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Term-End Examination 
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Elective Course : Mathematics 

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 calculator is not allowed. 

 (iv) Symbols have their usual meanings. 

1. (a) The population of fish in a reservoir is 

affected by both fishing and restocking. 

The proportionate birth rate is constant 

at 0.5 per year and proportionate death 

rate is constant at 0.6 per year. The 

reservoir is restocked at a constant rate 

of 3000 fishes per year and fishermen 
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are allowed to catch 1500 fish per year. 

Using these assumptions, derive a 

model for the fish population and solve 

it. Describe the long-term behaviour of 

the fish population when the initial 

population is 6000. 5 

(b) A particle falls from rest in a medium in 

which the resistance is  2v  per unit 

mass, where   is a constant and v is 

the velocity. Prove that the distance 

fallen in time t is  1
ln cosht g


. 5     

2. (a) Modelling a problem can be done in 

several ways. We give below the 

different problems related to tumour 

growth. Identify the type of model 

(deterministic, continuous, stochastic or 

discrete) which is most appropriate in 

each of the following situations : 4 

(i) Effect of treatment given at regular 

intervals. 
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(ii) Effect of drugs on a patient who is 

given the drug for a given duration 

of time. 

(iii) Effect of a radiation on tumour 

cells. Some cells may continue to 

grow but some may be damaged. 

(iv) Finding the time taken for a 

tumour to double in size.   

(b) A satellite is orbiting the earth in a 

circular orbit at an altitude of 

approximately 1600 km. Estimate the 

velocity of the satellite and the time 

period given that the radius of the 

Earth is 6400 km. (Take g = 10 m/s2). 6 

3. (a) A particle executes simple harmonic 

motion. Its velocities are 8 cm/sec and  

6 cm/sec when it is at distances of 3 cm 

and 4 cm, respectively, from the mean 

position. Find its time period and 

maximum acceleration. 4 
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(b) The sales in a mall since 2016 is given 

below :  6 

Year Sales (in ` lakhs) 

2016 

2017 

2018 

2019 

2020 

2021 

8 

10 

7 

11 

12 

9 

What is the least square trend-line 

equation, using 2016 as the zero-year ?  

4. (a) At any instant a particle is projected 

with a velocity   in a direction making 

an angle   with the horizontal 

direction. After a certain interval t, the 

direction of its path makes an angle   

with the horizontal direction. Prove 

that : 

cos .
(tan tan )

gt
u  

  
 

Further, prove that direction of motion 

turns through an angle   in time 

 
sin

cos

u

g

 
 

    
. 6 
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(b) The volume rate of flow Q of a liquid 

through a tube is supposed to depend on 

pressure drop per unit length, the 

diameter d of the tube and the viscosity 

 . Using dimensional analysis, show 

that Q = (constant)   
4d p

l

   
  
   

, where 

p  is the change in pressure and l  is 

the length of the tube.    4 

5. (a) In a car garage with a single server 

system, cars arrive at a rate of 36 cars 

per day. Assuming that inter-arrival 

time follows an exponential distribution 

and the service time for repairing each 

of the cars is also exponential with an 

average of 20 minutes, calculate the 

following : 4 

(i) Average number of cars in the 

queue. 

(ii) The probability that the queue size 

is greater than or equal to 6.  
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(b) A model corresponding to the 

cooperative interaction between two 

species x  and y  is given by : 

                  
260 4 3

dx
x x xy

dt
             

                  
242 2 3

dy
y y xy

dt
    

Find all the equilibrium points of the 

system and discuss the stability of the 

system at the possible co-existence 

point.    6 

6. (a) A drug in induced in a patient’s blood- 

stream at a constant rate of r gm/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 the drug in the 

bloodstream is 
0
,x  find the 

concentration of the drug at any time t.  

5 
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(b) Consider the following cubic total cost 

function :  

3 2C 0.04 0.8 10 5q q q     

Assume that the price of q is 13 per 

unit. Find the output which yields 

maximum profit.   5 

7. (a) When 
12

1.0,    the standard deviation 

of a two-security portfolio P is equal to 

the weighted average of the standard 

deviations of its component securities. 

Is it true or false ? Justify your answer.  

(
12
  is the correlation coefficient of 

securities 1 and 2.)  4 

(b) An investor has ` 50,000 to invest in 

stocks. He has two possible strategies : 

buy conservative blue chip stocks or buy 

highly speculative stocks. There are two 

states of nature : the market goes up or 

the market goes down. The following 
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pay-off matrix shows the various  

circumstances : 6 

Investor 
Market 

up 

Market 

down 

 Buy Blue Chip  ` 24,000 ` 16,000 

 Buy Speculative ` 35,000 ` 12,000 

What should the investor do if he is : 

(i) an optimist ? 

(ii) a pessimist ? 

(iii) What is the best strategy, if the 

probability of a market rise is 0.3 ? 
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 MTE–14 

Lukrd mikf/k dk;ZØe (ch- Mh- ih-) 

l=kar ijh{kk  

twu] 2025 

,sfPNd ikB~;Øe % xf.kr 

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

le; % 2 ?k.Vs   vf/kdre vad % 50  

      Hkkfjrk % 70%  

uksV % (i) fdUgha ik¡p iz'uksa ds mÙkj nhft,A 

 (ii) lHkh iz'uksa ds vad leku gSaA 

 (iii) dSYdqysVj dk iz;ksx djus dh vuqefr ugha gSA 

 (iv) izrhdksa ds vius lkekU; vFkZ gSaA 

1- (d) eNyh idM+us vkSj iqu%LFkkiu djus ls tyk'k; esa 

eNfy;ksa dh la[;k ij izHkko iM+rk gSA bldh 

vkuqikfrd tUe&nj 0-5 izfr o"kZ ij vpj gS vkSj 

vkuqikfrd e`R;q&nj 0-6 izfr o"kZ ij vpj gSA 

tyk'k; dk iqu%LFkkiu 3000 eNyh izfr o"kZ dh 

vpj nj ls fd;k tkrk gS vkSj eNqvkjksa dks izfr o"kZ 
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1500 eNfy;k¡ idM+us dh vuqefr gksrh gSA bu 

dYiukvksa dh lgk;rk ls eNyh lef"V dk fun'kZ 

O;qRiUu dhft, vkSj mls gy dhft,A tc izkjfEHkd 

lef"V 6000 gks] rks eNyh lef"V ds nh?kZdkfyd 

O;ogkj dk o.kZu dhft,A 5 

([k) ,d d.k fdlh ek/;e esa fojkekoLFkk ls uhps fxjrk 

gS ftlesa izfrjks/k  2v  izfr bdkbZ nzO;eku gS] tgk¡ 

vpj gS vkSj v osx gSA fl¼ dhft, fd fxjus esa 

le; t  esa d.k }kjk r; dh xbZ nwjh 

 1
ln cosht g

  

gksxhA 5 

2- (d) leL;k dk fun'kZu dbZ fof/k;ksa ls fd;k tk ldrk 

gSA uhps geus V~;wej o`f¼ ls lacaf/kr fofHkUu 

leL;k,¡ nh gSaA fuEufyf[kr izR;sd fLFkfr esa fun'kZ 

ds lcls mÙke izdkj (fu/kkZj.kkRed] larr] izlaHkkO; 

;k valrr) dks igpkfu, % 4 

(i) fu;fer varjkyksa ij fn, x, mipkj dk izHkko 
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(ii) ,d jksxh] ftls nh xbZ vof/k rd nok nh xbZ 

gks] ij nok dk izHkko 

(iii) V~;wej dksf'kdkvksa ij fofdj.k (radiation) 

dk izHkkoA dqN dksf'kdkvksa dh o`f¼ tkjh jg 

ldrh gS tcfd dqN dks {kfr gks ldrh gSA 

(iv) V~;wej ds vkeki dks nqxquk gksus esa yxus okys 

le; dks Kkr djukA 

([k) ,d mixzg i`Foh dh o`Ùkkdkj d{kk esa yxHkx  

1600 fdyksehVj dh Å¡pkbZ ij ?kwe jgk gSA mixzg ds 

osx vkSj vkorZdky dk vkdyu dhft,] ;g 

ekudj fd i`Foh dh f=T;k 6400 fdyksehVj gSA 

(g = 10 m/s2  yhft,)A 6 

3- (d) ,d d.k dh xfr ljy vkorZ xfr gSA tc d.k 

ek/; fLFkfr ls Øe'k% 3 cm vkSj 4 cm dh nwjh ij 

gksrk gS] rks blds osx Øe'k% 8 cm/sec vkSj  

6 cm/sec gksrs gSaA bldk vkorZdky vkSj 

vf/kdre Roj.k Kkr dhft,A 4 
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([k)  o"kZ 2016 ls ,d ekWy dh fcØh uhps nh xbZ gS % 6 

o"kZ fcØh (yk[kksa ` esa) 

2016 

2017 

2018 

2019 

2020 

2021 

8 

10 

7 

11 

12 

9 

o"kZ 2016 dks 'kwU;&o"kZ ekudj U;wure oxZ miufr& 

js[kk lehdj.k D;k gS \ 

4- (d) fdlh Hkh {k.k ,d d.k dks {kSfrt fn'kk dss lkFk 

dks.k   cukrs gq, osx   ds lkFk iz{ksfir fd;k 

x;kA ,d fuf'pr varjky t  ds ckn d.k ds iFk 

dh fn'kk {kSfrt fn'kk ds lkFk dks.k   cukrh gSA 

fl¼ dhft,A fd % 

cos
(tan tan )

gt
  

  
 

blds vkxs ;g Hkh fl¼ dhft, fd xfr dh fn'kk 

le; 

 
sin

cos

u

g

 
 

    

 esa dks.k   ls cny tkrh 

gSA   6  
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([k) uyh ls rjy ds izokg dh vk;ru nj Q ( nkc 

fxjkoV izfr bdkbZ yEckbZ( uyh ds O;kl d  vkSj 

';kurk   ij vk/kfjr gSA foeh; fo'ys"k.k }kjk 

fn[kkb, fd Q = (fLFkjkad) 
   

      

4d p

l
, tgk¡ 

p  nkc esa ifjorZu gS vkSj l  uyh dh YkEckbZ gSA 4 

5- (d) ,dy lsok iz.kkyh;qDr ,d dkj ds 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 izR;sd dkj dh ejEer esa 

yxus okyk le; 20 feuV ds vkSlr okyk 

pj?kkrkadh gS] fuEufyf[kr dks ifjdfyr dhft, % 4 

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

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

gksus dh izkf;drkA 
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([k) nks Lih'kht x  vkSj y  ds chp lgdkjh 

vU;ksU;fØ;k dk laxr fun'kZ fn;k x;k gS %  

260 4 3
dx

x x xy
dt

    

242 2 3
dy

y y xy
dt

    

fudk; ds lHkh lkE; fcUnq Kkr dhft, vkSj bu 

fcUnqvksa ij fudk; dss LFkkf;Ro dh ppkZ dhft,A 6 

6- (d) dksbZ nokbZ ,d jksxh dh jDr /kkjk esa r  xzke@lsd.M 

dh vpj nj ls izokfgr dh tk jgh gSA blds lkFk 

gh] ;g nokbZ fdlh Hkh le; t  ij mifLFkr nokbZ 

dh ek=k  x t  ds lekuqikrh nj ls fudkyh tk jgh 

gSA ek=k  x t  fu;af=r djus okyk vody 

lehdj.k fu/kkZfjr dhft,A ;fn jDr/kkjk esa nokbZ 

dh izkjafHkd lkanzrk 
0

x  gS] rks fdlh Hkh le; t  ij 

bl nokbZ dh lkanzrk Kkr dhft,A 5 

mailto:xzke@lSd.M
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([k) fuEufyf[kr f=?kkr dqy ykxr Qyu yhft, % 

3 2C 0.04 0.8 10 5q q q     

eku yhft, fd q  dh dher izfr bdkbZ 13 gSA og 

fuxZr Kkr dhft, ftlls vf/kdre ykHk izkIr gksrk 

gSA   5 

7- (d) tc 
12

1.0   ] rks ,d nks&flD;ksfjVh iksVZQksfy;ks 

P  dk ekud fopyu mldh ?kVd flD;ksfjVht ds 

ekud fopyuksa ds Hkkfjr vkSlr ds cjkcj gSA D;k 

;g lR; gS ;k vlR; \ vius mÙkj dh iqf"V 

dhft,A (
12
  flD;ksfjVht 1 vkSj 2 dk lglaca/k 

xq.kkad gSA) 4 

([k) ,d fuos'kd ds ikl LVkWd esa fuos'k djus ds fy,  

` 50]000 gSaA blds ikl nks laHkkfor dk;Zuhfr;k¡  

gSa % ;k rks laj{kh (de tksf[ke dk) Cyw fpi LVkWDl 

dks [kjhns vFkok vR;f/kd dkYifud LVkWDl [kjhnsA 

nks rjhds dh laHkkouk,¡ gSa % cktkj Åij tk,xk ;k 

cktkj fxjsxkA vxzfyf[kr is&vkWQ vkO;wg fofHkUu 

ifjfLFkfr;ksa dks iznf'kZr djrk gS % 6 
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fuos'kd 

cktkj Åij 

tkus ij 

cktkj ds 

fxjus ij 

Cyw fpi [kjhns ` 24,000 ` 16,000 

dkYifud [kjhns ` 35,000 ` 12,000 

fuos'kd dks D;k djuk pkfg,] ;fn og % 

(i) ,d vk'kkoknh gS \ 

(ii) ,d fujk'kkoknh gS \ 

(iii) ;fn cktkj ds c<+us dh izkf;drk 0-3 gS] rks 

Js"B dk;Zuhfr D;k gS \ 

× × × × × 


