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Activity 1: Introduction GeoGebra Functions

To download GeoGebra go to www.geogebra.org and the following window will appear.

—— -
&J‘G ttp:/fornw.geogebra,org/cms/ - 8¢ X[ ceosebra x L_[ () Ty =3
x @ -[Q- ' DD EERTZR] 7 Help & How-to ~ €5 Scan for Spyware [[] Facebook v 3] Amazon (% YouTube [Z] 10° Dubln. eland + #, Options ~
3 [EJ Google £2 Workshop 8 - Dropbox 53 Hotmail - anniepatton®h... £ Get more Add-ons ~ @ Daft.ie - Property Price Re. - ~ [ @ v Pagev Safetyr Tooks~ @~ [ S [N

GeaGebra

About Download Help Materials Community

Home Blog Info Roadmap Team ToS

— — News
GeoGebra [T o 2 ) ) B : GeoGebra Chrome App

Dynamic mathematics & science for learning and teaching

Free Materials

= From elementary school to university level

try our GeoGebra Chrome
App!

m

Community

B

Events
Institutes

L FR 8] 3]

= Interactive geometry, algebra, statistics, and calculus software

= Tens of thousands of free materials

b 01 et 2,02 00

I3 You, Audrey Byrne and 15,664 others like this.

Click Free Software and the following window will appear.
m]\{} e A oo et O 2~ 2¢ X & pownlosd x u {0 v o8

x @ v|0.v L PR - O BRI S 2 Help & How-to » () Scan for Spyware [j Facebook ~ (8] Amazon [ YouTube [ 10 Dubln, keland ~ &, Options
. [EJ Google £3 Workshop 8 - Dropbox &4 Hotmail - anniepatton@h... ] Get more Add-ons v @@ Daftie - Property Price Re... B - ~ [ d= v Pagev Safety~ Tools~ @~ | S B

GeaGebra

About  Download Help Materials Community

Download  Portable  License

Install GeoGebra

You are free to copy, distribute and transmit GeoGebra for non-commercial purposes.
Please see the GeoGebra license for details.

!

‘. GeoGebra Chrome App
GeoGebra Web Application

oy
AET Windows

’

. Mac 0S X

Ubuntu, Debian {.deb
A openSUSE, Fedora (.rom
o Other Unix

Click the platform suitable for your computer and follow the indicated steps to download
GeoGebra.

Note: In order to run GeoGebra it is essential that an up to date version of Java is available
on your machine. This package is available at free at http://www.java.com/en/ .

In GeoGebra there are three Views, Algebra, Graphics and Spreadsheet. The bar containing
File, Edit etc. is known as the Menu bar.
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Graphics

Algebra | Spreadsheet

Input Bar

Note: When you click on the Graphics View the following toolbar appears:

nEEEEC

and when you click on the Spreadsheet View the following toolbar appears:

[

Note: If the Spreadsheet View is not visible go to View and click Spreadsheet and if the

)
e/

a=12

W

W

ABC

+]

{12}

b

Graphics View is not visible go to View and choose Graphics.

Note: When drawing a function use f(x) = rather than y =, because when y = is used
some of the commands from the Input Bar do not work for the function.

Activity 2: To draw the function f(x)=x"

1. Open GeoGebra.
In the Input Bar type f(x) = x”2 and press Enter on the keyboard. Pressing the Shift
key and the 6 key simultaneously on the keyboard gets *.

» Algebra o » Graphics
= Function &
(g f(x) = x2
54
a4
3
2
14
4 3 2 1 0 1 2 E 4 5
1
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Activity 3: To change the colour, etc. of a graph of a function

1. Click on the graph of the function, right click and choose Object Properties. A new
dialogue box appears.

€ Preferences
¥

'\ =R *
—ﬁmﬁcﬂ on

s 1

Basic | Culuurl Style | Ngebral Amancedl SCHPIIHQ‘

MName: f
Definition: |x*

Caption

V| Show Object

Show Label: |Name

Show Trace

Fix Object

Auxiliary Object

2. With the Properties tool open choose the Colour tab to change the colour and
choose the Style tab to change the style of the line.

3. With the Basic tab open, click the Show Label button and choose Name and Value
from the drop down menu to enable the name of the graph of the function and its

equation both to be shown. Click at the top of this window.

Activity 4: To draw the graph of the quadratic function f(x) = ax’+bx+c

64

f(x)=2x+3x-1 c=-1

Move sliders to see curve change.

1. Go to File and choose New Window.

=z
2. Select the Slider tool k=il . Click on the Graphics View and create a slider called a
with min: = -5, max: = 5 and Increment: = 1.
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Select the Slider tool E===ii . Click on the Graphics View and create a slider called b
with min: = -5, max: =5 and Increment: = 1.

=2

Select the Slider tool k=i . Click on the Graphics View and create a slider called ¢
with min: =-5, max: =5 and Increment: = 1.

In the Input Bar type f(x)=a x"2+b x+c Note: The spaces can be replaced by an *.
Move the sliders and see how the graph of the function changes.

Explorations:

What is the effect of changing the “a” slider?

What is the effect of changing the “b” slider?

What is the effect of changing the “c” slider?

Open the Algebra View if it is not already open (Go to View and click Algebra) and
watch the value for f(x) change as the sliders change.

In order to see the value of the function in the Graphics View, right click the graph of

the function and select Object Properties. With the Properties tool lm ]clicked and
the Basic tab open click the Show Label button and select Name and Value from the

=)

drop down menu. Click at the top of the dialogue box.

Alternatively to see the equations change in the Graphics View:

ABC

1. Select the Text tool 4l and click on the Graphics View at the position you want

the formula for the graph of the function to appear. A new dialogue box appears.

©F Text 2

Edit

[l LaTexformula | Symbols ~ | Objects -

[=T T T T T T T T T

Previe w

# Help OK Cancel

2. Type the following text “f(x) =" in the Edit section and select f from the drop down

menu under Objects and click OK.

[« Text ==
Edit
Txy=|F
LaTeX formula - | Symbols - | Objects -
[« T T T T T T T T 1
Preview
flaey=1a*+ 3+ 1

# Help Ok Cancel

© Project Maths Development Team 2013 www.projectmaths.ie Page 6 of 37




Tio
Devel

Activity 5: To animate the above graph of the function using the slider a

1. Right click on slider a and choose Animation On.

2. Anewicon = will appear at the bottom left hand corner of the Graphics View. Click
on this icon to stop and start the animation.

Activity 6: To export an animated slide to PowerPoint

1. Make the GeoGebra file using a slider as normal. For example the slider a and the
function f(x) = a x+1.

fir)

2. Save the file, by going to File and Save As.
3. Go to File, Export and Graphics View as an Animated GIF. A new window appears.

Animated GIF Export (]
Slider: 'a= 23

Options

Time belween Frames: |500 ms As Loop?

E | Export || Cancel |

4. Choose the slider you require to be animated by following the drop down menu
beside Slider. To enable the animation to continue infinitely click the As Loop box.
Choose the Time between Frames and click Export.

Note: The exporting of this gif can be slow.

5. Open PowerPoint and insert your picture in the usual way depending on the version
of PowerPoint you have.

6. View the slide show.
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1. Goto File and choose New Window.

a=2

2. Select the Slider tool k=il | Click on the Graphics View and create a slider called a

with min: = -5, max: = 5 and Increment: = 1.

a=z

3. Select the Slider tool
with min: = -5, max: =5 and Increment: = 1.

4 . Click on the Graphics View and create a slider called b

4. Select the Slider tool 5 . Click on the Graphics View and create a slider called ¢

with min: =-5, max: =5 and Increment: = 1.

5. Inthe Input Bar type f(x)=a(x+b)*2+c Press Enter on the keyboard.

6. Move the sliders and see how the graph of the function changes.

Explorations:

What is the effect of changing the “a” slider?

What is the effect of changing the “b” slider?

What is the effect of changing the “c” slider?
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Activity 8: To draw a section of a function

1. Go to File and choose New Window.
2. Inthe Input Bar type Function[x"2, 0,4].

Input: function[x*2,0,4]

3. Press Enter on the keyboard.

a=48
4_
2_
o
2 1 o 1 5 & T =] o 10 11

Go to File and choose New Window.

In the Input Bar type the f(x)=x"2-4 x-3 to create the function f(x) = x*-4x-3.
Hide the function f. (Right click the function f and click Show Function.)

In the Input Bar type start=—1. Press Enter on the keyboard.

P wnNe

In the Input Bar type end=5. Press Enter on the keyboard.
This is defining two numbers. The numbers could be called anything e.g. a and b, but
start and end make more sense later.
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a=2
5. Select the Slider tool \:/ Click on the Graphics View and create a slider called a
with min: =0, max: = 100 and Increment: = 1. Click OK to close the slider dialogue

box.

6. In the Input Bar type functionlf,start,start+(end-start)/100 a]. Press Enter on the
keyboard. Note: The space between 100 and a. This draws a new function which is
the old function divided into 100 parts and can be revealed one part at a time.

function[f,start,start+(end-start)/100 a]

AN

The part of the function to
the right of start is being

divided into 100 pieces.

If your slider a=23 then 23 of the 100 pieces of
the function to the right of start will be shown

7. Adjust the value of the slider a to reveal the function in sections.
8. Right click on the function g and choose Object Properties and with the colour tab

open change the colour of function g.

Note 1: You can change the values of the start and end numbers later by double-clicking

on them in the Algebra View or by typing e.g. start=2 into the Input Bar.

Note 2: slowplot[f] will do the same as the above, except the domain will be the visible

portion of the Graphics View.

Activity 10: Find where a graph of a function and a line meet

1. Goto File and choose New Window.

2. Draw the quadratic function f(x) for example f(x)=x*+3x+2 and the line g(x) for

example g(x)=2x+3.
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3. Select the Intersect Two Objects tool E‘ Click on the graph of the function and
the graph of the line to find their points of intersection.

Point(s) will appear at the intersection of the line and the graph of the function.

Another method is in the Input Bar type Intersect[f,g] and press Enter.

Activity 11: To draw the graph a cubic function using sliders

d=1

1. Goto File and choose New Window.

d

2

&

2. Select the Slider tool
d.

idl, Click on the Graphics View and create sliders a, b, c and

3. Inthe Input Bar type f(x)=ax*3+bx"2+cx+d. Press Enter on the keyboard.

Note: If you already know the equation of the cubic for example f(x)=2x>+3x*+1x+1,

just type f(x)= 2x>+3x*+1x+1 into the Input Bar and press Enter on the keyboard. You

can also enter equations like f(x)=(x-2)(x+2)(x-1) in the Input Bar.

Activity 12: Highlighting where one function is above another function

|7 To show hix) and pix)

o /
o /

1. Goto File and choose New Window.
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www.projectmaths.ie Page 11 of 37




- Maths;

Development Team

2. Inthe Input Bar type f(x)= x*3+2x72-3x-1 to create the function
f(x) = x3+ 2x*>-3x-1.
3. Inthe Input Bar type g(x)=x+4 to create the function g(x)=x+4.
4. Type Intersect[f,g] in the Input Bar and press Enter on the keyboard which creates

three points A, B and C. Alternatively use the Intersect Two Objects tool E==i.
5. Type Function[f,x(A),x(B)] in the Input Bar.
A function called h(x) = x*+2x*-3x-1 now appears in the Dependant Objects list in the
Algebra View. Right click on h(x) in the Algebra View and change the colour of this to
blue and its line style to be thicker.
6. Input Functionf,x(C), «]
To type the symbol oo click the @ on the right hand side of the Input Bar and choose

o,

{ 1l

]

ot Fnconlo (D
A function called p(x) = x*+2x?-3x-1 now appears in the Dependant Objects list in the

Algebra View. Right click on h(x) in the Algebra View and change its colour and line
thickness to that of h(x).
7. Create a checkbox to show/hide h(x) and p(x). To do this select the Check Box to

&
Show /Hide Object tool | . Click on the Graphics View and when the dialogue
box appears type in some suitable text and then from the drop down menu under
Select objects in construction or choose from list select h(x). Repeat this procedure
for a Tick box to show/hide p(x).

" Check Box to Show / Hide Objects =
Captiun| 2 * a -

Select objects in construction or choose from list

=]

Apply Cancel
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Activity 13: Turning Points, Roots, Derivatives, Second Derivatives and
Integrals

1. Go to File and choose New Window.
2. Inthe Input Bar type f(x) = xA3+x"2-3x-2.
3. Tofind the turning points A and B in the Input Bar type TurningPoint[f].

El

Note 1: If the language is set to English (US) then you will have to use Extremum(f].

Note 2: By right clicking the points A and B and choosing Object Properties you can
change the names of the Turning Points to something more suitable such as turnl

and turn2.

4. To draw the points where the function f crosses the x axis or the roots of the
function f in the Input Bar type root[f].

5. To draw the derivative of f in the Input Bar type derivative[f]. This creates a new

function called f'(x).

Note: An alternative here would have been to type f'(x) into the Input Bar.
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6.

7.

If you wanted to compare f'(x) with f(x) then type root[f’]in the Input Bar and DILook;”t
the x values of the roots of f'(x) and the turning points of f(x).

To graph the second derivative of f in the Input Bar type derivative[f’]. This creates a
new function called f”(x).

Note: An alternative here would have been to type f’(x) into the Input Bar.

In the Input Bar type Integral[f"’]. This draws the integral of f’(x) and names it g(x).
It is very similar to the graph of '(x). f'(x)=3x*+2x-3 and g(x)= 3x°+2x.

Note 1: The integral[] command doesn’t add in the “c” bit of the integration.

Note 2: Use of colour and show/hide checkboxes can make things a little clearer
here.

Activity 14: To demonstrate derivative and slope

0= 083 +x-§

¥ Clickto see the derivative of 10)

= (2.33,7.83)
Move point A

Go to File and choose New Window.

a=2

Select the slider tool i, Click on the Graphics View and create a slider called a.

a=2

Select the slider tool i, Click on the Graphics View and create a slider called c.

Note: You need to put c for the name of the slider.

By typing f(x) =a x*2+x+c in the Input Bar create a quadratic. Note the space
between a and x. This prevents the function being (ax)*+x+c.

Right click on the graph of the function and go to Object Properties and change the
colour and the style of the graph of the function as required.

Select the Point on Object tool . Click on f and create a point A on f(x).

In the Input Bar type Tangent][A, f].

Input; | Tangent[A, T ]
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8. To find the slope of the tangent at the point A. Select the Slope TOO|Z. Click on

the Tangent.

/5

o
o
w

9. To create a point B, type B=(x(A), m) in the Input Bar and press Enter on the

Keyboard.

24
m=-3.24

Move the point A.

/

11. In the Input Bar type f’(x). Note the relationship between the trace as you drag point

T T T T T T T T T T
1 2 3 4 g g 7 g a 10

A and the graph of the function of f’'(x).

© Project Maths Development Team 2013
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=3
12. Select the Check Box to Show / Hide Object Toollk==. Click on the Graphics View and

Complete the new dialogue box that appears as follows:

7 Check Box to Show / Hide Objects [

Caption: lickto see the derivative of f{x)

Select objects in construction or choose fram list

-

Function ' F(x) = F(x)

[x]

’ Apply ” Cancel

13. Click Apply.

14. Move the point A.
Note 1: The route of the trace of the point B follows the f'(x) which is the derivative
of f(x).
Note 2: Clicking View and Refresh Views will clear the trace.

Activity 15: Function Inspector Tool

Note when the keyboard is mentioned in these notes you can use the keyboard on your machine
or the virtual keyboard supplied with GeoGebra. See Appendix B of these notes on how to access
this keyboard.

1. Draw a function for example f(x) = (x — 2)(x — 1)(x + 1), by typing
f(x) = (x —2)(x — 1)(x + 1) in the Input Bar at the bottom of the screen and press
Enter on the keyboard.

& e - - & il
File Edit View Options Tools Window Help
.A A selolalN=]+
+Algebra ' Graphics
&t
5
4
3
2
1
-4-3-2~1101 2 3456 7 8 910111213 14 15 16
-2
-3
Input: f(x)=(x-2)(x-1)(x+1) @

- ® £ @ FNEE

2. Inthe third set of tools from the right of the toolbar click on the Function Inspector
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File Edit Vlew Optlons Tools Window Help

N -__ @

* Algebra Graphlcs =< |nsert Text
Function h‘.i Insert Image
s f(x) = (x ./ Pen

[V Freehand Shape

(.. Relation between Two Objects

;A Probability Calculator
. Function Inspector

|\

E=NoT X )

4324

ONA2 3 456 7 8 9 10111213 14 15 16

@

)
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3. Select the function in the Graphics V|ew that you want details of In th|s case click on

f(x) =(x—=2)(x—1D(x+1).

GeoGebra.)

8 €7 Function Inspector =
5 w=w-a0-neen (8 [ ]
Interval | Paints
ad
Property Value
Min 1.0
3 Max (-0.2153 ,2.1126)
Root Multiple Roots
Integral 2.6667
Area 2 6667
Mean 1.3333
2 1 3} v 3 4 5 Length 4.8287
14
1 =x=[1

-1<x<25.

A new window appears. (Watch this may contain settings from your previous use of

. With the Interval tab open type the interval you want to examine for example

N.B. You must press the Enter button on your keyboard after each humber for it to take

effect.

Integral and Area are now given for that interval in the table.

's N
7 Function Inspector &J
54
109~ -2) 1) - 1)
4 Interval | Points
Property Value
N Win (1.5486,-0.6311)
Max (25,2625)
Root Multiple Roots
1
Integral 28073
o Area 3.6408
3 2 i [1} V 3 4 B Mean 0.8021
Length 91882
14
2 1 < x=|25
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Note: The Max and the Min that is given in this table is the maximum value and
minimum value of the function in the interval that the Function Inspector is
investigating.

7. The Mean is the “Average value” of the function. It is the area underneath the curve
divided by the length of the interval.

8. If you do not wish the interval to be shown on the Graphics View, you can right click on
this section of the function and deselect Show Object.

Number x(Point[f), x(Point[f)]

‘. Show Object
As Show Label

Rename

2 /. Delete

.+ ObjectProperties

9. Open the Points Tab.

% ¥ Function Inspector Iﬁ
00 = (x-2) - 1) &x+ 1)

intervall Points’

yix)
25 |462.125

Le Jhrdl <]l

b

Note: If the point shown on the table above is not visible on the Graphics View replace

it with a value that is visible.

10. Click on the Show table of points button . Notice the x and y(x) values appear on
the table.

#F Function Inspector (=

O =x-2)(x-1)(x+1)

Step]0.25 + x
x yix)

1 0 -
1.25 -0.42189

15 -0.625

175 -0.5156

2 0 S
2.25 1.0156

25 2625

2.75 4.9219 |
3 8 =
FIE | S | R =N
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11. Note the point that is highlighted in the table will have a red dot on the graph.

&l
% Function Inspector PY
]
0= 0-2) (-1 o+ 1)
1 interval Points
Step: 0.25 + X
2]
X ¥(x)
0 2 -
025 16406
05 1125
078 05469
1 0 2
. . 125 -0.4219 |
2 3 4 s 15 0625
175 -0.5156 4
]
2 0 z
—_— —
keditdl AL
34

12. To change the Step to 1. Delete the current value using the Backspace button on
your keyboard, press 1 and Enter on the keyboard.

13. To change the values in the table, move the red point on the Graphics View that now
appears on the curve until the required points appear in the table. Four points to the
right and four to the left of the red point will appear on the table.

14. If you just require integer values for the x co-ordinate go to Options, Point Capturing
and choose Fixed to Grid. Move the red dot on the Graphics View. You can also
double click on the x coordinate of the point highlighted in the table and type in the
number you want.

15. By clicking on Show tangent line button tool you can show the tangent at
the point highlighted in the table.

€ Function Inspector =

100 = (x-2) (x- 1) (x+ 1)

Interval | Points

/ Step:|1 + X
|

x ¥(x)
5 168
-4 -90
3
2
1

-40
12

N N = TR =Y

S [wr e

- -y
16. By clicking on the Show x, y position lines button tool :

position of the point highlighted in the table.

you can show the x y
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r(} Function Inspector ﬂ‘
Interval | Points
Step: 1 + X
X ¥(x)
1 0 -
0 2
1 0
2 ]
3 El 3
‘ 4 30 E
° 5 72
6 140 L3
7 240 S
= --
kedii <l
\

17. To add the derivative, second derivative, difference or curvature to the table click on

+
the ___ button and choose Derivative, 2" Derivative, Difference or Curvature.

£7% Function Inspector u
Interval | Points
Step: 1 x
X ¥x) Derivative
-1 0 & -
v] 2 -1
1 V] -2
2 W] 3
3 g 14 3
4 30 k|
5 T2 54
5] 140 83 | 4
7 240 118 LY
= -—
Ledidi~ | [ /N l
¥ Function Inspector [
100 = 0¢-2) (6= 1 (x-- 1)
Interval | Points
Step: 1 x
x ¥(x) Derivative 2nd Der...
-1 0 6 -10 -
] 2 -1 -4
1 0 -2 2
2 0 3 8
3 8 14 14 5
4 30 31 20
5 T2 54 26
] 140 83 3z 1
7 240 118 38 Y
— = |f

18. To remove the right column on the table click on the

button.

+
19. To add other columns to the table re-click the _____ button as often as required.
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WWww.projectmaths.ie

Page 20 of 37



- Maths;

Development Team

7 Function Inspector [
=62 (- Doxe 1)
Interval | Points
Step) 1 + X
X y(x) Differ.. Differ.. Differ.

A 0 -
2 2
0 2 4
1] a 2
8 8 8 -

72 42 20
140 68 26

@ (oo oo o

240 100 32

RPN

0
1
2
3
4 30 22 14
5
3
7

N.B. Work done using the Function Inspector cannot be saved, it must be done in class.

Activity 16: The demonstrate the derivative of a quadratic is linear using the

Function Inspector tool
1. Go to File and New window to start a new file.

a=2
2. Select the Slider tool |=—=/.
Deied N B B e T

Fie £t Yew Optins Teols Window Hep

[ Cheok Boeto Show/Hie Obies
| et

4 a:i Isedtpué Bor

3. Click on the screen and a new window appears.

Slider ==
@ Number XEE
) Angle @
) Integer [7] Random
Interval Shderl Animation
Min: -5 Max: |5 Increment: |0.1

4. Change the Min to —10, Max to 10 and Increment to 1. Click Apply. This creates a slider
called a.

5. Repeat steps 2, 3 and 4 above to make a slider called b, with the Min equal to —10, Max
equal to 10 and Increment equal to 1.

6. Repeat steps 2, 3 and 4 above to make a slider called c, with the Min equal to —10, Max
equal to 10 and Increment equal to 1.

7. In the Input Bar type f(x)=a x*2+b x+c and press Enter on the keyboard. Note the space
between the a and the x and the b and the x.

8. In the Input Bar type f'(x). This will enable the first derivative of the function f(x) to
appear on screen. (Provided your original function is called f.)
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9. Go to Function Inspector

2 and click on the derivative of the function.

10. Open the Points tab and click on the Show table of Points button

=

“°F Function Inspector |
o0 =2x+ 1 e ]
Interval ¥ Points |
+ x
x ¥ix)
5.34 13.68

L= 1l L]

Development Team

11. Click on the + button and choose Difference. Notice the values for the differences

are all the same.

- Funchion Inspector =

Interval| Points

Step:;0.25 @X

X yix)

3 7 Gl

325 75

35 8

375 8.5

4 9 =

4.25 9.5

4.5 10

475 10.5

5 11 i
-

kel < Lo

12. Move the sliders and while the values for the Difference changes depending on the
values of your sliders you will notice the values for the Difference all stay the same

for all values of x for a particular set of values for the sliders.

2 Geotictr () - —— 12O i
File Edil View Optons Tools Window Help
Ml - =l . . @l
5 P % 12! (o) [ P AN S R 0
“lHc M ——- - @)
--------------- ¢ £ Function Inspector ]
n ' W)= 0+ 2042
\ | st 9| ¥
'
\ - | Intenal| Points
: Step0.25 +x
\ : ba? L1
- : — * 0 Dimeren.. Difleren
| 208 10.4864
' 23 120880 |16025
" ' a2 258 |1stes [17ms |01z
i —_— 283 158683 18525 |D128
: 33 |1a7aas 21025 [p1zs
| 358 219764 22275 0125
383 |32 2325 [pizs
408 2em06s J2477s Jotas |-
-1 -
k=d AL
A
s
3 o 3 3 LI 2 n q @ W @
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Activity 17: To transfer points from the Function Inspector to the

Spreadsheet View
1. If the Spreadsheet View is not already in view, go to View and choose Spreadsheet.

" (2) —

{iew] Options Tools Window Help

E Algebra Cirl+ShifteA

FE Spreadsheet Ctrl+Shift+S

=| CAS Ctrl+Shift+K

Graphics Ctri+Shift+1

Graphics 2 Ctrl+Shits2

[ construction Protocol ~ Ctrt=ShifteL.

Keyboard

v InputBar
% Layout

£ Refresh Views Clri+F
Recompute All Objects Ctr+R

2. Highlight the data in the Function Inspector by dragging the cursor over them. Press
Control and C on your keyboard.

¥ Function Inspector e
Interval | Points

Step: 1 + X
X ¥

-6 36 -
-5 25

-4 16

-3 9

-2 4 =
-1 1

o 0

1 1

2 4 -

— [ — )

FER N N =N

3. Click on the Spreadsheet where you wish to insert the data and press Control and V on
your keyboard.
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Activity 18: To demonstrate integration and area

c=236.07

(4.3, 0)

Go to File and choose New Window.
By typing f(x)=x"2+3 draw the function f(x) = x*+3.

a=2
. Click on the Graphics View and create a slider called a.

Select the Slider tool

v

a=2

Select the Slider tool
Move the slider b to a value greater than the value of the slider a.

=l. Click on the Graphics View and create a slider called b.
In the Input Bar type (a, 0) and press return. The point A(a,0) will now be marked on
the diagram.

In the Input Bar type (b, 0) and press return. The point B(b,0) will now be marked on
the diagram.

In the Input Bar choose the command Integral from the drop down menu at the
extreme right of the Input Bar and inside the brackets type f,x(A),x(B).

Input: |Integrallf,x(A)x(B)f

Note: x(A) takes the x value of the point A.
Move the points A and B to see how the area c changes.
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Activity 19: Integration and the Trapezoidal Rule

Function

104

© Project Maths Development Team 2013

G fx) = x4+ 3
= Number

i a=1

b=2

c=533
d=533
n=>50

nt

A=(1,0)
B=(2,0)

Vveduveuve

T T T T T T T T T T T T
-3 -2 -1 o 1 2 3 4 5 5] 7 a8 a 10 11

Go to File and choose New Window.

Create and find the integral of the function as in the activity above. (If you still have
the last activity you can use it.)

a=2

Select the Slider tool . Click on the Graphics View and create a slider called n
with min:=1, max: =50 and Increment:= 1.

In the Input Bar type b= TrapeziumSum[ f,x(A),x(B),n].

Move the slider n and as n gets larger check the relationship between c (Area got by
Integration) and d (Area got by Trapezoidal Rule).

7

Note: In this example the value for the Trapezoidal area between A and B when n =

50will appear to have the same value as c, the integral value between A and B because
the numbers are rounded to two decimal places.
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Activity 20: To find the area between the graph of a function and the x axis,
where there is a section below and a section above the x axis

054

I=
o
m
o

-0.54

Go to File and choose New Window.
Draw a graph of a function for example f(x) = x*-x by typing f(x)=x"3-x in the Input
Bar.

3. Select the Intersect Two Objects tool & Click on the graph of the function and
the x axis to find the points of intersection A, B and C of the graph of the function
and the x axis.

4. Inthe Input Bar type a=Integral[f,x(A),x(B)].

5. Inthe Input Bar type b=Integral[f,x(C),x(B)]. Note. The order of A, B and C.

6. Inthe Input Bar type t=a+b to get the total area between the graph of the function
and the x axis.

Activity 21: To demonstrate the average value of a function between 2
points

The area of the polygon=8.7

The value of the integral between Aand B=6.7
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(For example f(x) = x> between x=1 and x = 3)

1. Go to File and choose New Window.
2. By typing f(x)=x?in the Input Bar, draw a graph of a function for example f(x) = x°.

3. Select the Move tool . Click on the x axis and drag to the right to extend the x
axis.
4. Create point A at (1,0) and point B at (3,0).

[

5. Select the Perpendicular Line tool . Click on point A and the x axis to draw a

line a perpendicular to the x axis at A.

=

6. Select the Perpendicular Line tool . Click on point B and the x axis to draw a line

b perpendicular to the x axis at B.

~

7. Select the Intersect Two Objects tool l====il, Click on the line a and the function f to
find the point of intersection C of the line a and the function f.

8. Select the Intersect Two Objects tool liﬂl Click on the line b and the function f to
find the point of intersection D of the line b and the function f.

r:‘}ft\

2. Click on the x axis between the points A and B

9. Select the Point on Object tool
to create a point E.

1
- /A ) ]

T T T T
[=] o.s 1.5 =.5 b 3.5

e

_1 4

10. Select the Perpendicular Line tool E Click on the x axis and the point E to draw
a line ¢ perpendicular to the x axis at the point E.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

© Project Maths Development Team 2013
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Select the Intersect Two Objects tool @ Click on the line c and the function f to
find the point of intersection F of line c and the function f.

Select the Parallel Line tool . Click on the point F and the x axis to draw a line d
through the point F parallel to the x axis.

E. Click on the line d and the line a to find
the point of intersection G of the line d and the line a.

Select the Intersect Two Objects tool

Select the Intersect Two Objects tool E Click on the line d and the line b to find
the point of intersection H of the line d and the line b.

(e

14
. /A EI ]

A o5 o os z's

35

-1

Right click on the lines a, b, c and d and deselect Show Object.
T
4

Select the Polygon tool .Click on the points A, B, H, G and A to draw the
polygon ABHG.
Right click on the polygon ABHG, choose Object Properties and with the Colour tab
open choose a bright pink colour and with the Colour tab open choose an Opacity of
50.
In the Input Bar type i= Integral[f,x(A),x(B)]. This will return the value of the area
between the graph of the function and the x axis in the interval x=1 to x=3.

'ﬂ' Input: | i=Integralf,x({A),x(B}]

Right click the Integral in the Algebra View and with the Colour tab open choose a
bright blue and Opacity of 50.
Move the point E along the x axis until the area of the polygon ABHG is equal to the

value of the Integral i. At this point the area of the pink section of the polygon will
equal the area of the blue section on the diagram. Hence the y value of point F is the
average value of the function between A and B.
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The area ofthe polygon = 6.7

The value ofthe integral between A and B=6.7

35 H 45 5 55 [ [

21. Checkboxes to Show / Hide Objects and Text boxes may be added.

Activity 22: To draw the absolute value function

1. Go to File and choose New Window.
2. Inthe Input Bar type for example f(x)=abs(x-3) to draw the absolute value of the
function x-3.

© Project Maths Development Team 2013 www.projectmaths.ie Page 29 of 37




55

Development Team

Activity 23: To draw €', In(x) and look at the (inverse) relationship between

them
1. Go to File and choose New Window.
2. Inthe Input Bar type f(x)=exp(x)
3. Inthe Input Bar type g(x)=In(x)
4. Inthe Input Bar type y=x

5]
5. Select the Check box to Show / Hide Objects tool \_-/
and in the drop down menu under Select objects in construction or choose from list

. Insert the caption In(x)

choose the function g.
Check Box to Show / Hide Objects ===l
Caption: | In(x) = - a -

Select objects in construction or choose from list

Function g

[ > |

[ apply | [ cancel

6. Select the Point on Object tool >+ . Click on the exp(x) function to create a point A

on it.

7. Select the Reflect Object in Line tool M Click on the point A and then the line y=x
to reflect the point A in the line y=x. This creates a point A’.
Note: Reflecting in the line y = x produces the inverse function.

8. Right click on A’ and click Trace On.

Point A': A mirrored ata

“.| Show Object
A% Show Label
& Trace On

& Copyto Input Bar

[%/ Rename
_ Delete

F K

| Object Properties

9. Select the Move tool \i/‘ Click on the point A and move it along the graph of the
function f(x) = exp(x) (slowly is best). A’ should trace out a path.
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10. Click the checkbox you created earlier and compare the path of A’ to the In(x)

function.

Note: Clicking View in the Menu and Refresh Views from the drop down menu will

clear the trace. Ctrl+F also works to clear the trace.

Activity 24: To change the x axis to radian measure and draw a

trigonometric function

1. Right click on the Graphics View and choose Graphics.
()=

Basic | xixis | yAxis | Grid

Dimensions

xMin:|-4.3 xMax 187
¥ Min:|-5.44 yMax 6.3
XAXiS | yAxis
w s

Axes
[¥] Show Axes 7] Bold

Colour: E Line Style: —> «

Mavigation Bar for Construction Steps
[] Show

m

Play button

Button to open construction protocol

Miscellaneous

Background Colour: C] L

Tooltips: Automatic

@
With the Preferences — Graphics button || clicked, Click on the xAxis tab of the

new dialogue box.
3. Click the arrow beside the Distance box and in the drop down menu beside Distance

choose m or /2. Click Close.

Q Preferences - (5)
"HEIEE®
[ Basic] ws | yaxis [ Gria

Show xAxis

Show Mumbers

[ Positive Direction Only
Distance: |[117] v
Ticks: | | | -

Label ~ Unit:

Cross at:| 0.0 [7] stick to Edge

© Project Maths Development Team 2013 www.projectmaths.ie Page 31 of 37




Math. i

Development Team

Input: T{X)=sin(x)
4. Inthe Input bar type for example and press Enter on the

keyboard.

Activity 25: To change the x axis to degree measure and draw a trigonometric

function

1. Right click on the Graphics View and choose Graphics.

[ A e I =

Defaults Graphics Spreacshest | CAS | Aavanced

Graphics -

Basic | xaxis [ yaxis | Grid|

X Min: [-2.7 X Max: [18.35
¥ Min: |-3.91 ¥ Max: |73
wAxis :yAls = [1 1

[¥] sShow Axes  Colour: [ B |  Line Ste: | — -

Background Colour: | | 7] Show Mouse Coorainates  Tooltips: |Automatic =

[ Restore Defauit Settinos | | save settings | [ Siose |

i
2. With the Preferences — Graphics button || clicked, click on the x Axis tab of the new

dialogue box.
3. Click the Distance box if not already clicked and type for example 10 if you want it to go
up in tens. Using the drop down menu beside Unit choose the degree symbol. Click the

X at the top of the dialogue box.
©7 Preferences X

"HREEES B
Basic| XAs | yAxis | Grid|

Show xéxis

Show Numbers

[7] Positive Direction Only

Distance: |10 -

Ticks:| | | | x|

Label ¥ Unit m -

Cross at|0.0 [C] stick to Edge

Input; f{x)=sin{x")

. Click on the a at the right hand side of the

E to decrease the scale of the x axis.

4. Inthe Input Bar type
Input Bar to get the degree sign.

5. If necessary use the Move Graphics tool

4

: {D' 200 a0° @0* 1200 150+ 18D 20 2400 270+ aooe 330t Go°  3d0c  430° 4900 4800 510 S40™~_S70° 600 8300 6800 ed0* 20°
1
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Activity 26: To plot data in the Spreadsheet View in the Graphics View

1. Highlight two columns of data in the Spreadsheet, right click, chose Create and List of
points.

Activity 27: To fit a graph to a list of points that are shown on the Graphics

View

1. Inthe Input Bar type Fitpoly[list1,2], if the list is list1 and you require a curve of
degree 2 for example.
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Appendix A

Al: How to save a file as a GeoGebra file

1. Go tothe Menu and choose Save as from the drop down menu. A new dialogue box

appears.
£y s ==
Savein: | | GeoGerafiles x| 2 EE
b
Recent ltems
Deskiop
Daocuments
Computer
g" Filename:  circle Save
Mework  Files of type: | GeoGebra Files (.ggb) bt Caneel

2. For Save in, navigate to the folder that you wish the file to be saved in.

3. For File name type the name you wish to give your file.

4. Click Save. A file with the .ggb extension is created. This extension identifies the file
as a GeoGebra file and it can be opened again and adjustments made using the

GeoGebra application.

A2: How to save a file as an interactive web page

1. First save your file as a GeoGebra file.
Go to File, from the drop down menu select Export and from the further menu select

the option Export Dynamic Worksheet as Webpage (html). A new dialogue box

appears.
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0 Gesteba(§) = * - : ¥ [ESSEOR X"
(Fil) Eit View Options Tools Window Help

NewWindow  CtrieN Il 1 Il )il

>IOIOL4) \’@ AsC z"

o D OYON LY el 00
E open cr+0 > Graphes ®
E openwebpage °

Open Recent »
® sme o8 s

Savehs
2 snare s

Export »[7* Dynamic Worksheet as Webpage (himi) .. CiileShifew

Snep
P Bl Graphics View as Picture (png, eps) CirteShan
Graphics View 35 Animated GIF
o cose AIlF4 | [) Graphics View o Clipboard Ciri+ShiteC
Close At
Graphics View as PSTricks CirivShiteT
Graphics View as PGFTRZ
Graphics View as Asymptote .. 4
o
R TG I o 1 T 3 L T T8 w0 L B S T T T

-
7 Dynamic Warksheet Export (html) [

2 | @

Upload to GeoGebraTube Export as Webpage

Title: |

Text above the construction:

Text below the construction:

[ (1 Help ] [ Upload ] [ Cancel ]

3. Click on the Export as Webpage tab.

5
€ Dynamic Worksheet Export (html) =)

Upload to GeoGebraTube Export as Webpage

Title: | |

Author. ‘

General | Advanced

Text above the construction:

| Date: |12 April 2013 |

Text below the construction:

[ @rep | [ Expont | [ cance |

4. Add Title, Author, etc. Then click on the Advanced tab and a new dialogue box
appears.
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7 Dynamic Worksheet Export (html)

Uploadto GeoGebraTube | Export as Webpage

Title
Author: Date: |13 April 2012

General| Advanced

Functionality User Interface
[] Enable Right Click, Zooming and Keyboard Editing (] Show Menubar [] Enable Save, Print & Undo
[C] Enable Dragging of Labels [F] Show Toolbar  [] Show Toolbar Help
[7] Show Icon to Reset Construction [7] Show Inputbar ] Allow Rescaling
Use Browser for JavaScript scripts Width 1350 Height: s
Files
[T Include jar Files File: htm =
[F] Remove Line Breaks
Single File -
[ @neie | [ Exon | [ cancel

It is recommended that one clicks the Show Icon to reset construction button.

Click Export.

6. Navigate to the folder you want to save your file in. Give it the name of your choice.
Note: This file will have a .html extension and will be viewed using an Internet
browser such as Internet Explorer 8.

7. Click Save and your default Internet browser will open.

8. When the webpage comes up you the following message will normally appear at the
top of the screen.

Internet Explorer restricted this webpage from running scripts or ActiveX controls, Allow blocked content

9. Click Allow Blocked Content.
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Appendix B: How to use the Virtual Keyboard in GeoGebra

1. Go to View and choose Keyboard.

2. Avirtual keyboard appears.

=LA D Il

3. If the keyboard below does not appear click on the & ) key on the virtual keyboard

that appeared.

| £/ Virtual Keyboard | =

m=gnorRERDRnE

4. Then click on the E key on the virtual keyboard to get the Maths keyboard.

| £ Virtual Keyboard |_=' = % _l

BDBEBI@IIB@BIE
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