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• Functions of Several Variables

• Limits and Continuity in Higher Dimensions

• Partial Derivatives

• The Chain Rule

• Directional Derivatives and Gradient Vectors

• Tangent Planes and Differentials

• Extreme Values and Saddle Points

• Lagrange Multipliers

• Taylor’s Formula for Two Variables

• Partial Derivatives with Constrained Variables
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Functions of Several Variables
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Functions of Two Variables
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Functions of Two Variables
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Functions of Two Variables

6



https://manara.edu.sy/

Functions of Three Variables
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Exercises

(a) find the function’s domain, (b) find the function’s range, (c) describe the function’s level curves, 

(d) find the boundary of the function’s domain, (e) determine if the domain is an open region, a 

closed region, or neither, and (f) decide if the domain is bounded or unbounded.
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Exercises

Find an equation for the level surface of the function through the given point.
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Limits and Continuity in Higher Dimensions

Limits for Functions of Two Variables
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Limits and Continuity in Higher Dimensions

Limits for Functions of Two Variables
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Limits and Continuity in Higher Dimensions

Limits for Functions of Two Variables
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Limits and Continuity in Higher Dimensions

Continuity
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Functions of More Than Two Variables
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Exercises
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Exercises
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Partial Derivatives

Partial Derivatives of a Function of Two Variables
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Partial Derivatives of a Function of Two Variables

19



https://manara.edu.sy/

Partial Derivatives
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Partial Derivatives
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Partial Derivatives
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Partial Derivatives

Second-Order Partial Derivatives
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Partial Derivatives

The Mixed Derivative Theorem

Partial Derivatives of Still Higher Order
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Exercises
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Exercises
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The Chain Rule
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The Chain Rule
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The Chain Rule
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The Chain Rule
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The Chain Rule

Implicit Differentiation Revisited
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The Chain Rule
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Exercises

(a) express dw/dt as a function of t, both by using the Chain Rule and by expressing 

w in terms of t and differentiating directly with respect to t. Then (b) evaluate dw/dt at 

the given value
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Exercises

34



https://manara.edu.sy/

Directional Derivatives and Gradient Vectors

Directional Derivatives in the Plane
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Interpretation of the Directional Derivative
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Calculation and Gradients
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Calculation and Gradients
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Gradients and Tangents to Level Curves

dr
f

dt
 

41



https://manara.edu.sy/

Gradients and Tangents to Level Curves
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Functions of Three Variables
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The Chain Rule for Paths
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Exercises
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Tangent Planes and Differentials

Tangent Planes and Normal Lines
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Tangent Planes and Differentials

Tangent Planes and Normal Lines
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Tangent Planes and Differentials

Parallel to 
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