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 MTE-14  

BACHELOR’S DEGREE PROGRAMME 

(BDP) 

Term-End Examination 

June, 2021 

ELECTIVE COURSE : MATHEMATICS 

          MTE-14 : MATHEMATICAL MODELLING  

Time : 2 hours Maximum Marks : 50 

  (Weightage : 70%) 

Note :  Answer any five questions. All questions carry 

equal marks. Use of calculators is not allowed. 

Symbols have their usual meanings.   

1. (a) Deduce the one-dimensional diffusion equation 

corresponding to the situation when the wind 

velocity is zero and the diffusion is only in the 

x-direction. Verify that the air concentration,   

 C(x, t) = 
2/1
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  satisfies the one-dimensional diffusion equation, 

where D is the diffusion coefficient and m is the 

total amount of the diffusing solute. Also,  

find  dt)t,x(C ,   and interpret the result.   

 [You may use the result 




2

2y

e dy = 2 .] 6 

No. of Printed Pages : 12 

 – 

  

  

  



MTE-14 2 

(b) Classify the following models as 

deterministic or probabilistic, giving reasons 

for your answers :  4 

(i) Spreading of a disease in successive 

generations; 

(ii) Describing the dynamics of a human 

knee joint; 

(iii) Designing a ship or an aeroplane with 

minimum drag; 

(iv) Predicting the success of a film at the 

box office.  

2. (a) Suppose the populations x and y satisfy the 

following equations :  

 
dt

dx
 = 60x – 4x2 – 3xy, 

 
dt

dy
 = 42y – 2y2 – 3xy. 

 Find all the critical points of the system. 

Which of these critical points represent the 

possibility of co-existence of two species, and 

why ? Determine the type and stability of 

these critical points.  6 

(b) When an aeroplane ascends from take-off to 

an altitude of 10 km, by how much does the 

gravitational attraction acting on it  

decrease ? Give reasons for your answer. 

[You may take the radius of the Earth to be 

6400 km.] 4 



MTE-14  3   P.T.O. 

3. (a) The air pollution in many urban areas in our 

country is causing serious health problems 

like asthma, bronchitis, etc. If a statistical 

model is to be made correlating the level of 

pollution and the incidence of the disease, 

write any four essentials and two  

non-essentials concerned.  3 

(b) A particle moves on a plane with constant 

linear velocity a, and its angular velocity 

about the pole is ,
a

r
 where  is the angular 

velocity when the particle moves in a circle 

of radius a. Show that its linear acceleration 

is  32r.   7 

4. (a) The annual sales of a company from 2010 to 

2014 are as follows :   

Year  Sales (< in Lakhs) 

2010 900 

2011 1120 

2012 1560 

2013 920 

2014 1500 

(i) Using the method of least squares, find 

the trend values equation using 2009 

as the origin.  

(ii) Estimate the annual sales for the year 

2015.     6 
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(b) The dynamics of a tumour growth is given by 

the equation 

 V(t) = V0 exp 












))t(exp1( ,  

 where  and  are positive constants, V0 is 

the volume of the dividing cells at the initial 

time t0, and V(t) is the volume of the 

dividing cells at time t.   

(i) Show that the tumour grows more and 

more slowly with the passage of time, 

and it ultimately approaches the 

limiting value V0 e/.   

(ii) Derive the equation .Ve
dt

dV t   4 

5. (a) A particle of mass m, is falling under the 

influence of gravity through a medium 

whose resistance equals  times the velocity. 

If the particle is released from rest, show 

that the distance fallen through time t is  

2

2m
g


 







 


m
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(b) Write the dimensions of the following :  3 

(i) , the angular velocity; 

(ii) m2r, the angular force, where m is the 

mass and r is the radial distance;  

(iii) Young’s modulus.  
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6. (a) The modified logistic population model for a 

fish population including the effect of 

harvesting is given as follows :  

 ,EN
K

N
1rN

dt
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 where N(t) is the population of fishes at any 

time t; r, k and E are positive constants. 

Determine N(t). Also, show that for E  r, 

N(t)  K 









r

E
1 , as t  , and for E > r, 

N(t)  0 as t  .  5 

(b) The demand function for a particular 

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.  5 

7. (a) Suppose a viscous oil, whose flow is in the 

laminar regime, is to be pumped through a 

10 cm diameter horizontal pipe over a 

distance of 15 km at a rate of 10–3 m3/s. 

Viscosity of the oil is 0·03 poise. What is the 

required pressure drop to maintain such a 

flow ?  4 
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(b) Arrivals at a telephone booth are considered 

to be Poisson with an average time of  

10 minutes between one arrival and the next. 

The length of a phone call is assumed to be 

distributed exponentially with mean  

3 minutes.   

(i) What is the probability that a person 

arriving at the booth will have to wait ? 

(ii) What is the average length of the 

queue that forms from time to time ?  

(iii) The telephone department will install a 

second booth when convinced that an 

arrival would expect to have to wait at 

least three minutes for the phone. By 

how much should the flow of arrivals 

be increased in order to justify a second 

booth ?     6  
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 E_.Q>r.B©.-14  
ñZmVH$ Cnm{Y H$m`©H«$_ 

(~r.S>r.nr.) 
gÌm§V narjm 
OyZ,  2021 

EopÀN>H$ nmR²>`H«$_ : J{UV 
  E_.Q>r.B©.-14 : J{UVr` {ZXe©Z          

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

 (Hw$b H$m : 70%)  kgnH$ 
ZmoQ> : {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE & g^r àíZm| Ho$ A§H$ g_mZ  

h¢ & H¡$ëHw$boQ>a H$m à`moJ H$aZo H$s AZw_{V Zht h¡ & g§Ho$Vm| Ho$ 
AW© gm_mÝ` h¢ &  

1. (H$) O~ dm`w doJ eyÝ` hmo Am¡a {dgaU Ho$db x-{Xem _| 
hmo, Vmo g§JV pñW{V _| EH$-{d_r` {dgaU g_rH$aU 
{ZJ{_V H$s{OE & Om±M H$s{OE {H$ dm ẁ gm§ÐVm  

 C(x, t) = 
2/1
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  EH$-{d_r` {dgaU g_rH$aU H$mo g§Vwï> H$aVm h¡, Ohm± 

D {dgaU JwUm§H$ h¡ Am¡a m {dg[aV {dbo` H$s  

Hw$b _mÌm h¡ &   dt)t,x(C  ^r kmV H$s{OE Am¡a 

àmßV n[aUm_ H$s ì`m»`m H$s{OE &   

  [Amn n[aUm_ 
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gH$Vo h¢ &] 6 
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(I) AnZo CÎma H$m H$maU ~VmVo hþE {ZåZ{b{IV {ZXem] 

(à{Vê$nm|) H$mo {ZYm©aUmË_H$ AWdm àm{`H$VmË_H$ _| 

dJuH¥$V H$s{OE :  4 

(i) AmZo dmbr nr{‹T>`m| _| ~r_mar H$m \¡$bZm;  

(ii) _mZd KwQ>Zo Ho$ Omo‹S> H$s J{VH$s H$m dU©Z;  

(iii) {ZåZV_ H$f©U dmbo OhmµO AWdm {d_mZ H$s 
A{^H$ënZm H$aZm;  

(iv) ~m°Šg Am°{\$g _| {\$ë_ H$s g\$bVm H$s 
^{dî`dmUr H$aZm &  

2. (H$) _mZ br{OE g_{ï>`m± x Am¡a y {ZåZ{b{IV g_rH$aUm| 

H$mo g§Vwï> H$aVr h¢ :  

 
dt

dx
 = 60x – 4x2 – 3xy, 

 
dt

dy
 = 42y – 2y2 – 3xy. 

 {ZH$m` Ho$ g^r H«$m§{VH$ q~XþAm| H$mo kmV H$s{OE & 

BZ_| go H$m¡Z-go H«$m§{VH$ q~Xþ Xmo ñnrerµO Ho$  

gh-ApñVËd H$s g§^mdZm H$mo {Zê${nV H$aVo h¢ Am¡a 

Š`m| ? CZ H«$m§{VH$ q~XþAm| Ho$ àH$ma Am¡a ñWm{`Ëd na 

MMm© H$s{OE &  6 

(I) O~ EH$ {d_mZ àñWmZ go 10 km H$s D±$MmB© VH$ 

M‹T>Vm h¡, V~ BgHo$ JwéËdmH$f©U _| {H$VZr H$_r AmVr 

h¡ ? AnZo CÎma H$m H$maU Xr{OE & [Amn n¥Ïdr H$s 

{ÌÁ`m 6400 km bo gH$Vo h¢ &] 4 
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3. (H$) h_mao Xoe Ho$ H$B© ehar joÌm| _| dm`w àXÿfU Ho$ H$maU 

J§^ra ñdmñÏ` g_ñ`mE± O¡go {H$ X_m, ídmgZbr-emoW, 

Am{X ~‹T> ahr h¢ & `{X àXÿfU ñVa Am¡a ~r_m[a`m| Ho$ 

~rM Ho$ nañna g§~§Y Ho$ AÜ``Z Ho$ {bE gm§p»`H$s 

{ZXe© ~ZmZm h¡, Vmo BgHo$ {bE Mma A{Zdm`© Am¡a Xmo 

µJ¡a-A{Zdm`© VÏ` {b{IE &  3 

(I) AMa a¡{IH$ doJ a dmbm EH$ H$U g_Vb na 

J{V_mZ h¡ Am¡a Y«wd Ho$ à{V BgH$m H$moUr` doJ 
a

r
 

h¡, Ohm±  H$U H$m H$moUr` doJ h¡, O~ dh a {ÌÁ`m 
Ho$ d¥Îm _| J{V H$aVm h¡ & {XImBE {H$ BgH$m a¡{IH$ 
ËdaU 32r h¡ &  7 

4. (H$) 2010 go 2014 VH$ H$ånZr H$s dm{f©H$ {~H«$s Bg 

àH$ma h¡ :   

df©   {~H«$s (bmIm| < _|) 

2010 900 

2011 1120 

2012 1560 

2013 920 

2014 1500 

(i) 2009 H$mo _yb-q~Xþ _mZH$a Ý`yZV_ dJ© {d{Y 
Ûmam CnZ{V _mZ g_rH$aU kmV H$s{OE &  

(ii) df© 2015 H$s dm{f©H$ {~H«$s AmH${bV H$s{OE & 6  
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(I) Q>çy_a d¥{Õ H$s J{VH$s {ZåZ{b{IV g_rH$aU Ûmam 
àmßV h¡ :  

 V(t) = V0 exp 












))t(exp1( ,  

 Ohm±  Am¡a  YZmË_H$ AMa h¢, V0 Am{X g_` t0 na 

{d^m{OV hmoVr H$mo{eH$mAm| H$m Am`VZ h¡ Am¡a V(t) 

g_` t na {d^m{OV hmoVr H$mo{eH$mAm| H$m Am`VZ h¡ &   

(i) {XImBE {H$ g_` JwµOaZo Ho$ gmW Q>çy_a _| d¥{Õ 

Yrao hmoZo bJVr h¡ Am¡a A§VV… gr_m§V Am`VZ 

V0 e/ H$s Amoa A{^g[aV hmoVr h¡ &  

(ii) g_rH$aU Ve
dt

dV t  ì`wËnÞ H$s{OE &  4 

5. (H$) Ðì`_mZ m dmbm EH$ H$U JwéËd Ho$ AYrZ EH$ 

_mÜ`_ {OgH$m à{VamoY doJ H$m  JwUm h¡, go {Ja ahm 

h¡ & `{X H$U H$mo {dam_mdñWm go {Jam`m OmE, Vmo 

{XImBE {H$ g_` t _| V` H$s JB© Xÿar Bg àH$ma h¡ :   

 
2

2m
g


 







 


m

t
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(I) {ZåZ{b{IV H$s {d_mE± {b{IE :  3 

(i) , H$moUr` doJ; 

(ii) m2r, H$moUr` ~b, Ohm± m Ðì`_mZ h¡ Am¡a r 

{ÌÁ` Xÿar; 

(iii) `§J H$m JwUm§H$  
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6. (H$) eñ` Ho$ à^md H$mo {XImVo hþE _N>{b`m| H$s g_{ï> Ho$ 

{bE n[ad{V©V d¥{ÕKmV g_{ï> {ZXe© Bg àH$ma h¡ :   

  ,EN
K

N
1rN

dt

)t(dN









  

  Ohm± N(t) {H$gr ^r g_` t na _N>{b`m| H$s OZg§»`m 

h¡; r, k VWm E YZmË_H$ AMa h¢ & N(t) kmV  

H$s{OE & {XImBE {H$ E  r Ho$ {bE t   na  

N(t)  K 









r

E
1  Am¡a E > r Ho$ {bE t   na 

N(t)  0. 5 

 (I) _mZ br{OE {H$ EH$ {d{eï> dñVw H$m _m±J \$bZ  

y = 15 e–x/3, 0  x  8 h¡, Ohm± y à{V BH$mB© H$s_V 

Am¡a x BH$mB`m| H$s _m±J g§»`m h¡ & dñVw H$s H$s_V d 

_m±J _mÌm kmV H$s{OE {Oggo {H$ Am` A{YH$V_ hmo & 5  

7. (H$) _mZ br{OE {H$ EH$ í`mZ Vob, {OgH$m àdmh AàjwãY 

joÌ _| h¡, H$mo 10–3 m3/s H$s Xa go 15 km H$s Xÿar 

VH$ 10 cm ì`mg dmbo j¡{VO nmBn _| go nån H$aZm  

h¡ & Vob H$s í`mZVm 0·03 nm°`µO h¡ & Eogo àdmh H$mo 

~ZmE aIZo Ho$ {bE {H$VZo Xm~ nmV H$s Amdí`H$Vm  

h¡ ? 4 
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 (I) EH$ Q>obr\$moZ ~yW na AmJ_Z ßdmgm| ~§Q>Z _| h¢ Ohm± Xmo 

AmJ_Zm| Ho$ ~rM H$m _mÜ` g_` 10 {_ZQ> h¡ & {H$gr 

^r \$moZ H$m°b H$s Ad{Y 3 {_ZQ> Ho$ _mÜ` g_` dmbo 

MaKmVm§H$s` ~§Q>Z _| h¡ &   

(i) Bg ~mV H$s àm{`H$Vm Š`m h¡ {H$ ~yW na AmZo 
dmbo ì`{º$ H$mo àVrjm H$aZr n‹S>oJr ?  

(ii) g_`-g_` na ~ZZo dmbr n§{º$ H$s _mÜ` b§~mB© 
Š`m h¡ ?  

(iii) Q>obr\$moZ {d^mJ Ûmam Xÿgam ~yW V^r bJm`m 
OmEJm O~ Cgo {dídmg hmo OmEJm {H$ AmZo 
dmbo ì`{º$ H$mo \$moZ Ho$ {bE H$_-go-H$_  
3 {_ZQ> àVrjm H$aZr n‹S>Vr h¡ & Xÿgao ~yW H$mo 
C{MV R>hamZo Ho$ {bE AmJ_Z Xa H$mo {H$VZm 
~‹T>mZm Mm{hE ?  6 

 

 


