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	Winplot is a free, dynamic, web-based graphing utility requiring less than 700 KB of memory.  It can be downloaded from the following web page: 					http://math.exeter.edu/rparris/winplot.html
As students progress through mathematics courses in high school and then into college, graphing becomes an essential skill for learning mathematics.  Graphing with paper-and-pencil techniques can be challenging and time-consuming, but graphing calculators have alleviated much of the drudgery.  However, the output of most hand-held graphing calculators is less than desirable.   They have small display screens, oversized pixels, monotone black colors, and are not dynamic.  Well, now we have Winplot, a graphing calculator designed for computers.  It graphs and animates objects in the plane and in 3-dimensional space.  It easily plots points, functions, and relations in 2 and 3 variables. Like other graphing calculators, it determines the zeros, extreme values, intersections, derivatives and definite integrals of functions.  Moreover, the 3-dimensional graphical displays can be manipulated and animated in multiple colors.   The ability to rotate the axes and to reposition the surface helps tremendously in visualizing 3-dimensional graphs.  Thus, Winplot enhances the presentation and interpretation of graphs.  The availability and manipulation of sliders also facilitates students’ abilities to explore and discover mathematical concepts.  These are extraordinary enhancements for the learning and teaching of mathematics.  Yes, other graphing utilities such as Mathematica, Derive, and Maple can do similar things.  But, those graphing utilities are rather costly, not as easy to learn, and require tremendous amounts of computer memory.
	The following activities have been designed for students and teachers to gain facility in using Winplot.  As you progress through this workshop, you will develop competence in applying Winplot to illustrate important concepts from algebra, trigonometry and calculus through graphical and visual modalities.    
Getting Started with Winplot 	     
Download Winplot and you should see an icon on your desktop with the appearance of a yellow square containing a parabola:     
1. Double click on the Winplot icon to the computer screen.  Click on Window and then select 2-dim.

2. Click on the Equa menu, and then select Explicit.  Click OK to see the graph of f(x) = xsin(x).   Click Delete in the Inventory window to clear the graph, then click Close. 

3. To view the graph of another function, click on Equa menu and select Explicit.  Now, type in your own desired function (e.g.,  f(x) =  - x2  + 3x + 1)  and click OK.

4. To edit your function or delete another function, click on Equa and select Inventory.  Click on the function you wish to change and select either Delete or Edit.  Make the editorial changes and click OK.

Configuring the Display
Before we enter any more functions, we will learn how to alter the display and the coordinate grid.
1. Click on the Misc menu and then click ColorsBackgroundColorselect white and then Close.  Under the Misc menu, scroll to Decimal places and set it to 2, then click OK.

2. Click on the View menu and then select Grid.  Click on the boxes for Rectangular and Dotted.  Click Mark Scale on Axes.  Set the  x  and  y  intervals and frequencies to 1 each.  Then, check scale for both  x  and  y.  Do not change the pre-set check marks.  Select Apply and then click Close.

3. To zoom in and out on the graph, use the Page-Up and Page-Down keys on your computer.  To reposition the axes on the screen, use the computer’s arrow keys.
  
Other features will be introduced as they are needed.
Winplot Graphing Activities

If you wish to save a copy of your graphs, open a Word file and copy the solutions to each of the following problems on the Word file.  You may also save the individual completed graphs as Winplot files.  These can be opened from the Winplot program.  You may then email the files to yourself as attachments.

1. 
Click on the Equa menu and select Explicit.  Enter  .  Zoom out (Page Dn) until you think you have the best display of the graph. 
Click on Btns menu and then select Text.  (This allows you to enter and move text on the graph.) Click on the Equa menu and select Inventory, then click on Equa.  The equation should appear on the graph.  (You can move it where ever you wish on the graph.) What is the mathematics name of the shape of this graph?  Right click and enter your answer, then click OK.  What are its asymptotes?  Graph them in a different color on the same coordinate system.

2. 
Use Winpot to graph   by using the Implicit feature under the Equa menu.  Describe the shape of this graph.  Click on the Equa menu and select Shade implicit inequalities.  Click on Change = to <.  Print the shaded version of the graph. 
3. 
Use Winplot to graph    using the Implicit feature.  What is the mathematical name of the shape of this graph?  What are its asymptotes?   Graph them.

4. 
Use Winplot to determine the zeros (roots) of this function:     You will need to click on the One menu and select Zeros.  Click on Mark Pt for each zero.  Print the graph of this function, indicating the estimated values of the roots.  

5. Use Winplot to determine the maximum value of the given function.

 	.   Click on the One menu and select Extremes.  Click on Mark Pt for each extreme point.  Print the whole graph of the function, indicating the location and value of the maximum value of the function.  Round your answer to the nearest tenth using the Edit feature from the Inventory box.  

6. Use Winplot to determine the minimum value of the given function for x < 0:

	.  Print the whole graph of the function, indicating the location and value of the minimum value for x<0.  Round to hundredths.               

7. Use Winplot to create a graph for  y = Mx + B.  Create sliders for both M and B so that students will be able to manipulate them to discover the impact of their values on the shape of the graph.  You will need to click on the Anim menu and select Individual and M, then B.  Play with the sliders to determine their effects on the shape of the graph.  Print the graph, when slider M = -0.5 and slider 
B = -3.  

8. 
Use Winplot to create graphs for y = cos (x)   and   y = A cos (Bx) + C  on the same xy-plane.  Create sliders for A, B, and C.  Click on the View menu and select Grid.  Set up the x-axis so that its units are marked-off in terms of /4 (enter  pi/4)  and the  y-axis with units marked-off in integers.  
a. Graph y = cos (x) in blue and y = A cos (Bx) + C in red where sliders 
	A = 2, B = 1, C = 0.   How do the two graphs differ?  Print the graphs.
b. Graph y = cos (x) in blue and y = A cos (Bx) + C in red where sliders 
A= -1, B = 4, C =0.  How do the two graphs differ?  Print the graphs.
c. Graph y = cos (x) in blue and y = A cos (Bx) + C in red where sliders 
A= 2, B =1/2, C =0.  How do the two graphs differ?  Print the graphs.
d. Graph y = cos (x) in blue and y = A cos (Bx) + C in red where sliders 
A= 1, B =1, C = -2.  How do the two graphs differ?  Print the graphs.

9. Use Winplot to solve this system of equations.  Remember to re-scale the x-axis to integers (de-select Pi) before you graph these algebraic functions. You will need to click on the Two menu and select Intersections.  Click on Mark Pt for each intersection point.  Determine the intersection points correct to the nearest one-hundredth.  Print the graphs in different colors on the same xy-plane with their intersection points marked.  

= y
-2x + 3 = y

10. Use Winplot to graph the surface of revolution of these two graphs (from x= -1.8 to x= 1.8).  Make sure the two graphs are in different colors on the same xy-plane.  Revolve each graph individually about the x-axis.  You will need to use the One menu and select Revolve Surface.   Be sure to click See Surface for each revolution.  
	y = -x2 (x2 – 3)
y = (2/3) x

11. 
Use Winplot to graph   and the tangent line to the graph at 
 x = -0.25.  You will need to use the One menu and select Slider, then select tangent. What is the slope of the tangent line to the graph when  x = -0.25?  What is another name often used for the slope of the tangent line to the graph?  


12. Graph both of the following functions on the same XY-plane in two different colors.  Then determine the area between the two curves over the interval from 
x = 0 (lower limit)  to   x = 1.6 (upper limit).  You will need to click on the Two menu and select Integrate, then indicate the lower limit, upper limit, check all boxes, select definite, and overlay to shade the indicated area.  You may also select the color of the overlay.

		y = -3 x2 + 5 x + 4
		y = -0.20 x3 – x2 + 4

13. Go to Window and select 3-dim.  Graph  z = 2x2 + y2  and  z  = -10 cos(4x +2)  on the same XZY-axes.  Graph one equation in red and the other in blue.  Go to the View menu and select BoxBox, Cube, and Coords.  Enclose the entire graph in a cube and show the three axes by returning to the View menu and selecting Axes.  Use the Page Up and Page Down keys to zoom out and into the graph.  Also, use the arrow keys to animate the graph.  Have fun!

14. Return to the Window screen and select 2-dim.  Then, graph a system of polar equations on a polar coordinate system. You will need to reformate the grid, so click on the View menu and select Grid.  Deselect Rectangular and select Polar, Polar sectors, Apply and Close.  Click on the Equa menu and select Polar. 
 
		 r = 3 sin(2t);       0 ≤ t  ≤ 2π
                   r = 2 cos(t) – 1;   0 ≤ t  ≤ 2π

15.  Graph parametric equations on a polar coordinate system:

		(x,y)  =  (2 cos(3t) , 3 sin(2t) );   0 ≤ t  ≤ 2π

16.  In  3-dimensions, graph a bugle surface:

		Z = (x2 + y2)1/4 
	Recall that you need to return to the Window screen and select 3-dim.  Click on the View menu and select BoxBox cube.  Animate the graph using the computer’s arrow keys.

17.  In 3-dimensions, graph the intersection of a plane with a surface.  To graph the plane, click on Equa and select Plane.  Enter 0 for a, 1 for b, and 0 for c; 0 for k, 2 for n, and 0 for m.  Enter 20 for Square size. Place them in a cube with axes revealed.

		Surface:    z = y2 – x2
		Plane:       y = 2


18.  Go back to 2-dim on the Window screen and graph the function below.  Then create a surface of revolution, from x = 0 to x = 2, about the y-axis:   

		y =  
To see the surface, click on the One menu and select Surface of revolution . 

a.  Click on the One menu and select MeasuremenVolume of the surface of  revolution.
b.  Click on the One menu and select MeasurementSurface area of revolution.
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