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Welcome to Macsyma. Macsyma s alarge computer algebra system capable
of:

manipulating symbolic expressionsin algebra and calculus
drawing 2D and 3D plots and graphsto visualize relationships

computing and viewing numbers arising in mathematical problems.

Using Macsyma, you can differentiate, integrate, take limits, solve equations,
factor polynomials, expand functions in power series, take Laplace transforms
and their inverses, manipulate tensors, and plot in two and three dimensions.

The Macsyma Student Edition gives you the full power of the Professional
Version, but restricts the size of certain types of problems:

1. Youmay build amatrix up to 10 x 10.

2. 'You may enter Command of up to 100 lexemes.
3. You may use bfloat precision up to 32 digits.
4

. You may plot up to 100 points in two dimension and up to 20 pointsin three
dimensions.

Advanced notebook capabilities, transdation and compilation of Macsyma code,
and access to the Lisp system in which Macsyma s written are not supported.

The entire online Help system with MathTips™ and MathHelp isincluded with
the Student Edition.

The Macsyma Reference Manual and Macsyma User’ s Guide may be
purchased separately.



1 Introduction to Macsyma

1. START MACSYMA

After you have installed Macsyma, start the program by double-clicking on the
Macsymaicon in the Macsyma folder. Y ou should automatically open the
Macsyma Front End window, a Macsyma notebook document, and connect the
notebook document to a Macsyma Math Engine. (The word “Connected”
appears at the top of the notebook.) The MFE icon opens a Macsyma Front End
window, in which you can load and edit a notebook, or open a notebook
template without connecting the Macsyma Math Engine. Connecting the Front
End to a Math Engine will produce a notebook that looks something like:*

Macsyma Front End - [e:\intro10%ztart. mfe = [Connected]] M=l E3
E_| File Edit Mawvigate Data “window MathTipzl Help - |5’ |£|

02| S| = |F & |=]e #e|D]

(c1) ]]

a0 o

| |_ | Cnectd || Interrupt |

The Macsyma Front End program aso serves as the Front End for PDEase2D.
Y ou can select PDEase2D, Macsyma, or blank template notebooks.

1 All illustrations of Macsyma 2.3 screens were made using the Windows NT Explorer
interface, but the basic components of each screen are the same across Windows OS.
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Chooze a Template Motebook [ 2] |

Lonk: jn: I £ template

Blank.mfe
 aczyma.mfe
P20 ynam.mfe
P25tatic. mfe
PDE aze2D.mfe

File name; || Open I
Files of type:  [Macsyma Notebook [ MFE] | T— |

Select the Macsyma template notebook to open an empty Macsyma notebook.
Y ou will see anotebook that looks like this:

Maczyma Front End - [Motebook 2] M=l
E_| File Edt Mavigate Data |nput Macsyma ‘wWindow MathTipsl Help _|5’|

O|z|E|S| = |E| ¥z 2lal
IEeneraI vI Al |e| § % f % |simplify| 4222

| |_ | Interrupt |

Y ou can connect this empty notebook to the Macsyma Math Engine by:

1. Typing an expression to evaluate (e.g., X*x followed by Enter).
Macsyma opens a dialog box to open a math server. Select New

Server.
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2. Clicking on Macsyma; you can connect from the Menu Bar.

The Macsyma notebook is structured as follows:

1
2.
3.

S.
6.
7.

Window Title (Macsyma Front End)
Menu Bar (File Edit Navigate ...)

Button Bar, which offers context appropriate actions and adjusts
automatically to each context

Template buttons, which offer context appropriate actions or templates for
Macsyma constants, command templates, etc.

Macsyma notebook highlighting an expression input section
Horizontal and vertical scrolling, and
Blank status bar showing an Interrupt button.

The status indicator Cnctd appears on the bar next to the Interrupt button.

Macsyma notebooks display a default spiral border, section borders, and
section brackets. Macsyma outlines the selected section and labels input lines
(ci) and output lines (di). Type x*x followed by Enter:
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Macsyma Front End - [e:\intro10hstart. mfe * [Connected]] M=l E3
E_| File Edt Mawvigate Data |nput Macsyma “Window MathTipsl Help _|5’|£|
0|z |3 &| =|E] %] 2lals
IEeneraI "'I Alllx|le| 7| f E |simplify|42-223

F

flanjou'tdacsymasystembnit lsp bemng loaded.

(cl) e

Timne= 0 mzecs

lllt"llt"llt"llil"lltnllt"llt"IIt"llt"llt"llt"llil"lltnllt"llt"IIt"llt"llt"llt"ll#"lltnlltnlltnlltnlltnlltnlltnlltnlltnlltnlltnlli

(d1) i
[ie2)
Al _"I;I

|Ma[:5yma vZ2.3.1 on WIN32 [Intel32] connected |_ | Cnctd  Interrupt |

Y ou can customize the notebook’ s appearance by selecting File - Options or
File - Options Default. The Options Default dialog looks like:
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Edit Default Hotebook Options |

Settinglz]:

Santr Autoload Motebook, Hame e
- Collapzed Section Bracket Caolar
181 b=z Collapzed Test Font
2 Default O atatiewer Section Height [inche—
4 Default Graphicz Height [inches)
1 bz Font: Formatted Link Appearance
4 1hZ Font Mon-math Test
0ff  Math Engine duka Start
On Math Engine Maximize on Autostart
0ff  MathTipz Queny Logging
[ ] Motebook Background Color
[ 1 Mateboaok Baorder BE Calor

hd
Tl Cefauled
I

Category: IN:::teI:u:u:uk

-l
=
ok | Cancel Help e 2|

Without the spiral border, section brackets, and borders, the notebook 1ooks
like:
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Maczyma Front End - [e:\intro10\ztart. mfe = [Connected]] M=l E3
E_| File Edt Mawvigate Data |nput Macsyma ‘Window MathTipsl Help Iﬁllﬂ

ME = SR = Y

| A<

IEeneraI "'I AlllX|le| 5| & f E | simplify| 122223

franjouddacsymadisystemtaut lsp bemg loaded.

(cl) ¥

Tine= 0 mszecs

(d1) %

F

@ 7

TS

| |_ | Cnctd  Interrupt |

st
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2. ON-LINE HELP WITH THE MATH TIPS ADVISOR AND NATURAL LANGUAGE
QUERY

2.1. The MathTips™ Advisor

When you know the mathematical operation you want to perform, but don’t
know the correct command, you can use Help - MathTips natura language
guery to narrow your search, and inspect the different topics and sub-topicsto
perform computations.

Suppose you want to solve a trigonometric problem. Y ou can type on the input
line “Help me with atrigonometry problem?’

Macsyma Front End - [e:\intro10%ztart. mfe = [Connected]] M=l E3
E_| FEile Edit HMavigate Data |nput Macsyma “Window MathTips!l Help - |5’|£|

Oz |E|&| =5 ¢]ez] 2lc]
[General -l anlx|e|i|z|/|=|simply]10-023]an

-

Planjouddacsymaisystemint lsp being loaded.
Batchload done.

(cl) Help tne with a trigonometry problem

1II#"llt"ll#"llb"ll#ﬂll#ﬂllbnllb"llb“llbnlltnlltnllbnllbﬂlltnlltnlltﬁlltnllbnlltnlli

L o

| Macsyma v2.3.1 on WIN32 [Intel3Z] connected |_ | Cnctd  Interrupt |

and then hit Enter. MathTips will respond with:
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Macsyma MathTips with Natural Language Search |
Search for: IHelp me with a trigonomety problem’? Search I

Categony: Subcategory:
ISE-'EIIChE:S j Ihelp rne with & tigonormetry problenn? j MathHelp |
rou have: T'ou want:

Express complex exponentials as trig functions
EXp(31%a) -> cos(a)l + 3i¥sinia)

Apply identity sin(x)*24cos(x)1"*2 -> 1
l-=inix) "2 -» cos(xK)*E

Express trigia+h] in terms of trig(a) and trigik)
Sin(a+h) -»> 2inia) *fcos(h) +cos(a) *=in(b)

Express trigi(a) *trigib) as sum of trig functions
cozja) *foos (b) -» cos(ath) f24+cosib-a) /2

Specify title for a ZD or 3D plot
"Plot of Two Trig Functions™ —» Graphic has title on top LI

Try thiz:
demoivre[%)

Describe

Subrmit

Help

]

Cloze

The main area of the advisor isfilled with tips on common computations. Each
tip consists of :

* A one-lineverba description of the computational task;
*  Anexampleinput to the computation, which appears on the | eft;
*  Thedesired output from the computational task, which appears on the right;

*  When you sdlect atip with your mouse, the command or short program that
accomplishes the computational task appearsin the area at the bottom of
the tips advisor.

Y ou can inspect each of thetips and find the commands that are relevant to the
particular calculation you want to do. Y ou can see several relevant tips. You
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can now return to your Macsyma screen and type the expression you want to
solve, e.g. smplify cot(x+y).

Y ou can now use the MathTips advisor to solve this trigonometric problem. To
expand the trigonometric function cot(x+y), type the following expression on
your current Macsyma command line and press the Enter key:

(c1) cot(x+y)

(d1) cot(y+x)

Now open the MathTips advisor by clicking on Help - MathTips in the Help
menu. Click in the box in the upper left of the advisor, then on the topic

Algebra & Trigonometry, and then on the subtopic Trigonometry. The
MathTips advisor will look like this:

Macsyma MathTips with Natural Language Search |
Search far: I Seanch |

Cateqony: Subcateqary:

Algebra & Trigonometiy j ITrignnnmetr_l,l j MathHelp |

fou have: ou want:

Apply identity sin(x)*24cos(x)1"*2 -> 1 -
l-=inix) "2 -» cos(xK)*E

EE:-:prESS triglat+h) in terms of trig(a) and trigilhb)
sinia+h) -> ginfa) *cos(h)+cosia) *=sin(h)

Express trigin¥angle) in termwms of trigiangle)
sini(z*a) > 2%zin(a) *ocos b))

Expand trigi(ath) but not trigin¥*angle)
sin(2*c) +cos (a+h) -»> 2in(2*c)+cos(a) *cos (b)) -sin(a) *=inib

Expand trigin¥angle)l but not trigia+h)
sini2*e) +cos (ath) - 2%zos(e) Fsin(o) +ocos (ath)

Try thiz:
trigexpand(7)

Dezcribe

Subrnit

Help

ddi

Cloze
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One of thetips says:

Express trig(a+b) in ternms of trig(a) and trig(b)

si n(a+b) -> sin(a)*cos(b)+cos(a)*sin(hb).
When you click on thistip, the command for accomplishing this transformation
appears in the bottom area of the advisor:

tri gexpand( %

where % refers to the left-hand expression in the tip, sin(a+b) and to the
previous output line in Macsyma.

Y ou can apply this command to your previous output, cot(y+x), without re-
typing it. By clicking on the button Submit, you submit the command
trigexpand(%) to Macsyma. The new command line is selected in red, so
pressing the Enter key executes this command, yielding the result:

(c2) trigexpand(%)

(d2) cot(x) cot(y) - 1
cot(y) + cot(x)

Select a subtopic; the MathTips advisor presents you with alist of common
computationsin that area. The advisor also allows you to visit MathHelp!
Topics browser. See Section “2.2. The MathHelp! Topic Browser.”

Y ou can perform many computations using the MathTips advisor by copying
and modifying the MathTips examples; so you rarely need to read command
descriptions to determine which commands to use.

Y ou can aso open the MathTips advisor from MathHelp! browser inside the
mathematics topic browser using the Tips button or by clicking Help -
MathTips in the Help menu.

Y ou can aso click on the Help button for “ Tips on Tips.”

If you try to follow the guidelines below while you compose your queries, you
can improve the effectiveness of your interactions with the system:

- Avoid using the persona pronoun “I”, which the system sometimes
interpretsasi = sgrt(--1).
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- Carefully select mathematically significant words, paying attention to the
differences between
polynomials and equations, and
mathematical constants and physical constants.

M

- Use verbs that describe the operation, such as “solve,
“factor,” or “expand.”

simplify,”

- Avoid mathematically imprecise words; they may inadvertently distort
the relative ranking of the tips for reasons that have no relation to the problem
you want to specify. After MathTips supplies you with recommended tips, you
can benefit from doing alittle exploring:

- Scroll through the tips. Macsymatriesto put the right tip in the first or
second position, but you may find a better tip 5-10 places down on the list.

- Try variations on the words and the word endings. For example, you
might ask to “smplify a product of complex expressions’ or “write a product of
complex expressions in rectangular form,” both of which work in the MathTips
Advisor.

2.2. The MathHelp! Topic Browser

The menu bar at the top of the Macsyma Front End window resembles the
preceding illustration. With your mouse, click left on MathHelp!?

Y ou will see atopic browser dialog box containing the itemsin the left-hand
column in the figure below. Click on Calculus. A list of calculus subtopics
appears in the second column, asin the figure below. Click on Integration. The
third column of the dialog box will be filled with apartial list of Macsyma's
integration commands. The dialog box will look much like the one in the
illustration:

2 Throughout this document, click with the left mouse button unless the instructions

explicitly state otherwise.
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Macsyma MathHelp E4 |

Murnbers, Sets & Logic |«
Drata & Statistics —
Functions

Algebra & Trigonametry
Linear slgebra

Geometr

Liztz and Arraps
Partz and Terms
Graphics

Patterm Matching
Prograrmming
Other Languages ﬂ

Calculuz Summary
Lirnitz
Differentiation

TaEIc'r Series

Mumerical Quadrature
Laplace Transforms
Fournier Tranzsforms
Differential Equations
Integral Equations
Wectar Analpsiz
Tenzar Analyziz
Fackagesz

Cloze

|Inte§ratiun Summari

MathTips

integrate_data -
interval_integrate Desciibe |
antidift

changewvar ﬂl
defint =

Idefint

Hdefint Template |
delint

rlsch_ ﬂl
zpecint

Scroll through the third column to expose more of Macsyma's integration
commands. Thefirst item isasummary of integration commands. The next
command on the list, Integrate, isthe most commonly used command in this
group. Click on this command name now.

When you know the mathematical operation you want to perform, but don’t
know the correct command, you can choose Tips to use the MathTips Advisor
to help narrow your search by showing Macsyma commands and their behavior.

2.3. Hypertext Descriptions of Macsyma Commands

Click on the Describe button for a description of the command in the Macsyma
Help window. The result provides the command' s calling syntax, an
explanation of what the command does, and cross references. This description
is“hypertext;” some words (which are colored and/or underlined in the text)
have hot links to other parts of the text. You will see aHelp Window that looks

like:
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2 Macsyma Help =] E3

File Edit Bookmark Options Help

Qontenlsl ﬁearchl Hiask | Frint | 4 | » |
Describe INTEGRATE

INTEGRATE (exp, war)

Finds the indefinite integral of exp with respect to war or Feturns an
integral expression (the noun forw) if it cannot.

INTEGRATE (exp, war, low, high)

Finds the definite integral of exp with respect to war from low to
high. It returns the noun form if it camnot perform the integration
or if INTANALYEIS is TRUE and it cannot determine whether there are
poles in the interval of integration. In the latter case, if the
integrand involves only known functions and INTANALTSEIS WARN is TRUE,
its defanlt, then a message is printed suggesting that you might want
to try the integration with INTAMALTSEIS: FALSE.

Lo EXAMPLE (INTEGRATE) ; for an example.

To split a definite integral over subinterwvals, see INTERWAL INTEGEATE.

Do TSAGE (INTEGRATE); for more information on INTEGRATE.

See also ANTIDIFF, BYPARTS, DEFINT, LDEFINT, TLDEFINT, RISCH.

See INTEGRATION STHMMARY for an owerwiew of integration capabilities in
Macsyma .

»  Click on the phrase USAGE(INTEGRATE); for adetailed discussion of
the integr ate command. After ingpecting this screen, click on Back on the
top menu bar of the Macsyma Help window to return to the previous
screen, adescription of integrate.

» Attheend of the description of the integrate command, the phrase “ See
also” isfollowed by alist of related Macsyma commands and topics. You
can access any description by selecting its name.

*  Click onthe phrase EXAMPLE(INTEGRATE); to execute an example of
the integr ate command. When you start the example, the program exits the
hypertext help system and moves to the Macsyma Front End window,
where the example will run. After each line of the example, Macsyma
prompts you to push Enter to move to the next line. (Y ou may use the
space bar in place of the Enter key or click on OK.)
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If you wish to terminate the executable example for integrate beforeit
ends, push the Escape key when the system prompts you to push the Enter
key.?

Some commands that are described do not appear in the MathHelp! topic
browser dialog box. Let uslook at several other ways to access a description
of integrate

1.

Click on Help at the top of the Macsyma Front End window, then on Index.
When the al phabetical index appears, click on the letter |. You will seean
alphabetical list of al described topics that begin with the letter 1. Click on
INTEGRATE to access the description. Now return to the Macsyma Front
End window by closing or minimizing the Macsyma Help window, or by
clicking with your mouse on an exposed portion of the Macsyma Front End
window.

Y ou can also access the integr ate description through the Help -
Search... menu. In the Search dialog box you can type “integrate” or select
it from the alphabetical list of topics.

In the last command line of a connected Macsyma notebook, type
describe(integrate) and press Enter. The Macsyma Help window
appears with the hypertext description of integrate. (When you type, make
sure that your cursor is placed in the last input section of a connected
notebook.)

Macsyma a so provides context sensitive Help. That is, Macsyma can display
the description of acommand that appears on acommand line, on an output line,
or in atext section.

At a command prompt (Cn), type integrate and press F1. The integrate
description appears. This feature is very helpful when you are typing in a
Macsyma command and cannot remember al of its arguments. The cursor
may be anywhere within the command name to access context sensitive
Help.

With the integrate command selected, pull down the Help menu; notice that
the first menu item isHelp On ‘Integrate.’

3

After escaping, you can continue executing the previous example, demo or batch file at
the point of interruption by typing batcon() and pressing Enter.
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2.4. Hypertext Descriptions of the Macsyma Front End

You can learn how to use features of the Macsyma Front End, which contains
Macsyma's notebooks and graphics viewer, by clicking on Help - Front End.

MFE Help Browser |
Moteboaok Sections Frontend help Cloze |
Operations on Motebooks M aceyma onling help —

MFE b enus PDEaze orling help i |

Online Help Forrnatting test
Dialogs

Settable attributes
MFE t ath Enagine

2.5. Executable Examples

In the previous section you accessed an executable example of the integrate
command:

» frominside the hypertext description of the integrate command.
* by clicking on the Example button in the MathHelp! topic browser.

Y ou can also access executable examples from outside MathHelp! Type
example(integrate) on the last command line in a connected Macsyma
document and press Enter. The executable example for the integrate command
will start. After each command in the example, move to the next line by

pressing Enter, the space bar, or by clicking on OK in the status bar at the
bottom of the Front End window. To exit the example at any time, press

Escape or click Cancel in the status bar.
2.6. Function Templates

Click on MathHelp! at the top of your screen, then on the topic Calculus, then
on the subtopic Integration, then on the Macsyma command integrate.
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You may click Example to run the executable example for the integrate
command,”* without entering the hypertext system, if you choose. (Let's not
do that thistime, since we just viewed that example.)

Click on the Template button. Y ou will see adialog box which lists the
four arguments to the integr ate command and indicates that the last two
arguments are optional. We will use the template box to compose an
integration command which performs the operation:

P x2 dx
by filling in “dlots” in the dialog box. The cursor appears in the slot below
the label “Expression to integrate.” Type x"2 in this dot. Tab to the dot
below the label “Variable of Integration,” and type x. Move the cursor to

the next dot, and type a; move it to the last dot, and type b. Then click
Submit.

Control now moves to the Macsyma Front End window, where you will
see the command:

integrate(x"2,x,a,b)

on the current input line. When you press Enter, the command executes and
returns the result:

3 3
b a
3 3

2.7. Template Buttons

In addition to_Function Templates, Macsyma also has template buttons. When
you open a Macsyma Notebook with MFE and select a Math Input section, you
will see button barslike

4

Some entries on the math topic menus do not have examples or function templates.
These entries are usually “option variables,” which can take on different values to alter
the behavior of Macsyma, but which are not themsel ves functions which take arguments.
("Fancy_display," for example, is an option variable with the settings TRUE or FALSE.)
While some option variables have executable examples, none has atemplate.
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File |

for the General category. Click on the PI button, and Macsymawill insert its
symbol for %pi in the input section.

Macsyma Front End - [MNotebook 1 * [Connected]]
§_| File Edit Mawvigate Data [nput Macsyma Window MathTipsl Help

D|e|E|@] =|E] ¢|e(@| 2Dl
[Geners Al x|e| i|2] /] E|simpliy]0-025]ateceabeac| -
(c1)

ek

Yop

| | [Cnctd _Int

Other buttons bring up function templates. Click onthe integral sign, for
example, and you get
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integrate Function Template |
E wprezzion ba integrate

fl | Subrnit |

" anable of integration

| Cancel |

Lower Bound®

|lpper Bound®

* ophional argument

the template for integrate.

The general buttons are for %pi, %e, %l, differentiate, integrate, sum, simplify,
factor, expand, plot a 2D function, or plot a 3D function.

Other template button categories are:

Macsyma Front End - [Notebook 1 * [Connected]]
§_| Eile Edit Havigate Data |nput Macsyma ‘window MathTips!l Help

D218 =|E] *[e:|a] £s[]
Ieneral 'I Al X|e| f % f T | simplify| 9252 3| afbec)sabeac Mﬂ

Mumbers and Sets
Drata & Statiztics
Functions
Algebra & Trigonometry
Linear Algebra
[eometmy
Calculus

Liztz and Arrays
Partz and Terms
Graphicz

Pattern M atzhing
Programming
Other Languages
Itilitiez

A

| |_ | Cnctd Intf:rn]

For example, in the Calculus category, the buttons are
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Maczyma Front End - [Notebook 1 = [Connected]]
§_| File Edit Mavigate Data [nput Macsyma Window MathTipsl Help

Bl EIRTE

IEaIcqus vI All ﬁﬁ,g 2 | Taylor f f=1_|:‘| I'\h Il— NM +I+ ode

3 (D)

d_'_.

EE Yopd

K1

| | [Cnctd _Int

where you can take limits, differentiate, do Taylor series, integrate, integrate

numerically, perform Laplace transforms, perform Fourier transforms, or solve
ODEs.
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2.8. Executable Demonstrations

The executable examplesillustrate how to use individual Macsyma commands.
The executable demonstrations illustrate how to use an entire Macsyma package
or how to combine Macsyma commands to solve a problem.

* Click onthe Help item at the top of the Macsyma Front End window, then
on Demos. You will seealist of approximately eight topics. Macsyma
includes over 200 executable demonstrations, organized by mathematical
fields and application areas. A list of general demonstrations appears
under each topic.

* Click on DEMO(BEGIN); to start a brief, introductory demonstration. Y ou
can interact with a demonstration just as you do an example. Press Enter
or the Space bar to execute the next line. Press Escape to terminate the
demonstration.

* Click on Help - Demos again, then on DEMOS_CALCULUS. Scroll
down to Integral Calculus. Each demonstration focuses on adistinct
aspect of Macsyma's integration capability. Click on
DEMO(INTEGRATE); to see an executable demonstration of the
integrate command that is over three times aslong asthe integrate
example. (To exit, type the Escape key when you are prompted to
continue.

DEMO(BALLISTICS); and DEMO(OSCILLATOR); are other good
introductory demonstrations (They model a cannon ball in flight and alinear
harmonic oscillator, respectively.) Access them from the list of demonstrations

under Help - Demos, or from the keyboard. Let’ s use the keyboard method

*  Type demo(balistics) or demo(oscillator). The problem and its solution,
complete with graphics, unfolds before you.

You can see a demongtration of animated graphics. Click on File - Open and

open the Macsyma notebook \macsyma2\demo\kleinani.mfe. Follow the
instructions to see animations of graphics.
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2.9. The Interactive Primer

The most elementary introduction to interactive commands in Macsymaisthe
Interactive Primer. Y ou can start the Primer by typing primer();. Select one of
the scripts shown in the list displayed when the primer starts.

Maczyma Front End - [Notebook 1 = [Connected]] Mi=] E3
§_| File Edit Mawvigate Data Fomat Maczyma Window  MathTips! Help ;l
21x]

INDrmaIIEI IITlmesNewHDman Ir‘lE J Bl Al B

&
(cl) primet() =l
| . | [
Hello. Welcome to the Wacsyma interactive primer. The intera
ctive
primer provides introductory tutonals m which you are prompte
d to
enter sunple expressions and Macsyma commands on your ow
1, starting

frofn the tost basic tasks.
Please specity which scnpt vou'd like to run. If unsure, try INT
O,
Type a soript number followed by pressing ETEER:

1. TR Overview of Idacsyma for new users

2. SIMPLIFICATION: How to stmplifiy (change the present
ation of) expressions

3 SCEATCHPAD: Usmg Macsvima as a 'mathematical scra
tchpad'
4 STYHNTAX Introduction to Macsyma's syntax
5. ASSIGNMENT: How to assign varniables.
6. EXIT: Esat the PEIMWEER.

~election:

AN

| 5

LR R LR R RN R LR R R RN LR LN LR LR NN RN R R RN NN

sl

|_ | Cnctd  Interrupt |
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3. ENTER COMMANDS
3.1. Top Five Tips for Getting Acquainted with Macsyma.

1. The first step to getting help in Macsyma is to type a question on a
(c) line followed by a ? to enter MathTips. Also, you can type F1
with the cursor positioned on a word the Help system recognizes.
Don't forget about the other choices on the Help menu.

2. Input commands are not case sensitive in Macsyma.

3. Basic Conventions:
Use Enter at a (Cnn) prompt to execute your command,
Use Control-Enter for a new line without executing;
Use * for multiplication, as in 2*x (not 2 x or 2x);
Use : for assignment (e.g. a:4);
Use = for equations (e.g. solve(x"2-x=0, X) solves the equation for
X);
Use := to define functions (e.g. f(x):=sin(x*x)+2);
Use parentheses for functions (e.g. sin(x) not Sin[x] or sin Xx.);
Use [ ] for lists/collections (e.g. [x,y,z] is a list of 3 variables);
Use [ ] for matrices (e.g. [a,b;c,d] is a 2 x 2 matrix).

4. Macsyma names its results Dnn, corresponding to Cnn.

5. Use % to refer to the previous output expression (e.g. the last
Dnn). Macsyma denotes common mathematical constants as %pi
for 3.14159..., %e for the base of natural logs, %i for sqrt(-1).

3.2. Enter Simple Commands

To type acommand into Macsyma, you must first select the last input sectior? in
a Macsyma notebook document that is connected to a Macsyma Math Engine.

Each Macsyma notebook is composed of sections. The main types of sections are:
- command input sections (normally having alabel (c#) on the left, where # is a positive

integer)
- output sections (normally having alabel (d#) or (e#) on theleft), and

- text sections (containing textual matter), and “1/0” sections which result from running
batch files, demonstrations and examples.
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Each active input section has alabel (cl) or (c#) (where # is an integer) on the
left. You can select a section by clicking on it with your mouse. When you
select the section, a (default color red) box appears around it. (If the notebook
appears not to have a section, click on Edit - Insert to create an expression
input section.)

Y ou can type commands directly into the Macsyma Front End window in input
sections.

» At acommand prompt (c#), type y:x+x followed by the Enter key.
Macsyma should respond with
(d#) 2X

* At the next command prompt (c#+1), type y followed by the Enter
key. This command forces the current value of the variabley to be
displayed.

Macsyma should respond with
(d#+1) 2X

The labels (d1), (d2), etc. appear on the output display lines and are contained
in output sections of the notebook document.

Y ou can make one command span severa lines. The keyboard gesture
Shift-Enter adds aline feed without signaling the end of the command.

* Atacommand prompt (c#), type
y:a+b+c <Shift-Enter>
+d+e+f <Enter>

Macsyma should respond with
(d#) f+e+d+c+b+a

The keyboard gesture $ Enter or Control-Enter terminates the line and
suppresses the echoing of the result of the command.
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At the command prompt (c#),type y:a+b <Enter>
Macsymawill respond with

(d#) b+a

At the command prompt (c#+1),type y:c+d$ <Enter>

Macsymawill not echo the result, because the command terminated
with $ Enter.

At the next command prompt (c#+2), typey
Macsymawill return d + c, the current value of .

Repeat the exercise setting y to e + f and using <Control-
Enter> instead of $ Enter.

Check thevalue of y.

The executable examples and demonstrations in Macsyma provide many
samples of the proper use of Macsyma commands. They are organized so that
you can locate the example you want at the right time. Every command that
appearson a*“c-line” (command line) in aMacsyma example or demonstration
IS one you can submit to the system as a command in interactive mode.

3.3. Edit Macsyma Input Commands

Suppose you type expand((x+y)*2) and then redize that you meant to type
expand((x+z)"2) .
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*  Typeexpand((x+y)*2)

* Moveyour cursor to the left of they, deleteit, and typeaz.

(Y ou can move your cursor to the point where you wish to make a
change with your mouse by using the left and right arrow keys, or
the Home and End keys.) Whenyou pressthe Enter key, Macsyma
will respond with

(d#) 2+2xz+x2

Suppose you have submitted an expression that is not alegal command.

*  Moveyour cursor to the current command line in a connected
Macsyma document and type

f(x)) <Enter>

Because of the unmatched parenthesis, Macsyma displays an error
message. It will look something like

= Input Parse Error

® Too many |'s

*  Seect OK, and simply delete the second right parenthesis and push
Enter to execute the command.

Macsymawill echo back
(d#) f(x).

The next exercise exhibits some convenient features for re-using parts of
previous commands in new commands.
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*  On the current command input line, type
Yy +
*  Sdlect the characters (x+z)"2 from the command line in the
exercise above. Hold down the left mouse button as you drag the

mouse cursor across the characters that you wish to highlight the
seven charactersin black.

*  Pressthe key combination Control+O. The current command line
should contain the string

y + (X+2)"2.
* PressEnter. Macsyma should echo the expression (z + x)2 +y

*  Pressthe key combination Control+O. This should put the
previous command expression
y+ (X+z)"2 onto the current command line.

When nothing is selected (highlighted) in any previous Macsyma command
input line, Control-O copies the most recently completed command line to the
new command line. Control-O will copy only the highlighted (selected) section
of aprevious command to the new command line, so be certain you have
selected the complete command.

Suppose you wish to clear the current command line completely.
*  Typef(x)+g(x) on the current command line.

*  Press Control-U to delete all characters on the command line.

3.4.Make Files of Macsyma Commands

Y ou can evauate Macsyma commandsin atext file as a batch job. Each of the
example and demonstration scriptsis actually a specia batch job that waits for

you to press the Enter key or the Space bar, or pressthe OK button
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(provided you are not currently using the batch() command) between
commands.’

* Type batch("begin.dem” and press Enter. You will see the
demonstration “Begin” execute as a batch job, without waiting for you to
type anything between lines.

Y ou can use the batch command to execute any text file filled with Macsyma
Execution of the commands is sequential. Input sections, output sections and
formatted text sections with comments are created in the Macsyma notebook.

Y ou can aso execute atext file of Macsyma commands with the load command.
When afileisloaded, output sections are not created in the notebook and
formatted text sections containing comments are not created.

To avoid uncertainty about afile's location, you can batch execute one of your
command files by typing the complete file pathname as an argument to the batch
command. For example, on Windows NT PCs, type’
batch("c:\\dirname\\subdir\\My File.mac"). Or use Macsyma's logica
pathnames to indentify files within the Macsyma hierarchy. If your fileis

®  The demonstrations are actually packed in one largefile,

\macsyma2\demo\demo.pck; and the examplesin another,
\macsyma2\example\example.pck . You may “unpack” any of them by typing, for
example, unpack_topic("begin.dem”); . Thiscommand creates afile
\macsyma2\demo\begin.dem which contains the commands in the selected
demonstration.

When you give afile path name to Macsyma on a DOS-Windows PC, you must change
each backslash to adouble backslash, because backdash in Macsyma means “take the
next character literally.”
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located in the \macsyma\macsyma2\user subdirectory, you can type

batch(“*macsyma:user;My File.mac”); All Macsyma commands using file
names support both Windows NT/95 long file names as well as 8.3 format short

file names. By convention, command files end with the extension .mac . The
input editor looks for this extension first when seeking afile to load.

Y ou can aso turn afile of Macsyma commands into a Notebook. Select File -
Make Notebook. All the executable commands will be placed on input lines.
Y ou can then execute them in sequence, or one at atime.



29 1. Build Macsyma Notebooks

4. BUILD MACSYMA NOTEBOOKS

4.1. Create Macsyma Notebooks

When you type commands to Macsyma, you are creating a notebook that
consists of input sections and output sections. Below, you will see illustrations
of a graphic section, an input section and a formatted text section from a
Macsyma notebook. You can place the entire notebook, or individual sections
of anotebook, in another Windows application.
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Maczyma Front End - [Hotebook 1 = [Connected]]
E_lfile Edit Mavigate Data [Graphicz: Maczyma ‘Window MathTips! Help _|E||

=] E3
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E:' plot{[cos{x}*exp{—B"":dlD},sm{}g*exp(—ﬁdlU}],X,U,ID,[D,I]}_ [
1.00
D.ED_ |
‘]
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-0.50 1
III.IIIIIII - I2.5III 5.IIIIIII - I.'f'.EIIII - I1III.IIIIII
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000 <¥<=100 063 <% =10

Time= 150 mszecs

.

|_ | Cnctd  Interrupt |

You can move the graphic section with standard Windows Cut and Paste
techniques that produce:
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Y ou can edit individual attributes of the plot or section, such as axislabels or
section brackets, and you can export the graphic section in several different
graphical formats (BMP, RLE, PCX, GIF) or turn it into a Postscript or EPS
file.

If you use Windows Copy and Cut and Paste, you should be aware that you are
also using the Windows Clipboard. In Windows 3.X, the clipboard size is
limited. Placing several sections or very complicated graphicsin the clipboard
can lead to Windows instability or rendering problems. Even in Windows NT
or Windows 95, you may have problems rendering very large sections. Pasting
notebooks with page breaks into other Windows applications may aso cause
problems.

Summary

There are four basic ways to create good-looking mathematical documents with
Macsyma:
1. You can create aMacsyma notebook document in the Macsyma
Front End window combining formatted text, formatted mathematics
(set fancy_echo:true) and graphics,
2. 'You can port Macsyma math and graphics to aword processor
document using Windows Cut and Paste or Copy;

3. You can export individual graphics using the Graphics Export
commands;
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4. You can print individua notebook sectionsto afileto includein a
word processor document you create later.

4.1.1. Add Text in a Macsyma Notebook

Y ou can add aformatted text section anywhere. Y ou can press the Text button
or use Edit - Insert Text Section. In theillustration below, aformatted text
section is outlined below the Expression Input Section labeled (c1).

Maczyma Front End - [Notebook 1 * [Connected]] M=l E3
E_l Eile  Edit Nawgate Data Format Mau:s_l.lma Window MathTipsl Help _|ﬁ’|5|

INu:urmaI IITlmesNewHDman II-'IE J B|F|U]|x2 -

-

(c1)

m o

| |_ | Cnctd  Interrupt |

»  Sdlect the section before which you want the text to appear. Click on the
command Edit - Insert Section - Formatted Text in the menu at the top
of the Macsyma Front End window. An empty text section appears.

e Type

The answer to life, the universe and everything is. . . Emc2. <Shift
Enter>
Or isit expand? <Enter>
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Position the mouse on 2 and highlight 2. The buttons indicating font changes
(bold, italic, underline) as well as superscript and subscript should light

up.

Macsyma Front End - [Motebook 1 = [Connected]] M=l E
§_| File  Edit Navigate Data Format Macsyma  Window  MathTipsl Help - |E‘|5|
INu:urmaI I ITlmes Mew Roman I r12 J B|7|U|2 %
) o

The answer to life, the uriverse, and everything 15 . E=mu::E
Dr 13 1t expand?

K

| |_ | Cnctd  Interrupt |

s

»  Pressthe superscript 2 button, or Format - Superscript. Y ou will see

something like:

Macsyma Front End - [Motebook 1 * [Connected]]
E_l File Edt HMawigate Data Format Macsuma Window  kathTips!  Help

I [=] E3
=18 x|

INu:urmaI IITlmesNewHDman II-12 J Bl J EIIE Xq

(cl)

-l

The answer to life, the universe, and everything 15 . —mcﬁ
D 1z 1t expand?

LI

| |Cnl:.1d Interrupt |

~
o

»  Position the mouse inside the word expand and press F1. Note that text

lines also have context sensitive Help.
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Y ou can introduce line feeds (with the key combination Shift-Enter) and new
paragraphs (with the Enter key). Y ou can format the text by changing its font,
font size, color and making individual characters, words or phrases bold or
italic. To access these controls, select a section of text and click on the menu
item Format that appears at the top of the Macsyma Front End window. You
can open adialog box which contains controls for changing character formats
or paragraph formats. Y ou can change paragraph formatting to None, Center,
Left or Right. The notebook, with character formatting changed to Aria Italic,
and center judtification looks something like:

Maczyma Front End - [Motebook 1 = [Connected]] M=l
E_l File  Edit Navigate Data  Format Mau:s_l,lma Windaw MathTips! Help - |E’|5|

IEentered Paragraph I I.-’-‘-.rlal.ﬂ-.lternatwe I I-'IE J Bl/

=

el Xa

(c1)

The answeart to ife the 'H.IIL grs H. and evendhing is .

ir s |+ .—.'..,L.I.—?.".'EJ"?'

i o

| |_ |Cnl:.t|:| Interrupt |

Y ou can use Macsyma' s fancy display facility (with fancy_echo:true) to
create formatted text sections which turn input c-linesinto formatted text
sections. The following notebook was created just that way:
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Macsyma Front End - [Motebook 1 * [Connected]] M=l E
g_l File Edt HMawigate Data Format Macsuma Window  MathTips! Help - |E‘|5|

INDrmaIIEI IITlmesNewHDman II-'IE J Bl
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2
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6
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|Macsyma v2.3.1 on WIN32 [Intel32] connected |_ |Cn-::1d Interrupt |

Y ou can create the appearance of embedding formatted mathematical
expressions in text by placing an input or output section between two text
sections.

4.1.2. Rearrange Sections in a Macsyma Notebook
Y ou can rearrange the order of sections in a Macsyma notebook.

»  Sdlect any input section, output section, graphics section, text section or
1/O section.
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Place the mouse cursor on the outline box of the selected section. A square
document icon will appear on the tail of the mouse cursor, indicating that
you have selected the thin border line.

Holding down the left mouse button, drag the mouse to alocation between
two other sections where you want the selected section to appear. Release
the mouse button, and the section will move from its former location to the
location specified by the mouse cursor.

4.1.3. Insert Other Graphic Objects into a Macsyma Notebook

Macsyma notebooks can accept metafiles created by other Windows
applications.

Copy the metafile from another application, such as MS-Powerpoint.

Move to a Macsyma Notebook and select the section before which you
want the foreign metafile to appear.

Click on Edit - Paste. The metafile will appear in a separate section of
the Macsyma notebook.

A Macsyma notebook in which text from this MS-WORD document has been
placed looks like this:
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Macsyma Front End - [Motebook 1 * [Connected]] M=l E
E_l File Edt HMawigate Data Format Macsuma Window  kathTips!  Help - |E’|5|
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Ilaceyma notebools can accept metafiles created by other
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o Copy the metafile from another application, such as
= -F owerpoint.
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before which you want the foreion metafile to appear.

o Click on Edit - Paste. The metafile will appear in a
separate section of the Macsyma notebook

4 Tlacsyma notebook i which text from this WE-WOED
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4.1.4. Create a Notebook of Input Commands Only
To create a notebook consisting only of the input commands from a Macsyma
session:
* Click on Edit - Select Input.
* Click on Edit - Copy Section.
*  Moveto an empty notebook (which you can create by clicking on
File - New) and
Click on Edit - Paste Section(s).

4.1.5. Save and View a Macsyma Notebook

*  Savethe new notebook by clicking in the Macsyma Front End
window on File - Save As; specify the file pathname asyou do in
all Windows applications. The pathname must end with the
filename extension .mfe. Macsyma 2.3 registers notebooks. If you
do not supply the .mfe extension, it will be automatically
appended.

*  View anotebook by clicking on File - Open and specifying the file
pathname of the notebook you wish to open. The specified notebook
will appear in the Macsyma Front End window, which supports
Multiple Document Interface.

4.1.6. Re-execute Individual Commands in Place

After you have executed a Macsyma expression, it is possible to edit the
expression and re-execute it.

»  Sdect theinput section you wish to edit and re-execute.

* Make changes to the expression, and press Enter. Macsyma will re-
execute the command.

On the current command line ((c10) in our example), type:
(c10) ((2+y)™10)

*  When you press Enter, Macsymawill return aresult.
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Go back to the same command line and edit the input to read:
(c10) ((2+y)"10),expand

*  Press Enter and note the result.

Again, go back to the same command line and edit the input to read:
(c10) float((2+y)10),expand

*  Press Enter and note the resullt.
4.1.7. Execute and Re-execute a Macsyma Notebook
Y ou can execute a Macsyma notebook as follows:
* View the notebook as a document in the Macsyma Front End window.

* Click on Edit - Select - Input. All of the input sectionsin the
notebook will be selected.

» Click on Edit - Reexecute. If the notebook is connected to a
Macsyma Math Engine, the engine will re-execute the input commands
in the notebook. If the notebook is not connected to a Macsyma Math
Engine, then Macsyma displays adiaog box that offers the choice of
starting a new engine or of attaching this notebook to a math engine
that is currently connected to a different notebook.

Each section in a Macsyma Notebook is marked as “replaceable” or “not
replaceable” during re-execution of the preceding Input Section. When one or
more Input Sections are re-executed, new output section(s) are inserted, and all
replaceable sections from the current location to the next not replaceable
section are removed from the notebook. The new sections are placed either
immediately after the re-executed Input Section (the default) or at the end of the
notebook.

By default, each Input Section, each Text Section and each Metafile Section is
marked as “not replaceable.” Also, each Output Section and each Graphics
Section is marked “replaceable’ when they are created. Replaceable notebook
sections display an extratick mark in the upper right hand edge of the section
bracket.

4.2. Create Finished Documents Inside a Word Processor

A “notebook” is adocument that combines mathematical expressions, graphics
and formatted text. Y ou can create a notebook usng Macsyma and any
Windows-compatible word processor, such as MS-Word.
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4.2.1. Insert Mathematical Expressions into a Word Processor
Document

*  Submit one or two commands to Macsyma so that you have one or more
output display linesin the Macsyma Front End window to copy to a
notebook document. Open your Windows-compatible word processor
and a document.

*  Use Windows Metafiles when copying. Macsymawill detect when a
Windows Metéfile is appropriate to use.

»  Using your mouse, select one or more sections from the Macsyma
notebook or mark some text in an input section or atext section. To
select more than one section, hold down the Control key while you
click on the sections you are choosing.

* Click on Edit - Copy Section or Edit - Copy on the top menu bar in
the Macsyma Front End window. This action copies the selected
sections or text as a Windows metafile and placesit in the Windows
Clipboard.

* Moveto your word processor window. Position the cursor where you
want the selected mathematical expression(s) to appear. Click on the
Edit - Paste at the top of the word processor window. The
mathematical expression(s) will appear in your word processing
document at the cursor location.

For example,

25 qum(1/n"2,n,1,inf)
¥
0 1
(d25) 2
d

was produced just thisway. (Y ou may find it to be more esthetic to turn off
Section Brackets or |abels with File - Options before you Cut and Paste)

In some Windows word processors, you can scale and crop a pasted image.
(For examplein MS-Word, click on Format then on Picture. A dialog box
appears with commands for scaling and cropping the image.)
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Macsyma input commands (without the line labels) can be copied astext by
using the menu command Edit - Copy in the Macsyma Front End window and
Edit - Paste in the word processor or other application. Macsyma output
expressions which are displayed with fancy_display:false can be copied and
pasted as text.

4.2.2. Insert Macsyma Graphics into a Word Processor Document

You can insert Graphics sections into a word processor document in a similar

way.

1. Create aMacsyma Graphic by running example(plot3d) in the Macsyma
Front End Window. Select the resulting plot and click with your mouse on
the menu item Edit - Copy Section.

2. Move to your word processor window. Position the cursor where you want
the graphic to appear. Click on the menu item Edit - Paste. The graphic
will appear in your document at the location of the cursor.

4.2.3. Insert Macsyma Notebook Sections into a Word Processor
Document

Suppose you want to copy a section in a Macsyma notebook into a word
processor document.

»  Sdect one or more sections from the Macsyma notebook or mark some text
in an input section or atext section.

* Click ontheitem Edit - Copy Section or Edit - Copy on the top menu bar
in the Macsyma Front End window to copy the selected sectionsto the
Windows Clipboard.

* Moveto your word processor window. Position the cursor where you want
the selected text to appear. Click on the item Edit - Paste at the top of the
word processor window. The text or graphic will appear in your word
processor document at the cursor location.
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The graphic above was produce just this way.
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5. DO MATHEMATICS WITH MACSYMA

5.1. Expressions

Y ou can perform calculations in Macsyma by acting on expressions. The
components of a Macsyma expression can include numbers, variables,
operators, and constants. Using expressions as building blocks, you can assign
values to variables, create equations, and define your own functions.

5.1.1. Operators

Macsyma uses familiar operators to perform operations. Here are the operators
Macsymauses in order of priority from lowest to highest:

Operator Description
+ addition
- subtraction
* multiplication
/ division
- negation
A exponentiation

non-commutative multiplication
M non-commutative exponentiation
! factorial
I double factorial

Macsyma aways uses “*” on input for multiplication. Thus, you should write
2*x instead of 2x. Y ou can optionally use“*” for display of expressions by
setting the star disp (Default: false) option variable. In addition to these
mathematical operators, Macsymauses*“:” to assign valuesto variables, “="
to create equations, and “:=" to define functions. Functions use () to denote
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arguments, asin sin(x). Macsymauses “[]” for lists and collections. Macsyma
also uses “[]” for matrices. See Section 5.6. Matrice, page 66.

Macsyma performs operations of equal priority from left to right. Y ou can use
parentheses to change the order of evaluation.

5.1.2. Numbers
Macsyma knows about severa kinds of numbers:

* Integersconsist of astring of digits not containing a decimal point. For
example, 15934. Integers can grow very large, since their sizeis bounded
only by the total virtual address space accessible to Macsyma.

* Rational numbers are represented as an exact ratio of two integers. For
example, 3/2. Macsyma can represent any rational number, subject only to
the memory limitations of your machine.

* Floatsand bigfloats are floating-point numbers. They consist of a string of
digits containing a decimal point, and are optionally followed by an e, d,
or b, and an integer exponent. Examples of floats are 459.3, 83.3495€6,
and 79.46d5. Examples of bigfloats are 83.3495b6 and 3957204.0b15.

The precision of abig floating point number is limited in the Student
Edition of Macsymato 32 places. Calculations involving floating point
numbers can be compromised by round-off errors.

*  Complex numbers are written with the imaginary unit i, which in Macsyma
iswritten %i. For example, 4i iswritten 4* %i.

*  Negative numbers are any kind of number beginning with aminus sign. For
example, -4, -17.41, -957204.0b15.

When you type a number, Macsyma smply returnsit.
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Macsyma preserves ratios as exact numbers rather than converting them
automatically to afloating-point approximation.
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At any time, however, you can use the sfloat or dfloat commands to request a
single or double float approximation or the bfloat command to request a
bigfloat approximation.
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The default precision for floatsis governed by each computer's hardware. 1f
you are concerned about accuracy, use dfloats or bfloats. The bigfloat
precision can be set using the Macsyma variable bfprecision. Y ou should be
sure to remember that “floating” a number, no matter what your precision, isan
approximation. Y ou should try to limit your use of floating point until as late in
acomputation as you can. Use the online Help or Tipsto learn more about
setting precision.

5.1.3. Variables

Variables are named quantities. Y ou can either bind avalue to avariable, or
you can leave the variable unbound and trest it formally. Binding avalueto a
variableis called assignment. This section shows you how you can use both
bound and unbound variablesin expressions.

To assign avaueto avariable, type the name of the variable, followed by the
“:" operator, followed by the value. Do not confuse the “=" operator, which
creates eguations, with the assignment operator. The equation operator does
not assign valuesto variables. When you type the name of an unbound variable,
Macsyma simply returns that variable.
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Maczyma Front End - [Notebook 1 = [Connected]] M= E3
§_| File Edit MNavigate Data ‘Window MathTipsl Help - |E’|5|
D|e|@|@] = |E «|w[@] 2|al]
= - ;l
EE (cl) a ]

d-'_i

@y 2 5=
= Il =
A _"I_I

Macsyma v2.3.1 on WIN32 [Intel32] connected |_ | Cnctd | | Interrupt |

Assign the value 1234 to the variable a.
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When you type the name of abound variable, Macsymareturnsits value.
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Once bound, a stands for 1234 in subsequent expressions.
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Y ou can add bound and unbound variables.

Macsyma Front End - [Notebook 1 = [Connected]] M= E3
§_| File Edit MNavigate Data ‘Window MathTipsl Help - |E‘|5|
D|e|d|@] =0 «|w[@] 2|l
D at I,
=@ b+ 1234 ] L

zill

Macsyma v2.3.1 on WIN32 [Intel32] connected |_ | Cnctd | | Interrupt |

=




Introduction to Macsyma 49
A single quote before a bound variable suppresses evaluation.
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Using the variable a in expressions does not change its original value.

Confusing results can occur when you use avariable that you do not realize you
have previously assigned. To remove avaue from avariable, use the
remvalue command.
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Y ou can aso create compound assignment statements by enclosing the
assignments, separated by commas, in parentheses. Note that Macsyma returns
the value of the last statement.
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Check the values of a and b.
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Use the ev command to re-evaluate c8; it results in the sum of the values of a
and b.
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Use the online Help and the Tips to find out about ev and remvalue.

5.1.4. Constants
Macsyma knows about the common mathematical constants:

Constant Definition

%e Base of natural logarithms (e)

%i The square root of -1 (i)

%opi The transcendental constant pi (p)
inf Real positiveinfinity

minf Real negative infinity

aswell as some uncommon ones. Macsyma also knows about some universal
physical constants, such as %%c (speed of light) and %%h (Planck’s constant.)
Use the online Help to find out about Physical Constants, Units, and
Mathematical constants.

5.1.5. Create Equations

You use“=" to create an equation. The equal sign establishes the equality
relationship between the two sides of the equation, but does not assign any
value. You use “:” for value assignment, as shown in section 7.1.3. Note the use
of assignment (to name the equation) and the = operator to set up the following
equation:
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Y ou work with equations like any other mathematical quantities. Here we solve
forr_classical:

&
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Macsyma has many powerful tools for solving equations. Use the online Help
and Tipsto find information and hints about Macsyma' s solve command and
related commands that can help you solve equations.
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5.1.6. Define Functions

53

Functions are small programs that you can define to perform various
calculations. To define afunction, you use the syntax function(argl, argz, ...,
argn): = body. Here function is the name of the function, argl through n are the
arguments it will operate on, and body is the code that describes what it will

do.

Here we define two functions;
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Y ou can compose these two functions, like this:
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Y ou can use these functions and combined functions;
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Use the online Help and Tips to find out about commands for removing function
definitions (remfunction), and waysto find out what functions you have
defined. Look up functions and dispfun.

5.2. Algebra

Y ou can use Macsyma to manipulate algebraic expressions in many ways.
Macsyma can expand expressions, as you have seen with the trigexpand
command, but it can also multiply aterm or terms through a sum or equation,
distribute sums over products, or do a complete partial fraction decomposition,
expanding an expression in partial fractions with respect to agiven main
variable.

Use the online Help collection to look for Tips or function definitions for
expand, multthru, digtrib, partfrac, logexpand, and radexpand.

Macsyma can also simplify expressions. Use online Help to look for tips or
function definitions for ratsmp, radcan, scamp, combine, recombine, xthru,
and map. Also check out the option variables algebraic and ratfac.

Factoring expressions is controlled by severa commands. Look for factor,
cfactor, and factor sum in the online Help.
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Y ou can substitute easily in Macsyma expressions. Look for ev, subst, and
ratsubst in the online Help.

Macsyma can expand and simplify Trigonometric expressions. Look for
trigexpand, trigreduce, and triggmp in the online Help.

Macsyma can perform summations, definite and indefinite. Look for sum,
nusum, sumcontract, and intosum in the online Help.

5.3. Solve Equations

Y ou can solve equations with Macsyma in severa ways. The general command
is solve, which takes an expression and a variable as an argument, and solves
the expression for that variable. If the expression is not an equation, solve sets
the expression equal to zero in order to solve it.

Use online Help and Tips to find out about solve, linsolve, taylor_solve,
nroots, allroots, realroots, and r oots for information and examples.
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Here is another quadratic equation with numerical coefficients:

HE
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Finally, hereis anumerical problem with three real roots.
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5.4. Calculus

Y ou can use Macsyma to perform the operations you have learned in Calculus,
including differentiating and integrating expressions, taking limits, computing
Taylor and Laurent series, solving ordinary differential equations, performing
summations, and taking Laplace transforms.

HINT: It isalways agood idea to check the results of integration or
differentiation commands by using the opposite command. Remember that
ratsmp and radcan can be your friends in helping you reduce the result
Macsymadisplays.
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5.4.1. Differentiate Expressions

The basic command for differentiating an expression is diff(expression,
variable). Diff differentiates an expression once with respect to the designated
variable. Use the online Help and Tips for more information about additional
arguments to diff that allow you to control the differentiation, take the
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derivative more than once, and perform more advanced operations. Y ou should
also check out gradef, depends, and at in the online Help for more control
over differentiation.

Macsyma Front End - [Hotebook 1 * [Connected]] M= E3
§_| File Edit Mawvigate Data ‘wWindow MathTips! Help _|E|i|
D|z|E|&8| =|E «|*|@| £l
S D) difflsina®).) 1 =
éf (d1) a cos{a x)
=2 () diffsina) £,2)
= 2
= (d2) -a sinfax) L
o -l
| |_ |Cnctd Interrupt |

5.4.2. Integrate Expressions

Y ou can integrate expressions with Macsyma by indefinite integration or
definite integration. Remember, floating point numbers in definite integration
are subject to round off error.

I ntegrate isthe basic command for integration. It accepts two arguments, an
expression and avariable, for indefinite integration, and four arguments for
definite integration (an expression, avariable, and an upper and alower
bound). The online Help has detailed information, as well as an example and
demo.
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Look for integrate, ldefint, byparts, and changevar for help with integration
options.

ME
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For numerical integration, Macsyma has three floating point numerical methods:
guadratr, romberg, and quanc8. Seethe online Help for more information.

5.4.3. Take Limits

Macsyma can find limits as areal variable approaches a given value from some
direction. If you do not specify adirection, Macsymatries to compute a
bidirectional limit. The limit command accepts three arguments, an expression,
the upper, and lower limit. It also allows you to specify adirection, so you can
take alimit to some point from above or below. Use online Help to find the
description of the limit function.
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5.4.4. Taylor and Laurent Series

Macsyma has a package that can compute Laurent series. A subset of thiswhich
you may be more familiar with is Taylor series. Y ou should look for taylor,
taylorinfo, taylor_solve, and tlimit in the online help.
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5.4.5. Ordinary Differential Equations

Ordinary differential equations are anything but “ordinary.” However,
Macsyma provides severa waysto deal with ODE’s. The command ode
solves first and second order ordinary differential equations with dependent
variables and independent variables. The syntax is ode(equation, depar,
indvar).

Severa Macsyma system variables may help you when you try to solve an
ordinary differential equation. To evaluate a variable, type its name followed
by Enter, thisistrue for any variablesin Macsyma. Variables you may find
useful include:

* |cl setsaninitia condition for first order initial value problems.
* |c2 setsaninitia condition for second order initial value problems.
* bc2 setsaboundary condition for second order boundary value problems.

The option variable odetutor and the odelinsys command are also useful. See
their documentation in the online Help.
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5.4.6. Laplace Transforms

Macsyma can compute Laplace transforms and inverse Laplace transforms.
Look for laplace, atvalue, ilt, and odelinsys in the online Help.
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5.5. Fourier Transforms

Macsyma can compute Fourier transforms and inverse Fourier transforms. Look
for fourier, andinv_fourier in the online Help.
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5.6. Matrices

Y ou can direct Macsyma to create, transpose, and invert matrices. Y ou can
extract parts from matrices, add rows and columns, calculate determinants, find
characteristic polynomials, and produce the echelon form of matrices.

Y ou can use the Student Edition of Macsyma to operate on atwo-dimensional
matrix of up to 10 by 10 elements. The large group of commands for matrix
operations and option variables allow you flexible control over matrix
operations.

5.6.1. Create Matrices

Macsyma provides commands for creating many kinds of matrices, including
identity matrices. The two most general are matrix and entermatrix. Matrix
creates arectangular matrix from the rows of elements you specify:

Maczyma Front End - [Notebook 1 = [Connected]] _ O] =]
E_| File Edt MHavigate Data |nput Macsyma ‘Window MathTipsl Help _|E’|5|

N8| =5 &= 2|
el El AN ®|e| 7] &S] = simpliy] 125223]s
$[e) matrieqab.cl(de.f.[e bl TR

[

a b c
{d1) d e f
c h 1

|Mac5yma v2.3.1 on WIN32 [Intel32] connected |_ |Cnctd Interrupt |

LR R RN RN

OO

=

The following short-hand notation can aso be used to define the same matrix:
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entermatrix takes the dimensions of the matrix and then prompts you for each

element:
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Macsyma then prompts for each element:
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and theresultis;
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There are many other waysto create different kinds of matrices, including
copying and modifying an existing matrix, and creating a matrix from an array.
Use the online Help and Tipsto find information about ident, zer omatrix
diagrmatrix, coefmatrix, augcoefmatrix, copymatrix, and genmatrix.

5.6.2. Operating on Matrices

Note: most matrix commands do not actualy change the input matrix. Instead,
they return a new matrix, with the modification you requested. For example, you
can extract arow of datain the matrix with the row command and perform an
operation on it, but the original matrix still contains the extracted row.
Similarly, the command addrow returns a new matrix with the specified
additional row(s); it does not change the original matrix. There are similar
commands for column operations, e.g., col and addcol.

5.7. Display Expressions

Y ou can direct Macsyma to rewrite your expression in many ways using factor,
combine, expand, Ssmp, etc. Look at the on-line Math Help on Algebra &
Trigonometry as afirst place to start.
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6. Manipulate Macsyma Graphics

To view a 3D plot, make sure you have selected a Macsyma notebook

document that is connected to a Macsyma Math Engine. Type demo(plot3d);.
When thefirst plot appears, exit the demo by pressing the Escape key. Select
the plot by clicking on the frame of the plot (not on the object itself). A box

resembling the following example will appear around the plot:
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6.1. Alter the View of a 3D Plot

Click on the menu item Graphics - Camera View at the Menu Bar in the
Macsyma Front End window when a graphics section is selected.® A
dialog box similar to the following will appear for 3D graphics that
contains a camera gimbal icon, various sliders, and other view controls:

: Camera View - 3D |
)| K | ¥ 4z Z 45]60 Inial|
Ci Theta o T
Ip L aom
E ERE R
Phi
£l [
= Rl Bl

I
T b o | IR

[T Back¥iew [ FRelative Camera Position
IEDntiHUDUS Dverlj ITr Center Fised j

Cloze |

Select the camera (the circle mounted on the gimbals) by pointing with
your left-mouse. Move the camerato a different position. Y ou can now
view the object from the new camera position. Depending on the viewing
option settings, you may need to hold the Draw button down to re-draw the
plot.

Move the clipping slider part way down and releaseit. Adjust it until you
seeit clipping the plotted object. Macsyma's 12 clipping planes can be
adjusted from the Camera View - Edit Attributes dialog box, one of
which is connected to the clipping dlider.

Notice that Macsyma dynamically changes the items on this menu bar depending upon
the type of section you have currently selected.
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* Youmay also alter and rotate the plot view using the keyboard arrow. Turn
the Scroll Lock key to On and use the arrow keys to trandate the plot. Use
the Shift key with the arrow keysto increase the size of your moves.

A similar dialog appears for 2D graphics.

Camera Yiew - 2D

Pan

a B

Left Bound
21 |
|

Right Baund

=]
£00m

s A

|
Ciedfio

Reszet

Left |

Bath |  Right |

Initial |

=~
N

[T Bescale Range [~ Fast Tracking

Diraw |

6.2. Query a 3D Plot for Coordinates of a Point

»  Click on the plotted object. The three numbers that appear in the status bar
at the bottom of the notebook document are the 3D coordinates of the point
on which you clicked. You will aso see some faint lines that draw
reference cursor lines through the point you selected and connect these
reference lines to the coordinate axes. The resulting plot will look like the

following:
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* Click onthe plot again and hold the left mouse button down while you drag

the mouse across the plotted object.

The X, y, z coordinates in the status bar

change continuously as you move the mouse.

»  Click again in the graphics section (but not on the plot) with left-mouse to
turn off the reference cursor lines. Clicking with right-mouse will offer a

menu of other options.
A similar result occurs for 2D graphics.
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6.3. GRAPHICS DEMOS AND EXAMPLES

The online Help system has many examples of 2D and 3D plots you can make
with Macsyma.

6.4. MACSYMA GRAPHICS STYLES

Macsyma supports graphics styles. A graphic style is a collection of attributes
relating to the way agraphic isdisplayed. See the Macsyma Scientific
Notebook Interface Reference Manual for a description of notebook attributes
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and decorations. Potentially, any such attribute can be a member of agiven
style.
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7. MEET THE DATAVIEWER™ AND MFE_DATA PACKAGE

The DataViewer™ is a Macsyma Front End facility that enables you to
manipulate numerical data. Y ou can see data from a Macsyma Front End
variable. You must transfer numerical datain Macsymato an MFE variable
before you can put in a DataViewer. Y ou can aso import data from afile to an
MFE variable. The two basic commands for transferring data between the
Macsyma Math Engine and the MFE Math Engine are mfe_put and mfe_get.
The MFE_DATA package a so provides new Macsyma commands for moving
data back and forth between the Macsyma math engine and the MFE math
engine and enables Macsyma to perform certain operationsin MFE. If you try
to create anew DataViewer section, adialog will appear asking you for a math
expression, which should be the name of an existing MFE math variable. See
the Scientific Notebook User Interface Reference Manual for more
information.

First, make sure that you load the MFE_DATA package by giving the Macsyma
command load(mfe_data). Y ou can import data from the file system from the
menu bar by selecting Data - Import. Y ou can create a DataViewer section by
pressing the DataViewer button on the button bar. A dialog will ask for the
name of an MFE math expression, which isan MFE variable. If youwant to
view a Macsyma math object instead, use mfe_put to create an MFE variable.
For example, you can make aMacsyma object, say a4 X 4 matrix of single
precision random numbers, by saying

foo : sfloat(mat_rand(4,4))
mfe_put(foo,bar)

and then place bar in the DataViewer by clicking on the DataViewer button and
selecting the MFE math expression bar.

The DataViewer section in your notebook should look something like:
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§_| File Edit Mavigate Data DataViewer Macsyma Window MathTipsl Help
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(c5) mfe_put(foo,'bat)
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4
: =5
4 13 -
=l
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Note the single precision format of the numbersin the DataViewer. By defaullt,
the MFE Math Engine uses double precision numbers. When you use sfloat to
create the matrix, the Macsyma Math Engine uses single-precision numbers,
denoted with e-format, and the MFE Math Engine treats bar asasingle
precision array.

Y ou can now update the MFE variable bar by typing new numbers. Here, the
[2, 1] cell of bar ishighlighted. Note that indices of MFE 2D arrays start at O,
while Macsyma matrices have indices that start at 1. If you changethe[2, 1]
cell to, say, -4, and then retrieve bar to Macsyma, you get a new matrix mat1.
Y our screen should look something like:
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Note that the [3,2] element of the Macsyma matrix D6 is-4. Y ou can export the
MFE variable bar to afile by selecting the Menuitem Edit - Export. If you
choose to export bar to aCSV file format with default settings, you get afile
that looks like:

0.4509985,0.05160820,0.8098395,0.7654629
0.09027070,0.8542907,0.1177801,0.9305878
0.3028988,-4.000000,0.1952516,0.2084628
0.05787115,0.7323105,0.08166161,0.01401968

Y ou can choose the separator or select fixed format when exporting. Similarly,
you can use the Menu item Edit - Import to import adatafilein CSV or fixed-
field format. Y ou could prepare such afile with a spreadsheet, like Excel or
Lotus 123, or use a spreadsheet to read afile exported from Macsyma.
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2 Microsoft Excel - dd_csv M=l E3
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Al d = | 0.4503385
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B
[ 4» M dd
Red [ | [

See USAGE(MFE_DATA); for more information, and do
DEMO(MFE_DATA); for ademonstration.

7.1. The MFE Math Engine and Variable Names

There is a separate math engine inside the Macsyma Front End that operates on
Macsyma Front End variables, which are separate from Macsyma Math Engine
variables. Y ou can access MFE variables from a Macsyma Math Engine by
using the MFE function as shown above.

By default, the MFE Math Engine treats floating point numbers as double
precision. To indicate that a number is single precision, use e-format. For
example, 1.0 istreated as double precision 1.dO, while 1.e0 is single precision.

MFE variables are local to each notebook, while Macsyma variables are local
to each Macsyma math engine.

The two basic Macsyma commands to exchange data between MFE and
Macsymaare: mfe_put and mfe_get. Y ou can move Macsyma variables to
MFE variables with the Macsyma command mfe_put(mac_name,
mfe_name). Here, mac_name isthe name of a Macsymavariable, and
mfe_name isthe name of an MFE variable. Y ou can retrieve MFE variables
to Macsyma with the Macsyma command mfe_get(mfe_name).

Mac_name must evauate to:



82 1. Meet the DataViewer™ and MFE_DATA Package
afloating point number (e.g., 1.0, 1.e-4, -1.d3); or
aninteger (e.g., 4, -5intherange -2"29 to 2"29-1); or
alist of such numbers (e.g., [1,2,4.d0]); or
an array of such numbers; or
amatrix of such numbers; or
aMacsymasdtring (e.g., “AbCdEfG”).

Symbolic expressions, atoms, rational numbers, big integers or bigfloats are not
valid types for MFE variables. In particular, complex numbers are not valid.

mfe_get(mfe_name) will return the value of the MFE variable mfe_name asa
number, alist, astring, or amatrix.

The Macsyma package MFE_DATA has severa Macsyma commands to make
it easy to work with MFE variables. Do DEMO(MFE_DATA); for a
demonstration. The source code for MFE_DATA isin the macsyma:share;
directory.

7.2. Graphics Sections and MFE Variables

Y ou can make a graphics section from an MFE variable with the menu item
Data - Graph. A graphics section based on an MFE variableis like a graphics
section based on a Macsyma variable or expression in that it shares the
graphics decorations and attributes. However, the graphic section differsin an
important way: it allows automatic updating of the graphic when the MFE
variable changes. Y ou need to recal culate the entire plot if you change, say, one
number in aMacsymalist. With an MFE variable, for example, you can change
one number in the DataViewer, and the associated graphic section updates
automatically.

Y ou can make a graphics section from an MFE variable mfe_name with the
Data - Graph menu item, from the Graph button when it isin the Data Viewer,
or with the Macsyma command plot_mfe_data(mfe_name).

By default, if mfe_name isa 1D MFE variable, you get aplot of mfe_name
vs. itsinteger index as seen in the DataViewer. If mfe_name isa 2D variable,
you get asurface plot of mfe_name vs. its 2D integer indices. Try the
command plot_mfe_data(bar). You should get a graphic section that looks
something like:
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(c7) plot_mfe_data(bar)

z

30 30

vI
L2 . Y
4 »

| r | Interrupt

Y ou can plot more than one MFE variable at atime by using the menu item
Data - Add Data to Graph.

Y ou can save the values of the coordinates of the plot of a Macsyma expression
to an MFE variable by selecting the Menu item Graphics - Assign Data to
Variable. For example, you can create a graphic from a Macsyma expression
by saying plot(sin(x),x,0,10). Y ou can then select Graphics - Assign Data to
variable and assign the data to an MFE array variable called sine. If you now
look at sinein aDataViewer, you will see the coordinates of the plot. It should
look something like:
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sine

0.e0 0.e0
0.1010101e0 0.1008384e0
0.2020202e0 0.2006488e0
0.3030303e0 0.2984138e0
0.4040403e0 0.3931365e0
0.5050504e0 0.4838516e0
0.6060605e0 0.569634e0
0| 0.7070704e0 0.6496091e0
é 0.8080807e0 0.7229624e0
x 0.9090905€e0 0.7889452e0
1.010101e0 0.8468854€e0
1.111111e0 0.8961918e0
1.212121e0 0.9363625e0
1.313131e0 0.9669874€e0
1.414141e0 0.9877546€0
1.515151e0 0.9984522e0
1.616161e0 0.998971e0
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1 1 1
sine_DPr2D_0_Xlisine_DPr2D_0 |sine_ DPr2D_1 |3
0 0.e0 0.e0 1.e0
B 1 0.1010101e0 0.1008384€e0 0.9949026€0
12 0.2020202e0 0.2006488e0 0.9796631e0
B 3 0.3030303e0 0.2984138e0 0.9544365e0
B 4 0.4040403e0 0.3931365e0 0.9194801e0
B 5 0.5050504e0 0.4838516e0 0.87515e0
B 6 0.6060605e0 0.569634e0 0.8218985e0
17 0.7070704e0 0.6496091e0 0.7602682e0
B 8 0.8080807e0 0.7229624e0 0.6908872e0
BE 0.9090905e0 0.7889452e0 0.6144633e0
B 10 1.010101e0 0.8468854e0 0.5317752e0
B 1.111111e0 0.8961918e0 0.4436663e0
B 12 1.212121e0 0.9363625e0 0.3510342e0
B 13 1.313131e0 0.9669874e0 0.2548237e0
B 14 1.414141e0 0.9877546e0 0.1560156e0
: 15 1.515151e0 0.9984522e0 0.05561659e0
1.00
o.5o:
Y 0.0

A\

-0.50

-1.00
0.00

0.00<X<10.0;-1.00<Y<1.0

7.50
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]
sine_DPr2D_0_X|sine_DPr2D_0 |sine_DPr2D_1

0 0.e0 0.e0 1.e0
11 0.1010101e0 0.1008384e0 0.9949026€0
N 2 0.2020202e0 0.2006488e0 0.9796631e0
N 3 0.3030303e0 -0.33e0 0.9544365e0
N 4 0.4040403e0 0.3931365e0 0.9194801e0
N 5 0.5050504e0 0.4838516e0 0.87515e0
: 6 0.6060605e0 0.569634e0 0.8218985e0

7 0.7070704e0 0.6496091e0 0.7602682e0
N 8 0.8080807e0 0.7229624e0 0.6908872e0
: 9 0.9090905e0 0.7889452e0 0.6144633e0

10 1.010101e0 0.8468854e0 0.5317752e0
N 11 1.111111e0 0.8961918e0 0.4436663e0
12 1.212121e0 0.9363625e0 0.3510342e0
N 13 1.313131e0 0.9669874e0 0.2548237e0
N 14 1.414141e0 0.9877546e0 0.1560156€e0
: 15 1.515151e0 0.9984522e0 0.05561659e0

1.00

<

0.50

Y 0.00 V

-0.50

-1.00
0.00

2.50

0.00<X<10.0;-1.00<Y<1.0

Replotting just picks up thefirst one.

7.50

10.00
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Note that the Macsyma Math Engine uses single precision floats for graphics
coordinates.

Y ou cannot assign the data from the plot of an MFE variable becauseit is
already an MFE variable.

Y ou can aso take a 2D or 3D graphic of a Macsyma variable section and click
on it. One of the choices offered is Assign Data to Variable. You can assign
the graphical datato an MFE variable and view it in a DataViewer. Y ou can

replot the MFE variable and select the menu item Graphics - Add Data to
Plot to add more data to the plot.

In contrast to the dynamic behavior of the plot of an MFE variable, the plot of a
Macsyma variable will not automatically update if the data changes. Also, you
cannot dynamically add new data to the plot of a Macsyma variable.

See USAGE(MFE_DATA); for more information, and do DEMO(MFE_DATA);
for ademonstration.
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8. ANSWERS TO SOME COMMON QUESTIONS

8.1. How Do | Open a Macsyma Notebook?

Y ou can open a new Macsyma notebook (afile with extension .mfe) in several
ways. Firgt, you can click on the Macsyma lcon. Next, you can click on the
MFE icon, and use File - New to create a new notebook. Then use Edit -
Insert to create an expression input section.

Macsyma 2.3 for Windows NT/95 also supports Drag and Drop of Macsyma
notebooks. When you select a Macsyma notebook, you can drag it with the
mouse and drop it on the Macsyma 2.3 or the MFE icon to open the notebook
with the Macsyma Front End. Y ou can a so double-click with on the notebook
to start the Macsyma Front End and open the notebook.

8.2. How Do | Save a Macsyma Notebook?
Y ou can save a Macsyma notebook in severa ways.

Use File - Save as to save the notebook with a default extension .mfe so that it
can be opened with the Macsyma Front End later.

Save the notebook as a.mac file. The .mac extension creates an ASCI| text file
that consists of the input sections and text sections enclosed in Macsyma
comments. The .mac file can be used as a Macsyma batch file.

Save the notebook as an ASCII text file with extension .txt. A .txt file contains
input lines, labeled as c-lines, output lines labeled as d-lines and formatted text
sections. You cannot turn a..txt fileinto a batch file.

8.3. Is Macsyma Case Sensitive?

Most Macsyma commands are not case-sengitive. Y ou may type commandsin
upper case, lower case, or mixed case and still be understood. Y ou do not have
to use the same case asis used in the command examples in this Installation
Guide. (You can choose the case Macsyma uses for its output display. See
display_case in the Macsyma Reference Manual .)
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8.4. What Do | Press After Entering Commands?

Macsyma commands end with the Enter key or dollar sign ($) followed by
Enter.® The dollar sign suppresses display of the output resulting from
executing the command line. Y ou may aso terminate command lineswith a

semicolon (;) followed by Enter. The semicolon is not necessary; it has the
same effect as terminating the command line with Enter. Typing Ctrl-Enter has
the same effect astyping $.

In the debugger you may encounter Lisp commands. Most Lisp expressions do
not require pressing Enter for confirmation. Lisp activates as soon as you type
the right-hand parenthesis which terminates the expression.

®  Linefeed is accomplished with the key combination Shift-Enter.
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8.5. What Do | Do If There Is an Error Or Break?

When an error occurs, or you press Interrupt, you may wind up in a Macsyma
Break. Y ou may see something like:

Macsyma Front End - [Notebook 2 = [Connected]] =] E3
E_l File Edit [avioate Data Format Macsyma Window MathTips! Help == x|
] (=2 [ 55 s s (I

) =l
%) -
(c3) 0
Diwision by 0
(c4)  debugmodelisp
(cd) debugmode : lisp
Time= 0 msecs
(d4) lisp
() 10 [
1
=) J—
(e3) 0

[Error: Division by 0
Current Package: CLINAT

-1 (Continue) Eeturn to Macsyma Toplevel
2 (Abort) Macsyma Toplewvel

Debug 17 | -
A _>lJ
| |— |Cnctd Interrupt |

Type :1 followed by Enter to continue. Type :2 followed by Enter to returnto a
Macsyma c-line.
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8.6. How Do | Change Fonts?

Select File - Options or File - Options Default. Select Category Notebook to
look for Notebook fonts. Select category Math for math fonts. A Notebook
dialog box will look something like:
Edit Default Hotebook Options
Setting(z):

Autoload Motebook Mame .
Default D ataviewer Section Height [inche
Default Graphics Height [inches)

1hZ Font: Formatted Link Appearance

14105 Fant: Mon-math Text

0ff  Math Enagine Auto Start

On  Math Engine Maximize on Autostart

[ ] Motebook Background Color

[ ] Motebook Border BE. Color

0ff  Motebook Border Enabled

I- Matebook Barder FG Colar

1 MNotebaok Border Line Width =

j = Defaulted

= =

Category: INu:utetu:u:uk

]
=
ok | Cancel | Help | UndoEdh |

and a Math category dialog |ooks something like:
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Edit Default Motebook Options |
Settinglz]:

la} Math: Centering 'Width [inches] =
1024 Math: Expression Max Lines

=] b ath: Exprezsion width %

OfF  Math: Fancy Input Enable

Off  Math: Fancy To Clipboard

141107 Math: Fant - Input

41k Math: Font - Qutput

l b ath: Formatting Width [inches) -
ln M ath: Label Offzet

Left  Math: Label Pozition

Al b ath: Left b argin

39 b ath: b ax Qutput Height [inches] ;I

Categor: [T

~l
=l
oK | Cancel Help Wiz

Although you cannot change the font attributes for command line labels, you can
change the label offsets. If you want awider areato display labels, set Math:
Label Margin to, say 75. Y ou can experiment with other settings.

8.7. How Do | Customize Macsyma?

The file \macsyma2\mfe\mfe.ini contains information about directories,
variables and attribute settings needed by the Macsyma Front End. Y ou can
change thisinformation by selecting File - Options or File - Options Default
from the Macsyma Front End. Some attributes may be available only when
Expert Mode ison.

Y ou can place Macsyma commands in the file mac-init.mac that affect the
Macsyma Math Engine.

Thisfile should be located in the user’ s home directory specified by the
Macsyma command user_homedir_pathname(). One common command is
showt i me: true. InMacsyma 2.3 for Windows NT, mac-init.mac should
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be located in the user's home directory which is usually \user s\default. In
Windows 95 or Windows 3.X, the home directory is usually \macsyma2\user.

8.8. How Can | Make a PostScript File From a Graphic?

Y ou can make a PostScript file from a graphic by printing the graphic to afile
using a PostScript printer driver. Install a standard Windows PostScript printer
driver and configureit to print to afile. Y ou can do this even though no
PostScript printer is physically attached to your PC or network. Windows will
prompt you for afile name when you print.

Y ou may need to configure the printer driver to print aPSfile or an EPSfile.
8.9. Is My Calculation Taking Too Long?

Sometimes, a calculation takes an unexpectedly long time. Delays may occur
when you calculate large intermediate symbolic or numeric expressions, such
astrying to invert asymbolic matrix. It is often useful to estimate the size of
expressions that you expect to get in advance. For a symbolic matrix inversion,
itisusually not practical to invert amatrix larger than about 7 x 7. Inverting
numerical matricesis limited only by the resources on your machine.

Macsyma has a status line at the bottom of the screen. A flashing * on the status
line indicates that garbage collection isin progress. If you see lots of rapid
flashing, but no screen output, the math engineis still calculating.

Math calculationsin Macsyma 2.3 may be interrupted, but the display of
sections in the Macsyma Front End cannot be interrupted. Macsymawill not
allow keyboard or mouse gestures to be processed until the display has
finished. Large sections often take a while to display. Don't assume thereisa
problem with Macsyma or Windows if you must wait for aresponse. If you
suspect a problem, please try to repeat the calculation by terminating the
command line with a$ to suppress the display. Or you can set the Macsyma
option variable SHOWTIME: TRUE to indicate a temporal boundary between
the math computation and the display.

8.10. How Can | Do Faster Linear Algebra

Y ou can perform most numerical linear algebra operations with NumKit,
Macsyma s package that uses the LAPACK numerical library of linear algebra
routines.
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8.11. How Can | Print a Section From a Notebook?

Macsyma 2.3 prints can print selected sections or al sections of a notebook
selected by pages. Large or complex graphics, especialy 3D graphics, may not
print correctly if you do not have enough printer memory.

8.12. How Can | Get More On-Line Help Using Macsyma?

Macsyma has over 1000 on-line demonstrations and examples. Y ou can find
them by looking in MathHelp, MathTips, or Help - Search. Click on Help -
Macsyma Demos. Or you can use the MathHelp browser to ook for topics.
Many, but not al, Macsyma commands have examples. Here isashort list of
Macsyma Demos and topic areas.

Topic Area Description
DEMOS ARITHMETIC  Demonstrations of different types of numbers
DEMOS ALGEBRA Mathematics based on finite processes only

DEMOS LINEAR_ALGEBRA Linear algebra and matrices

DEMOS CALCULUS Limits, differentiation, integration, integral
transforms, vector and tensor calculus

DEMOS DIFF_EQUATIONS Ordinary and partial differential equations
DEMOS ECONOMICS  Cash flows, derivative securities
DEMOS GEOMETRY Mathematics with parallelism, lengths, angles

DEMOS NUMERICAL_ANAL Roots of equations, integration, statistics,
least squares, special functions
DEMOS PHYSICS Mechanics, electromagnetism, elasticity, waves,

genera relativity, quantum mechanics
DEMOS PLOTTING 2D and 3D graphics, animation

DEMOS UTILITIES Rule-based pattern matching, facts database,
debugging and metering, trandation to other languages,
and other programming features.
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9. FURTHER ASSISTANCE

There are several examples of notebooks in the macsyma2\demo directory. In

particular, look at the notebook in orthcor3.mfe. It contains interactive
examples of graphics that you can re-execute.

Macsyma's on-line documentation is very rich and can often pinpoint the
information you need. Macsyma's printed documentation provides similar
information in ahard copy format

*  TheMacsyma User's Guide provides atutorial introduction to Macsyma's
most widely used capabilities.

»  The Macsyma Mathematics and System Reference Manual provides a
comprehensive summary of Macsyma's mathematical capabilities. It also
describes the non-mathematical aspects of Macsyma, including
programming facilities of the Macsyma environment.

»  The Scientific Notebook Interface Reference Manual comprehensively
describes non-mathematical aspects of Macsyma, including the user
interface, and the programming facilities of the Macsyma environment.

*  The Scientific Graphics Reference Manual comprehensively describes
non-mathematical aspects of Macsyma graphics commands and data
exchange facilitiesin the mfe_data package as well as graphical
programming facilities of the Macsyma environment.

»  The online documentation and rel ease notes should provide information.
Be sure to check the Macsyma web page http://www.macsyma.comfor the
very latest information, patches, etc.




