19  What’s New in 3.6? e 6

New features have dribbled into LiveMath ' / .\ )
over the past decade(s). With this new

LiveMath 3.6, we here highlight some of

the new features to look out for in this

minor update version.

19.1 LiveMath Plug-In is Retired
..... Long Live LiveMath Viewer!

With some regrets, LiveMath Plug-In has been retired.

The overall problem with plug-ins is the new (and it is about time!)
focus on browser security. Plug-ins, by their very nature, are programs
in their own right that could be doing some very nasty things to your
computer once installed, as can happen when installing any program.

The browsers have really clamped down on security, as you can see
from the near weekly updates of Flash and Java, and their frequent
disabling by Apple and Microsoft.

The “Netscape Plug-in API” has never been updated since 1998. It
is horrible. The LiveMath Plug-In was continually in a “let’s try this
example over here” to try to get it to work, and it never really did very
well. With every new browser release of Firefox, Chrome, and Safari,
the LiveMath Plug-In would break. We just couldn’t keep up with the
maintenance required.

On the Windows side there are 2 plugins, of course: the Active-X
control for Internet Explorer, now Edge on Windows 10, and the
Netscape-based plugin for all of the other browsers (that support
plugins).

On the Mac side, the browsers all made their move to 64-bit-based
binaries, and LiveMath is still built upon the older 32-bit technologies
(QuickDraw). So that just in and of itself sunk the Mac side.
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The commerical side of LiveMath Plug-In never materialized, either.
We made a lot of “textbook websites” for various publishers over

the initial years of LiveMath Plug-In, but that development did not
continue. We had “Viewer-type” restrictions in LiveMath Plug-In
which allowed you to interact with preset equations and computations
and graphs to achieve the “LiveExample” goal. Yet, aside from us and
a few academics, few used the LiveMath Plug-In.

You may achieve essentially the same functionality of LiveMath Plug-
In via the external (free) program LiveMath Viewer, which has the
same reduced functionality of LiveMath Plug-In.

<J

LiveMath Viewer

Instead of “viewing” (and interacting with) a LiveMath notebook
inside of a web browser, you will now simply launch that same note-
book from the webpage into LiveMath Viewer instead.

Like LiveMath Plug-In, LiveMath Viewer cannot save changes to a
LiveMath notebook file, nor may you copy/paste items out of the
notebook via LiveMath Viewer. You may do the following via Live-
Math Viewer:

* Interact with Graphs
Spin and explore graphs, change inputs/variables etc.

* Change Assumptions on Existing Calculations
With a notebook created in LiveMath Maker with a
certain set of calculations, you may change the inputs
(Assumptions) of those calculations, and see the com-

putations (Conclusions) recalculate based upon the
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changed inputs.

May change in LiveMath Viewer

——

O3x°-5x+6=0

O3(x -3+L/47 i x -2-L/47i)=0 Faceor
&x =§_é 47 Isolate
&x =%+é 47§ Isolate

May NOT change in LiveMath Viewer

The main restrictions of LiveMath Viewer are:

* No Saving of Notebook Changes
* No New Calculations Added
* No New Objects Added

You may say, “Awe! That’s terrible! I should be able to do these
things!”. You can. Just get LiveMath Maker.

You may have to teach your web browser what to do with “.thp” - files
associated to the former LiveMath Plug-In: you need to teach your
web browser to use LiveMath Viewer to open those files as an external
application (unless, of course, you have LiveMath Maker).

So, for a web presence for LiveMath, we will return to links from
webpages into LiveMath Maker. You can “teach” the web browser

to launch LiveMath when you try to open a “.the” file - and you may
reteach the browsers to do the same for the formerly Plug-In files with
“.thp” file extensions.

In this simple webpage example, we have a hyperlink to a “.thp” file:

© 1999-2017 MathMonkeys, LLC. All rights reserved. Some rights a bit wild.
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‘eoe® LiveMath Viewer Example
[ B LiveMath Viewer Example % | 4
& | (0} | vwww.livemath.com/viewer viawer-exar ¢ Q search B8 4+ A » =
LiveMath Viewer Example

Here is a nice little HTML file with a LiveMath Viewer or LiveMath Plug-In thp file in a hyperlink:

e Vi Nogos
The URL to the actual file is:

http://www.livemath.com/viewer/LMVExamplel.thp

When you click on that link, Firefox (or your web browser) will then
ask you what it should do with these “.thp” files:

@ Opening LMVExample1.thp

You have chosen to open:

4 LMVExample1.thp
which is: thp File (8.2 KB)
from: http://www.livemath.com

‘What should Firefox do with this file?

——)  Openwith r:rmse_..t
0 save File

Do this automatically for files like this from now on.

concel |

You should click on the “Open With” radio button, then click Choose...
and then navigate to the LiveMath Viewer application in your Applica-
tions or Program Files directory:

um} < m = 88 Applications - Q
HP iBooks.app Image Interarchy.app Tunes.app Karabiner.app
Capture.app
S =
" )< 9 q °).
F =y A 4 4 ()
Launchpad.app Lightshot LiveMath Maker  [RERETLRNEY Mail.app Maps.app

Screenshot.app 3.59([U36lapp ELEREET]

Cancel Open
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Clicking on the LiveMathViewer application and then click Open, you
will then see this dialog box from Firefox:

=] Opening LMVExample1.thp
You have chosen to open:

%2, LMVExample1.thp

which is: thp File (8.2 KB)
from: http://www.livemath.com

What should Firefox do with this file?

) Open with LiveMath Viewer 3.6.0 [U02] b €—

Save File

Do this automatically for files like this from now on,

Cancel “

And finally, clicking OK now will launch the notebook into LiveMath
Viewer:

® LiveMath Viewer 3.6.0 [U02] File Edit k Insert Ci

Graph I Help

8 # »

leeMath““Vlewer Math Plug-In thp file in 2 hyperlink:
P 1
Frsewa.“e "l"erﬁion
of LiveMath Maker

www.livemath.com

Thus resulting in the notebook being opened by LiveMath Viewer:

& LiveMath Viewer 3.6.0 [U02] File Edit Notebook Insert 1
Ivehtath Viewer 3.6.0 [UD2] January 20\7

] -x lxlmlxjgj_Juj_e:
) S| ENEYENE
o men] 2| xe

ks @

567

DS\ —5r+6 0
O3(x -2+ L/AT i)(x -2-LaTi)=0 Focer

Ox=3-1ATi o
Ox =1+ LT o
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19.2 Larger Palette

e ls Screencast Video

. s

\ o http://www.livemath.com/v/1902

Way back in the year 2000, the LiveMath palette seemed enormous
with a width of 500 pixels. “It’s too big” many screamed! The deluxe
screensize of the day was a whopping 640x480 pixels.

Fast-forward to 2017 and screens are commonly 1500-2000 pixels
wide and beyond; the smaller icons just don’t fit the bill.

Some like the smaller button size, as they may only use the palette
once in a while. But others, especially on Windows 10 and its crazy
way it deals with screen resolution (dpi), a larger palette option is
required.

While a stretchable palette is not possible given the older technology
on both the Mac and Windows sides, we did a simple double enlarge-
ment to the new Large Palette options, with the width of the palette
now at 1000 pixels:

et < |+ DI 2,

Small Full Palette: 500 pixels wide

HEECEEE
5 P Xg“*ﬁ.r;r /80

(gl SIoRe] X x el x|l x o] =]
(o] fa X[ e UKD

+
SELE CT

. wo Db,
Large Full Palette: 1000 plxels wzde

The Large palettes also use a new version of the artwork: vector-based

artwork that was commissioned for LiveMath 4.0, but I stole it over
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for this intermediate LiveMath 3.6 release, mainly because the older
artwork was not in vector format, so it could not be enlarged.

Both the Full and Skinny palette options remain, so now there are 4
palette options:

(Small) Full Palette
(Small) Skinny Palette
Large Full Palette
Large Skinny Palette

The small palette is (primarily) made of buttons that are 24x24 pixels.
The new larger palette is (primarily) made of buttons that are 48x48
pixels.

Remember you may hold the mouse over a button, and then hold down

the Mac: or Win: keys to have a text help bubble appear
that describes the button.

SYMBOLS
-

) @ U
+ +

LL. L i

Cross Product: insert a cross product binary operator

a “7=| + 8.4 ||to compute the cross product of two 3-vectors

XXXV E ;

ax ) 4] Jd)

19.3 New Menus

e 0le Screencast Video

ﬁ{ﬁi http://www.livemath.com/v/1903

A new feature of LiveMath 3.6 is a redesigned menu structure.

The new menus are yet another feature stolen from the LiveMath 4.0
development, as I just got sick of using the old LiveMath 3.5 menus.

On the Mac side, we have new graphical feature: menus commands
that correspond to palette buttons have those palette buttons in the

© 1999-2017 MathMonkeys, LLC. All rights reserved. Some rights a bit wild.
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menu. Maybe these menu icons will get into the Windows version in a
future update, but for now this is a Mac-only version.

Let’s take a look at the new menus.

File Menu

Pitaner Library...

New Notebook BN
Open Notebook... %0
Close Notebook ~ ®W

Save Notebook ®BS
Save as... T®S
AutoSave

Revert to Saved

Page Setup...

Print Notebook... %P
Printing Prefs...

Show Page Breaks

Quit ®Q

The File Menu is nearly unchanged, with the exception of
Show Page Breaks, which is explained in §19.8.

Edit Menu

%Unﬂo %z

[ cu #X
Copy xC
Copy as Picture #F
Copy for PrintMath

] Paste %V
Export Formats »

[éj Clear

Comment Font...
Comment Style
Comment Color
Comment Back Color

Propositions Tree
Select

Yy ¥y v¥yvwy

Editing Prefs
Edit Starter Library

In addition to the menu icons, the Edit menu has been cleaned up. Of
© 1999-2017 MathMonkeys, LLC. © 1999-2017 Robert R. Curtis
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significance are the new features:

*  Copy for PrintMath
You may select an object in LiveMath, use Copy for
PrintMath, and then go over to PrintMath and paste
- if the object is something that PrintMath can handle
(and work with), like integrals and math expressions, it
will take the paste and you can edit. If you try this with
a graph or something similar, then of course PrintMath
does not know how to deal with this.

e Export Formats
This new feature is discussed at length in §19.4 below.

*  Comment Back Color
Each comment may have a background color. Due
to limitations of original design (going back to
Expressionist 30 years ago), we cannot back color indi-
vidual subobjects (words or math expressions inside of
comments).

€ A nice comment
€ A nicer comment with a bright background

* Propositions Tree
This was moved from the old Notebook menu over to
here. Seems more natural here. This menu allows you
to move propositions to different parts of the notebook
tree. Usually you indent via dragging objects in the
notebook tree.

Propositions Tree » Indent Left  38[
Select » Indent Right 3]
= Expose w
Ed!tsng Prefs ) | 3 Expose All
Edit Starter Library Collapse 2\
Collapse All

Notebook Menu

© 1999-2017 MathMonkeys, LLC. All rights reserved. Some rights a bit wild.
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. Notebook
[&] ciarity
Notebooks >
Palettes >

Display Precision »
Set Math Font...
Comment Prefs...

v §Mw Step Descriptions
[ show Rulers
Show Icons »

EQ] Get Info...
gj Get Notebook Info...
Notebook Security >

The old Formatting menu has been removed, and the two main items
in that former menu, Set Font Math and Comment Prefs, are now
on the main level of the menu. Otherwise this menu has not changed.

Insert Menu

! Statement

Basic Operation
Graph Primitives

Lower Greek
Upper Greek
Symbol
Wildcards
Marks

Seript
Root
Limit
Derivative
Integral

Matrix
Higher Operation

¥ ¥Y¥Y YYYYY YYYYY ¥YY

Comment Extras

This menu is entirely new. The goal of this menu is to address the
age-old question, “but how do I get that in there?” Many of these
items are available in the Palette, some were inserted via special (and
not well documented) keystrokes. Over the years in working with
novice LiveMath users, it became clear that a central menu location
was required that held all of the possible inputs into LiveMath.

Likely you will not use this Insert menu as the primary insertion
method, but rather you will continue to use the Palette and/or
keystrokes. But when you get to the need to insert something, and
you forget where in the Palette it is located, or you are working with a
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novice user, or forget which keystroke does the insert, this Insert menu
will be very helpful. The keystrokes are shown in the menu when there
are keystrokes for a specific command.

The Insert P> Statement submenu has the two most common

entry options: New Math Assumption and New Text Comment.
It is unlikely you would use these menu options to get either new
objects into a notebook, but for novices just starting out who often get
confused about the different between a Math Assumption and a Text
Comment, well, there they are. With the keystroke reminders as well.

Basic Operation >
Graph Primitives

Lower Greek
Upper Greek
Symbol
Wildcards
Marks

v

YyYYYYY

Seript
Root
Limit
Derivative
Integral

A4

Matrix
Higher Operation

v

Comment Extras >

yYYyYYyvwyy

[ Math Assumption o
@ Text Comment e

)\ Name Declaration
L., Independence Declaration

[ Rule Declaration ®Y
(0 Case Theory BT
[?) Page Break %P

Insert P> Basic Operations submenu is rather obvious not needing

explanation:
=3

Statement
. Basic Operation
Graph Primitives

Lower Greek
Upper Greek
Symbol
Wildcards
Marks

Script

Root

Limit
Derivative
Integral
Matrix
Higher Operation

Comment Extras

.o
(M [+ Agdition +
»>

<=1 subtraction -
> :
< |1I Multiplication *
»  [%]oivision !
>
L |i] Negate x=-
»>
> [®]Greater Than >
» [ createrEquals >
>
> [;_"I Less Than <
> [x2¥] Less Equals X<
% E*‘_‘I Equals =
> | =] not Equais X=

. | %] Factorial

Insert P> Graph Primitives submenu is a menu version of the
Graphics Primitives collapsar inside of every New Notebook, for the
purpose of getting a blank graphics primitive into the notebook, for
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those (like me) that like to build up your graphs manually, without all
of the entry processes of the Graph menu.

Statement >

Basic Operation > - -
[ Graph 20

Py , Ao €——
Upper Greek » | ycCurve
Symbol *  Elsurtace
[
mﬁms (< ¥ Scatter
5 Contour

Seript » % Vector

Root L3 e

Limit » EGrd

Derivative > b oA

Integral » DTag

Matrix L3

Higher Operation »

Comment Extras >

If the current selection is inside of a Graph Theory (2D or 3D), then
any of these menu options will insert a new graphics primitive into that
theory (even another graph, so beeeeeeee careful!).

If the current selection is outside of a Graph Theory, these menus will
insert the chosen graphics primitive, but outside of a graph theory, the
SurfaceAt primitive will not do much (anything).

{3 Surface at 2where Zand 2 |April Lighting wr| surface has and is shaded using
coloring;

White wr| is the solid color.

@ No graph theory

The slots for any of these graphics primitives are blank, so you have to
do all of the work to bring life to them inside of a graph theory:
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LiveMath Graph Alert: Graph in &
process of changing. Maybe you are %
not finished typing? Please finish
typing/entering, then CLICK on this
Graph to REDRAW. For now,
LiveMath cannot draw this graph: A
range specification must be of the
form: 2

variable = a...b.

Ell
-3 ...3 = west...east

-3 ...3 =south..north  cropped

Moderately wr|

-3 ...3 =bottom...top  as seen through a
ormal wr| lens

Z

& Graph Building Blocks

a Surface at ?where Zand 2 April Lighting w
surface has and is shaded using

Solid wr| coloring;

White wr] is the solid color.

Manually entering the (correctly formatted) data, you can then custom-
ize your surface:

—0.75...0.75 = west...east

—0.75...0.75 = south..north ~ cropped

-0.75...0.75

= bottom...top ~ as seen through a lens
@ Graph Building Blocks

aSurfaceat(s t3, t—s ,Szt)where
t=-1..lands =-1...1;
surface has
and is shaded using coloring;
is the solid color.

The Insert P> Lower Greek and Insert P> Upper Greek are
self-explanatory, with the Mac: or Win: keystrokes.
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The easiest keystrokes for greeks are the apostrophe-based keystrokes:

4] = o

Likewise Insert P> Symbol is self-explanatory, giving the miscel-
laneous symbols available in LiveMath.

The Insert P> Wildcards gives a visual description of the different
types of wildcard variables. These are for advanced users of LiveMath
who are doing Transform rule programming. But, of course, wildcard
variables are used for defining simple functions, too. The keystrokes

are not shown, as these are too specialized to get into the
menus as we would want to show them. (Mac does not consider ?a as
a keystroke, although it is to LiveMath).

Statement >
Basic Operation L4
Graph Primitives (3
Lower Greek >
Upper Greek »
Symbol P
BTN Constants:
Marks Ld 8 | Wildcard
s » BT
»
» | ®|widcarde
Derivative 3 @ | wildcard d
Integral > _!Jw‘ibclrue
Matrix ’ * 8] widcard 1
Higher Operation  » d
8 | Wiideard g
Commaent Extras > =
B | wildcard h
Integers:
A | wildcard i
| | wildcard |
& | wildcard k
1 | wildcard |
B | wildeard m
8 | Wildcard n
Very General:
® | wildcard o
B | wildcard p
§ | Wildcard q
Variables:
!..1 Wildcard r
8 | wildcard s
| Wildcard t
© | Wildcard u
o | wildcard v
® | Wildcard w
R | Wildcard x
¥ | Witdcard y

8| Wildcard 2

The next insert menus:
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Statement L
Basic Operation >
Graph Primitives >

Lower Greek »>
Upper Greek >
Symbol [ 3
[ 4
[ 4

Wildcards
Marks

i
i
|
|

K] subscript ~ _
@Superscrim "_

Root >
Limit >
Derivative !
Integral >
Matrix [ 3
Higher Operation >

Comment Extras 13

are all self-explanatory.

The last submenu, Insert P> Comment Extras, are inserts that only
work in the comments:

Statement
Basic Operation
Graph Primitives

Lower Greek
Upper Greek
Symbol
Wildcards
Marks

Script

Root

Limit
Derivative
Integral
Matrix
Higher Operation

V¥ EYYYY |'YYYYY| YN

54 Block .
Fences >
ﬂ Double Integral
M Triple Integral
ﬂ Path Integral

A

These are constructions that only work inside of the Text Comments,
and are borrowed from PrintMath. The Block is the most useful in
the text comments for building up a complicated object (that may or
may not have any mathematical meaning, but certainly does not have
support inside of LiveMath for calculation purposes)

© 1999-2017 MathMonkeys, LLC. All rights reserved. Some rights a bit wild.
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In general, the other mathematical object inserts work for both math
computational areas, or in text comments, inserting the different
objects appropriately:

Statement
Basic Operation
Graph Primitives

? Lower Greek
Upper Greek
? d 2 Symbol
Wildcards
Marks

YYYYY ¥YVYY

Seript
Root
Limit
Derivative

M Integral Indefinite

Matrix >
Higher Operation >

rvyrwyy

v

Double Iterated Integral
Triple iterated Integral

Comment Extras >

ﬂ Evaluate At Xl

Compute Menu

The Compute menu has been reorganized, with the goal of greater
simplicity. Itis a big menu, and I almost split it into 2 menus, but
there didn’t seem to be a natural separation point to do that. So, 1 big
menu it is.
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Compuae Rcay

1] Auto simpiity

] Auto Casing

‘Working Statements >
[8] caicuiate =1
[5] simpiity 22
[+ Expand %3
[2%] collect R4
@ Factor s
[&] isolate %6
&3] Apply ®7
!i] Transform #8
g] UnCalculate 9
[eas Mini-Expand 0
L}J Commute

j Substitute

E Move Over

Solve Numerically
Factoring
Tabular

Macros: Arithmetic
Macros: Algebraic
Macros: Solving
Macros: Calculus
Macros: Graphing
Macros: Lists

Conclusions
Computation Prefs

YV YYYVYVYY ¥ ¥

The Solve Numerically options is a menu command that is still under
development, and will appear in a future minor release.

The Macros areas are the computations that are “multi-step”, as
described in §19.11.

Graph Menu
The Graph Menu is largely unchanged in LM 3.6, although there is one
addition in the Graph P> Graph 3D menu with graphing a Parametric

Surface via the menu command on a selected 3-vector with 2 indepen-
dent variables, 1 dependent variable (Matrix variable):

OE= st,tc—sz,s+t)
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[d Graph 2D >
[#] surtace *
Data Plot >
= Spherical Surface
9 Start Animating ?’
Stop Animating -il o IR
Save Animation... > =
| |&i Space Curve
2:90: Graph > ~. Parametric Surface
aph Prefs P 2] vector Field
| Color Scalar Complex Function
2] Add curve piot
| #] Add Surtace Piot
Add Contour Plot
%] Add implicit Plot
%] Add Scatter Plot
(1] Add Vector Field Piot
| Add Axes
E Add Grid Lines
(24| Add Titie Tag
with blank slots

This will trigger a variable match-up dialog:

and voila:

Graph Variables

g @T:(sl.l:—s:.s+1)

LiveMath isn‘t sure of the variables that you want to use for your graph. Please confirm
them below and click on OK.

X axis y axis Z axis sp tp rp
y z arbitrary varsal t T
k X ) y s z 8 n
v Dep 7| Dep v Dep Dep Dep v Dep
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—18 ... 18 = west...east
—18 ... 18 =south...north  cropped

—12 ... 12 =bottom...top ~ as seen through a

Slight Telephoto wr| lens

@ Graph Building Blocks

aSurfaéé”at T where s = west ... east and
¢ = south ... north ;
surface has and is shaded using
coloring;

White wr| is the solid color.

Examples and Help Menus

These menus have not changed, although some references to LiveMath
Plug-In, which is now retired, have been removed.

19.4 Copy/Save as PDF & PostScript

e e Screencast Video
=%  http://www.livemath.com/v/1904

Nearly 6 years ago, during a “hack attack”, I wrote a little converter

to take our wonderful PostScript output of all things in LiveMath

(and PrintMath), and convert it to PDF using a nice little Apple API
function I found. (It is the same function that Preview uses when you
double-click on a PostScript .ps file, converting it to PDF, which is the
Mac’s “natural” graphics format since OSX).

This little feature lay dormant in the source codes until now. Better
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late than never I suppose.

You may now highlight objects in a LiveMath notebook, and select:

1#*| Undo ®7
| cut ®X

™~

T copy %C
Copy as Picture HF
Copy for PrintMath
[ Paste Wy i
Export Formats » . Copy SelectionasPDF X {C
|2| clear Save Selection as PDF

Copy Selection as PS

Comment Font.., 2
Comment Style >l Save Selection as PS
Comment Color 3

and you get into the Clipboard the beautiful PostScript-quality PDF
output for pasting into other programs like Microsoft Word, or Adobe
InDesign, which is the layout program this The LiveMath Book is writ-
ten in. So you can see the quality of this output method in this book.

Note the keystroke: It comes in very handy.

You may also Save selections out to PDF files, or copy/save the raw
PostScript (PS) data.

The Copy As PDF options are only available on the Mac side. I have
to write the cross-platform PDF writer, which is under development,
and will appear on the Windows and Linux versions in a future minor
release.

19.5 Copy/Save from PrintMath

oy ats Screencast Video

\Q}“ http://www.livemath.com/v/1905

If you have more complicated math expressions you wish to have in
Text Comments, you may use PrintMath to create these expressions,
and copy/paste them into LiveMath Text Comments.
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@ PrintMath File Edit Insert Change Preferences Windows Help
PrintMath Info Window

PrintMath 4.0.9 [UOS] November 2016 - [Licensed]

Times 12 iv LA
fDTSHCABb!iHn+ m"m
[.tylf(lﬂ sx_aﬁczf;&mnmﬁ
D|=|B|&| LD T =
sjtan 2 =
i iy (<3
A
L3
oF
= Wk
w |
Undo %z ‘
Copy (as LiveMath:Comment) HC |
Copy Special... L -
Copy As Type... PICT @576dpi
PICT+PS @57
Copy as Translator: MathMLcat  %T | g egfe:;‘”
Copy As Translator... > | Bitmap+PS @576dpi
|
MathSpeak This HMi MSWord PICT+PS
Paste sy MSOffice PICT+PS
Paste From... > |
i %y | ﬁmwﬂ
Clear |
| LiveMath HTML -In
Find & Replace priRer s RHkEw. 150
Select > TeX
Advanced Font... » LiveMath.Comment
| LiveMath:Math
Start Dictation... fntn |
MathSpeak

And then copy/paste into LiveMath:
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& LiveMath Maker 3.6.0 [U0O2] File Edit Notebook Insert C
LiveMath Maker 3.6.0 [U02] January 2017 - 365 Day Special License [199 days remain
Inm_
| )] x| xl]ee] x| £ @) @]
Ja | ] S| 0% |
o 7| X' | x| @ | ]
L#
4

You might want to get wild and create PDFs to copy/paste into
LiveMath. That won’t work with the current older-technology version
of LiveMath on Mac (or Windows for that matter). On the Mac, you
will need to use Preview to copy/paste your PDF to first, which will
convert the PDF to an older PICT-image. On Windows you will do
essentially the same, but using Paint.

19.6 Drag & Drop Add To Graph

zpis  Screencast Video
http://www.livemath.com/v/1906

Drag & Drop Equations Onto Graph Theories

When you have a graph object, like this:

El &
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you may wish to add another graphical object to this 3D graph: let’s
say another surface plot. The (new to LM 3.6) method is to simply
drag your new equation onto the 3D graph:

And the result (after approving the variable-to-space coordinates
dialog)

AN
W
QNRRERE
W
R
L\

Let’s look inside of the Graph Details box to see what that Drag &
Drop action did for us:
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—3...3 = west...east

—3 ...3 =south..north ~ cropped

Moderately

-9 ...9 =bottom...top ~ as seen through a

lens

& Graph Building Blocks

[ Surface at (x, y , z ) where
X = west ... east and <€
y = south ... north ; [April Lighting ]
surface has |mesh zl and is shaded using
coloring;

is the solid color.

[ Surface at (x 4 I) where

4

x = west ... east and <€
y = south ... north ;
surface has and is shaded using
coloring;
Iml is the solid color.
@z, =x"+y’
—T

We can see that a second SurfaceAt graphic primitive was placed
inside of this 3D graph object, with the z . dependent variable in the
z-coordinate slot. You could now fine tune this new SurfaceAt object
to a different color scheme, or different mesh setting, etc.

Drag & Drop Comments Onto Graph Theories

The Drag & Drop feature attempts to figure out what you want to
do with the drag, and tries to be as forgiving as it can be for novice
mistakes.

If you drag a Text Comment into Graph object, a copy of the Text
Comment will be used to create a TagAt graphic primitive inside of
the Graph object:
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—|@ ddle Surface

The drag results in:

®z=xy

|

El

B

R Saddle Surface

Page 624

The drop point inside the graph is used to place the Comment, so if
you drop the comment on the bottom left of the graph window, the

TagAt is placed there (approximately, of course, in the 3D graph

window case). You may, of course, adjust the new TagAt graphic
primitive to customize it as you like. You may also have a text com-
ment with images inside of it - those, too, will get inserted into the

TagAt text comment:
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®Mz=xy
<

XX

NRRIIRLLLAL
SRRRAELAL

R

‘;‘:': .~:~:~Z:Z':;I
KAL)
QIR
Y

El}
@ Saddle Surface
S

LiveMath rocks!

Anything you can put inside of a Text Comment: text, typeset expres-
sions, images - all of these can go inside of a live Graph object.

Remember that the text comment is copied into the Graph object at the
time you make the Drag & Drop action. If you change the Text Com-
ment later, the copy inside of the Graph object does not change with it.

Drag & Drop Functions Onto Graph Theories
LiveMath is notoriously persnickity about how you graph a function
f(x) or f{x,y). Technically you should set up a function defined with a

wildcard variable, and then create a dependent variable relation with
the function, like this:
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@ f(#) = zsin(»)
@y =flx)
4

o

=
o

7

With Drag & Drop, we loosened the rules a little bit. So you could
define a function g(x) and drag & drop that onto the 2D Graph object,
and LiveMath will create the dependent variable relation for you:

Results in:
@ (&)= sin(x)

®y =/(x)
? \ 15
N

y

NS
N\

2 X 0

-3 .3 =left..right
0 ... 1.8 =bottom...top  cropping |Moderately w

€ Graph Building Blocks
A Curve at (x, y ) where x = left ... right witha

line, colored .

A Curve at (x, g[ x ]) where x = left ... right
with a line, colored .

Og(x)=x-tan(x)

I =]

S
3
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Notice that LiveMath put the function actually in the y-coordinate spot
in the CurveAt graphic primitive. You may be wondering: how did
LiveMath do that function call without wildcard variables?

Ahhhh. LiveMath cheated for you a little. Notice there is a little
collapsar below the g(x) definition. Let’s have a look:

@ ()= arsin ()
@y =f(x)
4

-3 ...3 =left...right

0 ... 1.8 = bottom...top  cropping
@ Graph Building Blocks

A Curve at (x,y ) where x = left ... right witha

line, colored [Black wr].

A Curve at (x, g [x]) where x = left ... right
with a line, colored .

Ogl(x)=x-tan(x)
& g(af) = —tan (‘gf)+cg’ Substitute

Ox=x

LiveMath did the standard trick of substituting
X =X

into the regular variable definition of g(x) to create the wildcard
defintion of g(x), and made a Hot Dot on that substitution Conclusion
statement to make it the Working Definition of g(x).

We do this trick manually all the time. The Drag & Drop mechanism
does it for you, trying to save yourself from yourself.

Drag & Drop Parametrics Onto Graph Theories

If you try to drag a 2-vector like this:
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8 [ X ]\ where x

;v‘h a line, colored :@ )
ol
You won’t get very far. LiveMath will just go thud. But put a nice
dependent Matrix in a relation with that 2-vector, and you’ll be good to

graph with Drag & Drop:

@ f(2)= zsin(x)
@y =f(x)
A

-3 ...3 = left..right
0 ... 1.8 =bottom...top  cropping [Moderately w|

@ Graph Building Blocks

A\ Curve at (x,y ) where x = left ... right witha
‘nnrmal v| line, colored ‘Black vl

A Curve at (x, g[ x ]) where x = left ... right
with a @ line, colored @

\n Curve at 7" where t = =3 ...3 witha

line, colored ,
@7 =(r".r’)

Og(x)=x - tan(x)
IO g(;f] = —tan (Jj’)+ Jp Substitute

Ox=x

There are limitations for what LiveMath will try to compensate for.
If that T vector has what looks to be 2 independent variables, then
LiveMath will interpret that as a vector field plot request:

© 1999-2017 MathMonkeys, LLC. All rights reserved. Some rights a bit wild.



§ 19.6 Drag & Drop Add To Graph Page 629
|

i
7 .
M

—3...3 =left..right  [Stretch to Fit w|

0 ... 1.8 =bottom...top  cropping |Moderately w
@ Graph Building Blocks

A\ Curve at (x,y ) where x = left ... right witha

line, colored [Black wr|.

\n Curve at (x, g[x]) where x = left ... right
with a @ line, colored @,

X Vector field filled W from ( t,s ) size
pointing towards 7 where

(# = left ... right (s = bottom ... top ) with
[One variable-length arm v| and [an arrowhead v|

colored
T=(i%s1)

Drag & Drop With Dependent Variables Onto Graph Theories

Usually LiveMath is very unforgiving with multiple dependent
variables that are the same symbol - you can only Hot Dot one of the
equations at a time - that is a fundamental construction (and power) of
LiveMath:

Same Dependent y = xsin(x)
Variable Symbols: y y=-x"+1

But when you Drag & Drop an equation that may have a dependent
variable conflict with a previously graphed equation, LiveMath will
compensate with the some trickery to try to save yourself from your-
self: subscripts are introduced, and the subscripted equation is hidden
under a collapsar of the original equation:
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Drag & Drop
—
. Oy =-x"+1
New Equations Oy, =y
with subscripts By, =-x"+1 Swine
and substitution  ®y =f(x)
automatically = 1 i
inserted / N 4 \ g
under collapsar AN i
// \é \\\ \\E
/ |
2 s 0 \ 2

—3...3 =left...right Stretch to Fit ;I

0 ... 1.8 =bottom...top  cropping [Moderately w|

@ Graph Building Blocks
A\ Curve at (x, y ) where x = left ... right witha

line, colored .

f\n Curve at (x ¥ 1) where x = left ... right witha

line, colored |Orange wr|.

The reason: this is what you would do yourself, manually, to get past
the multiple dependent variable problem. But for many of us, we just
like to see graphing equations with a pure “y” dependent variable,
without always having to go to subscripts or different letters.

Drag & Drop Points and Matrices Onto Graph Theories

You may also drag points and/or matrices to a graph window:

®y=x
v

i

E

=
@—EX e Drag & Drop

of a matrix of points:

© 1999-2017 MathMonkeys, LLC. All rights reserved. Some rights a bit wild.



§ 19.6 Drag & Drop Add To Graph

Page 631

=2 -3 2

= 1 =1 1
ayc {-0.5 =2 15
254508005

Drag & Drop

®X(e)=(3e+12e-1.-¢+1)

0 X053

AX05)=05005) Cotrde

Make sure you have the dimensions correct! Otherwise, LiveMath is

not going to fix things up for you!

Drag & Drop One Graph Theory Onto Another Graph Theory

Sometimes you are building up a graph, and you want to get all of the
(major) graphics primitives copied over to a new graph. You may
do this easily by Drag & Drop one Graph Theory onto another Graph

Theory.

All of the major Graphics Primitives will be copied over to the new

graph.

v AN
N L
=

-3 ... 3 =left..right

—3...3 =bottom...top  cropping [Moderately ;I
€ Graph Building Blocks

\n Curve at (x , X sin [x 2]) where

x = left ... right witha [normal w] line, colored

Red w.

# Scatter plot of (—1.75,0) where 2using 10 point
colored [Blue v]

\n Curve at (x - -2L cos [x 2]) where

x = left ... right with a [extra heavy w]

line, colored [Dark Green w.
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If you drag a 2D Graph onto a 3D graph, the 2D graph objects objects
are copied over to the x-y plane (or the equivalent in that graph
theory).

If you drag a 3D Graph onto a 2D Graph, all of the 3D graphics primi-
tives are squished to the x-y plane (simple coordinate projection).

The minor graphics primitives are not copied over with this operation:
Grid, Axis, nor any of the Name Declarations nor functional defini-
tions. This would cause havoc is everything were copied over. The
goal of this operation is to quickly combine simple graphs together, not
address every pathological example of specialized LiveMath program-
ming.

Drag & Drop Catalog

Here is a complete listing of all Drag & Drop Add Graph actions

All Graphs
Drag Object Example Result
Point/Matrix X =(1,2) Scatter
Text Comment R Text! Tag
= A
% Major Primitives
Graph Theory =23 Adjusted for
Dimension
2D Graphs
Drag Object Example Result
Function )
f: R = R flx)=x CurveAt
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Function 3
f: R*— R flx,y)=x"y Contours
Function )

f: RZ%RQ f(x,y)z(xy ,X ) VectorField
Equation 2 Variables y=x 2 CurveAt
Equation 3 Variables 7= x’+ y 2 Contours

Equation 2-Vector T = ( tz, ¢ ) Parametric Curve
. _ 2 3 Parametric Curve
Equation 3-Vector r= <t LY ) Projected to x-y plane
Equation 2-Vector F = (s t, tz) VectorField
. _ 2 2 Contours of
Equation 3-Vector F= (S st ) Parametric Surface
3D Graphs
Drag Object Example Result
Furiction 1 ) CurveAt
R —R flx)=x in x-y plane
Function 3
f: RZ s Rl f(x , y) =x"y SurfaceAt
Function )
f:R*—> R° f(x,y)=(y,xy,x)| Parametric Surface
Function VectorField
_ 2 2 ectorrie
f:RZ%RQ f(x,y)—(xy X ) in x-y plane
Function L .

£ R - R’ flx,y.z)=(y%2%x) VectorField
Equation 2 Variables y=x 2 . CurveAt

in x-y plane
Equation 3 Variables 7= x4 y 2 SurfaceAt
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Equation 2-Vector T = ( tz, t3 ) Par‘ametrlc Curve
in x-y plane
Equation 3-Vector T = (t , t2, t 3) Parametric Curve
Equation 2-Vector F = (s t, tz) YectorFleld
in x-y plane
Equation 3-Vector F = (s t,s 2, t 2) Parametric Surface
19.7 Marks
ek Screencast Video

WP#=2%  http://www.livemath.com/v/1907

This little feature has been in place for many years, but hidden and
undocumented.

If you type into a math assumption: xVEC

_)
You will magically get this: X

The suffix VEC on the end of any Name Declaration gets magically
transformed into a Vector mark.

Historically LiveMath “names” in Name Declarations (variables,
functions, et al.) are strings of plain characters. In order to preserve
backwards compatibily with earlier minor releases of LiveMath 3.5, 1
adopted this suffix VEC trick to get marks onto the variable or func-
tig)n names; if an older version of LiveMath opened a notebook with a

X that earlier version would simply see a xVEC as a variable name - a
bit odd, but it would not crash nor cause a variable conflict.

You may put a VEC suffix on any Name in LiveMath, so here are some
other examples:
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—_—
abcVEC —— abc

LiveMathlsCoolVEC —— LiveMathIsCool

The following suffices will give the corresponding marks:

xDOT X
xDDT X
xDDD X
xTIL X

%
xVEC X

©
xDVE X
xBAR X

Pas
KHAT X
xARC ;C

e
xBVE X
«DBA X

You may also make Marks using the menu command in the Insert
menu:
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Statement >
Basic Operation *
Graph Primitives 3
Lower Grosk >
Upper Greok 3
Symibal v
Wildcards »
[ heis _____» EEFYL
Seript L4 ¥ | Double Dot
Roat * =1 F
Limit > 21T Dot
Derivative > =
inkegeal A R | Cireumflex
Matrix > % [ Tida
Higher Operation " B ne
Comment Extras - % | vector
¥ | Back Vector
kd Dvadic Vector

R | Over Bar
¥ | Doubie Over Bar

32 No aarc

The No Mark menu item in this submenu will undo a mark.

Warning: when you select and “x” and convert it into a XVEC = ?c
using the menu command, you are converting EVERY x in the current
notebook into an X\VEC = x . You are actually chan§ing the Name
Declaration that defines the name “x” into “xVEC = x”. Sobe
careful! If you change such a variable globally, and you didn’t really
want to, just go find the Name Declaration and overtype over the

xVEC = x just x - this will convert it back.

You may also do marks in Text Comments areas as well.

19.8 Print Page Preview and Improved Pagebreak Printing

ek Screencast Video

Ejﬁ http://www.livemath.com/v/1908

Suppose you have a big LiveMath notebook, and you want to print it
out (or output to PDF via the Print function, on the Mac with Save As
PDF, and on Windows with PrimoPDF or some other tool).

You may wish to fine-tune Page Break locations and other adjustments
so that the final output is more appeasing.
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To turn on Show Pagebreaks, select the menu item in the File menu:

Starter Library...

New Notebook #N
Open Notebook... 380
Close Notebook xW

Save Notebook ®s
Save as... +3%S
AutoSave

Revert to Saved

Page Setup...
Print Notebook... 3P
Printing Prefs...

Quit ®Q

Next, hold down the on Mac or

will see the page delimiters show up:

on Windows, and you

Actual Page Break

eTe CT.Thihe
@ Let's calculate this DataSlope function: :
=3 <285 <3 <15 <] <050 05 | i

&D’“%P‘"(-u 132131313 13 =13 13 7 ] i

& Conclusion:
if Fis linear function, then DataSlopes is a fi

® 2, Quadratic Function

@ 2. Quadratic Function

GIF=( 2ot lsiohensamns 20 :

© Graph with Stair Stepper Animation: ! Y

=

5
Click fo Amimate (click agatn fo stop)

Animate ttus graph for @ = 1... ColsOF(F )6+1 in steps of § fora totalof | Width of Would-be
ColsOf ( F )5 frames [in 2 cycle w] at [4 famesfsecond w] ! Current Page Break
Fou.\~Fp :
@ Sope (@) = L2 £0) 'l
(Lm+1)” " (Lm) :

SELE [

Page

» -15 £3 -ns n b

The red line shows where the page break would be, but in this example,
the graph theory is in the way, so the page break needs to come before
the graph theory.

All of the calculations of page breaks are dependent upon the chosen
printer and Page Setup dimensions. In the example above, the Page
Setup shows this:
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Format For:

Paper Size:

Orientation:

Scale:

Page 638

Page Setup

Page Attributes [

Any Printer B
US Letter B
8.50 by 11.00 inches
Ta To
100% &
concel | (N

If we change the Scale to 65% instead, we will see the change in the

Page Breaks:
Scale Change: 100% —» 65%
ece Cl.1.bthe
- ' \—IJ—IJ—IJ—lJ—IJ =13 =13 =13 & ) 1}
@ Conclusion:
if F is lincar function, then DataSlopes is a constant function.
® 2. Quadratic Function i Page
Of@ 2. Quadratic Function — Break
®F =(—h~1)3 B R s e P s ) /
Zﬁzphwimsuirsmpp.rmmm Change
- .‘é - o E
. f
v 3 [} M
1 ¢ Width
a : Change
Click to Animate iclick again 1o stop) H
Animate this graph for @ = 1. ColsOf(F )6+ 1 in steps of § for  total of
ColsOf ( F } 5 frames [in 3 cyele w) at [4 Famessecond W H
T
@ Skpe(m) = g2 _C0) {
(La+1)~ " (Lm) i
O DataSlopes = [ o) b p ) ol e B Skl o b Sy ) Sloglue[ﬂ]
@ Let's caleulate and graph this DataSlope function:
& DamSlopes =( 33 3 53 3% 1) GV 0a 00 § ) o -
Toge
~ .
b ]
= -

I have this two part approach to showing these page delimiters because

the calculations of these page
there are a lot of calculations

cut-offs is very hard on the system:
going on, and you don’t want that heavy

burden of calculations happening all the time - especially while you

might be doing some drag cal

culations or something. This is a limita-

tion of the older QuickDraw/Mac and GDI/Windows technologies.
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19.9 Inequality Solving

el Screencast Video

Tawm

P38 nhttp://www.livemath.com/v/1909

A feature that was snuck in a few years ago as [ wrote a Precalculus
e-text was support for solving inequalities. As a first example, start
with:

(O-5x+3>7

With AutoSimplify OFF, you may complete this series of computa-
tions:

O-5x+3>7
&—SX > 7 -3 Move Over
DX <%(—[7—3]) Isolate

& x < _% Simplify

You can do computations involving cases, similar to solving polyno-
mial equations:

Ox*-2x+6>9

O(x2=2x +6)-9>0  MoveOver
O xP=2x-3>0  Smlify
D(x=3)x+1)>0 Facror

Ogx+1>0 Ogx+1<0

a x >0-1 Isolate a x <0—=1 Isolate
Nx>—1 Smplfy Ox < -1 Simplify
&X—3>0 1 Isolate ax_:), <0 1 Isolate

x+1 x+1

DN x=3>0 Simplify N x=3<0  Simplify

Q x >0+3 Isolate & x <0+3 Isolate

Q x >3 Simplify & x <3 Simplify
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Note that each Case Theory here has the assumption conditions at the
top line, so the solutions are read off as:

x>-landx>3 —» x>3
x<-landx<3— x<-1

We can see this solution also with one of the (graphing) Macros, in
menu Compute P Macros: Graphing P> Graph 1D Inequality

A y

You may also try inequalities with functions as well:
Osin(0) <1
Opne <2mn,+in sowe [Ope>2mn +in  sowe
& 0 < —%J'l: Substitute & 0 > —%J’E Substitute
& 0 < =5.7596 Calculate & 0 > —3.6652 Calculate
& 0 < én Substitute & 0> gn Substitute
& 0 <0.5236 Calculate & 0 >2.618 Calculate
13 ubstitute 17 ubstitute
OO <Lm  Subsin DO >Ug  Substi
& 0 < 6.8068 Calculate & 0 >89012 Calculate
Qn,=-1 Qn, =-1
On ,= 0 On = 0
On,=1 On, =1
= \
HE
— | . I | L | [Sual
-6 6() -4 2 0 2 4 o &

There are some other graphical solution Macros in the Compute P

Macros menu.
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19.10 Contour Plot Changes

5o 038 Screencast Video

Sometime since the last major update, a few small changes were

inserted into the Contour Plot primitive:

Contours at . where 2and 2 spaced contours of .2 computed with
resolution, shown in line style, colored |Red vl with |labels vl

Often Contour Plots need a higher amount of resolution (more points)
to make their graphs smoother. But if you have other graphic primi-
tives in the same Graph Theory, you don’t necessarily want those other
primitives to have their resolution cranked up. So Contour Plots may
have matching resolutions to the Graph Theory, or you may change
that popup menu to a different, independent setting.

It used to be that Contour Plots had only a single line style - now
Contour Plots may have many different line styles, with Extra Heavy

the most useful, especially in a complicated Graph Theory.

It used to be that Contour Plots had only a fixed color: Black. Now
Contour Plots may have multiple colors like any other CurveAt plot.

Here is what Contour Plots could look like previously:
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b=

7

-3 ...3 =left..right

—3 ...3 =bottom...top  cropping [Moderately w

& Graph Building Blocks

Contours at (x , y ) where x = left ... right and

y = bottom ... top;

spaced contours of y 2 ( X 3 +Xx 2) computed with

matching wr| resolution, shown in

line style, colored |B1ack vl with |1abels VI

And now with these new customizations:

&

5 ﬁ )

I ]

AN

-3 ...3 =left..right

—3 ...3 =bottom...top  cropping [Moderately w

® Graph Building Blocks

Contours at (x , y ) where x = left ... right and

¥ = bottom ... top: [izero only w]

spaced contours of y 2 ( x +x 2) computed with

highest wr| resolution, shown in

line style, colored |Red vl with |labels VI

ol

Page 642

19.11 CurveAt & Grid Changes
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el Screencast Video

'\ﬁﬂi http://www.livemath.com/v/1911

The ScatterPlot graphics primitive has long been able to have multiple
parameters, like this:

Biet=

= ENENENENER

0

—1 ... 11 =left...right
—1...11 =bottom...top ~ cropping
@ Graph Building Blocks
# Scatter plot of (a , b ) where

(a =1.. lO)(b =1.. 10) using 7 point

[solid squares wr| colored [Blue wr].

IS

J 10

]

The Range object (2nd slot) can be multiple ranges, multiplied
together. You can, in fact, get crazy with more than just 2 independent
ranges - just multiply another range. In this way Scatter Plots are
multidimensional.

I wanted the same kind of thing for the CurveAt graphic primitive. I

got tired of having to do this to graph a family of curves: having to
have 1 CurveAt graphic primitive for each different family.
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—2.1...2 =left...right
—2.5...2.6 =bottom...top  cropping |Moderately w

@ Graph Building Blocks

A\ Curve at (x , x ) where x = left ... right witha

A\ Curve at (x ,X 2) where x = left ... right witha

A Curve at (x ,x3) where x = left ... right witha

A Curve at (x ,x4) where x = left ... right witha

I wanted the CurveAt command to be able to have an additional
parameter. So taking from the same construction that ScatterPlot has,

you can now do this:

@y =x Int(n)
= \

P

Hb=]

o
=

g =

/
—2.1...2 =left..right
—2.5...2.6 =bottom...top  cropping [Moderately w|
® Graph Building Blocks

A\ Curve at (x , y ) where

(x = left ... right (n = 1...5) with a [normal w]
line, colored .

Be careful: Unlike Scatter Plot which is made for integers, these ranges
in CurveAt do not increment on integers, which is why I have the Int(n)
function there in the exponent.
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This construction is not at all efficient! Just the X is computed
multiple times! The real solution to this problem is to have a Loop
object that would work on integers, but that will have to wait for a
future release. For now, we have this little trick to get CurveAt primi-
tives to be able to have 2 independent parameters.

I did not want to make this feature crazy by having multiple parameters
like ScatterPlot can handle, mainly because CurveAt is not going to

be dealing with just integer loops, and CurveAt has a lot more going
on with curve smoothing and refinements that just get out of hand

with more than 1 extra parameter. So 2 independent parameters is the
maximum, for now.

Alternatively, you can use an improvement of the Grid graphic primi-
tive to accomplish the same, this time controlling your increment
precisely:

4

1]

™
=

[ FE e

-3 ...3 =left...right
—3 ...3 =bottom...top  cropping

@ Graph Building Blocks

ol

= Grid lines at (x ,x" ) where x = left ... right
for each value n = 1. ... 5 separated by 1 colored

with line style

The addition to the Grid graphic primitive is the line style.

= Grid lines at (x ,x" ) where x = left ... right
for each value n = 1....5 separated by 1 colored
Red with line style

New Line Style for Grid
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Historically, the Grid primitive has a “lightening” feature, in that it
lowers the color intensity (mixes the color with more white), as you
don’t want your grids on a graph to overwhelm the star of your show:
the Curve and Surface and Contours.

The “lightening” feature has been preserved when the Line Style is set
to Normal, the historical setting under the hood. When the Line Style
is changed from Normal, the “lightening” is turned off, giving the full
color. Likely if you change the Line Style to Bold or Extra Bold on a
Grid, you are not using the primitive just to draw grid lines, but rather
using the double parameter feature to do something more.

19.12 Macros

apcis Screencast Video

P25  nhttp://www.livemath.com/v/1912

The Macros area of the Compute Menu were designed to be semi-
automated constructions in LiveMath that you could do manually, but it
would be a lot of work to do, and why not have a nice one-shot way of
doing these constructions.

An excellent example is the Macro for Completing the Square, a
standard algebraic computation in high school algebra. For years,
high school math teachers and students would write to me to ask,
“Can LiveMath Complete The Square?” The philosophy of LiveMath
dictates that the answer should be, “Yes, of course, but you need to do
it yourself!”
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| A Clarify

7] Auto simplity
ﬂ Auto Casing
Working Statements
ﬂ Calculate
[5°] simpiity

ﬂ Expand

3] coltect

_QJ Factor

[%-] 1solate

&3] Apply

ﬁ Transform
8| uncaiculate
_'_‘_'J Mini-Expand
|3 substitute
%] Move Over
Solve Numerically
Factoring

Tabular

Macros: Arithmetic
Macros: Solving
Macros: Calculus
Macros: Graphing
Macros: Lists

Conclusions
Computation Prefs

®2
#3
®4
#5
#6
w7
#e
®o

YY YYYYAAY ¥ VY

Complete The Square

Page 647

But it seemed that we needed to step back from that philosophy a
little bit, and help out with some calculations like this, rather than
just telling wayward students (and teachers) “yes, but do it yourself”.
These kinds of requests collected together to create the Macros menu

area and functionality.

A typical problem in high school algebra of Completing the Square

might start with this equation:

y = x*+3x

Selecting this equation and then the menu Compute P
Macros: Algebraic P> Completing the Square gives us:
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Oy = x7+3x
2 2
&(y _O)+(g’_%)1 =(X2+3X)+(:2;’:—%)'1 Complete Square
&y+%: x2+3x +% Simplify Simplify

&y +% =(X +%)2 Factor

&y =(x +%)2_% Move Over

As you can see, all of the functionality shown in this computation
exists in LiveMath already, so it is not like there is a new “function”
called “Completing the Square” where the beginning equation is
simply transformed to the final answer. The idea of Macros was to
show students (and others) the steps involved in doing this algebraic
computation in LiveMath, that they could do on their own manually,
or use the Macro to get a little help from LiveMath on the steps to
complete.

Let’s look at each of the Macros menus a bit more in detail.

Macros: Arithmetic

+.. Macros: Arithmetic
Macros: Algebraic
Macros: Solving
Macros: Calculus
Macros: Graphing
Macros: Lists

Round to Nearest Integer
Round Down to integer
Round Up to Integer

Factor Pairs

Reduce Root

Conclusions Rationalize Denominator

Computation Prefs

YvY vvyvyvvil

Real Part
! Imaginary Part
Complex Conjugate

The Rounding macros are rather obvious in their goal. In the style

of Macros, these options actually try to teach you how you would set
up these functions in LiveMath manually: a new function is defined,
named “round”, that uses one of the predefined functions already built
into LiveMath.

NA named round behaves as |Round to nearest integer vl
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(J)13.5
() round(13.5)
A\ round(13.5) = 14 Caleulate

The Factor Pairs menu was an interesting request from a teacher years
ago: to show all factorizations of a number, in factor pairs.

(2549
/\2549 = 1225 Simplify
&2549 = 12251 Factor Pair
&2549 — 2455 Factor Pair
&2549 = 1757 Factor Pair
&2549 = 49-25  Factor Pair
&2549 = 3535 Factor Pair

The Reduce Root helps a beginning in LiveMath deal with root simpli-
cation. If you try to Simplify this square root:

04175

Nothing will happen. Simplify will not first factor the interior of
the square root: you should do that manually yourself, being a good
mathematician. But in case you just learning how LiveMath works,
this Reduce Root macro will help you, and show you the process you
should follow:

0OJ175

&J 175 =4 527 Factor Root Base
NAN1T75 = Sﬁ Expand

Rationalize Denominator is another computational process that users
of LiveMath should do on their own, but the Macro helps you a little
bit to get there:
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D=
1
D
O

17
F

7 — 7A/ﬁ Expand Expand
Jir ool

Multiply By One

_ 1711
1

The Real and Imaginary Parts macros are similar to the Rounding mac-
ros: in LiveMath you should define a function and apply that function
to the object, using the built-in functions for Real and Imaginary parts.
Here the “Re” function is created and defined:

<\ A |Function vl named Re behaves as [Real part vl

O19-7i
O Re(19-7i)
& Re(19—71)= 19  Calculate

The Complex Conjugate computation should be something that
LiveMath users do manually, but the Macro helps you this conclusion a
little bit:

AA named Conjugate behaves as |Complex Conjugate vl
O13-4i
O Conjugate (13-4i)
.\ Conjugate (13 -41 ) =13+4] Calculate

Macros: Solving

Macros: Arithmetic
Macros: Algebraic
-, Macros: So g
Macros: Calculus
Macros: Graphing
Macros: Lists

Solve by Factoring
Solve by Newton's Method
Find Graph Root

TYYRIYY

The original item in this menu from way back to LiveMath 3.0 was the
Find Graph Root: you have a 2D graph, then you adjust the graph
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so that there is only 1 root (x-axis crossing) is showing, then enact
Find Graph Root to have the root value spit out.

Solve By Factoring was made into a Macro because it is process that
one must go through every time you solve a polynomial equation for
its roots via factoring. So the Solve By Factoring is just to save you
some time drudging through the steps.

Ox’+9x*=7x+2=0
O(x -0.36989-0.26177i ) x —0.36989 +0.26177i | x +9.7398) =0  Factor
O(x ~036989+0.26177 i ) x ~0.36989 ~0.26177 i ) x +9.7398) =0 Simpiis

& x —-0.36989+0.26177i =0 Isolate Each Monomial Factor
N x =0.36989-0.26177i  Isolate

& x =0.36989-0.26177i =0 Isolate Each Monomial Factor
O x =0.36989+0.26177i  Isolate

& X + 97398 =0 Isolate Each Monomial Factor
N x =-97398  Isolate

Solve by Newton’s Method is macro that creates the SolveNewton
function declaration

AA W named SolveNewton behaves as .

Ox*+9x*-7x+2=0
(e) NewtonSeed = 1
Nx 0= SolveNewton ( X2+9x2-Tx + 2, NewtonSeed ,20) Solve By Newton’s Method
A 0= 0.5663 Calculate

The built-in function SolveNewton simply applies the Newton’s
method iteration formula behind the scenes:

Of course, you can do this formula manually in LiveMath as an intera-
tion activity (for students)

© 1999-2017 MathMonkeys, LLC. © 1999-2017 Robert R. Curtis



The LiveMath Book Page 652
g@f(x)=£3’3+9;f’2—7x+2
(w= |4
Df (J?)_x:x’dxf(x)
éf,(;?)=3£?2+18;r—7 Substitute
@x =1
CH)
A
@ X ) =0.64286 Calculate
)
RN
A e 3= 0.38731 Calculate
o flxy)
C]x4-x3—f”(xﬂ
@ x4 = —12661 Calculate
f(x,)
Ox.=x,~——4L
()
& X 5 = —-0.33499 Calculate

Or using recursive functions you can set up this computation:

O® f() = 27 +922 -7 42
Or'(2)= w’(%f()f)

Af (#)=357+185-7 Subsinue

N(m-1)-
@N(z)=

S(N[z-1])
I (N[m-1])
1

(m>1)

(m=1)

0OS =(NI[21, N3], NI4], NT51, NT6l, N 71, N1, NIl NT10], NT111, NT12])
O S =(0.64286,0.38731,-1.2661,-0.33499,0.08392,0.35394,3.0943,1.8525,1.1354,0.72406,0 45722)

Calculate

As you can see, the Solve By Newton’s Method Macro saves you
a lot of time and awkwardness - if you just want to get a numerical
solution to an equation, you don’t necessarily want to set up all of these
constructions just to get an answer!
Macros: Calculus

Macros: Arithmetic
Macros: Algebraic
Macros: Solving
Macros: Calcults
Macros: Graphing
Macros: Lists

J=| Taylor Series

YTYYRAVY YT

feo| Integrate by Parts
Integrate by Substitution

A4

Conclusions
Computation Prefs

¥

Limits via Factoring
Limits via L'Hopital’s Rule

Some of the Macros in this area are actually full features previously
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found in LiveMath 3.0, but now they have been moved into this sub-
category, since they really are “macros” in philosophy.

Taylor Series will compute a Taylor expansion of a given function, as
has been a long-standing feature.

Integration by Parts has been improved over the version 3.0 imple-
mentation: instead of having to select the “dv” in the formula - as was

the case with LiveMath 3.0 - you now select the easier-to-select “u” to
initiate the integration by parts formula application:

b ) b
udv =(a[uv)— vdu
a a

»
»
Macros: Solving »
J=| Taylor Series
> Cid
>
>
>

Macros: Graphing
Macros: Lists = integrate by Parts

udv Integrate by Substitution

Conclusions

e e
7A) I.xz sin(x)dx = xz(I. sin[x]dx )—(‘[I sin{x}dx l2x dx] ) Integrate by Parts
AQJ.xzsin(x)dx = ;xzcos(x)+2(JQ:os[x]dx ) Simplify |—)fudv

VA [xz sin(x)dx =-x’ cos(x)+2(x[j‘ cos{x}dx ]—['{J cos(x)dx }( dx) ]) Integrate by Paris

D '-xzsin(x)dx = —x”cos(x)+2( cos[x ]+ x sin[x]) simeti

Ja) szsin(x)dx =2( cos[x]+x sin[x]) - x” cos(x) St

&fxzsin(x)dx =2cos(x)-x*cos(x)+2x sin(x) Ewand

Integration via Substitution is a macro that is more educational
(and time-saving) than anything, showing the standard trickery of
u-substitution in a Macro:
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Macros: Arithmetic >
Macros: Algebraic (3
Macros: Solving >
Macros Chicuia » J=| Taylor series
Macros: Graphing > —
Macros: Lists > Jfeo| Integrate by Parts
: Integrate by Substitution
Conclusions >
N Computation Prefs > Limits via Factoring
C]J xe d x Limits via L'Hopital's Rule

2
&j xe Y dx = ) [j _%e “du Integrate by Substitution
u=-x

o .
&Jxe Y dx -1 Simplify
2ln(e)
_xzd o= s lify
—_ implify
Nlxe x =-Je P

Limits Via Factoring in an educational macro to show students

the process of computing a limit by first reducing the limit object by
factoring (numerator and denominator), and seeking algebraic simplifi-
cation of these terms first before computing the limit:

2
. x"=5x+6
O lim ————
x =3 x2—4x +3
2
Q lim —x —Sx+6 = lim ( 3)()6 2) Factor Over Reals Factor Over Reals
f =3 xl—4x43 x—-3 (x=3[x-1)
2
o tim SO i 222 sy
x >3 x’=4x+3 -3 x-1
AN lim X"=5X46 3.2 Lt via Substitution
-3 x’-4x+3 3-1
2
A lim M=% Simplify

v >3 x’—4x+3

Limits via L'Hopital’s Rule simply applies the standard formula
from calculus to compute limits via derivatives (and, at the heart of the
calculation, Taylor expansions):
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D llm ( Sin I:;C ])2

x =0 X
a lim M = lim M Limit Via L’Hopital’s Rule
x =0 x? x =0 2x
Q lim M = lim - 2( Sin[x])2+2( COS[X])2 Limit Via L’Hopital’s Rule
x =0 x? x =0 2

(sin|x ]’ _ -2(sinl0]f+2( coslol)

Oy lim = Limit Via Substitution
x =0 X 2
. 2
A lim M =1 Simplify
x =0 X 2

Macros: Graphing

Macros: Arithmetic >
Macros: Algebraic L
Macros: Solving >
Macros: Calculus >
-, Macros: Graphing > Graph Solutions of Equation f{x)=g(x)
Macros: Lists [ 3 Graph 1D Inequality
Conclusions > Graph 20 Inequality
Computation Prefs > Graph System of 2D Inequalities

These graphing macros build up a semi-complicated graph to show
solutions graphically.

Graph Solutions of Equation f(x) = g(x) produces the following
multifaceted graph:

Ox sin(x)= cos(3x -4)
&y ,=X sin( x) Grab Left-Hand-Side
AW , = cos (3)6 _4) Grab Right-Hand-Side

R

=

< @uumn

Graph 1D Inequality shows the intervals of solutions of a single
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variable inequality:

O sin(x)cos(x -2)>
4

1
3

@
=
A
5
>
.
.
o

Graph 2D Inequality shows graphically the solutions of an inequal-
ity involving 2 variables:

—

() cos
LA

x-1)< sin(y +2)

e

o

7

Graph System of 2D Inequalities shows graphically the solutions
of a 2x2 system of inequalities:

Ox+y <1
Ox-y>3
v

|
SIS

=L
>

Il
il
A><
I
=
el
|
o
|
N
O\

Macros: Lists
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Macros: Arithmetic Ld
Macros: Algebraic Ld
Macros: Solving >
Macros: Calculus >
Macros: Graphing L
Union Lists
- Intersect Lists
Conclusions * | XGiven Lists
Computation Prefs * | JoinLists
Flatten List
Select in List
Sort List

Convert Table List

These macros were created to facilitate the conversion of the
Probability&Mathematica courseware from MathEverywhere, Inc. into
LiveMath format.

Union Lists

OA=02 DA=?%
OB =64 OB =34
0O€ > Oc

NC =(]’2,3,4) Union List

Intersect Lists

OA =(2,4,6,8
OB =(2,4,6,9)

ac
N C = (2,4’6) Intersect Lists

XGivenY Lists collects all elements in X (with repeats) that are in Y.

OX =2,3,4,2,4,3,3,4,2)
OY =2,4,6,9)

OcC
NC =(2,2,2,4,4,4) XGivenY Lists

Join Lists
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