
 

Differential Equations Formula List 
 

 
1st Order Equations 

For the 1st order linear differential equation 
𝑑𝑦

𝑑𝑥
+ 𝑃(𝑥)𝑦 = 𝑄(𝑥) the integrating 

factor is given by 𝑒∫ 𝑝(𝑥) 𝑑𝑥.  

 

2nd Order Homogeneous Equations 

The homogeneous 2nd order linear differential equation 𝑎
𝑑2𝑦

𝑑𝑥2 + 𝑏
𝑑𝑦

𝑑𝑥
+ 𝑐𝑦 = 0 has  

characteristic equation 𝑎𝑚2 + 𝑏𝑚 + 𝑐 = 0. 

 

The solutions of the equation are given by:  

Where 𝑏2 − 4𝑎𝑐 > 0  with 𝑚 = 𝛼, 𝑚 = 𝛽, 𝑦 = 𝐴𝑒𝛼𝑥 + 𝐵𝑒𝛽𝑥 

Where 𝑏2 − 4𝑎𝑐 = 0  with 𝑚 = 𝛼, 𝑦 = (𝐴 + 𝐵𝑥)𝑒𝛼𝑥 

Where 𝑏2 − 4𝑎𝑐 < 0  with 𝑚 = 𝑝 ± 𝑞𝑖, 𝑦 = 𝐴 𝑐𝑜𝑠 𝑞𝑥 + 𝐵 𝑠𝑖𝑛 𝑞𝑥 

  

2nd Order Non-Homogeneous Equations 

The homogeneous 2nd order linear differential equation 𝑎
𝑑2𝑦

𝑑𝑥2 + 𝑏
𝑑𝑦

𝑑𝑥
+ 𝑐𝑦 = 𝑓(𝑥) has  

characteristic equation 𝑎𝑚2 + 𝑏𝑚 + 𝑐 = 0. 

 

The form of the particular integral is based on the 𝑓(𝑥) function.  

 

Form of 𝑓(𝑥) Form of Particular Integral 

𝑘 𝑦 = 𝜆 

 𝑘𝑥 𝑦 = 𝜆 + 𝜇𝑥 

  𝑘𝑥2 𝑦 =  𝜆 + 𝜇𝑥 + 𝜈𝑥2 

   𝑘𝑒𝑝𝑥 𝑦 = 𝜆𝑒3𝑥 

 

 

 
 



 

Euler’s Method 

1st Order           𝑦𝑛+1 ≈ 𝑦𝑛 + ℎ(
𝑑𝑦

𝑑𝑥
)𝑛  

2nd Order          𝑦𝑟+1 ≈ 2𝑦𝑟 − 𝑦𝑟−1 + ℎ2(
𝑑𝑦

𝑑𝑥
)𝑟   

 

Series Solutions Using Taylor Series  

The following solutions use the Taylor Series expansions: 

𝐶: 𝑦 = 𝑦0 + (𝑥 − 𝑥0)
𝑑𝑦

𝑑𝑥
|

𝑥0

+ 
(𝑥 − 𝑥0)2

2!
 
𝑑2𝑦

𝑑𝑥2
|

𝑥0

+ 
(𝑥 − 𝑥0)3

3!

𝑑3𝑦

𝑑𝑥3
|

𝑥0

+ …  

𝐷: 𝑦 = 𝑦0 + 𝑥
𝑑𝑦

𝑑𝑥
|

0
+ 

𝑥2

2!

𝑑2𝑦

𝑑𝑥2
|

0

+ 
𝑥3

3!

𝑑3𝑦

𝑑𝑥3
|

0

+ … 

 
 

 

  

 

 

 

 

 

 

 


