
Worksheet 3 - Mathematica, Maple, Maxima and Sage

Computer algebra systems have a long history, starting in the 1960s motivated largely
by problems in Physics and Artificial Intelligence efforts began to develop computational
algorithms for doing Algebra and Calculus. We will consider four such systems.

Before we begin one philosophical note: These systems are for myself, what slide rules
and calculators were for previous decades. They are tools for doing mathematics compu-
tations, and I would, were I in charge, be using these in most undergraduate mathematics
classes. I believe they can be a key ingredient in significantly improving student learning
and engagement in mathematics courses.

A number of important algorithms were created specifically to enable or improve the
abilities of computer algebra software. Most notably Groebner Basis, which provides a basis
style approach to simplifying algebraic expressions.

The software:

• Mathematica: Developed by Stephen Wolfram, and based in a commercial com-
pany in Urbana-Champaign, Illinois. The system uses a kernel approach where the
front end is separated from the computational part of the program. The design is
robust, and very capable for many mathematics problems. The design is also heavily
influenced by Wolfram’s work in Cellular Automata, and it is helpful when using it
extensively to keep this in mind. The program is not free, discounts for students
exist.

The program is capable of producing high quality and 3-dimensional graphics and
movies (though will require significant computing power). It also is capable of using
a computers graphics card to run computations in parallel.

It is used at the University of Michigan and Ohio State University in the instruction
of Calculus courses.

Recently Mathematica has expanded with the offering of Wolfram Alpha, a google
style version of the Mathematica program which runs through a website and does not
need to be installed locally. This program features prominently in my instruction of
Pre-Calculus courses as students can use it from their phone.

• Maple: Developed by Maplesoft in Waterloo, Ontario. The program has similar
features and interface to Mathematica, without the kernel design though. The syntax
is slightly different. Maple is noteworthy for having paid bounties on integrals that
the software could not compute. The program is not free.

The program is capable of producing high quality and 3-dimensional graphics and
movies.
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• Maxima: Maxima is a free and open program (an early precursor was Macsyma).
It runs without the overhead of a graphical display and does have a steeper learning
curve than the previous two.

• Sage: Sage is a free and open program. You can install it as a local program on
your computer or you can access it through a website running it such as http:

//sagenb.org. Sage was originally written to do computations in ring theory, which
had a strong effect on its syntax. As a result, I would classify the learning curve as
very steep.

Sage is actually a front end for many pieces of software. From it you can execute
commands in: Maxima, Octave, GAP, Singular and many others. Thus for instance
this means by using the above website you can run code in all the systems we will
discuss in this class without installing any of them on your own computer!!

• Others: There are others. Particularly as you move into specialized fields. Certainly
there are also programs and algorithms that have yet to be invented and the field
is still far from complete. Parallel processes, and quantum computers are just two
approaching advances in computing technology that will have effect on computer
algebra systems.

Verifiable and Open Source: I am introducing you to Sage and Maxima largely because
these programs are free. Sage is also valuable as it can be run through the website interface, so
local installations are not necessary. However these systems are also open sourced, meaning
that the code is available. One effect is that we know exactly what algorithms the programs
are using, and these algorithms can be reviewed and checked for correctness.

With Mathematica and Maple we know some of the algorithms, but not all of them have
been published. We rely on the companies to review and check their algorithms or to be
using published algorithms.

One result of this dichotomy is that results which rely on results of computer algebra
systems from a closed source program cannot be said to be truly verifiable (or at least it is a
debate). Sure we can review the work and procedure, but if at some point there is a symbolic
computation complicated enough that it is not possible to do by hand in a reasonable amount
of time we would have to rely on the algorithm.

For some this issue is not important enough to reject work done with Mathematica or
Maple. For others this is enough of an issue to push them to only used programs with
published algorithms.

You should try each of Mathematica, Maple and Sage and form your own opinions about
them. Sage will be harder to learn but does have some advantages over the other two.
Mathematica and Maple are in my opinion largely interchangeable.

Today we will do some exercises in all three to get started.

http://sagenb.org
http://sagenb.org
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1. Mathematica

First some hints: Commands in Mathematica start with capital letters. Fields are executed
by typing Shift + Enter. Function calls will put arguments inside of brackets.

1. Find π. Verify that it is π. (How?)

2. Use the command N[Pi] to get a decimal representation of π. (note that this means you
cannot use N as a variable name).

3. Get more digits?

4. Notice that Mathematica keeps track of all of your output. You can refer to an old cell
using Out[2]

5. You can also use % to refer to a previous output.

6. Matrices are represented by arrays built out of { and } symbols. For example type and
evaluate in separate cells M = { {1, 1, 1}, {2, 2, 2}, {3, 3, 3} } and
NN = { {1,2,3}, {2, 3, 4}, {3, 4, 5} } .

7. Evaluate M + NN.

8. You can display your output as a matrix using the pipe // MatrixForm.

9. Finally we can unassign variables using the command Clear[M, NN].

10. When using computer algebra programs it is important to realize that in mathematics
there are really two meanings to the symbol ”=”. One meaning is assignment, as in x =

2, which means ”x is the number 2.” The other meaning is testing, as in x = 2, which
means ”Is x the number 2?”

We have learned to tell the difference by context. However Mathematica can’t do
context. Mathematica uses = for assignment, and == for testing. Verify this by typing
x = 2 and evaluating and then typing x == 2 and evaluating. Clear the variable x, and
reverse the order and see what you get.

2. Maple

First some hints: The big difference between Maple and Mathematica is that Maple
uses just Enter to evaluate a cell and Shift + Enter to do a carriage return within a
cell (opposite of Mathematica).
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The other difference is that Maple uses := for assignment and = for testing.

1. Find the value π, verify that it is π.

2. Use the command evalf(Pi) to get a decimal representation of π. (note that this means
you cannot use N as a variable name).

3. Get more digits?

4. Maple keeps track of all of your output. You can refer to an old cell using % for the last
output, %% for two outputs ago and so on.

5. Matrices are represented by arrays built out of [ and ] symbols. For example type and
evaluate in separate cells M := matrix( [[1, 1, 1], [2,2,2], [3,3,3]] and
N := [ [1, 2, 3], [2, 3, 4], [3, 4, 5]] .

6. Evaluate M + N.

7. Finally we can clear variables using the command unassign(’M’) .

3. Sage

To use sage you will need to create an account and log into the website: http://www.

sagenb.org

In a new worksheet you can do the same computations we have done here. The Syntax is
somewhat different than Mathematicas, relying on a sort of postfix format. I encourage you
to experiment with it.

4. Computations

Using Mathematica and then Maple carry out the following computations:

1. Evaluate a Function:

sin(π/7)

2. Evaluate Sums:
n∑
j=1

j2

3. Define a function

f(x) = x2 + sin(x)

http://www.sagenb.org
http://www.sagenb.org
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(in Mathematica you can use f[x ] := x^3 + Sin[x] and in Maple f := x-> x^3 +

sin(x) ).

4. Find the derivative of this function.

5. Find the anti-derivative of this function.

6. Find the definite integral of this function on the interval [0, π].

7. Obtain a Plot of sin(x) on the interval [0, 2π].

8. Plot three lines f(x) = 4x+ 1, g(x) = −x+ 4 and h(x) = 9x− 8 on the same graph.

9. Plot the three dimensional surface z = e−(x
2+y2).
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5. Homework Mathematica/Maple/Sage

Your homework is to complete the following computation to explore the convergence of
Taylor and Fourrier Series to a function.

1. Consider the function z = f(x) defined by the implicit solution of the equation

1− z − x ∗ z5 = 0

Using mathematica compute the first five Taylor coefficients of f(x) for the series centered
at 0.

2. Generate a plot of the first five Taylor series.

3. We of course are being silly in some sense. We can solve this equation for x as a function
of z. Do this and then use a parametric plot command to graph the actual solution.

4. The implicit function theorem says that the actual solution of q(x, z) = 0 for z as a
function of x exists until a singularity at the first turning point, when ∂zq(x, z) = 0.
Give a graph which illustrates where this singularity occurs and use the computer algebra
system to find it either exactly.

5. Plot your parametric curve together with the Taylor series functions on the same plot.
Label your graph appropriately and save it to a separate file as a pdf document.

6. The Fourier series of a function f(x), periodic on the interval [0, 2 ∗ π] is defined as

F (x) =
1

2
A0 +

∞∑
n=1

[An cos (nx) +Bn sin (nx)]

where

A0 =
1

π

∫ 2π

0

f(x)dx

An =
1

π

∫ 2π

0

f(x) cos(nx)dx

Bn =
1

π

∫ 2π

0

f(x) sin(nx)dx

An important part of understanding this is to actually do some computations with it.
Particularly importance is to understand the degree to which F (x) is a good approximation
of f(x).

7. Given the functions f(x) graphed below, use Mathematica/Maple/Sage to compute the
first five terms in the Fourier series.



7

(a) 1 2 3 4 5 6

0.2

0.4

0.6

0.8

1.0

(b) 1 2 3 4 5 6

0.2

0.4

0.6

0.8

1.0

(c)

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0



8

(d) 1 2 3 4 5 6

0.2

0.4

0.6

0.8

1.0


	1. Mathematica
	2. Maple
	3. Sage
	4. Computations
	5. Homework Mathematica/Maple/Sage

