(0) = 100. 4 

 (c) What are the critical points and 

equilibrium solutions of a system of 

equations : 

        F( , ) and G( , ) 
dx dy

x y x y
dt dt

 2 
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 MTE–14 

Lukrd mikf/k dk;ZØe  

(ch- Mh- ih-) 

l=kar ijh{kk  

fnlEcj] 2025 

(,sfPNd ikB~;Øe % xf.kr) 

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

le; % 3 ?k.Vs   vf/kdre vad % 100  

uksV % fdUgha ik¡p iz'uksa ds mÙkj nhft,A lHkh iz'uksa ds vad 

leku gSaA dSydqysVj dk iz;ksx djus dh vuqefr ugha gSA 

izrhdksa ds lkekU; vFkZ gSaA 

1- (d) yEckbZ l ds ,d /kkxs dks ,d fljs ij fu;r fcUnq ls 

vkSj nwljs fljs ij nzO;eku m dks NM+h ls tksM+k tkrk 

gSA NM+h ,dleku osx v ij o`Ùkkdkj ?kwe jgh gSA 

/kkxs esa cy dk lehdj.k Kkr djus ds fy, foeh; 

fo'ys"k.k dk iz;ksx dhft,A 4 
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 ([k) ,d d.k ljy vkorZ xfr (SHM) ls ,d ljy js[kk 

esa xfreku gSA lkekU;koLFkk ls tc d.k dh nwjh  

x1 vkSj x2 gksrh gS] rks mldk osx Øe'k% v1 vkSj 

 v2 gksrk gSA fn[kkb, fd vkorZdky 

2 2
2 1
2 2
1 2

2
x x

v v





gSA d.k dk vk;ke vkSj vf/kdre 

osx Hkh Kkr dhft,A 6 

2- (d) ,d d.k dks Å/okZ/kjr% osx u m/sec ds lkFk Åij 

dh vksj iz{ksfir fd;k tkrk gS\ t lsd.M ds ckn] 

mlh osx ds lkFk vkSj mlh fcUnq ls nwljk d.k Åij 

dh vksj iz{ksfir fd;k tkrk gSA fl¼ dhft, fd 

nksuksa d.k Qsads tkus ds 

2

t u

g

 
 

 
 lsd.M ds ckn 

2 2 24

8

u g t

g


ehVj Å¡pkbZ ij feysaxsA 5 

 ([k) jDr&/keuh dh ';kurk  = 0.02 ikW;t yhft,A 

;fn /keuh dh yEckbZ 2·5 lseh] f=T;k 8 × 10
– 3

 

lseh vkSj P = P1 – P2 = 4 × 10
3
 dynes/cm

2
 gks] 

rks fuEufyf[kr Kkr dhft, % 5 

  (i) jDr dk vf/kdre f'k[kj osx] vkSj 

  (ii) fHkfÙk ij vi:i.k izfrcyA 
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3- (d) ,d ljy yksyd dh xfr yhft,A jSf[kd vkSj 

vjSf[kd fun'kZ nksuksa ds fy, izkjfEHkd izfrcU/kksa      

t = 0 ij  vkSj t = 0 ij 0
d

dt


   ds v/khu 

ljy yksyd dh xfr dk o.kZu djrs gq, vody 

lehdj.k Kkr dhft,A nksuksa fLFkfr;ksa dh 

le;kof/k;ksa ds fy, O;atd nhft,A jSf[kd fLFkfr 

esa] le;kof/k O;qRiUu dhft,A eku yhft,] yksyd 

dh yEckbZ nksxquh dj nh tk,] rks nksuksa fLFkfr;ksa esa 

yksyd dh le;kof/k Kkr dhft,A 6 

 ([k) thok.kq dksf'kdk,¡ ml {k.k esa foHkktudkjh 

dksf'kdkvksa ds vk;ru dh vkuqikfrd nj ls o`f¼ 

djrh gSaA ;fn V0 vkjfEHkd dky esa foHkktudkjh 

dksf'kdkvksa dk vk;ru gS] rks fdlh le; t ij 

foHkktudkjh dksf'kdkvksa ds vk;ru dk irk 

dhft,A ml le; dk irk dhft, ftl ij 

dksf'kdkvksa dk vk;ru vius ewy lkbt dk nksxquk 

gks tk,xkA 4 
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4- (d) uhps fn, x, Hkqxrku vkO;wg ds fy, vkO;wg [ksy 

dks f[kykM+h A vkSj f[kykM+h B dh laxr jSf[kd 

izksxzkeu leL;kvksa esa :ikarfjr dhft, % 4 

     

                   B 

1 2 3
1

3 7 8
A 2

8 8 9
3

9 10 11

   

   

 
 
 
  
 

 

f[kykM+h

f[kykM+ h
 

 ([k) eku yhft, lef"V x vkSj y fuEufyf[kr lehdj.kksa 

dks larq"V djrh gSa % 6 

             

2

2

60 4 3

42 2 3

  

  

dx
x x xy

dt

dy
y y xy

dt

 

  fudk; ds lHkh Økafrd fcUnq Kkr dhft,A  

dkSu&lk Økafrd fcUnq bu nksuksa Lih'kht ds 

lg&vfLrRo dh lEHkkouk dks fu:fir djrk gS \ 

ml Økafrd fcUnq ds izdkj vkSj LFkkf;Ro ij ppkZ 

dhft,A   
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5- (d) 80 eh- dh izHkkoh Å¡pkbZ okys ,d LVSd ls 260 g/s 

dh nj ls lYQj MkbvkWDlkbM mRlftZr gks jgh gSA 

LVSd ij iou osx 6 m/s gS vkSj ckny Nk, gq, gSaA 

fnu esa ok;qe.Myh; LFkkf;Ro oxZ  D gSA ekbØksxzke 

izfr ?ku ehVj esa LVSd ls 900 eh dh nwjh ij dsUnz 

js[kk ds vuqfn'k Hkwfe ry lkanz.k fu/kkZfjr dhft,A 

  ladsr % (y = 69 m vkSj z = 29·5 m Øe'k% 

Å/okZ/kj fn'kk vkSj vuqizLFk iou fn'kk esa ekud 

fopyu gSaA) 5 

 ([k) eku yhft, fnYyh esa ,d dkj dh frekgh fcØh 

Øe'k% 2682, 2462 vkSj 3012 FkhA fiNys vk¡dM+ksa 

(bu rhu vk¡dM+k fcUnqvksa ls igys) ls ,d ljy 

js[kk vklaftr dh xbZ FkhA js[kk ij vafre izsf{kr 

le; dk laxr eku 2988 gS vkSj izo.krk 80 gSA  

 =  = 0·2 ekudj bu izs{k.kksa dh frekgh vof/k 

dh fcfØ;ksa dk iwokZuqweku yxkus ds fy, Åij fn, 

x, rhu izs{k.kksa ij vk/kkfjr pj?kkrkadh el`.khdj.k 

dk iz;ksx dhft,A 5 
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6- (d) izfrHkwfr;ksa 1 vkSj 2 dk izfrQyu caVu bl izdkj   

gS %   6 

?kVuk (i) la;ksx  

(r1j = r2j) 

izfrQy 

  R1j R2j 

1 0·33 19 18 

2 0·25 17 16 

3 0·17 11 11 

4 0·25 10 9 

  Kkr dhft, ekdksZfop ds vuqlkj dkSu&lh izfrHkwfr 

vf/kd tksf[keiw.kZ gSA  

 ([k) vius mÙkj dk dkj.k nsrs gq, fuEufyf[kr dks 

fu/kkZj.kkRed vFkok izlaHkkO; ds :i esa 

vfHky{kf.kr dhft, % 4 

  (i) 'kjhj esa tksM+ dk dk;Z 

  (ii) jklk;fud izfrfØ;k esa mRikn 

  (iii) jsr ds Vhyksa dh xfr 

  (iv) fofHkUu foKkiu uhfr;ksa dh izHkko'khyrk 
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7- (d) HkwdsUnZh vkSj lw;ZdsUnzh fun'kZ ds chp vUrj fyf[k, 

ftudk mi;ksx lkSj&ra= ds v/;;u ds fy, fd;k 

tkrk gSA  2 

 ([k) dqN jksx O;kid :i ls okgdksa ds }kjk lapkfjr gksrs 

gSa] tks ,sls O;fDr gSa tks jksx dks lapkfjr dj ldrs 

gSa] ysfdu oss dksbZ y{k.k iznf'kZr ugha djrs gSaA eku 

yhft, x vkSj y Øe'k% tula[;k esa laosnu'khy tuksa 

vkSj okgdksa ds vuqikr dks iznf'kZr djrs gSaA eku 

yhft, fd okgdksa dh igpku djds mudks tula[;k 

esa ls 0.3 dh nj ls fudky fn;k x;k rks 

0.3
dy

y
dt
 A  

  ;g Hkh eku yhft, fd jksx dk izlkj x vkSj y ds 

xq.kuQy ds lekuqikrh gS] vr% 

                   0·25
dx

xy
dt
  
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  (i) okgdksa ds vuqikr dk fdlh le; t ij 

fu/kkZj.k dhft,A 2 

    tgk¡ y (0) = 3000 

  (ii) laosnu'khyksa dk le; t ij irk dhft,A 4 

    tgk¡ vkjEHk esa x (0) = 100 

 (x) fuEu lehdj.kksa ds fudk; ds Økafrd fcUnq vkSj 

lkE;koLFkk gy D;k gksaxs % 2 

          F( , ) G( , )
dx dy

x y x y
dt dt
 vkjS
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