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Chapter 3

Partial Derivatives

1.1 Functions of Several Variables

1.2 Limits and Continuity

1.3 Partial Derivatives

1.4 The Chain Rule 
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Partial Derivatives of a Function
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Partial Derivatives of a Function
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Partial Derivatives of a Function of Three or More 
Variables

Example
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Higher derivatives
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( , )z f x y=
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Higher derivatives

Example

Solution: 
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Equality of Mixed Partial Derivatives
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Finding Higher-Order Partial Derivatives 

Example

Solution: 
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Definition of Total Differential

For a differentiable function of one variable                    The 
differential of  y is then defined as  

 
For a differentiable function of two variables,                     
 The differential        called the total differential, is defined by 

 

( )y f x=

( , )z f x y=
dz
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Definition of Total Differential

Example:

Solution:
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Definition of Total Differential

For a differentiable function of three variables,                     
 The differential        called the total differential, is 
defined by 

( , , )w f x y z=

dw
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Total Differential
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The Chain Rule

Recall that this is the case when fx and fy are continuous.

Since we often write ∂z/∂x in place of ∂ f /∂x, we can rewrite
the Chain Rule in the form
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The Chain Rule

Example: 
 If z = x2y + 3xy4, where x = sin 2t and y = cos t, find dz/dt 
when t = 0.

Solution:
The Chain Rule gives

We simply observe that when t = 0, we have x = sin 0 = 0 and y = cos 0 
= 1.
Therefore
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Chain Rule for Functions of Three Variables 

Example: Find dw/dt if
                                  w = xy + z, x = cos t, y = sin t, z = t.
 What is the derivative’s value at t = 0? 
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Chain Rule for Functions of Three Variables
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Chain Rule for Functions of n Variables

The Chain Rule can be extended to any number of variables. For
example, if each      is a differentiable function of a single variable t 
then for

you have 
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The Chain Rule (Case 2) 

w w x w y

s x s y s

    
= +
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The Chain Rule (Case 2)   Suppose that                      is a differentiable 
function of x  and  y  , where                     and                  are 
differentiable functions of  s   and  t .Then

( , )w f x y=
( , )x g s t= ( , )y h s t=
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The Chain Rule (Case 2) 

Example  Let z = xy, x = 3u2 + v2, and y = 4u +2v. 
                 Find      and 
Solution
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Implicit Differentiation 
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Implicit Differentiation 
Example 1 Find     if 

Solution  Let

               then 

Example 2 Find      and      if 

Solution  Let 

   

               then 
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Thank you for your attention 
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