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An Introduction To GeoGebra

1. How to Get Started with GeoGebra

If you have not downloaded GeoGebra, open your browser and go to the GeoGebra Website
http://www.geogebra.org.

Gebra

c ft

) www.

W4 GeoGebraCAS/Docu... @I Yahoo! @ XLogo Downloads @ TI-Msp

Mattters - ¥o

GeoGebra

Click Here! e
GeoGebra - D NGO AN e D
Free mathematics software fofflearning and teaching gy

Charater = 3

Download

| rarely have any problems using the WEBSTART on the networked computers at my school, nor
in individual workshops with participants. However, if you are having trouble, let me know, and |
will supply on off-line installer for you to use.

GeoGebra

Click Here!
N E-Mail Lis

r computer. You will get a desktop Type your e-mail ac
e too. GeoGebra.

WebStart

Install and start GeoGebra on
icon to use our software off

Webstart
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2. GeoGebra 4.0 (August 2011)

Getting to Know GeoGebra4.0

Let's begin by getting GeoGebra4.0 Beta webstarted on your laptop. This is a fully functioning
version of GeoGebra, scheduled to become the official webstart version in late August (you will
then follow the procedure in Section 1 to get GeoGebra4.0 started). Since it is late in the Beta
testing processes, you will be working with (close) to the finished product. However, a word to
the wise:

Please note that this version has many unfinished features and that all
features are subject to change. GeoGebra files that you create today may not
work in future versions.

Begin by opening a web browser and going to http://www.geogebra.org/forum/ . This forum is
where you go to get “technical support” or “customer service.” You should spend some time
reading through the Forum threads.

GeoGebra

About  Download Help  Wiki  Forum

® login M Register HFAQ ® Search

GeoGebra User Forum

Last visit was: It is currently Mon Jun 06, 2011 11:53 am [All times are UTC + 1 hour |
View unanswered posts | View active topics

o]

English speaking users

@ Using GeoGebra 5 E SatJun 04, 2011 12:02 pm
Questions concerning the use of GeoGebra as a stand-alone application iotarho +0
@ Technological Questions 2z e Thu Jun 02, 2011 12:32 pm
Installation, dynamic worksheets, GeoGebraWiki, JavaScript, etc. mehdijalali +0

German speaking users =

(/) | Bedienung von GeoGebra a1n cge | SUNMay 29, 2011 12:53 pm

Scroll down towards the bottom of this page to the English: GeoGebra 4.0 Beta Forum. Click
on the Forum link.

rediures, pugs, rre-Keiedse 2
_ English: Feat R ts
) =nglish: Feature hequests Sun Jun 05, 2011 7:01 am
_J | This is the place to discuss possible new features of GeoGebra with 303 3681 heimdall +01
other users
@ English: Bug Reports (GeoGebra 3.2) 238 3595 Thu Jun 02, 2011 11:02 am
Let's try to get rid of these little fellows! hjbortol +0
Beta Tests
English: GeoGebra 4.0 Beta Mon Jun 06, 2011 10:26 am
@ bl 2L Daniel Mentrard =0

Comments and bug-reports concerning GeoGebra 4.0 Beta version

English: GeoGebra 5.0 Beta (with 3D) Wed Jun 01, 2011 1:25 pm

@ Comments and bug-reports for GeoGebra 5.0, which supports 3D 92 E SMlepard =01
constructions.

Achiio [l
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You want to click on the Thread Link shown below.

'
English: GeoGebra 4.0 Beta
Page 1 of 26 [1280topics ] Gotopage1,2,34,5..26 Next
e [ e [l o
Announcements
@ May 2011 Newsletter murkle 0 2676 i (5 26, ZRHLL Gl o
murkle =01
Markus Sun Mar 28, 2010 12:33 pm
@ GeoGebra Events Calendar & Map Hohenwarter 0 75782 e
& @ wel et e B AT Bt e Markus 5 31145 | SatMar 19, 2011 3:04 pm
elcome to e Leobedra 4. ela rorum thenwarler acron =0
Topics
M 3.9.252.0 murkle 0 250 | MenMay 30, 2011 10:43 pm
murkle =01
. Sun Sep 05, 2010 5:41 pm
T W GeoGebra Beta for openSUSE heimdall 0 1695 heymdall +0

Click on the webstart link shown below. This will install GeoGebra4.0 Beta.

Welcome to the GeoGebra 4.0 Beta Forum

( newtopic )(ﬁ locked ) Page 1 of 1 [6posts]

Print view

m Message

Markus Hohenwarter | Post subject: Welcome to the GeoGebra 4.0 Beta Forum

Previous topic | Next topic

[ Posted: Mon Jan 15, 2007 5:10 pm

Dear GeoGebra users!

Site Admin
This forum lets you give feedback on the currently developed version of GeoGebra 4.0. Please find
the latest notes about the beta version in the document

http://www.geogebra.org/en/wiki/index.p ... oGebra_4.0

(U Please note that this version has many unfinished features and that all

A iy 2T features are subject to change ©

10:58 am
Posts: 1008

@ ggb files that you create may not work in future versions @
Location: Linz, Austria

ou can run the GeoGeora 4.0 beta version directly here: /
http://www.geogebra.org/webstart/4.0/geogebra-40.jnl

This is an experimental version that uses a locally installed version of Maxima (if available)
instead of MathPiper for the CAS commands:

The only thing you are asked to do is to report any bugs on the GeoGebra4.0 forum.
Remember! After August 21, you will follow the procedure in Section 1 to get GeoGebra4.0
started by going to the GeoGebra Website http://www.geogebra.org, clicking on the Download
button, then clicking on the Webstart button on the next page.
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3. Introduction to the GeoGebra4.0 Interface

The dynamic mathematics

software GeoGebra
provides six different
views of mathematical
objects as shown in the
figure at right. Three of
these views — the
Graphics View 2, The
Computer Algebra View,
and the Construction
Protocol — are new to
GeoGebra4.0. Ina
nutshell, there is a lot of
things you can do with
GeoGebra4.0

Luckily for us, we will primarily use three of these views: a Graphics view, a, numeric

Menu Bar

ptions Tools Window Hel
| oAl _,‘,J “K’{l®f @JH-{L x =2t |md Move: Drag or select objects (Esc)l Tool Bar Help |E;
Algebra =19 |Graphicse Tool Bar =36 [CAS Spreadsheet e
Free Objects 6 1 ‘ A B E
Dependent Objects 1 &
5
2 E
4 3
Algeba Computer 4
View 3 Algebra View 5
: 6
Graphics 7 Spreadsheet
View View
8
Graphics 2 EEE 0 Construction Protocol 9
2 -2 ! o 2 3 40 [Na...|Def..| Valug/Ca...| 10
-1 11
Graphics 2 Construction 12
|1 View?2 _._>3 Protocol 13
-3 14
ﬂ L] = ]osolm]fm] 15 | _ ;
Input: I Input Bar I

Algebra view and a Spreadsheet view. These three views allow you to display mathematical

objects in three different representations: graphically (e.g., points, function graphs), algebraically
(e.g., coordinates of points, equations), and numerically in spreadsheet cells. Thereby, all
representations of the same object are linked dynamically and adapt automatically to changes
made to any of the representations, no matter how they were initially created.

% GeoGebra S——— —
File Edit View Perspectives Options Tools Window Help ds=sssm| Menu Bar
‘l -"‘v /v /',_J .'5-7 @v Q_J‘ A:_ K | cats]| %'v Move: Drag or select objects (Esc)] Tool Bar Help
Algebra T Graphics 2 Tool Bar B2 |spreadsheet
Free Objects A B o D
Dependent Objects 1
5_
2
4 3
4
Igebra Vi > 5
Algebra View Graphics View 6 Spreadsheet View
7
T 8
0 ‘ 9
2 a4 Jo 1 2 3 4 5 6|19
-1 1"
12
-2
13
-3 14
15 [ »
! nput: l Input Bar l
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4. Getting to Know The Graphics View

Just DRAW!

The purpose of this first activity is to practice using the Tool Bar and to get comfortable working
with objects in the Graphics View.

. . - L =
“ % | o™ L AN Bl O O | \_ 222l A3 1 <3+ |
1. To begin with, hide the Algebra View. There are three ways | :
you can do this: ‘ X Ul e LAl I
* You can go to the View Menu — Algebra, |Algebra et
or _ Free Objects /
*  Ctrl + Shift + A Dependent Objects
or \
* You can click on the small icon in the upper right
corner of the Algebra View Window.
2. Next, show the Coordinate Grid . There are two ways you | ML o
can do this:
| L -
* You can go to the View Menu — Grid, '
or w

* Now that the Algebra View is closed, you can click on
the small grid icon in the upper left corner.

PLAY! Draw a picture with GeoGebra }‘ml @ ,f—) ‘.d; .

M LIVED
Use the mouse and various tools from the Tool = =
Bar to draw figures on the drawing pad (e.g. .. [>» Polygon
square, rectangle, house, tree,...). To access = 4_;—11 **. Reaqular Pol
the tools, you must click on the small triangle to =7 v °v] Regaariolygon

open the tools, then select the tool you want to ~ > Rigid Polygon
use.

:S: PolyLine

=S

Don’t forget to read the toolbar

help if you don’t know how to J

use a tool.

<

)

Reflect Object about Line
Select object to reflect, then line of reflection

a=2
—_—
i*d

=&
i)




An Introduction To GeoGebra

Things to try...

» Try changing the colors and sizes of different objects.
Click on an object, then explore these mini-tools.

* Practice creating a point that lies on and object. 5 |

e

B
- .i Angle

.Q:u. Angle with Given Size

* Practice using the measuring tools tools

a=2
L
&

] 1

i

W

#2
i

cmeo [ o I [

» Correct mistakes step-by-step using the Undo and Redo

buttons located in the upper right corner of the window.
ndo “ E]

» Select any object and right-click (MacOS: Ctrl-click).
Explore the menu that pops up.

Circle c: Circle through B with center A
Equationax®*+bxy+cy*+dx+ey=f

Show Object
Show Label
Trace On

B %

Copy to Input Bar

Rename
Delete

R

]

Object Properties .

=24
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5. Changing How Things Look: GeoGebra’s Object Properties

Every object that you create in GeoGebra has its own PROPERTIES or attributes (color,

thickness, labels, algebraic representation) that can be changed in the PROPERTIES DIALOG

window.

7 GeoGebra — s

=RREN X

File Edit View Perspectives Options Tools Window Help

.
]

i

B [ P OlOILlN

I ’

| = ¥
L ] | 2
v v

a=2
—
7]

ER

&)

g

Move

|

i i i I\E/v i W,
Algebra EEX

= Free Objects

2 A =(3.44, 1.64)
2B =(4.7, 0.44)

2 C=(4.42, -0.88)
2D =(1.86, -2.78)

Graphics#

)

Steve's Circle

UL}

Input:

L

How to access the Object Properties

You have already seen one way to
change the object properties.
Clicking on the small button in the
upper right corner of the Graphics
View will display an Object
Properties Bar where you can
change how selected objects in
the Graphics View look.

[ =

Graphics¢&
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However there are four other ways that you SreT— - = ==
can access a more detailed Object Properties_ C'bjt_?(?’L Basic Color| Style| Algebra| Advanced| Scripting| Explore |
Name: d :hzsle
. . . . Inequanty R abs!
1. Right-click (MacOS: Ctrl-click) an object | -« i S
. . " . o f ou can - .
in either the Algebra View or Graphics Point | select - — gﬁi yv::rm c;bjectsa
View and select Object Properties OR o8 | muttiple
. . . | e object to 14 Selection Allowed
2. Select Object Properties... from the Edit 5 | change e
7 Show Label: Name > ) 9
Menu OR I#:eml‘k object...
3. Press Ctrl+E OR =T —
. . . . ~ob I Fix Object Or change more than one I
4. Double-click on an object in the Graphics | ..
View and click on the Object Properties Ko " Auiary Object
button.
I 7 Delete H Apply Defaults ‘
erties ﬁ“
What do the Tabs do? . —
Basic | Color| Style | Algebra | Advanced | Scnptlng|
. . . Name: a
Look at Steve's Circle in the image on the ity - :
previous page. Nefinitinn: [CirclelA  R1
%77 Object Properties @1
) ) Objects Basic | Colorl Style | Algebra | Advancedl Scripting|
Under the Basic Tab, | have selected the Circle || ~Gicle "
. . ame: a
with the name a and the caption Steve's o
) . . . nequg Definition; Circle[A, B]
Circle. Notice the circle command in the ~ob _ :
definition line Laf Caption: |Steve's Circle l
. _..P i t
on ) Object ~ :
A Circle Caption
: g Selected Wion Allowed Shown
E— .
: E ¥ Show Label: Caption
~Segment 1 Show Trace
@c
>d [IFix Object
e
B--Trian_qle [ Anyilians Ohiart
. % Object Properties @
Under the Colo—r_Tab, these are the available Objects B Color [ e
colors for any objects created in GeoGebra. = Circle
Notice the history of colors used in this file. L BEEEEeEeEERAEEE o Reeelt
] f
Lo f
=-Point
LA Preview: I (255, 51
'g Colors used
e
5D elsewhere in
~o E this file
= Segment

10
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Under the Style Tab, notice how the Filling is
set to 25%7? You should explore the Line Style
pull-down menu and the Filling Menu, as well
as the Inverse Filling check box. It's ok...you
will not hurt anything!

Under the Algebra Tab, the equation form can
be selected.

These are the tabs that you will use most
often. We will explore the Advanced Tab, time
permitting. Anyone who would like to explore
the Scripting Tab, | can help you individually.

Things to try...

——

Basic | Color| Style ‘Algebra | Advanced | Scripting‘
Line Thickness

U
1357 91113

Line Style; —— ~

Filling: Standard -~
Opacity

U |25%ﬂ||ing I
0 25 50 75 100

Inverse Filling

(S

¥ Object Properties

Objects ‘ Basic | Colorl Style| Algebra ‘ Advanced | Scripting|
=Circle
-2a Equation: (x-m)? + (y-n)> = r* =

s f

é---lpequalily |
’b ax+bxy+cy*+dx+ey=f

A Select different objects from the list on the left hand side and explore the available
properties tabs for different types of objects.

A Select several objects in order to change a certain property for all of them at the same
time. Hold the Citrl-key (MacOS: Ctrl-click) pressed and select all desired objects.

A Select all objects of one type by clicking on the corresponding heading.

>

Show the value of different objects and try out different label styles.

A Change the properties of certain objects (e.g. color, style,...).

11
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Some Useful Shortcuts

There are a handful of things you will do over and over in GeoGebra. Theses things are so
common, that there are keyboard shortcuts to make doing this things easier. Here is a short list
of useful shortcuts.

A

A

A

To Move the Graphics View, hold down the shift key, then click and hold and drag your
mouse.

To Zoom in or out, you can scroll the scroll wheel on your mouse. This is ctrl +/— on a
laptop. You can also right-click, hold, and drag a selection box in the graphics view. You
will zoom in onto this box.

To Undo something you have done, you can press the key combination Ctrl-z.

Often times, you will need to enter Pi in the Input Line or in some other dialogue line. You
can enter Pi by the key combination Alt-p. You can also

just type the word “pi.” ]| |
Likewise, to enter a Degree symbol, use the key
combination Alt-o.

If you want to show the Coordinate Grid or the
Coordinate Axes, you can View Menu — Grid, Axes.
You can also use these Icon Shortcuts in the upper left
corner of the graphics view.

You can also display the Algebra View, the Spreadsheet
or the CAS View under the View Menu. You can also
use the key combinations ctrl+shift+A, ctri+shift+S,
ctri+shift+K, respectively.)

To change the scale on any axis, simply mover your mouse over the axis until the cursor
changes into an arrow. Hold the shift key down, then click and hold and drag on the axis.
Sometimes, you may need to quickly access the lower-case Greek letters, which are used
as default for angles.

Ll
=

aphics &

Alt+A
Alt+B
Alt+D
Alt+F
Alt+G
Alt+M

T | < |6 | O™ Q

To enter powers quickly, use the Alt key. Alt+2 is “to the second power.” Alt+6 is “to the 6™
power.”

These are just a few of the keyboard shortcuts. Other keyboard shortcuts can be found on the
GeoGebra Wiki at http://wiki.geogebra.org/en/Keyboard_Shortcuts

12
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7. Algebra 1 and Algebra 2 Things

Like a Graphing Calculator

GeoGebra can be used as a graphing
calculator. However, better than a graphing
calculator, GeoGebra can graph implicit
functions (such as x = 3) and inequalities
(suchas x + y < 3).

Open a new window showing the Algebra View
and the Graphics View. Graph the following
equations and inequalities, then graph anything
of your choosing:

A x 22

A (x - 3)2 4+ y? < 4
Ay < x?2 - 4

Ay > (x - 1)(x)(x + 2)

A x*+xy+ vy =1

A g(x) = (x - 1)(x + 2)(x + 3)

T [ o (e |
Flle Edlt View Perspectlves Optlons Tools Window HeIp

r\

\./
Algebra E].. Graphlcs@

| - ‘ ‘ VT \ a

- Free Objects 2{
roarx=3
“ohix+y<3 11
Dependent Objects i b
x=3 i

7 GeoGebra r

.)

x+y<3

Input History

Input: \

A 1
Point A: Point on a

Show Object —
~+ Show Label
P
Trace to Spreadsheet
L ey 11 11F= (0] L) | E— T
2 |
[Z Canv tn Innut Rar

13
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Tracing to a Spreadsheet

Open a new window, showing the Graphics View and the Spreadsheet View.

1. Graphtheliney = 2x - 1

2. Use the Point Tool to place a point on the line. By default, it will be named A, and should

be a light blue color.

3. Right-click on point A, and select Trace to
Spreadsheet in the menu. There is nothing you should
need to do in the Trace to Spreadsheet window that
pops up.

4. Click on point A and use the arrow keys on your
keyboard to move A along the line.

Things to Try...

A Try tracing a point on a parabola.
A Try tracing a point on a circle.
A Try tracing a point on a cubic.

14

EEE |Spreadsheet

a A B ©
A 1 x(A) y(A)
race ic readsheel - lihj
:
Start row: 1

(x]l+] 2]

Row limit; 10

Close ]
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Creating A Random Line

1. In the Input Line, type in the following, one at a time, pressing Enter after each.

m = RandomBetween[-2,2] @ Input: m = RandomBetween[-2,2t|

b = RandomBetween[-5,5] ‘ @ Input: b = RandomBetween[-5,5]

y=m x +Db
(note space between m and x. You can also use the * to

O ‘@?Input:y=mx+b
denote multiplication )

2. Press Ctrl-R or F9 to update line.

Things to try...

A4 Use the RandomBetween [ ] command to make three parameters that can be used to
make a random parabola.

A Use the RandomBetween [ ] command to make a random system of linear equations.

A4 Use the RandomBetween [ ] command to make a random triangle.

15
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Enhancing the Random Line

We are going to take this random line and create a Dynamic Worksheet that students could use
to practice finding the equation of a line. Begin by hiding the Algebra View (View Menu —
Algebra) and showing the Grid (View Menu — Grid).

1.

T == ITT I I ITT I

Go to the Object Properties of the line, |, [ — | 1

v AL w

hide the name of the line, and make the 5 ‘ ||
line thicker with a brighter color (but not 5.
too bright). -=== Name

- e ==

Name & Value

_______ 3 Value
1 \ | | Caption
\

We need to create a —
Text Box to show Q

7 o Text
< | Insert Text

Objects,

the equation of the 2| Siider Edit then a

line. To do this, a

activate the Insert A5C Insert Text I .

Text Tool, and click LaTeX formula ~ ‘ Symbols ~$4Objects ~

anywhere in an .5 Insert Image =] T T T T T B

open space in the B oot b

Graphics View. Preview m .
y=-2x+4

In the Text Menu that appears, click on the Object
Menu, and select a, which is the name of the line.
Click OK.

click OK

Repeatedly press CTRL+R to create a new Cancel |

random line. Notice that the equation of the line is

dynamic, and changes, too.

Of course, this would not be a very good h—
activity for our students if they could just SEE

the equation. We need to create a Check Box I 1 Check Box to Show / Hide Objects I
that students can click on to Show and Hide / — .
X-3

< | Insert Text

/8

the answer. Begin by activating the Check Box | 2D

Tool, and clicking in an open space in the
Graphics View.

a=3 |nsert Textfield

16
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In the Check Box window that appears, give
your Check Box a name (Caption), and select
the objects you want to be controlled by the
Check Box by either clicking on the objects in
the Graphics View, or by using the Pull-down
menu to select the object. Play with your
random line and the check box!

/

Caption: Check Answed

/
yf2x—3 C_I Click on it! I
f Check Box to Show / Hide Objects 1
[o]

Select objects in construction or choose from list

-

Text text1

2 '
Pull down
menu
[ Apply H Cancel ] |
In anticipation of creating our Dynamic O e TR W W [ o
Worksheet, reduce the size of your File Edit View Perspectives Options Tools Window Help
window, move the check box and text m IH. ..n . B
’ A Bloo) alN=)ee +) -
close together, and make sure you i
C~
UNCHECK the check box.
4]
3 = Check Answer
1 y =2
(-3.68, 246) 2|
1]
T T T 0 T
6 5 -4 3 -2 -1 /flo 1 2 3 4 5
1]
-2
-3
Input: ;e
g

17
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Creating a Dynamic Worksheet

=

A Dynamic Worksheet is a webpage with a Edit V.iew Perspectives Options Tools Window Help L
GeoGebra Applet that students interact with. o NewWindow  CttkN (5] ] N\ [roc] ) = ]
You need to do nothing special. Creating this & Open ... Ctri+0 3
H H & Open Webpage ... 5
}/i\;szage is as easy as saving your GeoGebra E } o A
) ® Save Ctrl+S
. Save As ... 3
1. To create a Dynamic Worksheet, goto | .. o .  cupp
the File Menu — Export — Dynamic Share
Worksheet as Webpage. A window like . e — —_—
. xport A= Dynamic Worksheet as Webpage (htm
the one below will appear. e ALsF4 E’ﬁﬁmm
o_ie -y -‘H - Graphics View as Animated GIF ...

Dynamic Worksheet Export (htmi)

— L]

After you have filled in the Title,
Author (YOU), and any text or
instructions you would like to

Title:

Author: Steve Phelps

General | Advanced

Give your webpage a title. '
ate: July 4, 2011

appear on the webpage, click on

Text above the construction:

the Advanced Tab.

ve the applet. This is where you will

lace your general instructions.

=

s is where you might place reflection questions.

Dynamic Worksheet Export (ntmi)

3. Save the file somewhere where
you will find it easily!

Title:

General Advanced

Author: |Steve Phelps

Date: July 4, 2011

Functionality

[T Enable right click, zooming and keyboard editing features

User Interface

O Show Toolbar [71Show Toolbar Help

| Enable dragging of labels
IShow Icon to Reset Construction I

[“IDouble click opens application wind

[T Button to open application window

["IUse Browser for JavaScript scripts
Cinclude HTMLS

[ Show Ineulbar [ Allow Rescaling
‘h This is the only things
that should be checked

) I Leave these
Files

Width:

numbers alone! V

648 Height: 558

JRemove Line Breaks

Single File File: html -

(—
I Click on export

18
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4. The finished product. Upload this file to your teacher webpage, wiki, or blog.

F O Equation of the Line Practi + - .
C M O filey//C/Users/mathletics/Desktop/Equation_of Line.html
.'“ Math Mattters - You... ] eTech Ohio | Mocdle () GeoGebra 3% GeoGebraCAS/Docu.. &' Yahoo! @ XLogo Downloa

Equation of the Line Practice

What is the equation of this line in Slope-Intercept Form? Check your answer. Click on the
RESET iconto create a new problem.

r Check Answer

19
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Linear Programming

Linear programming is a staple of Algebra 2 curricula. GeoGebra can be used to explore the
solutions of these problems with its dynamic capabilities.

Consider the problem from http://www.purplemath.com/modules/linprog3.htm .

A calculator company produces a scientific calculator and a graphing calculator.
Long-term projections indicate an expected demand of at least 100 scientific
and 80 graphing calculators each day. Because of limitations on production
capacity, no more than 200 scientific and 170 graphing calculators can be made
daily. To satisfy a shipping contract, a total of at least 200 calculators much be
shipped each day.

If each scientific calculator sold results in a $2 loss, but each graphing
calculator produces a $5 profit, how many of each type should be made daily to
maximize net profits?

Let x be the number if scientific calculators produced, and y be the number of graphing
calculators produced.

The constraints are as follows:

x>100
y >80
x <200
y <170
x+y>200

| want to maximize -2x + 5y subject to the given constraints.
Let's solve this using GeoGebra.

1. Begin by showing the Algebra View, the Graphics View, and the Spreadsheet View. Show
the Coordinate Axes.

2. We need to change the scales on the axes and label the Graphics
axes. To do this, we need to access the Object Properties of L Axes
the Graphics View. You can do this in one of two ways: You # Grid
can go to the Options Menu — Settings... , or you can right-
click in on open space in the Graphics View and select &, Zoom >

Graphics... in the context menu that pops up. - XAxisyAxis '
Show All Objects

Standard View  Cirl+M

I Graphics ... I
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3. Regardless of the method you
use to access the Graphics
settings, click on the Graphics tab
at the top of the window. Make
sure you click on the Basic tab
underneath that tab. Use these
window settings as a place to
start. We can customize our
window settings later.

4. Click on the xAxis tab, and make
the changes shown in the figure.

5. Click on the yAxis tab and make
the same types of changes there.

Under both of these tabs, you may want
to consider checking the box Positive
Direction Only, but this is a personal
preference.

Do not worry about the Grid Tab. There
is nothing we need to change for this
problem.

6. Click CLOSE when finished
making desired changes.

rﬂ Settings &J‘
& g A A A
Default: Graphics preadsheet | CAS | Advanced
(Graphics _:~
Basch Click on Graphics Tab I
Dimensions
X Min: -50 X Max: 250 Use these W"ndow
Y Min: -50 Y Max: 250 settings as a place
XAxis yAXis = | 113404 | - 1 to start.
Axes
Show Axes  Color: E Line Style: = -
Background Color D Show Mouse Coordinates  Toaltips: :On v:
Save Settings H Close ]

r@ Settings @1
A g g g g
Defaults | Graphics | Spreadsheet | CAS | Advanced
:Graphics A
|Basif xAxis | untumn | Click on xAxis tab I—
XA
[¥] Show xAxis
Show Numbers

[”I Positive Direction Only

I Distance: 10| M

Check checkbox, change
number to 10
Ticks' | | | -

ILabeI: Scientific Calcula ~ l_

[C] Stick to Edge

Type in label name I

Cross at: |0.0

Save Settings H Close I

7. In the Input Line, type in the following constraints:

100 < x < 200
80 < y < 170

x + y > 200
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8. All of your inequalities are shaded the same color. To change ~“ b:80<y<170
how the different regions are shaded, we need to access the  “ €* 'I:e"u;i::
Object Properties of each region. With all of these Depen) e
overlapping regions, | find it easiest to right-click on the S 2
object in the Algebra View, and selecting Object Properties - | plbane!

Trace to Spreadshest |~
from the context menu.
[&¢ Copy to Input Bar

Rename
7 Delete
I [&] Object Properties ... I
¥ Object Properties @1
Objects ﬂmmebra Advanced | Scripting
9. You can change the color of the =nequality | | |
; ~a Line Thick
regions under the COLOR tab. L itoral '”; EEES
You can change the shading of [aa SN Style Tab I
the regions under the STYLE tab. _ _
Line Style: ——— = |

Explore this different settings for
the shadings. Click CLOSE when
finished making your changes.

| —— Explore the |

Toanaar | Filling menu
Hatch

Angle Spacing
u; N
0° 45°  00° 135 180° 5 15 25 35 45
/. Delete ” Apply Defaults ]

10.Place a point somewhere in an open space in the graphics view,
NOT in one of the shaded regions. By default, this should be
labeled A. Access the object properties, and change the Labeling
property to Value.

A e A _(

“ o[ =4[[L.T 4 Drag or select obje
11.In the Input Line, enter 21 = -2 x(A) + 5 y (7). e | = L )
. . . e (&) |Spreadsheet
Drag point A around the feasible region, confirming
that the maximum value occurs at (100, 170). A
1 550
2
3
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Linear Programming (An Alternative Solution)

Some folks will not care for graphing the inequalities, and will rather the students construct the
feasible region. Here is another way to solve this problem.

1. Use the same settings as before. Graph each of the following equations one at a time.

x = 100, y = 80 , x = 200, y = 170, x + y = 200

2. Use the Intersection Point ]
H L] . _lA lB
Tool to construct the vertices . | |B% e O
of the feasible region. = T
g bré A New Point Gi
ree| = s
b a [.*‘ Point on Object N
1] 3 Intersect Two Objects 1?
i - £
) el _0' Midpoint or Center x
. £ D ]
epe ‘/ Attach / Detach Point 1 T
12
3. Use the Polygon Tool to construct the feasible region. A B
You can also use the command —e *
POLYGON[ A, B, C, D, E ]
E
D C
L 4
4. Use the Point on Object Tool to place a point inside the , Edit View Perspectives Options To
feasible region. By default, this point will be labeled F. You == A ‘ . ‘ © [y
. . . . » N W =3 . le
will be able to drag this point, but it can not be removed from J . ol =T | (L2 ;L
the feasible region. re A New Point Gra
rEjp— =
; _ » Bl [«~ Point on Object
5. IntheInputLine, enterA1 = -2 x(F) + 5 y(F). Drag [ 19t
point F around the feasible region, confirming that the ’ ¢l Intersect Two Objects J_ig
maximum value occurs at (100, 170). dd[ e 16¢
5 e o  Midpoint or Center 15¢
Ijap: g Attach / Detach Point EE
R =1(200 17M 12
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Changing Parameters Using Sliders

Creating Sliders

One of the beautiful things about GeoGebra is the ease with
which you can create a slider. Another beautiful thing about
GeoGebra is that any command that takes a number as an

input (for example: Circle[point,

Polygon[point, point,

controlled by a slider.

There are two ways to create a slider:

1.

Begin by activating the Slider
Tool. To use the tool, click

anywhere is an open space in the

graphics view.

In the window that appears, give
your slider a name (no spaces). If
you are using the slider to control

a rotations, select the Angle

button. Determine the interval for

your slider. Under the SLIDER
tab, you can control the size of
the slider.

Another way to create a slider
is by entering the name of the
slider in the Input Line and

pressing Enter. The slider will appear in the Algebra View.
Click on the small empty circle to un-hide the slider. Once
you have created the slider, explore its object properties.

Things to Try...

Create a slider n then enter each of these in the input

line:

A
A
A
A

Circle[(1,2) , n]
Polygon[ (0,0), (1,-1),
TaylorPolynomial [
(n, n”)

number of sides] )can be

sin (x),

\\

ABC

radius] or

< ‘ Move: Drag or select c

e p—

Insert Text
2% Insert Image
.f Pen Tool

azs Relation between Two Objects
A Probability Calculator
=/ Function Inspector

Slider

Name

Interval | Slider| Animation

o Number

Angle

min: -5 max: 5

Increment: 0.1

‘ Apply H Cancel ‘

Y5

l‘

e

‘ @ Input: Feet=12

. “w
D [l CO G
- j o
ol =5
X

Free Objects
Feet=12

%pendent Objects

€7 Object Properties

Objects
=-Number
-~ Feet

Basic| Slider

Interval
Min: -5

Slider

n

] 1 ] Animation
n

’ Speed: 1

24

Fixed "'Random Horizontal

Color| Style | Advanced | Scripting

Max: 12 Increment: 0.1

~ Width: 100

Repeat: < Oscillating
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Parameters of a Linear Equation

You have already created a file that produces a line with a random slope and a random y-
intercept, enhanced the file by adding color, a text box, and a check box, then created a
Dynamic Worksheet for your students to practice. We will now create a file that can be used for
the INSTRUCTION of writing equations of lines.

Begin by opening a new GeoGebra file. Showi the Algebra View and the Graphics View. Show
the Grid and the Axes in the Graphics View.

1. Create sliders m and b.

‘ 5 1 . — 2
2. Inthe Input Line, enter 1ine: vy = m * x + b “ @ Input: lline: y =m x + b

Drag the sliders and observe the changes in the graph of the line.

. . Ml . [
Enhancing the Construction J I P2 @) O,
eb o New Point é

3. Create the intersection point of the line and the y-axis by f‘i‘ A Point on Object

activiating the intersection point tool, then clicking on the line . :
and the y-axis. You can use the command 1] > Intersect Two Objects |

Intersect[line, yAxis]. By default, this will be named ?“l .*" Midpoint or Center

A. " Attarh / Datach Paint

4. Construct a point at the origin. By default, this will be : :
named B. I«r Show Label.} Value -

5. Construct a segment from A to B. Use the segment's
Object Properties to make the segments thicker, more
colorful, and to have only its VALUE show as it label.

T TV VI WY 1 el

6. Use the Slope Tool to show the slope triangle for the line. E

7| = N E R
7. Hide any unwanted points or unnecessary objects. ral[ 4. Angle
8. Add a Text Box that will show the equation of the line. <, Angle with Given Size

_ " Distance or Length

Things to Try... T4 Area
A Some folks do not like the slope triangle. Try to construct " Slope
your own! '
A Export this file to a Dynamic Worksheet.
A Go back to Step#2 and enter 1ine: f(x) = m * x + b. Then open up the

Speadsheet View and create a list of function values.
A Right-click on a slider, and select Animation On.
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Exploring Parameters of a Quadratic
Polynomial Using Sliders

Let's expand on the linear and construct
f(x) = a x*2 +bx+c by using sliders to modify
the parameter values.

Begin by opening a new GeoGebra window, showing

the Algebra View and Graphics View, and showing
the Axes and Grid.

. Create three sliders, a, b, and c.

N =~

the * symbol for multiplication).

3. Create a Text Box that shows the equation of the

parabola.

Drag the sliders and observe what happens. Enhance

your construction as you see fit.

Things to try...

A Construct the vertex of the polynomial so it
moves with the parabola.

A Enter Extremum[ f ] inthe inputline. What

does it do?

A Enter Root[ f ] inthe inputline. What does it

do?
A Enter Tangent[ £ , ( 1 ,
input line. What does it do?

£(1) ) ]

€3 Graphics

R I I -

&

b

a=-05

[

S —

c=1.8 4

R N—

EE:

f(x) = -0.5%2 + 2.4x + 1.8
=24 9]

L

4 -3

o
-
M
w4
s
w

2 -
f 17

in the

. Inthe Input Line, enter f (x) = a x*2 + b x + c (remember to leave spaces or use

7 Text

==

Edit

f(x) =

f

LaT

eX formula - | Symbols ~ | Objects ~

R

»

| a7l
b

Preview

f(x) =

¥+ x+1

m

‘ OK H Cancel ‘

A Enter Derivative[ f 1] inthe inputline, and drag the sliders.

A Enter Integral[ f ] inthe inputline, and
drag the sliders.

A Change the setting on your sliders as shown in
the picture. Enter Factor [f] in the Input Line

and drag the sliders. What do you think?
A Export this as a Dynamic Worksheet.
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=-Funetion
o f

s a

e

Basic Slider | Color| Style Advanced

Interval

Min: —10\ Max: 10 Increment: 1

Slider

Fixed "'Random Horizontal - Width: 100
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Graphing a Polynomial Using Roots

It may be useful to graph a polynomial using it roots. Open a new window. Show the Algebra
View and the Graphics View. Show the coordinate axes.

BANE W e NE 1 el ekl W A R R Bt

1. Use the point tool to place three points on the x-axis. By = o ‘

. e

Ll
v

default, these points will be labeled A, B, and C. |

1
J . . . _ e [oA)

X Intersect Two Objects

Point on Object

2. Intheinputline,enter f (x) = ( x — x(A) ) ( x — x(B) ) ( x — x(C) ).

Input: f(x) = (x - x(A)) (x - x(B)) (x - x(C))

3. You may need to change the scale of the y-axis by
clicking, holding, and dragging the y-axis until you can
see the entire graph.

Things to Try...

* Enhance your construction by adding color, line
thickness, and a text box that displays the function , ,
equation. -2 A 191

* Trythe command Expand[ f (x) ] and display the
result in a text box in the Graphics View.

| 1 1 1
P (3] ] —_
L 1 1

* Create a quartic with four roots.
* Create a quadratic using roots, and construct the line of symmetry.

* Try some of these commands: Extremum[f (x) ] and InflectionPoint [f (x) ]
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Creating a Factoring Practice Applet

Every student in Algebra 1 will need to practice factoring quadratics at some time or another.
The following steps will walk you through how to create your own “Factoring Practice” applet.

Our strategy will be as follows: We will create two random integers, a and b. We will use these
random integers in the product (x + a)(x + b) = x> + (a + b)x + ab

1. Begin by opening a new window. Show the Algebra View and .
the Graphics View. Hide the coordinate axis and the G ra F' h ICS é?}

coordinate grid.

L -

2. Create two random integers by entering the following in the
input line:

a = RandomBetween[-10,10] '

Input: b = RandomBetween[-10,10] |

b = RandomBetween[-10,10]

3. Enterc = a + bandd = a*b. Algebra EER
Free Objects
4. Enter f (x)=(x+a) (x+b) , then hide the graph. = Dependent Objects
..... T a=2
5. Enterg(x) = x"2 + ¢ x + d,then hide the " Ob=-5
graph. Notice the space between c and x. les -3
. ..... o d=-10

o f(x) = (x+2) (x —5)

click to hide

6. Inserta Text Box I: m Move _dh =
by activating the NI </ Drag or select objects Edit

Insert Text Tool. _2:2 Slider Factor:|g I type in this I

| ABC Insert Text [ELaTeX formula ~ | Symbols ~ | Objects ~
-",’ Insert Image B Z ol
A Preview c |
Factor x2- 3 x- 10 d
.

7. Type in Factor: then select Object g. l select object g PE
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(something like “Check Answer”)

and click on the objects in the

Graphics View that you want to
be controlled by the Check Box.

11.Hide the Algebra View. Under the Options Menu —
Font Size select a font size of 20. Arrange the text
boxes and the check box close to each other in the

Factor: »*- Tx-8

(x+1) (x-8)

Clicking

on this

upper left of the Graphics Window, then re-size

your window.

29

. : (€2 Ten ==
8. Create another Text Box, this time, selecting only
object f . Edit
f
9. We will need to insert a Check Box to show and hide
our answer. Activate the Check Box Tool. FlLaTeX formula - | Symbols - | [Objecis 7
it 1 1 ]ja =
b s
Preview [
2 : : [+ 1) (x-8) Ld
% Check Box to Show / Hide Objects
ok | Insert Button Sext‘l i
"'a=3 Insert Textfield
10. Give your check box a caption Check Box to Show / Hide Objects 5

Caption: Check Answer

Select objects in construction or choose from list

-

Text text2

Will place it under the
control of the check box.

€7 GeoGebra N w0

Fil Ec Vie Perspe Opti Toc WincHe

Bl Rk

I Hec~

.

~
L] L

)

Factor: x¥*-7x-8

~ Check Box i
(x+1)(x-8)

4k
k]
i

Input:




12.Uncheck the Check Box so
your answer is hidden.
Export this file to a
Dynamic Worksheet. Type
instructions in the box that
will appear above the
applet.

13.Click on the Advanced

Tab. The only thing you
should check on this page
is the Show Icon to Reset
Construction.

14. Save the resulting html file

somewhere where you can
find it easily. This file is
what you would upload to
your teacher webpage or
wiki.

Things to Try...

* Modify this so the leading

coefficient is not 1.

Modify this so itis a
Factoring a Difference of
Two Squares practice, or a
Factoring a Perfect Square
Trinomial Practice.

An Introduction To GeoGebra

Dynamic Worksheet Export (html) =]

Title: Factoring Practice

Author: Steve Phelps Date: July 16, 2011

General | Advanced

Text above the construction:

Factor the guadratic shown below. Check your-answer. You should repeat this until you get 10-in-a row corre
ct!

Dynamic Worksheet Export (htrl) TR .. T T T T —

Title: Factoring Practice

Author: Steve Phelps Date: July 16, 2011

Advanced

Furltionality User Interface
CIEfgble righy click, zZBoming and g€yboard editing features I Show Menubar [l Enable Save, Print & Undo
| Endble dragging oMabels

how Toolbar Help

¥ Show Icon to Reset Construction Th_ls should be the on\y llow Rescaling
thing checked!

TDouale clicl pens application winaow

[C/ Butbn to o;fl applicRtion wind&

Ul Browseflfor Javadeript script\ Width: 283/ Height: 215

Files
Dlnclude HTMLS File: html -
[Include * jar files

[IRemove Line Breaks

C M O filey//C/Users/mathletics/Desktop/Factoring_Practice.html
N} Math Mattters - You.. T eTech Chio | Moodle ¢ GeoGebra $#% GeoGebraCAS/Docu.. @' Yahoo! O Kloc
Factoring Practice

Factor the quadratic shown below. Check your answer. You should repeat this until you
get 10 in a row correct!

@

Clicking this will
reset the applet
and hide the answer.

Factor: x¥*+ 10x + 9

~ Check Box
(x+1)(x+9)

Steve Phelps. Created with GeoGebra

Modify this so it is Factoring a Difference off Two Cubes practice.
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Creating a Factoring Applet: A Different Way

1. Open a new GeoGebra window. Show the Algebra View and the Graphics View. Hide the
coodinate axes.

2. Create two random integers a and b as before.

3. Create the function f (x)

(x+a) (x+b), and hide the graph as before.

4. Create the function g (x) = simplify[ f(x) ], and hide the graph as before.

5. Continue as before from Step 6.
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The Sequence Command

If the Algebra View is not open, open it by View Menu — Algebra

1. Type each of these commands one at a time in the Input Line, pressing Enter after each.
BE CAREFUL TYPING THISE IN! LOOK OUT FOR COMMAS! Study carefully what is

happening!
Sequence[2n + 1, n, 1, 10] ’-@Input: Sequence[2n+1,n,1,10]
Sequence[ (a, a%), a, 1, 10] "@Input: Sequence[(a,a*2),a,1,10]

Sequence[Sequence[ (i, J),J,1,1i],1i,1,10]

‘ @ Input: Sequence[Sequence[(i,j),j,1,i],i,1 ,10]\

2. Let's create a Limagon. Type each of these commands one at a time in the Input Line,
pressing Enter after each.

A=(2, 0) ‘ @ Input: A =(2,0)

Sequence [Circle[( sin(i), cos (i) ), Al, i, 0, 2m, 0.1]

@ Input: Sequence[Circle[(sin(i),cos(i)),A),i,0,21,0.1]

3. Move A to (1, 0) for a cardioid.

Things to try...

Play around with these sequences by making changes to the numbers.
A Sequence[ Polygon[ (0,0) , ( 1,0) , n]1 , n , ,

Sequence|[ Circle[ (0,0) , r 1 , r, 1 , 5, 0. ]

Sequence TaylorPolynomlal[ sin(x) , pi , n1 , n, 1, 51

[ 3 10 ]
[ 2
[
Sequence|[ Derivative[ x* + x®* + x2 + x+ 1, n] , n, 1, 4]
[
[
[

5

Sequence[x? + ¢, ¢, -5, 5, 0.5]
Sequence[x? + ¢ x, ¢, -5, 5, 0.5]
Sequence[c x? - 1, ¢, -5, 5, 0.5]

- > > >
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Library of Algebraic Functions

Apart from polynomials there are different types of functions available in

GeoGebra (e.g. trigonometric functions, absolute value function, exponential
function). Functions are treated as objects and can be used in combination with

geometric constructions.

To access the list of function, JnRutteld |

click on the list icon in the ‘Jiathematical Functions

lower left corner of the . ommands
Click on
the +

window.

You can click on the individual | . piscrete Math
function you wish to use, you |+ Functions & C3

you can just type it in yourself. ===
To close the function window,
just click on the list icon again.

Excursion into Physics: Superposition of Sine Waves

Input Help
- Mathematical Functions
sqrt(x) cbri(x)
abs(x) sgn(x)
arg(x) conjugi
In(x) lg(x)

Sound waves can be mathematically represented as a combination of sine waves. Every musical
tone is composed of several sine waves of form y(t)=a-sin(co-t+cp)

The amplitude a influences the volume of the tone while the angular frequency w determines the
pitch of the tone. The parameter ¢ is called phase and indicates if the sound wave is shifted in

time.

If two sine waves interfere, superposition occurs. This
means that the sine waves amplify or diminish each
other. We can simulate this phenomenon with
GeoGebra in order to examine special cases that also
occur in nature.

The lower case Greek Letters and other special symbols

B |un | T2

O[S |u=

I | =g | o

o= e

d

Mmla | a|l= | | a

Mmoo | =

n | fi=

.

P

L1

W= (M| |2

o= |8 @

can be found in the Input Line when you begin to type.

: m |- |8 | | =
e
&+
|

To insert a subscript, use an
underscore.

‘ Input: B_1
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Graphing Trig Functions

Open a new widow, show the Algebra View and the Graphics View.

1. Begin by creating three sliders: a 1, » 1, and ¢ 1
2. Enter the sine function: g(x)= a 1 sin(w 1 x + ¢ 1)
3. Create three more sliders: a 1, o 1, and ¢ 1
4. Enter another sine function:
h(x)= a 2 sin(w_2 x + ¢ _2)
5. Create the sum of both functions:

sum(x) = g(x) + h(x)

Next, we want to change the axes so they work better with Trig
Functions. Right-click in on open space, and in the menu that

appears, select Graphics...

In the Graphics Properties, click on the xAxis
Tab, then in the Distance pull-down menu,
select 11/2.

This is a GREAT time to explore this window!

Things to Try...

A
A

values of the sliders.
A

maximal amplitude?

Graphics

L Axes
E Grid

& Zoom v
xAxis : yAxis v
Show All Objects

Standard View  Ctrl+M x

‘[@ Graphics ...

L I

| = Show Numbers

Positive Direction Only

3 Setiings [
g g 4 g g
Defaults = Graphics = Spreadsheet CAS | Advanced
Graphics  ~
Basiq) xAxis Axis | Grid
XAxis
7 Show xAxis

/| Distance: |1

1

34

| == T

Save Settings H Close ‘

Add a text box that displays the two sine graph equations as well as their sum.
Examine the impact of the parameters on the graph of the sine functions by changing the

Seta/=1, w1 =1, and @,= 0. For which values of az, w,, and ¢, does the sum have

For which values of a,, w., and ¢, do the two functions cancel each other?



Solving Equations with CAS

A Computer Algebra System (CAS) can be a powerful way for students to learn how to solve

An Introduction To GeoGebra
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equations.
: : , =], B [
1. Begin by opening a new GeoGebra window. Qo =
Show the CAS View be View Menu — CAS. » s Traollle Woccolll =
This view will open in a new window. Type in = Ll el =2 Ll
your favorite linear equation in one variable, 2x+3=5x-9
and click on the equal button. 1 2x4+3—=5x—0
2 [a]
©F CAS .-
2. Enter the left parentheses in Line 2 (both right
and left parentheses will appear), then click on =1l =l Il
the equation you entered in Line 1. This will |: uu —
insert the equation into Line 2 inside the Hr3=on-8
parentheses. T 2x4+3=5x-9
e 1
10|
3. Perform the operation, clicking on the equal =
button. | S ZX+F3=5%X—Y
|2 ((2x+3=5x-9))F3
. . o CAS
4. Continue step-by-step until you reach a —
solution. —| 15 || [2(a+b] ||| [ 2 =6 ~
= = V] as ||| ez ||| 27 || R=2|] ©
2+3=5x-9
T 2x+3=5x-9
Things to Try... ((@rxr3=5-9))-3
2| 2x=5x-12 _3|
A What are some of the common mistakes (2= 50-12) - &x
students make when solving equation? How 3 3% — 12 - Bx
can CAS help students to see the error of their || = — =
ways? ((3x=-12) ¥ -3
A Explore solving other equations, or some of the || 4 _4 /-3
other tools. R
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8. Geometry Things

Plotting a Graph of Two Variables

Let's construct an equilateral triangle and plot a graph of the area vs. the side length.

1. Begin by opening a new GeoGebra window. Show the Algebra View, the Graphic View,
and the GRAPHICS 2 VIEW. Set the Labeling Options to NEW POINTS ONLY. Show the
Coordinate Axes in Graphics View 1. Hide the Coordinate Axes and Grid in Graphics

View 2.
7 GeoGebra
File Edit View Perspectives Options Toals Window Help
A . . 'L ol ae2lllm@ Move: Drag or select &)
)] [ BN I3 [ [ i :
Algebra =) |Graphids < @& |Graphics 2
Free Objects .
Dependent Objects
|
Look for the PENCIL!
This is the active
Graphics View!
! =
U T
2 1 o 2 3 4
14
-24
-3
Input:

=

EEE

2. Click in the Graphics 2 View. Use the Point Tool to construct two points . By default, they

will be labeled A and B.

3. Activate the Regular Polygon Tool. Click on points A and B.
Enter the number of sides in the window that pops up.

7 Regular Polygon @
Points .
3 @
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. In the Algebra View, the sides of the equilateral triangle as
displayed as a, b, and c. The area of the triangle is
displayed as polyl.

. Click in the Graphics 1 Window. Look for the PENCIL icon to
be displayed in header of the window.

—Glraphil_
T

=

==6d |Graphics 2

. Inthe Input Line,enter? = ( ¢ , polyl ).
. Right-click on point P in the Graphics 1 Window, and select

TRACE ON from the context menu.

. Click on Point A or B in the Graphics 2 Window, ]

Graphics
and use the mouse or the arrow keys to move one

of these points around your screen. (-2,9)

. Click in the Graphics 1 Window. In the Input Line,
enter Area (x) 0.25 sgrt(3)

x? .

€% Algebra

= Free Objects
O A=(-3.08,1.16)
-2 B=(-0.84,1.78)
= Dependent Objects

a=2.
@ b=232
@ ¢ =232
@ poly1 =234

- |
Point P: (c, poly1)

'

Polar Coordinates

‘. Show Object
iUl 2001

+a

& Trace On

[ Copy to Input Bar

?fﬁ

4]

0|

|

Things to Try...

Add a slider n in Graphics View 1. Graph the equation Area (x)

Use the slider to help you match the graph.

Explore Area v. Side Length graphs for other regular polygons.

Show the Spreadsheet View and generate some Area(x) values.

Export this to a Dynamic Worksheet.
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Changing the Steps in a Construction: The Construction Protocol.

Lets construct a rectangle, and then explore how we might be able to change the order of the

steps in the construction using something called The Construction Protocol.

1. Open up a new window, hiding the Algebra View, the
Coordinate Axes, and the Grid. Set Labeling options to All E——
New Objects. You can do this under the Options Menu. Make jBu
sure Point Capturing is set to Automatic. " Line through Two Points

FoEREN!

«" Segment between Two Points

2. Use the Segment tool to construct a segment. By default, the Pl | Gomrmreororefs coef T (2 Frreem [ et fvere)

endpoints will be A and B, and the segment label will be a.

3. Use the Perpendicular Line Tool to construct a perpendicular 3

to the segment AB at point B. You could also use the Ff-,.f Perpendicular Line

command PerpendicularLine[ B , a ].Bydefault, —

this line will be named b.

4. Construct a Perpendicular line to segment AB through point

A. This line will be named c. R

A '.::‘

L -
i

N

|
&

T ‘
\!_/7

5. Place a point on line b. You could use the tool, but try the E | oA New Point

command C=Point [b]. A\ Point on Object

6. Construct a line perpendicular to line b through point C. This

I)\’ Intersect Two Objects I

bl B O T = S

line will be named d.

{7 Construction Protocol - rectangle.ggb I =RRCE X
7. Construct the intersection point of lines ¢ and |~ TName [Definiion | Value Caption
d. You can use the intersection point tool by 1 Point A A= (-2 0)
clicking on the two objects that intersect, or you || 2 PointB B=(1.11, ...
can use the command Intersect[ c, d ]. 3 Segm...Segment [A, a =323
This point will be named D. 4 L!ne b L?ne through b: -3.11x- ...
5 Line ¢ Line through ¢:-3.11x-...
8. Hide lines b, c, gnd d. Construct the sides of 7 Lined Line through o 0.85x - 3..
the rectangle using the segment tool. 8 Point D Intersection D = (-2.56, ...

9 Segm...Segment [B, e=2.13

9. Show the Construction Protocol by View Menu || 10 Segm... Segment [C, f=3.23
— Construction Protocol. You can play through || Segm...Segment [D, g =2.13
your construction step-by-step. Try to click on a
step and drag it to another spot in the list, then
play through the construction again. =N 11/ 11 )

Explore these!
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10.Right-click on one of the column names in the

table. Click on Caption and click on = S o (= |
. . . Construction Protocol
Breakpoint. The Breakpoints will allow you to \ 0
“Group” steps of a construction to be shown || Toolbar Icon i
all at one time. Y Name -
v Definition )y.. 0O
11.As shown below left, | have selected three v \C,:m?and £ "E
breakpoints, therefore, my construction will .
only have three steps. Steps 1-3 will be A -
performed together, as will steps 4-8 and i
steps 9-11. Before this happens, | need to V' Colorful construction protocol B
right-click on one of the column headers, and &
select Show Only Breakpoints (below right). Export as Webpage (html) ...

7 Construction Pmtmol-rectanglgggf - | EliweS) | [y Construction Pmtmol—rectangle.gg_l::- — = | B S
... |[Name | Definition Value | Breakpoint|| || .~ R e Breakpoifit
1 Point A A= (-2, 0) B | Construction Protocol
2 PointB B=(1.11,0.. Toolbar Icon ...

3 Segme... Segment [A, B] a=3.23 v Name I
4 Line b Line through B b: -3.11x-0.... [0 v Definition
5 Linec Line through A ¢:-3.11x-0.... 0 | Command 1
6 |[PointC Pointonb C=(0.552..0O v Value
7 Lined LinethroughC d:0.85x-3.... [ Y. Breakpoint Only three
8 Point D |Intersection D = (-2.58, 2. Caption steps!
9 Segme.. Segment[B,C] e=213 7 Show Only Broakpomts Ps:
10 Segme... Segment [C, D] f=3.23 o V" ColorTul construction protocol
11 Segme... Segment [D, A] g=2.13
Export as Webpage (html) ...
L) L] 11711 o) (o) ) =]3/30m )]
Things to try...

A Try creating a construction of an equilateral triangle and changing the order of the steps.
A Try creating a construction of a square and changing the order of the steps

A Think of how you could use this with students.

39



An Introduction To GeoGebra

Polygons and Pi

Begin by turning off the labeling. Go to Options Menu — Labeling — No New Objects

1. Create point 2= (0, 0) and point B=(1,0).

2. Draw a circle Circle Tool with center A and radius point B or by | _ s
using the command Circle[ A, B ]. You may wantto ® Input: Circle[A, B]
adjust your axis scale by zooming in.

3. Use the Slider Tool to create a slider n with increment 1. Activate the tool, click in an open
space, then modify the slider — - ——
menu as shown.

_ o Number Name
Is Window Help
— — n a h
Interval | Slider | Animation
ABC Insert Text min: |1 max: 50 Increment: 1|
2% Insert Image
4 Pen Tool ‘ Apply H Cancel ‘

4. Rotate B about A by angle 360°/n. You can use the ‘ @ Input: Rotate[B, 360°/n, A]\
Rotate Tool, or you can type in the command
Rotate[B, 360°/n, A] intothe Input Bar.

Remember Alt+o. ‘F Input: Polygon[B,B’,n]

5. Use the Regular Polygon Tool to create a Regular o -
Polygon with with n sides using points B and B', or you Edit
can enter the command Polygon[B,B', n] Area of Polygon = poly1

6. Use the Text Tool by clicking in an open space and LaTex formula - | Symbols - e
typingin ® Area of Polygon = ” then selecting w1 T 1 [ ‘
polyl on the Objects menu. Preview mo Il

Area of Polygon = 3.05 n

7. Change the rounding by Options Menu — Rounding — d

10 decimal places.
— r - L
Things to Try... K e I

A Export this to a Dynamic Worksheet
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Transformation by Matrices

If the Spreadsheet View is not open, open it by View Menu — Spreadsheet View.

Set the labeling properties to label New Points Only.
Object Menu — Labeling — New Points Only.

1. Type the following into the Input Line one at a time:
A=(1,0) B=(0,1) Al=x (A)
A2=y (B) Bl=x (B) B2=y (B)
2. Select cells A1, A2, B1, B2. Right click in one of the cells,
then select Create Matrix.

3. Use the Polygon Tool to draw a Triangle CDE.

4. Type the following into the Input Line one at a time.

C' = matrixl C
D' = matrixl D
E' = matrixl E

Polygon[C', D', E']

Polygon[ (0,0), A, A + B, B]

Be certain to drag points A and B around and observe the changes.

Things to Try...

A GeoGebra will operate on Matrices. Create another matrix and explore which operations

you can perform.
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Paste
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7. Delete Object
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I Create Matrix

O | 0O N O ;W N =
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Transformations Using Images

<

=32 Slider

'%’__‘ Move: Drag or select ¢

cafs}
]!

Inserting an Image in GeoGebra

With GeoGebra, users have had the ability to insert
images into the Graphics View for many years. In 28 Insert Text

order to insert an image, be certain you have an -
image saved on your computer to use. | find students = 5 Insert Image
like to see my picture distorted! Ben Tool

To insert an image, begin by activating the Insert
Image Tool. Click in on open space in the Graphics
View. This will set the lower left corner (corner 1) of your image

? D mlmdimm bnmdssrm o Tharm Milim ks

When you insert an image, the corners are numbered
counterclockwise beginning with the lower left corner.

By attaching the corners to Free = "—; /
Points in the Graphics View, you Image pict

can easily distort the image as i |- Z
shown below. You can do this by Fix Object

going to the position tab in the Rename

Image Object Properties. Right- o |eeki

click on the image to go to the [ object Properties .. |
Object Properties.

-
7 Object propertie: I el ]

) - - 3
Objects @m dvanced| Scripting L
-Image 5]
~ opicl || Comer 1: A v
=-Point 11
, A Corner 2: B M .
°B Corner 4: C - 0 1
L C 1]

7 Delete H Apply Defaults
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Resizing, Reflecting, and Distorting a Picture

In this activity you will to learn how to resize an inserted picture to a certain size and how to
apply transformations to the picture in GeoGebra.

1.

N

-

Begin by finding a picture online and saving it somewhere
where you can easily find it.

2. Open a new GeoGebra window and hide the Algebra View. |
3.
4. Place a point A somewhere in the Graphics View. Set this as

Insert the picture using the Insert Picture Tool.

CORNER 1 of your image.

n

Basic | Style| Position| Advanced

Corner 1: A -
Corner 2: -

Corner 4: M

In the Input Line, type inB = A + (3, 0). Thiswill
create point B 3 units to the right of point A. Set point B
Corner 2. |

Basic | Style| Position | Advanced |

Corner 1: A -
Comer 2: B -

Corner 4: M

TUUIS VWWINnJauw riciy

Use the Line Tool to construct a line. Z D
Use the Reflect Object about Line tool to reflect the image " Reflect Object about Line

across the line (Click on the image, then the line).

(TS

HK‘ Line through

_

. Reflect Object about Point
" Reflect Obiect about Circle

7 Object Properties e
Access the Object Properties of the reflected image, O‘fﬁ:‘;‘gse Basic Style|Advanced | Scripting
and change the Opacity of the image to something || - > pict || Filling: Standard -
less than 100. Explore the Filling pull-down menu EL‘}';eP"“ Opacity
while you are here! L loa U
-Point 0 25 50 75 100
..... s A
B 7 Draw with interpolation
2 C
..... D
7 Delete H Apply Defaults | Close |

Things to Try...

A
A
A

> > >

Move point A with the mouse. How does this affect the picture?

Move the picture with the mouse and observe how this affects its image.
Move the line of reflection by dragging the two points with the mouse. How does this

affect the image?

How can you use this construction to demonstrate something NOT being symmetric?
Add pointCc = A + (0, 4).What does this do to the construction.
Go back to the Transformations by Matrices and add images to the construction.

Insert an image and try to graph equations that match the image.
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Translating Images
1. Open a new file, hiding the Algebra View.
2. Insert another picture into the Graphics View.

3. Place points A, B, and C, and set these points as corners of
the image.

4. Show the algebra window, input field, coordinate axes, and
grid (View menu).

5. Set the point capturing to Fixed to Grid.

6. Plotpointso = (0, 0)andP = (3, -2).
Remember to use CAPITAL LETTERS to name =

. | e e = [
W, W, W W

S
4

A
""'_F.u.--'_7

the points. JB

O

- |
i N
i i

I.:j)? 4“7 K‘( :'.:57

3

M8
|

7. Use the Vector between Two Points Tool to

I .~ Line through Two Points

construct a vector from point O to point P. You " Segment between Two Points

can also enteru = Vector [0, P] inthe
Input line using a lower case u to name the
vector.

. Segment with Given Length from Point

«~ Ray through Two Points

«~ Vector between Two Points I

~+ Vector from Point

e T WA

A

8. Use the Translate Object by Vector Tool to . : LT'
translate the image. Click on the Image, then JE‘_’—/

\E/ Move

the vector. Y Reflect Object about Line
9. Reduce the filling of the translated image by < e
accessing the Object Properties of the .\*_ Reflect Object about Circle

translated image.

;+ Rotate Object around Point by Angle

I/ Translate Object by Vector I

'+ Dilate Object from Point by Factor

Things to Try...

A Drag the vector!
A Explore the other Transformation Tools.
A Try the Dilation tool. Construct a Slider first!
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Rotating Images Using a Slider C
-1 51 2,5.36)

1. Begin by opening a new GeoGebra window, hiding D
the Algebra View, setting the Labeling Options to New
Points Only. Show the Axes and the Grid. 41 B/ G

2. Use the Polygon Tool to draw an object. | like to use 3 "\ \\‘-l‘f\.H
the letter F because it is easier for students to see the N\ |
orientation. Use the Point tool to place a point \ q;’
anywhere. 27 K\

l\“nUOW HAEIp .

3. Use the Slider Tool to insert a _ |E| @3 4| Ne 11 \‘A J
slider by clicking in an open I | i
space in the Graphics View. 0 . . .

ABC| Insert Text 0 1 3 4
Slider ]

4. In the Slider window that opens, select the Number  Name
Angle Button, give your slider a name [Fange ] |ange
(something better than the default a), and Meger  mRandom
change the increment to 45°.

Interval ‘ Slider| Animation‘
Min: 0° Max: | 360° Increment: § 45°
Apply || Cancel

5. Activate the Rotate Object tool. You will click ‘ —
on the Object you want to rotate (the F), then 1 22| M2 < | slider: Click on the Grz
the center of rotation (point K), and then you \ Reflect Obiect about Li
will be prompted to enter an angle. Just type * efiect Lbject about Line
the name of your slider and select .*  Reflect Object about Point
Counterclockwise. .\"_ Reflect Object about Circle

r .- Rotate Object around Point by Angle I
-~ Translate Obiect bv Vector '
[Rotate Object around Point by Angle Li_:h.l
Things to Try... ]
'ng Y AL Type in the
Angle G——| o ci [a]

A Export this to a Dynamic Worksheet.

A Change the slider to rotate in 90° increments.
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Dilating Images using a Slider

1. Begin by inserting an image, and attaching the image
to three points.

2. Construct a slider. Name it ScaleFactor.

Slider . - et |

Name

@ Number
© Angle ScaleFactor [e]

O Integer E Random

Interval Sliderl Animation

Min: |-5 Max: |5 Increment: 0.1

3. Place another point somewhere close to

the image, but not on the image. By o’ '

default, this point will be labeled D. After | ¢ fename F

you put the Point Tool away, rename it .|| New name for Point D

by clicking on the point and typing the W center = B

name Center.

1 l OK ” Cancel l

h
[ L]
:

LILLE L L=V

4. Activate the Dilate Object from Point by Factor tool.
To use it, Click on the Image, then Click on the point Q\ﬂ

Move
‘%.v Drag or select objec

CENTER, then in the window that pops up, type in the Reflect Oijembom Line

name of the slider.
¢ Reflect Object about Point

Dilate Object from Paint by Factor l b lﬁ l‘\t Reflect ObjECT about Circle
Number . .
/>« Rotate Object around Point by Angle
ScaIeFactod

« — Translate Object by Vector

]
=

I .+ Dilate Object from Point by Factor

enter
L ]

Things to Try...

* Reduce the Filling of the dilated image.
* Combine two translations and explore when they are equivalent.
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9. Exploring Conditional Hide and Show

This is something that can be anywhere. We will walk through a couple of examples that will
show you how to make objects appear and disappear based on some other object.

1. Begin with a new GeoGebra window. Show the
Algebra View and the Graphics View. Leave the
coordinate axes visible.

2. Place Point A somewhere in the First Quadrant.
Change the properties of Point A so that it is BIG and Caption
Colorful! Also, have the coordinates of the point show,
too.

3. Place a text box in each quadrant by entering in

the Input Line Input: Q1=Text["Quadrant I"]

Q1 = Text[ “Quadrant I” ] .You will

gﬁzgr’:n?rag this text box up into the first (3.74,352)
' Quadrant Il 3] Quadrant |
4. Repeat this for the remaining Quadrants. You 2]
should have something that looks like the A
figure at right. 1 O
We want to have each text box appear only when 0
Point A is located in that quadrant. In GeoGebra 3 -2 -1 o 1 2 3
terms, we want the Text Box named Q1 to appear
when x (&) > 0 and y(a) > 0. -1
5. Access the Object Properties of text box Q1. Quadrant Il 27 Quadrant [V
Under the Advanced Tab, enter
x(A) > 0 && y(A) > 0 inthe Conditions -3
to Show Obiject line. The s & mean Logical
AND in GeoGebra. el B . 2 O
Objef:ts Basic | Text | Color | Position| Advanced | Scripting
6. Repeat this for each of the other text boxes, P°'"; Condition to Show Object
entering the appropriate conditions for each. = Text X(A) > 0 88 y(A) > 0 =
» : g; Dynamic Colors
Things to Try... ooy Rk

Green:

A Export this to a Dynamic Worksheet.
A Add two more text boxes that will display when Point A is on the x-axis or y-axis.
A Instead of text boxed, make images that will hide and show based

on the position of point A.
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Self-Checking Reflected Point

These steps will walk you through the construction of a file that kids could use to practice
identifying the reflection of a point in a line.

1. Begin by Opening a new GeoGebra file. Hide the Algebra View. Set point capturing to
Fixed on Grid. Set labeling options to New Points Only by Options Menu — Labeling —
New Points Only.

2. Inthe Input Line, enter A = (RandomBetween[-5,5], RandomBetween[-5,5]).

3. Plot point B anywhere you like.

4. Construct point Cby ¢ = (RandomBetween[-2,2], RandomBetween[-2,2])

5. Construct pointDbyD = Cc + (1,0).

6. Construct point E by E Rotate[D, RandomBetween[0, 3] 45°, C]
(Alt+o for the degree symbol)

7. Construct a line using the command Line[ C , E ].
8. Reflect Point A over this line. By default, it will be named A'.

9. Hide points A', C, D, and E. Press CTRL+R a couple of times so you can see how things
change.

10.In the Input Line, type the command
Text[ “ Good Work! ™ ] ,then drag the resulting text off to the side of the window.

11.1In the Input Line, type the command
Text[ “ Keep Trying! ™ ] ,then dragthe
resulting text off to the side of the window. Caption: Check Answer

Check Box to Show / Hide Objects XD

Select objects in construction or choose from list

12.Insert a Check Box. In the window that pops up,
just give your Check Box a caption (Check

Answer). X
ikl — do NOTHING here!
ﬂ \i/ MOVE l_l ;

I ° Check Box to Show / Hide Objects

-

| o< Insert Button ‘ Apply H Cancel ‘
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13. Access the Object properties of the Text Box
that says Good Work!. Go to the Advanced

Tab.

In the Conditions to Show Obiject line,
typeinA'= =B & a .

Typing = = is how you test for two things to be equal.

Typing in && is the logical AND.

By typing this, we are telling the text box to appear
only when point B is dragged to point A', and when
the Check Box is checked. DO NOT CLOSE THE

7 Object Properties

[ <)

bjects

“oa

BDO ean Ua

WINDOW YET!

14.Click on text2 on the left side of the Object

Line
“ah

Basic | Text| Color| Positiofy Advanced |Beripting
Condition to Show Objec
A'==B&& a

Dynamic Colors

Check Bo

Red:

0 0 €
moom

Text

Loy

-0 text1
-0 text2
Vector

Green:

Blue:

RGB -~

Layer: 0 ~

Tooltip: |Automatic -~

| 7 Delete H Apply Defaults |

== checks for when
two things are equal.

&& is logical AND.

EX

‘ Close ‘

Properties window, and enter A' ' =B && a for the Condition to Show Object. Can you

guess what !'= means?

Things to Try...

A Change the random coordinates or the points, or change how the line behaves.

A Instead of showing a text box, show a smiley face or a frowny face image.

A Make a file the will allow students to practice random rotations of 90°, 180°, and 270°.

This command might be helpful E
Then you just want to drag A to E.

Rotate[D, RandomBetween[l, 3] 90°, C].

A Make a text box that shows the equation of a random line. Have a line that you drag to
match the equation. Have a smiley face image appear when you are correct!
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Conditional Coloring

You are going to construct a circle and one point that is not the center or radius point of the
circle.. Depending where the point is located with respect to the lines will determine the color of
the point.

1. Begin by opening a new window. Show the Algebra ~ ZPions 10015 WINAOW Rep _

View and the Graphics View. Hide the coordinate
axes. Set the Labeling Options to New Points Only.

2. Use the Circle Tool to construct a circle. By default,
the center will be labeled A and the radius point will =
be labeled B. ': Compass

B ﬁ Circle throuah Three Points

3. Use the point tool to construct === =~ - ==r-=-r-= —r--r-
a point the is not on the circle. J '

This circle will be labeled C. L

A [~ Point on Object B
gl
~ D Intersect Two Obiects

4. Access the Object Properties of [ object properties =S
point C. Click on the Advanced Objects
Tab. In the Dynamic Colors, type - Circle
in AC > AB in the Red Line, and
AC < AB in the Green line. The
point will be blue elsewhere. By
entering these inequalities, the
point will be RED outside the :
circle and GREEN when inside @

r i |
| Basicl Colorl Stylel Abgebl” Advanced | §cripting
Condition to Show Object

Dynamic Colors

Red: AC = AB
NGreen: AC <AB

. Blue: |1
the circle.
RGB ~ X
Things to Try...
Layer:| 0 -

Tooltip: | Automatic -

* Explore the RGB Pull Down
Menu in this window.

| 7 Delete || Apply Defaults Close

* Repeat this for a line, or a
parabola, or a square.
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10. Creating Custom Tools

This is probably most useful in Geometry, especially when you have Lpectwes opuons Tools Wil
to repeat a number of constructions over and over. Creating
customs tools is easy to do. Let's make a Custom Tool that will
construct the centroid of a triangle (ignoring the fact that there IS a
centroid command already!).

> Regular Polygon

1. Begin with a new GeoGebra window. Hide the Algebra View
and the coordinate axes. Set the Labeling Options to New
Points Only. *Z PolyLine

% Rigid Polygon

2. Use the Polygon Tool to construct a triangle.

To construct the Centroid, we need to construct two medians. To F EQ VIEW PETSpPECTVES UpTions

.

i
v v

I
L
i

of the triangle, then construct a segment from this midpoint to the ﬂg

A .
opposite vertex. o New Point

A\ Point on Object

3. Use the Midpoint Tool to construct the midpoints of any two X Intersect Two Objects
sides by activating the tool and clicking on the side. You
could also use either of the commands Midpoint[ &, B I Midpoint or Center

4 Attanh [ Matanh DAaint

or Midpoint[ a ]

VIEW PEFSPECIIVBS UplIOI"IS lools Windg

4. Use the Segment Tool to construct segments B‘/ ‘H
connecting these midpoints to their opposite vertices.

—

I .~ Line through Two Points

<" Segment between Two Points

< Segment with Given Length from F

A~ Rauv thrauah Tin Painte
.

A

L] T L
J i

] 20|
2| . /7

5. Use the Intersection Point Tool to construct the Intersection J E
of these two medians by placing your selection arrow over ﬂg A _
the intersection point. Both medians should now be selected. o" New Point
Click on the intersection point. A\ Point on Object

FX Intersect Two Objects I

[]
-

I
i
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Now that our construction is complete, we want to make a
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tool that will construct the centroid — point F — for us.

6.

7.

Under the Tool Menu, select Create New Tool

ns [Tools| Window Help

Customize Toolbar ...

floy

In the window that pops up, you can select your
Output Obijects (for us, point F) from the pull
down menu, or you can click on the Output
Objects in the Graphics View.

Click on the Input Objects Tab. The Input
Objects are selected automatically for you.

Click on the Name & Icon Tab. You need to
give your tool a recognizable name. You should
also provide some Tool Help Hints that will help
others use the tool. You do not need to fill in
the Command Name; that is done for you.

Things to Try...

A Create a custom tool for the other three

classical triangle centers.
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Output Object Input Objects ‘Wame & Icon

Create New Tool

Output Objects | Input Objects | Name & Icon‘

Select objects in construction or choose from list

Point F: Intersection point of d, e

< Back l Next = I l Cancel I

Create New Tool =

Select objects in construction or choose from list

=

Point A
Point B
Point C

B B

[ < Back H Next > ] l Cancel ]

Create New Tool ﬁ
|Output Objects| Input Objects‘ Name & Icon
Tool name}} Centroid Tool

Command name CentroidTool

Tool help ISeIect the Three Vertices I

K Show in Toolbar

Check!

< Back Finish Cancel
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Pre-Calculus and Calculus Things

Parametric Equations

1.

Open a new GeoGebra Window. Show the Algebra View, the Graphics View, and the
coordinate axes.

2. Parametric equations are graphed using the Curve[ ] Command. The Curve[ ]
Command works as follows:
Curvel[ x(t) , y(t) , t , t start , t end ]
You do not need to use t as the variable.
3. Type the following into the Input Line, then press Enter. Notice what happens in each:
Curvel[a+3,a-1,a,-3,4]
Curvel[s,s?,s,-1,2]
Curve[cos (2t),sin(3t),t,-2m, 2] ‘ @ Input: Curve[cos(2t),sin(3t),t,-21m,21]
Things to Try...

A Create a slider named k and graph Curve[cos (k t),sin(3t),t,-2m,2mn]. Notice

the space between k and t.

A Create a slider named n and graph Curve [cos (2t) ,sin(3t),t,-2m,n].

A (Continuation) Graph the point (cos (2n),sin(3n))

A Your curve should be named a(t). Generate some function values using the Input Line or

the Spreadsheet View.
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Piecewise Functions

1.

Open a new GeoGebra Window. Show the Algebra View, the Graphics View, and the
coordinate axes.

2. Piecewise functions are graphed using the 1£[ ] Command. The 1f[ ] Command for

graphing functions works as follows:
if[ condition , f(x) , g(x) ]

In other words, IF the condition is met, then f (x) will be graphed. IF the condition is NOT
met, then g (x) will be graphed.

3. Type the following into the Input Line, then press Enter.

If[x<2,x+1,x?] @ Input: H[x<2,x+1,x*]

When x<2, x+1 will be graphed. When x>2, x2 will
be graphed.
In general, the commandis If[ Condition , Then , Else ]

4. You canuse nested 1£[ ] Commands in place of the Then or the E1se statements.
Graph the following:
h(x) = if[ x < -1 , x+1 , if[ x < 2 , %%, sqgrt(x) ] ]

5. Graph the following points to test function h(x).
(=2,h(-2)) (=1,h(=-1)) (1,h (1)) (2,h(2)) (3,h(3))

6. Enter f (x) = sqgrt(x) and g(x) = abs (x), then hide their graphs. Enter
M=Point [xAxis].Enterm(x) = if[ x < x(M), g(x) , f(x) 1. DragM along
the axis.

Things to Try...

A Create a slider named n. As your condition, use n<0. Use two different functions for the
Then and E1se statements. Drag your slider.

A Open the Spreadsheet View, and create a list of function values.

A Create a slider named n. As your condition, use n<3. Use Circle[ (0,0), 1] for the

Then statement, and use Polygon[ (0,0), (1,0),n] for the E1se statement. Drag
your slider.
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Restricting the Domain

You can limit the graph of a function to a particular domain by using the Function[] command.
1. Begin by opening a new GeoGebra Window. Place point A and point B on the x-Axis.
2. Graph the function f (x) = x? - 4. Hide the graph.
3. Enter the command Function[ f(x) , x(A) , x(B) 1.

4. Drag points A and B along the axis.

Putting it all Together

1. Begin by opening a new GeoGebra Window. Show the Algebra View, the Graphics View,
and the Coordinate Axes. Hide the coordinate grid.

2. Use the Point Tool to place three points on the x-axis.
By default, they will be labeled A, B, and C. Arrange
them in alphabetical order from left to right.

o
o
o

3. Enter the functions £ (x) = x* - 4 and
g(x) = 2x - 1.Hide the graphs by clicking on the -
small circles in the Algebra View. -

4. Enter the piecewise function h (x) = if[ x<x(B) , f(x) , g(x) ].Hidethe
graph.

5. Enter the function § (x) = Function[ h(x) , x(&) , x(C) ].

6. Drag points A, B, and C around.
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Working With Vectors

Let's explore some of the ways vectors can be constructed and used in

GeoGebra.

1.

Begin by opening a new window. Show the Algebra View, the

An Introduction To GeoGebra

the Labeling Options to ALL NEW OBJECTS.

Graphics View, the coordinate axes, and the coordinate grid. Set E“

default, they will be labeled A, B, and C.

Activate the Vector

Between Two
Points Tool. Click

on Point A, then on

Point B. The
vectors are
displayed as
column vectors in
the Algebra View.
By default, this
vector will be
labeled u.

Algebra 2@ |Graphics#

[ = Free Objects T 3
..... s A=(1,3) . B
@ B=(2,6) 1
@ C=(4,2)

= Dependent Objects 5]

. ,.,:(;) . u

column vectors
A
)

Graphics &

A EEEE D

L
—.

. Use the Point Tool or the Input Line to create three points. By

W1 TIDPCLUVGD WPUUID  TUUID VY

/ Line through Two Points
Jjec] —
fent| . Segment between Two Points

" Segment with Given Length from Point

/ Ray through Two Points

I " Vector between Two Points

|~ Vector from Point
I

Construct the vector from point A to point C by using the command vector[ A, C].By
default, this vector will be named v.

In the Input Line, enteru + v

. The sum of these

two vectors, labeled w , is placed with its tail at the

origin by default.

If you would like the vector sum to have its tail at
point A, activate the Vector from Point Tool, click on
vector w, then click on point A.

Keep this tool activated, and complete the
parallelogram by clicking on vector u, then point C,
and clicking on vector v, then point B.

N R P’z
El = elo,

/ Line through Two Points
ec

13 " Segment between Two Paints
L8
3,4 o

Segment with Given Length from Point

nt
( e Ray through Two Points

~ | Vector between Two Points

% Vector from Point

Be certain to drag your vector around to observe how they respond.
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More Working With Vectors

1. Open a new GeoGebra Window, setting up your workspace like before. In the input line,
typeina = (3,-1) andb = (3,4).We are using lower-
case letters for our labels. When you do this you are creating .
vectors. R )

---------------------------

2. Inthe Input Line, enter Sequence[n a + b, n, -5, 5].

3. This created a list of vectors displayed in the Algebra View. 2 J
Hide these vectors by clicking on the small circle. : I

= Dependent Objects

EPist1 = {(—12,9).(-9.8).(—6.7).(—3.6),

-1

4. Inthe Input Line, enter Line[ (3, 1), b] .Whatis happening here? Look at the
equation of the line. How are the parameters of the line related to vector b?

Things to Try...

* Create a Dynamic Worksheet illustrating the parallelogram method for adding two vectors.

* Create a Dynamic Worksheet illustrating how the diagonals of a parallelogram can be
expressed as the sum and the difference of two vectors.

* Graph the function f (x) = (x-1) (x-2) (x+1) . Place a point on the graph of the

function. Provided the point is named A, type in the command
CurvatureVector[A, f]

57



An Introduction To GeoGebra

Complex Numbers

1.

5. Notice that all the points are now expressed

Begin by opening a new GeoGebra window. Show the

Algebra View, the Graphics View, and the coordinate axes.

Use the Zoom In Tool to zoom in on the origin until the y-axis

displays from ab out -3 to 3.

Place three points in the first quadrant somewhat close to the 11

origin.

Access the Object Properties by
Edit Menu — Object Properties.
Click on the POINT label in the
window on the left. Click on the
Algebra Tab. Select Complex
Number from the pull down
menu.

as complex numbers.

Move
Drag or select objects (E

[

++  Move Graphics View

2, Zoom Out

% Object Properties

Click on the
word POINT
to select all

the points.

Basil o] s Aoetrs e

Coordinates: ;Canesian Coordinates v;

Click on
Algebra

Increment: |0lp ), :

Tab

Cartesian Coordinates
garainge

Complex Number

Complex
Number

Algebra = |Graphics &
- ﬁ c -
2 A=033+082i
+B=0.72+0.58i 1 A
» C=0.63+0.23i * B
L]
C
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6. In the Input Line, enter the following one at a time. Be certain move points around to
observe the drag behavior of the results. Notice that your results area named with a z.

A+ B B - C A B B/ C cC/ B A B C

7. Enter A*A in the input line. Drag point A to the point (0,1). What does that tell you about
the value of i2 ?

8. Delete Points B and C. Use the Line Tool to construct a line. Points B and C will be
created again as a part of the line construction, but will not be expressed as complex
numbers. The Line, by default, is named
a.

rf} Object Properties e — [i_:hJ‘
i . . Objects Basic | Color | Style | Algebra | Advanced | Scriptin
9. Access the Object Properties of Point A. | - Comslextr e [ : -
Click on the Basic Tab. In the Definition < Line IDeﬁm}m- - ]
Line, delete anything that is there, and pma —
. . . H B
typ(=T in Point[a]. This places point A lec 1 Show et 5
on line a.
7 SelectonAloved | hyolete what is in the
10. Drag point A around, making certain it #ShowLabel [Nam} Definition line, and type
is ON the line you constructed. Drag Show Trace in Point(a]
Point A close to the x-axis. SCTTEEL O
11.1n the Input Line, enter A*a (or you can leave a space e
between the two). The point that is created should be named JH L

z . This is the default for working with complex numbers.
_ Perpendicular Line

12. Activate the Locus Tool. Click on z, then click on Point A. 1.1 *— Parallel Line

' i i -0.€ -
Then, drag point A along the line. Notice how z moves. ec 2" Perpendicular Bisector
. . 0.4 ,
What shape is the path of point z? a7 <. Angle Bisector
).5¢
Tangents

(&) Polar or Diameter Line

Things to Try... _ B
¥ BestFitLine
* Instead of placing Point A on a line, construct a circle and ] Locis
place point A on a circle in the same manner.

* Instead of using A*A, create another complex number D and
create a locus of A*D.

* Instead of using A*A, create another complex number D and create a locus of A / D.

* Instead of using A*A, create another complex number D and create a locus of D / A.
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Quadratic Julia Set

A Quadratic Julia Set is an iterative complex mapping  |Graphics?

Zn+1
some initial complex number z,. Let's create this
mapping in GeoGebra.

1. Begin by opening a new GeoGeba window.
Show the Algebra View, the Graphics View and
the Spreadsheet View. Set the Labeling

®
0|
x|

=z2+c for some fixed complex number ¢ and e = A

Options to NO NEW OBJECTS. |-

2. In the input line, enter the command
Circle[ (0,0) , 1 ]. Zoominon the
origin so this circle fill the Graphics View.
Access the Object Properties of the circle and
make the circle dotted.

3. Use the point tool to place points A and B inside this circle. Access their object properties

so they are represented as complex numbers. Under the
Basic Tab, change the name of Ato z 1, and change the
name of B to c.

4. Right-click on each point and select Show Label.

5. Inthe Input Line, type in A1 = z 1 . Unfortunately, A1 is
now plotted on top of z; . In the Algebra View, hide A1 by
clicking on the circle.

6. Inthe Input Line, enter22 = A1"~2 + ¢ . Drag points z,

and ¢ and observe the drag behavior of the point that was
just plotted, which is in cell A2.

7. Click on cell A2, click on the small blue box, hold, and drag
down to row 100.
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Complex Number z,

. how Ubiect

~+  Show Label

|
|
|

Algebra

= Free Objects
»c=058+0.22
2z, =036 +0.47i

= Dependent Objects
E2JA1=0.36 +0.47i

o ixi4y?l=1

Spreadsheet
A E

0.36 +0.47i

1

2 [ 049+ D.5_7é
3
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8. Click on the Row A heade_r. Right-click on the header, |spreadsheet =
and select Object Properties. B C C
2 T 049+05 A1:A103
9. Under the STYLE TAB, change the size to either 2 or 3 | 049407 oo
1. 4 | 022+09([] Paste
5 | -035+06!s Cut
10.Under the COLOR TAB, change the color to 6 | 028027 DeleteObject
something bright, but not too bright. 7 06+00 |nsert
8 0.92 + 0.3 Create
g 131+08 ~ Iraceto Spreadsheet ..
Import Data File ..
10 | 159+24.
11| 283+79 Spreadsheet Options...
12 | 548944 Object Properties... |

11.Access the Object Properties of points z, and ¢ G ctise opy

Under the ALGEBRA TAB, change the hen | oascl ot snf o Jovacea] scpur

INCREMENT to 0.01. ﬁg; Coordinates: | Gomplex Number -
ﬁg? [ncrementi 0.01 I
> ABSB
12.Click on points z; or ¢ and use the Arrow Keys IR
on your keyboard to move the point around.
Observe the various spiral shapes that appear. ' .
T e
E & ,.: @ L
d [} @ ® - {:"- L] -
®a : :- ey .L1
. . 0
-1 o
Things to Try...

* What happens if you change the rule to an:zf,—c ?

* Add more points to the plot by dragging down to row 200.
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Polar Graphing — Plotting Polar Points

There are two parts to polar graphing. The first part — plotting polar points — is easy. The second

part — graphing functions r(8) — is just
slightly more difficult. However, once you
set up the polar graphing file, you will
have it forever!

1. Let's begin by setting up a polar
coordinate grid. Access the
Graphics View Object Properties
by right-clicking in an open space,
or by Options Menu — Settings...

2. Click on the Graphics Tab, then
set you your Grid Tab as shown
in the figure at right. Of course,
you should explore the check
boxes and menus on this tab.

3. Next, you may want to set up your
polar axis by hiding the y-axis . To
do this, click on the yAxis tab and
uncheck the Show yAxis check
box.

4. Likewise, you may only want to
show the positive x-axis. Click on
the xAxis tab and check the
Positive Direction Only check box.

-
¥ Settings

Graphics -

o A
Defaults § Graphics

=)

o

Spreadsheet

4.

CAS

a.

Advanced

Basic | xAxis | yAxig| Grid

Grnid Type

Polar )

[V Distance: r: |1

I ‘l Grid Tab and Show Grid I

Show Grid ?

Set
Radial
Angle

Polar Grid Type

Loercraree J

| Distance Check Box I

[ Save Settings ” Close ]

r
¥ Settings

S

o o

Defaults | Graphics

4.

Spreadsheet

i

CAS

o

Advanced

Graphics v:

YAXIS Frid

Basic | xAxi

yAxXiS

[~ Show yAXis

Show Numbers

_l Un-check this box I

r
©F Settings

q. .

Defaults | Graphics

4.

Spreadsheet

7

CAS

4

Advanced

Graphics -

|s| Grid

Basif| xAxs

XAXIS

Show xAxis

Show Numbers

Distance: 1
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Settings
T Setting

It may be helpful to make the
positive x-axis stand out. Click on a. g a. q. a
the Basic Tab, and select BOLD Defaults Spreadsheet | CAS  Advanced
on the Line Style pull-down
menu.

Graphics

:Graphlcs v:
isl yAxisl Gnd‘

Basic ‘

Dimensions

X Min: 4.3
Y Min: -4.36

XAXIS - yAXIs = |1

X Max: 1042
Y Max: 6.3
1

l Select BOLD l
Axes I

[C] Show Axes Color:@ Line Styld ;—»Bohd ';

Background Color: E Show Mousefl] Bold W ooltips: :On v:

- Bold

[ Save Seftings ” Close ]

To plot points in polar form, you plot points as you usually do, but you use a semi-colon
instead of a comma. Try plotting the following points by typing them into Input Line one at
a time. Remember Alt+o for the degree symbol, and Alt+p for 1.

( 3 ; 45° ) (4 ; m) (5; 1) (5

What is happening?

7. Create a slider n . Try plotting these points, then dragging the slider.

(n; 45° ) (4 ; n) ( cos(n) ; n ) (n,; n)
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Polar Graphing — Graphing Polar Functions

As things stand right now, we need to “trick” GeoGebra into graphing polar functions. However,
tricking GeoGebra into doing this is fun, and will test your understanding of polar functions.

Suppose we wanted to graph the polar function r (6) =1+4cos (56) . We can't (yet) just type it in
and graph it. GeoGebra only recognizes x and y as variable used for graphing functions.

Now, the trick.

1. Begin by setting up your Graphics View coordinate plane in the same way for plotting

polar points.
[T o[ TR
2. Graph the function r (x) =1+4cos (5x) . Hide the | | - I—_
. Algebra [==)(=:
graph of the function. :
= Free Objects
2 r(x) = 1+ 4 cos(5x)
R endent Objects

click here to hide

3. Use the Curve command to graph
Curve[ r(t) cos(t) , r(t) sin(t) , t , 0 , 2pi 1.

Input: Curve[r(t) cos(t), r(t) sin(t), t, 0, 2pi]

Viola! Now...why does this work? That is for you to think about!

Things to Try...

* Enhance your sketch by adding colors.

* Add a slider n and try graphing
Curve[ r(t) cos(t) , r(t) sin(t) , £t , 0, n ]

* If you just did the one before this, plot the point (r (n) cos(n), r(n) sin(n)).
Drag the slider.

* Add a slider k and explore different functions r (x) = cos (k x).

* Explore different functions r (x) .
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Introducing Derivatives — The Slope Function — =

r“.f"‘x, 5‘:. ,r‘a]‘_” .
A . 0 1 -
Let's trace the slope function for a given function as an =l L) Qv = é‘- \
introduction to the derivative. *_ Perpendicular Line
1. Open a new GeoGebra file. Show the Algebra View :2 —*_ Parallel Line
and Coordinate Axes. LIS ) )
> < Perpendicular Bisector
2. Enter the polynomial £ (x) = x*2/2 + 1. Dk '{‘ Angle Bisector
3. Place a point on the graph of the function. You can A~
use the Point Tool, or you can use the command /) Tangents
Point [f]. By default, it will be named A. © Polar or Diameter Line

4. Create a tangent to the function at point A by using the —

Tangent Tool. You can also use the command ) [é‘ \ @2 ‘ Movi
Tangent[ A , f ].By default, it will be named a 2| et (0t v
hit ¢ Angle

5. Use the Slope Tool to find the slope of the tangent
line. You can also use the command Slope[ a ].
The slope should be named b. If you would like to
rename it to m, just click once on the slope triangle, .~ Distance or Length /

and type m. r[n:zﬂ Area

(
| / 1m

< Angle with Given Size

—

6. Assuming you renamed your slope as m, define a new Point
Sass = ( x(A) , m ) .Connect points A and S with a Input: S=(x{A},m]|
segment.
7. Right-click on point S and select Trace On.
ls
Point S: (x(A), m)
Things to Try...

Polar Coordinates
A Change f(x) to something else. Try a trig function!

Show Object
A Change it to show how the area accumulates when J
you change the limits of the integral function. ~ Show Label

# Copy to Input Bar
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Let's explore a cubic polynomial in a couple of different ways.
We will first use the traditional commands, then we will use
the new Function Inspector Tool.

Exploring Polynomials Using the Function

. Create the maximum and minimum of polynomial f:

. Begin by opening a new GeoGebra document. Show

the Algebra View and coordinate axes.

Enter the cubic polynomial
f(x)=0.5x3+2x°+0.2x -1

Create the roots of polynomial . R = Root[ f ].
If there are more than one root, GeoGebra will produce

subscripts for their names if you type in
R = (e.g. Rl, Rz, Rg).

E = Extremum|[ £

Create the inflection point of polynomial f:
I = InflectionPoint[ £ ]

Inspector
1.

. Activate the Function Inspector

Begin by opening a new GeoGebra document. Show the

E,
3_
2_
|

1_
Ry \Rp 3
4 3 2 - y1

N2

N

Algebra View and coordinate axes. Enter the same
polynomial as before.

=&
W,

'%'__‘ Move Grap

a=2
—
v

=2 Slider

ABC Insert Text

LTS

“. % Insert Image
? Pen Tool

a2p Relation between Two
A Probability Calculator
{E/ Function Inspector

¢

Tool. The Function Inspector has
only been fully activated for about
a month. | am curious to hear if
you like it!

_r'{:} Function Inspector &Jﬂ_
Function f
:' s Interval
3 5 + X
] X y(x)
-246 3 9 i
51 .1916
26 2.9916 1
-2.0 2.6179
6 21173
. -1.51 1.5367 A
Explore these things!
2N Vo
-3
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Taylor Series

For a given function f(x), you can use GeoGebra to find a Taylor polynomial approximation of f(x)
at x=c.

1. Begin by opening a new I -“‘v‘/“v B = (O] O_H .é;H N/ (B2 EE ‘%‘ »
GeoGebra window, showing the  [Aigebra B c -
Algebra View and the Graphics Free Objects
View. Drag the Algebra View on Dependent Oblects 4
top of the Graphics View by
clicking on the header of the ¥
Algebra View, holding and | N
dragging to the top and center of
the GeoGebra window. This will
allow you to see the entire Taylor Polynomial expansion. Graphics
. L Axes
After you drag the Algebra View to the top, you may need to = Grid
rescale the Graphics View. Right-click in an open space and
select &, Zoom g
HAXIS T yAXis r
I Standard View  Cirl+M I
[2] Graphics ... 6
Slider (S|

2. Create a slider n. Be certain to check the
INTEGER button. © Number
n

) Angle
M| Check this button I

Interval | Slider | Animation

Name

Min: |1 Max: |30 Increment: 1

3. Graph the function £ (x) = sin(x).

4. Use the Point Tool to place a point on the graph of £ (x) = sin (x). By default, this
point will be labeled A.
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5. Access the Graphics View Properties by [ s ===)
Options Menu — Settings... or by right- 7 g a2 g 2
CliCking in an Open Space in the Defaults} | Graphics | [Epreadsheet | CAS | Advanced

Graphics View, and selecting Graphics...
at the bottom of the context menu. Make
the changes shown at right. This will

.Glaphics v

Make sure these
tabs are selected

XAxis

make your coordinate axes “trig-  Shaw xAxis
friendly " ¥ Show Numbers
=llFesi e s Checkbox checked!

Ticks: | | | | Select this

Cross at: 0.0 [T] Stick to Edge
Save Seftings H Close ]
6. You should now have something that looks like 34
the figure at right. n="1
-
2 -

/ 0 2 wz/
-1 1

| Input: | TaylorPolynomial[ fi{x),x({A),n]

7. Inthe Input Line, type in the command
TaylorPolynomial[ f(x),x(A),n].

8. Slowly drag 2 g(xi — 0.65 — 0.76 (x — 2.44) — 0.65 . & _;'44)2 +o76. 87 2.44)° +o65. 5= 244)" oo (x—2.49)

the slider. ' 3 * >

Things to Try...

* Enhance your sketch by changing colors.

* Open the Spreadsheet View and create a table of values for f(x) and for the Taylor
Polynomial.

* Export your sketch to a Dynamic Worksheet.
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Lower Sums, Upper Sums, and Trapezoidal Sums

You will now create a dynamic worksheet that illustrates how lower, upper, and trapezoidal sums
can be used to approximate the area between a function and the x-axis, which can be used to

introduce the concept of integral to students.

1. Open a new GeoGebra file. Show the Algebra View,and coordinate axes. Set labeling

options to New Points Only.

2. Graph the cubic polynomial
f(x) = -0.5x> + 2x®> - x + 1

3. Use the Point Tool to place points A and B on
the x-axis. You can also use the command A =

Slider |
s Number ~ 1Name
Angle ”‘ &
Integer Random

Interval \ Slider| Animation‘

Point[ xAxis ] .Points Aand B will be the || """ Max[0 | Increment: |1
limits of integration. “Cancel |

4. Create a slider n with interval 1 to 50 and
increment 1.

5. Enter: uppersum = UpperSum[f, x(A), x(B), n]

6. Enter: lowersum = LowerSum[f, x(Z&), x(B), n]

7. Enter. trapezoidalsum = TrapezoidalSum[f, x(A), x(B), n]

8. Enter: integral = Integrallf, x(A), x(B)]

9. Create a Dynamic Text Box for each of the © Tex S
sums constructed in steps 5-8. Edit

e

‘ﬂ Mo

232 Slider

ABC  Insert Text

-4 Insert Image

il
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LaTeX formula - | Symbols ~ | Objects -
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ml DD e
e
il Preview f
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n
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< | Check Box to Show / Hide O

the textbox that goes along with it. You should 5 . . ‘
have four checkboxes when done, each e e I
controlling one sum and one text box. ok |nsert Button

10.Create a checkbox to hide and show each of >
the four sums created in steps 5-8 as well as H.l

£a=3 |nsert Textfield

PN

Check Box to Show / Hide Objects £

When you create your Check Box, just click on Caption: |Upper Sum
the objects you want to be controlled by the
check box. | clicked on uppersum in the Algebra
View, and | clicked on the Text Box in the

Select objects in construction or choose from list

-

. . Number uppersum: UpperSum[f, x(A), x(B), n] ——
Graphics View. | Fext textt X
Click on the objects in the Algebra View
or Graphics View
Apply Cancel
Things to Try...

A Arrange the objects on your screen so similar objects are close together and enhance
your construction by adding color to the various objects. Consider making everything
associated with one particular sum, say, the Upper Sum, all one color.

A Export this to a Dynamic Worksheet.
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Newton's Method

This next construction will demonstrate the power of the Spreadsheet. If the Spreadsheet View is
not open, open it. Close the Algebra view if it is open. Change the Labeling options to No New
Objects.

1. Start by graphing your favorite cubic function, i
then adjust the axes (shift-drag on the axis) if | @ Input: f(x) = (x -2) (x + 1) (x + 3)
need be so you can see the entire function.

2. Place a point on the x-axis by using the Point Tool or by ) ) :
typing Point [xAxis] in the Input Line. Since this is the H @ Input: Pulnt[xAxlsh
first point created, it will be known as A. —

3. Enter each of the following in the Input Line one at a time, pressing Enter after each:
Al = A
Bl = PerpendicularlLine[ Al, xAxis ]

Cl = Intersect][ £ , Bl ]

D1 = Tangent[ Cl, f ] [ e e = e el )
A B c D
A2 = Intersect[ Dl, xAxis ] 1 (134,0)[ x=134 (134, - y=517..
2 | (2.51,0) / |
4. Select cells B1-D1 and copy them down to B2- R \

A B C D)

D2 by clicking and dragging the small blue box.

1 | (1.34,0)| x=1.34 (1.34, -... y=5.T...
2 | (2.51,0)| x=251(251,9... y=23...

5. Select cells A2-D2 and copy them down to cells =~ 7 -~~~

A10-D10 by clicking and dragging the small = - - _
blue box. 1 (1.34,0)| x=1.34| (1.34,-...| y=5.7...

2 | 251,0) x=251[(251,9..] y=23....
2

6. You can enhance your file by changing the o ™ e A g
colors of a column. Click on the column header, A B C D
then go to Edit Menu — Object Properties — 1 | (1.34,0)| x=1.34| (1.34, -... y=5.7...
Color Tab 2 | (251,00 x=251(251,9.. y=23...

3 (21,0) x=21| (21,1.... y=16....
Things to Try... 4 (2,0) x=2| (2,0.07) y=15...
A Change f(x) 5 (2,0) x=2 (2,0) y=15x...

A Export to a Dynamic Worksheet.
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Cobweb Graph 1

This is another example of the power of the Spreadsheet
View, in that each individual cell is an Input Line and a
variable at the same time.

1. Begin by opening a new GeoGebra window,
showing the Graphics Window and the
Spreadsheet View. Set the Labeling Options to

New Points Only. P d
2. Create a slider k.
0y
3. Graph the function f (x) = k*x* (1-x) .Zoom /|0 k=37
in until the parabola fills a good part of the screen _ *
(look at the axis scales in the figure at right). n =65
4. Graphtheliney = x .
5. Place a point on the x-axis. By default, this point will .
be named A. ) |Spreadsheet * |Spreadsheet
A [ A
6. In the Input Line, enter A1 = x(A). 1 0.36 1 0.36
7. In the Input Line, enter A2 = f(A1). 29| 067 2 | 067
L 3 0.65
8. Fill cell A2 down to cell A20 by clicking on cell A2, 4 0.66
grabbing the small blue square in the lower right corner of the cell, and 5 0.65
dragging this down to A20 : Tﬁ
6

9. In the Input Line, enter
Bl = Segment|[ (Al,A2) , (A2,A2) 1.

ret et
c B ©

10.In the Input Line, enter
Cl = Segment|[ (A2,A2) , (A2,A3) ]. 25| 03 0.17] 5| 0.3 0.17

pS (’ 5] 017 0.13
11. Select both cells B1 and C1. Fill them down to cells 72

2] 0.13| 012
B18 and C18 (Why do we not go to B20 and C207?) 9l 012 0.1

Things to Try...

A Add a slider n that will reveal the segments step-by-step.
A Add color to enhance the construction.
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12. Creating Dynamic Worksheets

We have already exported
our GeoGebra Files to
Dynamic Worksheets. This
section will show you what
the things on the
Advanced Tab will do.

We will start with the User
Interface, and the Check
Boxes available there.

Dynamic Worksheet Export (html)

- -——

Title:
Author: Steve Phelps

Advanced

Date: July 7, 2011

Functionality
[CIEnable right click, zooming and keyboard editing features
[CIEnable dragging of labels

[7 Show Icon to Reset Construction

User Interface

7] Show Menubar ¥ Enable Save, Print & Undo
Show Toolbar ¥ Show Toolbar Help

[ Show Inputbar [ Allow Rescaling

v/ Double click opens application window

[“1Button to open application window

[IUse Browser for JavaScript scripts

File Edit View Perspectives Options Tools Window Help

[ Include HTML5 Width: 1082 Height: 512
Files
[IRemove Line Breaks Single File File: html -

Menubar

Ll

| e~

User Interface

Do you want the Menubar, or Toolbar, or Toolbar help,
or Input Bar to show in your applet? If so, you should

check the appropriate box.

(> OlO)
.

EANEE

< | Move: Drag or select objects (Esc)

Toolbar Help

User Interface

Show Menubar ¥ Enable Save, Print & Undo
Show Toolbar [ Show Toolbar Help
[C1Show Inputbar [ Allow Rescaling

RULE 1: Show Toolbar and Show Toolbar Help should be checked together.
RULE 2: Enable Save, Print & Undo should always be checked whenever Double Click Opens
Application Window (FUNCTIONALITY) is checked.

Functionality

User Interface

[C]Enable right click, z S
_ These two go together!
[ Enable dragging of

¥ Show Icon to Reset Construction

¥l Show M Enable Save, Print & Undo

Show Toolbar Help

ow Inputbar T Allow Rescaling

Double click opens application window I

[C] Button to open application window
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Fu nctionality Functionality

[/ Enable right click, zooming and keyboard editing features

The first two check boxes are self-explanatory. | rarely ~— Enable dragging offabels

check the first one (this will allow the user to change  *Show leon to Reset Construction
object properties and the like). | usually check the = Double click opens appication window
second one (sometimes labels get it the way. - Button to open application window

RULE 3: Whenever you create a Random file, you
must check Show Icon To Reset Construction. This will allow the user to create a new problem
made possible by the RandomBetween command.

RULE 4: Checking Double-click Opens Application Window allows the user to double click on the
applet, have it open in a GeoGebra window, and make the file their own. Useful, but be careful
using it with students.

RULE 5: | have never used the last box. Try it, though. You may like it.

RULE 6: If you have properly resized your GeoGebra
window, you will never need to mess with these

numbers. Width: 1082 Height: 512

If you use Moodle, or if you have a class wiki or a 'F.I . html .
blog, the CLIPBOARD: MOODLE will allow you to |[l€: Ntm |
embed applets in your moodle, blog or wiki page.

Clipboard: html
iCIipbnard: MediaWiki

Clipboard: Google Gadget
Clipboard: Moodle

Other than that, | typically use FILE: html.

74



An Introduction To GeoGebra

13. Customizing the Toolbar

Customizing the Tool Bar is something | found useful  tjons Window Help

in Geometry. For example, | may want my students to = ‘
y P y y Customize Toolbar ... Ve

construct a parallel line through a given point, but with .ﬁ
the Parallel Line Tool available, this is not difficult to - X

#. Create New Tool ...
[a]l Manana Tanle

do. aphics

Let's make a custom tool bar so % Coome 1oor= gl P —— —
students can construct the Current Tools I General - | Tools for
Perpendicular Bisector of a segment. Tor General different views

. : Spreadsheet
ngln by opening a new GeoGebra Foobar 4 T
window, and hiding the Algebra View Iz Move
and the Coordinate Axes. Separator
[1." New Point
A New Point

1. Go to Tools Menu — Customize
Toolbar. The window on the left
shows the tools currently

Point on Object

)\’ Intersect Two Object
«* Midpoint or Center

available in the tool bar. What we ~, Attach / Detach Point
want to do is to remove some of R e A R
these tools. _AUp | ¥ Down |
I Restore Default Toolbar I

ile Edit View Perspectives Options Tools Window Help

2. The tools are organized in this E . L-\?f CgpgizToct-d _ S

window the same way they are  gelfe | Polygon
organized in the tool bar. To open Fref Objects Tozls )
up each group_of tools, just click ~ Dergndent Obiegs | Rigd Poiygon t:;wteero«?ac
on the small + icon. ’ _ - gory
PolyLine

I s Regular Polygon

" Line through
- Perpendiculg
Separatg

> Regular Polygon
™ Rigid Polygon
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3. | like to begin by opening up the Move Tool e g ——— ==
Icon by clicking on the small + next to the —
Move Tool Icon, then just removing ALL the s e
. . parator
tools in the category. | do this for each tool. s Move
. eparator
This way, | can select only those tools | want to 2 New Pt )
use. < Insert " Line through Two Paints 1
;/ F’ergendicullar Line
> F’Ulygeopnz-n?: or
L. . @ Circle with Center through
Of course, this is just me. You may discover a © Elipse
better method that suites you! AUp |[ ¥ Down P i
Restore Default Toolbar Apply || Cancel
£ Customize Toolbar léj
4. These are the tools | have included in my General
Perpendicular Bisector Toolbar. Toolbar Tools
Toolbar Separator
2 >( Intersect Two Objects [>» Polygon
=« Line through Two Points ' Regular Polygon
= () Circle with Center througl I Rigid Polygon
< Insert = PolyLine
Remove > | &) Elipse
Hyperbola
Q\ Parabola
Separat
: ! Coni:’l}:r:J;f: Five Points
A Up ¥ Down Sefarator
Restore Default Toolbar Apply || Cancel
%7 GeoGebra —T - - E‘Eléj
5. You will need to use the input bar to plot two File Edit View Perspectives Options Tools Window Help
points and the segment between the two point. || @/ Line through Two Points @
For example, | entered A= (1,0), B=(5,2),and |, = m. .

Segment[ A, B ] because | had no tools to
make these objects.

Things to Try... Input: s -

r

A Create a Custom Tool Bar for another common construction.
A Export to a Dynamic Worksheet.
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14. Useful Links and Information: Your GeoGebra to-do List

1.

Remember to visit the GeoGebra Website: http://www.geogebra.org

Remember to register on the forum: www.geogebra.org/forum/

Remember to visit GeoGebra on Facebook: www.facebook.com/geogebra

Remember to work through the tutorials for beginning to advanced users:
http://math4allages.wordpress.com/geogebra/

. Remember to watch the video tutorials on GeoGebra's YouTube Channel:

http://www.youtube.com/user/GeoGebraChannel

Remember to visit the GeoGebra Wiki:
http://www.geogebra.org/en/wiki/index.php/Main_Page

. Remember to visit GeoGebraTube: http://www.geogebratube.org
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