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• A real-world phenomenon usually depends on
two or more independent variables.

• We need to extend the basic ideas of
functions of a single variable to functions of 
several variables.
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Domains and Ranges

• Avoid complex numbers or division by zero

5



Graphs, Level Curves, and Contours of 
Functions of Two Variables
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Functions of Three Variables

9



Modeling Temperature Beneath 
Earth’s Surface
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Computer-generated graphs and level surfaces of typical functions
of two variables.
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•The calculus of several variables is basically single-
variable calculus applied one at a time.
•Hold all but one of the independent variables
constant and differentiate with respect to that one
variable, we get a “partial” derivative.
•To distinguish partial derivatives from ordinary
derivatives we use the symbol  rather than the d
previously used
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implicitly
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14.4 Chain Rule

The Chain Rule for functions of
two or more variables
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• Chain Rule has several forms. 

• The form depends on how many variables are 
involved 

• works like the Chain Rule in Section 3.5
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Example 1

42



Chain Rule diagrams
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Example 2

Draw a tree diagram and write a Chain Rule formulaExample 3
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Example 4

Example 5
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Example 6



14.7 Extreme Values and 
Saddle Points
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• Continuous functions of two variables assume 
extreme values on closed, bounded domains

• we can narrow the search for extreme values by 
examining the first partial derivatives.

• extreme values only at domain boundary points 
or at interior domain points

• where both first partial derivatives are zero or 

• where one or both of the first partial 
derivatives fails to exist.
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Derivative Tests for Local Extreme 
Values
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