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ABSTRACT 

This study addresses a  population dynamics in  Tirupat i  c i ty ,  where the  p opulation,  denoted  

as y ,  is  modeled by  the  logis t ic  di f ferent ial  equation .  The t ime,  x ,  i s  

measured in  years,  and the goal  i s  to  determine  the populat ion for .  Given tha t  the  

population o f  T irupat i  c i ty  i s  384,000 in  the year 2022,  the study  aims to  predict  the 

population ’s  behavior  beyond 2022.  Three speci f ic  quest ions were addressed:  

1 .  Popula tion in  2023:  The model i s  used to  projec t  the  popula tion in  the year 2023.  

2 .  Doubling Time:  The year in  which the popula tion is  expec ted to  double ,  based on the  

given d if feren tia l  equation,  i s  de termined.  

3 .  Ult imate Popula tion:  By assuming tha t  the di f ferent ial  equat ion applies for a l l  

,  the s tudy ca lcu la tes the populat ion ’s u l t imate si ze .  

The logis t ic  d i f ferent ial  equat ion is  solved to  obtain a  c losed -form expression  for the  

population as a  func tion  of  t ime.  Th is so lut ion i s  then u ti l i zed to  answer the spec if ied  

questions,  prov id ing ins ights into  the futu re population dynamics of  T i rupati  c i ty .  The  

f indings contribu te to  understanding the long - term trends and growth patterns,  a iding  

in  in formed dec is ion -making for urban p lanning  and resource  al locat ion.  

 

Keywords: - Population,  Time,  Bernoul l i’ s  Di f ferenti a l  Equation ,  Malthusian law and log ist ic  

law of  growth .  

 
1. INTRODUCTION 

POPULATION GROWTH:  The populat ion i s  a  continuous and di fferent ia l  func tion of  t ime.  

Given a populat ion,  le t  y be the number o f individuals in i t  a t  t ime x.  I f  we assume tha t  the  

rate  o f change  of the populat ion i s  propor t ional  to  the number o f individuals in i t  a t  any 

t ime,  we are led to  the d i fferential  equation  ………….( i)  

Where k i s  a  constant  o f proport iona li ty.  The populat ion y i s  posi t ive and i s  increas ing a nd  

hence  .  Therefore,  from ( i) ,  we must  have .  Now suppose tha t  at  t ime  the  

populat ion i s  .  Then,  in add it ion to  the di ffe rential  equat ion ( i) ,  we have the ini t ial  

condit ion ……(ii)  

The di fferentia l  equat ion ( i)  i s  separab le.  

Separat ing the var iab les ,  integra t ing,  and simpli fying,  we obtain  
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                               …………(ii i)  

Applying the ini t ial  condit ion ( i i) ,   ,  to  ( i i i ) ,  we  have  

                             .  

From this we a t  once find  and hence obtain the unique solution  

                             ………….( iv)  o f the d i fferential  equat ion ( i) ,  

Which sa t i s fies  the  ini t ial  condit ion ( i i) .  

From ( iv)  we see that  a  populat io n governed by the di fferent ial  equat ion( i)  wi th  and 

ini t ia l  condit ion ( i i)  i s  one tha t  increases exponential ly wi th t ime.  This law of populat ion 

gro wth i s  ca l led the Mal thusian law.  

Populat ion growth i s  represented more real i st ica l ly in many cases by assuming tha t  the 

number o f  ind ividuals y  in the  populat ion a t  t ime x is  descr ibed  by a di f ferent ia l  equat ion of  

the form  

                          ………….(v)  

Where  are constants.  The add it iona l  term  is  the result  o f some cause  

that  tends to  l imi t  the ul t imate growth of the populat ion.  

We assume tha t  a  populat ion i s  descr ibed  by a di fferential  equation of  the  form(v)  ,  wi th  

constants ,  and an ini t ial  condi t ion of the fo rm ( i i) .  In most  such cases ,  i t  

turns out  that  the constant   is  very small  compared to  the constant  k.  Thus for  suff ic ient ly  

small  y,  the term ky predominates,  and so the popula t ion gro ws very rap idly for  a  t ime.  

However ,  when y becomes suff ic ient ly large,  the term  is  o f  comparatively grea ter  

inf luence,  and the result  of this  i s  a  decrease in the rap id gro wth rate .  The  law of popula t ion 

gro wth descr ibed by a di fferential  equation (v)  is  ca l led the logist ic  law of growth.  Let  us  

consider  a  spec i fic  example o f this type of growth.  

 

2.STATEMENT OF THE PROBLEM:  The populat ion  of T irupati  c i ty sa t i s fies the  logis t ic  

law  ……..(1) where t ime  is  measured in years.  Given that  the 

populat ion of  this  c i ty i s  384,000  in  2022,  determining the  populat ion as a  funct ion of t ime 

for   .  In par t icular ,  answer the  fol lowing quest ions.  

(a)  What wi l l  be  the  popula t ion in 2023?  

(b)  In what year  does the 2022 populat ion double?  

(c)  Assuming the di fferential  equat ion(1)  app lies for  al l  ,  how large wi l l  the  

populat ion ul t imately be?  

 

2.1  SOLUTION TO THE PROBLEM:  we so lve the d i fferential  equation(1)  subjec t  to  the 

ini t ia l  condit ion y( 2022)= 384,000…….(2)  

  From(1)   which i s  a  Bernoull i ’s  Differential  Equation.  

                          Dividing wi th  on bo th sides,  we  ge t  

 …………(3)  

Put   ……….(4)  

 

 ………(5)  

Substi tut ing (4)  and (5)  in  (3) ,  we get  
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 …..(6)  

(6)  i s  a  Linear  Different ial  equation in ‘ t ’  

In tegra t ing fac tor  =  

General  Solution of (6)  is  

 

 

 

 

 

 

 

 

 ……..(7)  

(7)  i s  the general  so lut ion of (1) .  

Now applying the ini t ial  condit ion (2)  to  (7) ,  we  ge t  

 

 

 

 

 

 

 

Substi tut ing this va lue for  k back into  (7) ,  we  obtain the so lut ion in  the  form 

 

…………..(8)  

This gives the popula t ion y as  a  function of t ime for  .   

2.2  We now consider  the  questions (a) , (b)  and (c)  of  the  problem.  

Quest ion (a)  asks for  the popula t ion in the year  20 23.  

  Thus  we le t   and obta in  
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2.3  Quest ion(b)  asks for  the year  in which the populat ion doubles.  Thus  we le t   

in  (8)  and  so lve for  x.  We have  

          Fro m which  

                             

        and hence     .  

  2.4  Question(c)  asks how large the popula t ion wi l l  u l t imately be,  assuming the  di ffe rent ia l  

equat ion (1)  app lies for  al l  .To answer this,  we  evalua te l im y as  us ing the  

solution (8)  o f (1) .  We f ind   

  

 

3.CONCLUSION:  In this  paper ,  the populat ion dynamics  o f T irupati  c i ty,  modeled by the 

logist ic  d i fferent ial  equation,  have  been invest igated.  The general  so lut ion,  expressed as  a  

function of t ime beyond  the year  2022,  ha s been de termined as .  

Spec i fica l ly,  the populat ion in  the year  2023  i s  es t imated to  be  approximately 386,368.  

Furthermore,  the year  in which the popula t ion i s  projec ted  to  double ,  based on the given 

di fferential  equat ion,  i s  approximately 218 8.  Assuming the val idi ty o f the di fferential  

equat ion for  a l l  ,  the ul t imate popula t ion size  is  found to  approach a l imi t  as x  

tends to  infini ty.  The ult imate populat ion i s  ca lculated to  be 1 ,000 ,000 ind icat ing tha t  the 

populat ion i s  expected to  stab il ize at  th is  value in the long run.  This s tudy provides valuab le  

ins ights into  the future populat ion trends o f Tirupati  c i ty,  enabl ing informed decis ion -making 

for  urban p lanning and  resource  a l locat ion .  The  logist ic  model  serves as  a  useful  too l  for  

unders tanding the  populat ion dynamics  and making  project ions beyond the avai lable da ta in 

2022.  
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