3.1:  The Derivative and the Tangent Line Problem.

A.  Definition of Tangent Line with Slope m
If f is defined on an open interval containing c, and if the limit
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exists, then the line passing through (c,f(c)) with the slope m is the tangent line to the graph of f at the point (c, f(c)).  

The slope of the tangent line to the graph of f at point (c, f(c)) is also called the slope of the graph of f at x = c.  For vertical tangent lines the limit will approach 
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B.  Example:  Find the slope of the tangent lines to the functions at the given point.
· 
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at the point (1,1)

C.  Definition of the Derivative of a Function


The derivative of f at x is given by
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provided the limit exists.  For all x for which this limit exists, f’ is a function of x.  
· This process of finding the derivative of a function is called differentiation.  A function is differentiable at x if its derivative exists at x and differentiable on an open interval (a,b) if it is differentiable at every point in the interval.  

· In addition to f’(x), which is read as “f prime of x,” other notations are used.  The most common are: 
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· Examples:  Find the derivative of each
a)  
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b) 
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D. Differentiability and Continuity
The following alternative limit form of the derivative is useful in investigating the relationship between differentiability and continuity.  The derivative of f at c is
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· Use this form of the derivative to find the derivative of 
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at c = 3
· Recall for the limit to exist the right and left hand limit must be the same. f(c) must also exist.   If the limit does not exist, the function is not differentiable at c.
· If f is not continuous at x = c, it is also not differentiable at x = c.  If Differentiability does imply continuity but the converse is not true.  Functions with vertical tangents at x = c or different right/left limits are not differentiable at c
· Reasons for a function not being differentiable at x = c

· Discontinuity at x = c

· Sharp turn in the graph

· Vertical tangent line

· Examples:  Consider the following functions
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E.  Theorem 2.1:  Differentiability Implies Continuity


If f is differentiable at x = c, then f is continuous at x = c.  
(Proof on page 119)
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