Lab 1: Introduction to Maple
Goals

Students will use the appropriate Maple commands to perform the numerical, algebraic, and graphical exercises given below.

Discussion

For every lab in this manual, we provide examples of the Maple commands (in bold print) that you will need to complete the questions that follow.  Read through the following worksheet carefully, taking notes on the commands that are demonstrated so that you can complete the activity at the end.  Please keep in mind that this lab manual is essentially a hard copy of the Calculus I computer labs found on the Student Palette, and therefore it is written as if the reader were on the computer working through the lab.  

Input Modes

Maple has two main input modes: command and text.  In order to execute a calculation, Maple must be in command mode.  The  [>  symbol next to the cursor on the computer screen indicates that Maple is in command mode.  To put Maple in command mode, click the  [>  button on the tool bar and then type your command next to the [>  symbol that appears on your screen. Note that, in this lab manual, each example of Maple input is indicated by the ">" symbol.  For each input, the output (answer) is displayed on the following line.  

In order to write an explanation to a lab question, Maple must be in text mode (so that it acts like a word processor).  To put Maple in text mode, click the  T  icon on the tool bar. 

Numerical Calculations

At its most basic level, Maple is a very powerful calculator.  You can use the following arithmetic operations: +, -, *,  /, ^   which are addition, subtraction, multiplication, division, and raising to a power, respectively.  For example, to calculate (32)(
[image: image1.wmf]13

12

) you would type the following and press the Enter button on the keyboard:

> 32*12^13;

[image: image2.wmf]3423782572130304


The output is the above number in the center of the paper, 3423782572130304.  Note that each command is followed by a semicolon.  Also observe that you must use "*" to tell Maple to multiply.  
Maple uses the standard order of operations.  To be sure that operations are performed in the desired order, use parentheses.  The next two samples of Maple input and output demonstrate the use of parentheses with regard to order of operations.

> (2+4)/7;

[image: image3.wmf]6

7


> 2+4/7;

[image: image4.wmf]18

7


Be sure to use round parentheses rather than square brackets [ ] or curly braces { }, which have other meanings in Maple.

To calculate (2+3)(3-1), enter the command

> (2+3)*(3-1);

[image: image5.wmf]10


Note that the multiplication operator * is required.  

Maple recognizes a wide variety of special operators including factorial, greatest common divisor, and least common multiple.  The following input is an example of the factorial operator in use.

> 200!;

[image: image6.wmf]788657867364790503552363213932185062295135977687173263294742533244359

\

449963403342920304284011984623904177212138919638830257642790242637

\

105061926624952829931113462857270763317237396988943922445621451664

\

240254033291864131227428294853277524242407573903240321257405579568

\

660226031904170324062351700858796178922222789623703897374720000000

\

[image: image7.wmf]000000000000000000000000000000000000000000


The expansion of 200! is shown above.
You can easily include the previous expansion of [image: image8.wmf]!

200

 in any subsequent calculation without having to type it.  The ditto operator, represented by a percentage sign (%), refers to the last expression computed by Maple.  The command ifactor, which is only used to factor numbers, factors the previous result into its prime factorization.  

> ifactor(%);
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The next command calculates the product again, which is precisely the value of 200!.  

> expand(%);
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A principal strength of Maple is its ability to do exact arithmetic. Fractions and radicals are not immediately converted to their decimal equivalent, thereby avoiding round-off errors. When you need to use decimal equivalents, Maple has a command that approximates the value of the expression in a decimal floating-point form.

Consider the expression [image: image12.wmf]2

30
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 , which is entered on the Maple command line as follows.

> (2^30/3^20)*sqrt(3);

[image: image13.wmf]1073741824
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Using the evalf command, you can generate an approximation in the form of a decimal floating-point value.

> evalf(%);

[image: image14.wmf].5333783739


Help

If you ever need additional information with a Maple command, ask for help by typing in a question mark followed by the Maple command and then press Enter.  For example,  type in  ?+  and then press Enter.  A help window will open that gives information on the various arithmetic operations that are available in Maple.  You can also open up the help menu by clicking on the "Help" option on your tool bar.  When you click on “Help,” a menu scrolls down with many options.  The "introduction" will give you a grid of topics, and the "topic search" allows you to type in certain word items that you may need.     

Assigning Variables

Names or labels can be used to store and refer to results.  Assignment statements use the colon-equal symbol ":=''
> A := 5;
> A;

[image: image15.wmf] := 

A
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[image: image16.wmf]5


This means that the variable "A'' has been assigned the value 5 and it will retain this value through the remainder of the session unless you assign it another value or "unassign"  it.

> 4*A+12;

[image: image17.wmf]32


The following statement is the way to  "unassign" the variable.

> A := 'A';
[image: image18.wmf] := 

A

A


Note that in the last command statement we have enclosed A within two single quotes.

Maple Constants and Maple Built-in Functions

Maple has many of the standard mathematical constants built-in.  Maple is also "case sensitive" ,  which means that it treats "a" and "A" as distinct symbols.  The mathematical constants  [image: image19.wmf]p

  (the ratio of the circumference of a circle to its diameter),  and i (the pure imaginary number such that [image: image20.wmf]i

2

= -1) are denoted by  "Pi,"  and "I" respectively.  The following commands are employed to evaluate 
[image: image21.wmf]p

to 9 and 50 places past the decimal, respectively. 

> Pi;
> evalf(Pi);
> evalf(Pi,50);
[image: image22.wmf]p



[image: image23.wmf]3.141592654


[image: image24.wmf]3.1415926535897932384626433832795028841971693993751


Maple also has many built in functions.  Trigonometric functions, [image: image25.wmf]e

x

, square root, etc. are all functions that Maple has built in to its system.  Let's calculate the sine, cosine, tangent, cosecant, secant, and cotangent of  [image: image26.wmf]p

.

> sin(Pi);cos(Pi);tan(Pi);csc(Pi);sec(Pi);cot(Pi);


[image: image27.wmf]0


[image: image28.wmf]-1


[image: image29.wmf]0


Error, (in csc) numeric exception: division by zero

[image: image30.wmf]-1


Error, (in cot) numeric exception: division by zero

Note the following items: (1) The trigonometric functions use the same notation that you use.  (2) The argument for the trigonometric function has to be in parentheses.  (3) Maple calls division by zero a singularity.  (4) You can enter several execution statements into one line.  

Now let's evaluate [image: image31.wmf]e

2

.

> exp(2);

[image: image32.wmf]e

2


Note that the Maple command is exp and that the power has to be in parentheses.  To get a decimal approximation of [image: image33.wmf]e

2

, use the evalf command:

> evalf(%);


[image: image34.wmf]7.389056099


Use the following commands to evaluate the square root of 2 as a decimal.  

> sqrt(2);

[image: image35.wmf]2


> evalf(%);
[image: image36.wmf]1.414213562


See the Maple “Help” menu for other built-in functions.

Algebraic computations

Expanding and Factoring Expressions

Maple can expand binomials such as  [image: image37.wmf](
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. The following Maple commands create the expression, and then expand it.

> expr := (x+y)^15;
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> expand(expr);
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Note that in the above example, we first defined the expression, "expr."  We can also expand directly.

> expand((x+y)^15);
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After viewing the result, you can use the factor command to factor it in order to check the computation.

> factor(%);

[image: image41.wmf](

)

 + 

x

y

15


Simplifying Expressions

Maple can apply identities to simplify many lengthy mathematical expressions, such as trigonometric expressions.  For example, we can use the simplify command to simplify 
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2

cos(

)

(

sin

2

)

(

cos

2

)

(

sin

)

(

cos

2

2

4

5

x

x

x

x

x

-

-

+

+

 as follows.

> simplify(cos(x)^5 + sin(x)^4 + 2*cos(x)^2 - 2*sin(x)^2 - cos(2*x));
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Another way to simplify expressions is to use the normal command, which puts fractions on a common denominator and removes common factors in the numerator and denominator.  In the next example, the fraction [image: image44.wmf] - 
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  is simplified after Maple removes the common factors.

> normal( (x^3-y^3)/(x^2+x-y-y^2) );
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Assigning Variable names

The use of variables is essential for managing large numbers of expressions and functions, especially if you want to reuse the output later in a session. 

For example, define an expression, such as [image: image46.wmf](

)

 + 

 + 

41

x

2

x

1

2

(

)

 - 

2

x

1

, and store it as "expr1."

> expr1 := (41*x^2+x+1)^2*(2*x-1);
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The next command shows how to use the expand command on [image: image48.wmf]expr1

 and store the result as a variable, [image: image49.wmf]expr2

.

> expr2 := expand(expr1);
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You can evaluate [image: image51.wmf]expr2

 at  x = 1 by using the eval command as follows.

> eval(expr2 , x=1 );

[image: image52.wmf]1849


The subs command can also be used to evaluate expr2 at x = 1.

> subs(x=1,expr2);

[image: image53.wmf]1849


Solving Equations

Algebraic equations

In the next example, we use Maple to solve the equation  [image: image54.wmf] = 
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 .

> eqn := 2*x^3+x^2 = 25*x-12;
> solve( eqn, {x} );
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To verify that this is a solution, evaluate the equation at a particular value of x.

> eval( eqn , x=3);

[image: image57.wmf] = 
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You can also solve the equation directly.

> solve(2*x^3+x^2 = 25*x-12,x);

[image: image58.wmf],
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Systems of equations

You can also solve systems of equations in Maple. 

Consider the following set of three equations and three unknowns:

> eqn1 := x+2*y-2*z=-2;
> eqn2 := 5*x+9*y-4*z=-3;
> eqn3 := 3*x+4*y-5*z=-3;
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[image: image60.wmf] := 
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Next, we solve the system for the variables [image: image62.wmf]x

, [image: image63.wmf]y

, and [image: image64.wmf]z

.  

> solve( {eqn1, eqn2, eqn3}, {x, y, z} );
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To verify that this solution satisfies, say eqn1 and eqn2 , evaluate both of them at this solution as follows. 

> eval( {eqn1, eqn2} , % );

[image: image66.wmf]{

}

,

 = 

-2

-2

 = 

-3

-3


Graphics

The following examples generate and refine the graph of [image: image67.wmf] = 

y

x

2

.

> plot(x^2,x);

[image: image68.png]



> plot(x^2,x=-5..5,y=0..25);

[image: image69.png]



Note that in the last graph, the domain and range were specified.  

The next example demonstrates how to plot more than one function on the same plane.  We first define two new functions (as Maple expressions).

> m:=x^3-9*x^2+26*x-24;
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> n:=3*x^2-11*x+6;
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> plot({m,n},x=-1..8);

[image: image72.png]



We can find the x-coordinates of the points of intersection of m and n using the solve command.

> solve(m=n,x);
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We can also find decimal approximations of the intersections using fsolve.

> fsolve(m=n,x);

[image: image74.wmf],
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Next, we find the y-coordinate associated with intersection coordinate of x = 3.

> eval(m,x=3);

[image: image75.wmf]0


Thus, (3,0) is a point of intersection between the graphs of m and n.

Lab Assignment 1

Click the START menu.  Select Math.  Select Maple.  You are in the Maple worksheet. Be sure to start your lab by putting your name on the first line. Here's a way to do that: Look at the icon bar at the top of the screen and you will see a T button in the center. Clicking on that T puts you in text mode (i.e. you can write whatever you want and Maple will ignore it.)  Clicking on the arrow button just to the right of the T lets you return to calculation mode (i.e. Maple knows to evaluate lines that start with this arrow).  Use Maple to answer the questions. WRITE DOWN THE INSTRUCTION FOR EACH QUESTION and ANSWER ALL QUESTIONS COMPLETELY IF YOU WANT FULL CREDIT!! When you complete the lab, hand in a floppy and a printout of your worksheet with your answers circled.
1.
Expand the following expressions.
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Factor:  [image: image78.wmf] - 
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3.
Add the following rational expressions by applying the simplify command: 
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example, assign the polynomial  [image: image82.wmf]-

 + 

 + 

x

4

4

x

2

x

 the name p).  Next, graph the 


polynomials on the same coordinate axes. Adjust the domain and range appropriately 


so you can estimate the intersection points of the polynomials.  What is an 


approximation for the points of intersection?

5.
Find the roots ( the zeros) of the polynomial q by setting q equal to zero and 


applying the solve command. 

6.
Estimate the points of intersection of the two polynomials defined above using the 


fsolve command to find the x-coordinates and eval or subs to find the 


corresponding y-coordinates.

7.   Find the value of [image: image83.wmf]p

 correct to 100 places past the decimal
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