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 MTE-14  

BACHELOR’S DEGREE PROGRAMME 

(BDP) 

Term-End Examination 

December, 2022 

 

ELECTIVE COURSE : MATHEMATICS 

MTE-14 : MATHEMATICAL MODELLING 

Time : 2 hours Maximum Marks : 50 

  (Weightage : 70%) 

Note :  Attempt any five questions. All questions carry 

equal marks. Use of calculators is not allowed. 

Symbols have their usual meanings. 

1. (a) Using dimensional analysis, write the 

expressions for each of the following 

situations :   

(i) The hydrostatic pressure P of blood, 

where P is a product of blood density , 

height h of the blood column between 

the heart and some lower point in the 

body and gravity g.  

(ii) The force F opposing the fall of 

raindrops through the air, assuming 

that F is the product of viscosity , 

velocity v and the diameter r of the 

raindrop, neglecting density.  5 
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(b) A particle is projected vertically upwards 

with a velocity u m/s and after t seconds 

another particle is projected upward from 

the same point and with the same velocity. 

Prove that the particles will meet at a height 

g8

tg–u4 222

 meters after a time 




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seconds from the start. 5 

2. (a) In a perfectly competitive market  

with supply and demand functions as  

S(p) = 
3

13p– 2 
 and D(p) = – p + 5 

respectively, find the equilibrium price and 

determine whether the prices are stable 

using static criterion of Walras. 4 

(b) Suppose that the quarterly sales for houses 

in a city were  2682, 2462 and 3012 

respectively. Use exponential smoothing 

based upon the first three observations  

to forecast for the fifth period using  

 =  = 0·2, where  and  are smoothing 

constants. From the past data prior to the 

three data point, a straight line was fit. The 

value on the straight line corresponding to 

the last observed time is 2988 and slope is 

80.   6 
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3. (a) The population of birds in a park has been 

stable for some time. Prior to this situation 

the population changed from initially 

relatively high level. When the population 

was 5000, the proportionate birth rates and 

death rates were 20% and 60% respectively. 

When the population was 4000, the 

proportionate birth rates and death rates 

were 30% and 50% respectively.  

 If the shooting of birds is allowed at a rate of 

10% of population per year, show that the 

above predicts population growth  according 

to the logistic model and find the stable 

population size. 6 

(b) Find the greatest distance a stone can be 

thrown inside a horizontal  tunnel 10 m high 

with a velocity of projectile 80 m/s. 4 

4. (a) The model for the number of infectives y  

of a population affected by the spread of a 

non-fatal disease results in a differential 

equation 

 
dt

dy
 = y (N –  – y),  y(0) = y

0
, 

 where N is the total population, y
0
 the initial 

infected population,  the recovery rate and  

 the contact rate (with N, y
0
,  and  being 

constants). Solve for y and show that 

epidemic converges exponentially to the 

stable state. 4 



MTE-14 4 

(b) Let the return of three securities be given  

by : –
r1  = 20%, –

r2  = 25% and –
r3  = 15%, 

where 1 = 4, 2 = 5, 3 = 6, 12 = 13 = 15 

and 23 = – 10. Find the standard deviation 

P of the portfolio P = (0·5, 0·4, 0·3). 4 

(c) Find the escape velocity and acceleration 

due to gravity on the moon, where 

mass of moon = 7·35  10
22

 kg 

radius of moon = 1·738  10
6
 m and  

universal gravitational constant  

                                G = 6·67  10
–11

 m
3
/kg. 2 

5. (a) A particle executes SHM. If,  when at 

distances of 3 cm and 4 cm from mean 

position, its velocities are 8 cm/s and  

6 cm/s, find the time period and maximum 

acceleration.  3 

(b) In a mall, customers arrive according to the 

Poisson distribution at an average rate of  

6 customers per hour. The mall’s waiting 

room can accommodate a maximum of  

5 customers. The service time per customer 

is an exponential distribution with mean 

rate of 12 per hour. 
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Find : 

(i) Effective arrival rate of customers at 

the mall. 

(ii) Probability that an arriving customer 

has not to wait. 

(iii) The probability that an arriving 

customer will find a vacant seat in the 

waiting room. 4 

(c) Find the range of values of p and q which 

will render the entry (2, 2) a saddle point for 

the following game : 3 

 Player A 

Player B 

2 4 5 

10 7 q 

4 p 6 

6. (a) Consider a disease which is lethal to all 

those contracting it. All removals are in fact 

deaths. The disease is also sufficiently 

virulent to suppress any live births 

amongst circulating infectives. New 

susceptible births arise solely from the 

susceptible group itself. If  is per capita 

birth rate, then basic differential equations 

of the model are : 

 
dt

dx
 = x ( – y) and 

dt

dy
 = (x – ) y, 
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 where  and  are rates of infection and 

removal respectively. Examine stability of 

the steady state and show that the epidemic 

cycles consist of undamped simple harmonic 

waves of periodic time (2/  ).  5 

(b) The heat-emission rate associated with a 

stack gas is 3500 kJ/s, the wind and stack 

gas speeds are 4 and 12 m/s respectively and 

the stack (inside) diameter at the top is  

2·5 m. Estimate the plume rise by means of 

the Moses and Carson formula. 3 

(c) An investor has two possible strategies : buy 

conservative blue chip or buy highly 

speculative stocks. There are two states of 

nature : the market goes up or the market 

goes down. The following pay-off matrix 

show the net amounts we will have under 

the various circumstances : 

                              Market 
   Market   Market  
    up  down 
  Buy     < 30,000 < 25,000 
  Blue-chip 

Investor$ 
  Buy  < 40,000 < 15,000 
     speculative 

 What is the best strategy, if the probability 

of a market rise is 0·2 ?  2 
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7. (a) Find the critical point of the system  

 
dt

dx
 = y, 

dt

dy
= – x 

  and discuss its nature and stability. Also 

find the general solution of the system.  4 

(b) A satellite is orbiting the Earth in a circular 

orbit at an altitude of approximately 900 km. 

Estimate its velocity and time period, when 

the radius of Earth may be taken as  

64000 km.  6 
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 E_.Q>r.B©.-14  

ñZmVH$ Cnm{Y H$m`©H«$_  
(~r.S>r.nr.) 

gÌm§V narjm 

{Xgå~a,  2022 

 

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%)$ 

ZmoQ> :   {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE & g^r àíZm| Ho$ A§H$ g_mZ 
h¢ & H¡$ëHw$boQ>am| H$m à`moJ H$aZo H$s AZw_{V Zht h¡ & àVrH$m| 
Ho$ AnZo gm_mÝ` AW© h¢ & 

1. (H$) {d_r` {díbofU H$m à`moJ H$aVo hþE, {ZåZ{b{IV 
àË`oH$ pñW{V Ho$ {bE ì`§OH$ {b{IE : 

(i) aº$ H$m ÐdñW¡{VH$ Xm~ P, Ohm± P aº$ KZËd 
, öX` Am¡a eara _| {H$gr {ZåZ q~Xþ Ho$ ~rM 
aº$ ñV§^ H$s D±$MmB© h Am¡a JwéËd g H$m 
JwUZ\$b h¡ & 

(ii) dm`w Ho$ _mÜ`_ go {JaVr hþB© dfm© H$s ~y±Xm| H$m 
{damoY H$a ahm ~b F h¡ & _mZ br{OE {H$  
F ~y±X H$s í`mZVm , doJ v Am¡a ~y±X Ho$ ì`mg 
r H$m JwUZ\$b h¡ & KZËd H$s Cnojm H$s{OE & 5 
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(I) EH$ H$U H$mo u m/s Ho$ doJ go D$Üdm©YaV: D$na  

H$s Amoa \|$H$m J`m Am¡a t goH$ÊS> Ho$ ~mX Cgr q~Xþ 

go VWm Cgr doJ go EH$ Xÿgao H$U H$mo ^r D$na H$s 

Amoa \§o$H$m J`m & {gÕ H$s{OE {H$ XmoZm| H$U  

EH$-Xÿgao go \|$Ho$ OmZo Ho$ 









g

u

2

t  goH$ÊS> g_` 

~mX D±$MmB© 
g8

tg–u4 222

 _rQ>a na {_b|Jo & 5 

2. (H$) EH$ nyU© à{V`moJr ~mOma Ho$ {bE ny{V© Am¡a  

_m±J \$bZ H«$_e: S(p) = 
3

13p– 2   VWm  

D(p) = – p + 5  h¢ & g§VwbZ H$s_V kmV H$s{OE 

Am¡a dmbag Ho$ ñW¡{VH$ {ZH$f Ho$ AZwgma H$s_Vm| Ho$ 

ñWm{`Ëd H$m {ZYm©aU H$s{OE & 4 

(I) _mZ br{OE EH$ eha _| _H$mZm| H$s {V_mhr {~{H«$`m± 

H«$_e: 2682, 2462 Am¡a 3012 Wt & D$na {XE JE 

àW_ VrZ àojUm| na AmYm[aV MaKmVm§H$s` 

_g¥UrH$aU go nm±Mdt Ad{Y H$s {~H«$s H$m nydm©Zw_mZ 

bJmBE Ohm±  =  = 0·2 (,  _g¥UrH$aU AMa  

h¢ &) {nN>bo Am±H$‹S>m| (VrZ Am±H$‹‹S>m| {~ÝXþAm| go 

nhbo) go EH$ gab aoIm Amg§{OV H$s JB© h¡ & 

A§{V_ ào{jV g_` H$s g§JV aoIm na _mZ 2988 

Am¡a àdUVm 80 h¡ & 6 
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3. (H$) EH$ nmH©$ _| n{j`m| H$s g_pîQ> Hw$N> g_` Ho$ {bE 

ñWm`r Wr & Bg pñW{V go nhbo, g_pîQ> àma§{^H$V: 

gmnojV: Cƒ Vb go n[ad{V©V hþB© h¡ & O~ g_pîQ> 

5000 Wr, Vmo AmZwnm{VH$ OÝ_ Xa 20% Am¡a _¥Ë ẁ 

Xa 60% Wr & O~ g_pîQ> 4000 Wr, V~ 

AmZwnm{VH$ OÝ_ Xa 30% Am¡a _¥Ë ẁ Xa 50% Wr &  

 A~ `{X g_pîQ> _| 10% H$s à{V df© Xa go n{j`m| 
Ho$ {eH$ma H$aZo H$s AZw_{V hmo, Vmo Xem©BE {H$ 
d¥{ÕKmV {ZXe© Ho$ AZwgma g_pîQ> _| d¥{Õ hmoVr h¡ 
Am¡a ñWm`r g_pîQ> H$m Am_mn kmV H$s{OE & 6 

(I) dh A{YH$V_ Xÿar kmV H$s{OE Ohm± VH$ EH$  

10 m D±$MmB© H$s j¡{VO gwa§J Ho$ A§Xa EH$ nËWa H$mo  

80 m/s àjoß` doJ Ho$ gmW \|$H$m Om gH$Vm h¡ & 4 

4. (H$) AKmVH$ ~r_mar Ho$ \¡$bZo go à^m{dV hmoZo dmbr 

g_pîQ> _| y g§H«$m_H$ ì`{º$`m| H$s {ZXe© AdH$b 

g_rH$aU 
dt

dy
 = y (N –  – y), y(0) = y

0
 h¡, 

Ohm± N Hw$b g_pîQ>, y
0
 àmapå^H$ g§H«${_V g_pîQ>, 

 R>rH$ hmoZo H$s Xa Am¡a  g§nH©$ Xa g^r AMa h¢ & 

y Ho$ {bE hb àmá H$s{OE Am¡a {XImBE {H$ 

ñWm{`Ëd AdñWm Ho$ à{V _hm_mar MaKmVm§H$s` ê$n 

go A{^g[aV hmoVr h¡ & 4 
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(I) _mZ br{OE {H$ VrZ à{V^y{V`m| Ho$ à{V\$b 
{ZåZ{b{IV h¢ : 

 –
r1  = 20%, –

r2  = 25% Am¡a –
r3  = 15%, Ohm±  

1 = 4, 2 = 5, 3 = 6, 12 = 13 = 15 Am¡a 

23 = – 10 h¡ & nmoQ>©\$mo{b`mo P = (0·5, 0·4, 0·3) 

H$m _mZH$ {dMbZ P kmV H$s{OE & 4 

(J) M§Ð_m Ho$ JwéËdmH$f©U Ho$ H$maU nbm`Z doJ Am¡a 

ËdaU kmV H$s{OE Ohm±$ 

M§Ð_m H$m Ðì`_mZ = 7·35  10
22

 kg 

M§Ð_m H$s {ÌÁ`m = 1·738  10
6
 m  Am¡a  

G H$m gmd©{ÌH$ JwéËdr` pñWam§H$  

                              = 6·67  10
–11

 m
3
/kg h¡ & 2 

5. (H$) EH$ H$U gab AmdV© J{V àX{e©V H$aVm h¡ & _mÜ` 

AdñWm go O~ H$U H$s Xÿar 3 cm Am¡a 4 cm h¡, Vmo 

CgH$m doJ H«$_e: 8 cm/s Am¡a 6 cm/s h¡ & 

AmdV©H$mb Am¡a A{YH$V_ ËdaU kmV H$s{OE & 3 

(I) EH$ _m°b _|, Cn^moº$m ßdmgm| ~§Q>Z Ho$ AZwgma  

6 Cn^moº$m à{V K§Q>o H$s Am¡gV Xa go AmVo h¢ & 

_m°b Ho$ àVrjm H$j _| A{YH$V_ 5 Cn^moº$m ~¡R> 

gH$Vo h¢ & àË`oH$ Cn^moº$m Ho$ gmW bJZo dmbm 

g_` 12 Cn^moº$m à{V K§Q>m H$s Am¡gV Xa go 

MaKmVm§H$s` ~§Q>Z h¡ & 
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{ZåZ{b{IV kmV H$s{OE : 
(i) _m°b _| Cn^moº$mAm| Ho$ AmZo H$s à^mdr 

AmJ_Z Xa & 
(ii) Bg ~mV H$s àm{`H$Vm {H$ AmZo dmbo 

Cn^moº$m H$mo àVrjm Z H$aZr n‹S>o & 
(iii) Bg ~mV H$s àm{`H$Vm {H$ AmZo dmbo 

Cn^moº$m H$mo àVrjm H$j _| Imbr grQ> {_b 
OmE & 4 

(J) p d q Ho$ dh n[aga _mZ kmV H$s{OE {OZHo$ {bE 
{ZåZ{b{IV Iob _| nX (2, 2) EH$ në`mU q~Xþ 
hmoJm : 3 

 {Ibm‹S>r A 

{Ibm‹S>r B 

2 4 5 

10 7 q 

4 p 6 

6. (H$) EH$ ~r_mar CZ g^r Ho$ {bE KmVH$ h¡ Omo ^r BgHo$ 

gånH©$ _| AmVo h¢ & g^r ~r_ma _¥Ë`w VH$ nhþ±MVo  

h¢ & `h ~r_mar n[ag§Mmar g§H«${_Vm| Ho$ ~rM {H$gr 

^r Or{dV OÝ_ H$mo X~mZo Ho$ {bE n`m©ßV ê$n go 

{df¡br hmoVr h¡ & ZE gwJ«mhr OÝ_ Ho$db gwJ«mhr 

g_yhm| go hr hmo gH$Vo h¢ & `{X  à{V ì`{º$ OÝ_ 

Xa h¡, Vmo {ZXe© Ho$ _yb AdH$b g_rH$aU 

{ZåZ{b{IV h¢ : 

 
dt

dx
 = x ( – y) Am¡a 

dt

dy
 = (x – ) y 
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 Ohm±  Am¡a  H«$_e: g§H«$_U Am¡a ~Mmd Xa| h¢ & 

pñWa AdñWm Ho$ ñWm{`Ëd H$m narjU H$s{OE Am¡a 

Xem©BE {H$ _hm_mar Ho$ MH«$ AZS>¡åßS> gab AmdV© 

Va§Jm| _| h¢ {OZH$m AmdVu H$mb (2/  )  

h¡ & 5 

(I) ñQ>¡H$ J¡g go g§~§{YV D$î_m CËgO©Z Xa 3500 kJ/s 

h¡, ndZ Mmb Am¡a ñQ>¡H$ J¡g Mmb H«$_e: 4 Am¡a 

12 m/s h¢ Am¡a D$nar {gao na ñQ>¡H$ J¡g H$m A§V: 

ì`mg 2·5 m h¡ & _mogoO Am¡a H$mg©Z gyÌ H$s 

ghm`Vm go {nÀN>H$ CËWmZ AmH${bV H$s{OE & 3 

(J) EH$ {ZdoeH$ Ho$ nmg Xmo g§^d `w{º$`m± h¢ : `m Vmo 

g§ajr ãby {Mn ñQ>m°H$ IarXo `m A{V gÅ>m ñQ>m°H$ 

IarXo & àH¥${V H$s Xmo AdñWmE± h¢ : `m Vmo ~mOma 

M‹T> OmVm h¡ `m ~mOma {Ja OmVm h¡ & {ZåZ{b{IV 

^wJVmZ Amì`yh _| do ZoQ> YZam{e`m± {XImB© JB© h¢ Omo 

{H$ {d{^Þ n[apñW{V`m| _| CgHo$ nmg ahVr h¢ :  

                              ~mOma 
   ~mOma H$m   ~mOma H$m 
   M‹T>Zm   {JaZm 
  ãby-{Mn      < 30,000 < 25,000 
  IarXVm h¡     
{ZdoeH$ 
      gÅ>m ñQ>m°H$ < 40,000 < 15,000 
  IarXVm h¡  

 `{X ~mOma M‹T>Zo H$s àm{`H$Vm 0·2 hmo, Vmo gdm©oÎm_ 
`w{º$ Š`m hmoJr ?  2 
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7. (H$) {ZåZ{b{IV {ZH$m` H$m H«$m§{VH$ q~Xþ kmV H$s{OE : 

 
dt

dx
 = y,  

dt

dy
= – x 

 H«$m§{VH$ q~Xþ Ho$ àH$ma (àH¥${V) Am¡a ñWm{`Ëd H$s MMm© 

H$s{OE & {ZH$m` H$m ì`mnH$ hb ^r kmV H$s{OE & 4 

(I) EH$ CnJ«h bJ^J 900 km H$s D±$MmB© na n¥Ïdr Ho$ 
JmobmH$ma MŠH$a bJm ahm h¡ & `{X n¥Ïdr H$s {ÌÁ`m 
64000 km h¡, Vmo BgH$m àË`m{eV doJ Am¡a Amd¥{Îm 
g_` (g_`md{Y) {ZH$m{bE & 6 


