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Introduction

Welcome to calculus.  As many of you know there is a something called a “Maple lab” that is a component of this course.  You can find this computer program in the following labs:  HS150, Mathematics tutor lab, Fulton lab. 

What is Maple?

Maple is what we call a computer algebra system, or CAS.  If we communicate to Maple appropriately it can be a great tool for exploration and learning.  The mathematics and computer science department at Salisbury University has invested a lot of time and money into this tool because we feel it greatly enhances the teaching and learning of mathematics.  This manual is to help you learn some of the basics for working with Maple.  

Why labs? 

In calculus I, there is a scheduled meeting in a computer lab once a week.   We do this because we understand that learning how to use a new tool requires the help of an expert and we want this experience to be successful.   During this meeting you will either work on a lab assignment or continue working on course material with the instructor.  Using Maple to help your learning is also vitally important in Calculus II, III but this is now expected to take place during your own working time. If you have entered into the Calculus II or III as a transfer or accelerated student you may not have had the opportunity to learn Maple so we have a “crash course in Maple” for you to go through. 

Working through the lab

First, make sure to read the goals and the material listed in “before you start”.  Then read through the lab to get a feel for what is being covered.  Next, open up a Maple worksheet and work through the lab following any directions and answering any questions that may be in the discussion.  This part is important!  Within the discussion are included any new commands, how to use them, and an example of their use.  Also, you may find some written procedures or other code that you can copy and paste to use in the next step of the lab: the exercises.  

Your instructor may assign all or part of the exercises.  After you have worked through the discussion piece of the lab you will be ready to explore a little on your own.  The examples and problems in the exercises were carefully chosen to highlight certain mathematical concepts and ideas.  Consider the earlier examples and commands shown to you in the lab as you work through the exercises. 

Remember:

Maple does not solve the problem; it is a tool that you use to explore the mathematics

You must speak to Maple in its language, not your own

Keep track of new or forgotten commands on either a separate Maple worksheet or piece of paper, this will save you time!

Make notes as you work, writing down any ideas you may have.

Pick variable names that make sense to you and keep track of them.

Check your input to make sure you typed everything in correctly.  This is where working with someone is nice, one person can type and the other can check what was typed.

SAVE your work frequently, Maple requires a lot of computing space and hence your computer will freeze- sooner or later- so be ready for it. 

What you turn in- the lab report

As you work through the exercises you will generate a lot of commands and hence a lot of output.  Your instructor does not need to see all of this.  Instead, you are to synthesize your findings.  Down below we give an example of what this does and does not look like.  If you have taken a science lab with required lab reports you know that the process goes like: read the problem at hand, carry out the exploration, think about what you found while exploring and what parts of it answer or provide illumination to the problem, write up your presentation of the solution to the problem in complete sentences. 

Writing a lab report is a difficult skill that will take time to learn.  An important part of mathematics or any discipline is to communicate to others what you have learned.  This report is your way of communicating to the instructor and others who know calculus what you have learned.  Do not assume the instructor can read your mind and know what “you really wanted to say”.  When writing the report, keep in mind that you are writing it for another person (besides yourself) to read.  Look at the way the lab assignment or your mathematics text was written.  Decide which parts were easy to follow- try to write like that.  Decide which parts were harder to follow- try to avoid writing like that.  This report can either be written as a word processor document with input and output pasted in from the Maple worksheet, or it can be written in your Maple worksheet. The report begins with a title page that contains the following items:

a) Title

b) Name(s) of group member(s)

c) Objectives: briefly state what the lab was about

d) Commands you used: state briefly which commands you ended up using in your work

The body of the lab should look like:

a) Statement of problem under consideration, if appropriate in your own words

b) Discussion of your solution attempt and solution

c) Conclusion of your results, a statement of the answer

Note: If there are several problems or exercises then you will have the above three pieces for each one. 

When approaching parts b and c make sure to answer the question(s) in sentence form.  A list of formulas or Maple input/output without supporting discussion is not appropriate.  Synthesize your results in writing.  Do not include all input and output, but decide which is relevant and include it with a discussion of how it was involved in your exploration and solution of the problem.  

Include graphics-

a) Minimize it on the Maple worksheet and then copy and paste into your lab report

b) Make sure the graphic is labeled

c) When appropriate include a legend for a plot

d) Refer to the graphic in your writing; do not just place it in the lab report with no discussion of what it is.  

e) Use the graphics that help you get your point across, do not turn them all in.

When getting ready to write your discussion in part b some questions to consider:

a) What was the end result, if any?

b) How did each step lead you to your final conclusion?

c) How certain are you of your answer?

d) What, if any, extra steps or commands did you take to explore this problem?

e) What processes did you go through?

f) What problems did you encounter and how did you attempt to overcome these?

Finally, make sure to state your final answer after all of the discussion about getting it!

Below, we have a sample pre-calculus problem and 3 different write-ups of that one problem.  The first write-up is exemplary, while the other two are not. 

Sample problem:


Find the points of intersection of the 2 curves
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a) by graphically estimating them

b) by finding them analytically

Good write-up:  correct mathematics that is discussed and synthesized
We were asked to use a graphical and analytic approach for finding the points of intersection of the 2 curves 
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The first thing we did is look at it graphically.  Since the first curve is not in the typical form “y=f(x)” we were a little confused at what to do at first.  Then we realized we could use the solve command to put this in that form.  This actually yielded 2 answers for y:
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Considering the first equation again, we saw that it is an equation for a circle with center (0,-5) and radius 3.  To plot this circle we first defined 2 functions, one for the top part and the second for the bottom part:

> top:=x->-5+(9-x^2)^(1/2);
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> bot:=x->-5-(9-x^2)^(1/2);
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Next, we plotted the circle with the line on the same axes.  After trying many viewing windows we decided to use the following and chose the 1:1 scaling option so that the x and y scales would be the same:

[image: image8.png]


Figure 1

It was still hard to see where the points of intersection were.  After a lot of discussion we decided that instead of using guess and check we would change our viewing window so we could “zoom in” near the intersection points which looked like they were near x=3 and x=1.
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Figure 2

Our approximation for this point of intersection was: x=1.1

In a similar manner we zoomed in near the second point and our approximation for this point was:  x=2.9.

To find the intersection points analytically we used Maple’s solve command.  Since we knew that the first point of intersection was between the bottom part of the circle and the line we just asked Maple to find out where the circle bottom equation was equal to the line equation:

> fsolve(bot(x)=2*x-10,x);
[image: image10.wmf]1.105572809


The second point of intersection was between the top of the circle and the line so we did:

> fsolve(top(x)=2*x-10,x);
[image: image11.wmf]2.894427191


So our analytic approach yielded the 2 points of intersection (correct to one decimal place) to be: x= 1.1 and x=2.9.  The coordinates of the points of intersection were found by substituting these x values into the line equation.  We realized that we could also use the circle equation because this is where the curves meet. The coordinates were found to be:  (1.1, -7.8) and (2.9, -4.2).  

In conclusion we found that our initial visual approach actually helped us with the analytic approach, and our answers to each were double checked by the other.  We feel very certain that there were only 2 points of intersection because a line can intersect a circle at most twice.  Our visual approach (see fig 1) then showed that the line actually did hit the circle twice and we were able to solve analytically for the coordinates of the points of intersection:

(1.1, -7.8) and (2.9, -4.2).

Note: The equations in the above lab were copy and pasted from Maple output, but you can also use a word processor’s equation editor.  Ask your instructor if you need formatting or style help.

Bad write-up, correct mathematics-  you turn in all of your input and output with no explanation

> solve(x^2+(y+5)^2=9,y);
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> top:=x->-5+(9-x^2)^(1/2);
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> bot:=x->-5-(9-x^2)^(1/2);
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> plot([top(x),bot(x),2*x-10],x=0..1.5,numpoints=900);
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> x^2+(y+5)^2=9;
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> y=2*x-10;
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> x=1+3/25;
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> evalf(%);
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> plot([top(x),bot(x),2*x-10],x=2.2..3,numpoints=900);
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> fsolve(bot(x)=2*x-10,x);
[image: image21.wmf]1.105572809


> fsolve(top(x)=2*x-10,x);
[image: image22.wmf]2.894427191


> subs(x=1.1, 2*x-10);
[image: image23.wmf]-7.8


> subs(x=2.9,2*x-10);
[image: image24.wmf]-4.2
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Bad write-up- not enough exploration time spent and there is no discussion of the results, introduction to the problem, conclusion to the problem, nor insight into what you went through to produce your lab write-up

> plot([top(x),bot(x),2*x-10],x);
[image: image26.png]



The plot above shows that the line probably intersects at about x=3 and x=1. 

> fsolve(bot(x)=2*x-10,x);
[image: image27.wmf]1.105572809


> fsolve(top(x)=2*x-10,x);
[image: image28.wmf]2.894427191


The fsolve command tells us that the points of intersection are 1.1 and 2.89.


At first inspection we actually thought we had done something wrong but we then realized the yellow line only intersected the bottom green curve near x=1.  





Clearly stated objective





Discussion of their approach and why they did that





They explain what this plot is and what it tells them, it is also appropriately scaled with a good viewing window and has been minimized to fit nicely within this write-up





They explain this plot and then use this explanation to help with the second point- they are synthesizing well.





They then clearly state the solutions.





State their shift in focus, include appropriate input and output





Finally, they summarize their findings and share what they learned.





This was not asked for explicitly but it is a nice extra to examine- it shows they were thinking about the problem





This may be a plot that is initially produced while you are examining the problem but it should not be the final product!





Obviously, no extra time was spent to find these since they are given as whole numbers





The fsolve command tells you this?  





No problem statement





No discussion and no conclusion
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