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Derivatives of higher order 
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Applications of derivatives 
 
 

 
 

 
 
Better approximation: by including higher-order derivatives 
(but then nonlinear – the graph of f  in the neighbourhood of x0 is 
approximated by a polynomial curve): 
 
Taylor’s formula 
(with ∆x = x – x0) 
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Applications of derivatives: 

 

Finding limits using differentiation 
The rule of de l’Hospital 
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Theorem: 
The Rule of de l’Hospital (for the  0/0  situation) 
 

 
 
Note: The rule of de l’Hospital applies also to the  ∞ / ∞  situation. 
 
Warning: The calculation here is quite different from the application of the 
quotient rule for determining the derivative of  f/g ! 
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Finding other „indeterminate“ limits: 
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„Local extremum“ means either local maximum or local minimum. 
 

 
Definition: 
An x0 in the domain of f  is a critical point for f  if 
 

f ‘ (x0) = 0     or    f ‘ (x0)  does not exist. 
 
 
Theorem: 
Let  f  be defined on an open interval I which contains x0. 
If  f  has a local extremum at x0 , then x0 must be a critical point of f. 
 
But: The contrary is not necessarily true! Critical points are not 
automatically points of local max or min. 
They are candidates for local max / min. 

f 

f 
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So remember: 
Extrema occur at critical points, but not every critical point is the point of 
an extremum. 
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Summary: 
 
f  continuous on [a, b]       
 
1.  f  has both global extrema (min and max) 
2.  These occur either at a or b (endpoints) or where f ‘(x) = 0 or where f ‘ 
doesn’t exist. 
 

 
 

 
 

t 
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Issues to investigate in a function diagram 

 
 
with algebra: 
 

• domain and range 
• intersections with the x axis 
• intersection with the y axis 
• possibly symmetry 
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Functions of two variables 
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Sources: 
 

Irina Kuzyakova: Computer Science and Mathematics (study course MES),  
summer semester 2014, part “Basics of Calculus” 

Richard Delaware (Univ. of Missouri): Lectures (youtube.com) 
Gregory L. Naber (Drexel University): Lectures (youtube.com) 

Wikipedia 


