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Suppose	
  we	
  have	
  a	
  model:	
  
	
  

𝑑𝑦
𝑑𝑥 = 2𝑥𝑦	
  

	
  
How	
  can	
  we	
  solve	
  for	
  𝑦?	
  
How	
  many	
  different	
  solutions	
  exist?	
  
	
  
Write	
  the	
  model	
  as:	
  
	
  

1
𝑦
𝑑𝑦
𝑑𝑥 = 2𝑥	
  

	
  
The	
  anti-­‐derivatives	
  of	
  the	
  left	
  should	
  equal	
  	
  
the	
  anti-­‐derivatives	
  of	
  the	
  right	
  side.	
  
	
  
So:	
  

1
𝑦
𝑑𝑦
𝑑𝑥 𝑑𝑥 = 2𝑥 𝑑𝑥	
  

	
  
The	
  right	
  side	
  is	
  easy:	
  
	
  

2𝑥 𝑑𝑥 = 𝑥! + 𝐶	
  

	
  
The	
  left	
  side	
  looks	
  like	
  the	
  result	
  of	
  a	
  chain	
  rule	
  
derivative.	
  
	
  

1
𝑦
𝑑𝑦
𝑑𝑥 𝑑𝑥 = log𝑦 + 𝐶	
  

So:	
  
log𝑦 + 𝐶 = 𝑥! + 𝐶	
  

	
  
We	
  only	
  need	
  one	
  constant:	
  
	
  

log𝑦 = 𝑥! + 𝐶	
  



	
  
So	
  the	
  solutions	
  of	
  the	
  DE	
  	
  
	
  

𝑑𝑦
𝑑𝑥 = 2𝑥𝑦	
  

	
  
are	
  
	
  

log 𝑦 = 𝑥! + 𝐶	
  
	
  

𝑦 = 𝑒!!!! = 𝑒!𝑒!! 	
  
	
  
If	
  the	
  population	
  was	
  𝑦 = 𝑒	
  when	
  𝑥 = 0,	
  then	
  𝐶 = 1	
  
and	
  the	
  final	
  solution	
  is:	
  
	
  

𝑦 = 𝑒!!!!	
  
	
  
	
  
This	
  is	
  a	
  separable	
  differential	
  equation.	
  
	
  

1
𝑦
𝑑𝑦
𝑑𝑥 = 2𝑥	
  

	
  
1
𝑦   𝑑𝑦 = 2𝑥  𝑑𝑥	
  

	
  
If	
  you	
  can	
  separate	
  a	
  differential	
  equation	
  then	
  you	
  can	
  
use	
  integrals	
  to	
  solve	
  it.	
  
	
  
Most	
  differential	
  equations	
  are	
  non-­‐separable!!	
  
	
  
	
   	
  



	
  


