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Terminology

· Local Maximum or Relative Maximum - point where the graph of a function changes from increasing (positive slope) to decreasing (negative slope)
· Local Minimum or Relative Minimum - point where the graph of a function changes from decreasing (negative slope) to increasing (positive slope)
· Saddle Points – point where the 2nd derivative changes from positive to negative or negative to positive and is neither a minimum or maximum   
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· Sgn(x) is a special piecewise function (like the ceiling, floor, and Integer functions) called Signum.  Sgn(x) is 1 for x > 0 , equal to zero for x = 0 and -1 for x < 0.

You are asked for a 




You answer with 
· Location of   a minimum/maximum

x-coordinate or x = ___
/saddle points
· Minimum or maximum



y-coordinate or y = ___

· Point of intersection or intercept

x- and y- coordinates of a point (x,y)


· Zeros of a function



x-coordinates of the x-intercepts
· Location - not differentiable


x-coordinate or x = ___ 

· Something that doesn’t appear in the graph
write n/a  (not applicable)
Directions:  
1. Open the Geometer's Sketchpad – “edit”  preferences and change the accuracy to thousandths.  Then go to http://www.district87.org/staff/powelln/Calculus/Chapter4/MinMaxLab.htm and download the Geometer's Sketchpad file.
2. Use colored pencils and create a color copy as shown on the screen of the graphs.

3. Fill in the table with the function, it’s derivative, and its second derivative.

4. Complete the table with the location of the mins, maxs, and undefined points for the function, its derivative and its second derivative.  Hint:  You can put a point on a graph and select the point, choose “measure” and “coordinates” to find the x- and y-values of the points you’re looking for.  You can move them around and the coordinates will change if you don’t put it right on the point you need.
5. Answer the questions at the end of the lab.  Tomorrow’s quick quiz will be over these questions.
	1)  Quadratic 1: 
	f(x) = x2 – 3

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	2)  Quadratic 2:
	f(x) = - x2 - 1

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	3)  Absolute Value:
	f(x) = 4 - |x – 3|

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of 

Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	4)  Cubic 1: 
	f(x) =.5 (x-2)3 + 2

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of 

Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	5)  Cubic 2: 
	f(x) = x3 + 3x2 + 1

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of 

Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	6)  Quartic 1:  
	f(x) = 3x4 – 4x3 + 1

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	7)  Quartic 2  
	f(x) = x4 – 2x2 - 2

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	8)  Square Root:
	f(x) = -3x
[image: image9.wmf]1
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	1st Derivative: 
	f ‘ (x) = 


	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of 

Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	9)  Root 1/3:  
	f(x) = 3x1/3 – 3

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of 

Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	10)  Root 2/3:  
	f(x) = 2x – 3x(2/3)

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of 

Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	11)  Trig 1:
	f(x) = sin(x)cos(2x)

	1st Derivative: 
	f ‘ (x) = 

	2nd Derivative: 
	f“ (x) = 
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	Domain:

[-(, (]
	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


	12)  Trig 2
	f(x) =  sin(x)/cos(x)                              or 

	1st Derivative: 
	f ‘ (x) =                                                 or

	2nd Derivative: 
	f“ (x) =                                                 or
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	Domain:
[-(, (]
	Function
(color red or orange)
	1st derivative
(color blue)
	2nd Derivative

(color green)

	
	Location of Minimums
	
	
	

	
	Minimum
	
	
	

	
	Location of Maximums
	
	
	

	
	Maximum
	
	
	

	
	Location of 
Saddle Points
	
	
	

	
	Location - not differentiable
	
	
	

	
	Zeros
	
	
	


Answer the following questions.
1. Which functions have “saddle points”?  Where are they located and at is true of the derivative at these points?

	Function


	
	
	
	

	x-coordinate


	
	
	
	

	1st derivative


	
	
	
	

	2nd derivative


	
	
	
	


2. Look at the points where the functions have mins.  What is true of the derivatives at these points?

	Function


	
	
	
	
	
	

	x-coordinate


	
	
	
	
	
	

	1st derivative


	
	
	
	
	
	

	2nd derivative


	
	
	
	
	
	


	Function


	
	
	
	
	
	

	x-coordinate


	
	
	
	
	
	

	1st derivative


	
	
	
	
	
	

	2nd derivative


	
	
	
	
	
	


3. Look at the points where the functions have maxs.  What is true of the derivatives at these points?

	Function


	
	
	
	
	

	x-coordinate


	
	
	
	
	

	1st derivative
	
	
	
	
	

	2nd derivative


	
	
	
	
	


	Function


	
	
	
	
	

	x-coordinate


	
	
	
	
	

	1st derivative
	
	
	
	
	

	2nd derivative


	
	
	
	
	


4. If a first derivative is zero or it is not differentiable at a point, do you know immediately what is happening at that point without other information?  If you need additional information, what do you need and how do you know it’s a min or max or neither?.

5. Write your own procedure for determining points that are relative mins and relative maxs (local mins or maxs) based on what you know about the first and second derivatives at a point..

6. Read section 4.1.  There is a name for x-coordinates of  points on a graph of a function if you know that a derivative equals zero or is not differentiable there.  What are these x-coordinates called?  

7. Read section 4.1.  What is the difference between relative extrema (relative mins and relative maxs) and extrema on a closed interval (often called absolute mins or absolute maxs)?  

8. Read section 4.1.  List and explain the steps for determining absolute mins and absolute maxs (extrema on a closed interval)
Saddle point – can happen when the function is increasing on both sides of the point also.
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