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Classification of Second Order Partial 

Differential Equation

The general form of a second order P.D.E is

𝑨 (𝒙, 𝒚)
𝝏𝟐𝒖

𝝏𝒙𝟐
+𝑩 𝒙, 𝒚

𝝏𝟐𝒖

𝝏𝒙𝝏𝒚
+ 𝑪 𝒙, 𝒚

𝝏𝟐𝒖

𝝏𝒚𝟐
+ 𝒇 𝒙, 𝒚, 𝒖,

𝝏𝒖

𝝏𝒙
,
𝝏𝒖

𝝏𝒚
= 𝟎 ……… . . 𝟏

Where 𝐴, 𝐵, 𝐶 are constants or continuous functions of 𝑥&𝑦 possessing 

continuous partial derivatives and 𝐴 is positive.

Equation (1) is said to be 

• Elliptic , if 𝐵2 − 4𝐴𝐶 < 0

• Parabolic ,      if 𝐵2 − 4𝐴𝐶 = 0

• Hyperbolic , if 𝐵2 − 4𝐴𝐶 > 0



EXAMPLE -1 

Classify the Partial Differential Equation 

𝝏𝒖

𝝏𝒕
=
𝝏𝟐𝒖

𝝏𝒙𝟐

Solution:

Comparing the equation  
𝝏𝒖

𝝏𝒕
=

𝝏𝟐𝒖

𝝏𝒙𝟐
with the general form of PDE

we get 𝐴 = 1 , 𝐵 = 0 , 𝐶 = 0

𝑆𝑜 , 𝐵2−4𝐴𝐶 = 02 − 4 1 0 = 0

Hence given P.D.E. is parabolic.



Solution of MCQ - 3

Classify the Partial Differential Equation 
𝝏𝟐𝒖

𝝏𝒙𝟐
+ 

𝜕2𝑢

𝜕𝑦2
= 0

Solution:

Comparing the equation  
𝝏𝟐𝒖

𝝏𝒙𝟐
+ 

𝜕2𝑢

𝜕𝑦2
= 0 with the general form of PDE

we get 𝐴 = 1 , 𝐵 = 0 , 𝐶 = 1

𝑆𝑜 , 𝐵2−4𝐴𝐶 = 02 − 4 1 1 = −4 < 0

Hence given P.D.E. is elliptic.



Solution of MCQ - 4

Classify the Partial Differential Equation 
𝜕2𝑢

𝜕𝑥2
+3 

𝜕2𝑢

𝜕𝑥𝜕𝑡
+

𝜕2𝑢

𝜕𝑡2
= 0 

Solution:

Comparing the equation 
𝜕2𝑢

𝜕𝑥2
+3 

𝜕2𝑢

𝜕𝑥𝜕𝑡
+

𝜕2𝑢

𝜕𝑡2
= 0 with the general form of PDE

we get 𝐴 = 1 , 𝐵 = 3 , 𝐶 = 1

𝑆𝑜 , 𝐵2−4𝐴𝐶 = 32 − 4 1 1 = 5 > 0

Hence given P.D.E. is Hyperbolic.



EXAMPLE – 4   Classify the Partial Differential Equation:

𝒕𝒚𝒕𝒕 + 𝟑𝒚𝒙𝒕 + 𝒙𝒚𝒙𝒙 + 𝟏𝟕𝒚𝒙 + 𝟐𝒚𝒕 = 𝟎……… . . 𝟏



Variable Separable Form



Example-1

Solve the Partial Differential Equation by using the method of Separation of 

Variables
𝝏𝒖

𝝏𝒙
− 𝟐

𝝏𝒖

𝝏𝒕
− 𝒖 = 𝟎, 𝒖 𝒙, 𝟎 = 𝟔𝒆−𝟑𝒙

………………( * )
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