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 MTE-14  

BACHELOR’S DEGREE PROGRAMME 

(BDP) 

Term-End Examination 

December, 2021 

 

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) Two firms X and Y produce the same 

commodity. Due to the production 

constraints, each firm is able to produce 

packages of 1, 3 and 5 units of the product. 

The cost of producing qx units for firm X is 

< [6 + 2
x

q  – 2qx + 5], and firm Y has the 

identical cost function < [6 + 2
y

q  – 2qy + 5] 

for producing qy units. p is the price of one 

unit for firm X. We assume that the market 

is in equilibrium. The outcomes are the 

profits of the firm shown in the form of a 

matrix A = [aij] (pay-off matrix). Write  

(i) a11, (ii) a22, (iii) a21, if the demand 

function D(p) is given by D(p) = 50 – p.  6 
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 (b) Assume that the Moon is at a distance of 

3,00,000 km from the Earth, and that it 

takes 28 days for it to orbit the Earth once. 

Geostationary satellites are those which are 

at a rest relative to the Earth. Using these 

two facts, derive the altitude of the 

geostationary satellite from the centre of 

the Earth.    4 

 

2. (a) Consider the following system of differential 

equations, representing a prey and predator 

population model : 

  y–x
dt

dx 2 ,   yx
dt

dy
  

(i) Identify all the real critical points of 

the system of equations given above.  

(ii) Obtain the type and stability of these 

critical points. 7 

(b) Suppose you are a member of the Planning 

Committee of a country for mitigating 

natural disasters like fire, cyclone, flood, 

drought, etc. List four essentials and two 

non-essentials for planning the operations.   3 
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3. (a) A particle of mass m is thrown  

vertically upward with velocity vo. The air 

resistance is mgcv
2
, where c is a constant 

and v is the velocity at any time t. Show 

that the time taken by the particle to  

reach the highest point is given by  

vo c  = tan [gt c ]. 6 

(b) Consider the arterial blood viscosity,  

 = 0·025 poise. If the length of the artery is 

1·5 cm, radius 8  10–3  cm and  

P = P1 – P2 = 4  103 dyne/cm2, then find :   

(i) the maximum peak velocity of blood; 

and   

(ii) the shear stress at the wall. 4 

4. (a) Consider the diffusion of oxygen through a 

membrane 0  x  h of thickness h, the two 

ends of which are maintained at 

concentrations C1 and C2, respectively. If 

the initial concentration is zero, model this 

problem using a one-dimensional diffusion 

equation, and find the rate at which the 

diffusing oxygen emerges at the interface  

x = 0, for unit area per unit time.  6  
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(b) Characterise the following as deterministic 

or stochastic, giving reasons for your 

answers : 4 

(i) Blood flow in arteries  

(ii) Arrival of customers at a supermarket  

(iii) The Indian team winning a cricket 

match  

(iv) Movements of planets  

5. (a) The process of plucking a guitar string 

results in the frequency of vibrations being 

a function of the Young’s modulus, the 

length and the density of the string. Use 

dimensional analysis to derive an 

expression for the frequency of vibrations of 

the string.   5 

(b) The mean arrival rate to a service centre is  

3 per hour. The mean service time is found to 

be 10 minutes for service. Assuming Poisson 

arrival and exponential service time, find :     

(i) the utilisation factor for this service 

facility;   

(ii) the probability of two units in the 

system;  

(iii) the expected number of units in the 

system; and 

(iv) the expected time, in hours, that a 

customer has to spend in the system. 5  
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6. (a) Find the terminal velocity and time taken 

by a raindrop of radius 0·8 cm to reach the 

ground if it starts its descent in a cloud 

35000 m high. 3 

(b) Find the output yielding maximum profit for 

the cost function C = 0·7x3 – 0·8x2 + 12x + 9, 

given that the cost price of x is < 45 per unit. 3 

(c) A drug is induced in a patient’s bloodstream 

at a constant rate r gm/s. 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 bloodstream 

is xo, find the concentration of the drug at 

any time t. 4 

7. (a) If a simple pendulum of length l oscillates 

through an angle  on either side of the 

mean position, then find the angular 

velocity, 
dt

θd
, of the pendulum, where  is 

the angle which the string makes with the 

vertical.  4  
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(b) The return distribution of securities 1 and 2 

is as follows : 

Event (j) 1 2 3 4 

Chance (P1j = P2j) 0·33 0·25 0·17 0·25 

Return R1j 19 17 11 10 

Return R2j 18 16 11 9 

 Find which security is more risky in 

Markowitz’s sense. 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,  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%)$ 

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$) Xmo \$_© X Am¡a Y EH$ hr Cn^moº$m dñVw H$m CËnmXZ 
H$aVr h¢ & CËnmXZ ì`damoYm| Ho$ H$maU, àË òH$ \$_© 1, 3 

Am¡a 5 BH$mB`m| Ho$ n¡Ho$O {Z{_©V H$aZo _| g_W© hmo nmVr  
h¡ & \$_© X Ho$ {bE qx BH$mB`m± {Z{_©V H$aZo H$s bmJV 
< [6 + 2

x
q  – 2qx + 5] h¡ VWm \$_© Y Ho$ {bE qy 

BH$mB`m± {Z{_©V H$aZo H$m gd©g_ bmJV \$bZ ^r  
< [6 + 2

y
q  – 2qy + 5] h¡ & \$_© X Ho$ {bE EH$ BH$mB© 

H$s H$s_V p h¡ & h_ H$ënZm H$aVo h¢ {H$ ~mµOma _| 
g§VwbZ h¡ & \$_m] Ho$ bm^m| H$mo EH$ Amì`yh A = [aij] 

(^wJVmZ Amì`yh) Ho$ ê$n _| Xem©`m OmVm h¡ & `{X _m±J 
\$bZ D(p) = 50 – p hmo, Vmo (i) a11, (ii) a22,  

(iii) a21 kmV H$s{OE & 6 
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(I) _mZ br{OE {H$ MÝÐ_m n¥Ïdr go 3,00,000 km H$s 

Xÿar na h¡ VWm `h n¥Ïdr Ho$ n[aV: EH$ n[a «̂_U  

28 {XZ _| H$aVm h¡ & Vwë`H$mbr CnJ«h do CnJ«h h¢ Omo 

n¥Ïdr Ho$ gmnoj {dlm_ _| ahVo h¢ & BZ Xmo VÏ`m| H$m 

Cn`moJ H$aVo hþE, n¥Ïdr Ho$ Ho$ÝÐ go Vwë`H$mbr CnJ«h 

H$s D±$MmB© {ZJ{_V H$s{OE & 4  6 

2. (H$) EH$ {eH$ma Am¡a na^jr g_{îQ> {ZXe© H$mo {Zê${nV 

H$aZo dmbm g_rH$aU {ZH$m` {ZåZ{b{IV h¡ :  

 y–x
dt

dx 2 ,   yx
dt

dy
  

(i)  Cn`w©º$ g_rH$aU {ZH$m` Ho$ g^r dmñV{dH$ 

H«$m§{VH$ q~Xþ àmßV H$s{OE & 

(ii) BZ H«$m§{VH$ q~XþAm| Ho$ àH$ma Am¡a ñWm{`Ëd 

àmßV H$s{OE & 7 

  

(I) _mZ br{OE Amn AmJ, MH«$dmV, ~m‹T>, gyIm, Am{X 

O¡gr àmH¥${VH$ AmnXmAm| H$mo H$_ H$aZo Ho$ {bE ~Zr 

`moOZm g{_{V Ho$ gXñ` h¢ & g§MmbZ hoVw `moOZm Ho$ 

{bE Amdí`H$ Mma A{Zdm`© Am¡a Xmo µJ¡a-A{Zdm ©̀ 

H$m`m] H$mo gyMr~Õ H$s{OE &   3 
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3. (H$) Ðì`_mZ m dmbo EH$ H$U H$mo D$Üdm©YaV: D$na H$s 

Amoa doJ vo go \|$H$m OmVm h¡ & dm`w à{VamoY 

mgcv
2
 h¡, Ohm± c EH$ AMa h¡ VWm v {H$gr g_` 

t na doJ h¡ & {XImBE {H$ Cg H$U H$mo g~go 

A{YH$ D±$Mo q~Xþ VH$ nhþ±MZo _| bJm g_`  

vo c  = tan [gt c ] go àmßV hmoJm &  6 

(I) Y_Zr aº$ í`mZVm  = 0·025 poise h¡ & `{X Y_Zr 

H$s b§~mB© 1·5 cm, {ÌÁ`m 8  10–3 cm VWm  

P = P1 – P2 = 4  103 dyne/cm2 hmo, Vmo  

(i)  aº$ H$m A{YH$V_ {eIa doJ; VWm   

(ii) Xrdma na Anê$nU à{V~b kmV H$s{OE &  4 

4. (H$) h _moQ>mB© dmbr EH$ {Pëbr 0  x  h go hmoH$a 

OmVr hþB© Am°ŠgrOZ Ho$ EH$ {dgaU na {dMma 
H$s{OE, {Og_| XmoZm| {gam| H$mo H«$_e: gm§ÐVm C1 Am¡a 

C2 na AZwa{jV aIm OmVm h¡ & `{X àma§{^H$ gm§ÐVm 

eyÝ` h¡, Vmo EH$-{d_r` {dgaU g_rH$aU H$m Cn`moJ 

H$aVo hþE, Bg g_ñ`m H$m {ZXe©Z H$s{OE VWm 

EH$H$ joÌ\$b Ho$ {bE, A§Vamn¥îR> x = 0 na à{V 

BH$mB© g_` {dg[aV Am°ŠgrOZ Ho$ {ZJ©V hmoZo H$s Xa 

kmV H$s{OE & 6 
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(I) AnZo CÎma H$m H$maU XoVo hþE {ZåZ{b{IV H$mo 

{ZYm©aUmË_H$ AWdm àg§^mì` Ho$ ê$n _| A{^bj{UV 

H$s{OE : 4 

(i)  Y_{Z`m| _| aº$ àdmh   

(ii) EH$ gwna-~mµOma _| J«mhH$m| H$m AmJ_Z 

(iii) EH$ {H«$Ho$Q> _¡M _| ^maVr` Q>r_ H$m OrVZm  

(iv) J«hm| H$s J{V   

5. (H$) EH$ {JQ>ma Ho$ Vma H$mo P§H¥$V H$aZo Ho$ àH«$_ Ho$ 

n[aUm_ñdê$n H§$nZ H$s Amd¥{Îm `§J Ho$ JwUm§H$ VWm 

Vma H$s b§~mB© Am¡a KZËd Ho$ EH$ \$bZ Ho$ ê$n _| 

àmßV hmoVr h¡ & Vma Ho$ H§$nZ H$s Amd¥{Îm H$m ì`§OH$ 

{ZJ{_V H$aZo Ho$ {bE {d_r` {díbofU H$m à`moJ 

H$s{OE &  5 

(I) {H$gr godm H|$Ð na _mÜ` AmJ_Z Xa 3 à{V K§Q>m h¡ & 

_mÜ` godm g_` 10 {_ZQ> à{V godm h¡ & ßdmgm| ~§{Q>V 

AmJ_Z Am¡a MaKmVm§H$s` godm H$mb _mZVo hþE, 

{ZåZ{b{IV kmV H$s{OE :  

(i)  godm gw{dYm Ho$ {bE Cn`moJ JwUH$;   

(ii) àUmbr _| Xmo BH$mB`m| H$s àm{`H$Vm;    

(iii) àUmbr _| BH$mB`m| H$s àË`m{eV g§»`m; VWm  

(iv) àUmbr _| EH$ J«mhH$ Ûmam K§Q>m| _| ì`VrV 
{H$`m J`m àË`m{eV H$mb &   5    
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6. (H$) {ÌÁ`m 0·8 cm dmbr EH$ dfm© H$s ~y±X H$m A§{V_ doJ 

VWm CgHo$ ^y{_ VH$ nhþ±MZo _| bJZo dmbm g_` kmV 

H$s{OE, `{X dh 35000 m D±$Mo EH$ ~mXb go ZrMo 

{JaZm àma§^ H$aVr h¡ &  3 

(I) dh CËnmXZ kmV H$s{OE {Oggo bmJV \$bZ  

C = 0·7x3 – 0·8x2 + 12x + 9 Ho$ {bE A{YH$V_ 

bm^ àmßV hmo, O~{H$ {X`m J`m h¡ {H$ x H$s bmJV 

H$s_V < 45 à{V BH$mB© h¡ &  3 

(J) H$moB© XdmB© EH$ amoJr H$s aº$ Ymam _| r gm/s H$s 

AMa Xa go ào[aV H$s Om ahr h¡ & BgHo$ gmW hr, `h 

XdmB© {H$gr ^r g_` t na CnpñWV XdmB© H$s _mÌm 

x(t) Ho$ g_mZwnmVr Xa go {ZH$mbr Om ahr h¡ & _mÌm 

x(t) {Z §̀{ÌV H$aZo dmbr AdH$b g_rH$aU {ZYm©[aV 

H$s{OE & `{X aº$ Ymam _| XdmB© H$s àma§{^H$ gm§ÐVm 

xo h¡, Vmo Bg XdmB© H$s g_` t na gm§ÐVm kmV 

H$s{OE &  4 

7. (H$) `{X l bå~mB© H$m EH$ gab bmobH$ _mÜ` pñW{V Ho$ 

XmoZm| Amoa  H$moU na Xmobm`_mZ hmoVm h¡, Vmo bmobH$ 

H$m H$moUr` doJ 
dt

d  kmV H$s{OE, Ohm±  dh H$moU 

h¡ Omo S>moar D$Üdm©Ya Ho$ gmW ~ZmVr h¡ & 4 
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(I) à{V^y{V`m| 1 Am¡a 2 H$m à{V\$b ~§Q>Z Bg àH$ma h¡ : 

KQ>Zm (j) 1 2 3 4 

g§`moJ (P1j = P2j) 0·33 0·25 0·17 0·25 

à{V\$b R1j 19 17 11 10 

à{V\$b R2j 18 16 11 9 

 kmV H$s{OE {H$ _mH$m}{dQ²>µO Ho$ AZwgma H$m¡Z-gr 
à{V^y{V Á`mXm Omo{I_ ^ar h¡ & 6   

 


