Getting started with Maple
Dr. Jennifer Bergner, Dr. Donald Spickler

Salisbury University

Maple is a computer algebra system, or CAS.  When you type in the appropriate “commands” in the correct format it will carry out many algebraic procedures such as plotting a graph, evaluating a function at a given point, finding roots of an equation, and making numerical calculations. In this lab you will learn some of the basic features of Maple. Some of the features in Maple 12 are much easier to access than in previous versions.  Hence some of the reading in this lab may seem “outdated”.  It was written for a previous version of Maple, but many of the issues are similar. 
The work you are to turn in is at the bottom of this document and is titled “Exercises”, all other questions in this lab are meant to be answered but not written into your lab report. Note:  Make sure to refer back to the reading as you work through the exercises!
1.0 Some basics

· A file is called a worksheet and has extension mws.

· Make sure to save frequently- you can lose all of your work if Maple freezes, which happens quite often since Maple uses large amounts of memory

· Longer expressions or commands may need several lines of input, hence in older versions, Maple DOES NOT complete and evaluate input until it sees a “;”.  This may cause confusion at first – but, it is a very efficient way to communicate to the computer that you are done and ready to have it do its work.  However, in Maple 10, simply hitting ENTER will execute your command. 
· Command lines appear as lines beginning with a light gray backlash symbol- which  may be hard to see.  However, if you ask Maple to do something it cannot do, no answer will be returned or it will spit what you input right back out.  Try to find another approach to get your problem solved.   Also, if you type improper syntax, Maple will return back to you what you input, usually with the cursor placed at the first place there is an error. 

· Multiplication is indicated by the symbol “*”  so 2 multiply 3 is keyed in 2 *3, but appears as
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  Division is indicated by the symbol “/”, so 2 divided by 3 is keyed in 2 / 3 but appears as[image: image2.wmf]2
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Note:  If you wanted the decimal approximation of this, you must use the command “evalf” which is discussed later in the reading. 

Exponents or powers 
[image: image3.wmf]n
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are keyed in  a^n, but appear on the screen as [image: image4.wmf]a

n


Note:  You can also use the menu keys available under “expressions” to the left to access this power feature. 
· The percent sign % plays a special role in Maple.  If you enter % on a Maple command line, Maple interprets this to mean “give me the output that was just produced from the previous input”.  If you enter %% on a Maple command line, Maple interprets this to mean “give me the output that was produced right before the last output”.  If you enter %%% on a Maple command line, Maple interprets this to mean “give me the output that was produced from the input 3 times from this ”.  
For the next part of the lab, open up Maple and follow the directions.  You do not turn in the questions from this portion, they are merely there to get you to think. 
1.1 Using Maple as a calculator

a. Arithmetic

On an input line (starts with / ), type in each of the following and then hit enter

3+4 


10/2 


4*5  


1007-67
Notice that the multiplication sign is denoted by an asterisk and that the division sign is indicated by a slash.

b. The form of the answer

The computations above were simple enough that Maple should have returned what you expected.  Try typing in 10/3.  Maple will just give you back 10/3.  All rational numbers have a fractional expression and a decimal expansion.  To get the decimal expansion of 10/3, or to “carry out the division” of 10 divided by 3, there are several commands that can be used.  We will share one:

evalf(10/3) will evaluate the floating point expansion of 10 divided by 3 correct to 10 places.  If you want more than 10 places, type in evalf(10/3,n) where n is the number of places you wish. 

In general to compute the floating point expansion of any expression expr correct to n places, type evalf(expr,n)

For example, to approximate 10/3 to 15 decimal places and 
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 to 12 decimal places, we would respectively enter and receive

> evalf(10/3,15)
[image: image6.wmf]3.33333333333333


> evalf(Pi,12)
[image: image7.wmf]3.14159265359


c. Powers

The command to tell Maple to find 
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is 2^3.  As with many graphing calculators, one types in the carot symbol to indicate the power. In general, 
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x

=x^n.

So 

> 2^3
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> (1/3)^4
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> 3^(-2)
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d. Radicals

On paper we would indicate the nth root of a number x by: 
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 and it is defined to be the number y such that 
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= x.  Reasoning by analogy, since powers are indicated by a carot and the power we would expect that since 
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 we could just type x^(1/n) for this expression.  Unfortunately, this does not always yield what we would expect. 

So 
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.  Let’s try it out.

1. Input (-8)^(1/3), what happens? Remember to either use evalf(answer) or simplify(answer) to get the decimal expansion.  Is this what you expected?
How do we get Maple to return –2, what we know algebraically to be the real valued answer. The problem lies in the hardware and the way 
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 is computed.  Maple has hardwired into it the functions ln(x) and 
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and uses these to compute powers.  The process would go something like:

y=x^n( take the natural log of both sides(ln(y)=n*ln(x)(solve for y by evaluating the exponential function 
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 at both sides, yielding(
[image: image24.wmf])

ln(

x

n

e

y

=

.  

Now to compute a power Maple just looks up ln(x) in its tables and then looks up n times this result in the exponential tables.  This works well except in the cases where x is negative (recall the domain of ln(x) is x>0). So if we wanted to compute (-8)^(1/3) , Maple would have to compute 
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.  Whoops, can’t do. Earlier versions of Maple would output back –2 when one typed in (-8)^(1/3), however, this caused many problems with more mathematically complicated computations.  Many graphing calculators will give you what you expect when you type this in, however since Maple can compute complex numbers (which we do not study in real variable calculus) it will compute the complex values of ln(x) for x<0  and so will produce the 3 cube roots of –8.  We only want the real valued cube root of –8.  So the designers of Maple designed a way to give the user back the real valued answer to the nth root of x if it exists.  They called it “surd”, (think absurd) .

In particular, if n is odd and x>=0 then surd(x,n) = x^(1/n) and if x<0 then surd(x,n) = -(-x)^(1/n)
This works for all nth roots when n is an integer.  So to calculate 
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,  for any integer n not equal to zero, we type surd(x,n). 

To compute our (-8)^(1/3) we would type and receive

> surd(-8,3);
[image: image28.wmf]-2


To define the cube root expression 
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 we would type

> surd(x,3);
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Since the square root of a number is so prevalent they designed a special function just for it: 
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sqrt(x).

2.  Input surd(-8,3), what happens?  

3. To find 
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, what should you input?  What is the correct answer?

1.2 Naming things in Maple

We use names in all areas of our lives to simplify communication.  Maple also uses names to help identify almost anything you input.  A name in Maple is a single letter or any letter followed by one or more digits, letters, or underscores.  Note that a name must begin with a letter. 

Example names


Things that Maple won’t take as names
[image: image95.wmf]£


neat_fcn1



1stfucn 


output2



2x


f1




@fcn


fcn31




cos (or other reserved names)


a


a111113333333

Again, it is a good thing to name things in Maple because there may be times where we have typed in a long or complicated expression that we would like to use several times in the worksheet.  Naming this object is a good way to save time. 

The assignment operator vs. the equal sign

To communicate to Maple that you wish to name an object, you use what is called the assignment operator := and put the name on the left hand side of the assignment operator and the object on the right hand side. For example,

> expr1:=x^2-3*x+7-Pi+3*x^2;
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will let us refer to the (evaluated) expression [image: image34.wmf] - 
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 by just typing 
> expr1;
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Now, anywhere we wish to use the expression we just need to type expr1.  When Maple 

reads the assignment name:=object, it fully evaluates the right hand side but leaves the left hand side unevaluated.  The left hand side is now identified by Maple as being what is held in the right hand side.  One must be careful with using something you may wish to consider as a variable as a name. For instance:

> x:=16;
[image: image36.wmf] := 
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> x;
[image: image37.wmf]16


Now whenever you use the name x, Maple sees it as the value 16—not the variable x. 

To solve this problem, either do not assign variables values or you can type

> x:='x';
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The general syntax for unassigning or resetting a name is name:=’name’’; 
Now Maple sees x as unassigned and we can treat it as a variable.

> x;
[image: image39.wmf]x


This is in contrast to using the equal sign:

> expr2=x^2-3*x+7-Pi;
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> expr2;
[image: image41.wmf]expr2


The equal sign tells Maple to evaluate both sides and Maple sees this as an equation and not an assignment.

1.3 Functions, expressions and equations

Functions

Mathematically, a function is a rule or procedure, that gives every input value in the domain a unique output value in the range.  The easiest way to create a structure in Maple that is a function of one variable in the “mathematical” way is :
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  >f:=x->x^2+5;



[image: image42]
Once defined this way, the structure f(x) will be what we think it is mathematically.  We will look at plotting functions and finding there roots later in the lab.   Notice below how once defined correctly, f(x) can be evaluated at different points.

> f(3);
[image: image43.wmf]14


> f(f(3));
[image: image44.wmf]201


> f(t);
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> f(x+h);
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> f(f(x));
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Expressions

An expression is a formula that can involve variables, operations and/or functions. If you look up how to use any commands, Maple will abbreviate this “expr”.

> x^2+5;
> f:=x^2+5;

The expression f is not a function.  Up above we saw what would happen if we defined f to be a function and then entered f(3).  If we now enter f(3) we get the following:

> f(3);
[image: image48.wmf] + 
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Equations

An equation is when 2 expressions are set equal to each other (this requires the “=” sign and not the assignment operator “:=”). If you look up how to use any commands, Maple will abbreviate this “eqn”.

> g=x^2+5;
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> g;
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> g:=x^2+5=10;
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> g;
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These both contain equations, however the second one is using g to name the equation [image: image53.wmf] = 

 + 

x

2

5

10


In this instance, Maple now sees g as the equation 
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1.4  Some algebra

Roots

One nice thing about Maple is that it can find the roots of an equation very quickly.  Maple is just a tool for our use, and must be used properly to yield the correct results.  

Consider the equation 3x-4=0.  Algebraically we could solve for x by adding 4 to both sides and then dividing by 3 yielding x=4/3 as our solution or root.  To get Maple to do this for us we can use the solve or fsolve command.  The solve command will find the EXACT solution when possible.  When you are trying to find the roots of an equation, you must decide which command to use.  If Maple cannot find the exact solutions, you must use fsolve.  See the discussion below in the section titled “Solve vs. fsolve”.   
For the solve command, the syntax goes like:

solve(eqn,var) 

Where “eqn” is the equation Maple is to solve for ‘var’, where var is  the name of the variable you are solving for

Recall, that if you ever want to know more about how a command works, say the solve command type:

> ?solve;
and the help screen for this topic will appear.  Try it right now. This help screen provides information on how to use the command and also links to other areas of the help menu that relate to the command.

Recall that 3x-4 is an expression but f:=x->3x-4 defines the function f(x).  Here are 2 ways to have Maple solve the equation:

Method 1: use solve command and just type in the expression (that is set equal to 0) 

· solve(3*x-4,x);
[image: image55.wmf]4
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· solve(7*t-8,t);
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Note: if you are solving an equation that does not have zero on one side of the equal sign, say 2x-5=10, you must type the whole equation in.  If you do not type an equal sign (as above) Maple will assume that the expression you have typed in is set equal to zero.)

> solve(2*x-5=10,x);
[image: image57.wmf]15
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vs

> solve(2*x-5,x);
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Method 2: first define the function and then use the solve command

> f:=x->3*x-4;solve(f(x),x);
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> g:=t->7*t-8;solve(g(t),c);
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Solve vs. fsolve

The fsolve command uses the same syntax as the solve command. For purely floating-point solutions use fsolve, the solve command will produce the exact form of the solution whereas the fsolve command will produce a decimal approximation to 10 places. As you get further along in your mathematics career you will see that most equations are not simple enough to be solved exactly.  Often an approximation, that fsolve or some other method produces, is what you will get. 


· solve(x^2-2,x);
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· fsolve(x^2-2,x);
[image: image64.wmf],
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In this next example, there is no general method to solve a quintic so our solve command does not produce our exact result.  Using fsolve will give us our approximate solutions.

> solve(x^5-4*x^2+x,x);
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> fsolve(x^5-4*x^2+x,x);
[image: image66.wmf],
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If you would like to see if there are exact solutions then you will use the solve command.  If the solve command does not produce all the roots (you may be looking at the graph or considering the mathematics of the situation and realize how many roots there are), then try the fsolve command.  In a later lab, you will learn how to refine the solve and fsolve commands.  
Basic simplification and factoring

To carry out algebraic simplification in your classes prior to calculus, you had a variety of tools you could use. Maple has these in some form, the trick is figuring out how to use it.  Some of the most basic things you may have learned is all of the ways to simplify expressions and factor expressions involving integer coefficients.   Maple has a command named simplify that will apply the basic simplification rules and factor that will apply some basic factoring rules.  

> f:=(x^2-1)/(x+1)-((x-1)/(x^2-1));
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> simplify(f);
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> simplify((x^4-81)/(x-3));
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>  factor(x^3+3*x^2+9*x+27);
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There are many other commands that will help you with your algebra.  Some of these include normal, expand, convert as well as some commands in the student package that you can load by typing 

> with(student);
Explore!  Remember to get help on any one command just type ???commandname; at any input prompt.

1.5 Using the plot capabilities of Maple

In the next lab we will explore plotting more in depth.  The basic command structure is:


> plot(x^3,x);

                                                           [image: image71.png]



We could have also typed in 

> f:=x->x^3;
[image: image72.wmf] := 

f

 ® 

x

x

3


plot(f(x),x);

and gotten the same plot.

BELOW you will find the lab exercises that you will write up and turn in as your lab report. Use complete sentences when giving me your results.  For example, exercise 1a would be something like “to find the square root of two I typed in …. and received….” Exercise 3 would go something like “ To define the function f(x)=x^3-27, I typed in… Then to find the roots, I typed in.. and received… You can find the graph below….
Your goal is to write up your results in such a way so that they stand alone from the statement of the exercises.  Meaning, I will not have the exercises in front of me- I want to read your report and know what you were asked to do, how you did it, what happened, and any conclusions you made.   

Exercises    Part 1

In all of these exercises, state what command you used to get your solution and state the solution.

1. Find the values of the following correct to fourteen places after the decimal point(this will require some playing on your part as the default is ten).  Remember to state what command you used to get your output. 
a. 
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b. 
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e. (-
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2.  The solve and fsolve commands  and defining a function
a. Define the function 
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  and input the following command solve(g(t),x).  What happens?

b. Define the function 
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  and input the following command solve(g(t),t).  What happens?  What is the difference between this input and the input in part a?

c.  Solve the equation A=1/2 bh for b, for h with Maple’s solve command.
d. Solve the equation 4=8x-6 with Maple’s solve command

3. Defining a function, fsolve and solve commands, the plot command and evaluating functions

a. Define the function f(x)= x^3 -27 in Maple.  

b. Use either the fsolve or the solve command to find all the real roots of the function.
c.  Plot the function in Maple and label your graph.  Note: When including graphs in the report, please make sure they are minimized!  
      d. Evaluate f(x) at x=1,  1.5,  2,  2.9 and provide your results. 

4. Find the approximate value of the 
[image: image80.wmf]5

  correct to 10, 15, 21, and 40 decimal places. Make sure to state how you did it.  
5. Find the approximate value of ln(2) and ln(3) correct to 3 and 18 decimal places.  Make sure to state how you did it. 
6. Enter and execute the following and then answer the questions.

> x:=3;
> x^2+5;
a. What did the first statement tell Maple to do?

b. Why didn’t the second statement return the expression?  What did it return?
Before you proceed---make sure to unassign x (i.e. reset it)!!

If you do not, you will have problems.
7. Find the exact solutions for the following (Don’t forget the surd command!) (Should you use solve or fsolve???):

a. 
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8. Graph and find the roots of 
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How can you be sure you found all of them?  (Should you use solve or fsolve???)
9. Simplify the following:

a. 
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b.  
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     c. (f(x+h)-f(x))/h, where 
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10. Factor the following (use the factor command)
a. 
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c. 
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11. Define the following functions in Maple and then use the basic plot command to produce a plot.

a. f(x)= 
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b. g(t)=
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c. h(x)=
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d. f(x)=
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Part 2

Answer the following questions about the introductory material.

1. What is the surd function?

2. How would you define a function?

3. What is the difference between the following inputs?

>f=x^6-1;
> f:=x^6-1;
> f:=x->x^6-1;

4. What is a name in Maple?

5. How do you unassign a name in Maple?

6. What is the difference between typing x=5 and x:=5?

7. What is the difference between fsolve and solve?

8.If I enter the following code (in the given order) what will Maple produce?

> 2+6;
> %;
> %%+10;
> %+100;
> %+%%%;
plot( function,x)





Not specifying any more will give a default viewing range of 
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The procedure that takes x and maps it to the rule � EMBED Equation.3  ���





This equation is simple enough for Maple to provide an exact solution with solve.  fsolve provides us with the approximate solution





Here we have assigned f  as a difference of rational expressions and then ask maple to simplify f.





Here we type the expression directly into the simplify command.  This is not as nice as above because we do not know if we typed it in correctly.  





Recognizing that this result may have a more usable form, I ask Maple to factor it
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